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os_muldif.rr for Risa/Asir
A library for computing (ordinary/partial) differential operators

by Toshio Oshima

1 List of Functions
1.1 Functions related to differential operators

AT OEEIE module {b &, B4 OSEHEIZ os_md. #2177, os_md.muldo() ® K HIZFEONHT.

1.1.1 Fundamental functions
1. muldo(p1,p2, [,0,] 11im=n) F7ziEX muldo(pi,ps,z|lim=n)
muldo(p1,p2, [[21,04,1, [22,05,],...111im=n)
s AEEH (WIERHTH LWV REOE (3R MatERSE (01751) Off (< [0,,2] =1)
2. muledo(py,po, [2,0,]1) F721L muledo(py,ps,x)
o Buler BUFEMSER S (D1TF]) O (<= [0y, 2] = 2)
3. transpdo(p, [[x1,04,1, [%2,04,1,...1,[[y1,0,,1, [y2,04,1,...1lex=1)
2 WO TERR O (25— yi = yi(x), Oz, > Oy, = cj(x) + 3, aju(7) 0s,)
4. translpdo(p, [[z1,0,,]1, [22,04,],...]1, mat)
s O TER R ORI EELE . (v — Ej(mat)ijxj)
5. appldo(p,r, [z,0,1) F7iX appldo(p,r,[[z1,0.,]1,[22,04,1,...1)
s OERE (0175)) OFFERCHER K (O1TF) ~OIERADFE
6. adj(p, [z,0,1) F7=iE adj(p, [[z1,02,]1,[22,0.,]1,...1)
= OERSE (01751)  p @ formal adjoint
7. sttpexp(p, [x,0,]1,q,7) F72iEL sftpexp(p, [[x1,0.,],...1,¢,71)
D WOERSE p &2 g Topoq” LEMTD
8. appledo(p,r, [z,0,])
. Euler RS ERFZOFHA~DOIEHOFHE
9. divdo(py,p2, [x,0;] |rev=1)
s OWMAOTERF ORI &
10. myged(py,p2, [x,0, ] |rev=1,dviout=n) F72IT mygcd(p;,ps, [z] |rev=1,dviout=n)
mygcd (p1,p2,x|dviout=n), mygcd(p;,ps,0ldviout=n)
u BEHBIREOEBOERSE (Fdz 02X, ERITEEL pr & py © GCD (R KAKI0)
11. mylem(py,p2, [2,0, 1 lrev=1) F72IT mylem(py,ps, [z] |rev=1)
mylcm(py,p2,x), mylcm(py,p2,0)
o HELRBURE O FMOERSR (Flid e 0LEKX, F2ITEEER) pr & po © LCM (/ARG T)
12. midiv(m,n, [z, 0,]1) F72iX midivim,n,[z]) F721F mnildiv(m,n,z)
v AR O FEWMOIERZE (or x DLIEX) OEFHFITHIm LAHNX (or z #EF2WAFNX) OF
FH1iFIn lZkt L, m = R[1)(0, —n)+ R[0] (or m = R[1](x—n)+R[0]) &725 VU Z + R =[R[0], R[1]]
ZRS. R[] 135y (or o) A& £
13. qdo(p1,p2, [, 0, 1)
w R TR pru = 0 126 L qupou = 0 L 22 A0 1ERZEE q1 & qapou = u & 72 BITERE ¢ @
U Ak [ql,qz] %—f@ﬁ—
14. mdivisor(m, [z,0] | trans=1,step=1,dviout=t)
mdivisor(m,x|trans=1,step=1,dviout=t), mdivisor(m,0|trans=1,step=1,dviout=t)
s AEEEIRE O FE M ERE /1 BHEZESCEROITHOHR 21455
15. sqrtdo(p, [z, 0, 1) ?
sx— 1/ T (@ ORE/BFERVT) RERMOERFE p T 288 E e —»y=a+ Va2 -1
16. toeul(p, [z, 0,1 ,n)



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

o MEERFR AT ERFE % o = n T BEuler BUCA#

fromeul (p, [z,p.],n)

:: Buler EMGEMFEZITTITET (toeul(p, [z, 0,],n) DWIZEHL)

expat(p, [z, 0, 1,n)

v FEERF RSSO VERE D v =n TORMEEE KD 5

sftexp(p, [z, 0,]1,n,71)

O WWOERFE p & (x —n) "opo(z—n)" ITEHT D

fractrans(p, [z, 0, 1,ng,n1,n2)

i HROIERISE p T (no,n1,n2) = (0,1,00) LW D —IRGGEEMZAT O

chkexp(p, [x,0,1,n,r,m)

2 i=0,...,m—1ORTITH L, MeEERSEMOERE p O uj T(x—n)" 0Dy B r=n
TIEHITZEZTOMEN 1 &2 D b ODOIFESRM:

soldif(p, [z,0,1,n,q,m)

n WHOERSE p © o =n OEFTO 2914372 ¢j27) OROFRRISKH L, RE m+1 O~7
MV Il ecren o0 ¢l 2IRT (z=2—n).

okuboetos(p, [z,0, 1| diag=[c1,c2,...1)

= Bl m BE Okubo MAREK pu =0 (n BEOIHOERED n IRELTDOZIA) % Okubo B> 1 D~
AT MBS D

stoe(p, [z, dz] ,m)

1 BEOE M FRERRE B SR E T

dform(/, z|dif=1)

w B 2[0], x[1], ... @ 1 BT DD LE][0]d(CE[1]), E72ix 2 i S £i[0)d(€:][1]) A
d(L[i][2]) DRHE. dif=1 1T 1 WSROI DFH.

solpokubo(p, [x,0,],n)

B Okubo BUHEMERSE p © n WOBEALHEX L BEAEE KD D

1.1.2  Fractional calculus

DI, [02] DEFEFER FEARE 1L [O1] THERN) % Risa/Asir ETEHLELBD Lo TND.
laplace(p, [z,0,1) F72i% laplace(p, [[z1,04, 1, [22,04,1,...1)

= WO ERER p @ (§847) Laplace Z5#:

laplacel(p, [x,0,1) F72i¥ laplacel(p,[[z1,04,1,[22,0:,1,...1)
s WOERSE p @ (F847) 1 Laplace Z5#t

mc(p, [x,0,1,r)

i WO ERSE p @ middle convolution me, (p)

mce(p, [x,0,1,n,r)

 HEMOERFE p & (0, —m) " opo (0, —n)" LA

rede(p, [2,0,1) F7iX rede(p,[[z1,04, 1, [22,0:,1,...1)

WU ERISR p @ reduced representative Z K3

ad(p, [z,0,1,f)

v OWWOMERFE p D 0, B 0y —f ICEEHRZ DL

add(p, [z,0.1,f)

s WWOERFE p © 0, & 0, —f IZIEEHLZ B addition, T2 L rede(ad())
vadd(p, [x,0, 1, [[cg, 701, Le1, 1], ... 1) '

=2 versal addition add(p, [z,0:1, 3,5 Wficm))

add1(p, [z,0,1, 1) -

s WS ER FE @ addition @ Laplace ZE#t laplacel (add(laplace()))
cotr(p, [z,0.1,f)

wEBOVERSE p O o f(x) I X DIEFEL



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

o1.

92.

rcotr(p, [z,0,1,f)
wOWMOERFR p © x— f(x) 1T X DIEREAHLD reduced representative
s2sp(plnum=1, std=k,short=1)
i ARY MAERSITINE “BOY A PO YRR & DL
chkspt (m|mat=1) E7i% chkspt (mlopt=t) 7% fspt(m,t)
2 EIOM m (A7 "V AT) F721F generalized Riemann scheme (GRS) #F = > 27 LT
[pts, ord, idz, fuchs, rod, redsp, fspt] %3
opt="sp", "basic", "construct", "strip", "short", "long", "sort"
spgen(nleq=1,str=1,std=fpt=[k, ¢],sp=m,basic=1)
= B n LT O rigid e EIof (B2 Wt 2 bz b O ofuE) %155
n 2N 0RLAD L EIT, rigidity index 2% n @ basic 2b D E&ED.
n ¥ —10 BLEIZxHE LTV 523, okubo [O5] NEMET 2 BEEIC L CTRITIEX, Z OHIBRIZA V.
sproot(p,tldviout=1,only=k,null=1)
i AT MR B2 TRV — D OIE#H A" 3. t="base", "length", "type", "part", "pair",
"pairs", sp
sp2grs(m,a,f|mat=1)
:: spectral type 75 generalized Riemann scheme #4589 %
ssubgrs (m,¢)
:: Generalized Riemann scheme m @ ¢ \Z%9 % #PEFa%cn
mcgrs(m, [r1,72,...,7,] Imat=1)
:: middle convolution & addition % generalized Riemann scheme (ZfiE 3"
mcop(p, [r1,7re, ..., 0], [z, 21, 22,...1)
:: middle convolution & addition % (ffd) M EAFE p WIAIHE L TV <
redgrs(m|mat=1)
= EWIBOVERSE O generalized Riemann scheme @ 1-step reduction
getbygrs(m,t|perm=¢,var=v,pt=[p;,...],mat=1) E72ix
getbygrs(m, [t,s1,82,...] |perm={,ver=v,pt=[py,...],mat=1)
:: generalized Riemann scheme (GRS) TiEs& & % Fuchs MMy A O (GRS (3HHEF £
ToIX AR MV E AT TH I
t ="reduction", "construct", "connection", "operator", "series", "TeX", "Fuchs",
"basic", "", "All", "irreducible", "recurrence"
s ="TeX", "dviout", "keep", "simplify", "short", "general", "operator",
"irreducible", "sft", "topO", "x1", "x2"
CITFE R R OB E - I1XAR (cf. mperm()), var I exponents DEHL (cf. sp2grs()) , p1,... (5
A ONLE (oo 1TFRL).
shiftop(¥/, s|zero=1,raw=k,all=t,dviout=1)
o origid R ALy WAVRL L L shift s 205 shift (ERFEEZRD D
conflsp(m|x2=+1,conf=0)
i AT NV m DS TE 3 Poincare rank 1 OAEEEZ RS
anal2sp(m,l)
AR AT NV m DAY
mc2grs(g,r|dviout=k)
PO 5 R OREICKT 5 KZ B HRAROFFEALS h L g DZEH#
m2mc (¢, [ag,ay,a1,c] | swap=1,small=1,simplify=0,MC=1)
m2mc (¢, s|small=1,simplify=0,int=0, swap=t)
i+ Plaff 3 du = (Ag 22+ A, 20 4 4, 2D 4 oty 4 gy A0y, 05 3 25%T o> addition-+middle
convolution #xKH>% (¢ = [Ag, Ay, A1, By, B1]).
LN AT hLIRe Riemann scheme @ & %, D% Tld s ="GRC", "GRSC", "Pfaff", "sp",
"pairs", "irreducible", "A1l", "swap"




93.

54.

95.

56.

57.

98.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

mcmgrs(g,r|dviout=k)

2 PO 5 AL EOSELEIZH T D KZ BGRAORIE AT My g OZEH
mnc(l, [u,a1,...,a,] Imult=f)

:: Schlesinger B #55y HHERI L OV KZ B 50 addition+middle convolution
linfracO1(/|over=1)

wx=0,1,00,9,2,... D—KGFEHED Y XA b (£ = [z,y] etc.)

1£t01(¢t, 0)

w Al = (z1, 20, X3, ...) ITKT DRER—IRGEE

1.1.3 Some operators

okubo3e([po1,---s00m] > P1,1s-- -, P10l s D215+ s D2 mtn lopt=11)
=0, 1, oo ICHEERFRSZ RO m + n O Okubo BIMATEHZEZ KD 5
fuchsBe( [Po,l, N 7p07n] ’ [pl,la e 7p17"] N [p2,1, e ,pgyn] )

20, 1, co IZHEERF R S ZFFD n B Fuchs M EHFEZRD 5
ghg([p1,1,P1,25 -3 P1,m1 5 [P2,1, 02,2, .., P2.n])

i XABRAT L 0 F (p1;p2; @) (cf. seriesHGQ)) D7z 3o 1EHR
evende([p1,1,p1,2,P1,3,P1,4]1 5 [P2,1,P2,21)

0 4 B even family (Rigid)

odd5e([p1,1,P1,2,P1,3,P1,4,P1,51 5 [D2,1,p2,21)

0 5 B odd family (Rigid)

rigid211([po,1,po21, [p1,1,p1,21, [g0, 1 1)

:: Type 211,211,211

extrabe([p1,1,p1,2,P1,3,P1,4,P1,5,P1,6] » [P2,1,P2,21)

:: Extra case (Rigid)

eofamily([po 1, po,2], [P1,11, 2,1, ., D2,0n])

:: even/odd family (obsolete)

evéds (pl sP2,P3,P4 sp5)

:: Heckman-Opdam #&(i 0 (BCy, BCy) BUHIBRE#% (Rigid)
b2e(p1,p2,P3,P4,D5)

:: Heckman-Opdam #82(i > (BCs, A1) Z4HIFR##5> (Non Rigid)
heun([a,b,c,d,el,p,r])

i Heun O HBRREEZS. r 37 7Y U RTA—H

1.2 Useful functions

LT 040X module b &4, B4 DIFEFHIZ os_md. % 21F T os_md.myhelp() @ L 5 IZFEUMHT .

1.2.1 Extended function

myhelp(h)

v os_muldif.rr D~¥==2 T LVEHFKRTH

chkfun(f,s)

w B (= 30T BERBEANE DR, REFELD load(s) & FAT
isMs()

:: Micorosoft Windows BgBim & 9 i~ 25

isyes(plset={)

D10 ERTEEEERL, ThEMHED

isall(f,m)

s mOBERIZpHLT f(p) B0 ERDLOBHFETHE0, £ TRIFNIL ZiET
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74.

75.

76.

e

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

ptype(®,£)

s OIIER, ETLEFEROV A RNT, TNOHREERE 72 LIz type() HIRT

keyin(s)

D s EFRRL, 1ITOXR— AN E2RF-T, FREXFHIE LTRT

showbyshell(s)

i shell Ta< B s 29T LICERMER ) O R % Risa/Asir THR

getbyshell(s)

woshell Ca~wr RN s ZFATLIEER O/ RE 77 AL ELTHS

makev([{1,05,...] |num=1)

shortv(p, [v1,va,...] | top=v)

up DIRFEREDERETL v,... 2 LFO v U TOERLIIEZD

makenewv ({|var=v,num=n)

s AAEDILTO RV LWRETLEAERKT D

isvar(p)

wop WEEINE D DD

varargs(p,z)

D R p B ENDIVEHBOHEK T & ZOERICBN D RETLOY X N &IRT
pfargs(p,x|level=t)

w RplZBing o BEEGATHEERE ESIHEDO Y A P &S

isdif (p)

S op DS ERSFEHRIEND & XITZOEKEMIDOMDO Y A M &KL, %5 ThiFuL0 %7
mysubst(r, [vy,r1] linv=1) F72IL mysubst(r,[[v;,r1],...]1]inv=1)

o osubst(r,v1,71,...) &A%, r NEHET r NAEERO & XITHIZERD.

myswap(p, [z1,%2,...,2,])

d AERELFETOY A RR EORETLOKEIEL (11, T2, ..., Tp)

mulsubst(r, [[p1,0,p1,1]1, [P2,0,p2,1],...11inv=1)

s AEAEIFZZEOY AR, X7 b, AT ITEBORA pjo = pia (J=1,2,...) ZFERIZIT
fmult(f,m,¢,nl---)

omy = migr = f(m L], n[0,n[l],. . 1) EWVWD B (mg =m) DRMEFER Miengnq) RS
mtransbys(f,m,l]---)

0 AT T AER F() 2V AN, X RVETIITH m ICIRET S

mmulbys (f,m,n,l| ---)

o RIS TEFE STz objects @ 2 DIZK LT 1 2® object 5% 215 f %, objects iy &5
7 MVEFIIITHI m & n OFEEICHEET S

cmpsimple(p,q|comp=t)

: p &g OFHEI Z LK

simplify(p,¢,t|lvar=[xy,22,...])

v l= [, ) DEXFIL, p (DFEFRM) I subst(*,0g,01) ZRATLVMHELZLEXMHRZD
t=1~7T). =[] Tl BZHEKXDE XIE, O IT—RICEFEENDEFENDIEBOBHREBRA L AT
LT 5. BEHANDEZIILEZ Y A PRLLZEADY A M T 5.

getel(m,1)

sm BY RN, X7 R, {TEIT i BIEATELK R D mli] RS

evalred(rlopt=[[s1,t1]1, [s2,t2]...1)

: 8in(0), cos(0), exp(0) 72 &% 0,1, 1 2 EOEHICEEHRZ S

evals(r|del=s,raw=1)

TS D VI A TS .

myeval ([r, [z, f1,v1], [22, f2,v2],...1)

:: os_md.myeval (subst ([r, [x2, fo,v21,...],21, f1 (os_md.myeval (v1)))) %K



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

107.
108.

109.
110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

os_myeval ([r])=map(eval(r))
mydeval([r, [z, fi,vn1], [®2, f2,v21,...1)
:: os_md.mydeval (subst ([r, [z2, fo,v2],...],21, f1 (0s_md.mydeval (v1)))) %K
os_md.mydeval ([r])=map(deval(r))
myval ([r, [z1, f1,v1], [22, fo,v2],...1)
omyeval () & [RERZRERETH 575, FIREZR[R Y EME/RE 2 K3
f2df(f|opt n)
B f 22D sin 72 EOBET ARV T myeval () ° mydeval () @51% 0 1) X b REHEERIC A
todf(f [v1,...,0,1)
A f TEED v, .0, DY R MEREEESED (01X f OBI#EDE)
df2big(f|inv=1)
i U A MR f 2RI/ NUREHE ) S bigfloat FHRAEE T2
compdf (f,x,g) compdf(f,[x1,x2,...],[g91,92,...1)
o URAMEREE f OZH 12U A MEREHE g ZRA LY 2 MEXEHE KT
cutf(f,z, [[z1,v1], [x2,v2], ..., [®n,v,1]1) cutf(f,z,[t, [z1,011,..., [xn,v,1]1)
L f OEEDFIEOHPHO & EHEBEOEE 21TV, TOMELITY X MEREEEIRT
periodicf(f, [a,b],z) periodicf(ltov([g1,92,---,9n]1),C,x)
X BREET DB o) & ABIBEEUCRR LIS TS
cmpf([f [a,b]1] |exp=c) cmpf ()
MoK A a7 SR 0, 1] B L HERICT S
myfeval(f z) (f,a) myfeval(f,[z,al) myfeval(f,[[z1,a1]1,...]1)
myfdeval(f,a) myfdeval(f,[z,al) myfdeval(f,[[z1,a1],...])
 myeval () X°mydeval () OFIED Y X MEREE f OELKIT a %:ﬁ]\ LTEZE%
myf2eval(f,z,y)

myf2deval(f,x,y)
: myeval () X° mydeval() O5#D Y A MER 2 BHHE f ITRA L THEESES
myf3eval(f,z,y,z)

myf3deval(f,z,y,z2)
: myeval() X° mydeval() O35 D Y X MER 3 ZBHEHE f ITRAL TEEZES
execproc(/|all=1,var=k)
w U R MEXTFHE 0FAT
fsum(f, [m,n,d] |df=1,subst=1) fsum(f [x,m,n,d] |df=1,subst=1)
s fER f(z) THABRBFEOM L f(m + kd) & &
fint(f n, [t1,t2]1]1 | cpx=1,exp=c, int=k,prec=v) fint(f,n,l|---)
 EFEMES 2B TRMERE S
flmag(f z|inv=g)
D EREB ORI A FEEB OB A
tr1g2exp(f,x|1nv qg)
i AR R D Ll HAL
isshortneg(f)
w f & —f BRETAHXFHNOEZ DL
fshorter(f,x)
wox O =AEEOME R
fzero(f, [x,z1,22] Imesh=m,dev=d,zero=1,trans=1,cont=1)
 FEEAEEE f OFRERD D
fmmx (f, [x,21,22] Imesh=m,dev=d,mmx=1,zero=1,trans=1,cont=1,dif=1)
u SEEE AR f ORRMEE R 5
flim(f,v|prec=c,init=t)
s B x DOFEMERIR f ORRBRE A K 5



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

fcont(f, [x,x1,22] Imesh=m,dev=d,zero=1,trans=1,dif=1) ?

u FEEEEE f ORERLRRLE D TRWVWEERD S

fresidue(p,qlcond=[f1, f2,...],sum=1)

2 ZHERA g 2R ET AR p/q OFFERAEEBOMD Y A b (z BEHKT, p X ERIEE

1.2.2  Numbers

abs(p) abs([p,precl)

o BEECE TR I TR p OMRME A R
calc(p,[s,q]) calc(p,s)

B HE AR LA A E T

isint(p)

wop WEEHINE D IS

israt(p)

wop DB E D FRD

iscrat(p)

G op DECTEOER & BN TN E S iR~ D
isalpha(n)

S B A BRT VT 7Ry hOLFEI— RE SRS
isnum(n)

s B0 BT 0~9 OLTFEa— R E S 05
isalphanum(n)

DB BRT VT 7y NERBHTFOXTa— R E I NS
isdecimal(s)

i SCFH s DEEBCE DI NIER L T DD E D DD
nthmodp(a,n,p)

:a”™ mod p ZIET (a IXEHTn, p FAELEK)
issquaremodp(a,p|power=n)

s EFRIRETND LT ¥ v FLVOYEHRIRGEE (%), n XS B — R~ EID)
rootmodp(a,p|power=n)

s pERIEE L TaDFEFR (I n BR) 2RkHD
primroot(plall=1,ind=a)

it WRBELIIEORE p OJFUAMRRLENEZIEE TOHEEE L E DD

rabin(p,q)

SplIRLgEIEETHIT— - FECOFEMHEEITY GBE, HBFEHRL 1 %KT)
cfrac(x,n)

it AEED D WITERAESBRT S (n 13D

cfrac2n(l|loop=m)

i (PEBR) E Rz @ OFICE T

sqrtrat(r)

A (7235 L BB OEEL) OFHIREGFD

sqrt2rat (r|mult=1)

2 OETRRERE S AT BOA L

sint(r,plstr=t,sqrt=1,zero=0)

i TR FIFEEE, U A MRATH (R A MRS 7R EDRK DOFERAE/NBURLLT p i D
frac2n(n|big=1)

O RE TR BT (r I3EER, AHARLEOY 2 FRTHIRETH L)

1.2.3 Polynomials and rational functions

radd(p,q)
2 HEX (017580) p & q OFZEBERFEHERX (017F]) O THET S

10



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.
158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

rmul (p,q)
o A (OFTF) p & ¢ OBEZBENAHEX (D7) OB THETS
polbyroot([p1,pa, ..., pnl ,x)
v ZHEHAXERTEX D
polbyvalue([[ai, b1, ..., lay,b,]],2)
naxdDn—1REEXNE nlOH 2 =a;, TOEb; THEZ 5
pgen([[xy1,n1], [z2,n9]...],alsum=n,shift=m,sep=1,num=1)
w AREDY a, Tap g IR, IR TR RULTO zq,... O—ZZHEKEED
rpdiv(p,q,x)
wx DEZEXOEFY H
easierpol(p,x) F72iX easierpol(p, [z1,22,...]1)
o AEAURED 2 OZHEXOBREIC 2 5 F R VWEERXE T T, BRERORRKAKITHE 1 OEHIREK
OF 25 E et/
getroot (p,x|mult=1,cpx=1)
w ZHEKORZHER T 72T H RO T HIBOFFH TR 5
polroots(p,x|comp=t,err=r,lim=/)
w B¥x 01 EBESZEXROR, 2EHLEAOLER (ER - BR) o G fEz2iET
fctri(p)
K L RS EEREURE D 1 AL EE, O TN FET S
polinsym(p, [z1,...,2,],5)
(21, @) OXFRE A A AR TR T
polinvsym(p, [x1,...,2,],5)
;o polinsym(p, [x1,...,2,],8) OWEE
pol2sft(p,x|sft=t)
:: shifted power X% 525
polinsft(p,z)
:: shifted power ZIHUZE T (pol2sft () DWZHL)
sftpow(p,n)
sftpowext(p,n,s)
it p @ s shifted n power [[_,(p+ (v — 1)s) ZiKT
binom(p,n)
splp—-1D(p—-2)---(p—n+1)/n! KT
expower(p,r,n)
(14 p)” OREMZ p" T TRDD
seriesMc(f,k,vlevalopt=[[s1,t1], [s2,t2]...1)
OB f OEBETITERO Y A v kTS kRO E TO Maclaurin BB Z KD 5
seriesHG(lay,a2,...1,[b1,b2,...1,p,k)
seriesHG([[a1,...],[b1,...1,[c1,...0],[dy,.. .1, Ler,... 0, [f1,.. .00, [2,y] k)
i RETREL P (a1, a2, ooy amibr, b2, bnsp) O PP WDEETRD S
I3 2 BEOBI Vocrjn (@) e i EET
fctrtos(rlvar=¢,rev=1,dic=1,TeX=f,dviout=1,lim=n,small=1,pages=1,add=s)
w AERE RO LTI O SCTENCERRT D
tohomog(r, [z1,22,...1,y)
uo (21, x2,...) OFBRUICEK y #8EALT (y,21,22,...) DFRAIZT D
substblock(p,x,q,y)
wax DZHEAp, g IZH L, y=q EBNWT p &z OWREHD nydeg(q,x) KiiD (z,y) DEZEKITET
invE(Ipr, ..., 001, (21, s 2], [yn, - oo YR )
sy =pix) (G=1,...,n) % z;=qi(y) (G=1,...,n) LM<
mydeg(p,z|opt=1)

11



168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

i deg(p,x) EFL. plIATHIRPES I THREUNTAEA T L.

mymindeg(p,x|opt=1)

D pBAAT—D L E T mindeg(p,z) LT, HREUFFEEXTEIWD, p TR EDA D F—T7%
VN E X0 LISy D e NRE R I

iscoef (p, f)

2 p DIREDOETH f(x) #0 ZMITNEINTFzv I 5

mycoef (p,n,x)

i coef(p,n,z) LELC. n, IERICEEDOU A FTH IV, p ITFIPES CHRREuTA BT L.
pcoef(p,m,q)

PCOGf(p,m, [['1:17 ..,In] ) [mly e ,mn]])
2 ZHEA " R L & EOHIEX ¢ 12k 255K %K T
pfctr(p,z)

ox OZEAFE I HHEK p ORBS R

cterm(plvar=[x,y,...]1)

w ZHEAOEREAZ K. B EHE .

terms(p, [z,y,...] |lrev=1,dic=1)

i ZHAXDFET DHOREE REHEH DOV A M E2IRET

polcut (p,n, [z,y,...]|top=m)

D EBEOY AN [r,y,...] OZEX p > REN (m L) n LFTARVWEZEIR

mydiff(p,z)

i diff(p,x) ERLC. p I 3ATHIRRS THREGIABIAT IV, 2 U A FTI.
myediff (p,x)

:oediff (p,x) EEIL. p IATHIRCES THRENIH BT L.
ptol(p,x|opt=0)

wox DX p ORFDO Y X M EIRT

pfrac(p,zlroot=2,dviout=1,TeX=1)

wx OFRNX p OSSR L, A1, 5 (ZHEXERE) OMOY R M E2IET
lpgcd([p1,p2,...1)

w ZHEK pr,po, ... OIBEKTEIET

jacobian([f1,..., fnl, [z1,...,2,] Imat=1)

a BEOM (f1,. .., fn) DB (21,...,2,) ICOWVWTOY LT VT Y 2 T84 RT.
hessian([f, [z1,...,2,] Imat=1)

BB f OB (21,...,1,) IZOWTONTT U EE~ Y BITHIZET.
wronskian[fy,..., fp],xImat=1)

o BB (fi,..., fn) OER 2 IZOVWTORVAXT U EIER V AX 752K T .
prehombf (p,q|lmem=41)

B FVEM O AER p O b EEESS. ¢ I LEK.
intpoly(p,x|exp=c,cos=c,sin=c)

i B OZHA p (7232 & B, MBI = AR OR) oA RO E I Z KT
integrate(f,x|dumb=k,dviout=p,log=1,frac=t,I=[a,b])

s B S AEH r ICOWTREREST D

powsum(n)

212" 4 M DO mE x TEEHAT 0+ 1 REEXE KT

bernoulli(n)

2 n RO Bernoulli £ B, (z) #iK$

1.2.4  Functions with real/complex variables

LI ORMERE T3S GIE) 2FEERICT D EET DU A MWK EiRd.

12



189. frac(x)
i B DANEERSY
190. erfc(x) erfc([z,precl)
i AR E R erfe(a) = = [Zeat
191. fouriers([agp,a1,...,am],[b1,b2,...,b,],21cpx=1) fouriers([f,m],[g,n],z|cpx=1)
1 AR Fourier #%3% ag + a1 cos z + ax cos 2z + - -« + a,, cosmz + by sinz + by sin 2z + - - - + b, sinnz
192. myexp(2)
s FEHRAEL exp(2)
193. mysin(2)
i =ABIH sin(z)
194. mycos(z)
i =B cos(z)
195. mytan(z)
i =B tan(2)
196. myasin(z)
i = A PEE asin(z)
197. myacos(z)
= AR acos(2)
198. myatan(z)
W= A EEE atan(2)
199. mylog(z)
L log(2)
200. mypow (z,w)
o REE 2
201. myarg(z)
= R arg(z)
202. sqrt(z) sqrt([z,precl)
w2 OVFIREGZD
203. arg(z) arg(lz,precl)
iz DR
204. gamma(z) gamma([z,prec]l)
w W~ EE T (2)
205. digamma(z) digamma([z,prec]l)
P A~ BH(z) = £
206. 1ngamma(z) 1ngamma([z,prec]l)
:: log(T(2))
207. dilog(z)
A B TE Lig(2) = Y50, &
208. zeta(s) zeta([s,precl)
: zeta BEK C(s)
209. eta(r) eta([r,precl) ‘
i+ Dedekind O Eta Bi%t n(t) = 12 [[o_, (1 — e2™mT)
210. jell(r) jell([r,precl)
:: Elliptic j-invariant j(7)

1.2.5 Lists and vectors
211. 1lsize([mqy,ma,...])
212. findin(m, [lo, l1,...])

13



213.

214.

215.
216.

217.

218.

219.

220.

221.

222.

223.
224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

D mIZELWEESY lo, be,. .. MHETET

countin(s,m, [y, ¥1,...] | step=k)

2 sBLEm BLTD {y, 61,...} DEROMEE, HFEm TOMBIMmELIES
delopt(¢,s|inv=1) delopt (!, [s1,S2,...]1inv=1)

A Tar VAN (VARDYRAR) AT vars (EEIBE) #BMOERS, gk td
mycat([{1,...,¢,] |delim=5s)

mycatO([ly,...,0,]1,tIdelim=s)

2l BRTATD

fcat(f,slexe=1)

B T AN fIls BEXHT

vtozv(v)

w AHAONRT MLE RS T L THMIET S

12p(l,v|size=s)

S BREBDOV AN 25X To0ZENAIRT . it OMiEiz K.
mulseries(vy,v2)

20D MV ENERIRERR LT, TOMONY ML EIRT
pluspower(p,z,r,m)

w (14p)" O xBTS REEMEZE m HETRD S

average ({|sint=k)

w FEHOY A ML, EHESCEEREEZRD D

vprod(vy,vg)

dvprod(vy,v2)

222007 ML (JABRTHIW) ONEEZIET

llbase(v,?)

i BEL[0], L[], ... D— KGR DORT v o OIFEREEREZIT S (FllX 1sol () DHA S
1sol(v,l)

R 0), €[1], . BT B S — R A R <

1nsol(w,l)

o BE L0, L[], . . BT BN, — IR TR RO EER A R D

lchange({,k,v|flat=1)

2 (ZE) VAN O K THEELLMEOMR % v ITEEHZ D
Imax([my,ma,...]1)

My, Ma, ... DFRFORKO YO EIRT

Imin([mq,ms,...]1)

My, Ma, ... DROERNOE O &R

lgcd(Imy, ma,...] |poly=11)

my,ma, .. DERREKIE Oo) ZiRT

1lcm([my, me,...] |poly=1])

omy,me, ... DRMNAEE (Oo) Zid

ldev(¥,s)

i URA L s OBEEE Y AR LIZINAT, W Ol % BN $ 2
lsort({1,45,tlc_1= [61,0,01)1 ,...1,c_2= [02’0,02’1 , .0 1)

2 URARLATHL, b EOEDE LEEy, E72id f I
Z O, FHAT —Z OEE

pais

4y 2 B <

t = "cup", "setminus", "cap", "reduce", "sum", "subst"
msort (£,s)

2 X7 MR R NOSE (ZE) F— sl TY— M5
vnext (v)

w XY MVORRG Az, BEERIER TRONRY MVICE#RT S

14



237. vgen(v,w,m|opt=0)
s AT O m OIFARS O MV w ZNAIZAERT S
238. paracmpl(/,t|lim=1,low=1,para=[vy,vs,...])
D BEMIZLITERFE LU A N OpGy (F2E 2 3EER) CELN D ZE/ o IERISE L

1.2.6 Matrices
239. dupmat (m)
B BPEBEROITANE 1T 7 by m OBREED
240. m2v(m)
s ATHIm DR E LATE M BIRICIE TR b AT 5
241. m21(m|flat=1)
w2 AEA, XY B DWIEITHIO m Oy ENBIZIERTY 2 MZT 5
242. m21v(m)
2 AT m OIT XY "V EWFRTY R MZTD
243. m211(m)
2 AT m BT MVE VA NMIDZTELOEKRSETDHI A MITD
244. 1vem(|1£ill=n)
D ATRT MV (TGO Y A R THAE) O U A M DLBITHIZED
245. s2m(s)
i CFHITTOEBER S OITHIFRBSC, S0V A S BITHEED . BRI A XOITHN 7 5
246. c2m(l,v|pow=t)
u RO CIRBATHNZ1ED
247. mperm(m, [og,01...1, [70,71,...1)
mperm(m, [[og,011], [[79,711]1), mperm(m, [o, [m11], [T, [m211)
2 ATH m i SIMTH (g,r,) B1ESD, EIIXEBRITH] (E7230HR) CE#RT
248. mtranspose(m)
= AT m DEREAITINE R DD (m IV A RDOY A FTH L)
249. madjust(m,w|null=n)
= ATHI m DY A w ICTRET S
250. mpower(m,n)
D AT m DO n FERDD
251. mtoupper(m,n|opt=t,step=1,dviout=1,pages=1,tab=k,lim=w)
s AT moATxt L, fTERAEEEIT > C, 1TOHRENDD 0 O OMEEDS T OFT 0I5 ~Heak B m
ERDEONCT D, RKEBED n FITHEL.
252. mytrace(m)
= T8O trace &K d .
253. mydet(m)
wdet(m) ERU. 7272 LAGDIZAERTH Lu.
254. mydet2(m)
mdet(m) ERU. 7272 LAEDIITAEKXTH Lu.
255. myrank(m)
= 4780 m @ rank KD 2 (X mtoupper () DIH)
256. mykernel(m|opt=1)
= ATH m DERELTH D kernel DILJEE KD 5
257. myimage (m|opt=1)
= AT8 m DEREATEI OB DO FEIEE R D 5
258. mymod (v, [v1,...,vx 1| opt={)
2 XY Kby, v TRODIVDZEMOREZER~D v OFEERD S (HliX myimage () DIA)
259. mmod(m, [v1,...,vg ]| opt=1)
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w XY Kby, v TROILDZEMOREZER~DOMIE SR m O
260. myinv(m)
u IEFTE m OWITHERD D
261. madj(g,m)
2 ATH gmg™ BEET D, mITATHIO U A S HTHIORZ BT L.
262. diagm(m,a)
O AITRN AR 5
263. mgen(m,n,a,s|sep=1)
i size m x n O—FEATHIEAFRET D
264. unim(s|abs=m ,num=n,both=1,int=1,rank=r,conj=1,res=1,wt=w,dviout=t,lim=w)
2 ATHIR L THA X s OBEBATINE T 0 X DAEKRT D, 178 s 2T 0 X DTEHBRT D
265. newbmat (m,n, [[ro0,701,...1, [T10,...1, ... 1 |null=t)
w7 Ry ZTEEERT B
266. meigen(m |mult=1)
2 ATH m OEFEEZ KT
267. mdsimplify(m|show=1,type={)
 AEAXIEFSFTIIm, £HIEZFOY R FRPRY L EXMEITHI TR BAL
268. transm(m|dviout=1)
2 ATH m OEAREFREA XTI T 4 TIITH

1.2.7 Strings
269. str_char(s,n,t)
i ) s O n SUFLBRICSCFAN ¢ OFTESCFERRINCEN 25T E KT (str_chr () OILE)
270. str_pair(s,n,t;,teo|inv=1)
i S s O n SCFRLUET, SUF (B to OHBLEED ¢ O HBEECE B % 2 B O E % K3
271. str_str(s,t|top=n,end=m,sjis=1)
T s ITERY ST t SNSRI D T A IR
272. str_cut(s,m,n)
w T s OFEHEN S m XFEAF LT, TR —m 4+ 1 XFEEIRT
273. str_subst(s,sg,s1lsjis=1,raw=1) £7i%
str_subst (s, [sgo, So1,---1, [s10,511,...]1 |inv=1,sjis=1,raw=1)
str_subst (s, [ [so0, s10], [So1,511],-..1,0lsjis=1)
TR s ITEENDEY LTI sg & 51 CERTHIEMNLIAICEESHRZ D
274. str_times(s,n)
2 T s (FFIFYAR) ZnBE#EVIKLZCF] (£ 0 A M) 2T
275. Strip(S,tl,tz)
i UFHNOSMU ORI A 3
276. s20s(s)
i U E N DT RIRE 72 U AR M
277. sjis2jis(D)
i Fa— ROBEKO Y A ROYETH 2 ©% ShiftJIS 725 JIS (45 #
278. jis2sjis(])
w XFa— FOFFO U R MDY 2 ©% JIS 76 ShiftJIS (2254t
279. s2euc(s)
o ShiftJIS F 7213 JIS U751 % EUC N 254t
280. s2sjis(s)
2 EUC & 7213 JIS 305511 % ShiftJIS SCFillc 284t
281. str_tb([sg,s1,...1,tb) F7ziF str_tb(0,th)
2 TXRAMNINY T 7 2EK b=0) L, £Z (RYVE D) [ZXFF sg,... ZIAITEMNT 5. HHIO
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282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

Bl 0 L LTFHERY 1.

120s (1)

i U A M & AJJATRE e SCFFINT 2846

r2os(l)

i B E eval str() TAJIRREZR SCFFIN A HA
r2ma(s)

:: Mathematica OERDOEAUITLEH

evalma(s|inv=1)

:: Mathematica O & G iATe
readcsv(sleval=[ni,no,...],eval=n,sp=1,col=c,null=t,eq=1)
w CSVEROT—4# % U 2 MEATHAAT
tocsv(l|null=n,exe=f)

2 VA ROU R NEZIIITINE CSV ERXDOT —Z 124

1.2.8 Permutations

ldict(n,m |lopt=t)

2 {0,1,2,...,m—1} 2B CHEENEF o+ 1 FEHOY X b &2IET
ndict (4 |opt=t)

s {lo, byl ) DA Z DY AN L NIFERPEIERT (BT 03
nextsub([ag,...,Qm-1]1,n)

2 {0, .. ,n—1} O m EOESEEEW~T2LZ, {ag,...,am-1} DROWHEEETIRT. KEES
ZTCWEX 0 23T

nextpart (£)

2 BREOSFIO) X b Lkt L, FENER TRICRE R DEZIRT
transpart (£)

2 BREOSEIOY A R (Young RIFUCKIIS) £kt L, EOXx KT (Hlit nextpart () &)
trpos(a,b,n)

AR (a,b) IZHT25 n IREWBEO LA IR T

sprod(s,t)

n EHREOME A RS

sinv(s)

n B s OWiTAIRT

slen(s)

n B s OR S EZIRT

sord(s,t)

:: [B#i% Bruhat order T2

1.29 TeX

my_tex_form(p|subst=[{p,t1],frac=f,root=r,ket=k)

i print_tex_form(p) DB Yl 6 LFHEHOAREIFHIBRZ TV, ATV Y — AT
show (p|opt=¢)

: p % dviout THUNZE T S
dviout(plclear=1,keep=1,delete=t,fctr=1,mult=1,subst=[s0,sl],eq=k,title=s)
i p % dviout TERTD

dviout0(f) F72i% dviout0([ly,¥s,...]) F7ziE dviout0(£|opt=s)

i TEX TOEFD -0 DWNEHIR e & O FEAERIE

verb_tex_form(p)

i op & BTEX CRELATREZR CFHNCT D

monotos (p)

o AEIRE CFAIC . MRS TIE (&) Tt
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304.

305.

306. t

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

monototex(p|minus=1)
s A TEX OXFHNCER. BIEALSN Tt (&) THT
rtotex(p)

i BE TEX OSCFFNCEME. 1 U raliz b L& id{ &} Tl

texsp(s)
i TEX OXFF s DIREN TRX OF—U—RFD L&, s DREBICEAZ DT D.
texbegin(t,s|opt=u)
: TEX @ \begin{t}[ul s \end{t} &5 Y —X%&H1T5
texcr (k)
2 127 LT OEAIEH kIS U T TEX 1B 2 HoSATO LT3 2 K3
texket (s|all=t)
2 TEX O Y —Z s IZBIF A0V A X & /[ EI12T 5
ltotex(l|opt=s,pre="string",cr="cr",small=1,lim=¢,var=v)
wUzkitm&7Lw%s—%mwmkﬁiﬁfo%@)x & A T\Lleft\{... £71L s = "GRS"
® L % \begin{Bmatrix} --- O D Riemann scheme & 4T TEX OILFFHIT ﬁ?ﬁfoﬁ E
mtotex(m|small=1,2, null=1,2, sp=1,2, idx=0,1, mat=s, var={, raw=1, lim=n)

2 ATHNETNEIAR Y RV TEX OSCFINCEBS 503, o NAERO & S IZRB R LT-RICT 5

divmattex(s D)

2 ATHID TEX DY —A s OLYEIRLHN DO~ 2 2175
smallmattex(s)
s TEX OV —2T ()R } CHRENATINZ /MY A AT S
texlen(s)
 BTEX O O REE 2 HEH U T U7 CiR g
texlim(s,nldel=sg,cut=s1)

w BV TEX o8z, EEITICHET S

1.2.10 Lines and curves
ladd(u,v,t)
2 R MVERIZV A RO OM t=1) & t=-1) #8HLTHI A NEET
dnorm(v)
2 X7 MVEIRY R D VL, £201E2 AR O BEEE R
mrot(f|deg=1)
 AJE O OEETAZ IR
dvangle(vy,vy) dvangle([us,ug,us],0)
0 XY RVERIZY R NG AEORKEIRT
ptaffine(m,f|org=v,shift=w,arg=0,deg=0,proc=1)
w FEEOM (BEE) oV R MNEREATD, £RET 74 0B (ZH LI MERETERXLA) 2T
ptpolygon(n,r|org=p,scale=t,arg=0,deg=0)
u Ry OMICNEET D IE n S TE O TH 5L - ERE
ptlattice(m,n,v;,vslorg=p,scale=t,cond=[f1, f2,...] ,1ine=1)
woorg B L LT o FIANZ mHE T, vy HANZ n HE TOEE m X n HO T 5D JHEFE
ptcopy (£, v)
v JEREOY A ML EBEIFMOY A N ol TR oY —F 5
ptcommon( [s1,82], [t1,t2] | in=k)

EAORCMIC R L CHEA, BERCEmMROE, N, FHRERRETR, AEREZ2RD5
ptwindow (4, [z1,22], [y1,y2] | scale=t)
s OPHEEEE (x,y) DUART oy <z <z, y1 Sy<ys ZMZILNEDE 0ICEZD
ptbbox([[z1,y1,...], [x2,y2,...],...1|box=b)
prbox([LLal) o], [y g1, 1, (e e 1,31 Ibox=t)
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AR (v, y, . ) RO YU A MEHEH [[Cmin s Tmaz] > Wmin > Ymaz] 5. - .1 2R
327. iscombox ([ [z, ,wihad s ot s ymaad o1, [Lele), wimaad , Ly, ybmad . D
2 2005 (RIMOBER) oL@y oa 2R
328. 1ninbox([p1,p2], [[Zmin s Tmaz] > [ymin ’ymaac]] [in=1)
2 OFHENG 2 58 py & po ZRESERR (F721385) OBNOERS (2 mERSD) 2T
329. scale({|scale=[cy,...]1,f=f,shift=[s1,s2],TeX=1,mes=[¢t, [ay,b1,w1],...],1line=[a,b])
o BEED ok (80 ROMER
330. tobezier (/linv=[a,b,t],div=k)
w MOV AN L TEE D Bézier MBRD/NT A — X KR L F DL L 4y E|
331. 1bezier(l|inv=t)
X4y Bézier thrd T — & 45 #a
332. velbezier(f, [a,b,t])
:: Bézier HifR DR RHE T F L
333. ptbezier(l,[n,t]) ptbezier(l,s)
i (A) Bézier iR Lo s EHENY MLrERkD D
334. areabezier(l|rev=1,pt=[p;,p2,...],para=1,prec=v,int=k,exp=c,Acc=1,cpx=1)
:: Bézier itz A2 fEIR O HiFE - BB OFHE
335. ptcombezier ({1,0y,m)
D EDY RN Ly, by TEES 250 Bézier Hifg D38 fi a2 Kb %
336. ptcombz(by,bs,m|red=t,prec=k)
i X4 Bézier #ifR by, by DEREHERD B

1.2.11 Drawing curves and graphs
337. xyproc(f|dviout=1,opt=s,env=t)
o Xyepice/TkKZ P4 E LB OIS (f=1) &&T (f=0) FF
338. xypos(lz,y,s]) xypos(lz,y,s,t]1) =xypos(lz,y,s,t,ul) xypos(lx,yl)
i: Xy=pic/TikZ TOPERE (x,y) R s REDLFHT). t1X TNV DOXF, uwlidA 7y a 3550,
339. xyput([z,y,s] |scale=r) xyput(lz,y,s,t]) =xyput(lz,y,s,t,ul) xyput(lz,yl)
:: Xy=pic/TikZ TOPERE (x,y) K s REDLFHT). t 1 X T NNVOLF, widA7 v a 3550,
340. xyline([x1,y1,51], [x2,y2,82] lopt=t) xyline([zy1,y1]1, [x1,y2] lopt=t)
o Xy-pic/TikZ T (z1,11) & (z2,y2) ZFTHS BIEITZ P TH LW
341. xyarrow([z1,y1,51], [z2,y2,52] | opt=t, cmd=s)
o Xyepic/TikZ T (z1,11) & (22, y2) ZRAVETHS GIEIE~Z A TH W)
342. xyarrows(L[f1, fo1, [v1,v2], [[x1,22,m], [y1,y2,n]1] | scale=r,abs=v)
it Xy-pic/TikZ THIER D KHIZ i <
343. xybox([[z1,y1], [z2,y2]1, [x3,y3]] lopt=t,color=s...) xybox([[z1,y1], [z2,y2]1]|opt=t,color=s,...)
o Xyepic/TIikZ T (z1,y1) & (z2,92) ZXHARE L, (z3,y3) ZIERETHFATINAE (D WIEKFE
il %k b ORFH) HHE<
344. xycirc([x,y,s],r|lopt=t,arg=1[0,0,] ,deg=[0;,02],close=1)
2 Xy=pic/TikZ T (z,y) HLO¥EE rmm/cm O &<
345. xybezier([[z1,y1],...,[xy, ynl] | verb=k,opt=t,cmd=s,relative=1)
:: Xy-pic/TikZ T4y Bézier Hifh (fiA Bézier HifR) i<
346. draw_bezier(id,idx,b|col=c,opt=s,init=1)
1 F Y N R BIZK Sy Bézier BhfR A HE <
347. xylines([[z1,y1,51], [22,Y2,82],...]1 lopt=t,close=1,curve=1,ratio=c,verb=1,scale=r,
Acc=1,dviout=1,proc=p)
i Xypic/TIkZ T sj % (wj,x;) \CEE, (21,11), (¥2,92),... & (Bézier ) M THS
348. xyang(r,po,p1,p2|opt=t,scale=r,prec=1,ar=1,dviout=1,proc=1)
2 Xy-pic/ TikZ T Lpipope PRI REN % # <

19



349. xyoval(p,r,qlopt=t,arg=[t1,ts,t3] ,deg=[t1,t2,t3] ,scale=r,ar=1,prec=1,dviout=1,
proc=1)
: Xyepic/TikZ Tp ZHla& LT, ORI r & qgr O E 7213 0OICHEE 2 /i<

350. xygraph(f,n, [t1,t2], [x1,22], [y1,y2] lopt=t,rev=1,ax=[xg,y0,5,t,ul ,axopt=[h,w,0,2],
scale=r,ratio=c,raw=1,org=[zg,y0] ,pt=[p1,p2,...],verb=1,para=1,prec=v,shift=[u,v],
Acc=1,dviout=t,proc=p)
2 BO n FESRTOMETEED 77 72#i< (6 <x<ty, (21,y1)(22,y2) FFRFEOHIH)

351. xy2graph(f,n, [x1,22], [y1,y2], [h1,he] ,a,Blopt=t,scale=r,view=h,raw=1,trans=1,
ax=[z1,29,t] ,dev=m,acc=k,org=[x9,y0,20] ,pt=[p1,p2,...],prec=v,title=s,dviout=~k,
ext=[a,b] ,shift=[u,v],cl=1,proc=p)
v,y BEOXEE n Sy L CHiE 2 = f(z,y) ® 3D 77 7 &#<

352. execdraw(¥,t¢|shift=[u,v],ext=[a,b]l,cl=1)
 HWEETER (AL IEE o TEITT S

1.2.12  Applications
353. powprimroot(p,nlall=1,exp=1,log=f)
s p U bEOFEH nEEZORBROY X N EES
354. distpoint(l|div=5,o0pt=s,title=t,size=/)
= 100 AR DOSBEOT — X | BTl SES AR ERERICT D
355. seriesTaylor(f,k,v|evalopt=opt,small=1,frac=0,dviout=n)
B f OBETTER DY A b o lTkT D kEIROEE TO Taylor BAAZ KD 5
356. ntable(f, [a,b] ,nldif=1,str=[ky,k2,...] ,mult=m,title=t,top=1[¢1,...])
w X[ [a,b] & n %Sy, F£loidn=Ing,ne] EH LR TO x BHOEK f OBWBUIEOREEZES

1.2.13 Environments
357. Canvas
:: Risa/Asir OEF v NADT 7 5 )V b YA R
358. AMSTeX
i ZOMEN 11E AMSHTEX 25T %
359. TeXEq
2 T 74 b0 BIEX OBREREEOEE (dviout0(3) TEA D 5)
360. TeXLim
i BTEX TRWEARZTHEIT 280 11T O E R RBIE LT O T 7 + /v ME
361. TikZ
i 7T T RIRIT Xypic & D h TIKZ &0 5 i EtaiE
362. XYPrec
i T T RIRDEEDFERED /IR LT DI DML
363. XYcm
: Xyepic TOHALEZ cm TEH LT, TikZ IZ&5bED
364. XYLim
i Xy=pic %> TikZ o i CIEICFEE T 5 5 T OAT ORI
365. DVIOQUTH
 myhelp () THE LIEEBOMRHEZ/RTI2dDT 0 7T LOEE
366. DIROUT
i BEE DTEX I L2 Y — AR ENLT 4 L7 b (BEIALARRR Z ENEFHEIND)
367. DVIOUTA
i ITREX O AMSTEX BB T risaout.tex 2 A L TFERTH TR T T LD/AAL
368. DVIQOUTB
i BTEX © AMSTEX 8258 C risaout10.tex (F721% risaoutl0.tex) # AL THRITH7 1
7T LD/NALT, DVIOUTA LR TE D (cf. dviout0(), risatex.bat).
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369. DVIOQUTL
o BTEX 8RBT riasoutO.tex # ML TRRTH 707 T LDNRAA
370. .muldif
:oos_muldif.rr 0 — RL7Z & ETHEAAEND 7 7 AL
371. risatex.bat
¢ os_muldif.rr AHITE BIEX OY — A7 7 A V2 EHR L TERT LTS T A

1.3 Some functions in the original library

PLF OB, module b ENWDT, B DIEFEIZ os_md. DT EHA.

131 #HOEEHE
1. idiv(iq,i9)
 BEHEREIC L DM
2. irem (%1,%2)
u EBEEREIC K ARG
3. fac(4)
i B DR
4. nm(p)
p AEEFELIIEEXOS T
5. dn(p)
v AEEEITEEXO SR
6. igcd(iy,i2)
7. igcdentl([i])
B GCD O 7 L3 ) R ADEER
8. ilcem(iq,49)
BB OR/NAGEEERD D
9. isqrt(n)
won OFFRE R 720 KO A K
10. inv(i,m)
som EBEETD 0 OWH
11. random([seed])
R AR ERT D
12. 1random(bit)
GRS EEKT D
13. mt_save(fname)
s B RAR OBIEDOREEZ 7 y A M E—T TS
14. mt_load(fname)
w T ANMIE—T SRR ARG ORES o — FT 5
15. real(comp)
. comp DFEHFSy
16. imag(comp)
. comp DEEERIY
17. conj(comp)
i comp DHBEEFHEE
18. eval(obj [, prec])
:: obj OEDFA
19. deval(obj)
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

o obj DIEOFHAM (54 B i Eh /N )
pari(func, arg, prec)
:: PARI O 4% func & FFONMHT.

setprec([n])

i bigfloat O Z n HHIZHRET S
setmode ([p])

 ABRAE GF(p) IR ET 5

ntoint32(n)

o IEREEE L TR 70 L 32bit B DRI A
int32ton (int32)

 FEAEH L 557 L 32bit B M o RIS
iand(m,n)

DB m,n Oy MED and

ior(m,n)

B m, o n Oy MED or

ixor(m,n)

D om, n OBy NMED xor

ishift (7, count)

i B OMERHE E bit 51 & AT shift 375
i2hex(ilcap=1,num=1,min=m)

w FEAERE T D 16 HEEIR

pari(binary,n)

= Hon @ 2 HEHERR

pari(factor,n)

B 23 1 AR SHEA n OFREEERD D
pari(issquare,n)

s B n E3ZEN 0 BEHE o) 2 E D IRND
pari(omega,n)

BB F7203 1 BEEHEK n OFR KT O
pari(bigomega,n)

B F7003 1 BTN n OFR T O \EE AL OEE
pari(numdiv,n)

B n A0 915 IR OEEK

pari(sigma,n)

= n OIEDRELOFN

pari(isprime,num)

i AR num BEENLE D AL (BRGS0 2T
pari(ispsp,num)

i B num BEERELEDE D IR D (B S 0 21T
pari(nextprime,num)

= B num Ll EOF ORI
pari(frac,num)

0 S num O/ Ny

pari(conj,num)

i EEH num (TFITH ) ORBEFRL A KT
pari(abs,numl, prec|)

i BEFEEL num OHETHE % 3K

pari(cf,num)

o num O ERBH &K
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44.

45.

46.

47.

48.

49.

50.

ol.

52.

53.

54.

95.

56.

57.

98.

99.

60.

61.

62.

63.

64.

65.

66.

67.

pari(mu,n)
w B n O A T AEE u(n) O (0 £k +1) iKY
pari(phi,n)

w BRI n 3T % Euler @ ¢ WEOMHE (n LT n LK b OO ZiRT

132 zEAX, FEADOER

var (rat)

:orat O FEEE RS

vars(obj)

 obj ICEENDEE DY A b

uc()

u RERBIEDOT-OD veype ¥ 1 OREILEERT S.

coef (poly,deg [, var])

o poly @ var (BMEKRHIELER) KT 5 deg IROEEE T 5
deg(poly, var)

i poly @, 2% var \[ZB 2 Bk

mindeg(poly, var)

2 poly O, 253K var (ZBI9 5 &Rk

nmono (rat)

i rat OB DI

ord([varlist])

i EBNAFF ORE

sdiv(polyl, poly2[,v])

o polyl % poly2 TRIZBRE N &L E TEITTELLEIIHERD D
sdivm(polyl, poly2, mod[,v])

:: GF(mod) LT polyl % poly2 THEIZBRAENKREETIITTE LB ERD D

srem(polyl, poly2[,v])
it polyl % poly2 CTHEIZBRAEN L E TIEITTELHAICRRERD D
sremm(polyl, poly2, mod[,v])

:: GF(mod) LT polyl % poly2 CTHIZBREN % E TEITTE HHEICRRERD D

sqr (poly1, poly2[,v])

o polyl % poly2 THRIZBRE N &t F TEITTE GBI, FnrERDD

sqrm(polyl, poly2, mod[,v])

;0 GF(mod) ET polyl % poly2 CTEIDRE NG E TRITTX 255100, FIREZRD D

tdiv([polyl, poly2])

i polyl 7 poly2 TEINTZ LR & EI 2T UL 0 23RS
subst (rat[, varn, ratn ]*)

w RO EORETIZ, EHH B WIILENX, FHXL EE2RATS
psubst (rat[, varn, ratn ]*)
s AEXOKEDOARETIC, EHH D WIxHHEN, FEA L E2RATD
diff (rat[,varn]*) F72iL diff (rat, varlist)

i rat % varn %\ varlist OO TNERMSY T 5
res(var, polyl, poly2 [, mod])

i B var \IZBET 5 2IHN polyl & poly2 O#FERERD D
fctr(poly)

i poly ZEERIR IS 5

sqfr(poly)

o poly HIESE ST 5

ufctrhint (poly, hint)
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68.

69.

70.

71.

72.

73.

74.

75.

76.

e

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

i B A O T AT BB D 1 282 T o IR E oy fik

modfctr (poly, mod)

i AIRE ETOZIEK DR R

ptozp(poly|factor=1)

i AR A A PR U TR TR B GCD 28 1 02T E T
% poly hm

i poly DEFRE S m CTEl- L RIA CTEESMBZ - SLHA L KT
prim(poly[,v])

i AEYRESIE poly OJFLARIERSY (primitive part)

cont (poly[,v])

 AEREE G poly D% (content)

ged(polyl, poly2[,mod])

i ZODEZHEADRRAKNX (GCD) Z:KD 5

gcdz(polyl, poly2)

i ABRIE Lo — o0 ZHA0RKAKK (GCD) 2KH %

red(rat)

worat TS

umul (py,p2)

BRSO EmE A

umul _£f(p;,p2)

A IRAAR I — AR 2 T oD i R B

usquare(p;)

o RSB A O ER 2 RE

usquare_ff(p;)

i ABRMARE AR ZHA D ER 2 FHE

utmul (p1,p2,d)

 BEBRER AR Ao EERE (FTHE0 REHRE)

utmul £f(p1,p2,d)

s AR A EO EEEE (7T 580 REGEE)

kmul (p1 ,p2)

i S HEHAOFRK % Karatsuba £ T1T 9

ksquare(p1)

n S HEAOGEE 2 FH A Karatsuba % TT 9

ktmul(p; ,p2,d)

— B EAOmmEFER (FTHE 0 KEFEE) % Karatsuba £ TIT 9
set_upkara( [threshold])

o 1 BEZEAOHBEEICE TS N? |, Karatsuba, FFT 7 /L= U X A O 2 OREME
set_uptkara([threshold])

o 1 ERZEAOHEREICE TS N? | Karatsuba, FFT 7 /L= Y X A O 2 OBE
set_upfft([threshold])

vl BHEHEROREEEICRITS N? | Karatsuba, FFT 7L 3 U X A0 2 o BIE
utrunc(p,d)

w —EHEEA AR TU D

udecomp(p,d)

v EHEEA A RETH T D

ureverse (p)

v —EEEEAORE AW L2 HAEED
uinv_as_power_series(p,d)

u B SIEAE B L BT, WitEHE
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92. ureverse_inv_as_power_series(p,d)
RS A PR A W U TR & AT, WOGEHE
93. udiv(pi,p2)
.Y €25 N p1, p2 XL, ik
94. urem(py,ps2)
w —EESIER pr, po XL, FREIET
95. urembymul (p1,p2)
o 4%@%%5& P1, P2 (ot L, %Jé% 5_’3&?‘
96. urembymul _precomp (p; ,ps,inv)
s EE SN EZEAIC K DRREEZZEITHOHE R EITHND
97. ugcd(p1,p2)
n —EHBHEA py, po ITHL, GCD &K
98. pari(content,p)
x ERDOZIHNL BT, REDERAKITTEIRKT
99. pari(round,p)
2 ZHEAOBRB A EPERICEEmA D
100. pari(roots,p[,prec])
i ZHEADORERD S
101. pari(disc,p)
2 x BHOZEK p ORI AR

133 YRk, RJ b, BRIDEE
102. car(list)
i 28T list OFEEHE R (ZEOLAIEZEDO Y A ) HiKT
103. cdr (list)
i ZETeW list PO BERE RN (ZOLBEIFZED) YA MEIRT
104. cons(obj, list)
o list OYEEAIZ obj MMz 72U A N &IRT
105. append(list1, list2)
o list] DIBIT list2 22721720 A R &R
106. reverse(list)
w WIRIZIE A~ 2 72U A R &RilRd
107. length(lv)
2 UARNEREIARI MVOESZIRT
108. newvect (len[, list])
w B&len D7 MVEAERT D
109. vector (lenl, list])
w & len DY MVEART D
110. vect([elements])
p HEOWRNERT MVEERT S
111. 1tov(list)
o list T RVIZET D
112. vtol(vect)
i XY MR YA MIEHRT D
113. newbytearray (len, [listorstring])
: newvect & [R#EIZ LC byte array #4795
114. size(vect/mat)
S ATINOY A XEZIFRT PAVORSIEZRDOLEE (RVEIZY X R)
115. gsort(array [, func])
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i —RehlA array &Y — b1 5.

134 T5I0EE
116. newmat (row,col [, [[a,b,...]1,[c,d,...],...]]
117. matrix(row,col [, [[a,b,...]1,[c,d,...],...]]
: row 1T col FIDFTHI A AR 5
118. mat (vector[,...1)
119. matr(vector(,...])
S AT MV (E2R U A N) OO BITH R AR T S
120. matc(vector[,...])
2 BRI MV (7Y A R) OO BATHIE AT 5
121. det(mat[, mod))
:: mat OF7HI
122. nd_det (mat[, mod))
 FECE I3 A TRIR EOZIEAATS) mat OTFIX
123. invmat (mat)
1 AT mat OWITH
124. rowx(matrix,i,7)
w AT EH JITERIAT S
125. rowm(matrix,i,c)
2 BifTE 5T D
126. rowa(matrix,i,j,c)
DB IITICE JITO ez b
127. colx(matrix,i,7)
s BN L G AT D
128. colm(matrix,i,c)
w B AE cfETS.
129. cola(matrix,i,j,c)
2 HBIINCE JIND cfENZb.
130. pari(adj,mat)
= AT8 mat ORKETFATIH GoofTslE OFBPTHIR L0 D) ZiRT
131. pari(trace,mat)
178 mat @ trace &K T
132. pari(signat,mat)
u RRFMATHIOR 5 2K
133. pari(indexrank,mat)
: AT4] mat OFEEIZEE LW A RO IERIMTEIO—2>DAT & FIOLE % KT
134. pari(supplement,mat)
i BT RV RN 721 T8 mat OAIZE E > CIERNEF1TH1%1ED
135. pari(hess,mat)
w EFTH RSB SV TITENCERT D
136. pari(eigen,mat[, prec])
s BERGY E T DATHNOBAE Y ML EIERT
137. pari(jacobi, mat[, prec|)
s FERITAIOEAE L BA XY hLERT

135 XFIICETSEE
138. rtostr(ob))

i obj BITFHNIEZ D
139. strtov(str)
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i ostr (CFH) ERETICEZD
140. eval_str(str)

wostr (SUFS) 2RI 5.
141. strtoascii(str)

D XTFHNET AX—a—F (1LLE255 LFOEH) OU A N THRT
142. asciitostr(list)

w T AX—a— ROF| & XFINELT D
143. str_len(str)

n XFHN ORI &BiIRT
144. str_chr(str,start,c)

s SCFER AN B D ALE R
145. sub_str(str,start,end)

w RO A AR

1.3.6 #EERIZET 2EH
146. newstruct (name)
o MG ARA 2 name OFEERE AT D
147. arfreg(name,add,sub,mul,div, pwr, chsgn,comp)
B SN NG PSP N R =
148. str_type(name|object)
s HEEROBBE S ARSI 5

1.3.7 AHH
149. end
150. quit
w BIERAABR DT 7 ANERALL. by T L-ULIZBW Ty v a VB TTHZ LD
151. load("filename")
:: filename % FEAiATe
152. which("filename")
5%k filename (2% L, load () 23FtAriAte/ N AL &K
153. output (["filename"])
w LI 156 % filename F 72 IXERER HICYI#E 2 5
154. bsave(obj, "filename")
i filename |2 obj /31 T VR TEZAL
155. bload("filename")
i filename > LA A F VA TREAAL
156. print(obj[,nl))
i obj HFHEIL TRTRT D
157. printf (formatl[, args])
158. fprintf (fd, format|, args|)
159. sprintf (format[, args|)
2 CUlTRl727Y o MEAE (FERREOAERRBEED
160. access({file)
wfile DFEET A ML, FFETHE L, FELRTIE 0 2T
161. remove_file({file)
= file Z{HETD
162. open_file("filename" [,"mode"])
it filename %A —729 5%
163. close_file(num)
w kB num DTV A NE T a— T 5
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164. get_line([num])

BT num DT 7 AND 1 TR
165. get_byte(num)

s WO num 7 7 ANDD 1N, Rl
166. put_byte(num, c)

BT num O7 7 AN 1 A b e BEL
167. purge_stdin()

S FEEANN Oy T2 VTS

1.3.8 EPEE EDai—IILICELIEH
168. type(obj)

:: obj ME A KD HEE
169. ntype (num)

wonum (30D O B (CEH) 2T,
170. vtype(var)

iovar (RET) O (B 2T
171. call(name,args)

i %L name ZIEONMH T
172. functor (func)

i func OBET-ZHLY 9
173. args(func)

o fune OBV A R &EY KT
174. funargs (func)

i cons (functor (func) ,args (func)) #iK3
175. module_1list()

D EBEADOEY 2— LDV A N EHGD
176. module_definedp(name)

i BV =—)L name ODIFEET A NT 5
177. remove module (name)

i E Va2 —/)L name ZHIERT D

1.39 HEEHK
178. dacos(num)

o BEUE Arccos(num) ZEAEEFEV NG TRD 5
179. dasin(num)

i BEUE Arcsin(num) % RSBV N TRD 5
180. datan(num)

s U Arctan(num) ZEREEEE/NITRD 5
181. dcos(num)

i BEE cos(num) Z{EREEFEYNETRD 5
182. dsin(num)

i BEUE sin(num) &R EETREN TR D 5
183. dtan(num)

w BEE tan(num) ZAFREEREY MR TRO 5
184. dabs(num)

s AEHE |num| &R ECREINICTR® 5
185. dexp(num)

BB exp(num) &GRS EFEVNCTRD S
186. dlog(num)

i RHEUE log(num) % FEREEEFEINMITRD 5
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187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

dsqrt (num)

i OPTR num AR EETREINTR D 5

ceil (num)

onum K REWER/NOEEEKRD D

dceil (num)

ionum £V REWVRNOEEZRD L (ceil() DiIA)
floor(num)

wonum KD/ S VR KROBEEEZ KD D

dfloor (num)

wonum KD/ SWERKOEEEZRD D (floor() DRI4)
rint (num)

¢ onum FERICELD D

drint (num)

:num FEFICESDD (rint() DRIA)
pari(sqrt,num|, prec])

i (R B num OFHREH 25
pari(arg,num, prec|)

i EFEE num ORAE 52D (—n < RVE <)
pari(gamma, num|, prec|)

o B (num ITEFEETH W)

pari(gamh, num, prec])

¢ D(num+ 3) (num ITEFHLTH L)
pari(lngamma, num|, prec|)

:: log(T(x))

pari(psi,num], prec|)

:: digamma B34

pari(erfc,num|, prec])

i PR Z2ER9%K (complementary error function)
pari(dilog,numl, prec|)

. dilogarithm BE%%

pari(eta, [, prec])

:: Dedekind @ Eta B% n(7) T 7 (XA EOEFELK
pari(wp, 7|, prec])

:: Weber B3 (1) T 7 IXEEAIEOHEHELK

pari (wp2,7[, prec])

:: Weber BI%K f2(7) T 7 IZEH A IEOBEFTEK
pari(jell, [, prec])

:: Elliptic j-invariant j(7) C 7 I3 EA IEOHEELK
pari(zeta,s|, prec])

:: Riemann @ ¢ B3%%

1.3.10 HEEEH

ifplot(func [,geometry| [,xrange| [,yrange| [,id] [,name])

12 BHEBOFB ETOFRRERRTD

conplot (func [,geometry| [,xrange| [,yrange] [,zrange] [,id] [,name])
u 2 BEEROFER L TCOERRERTT D

plot(func [,geometry| [,xrange] [,id] [,name])

2 1 BHBEEO 7T T ERRT D

polarplo(func [,geometry] [,thetarange| [,id] [,name])
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211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

i WER r =func(d) THx b2l ERTT 5

plotover (func,id, number)

2 TTICHFELTWD U 1 RU~REET 5
open_canvas (id[, geometry])

s HEA T 0 R (Fx N R) BERT D
clear_canvas (id, index)

D XY UNRNREITYTTH

draw_obj (id, index, pointorsegment [, color])

n F ey U BICEEITRS RIS

draw_string(id,index, [x,y] ,string [, color])

wF oy VN RS R S

1311 HRKIZEYTHER

setmod_ff ([p|defpoly2]) setmod _ff([defpolyp,p])

setmod_ff ([p,n])

i ATRIKORE, RIE SN TODLAREDE, ERLHEADRKR

field_type_ff([p|defpoly2])
DORRE STV B IR DO FEEH
field_order _ff ()

iORRE STV D RO K
characteristic_ff()

1 RE SN TV AIRDIES
extdeg £f()

tROE STV D IR D, BRI DR

simp_ff (ob))

= B, HDVIFZHAORE L A RO TTIZ AR

random_ff ()

i ATRIRD TT O FLEA B

lmptop(ob))

0 GF(p) BB A OARE A BT
ntogf2n(m)

o AREE GF(2™) OJtii4#
gf2nton(m)

i GF(2™) OJi% BRI
ptogf2n(poly)

w EHEEE GF(2") Ot
gf2ntop(m,[v])

i GF(2") Ok AT L
ptosfp(p)

VTR TRIR A~ DA

sfptop(p)

MBI TRR D b DI
defpoly_mod2(d)

i GF(2) FBEKZ d IRDO—EH L TH D AR
sffctr(poly)

i B O/ IMELA IR LT ORI 2 fiF
fctr_££(poly)

i 1 EEZIEADHIRE L TORBEK 5%
irredcheck_ff (poly)

i 1 EEZEAOFARRIE L TORKHE

30



234. randpoly_ff(d,v)
s AR EOELERE 1 B EAO AL
235. ecm_add_ff (py,p2,ec)
= FEF R _E o o &
236. ecm_sub_ff(py,ps,ec)
KM R oSO
237. ecm_chsgn_f£(p;)
M BB B oo T

1.3.12 ZDithdE#K
238. ctrl("switch" [,obj])
o "switch" THE LIZREORE, HEMEZIRT.
239. debug
TRy TE—RIZAD
240. error (message)
D ZT—RAyvE—VERRLTT ANy S E—RIZAD
241. time()
v va VBB OEAEE TO CPU KB L O GC Bl 2 £RrT 5
242. cputime (onoff)
2 BIEY 0 72 5 cputime OFRRE LD D, ENLSNL GIZEREITO
243. tstart()
;2 CPU time FHHIBHAA
244. tstop()
= CPU time FHHE TR L UOER
245. timer (interval, expr, val)
o HIREE O & CRHE A EITT S
246. currenttime()
19704F 1 A 1 BH 0 FE O 59 0 B0 & ORGEFS KL
247. sleep(interval)
v T ok 2D FETE intervalx 1073 Fhsik
248. heap()
2 BHED B =T ORE S &Y (B8 )
249. version()
i Asir ONN—TU g v (BB IR
250. shell(command)
 command ¥ xavwr ReELTETTS
251. map(function, arg0,argl, ...)
w UR D, BAIOAERICHE B A @A T 5
252. flist()
 BIEER SN TV HMAIALEE, = — VP ERKBOEEA % LFFY A R & LTRT
253. delete_history([index])
D BEARMNIEHEETD
254. get_rootdir()
wAsir ONV— R T4 L7 RUAETD BT
255. getopt ([key])
v AT a Dl E IR
256. getenv(name)
w BREBEAE name DEZ KT
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2 Risa/Asir

Risa/Asir [IA—7 "2 — A O RS (FULE) v 27 AT

MFERIE OpenXM =1 v # =2k > TR SN TWET. 4V PF 0D Risa/Asir (35 H@bF5EHT ©H
FINFE L.

BUEOMFRIE Windows [l (32bit, 64bit), UNIX i, MAC OS X HIZ3E(E L

http://www.math.kobe-u.ac.jp/Asir/asir-ja.html

MHF o — RTEET.

Risa/Asir OFEEHE, 74 BV AREBEFEIIOVWTEILHAHEL Z&8 V. BT 5L TFERAOERA,
filfi, eZBIxE B WS B TREES TV ET.

AT §2.1 —§2.12 B3 X' 3. Some function in the original library ¥, Risa/Asir @ Help 7 7
4V (chm ZR) O—%, HETOUEXIZTEZ L TWMVAAL S DT, nyhelp() (2L > T os_muldif.rr
IZEENDLEHE & BT Risa/Asir OB TH Z L AR ET.

2.1 Risa 8LV Asir
Risa ORERUITRDOEY ThH.

o FEARHET
ZHUE, Risa ONHERICEBR SN AT V=7 b (B, ZHEXRE) ORMOEEZFATT 5 TH
»,UNIX & ‘libc.a’ e F LD, T4 T7F7 VL LTHFETD. =L, CBLY TRV TS
TR ENn, BT HEHEA ¥ 7 2 — A Asir OIKREREHE LTHWHRL TV,

o AU AEHL
Risa CiE, A€ VEHEI L LT, [Boehm-Weiser| I2X25 7Y —Y7 b =7 (gc-6.1alphab) & HL>
TWD., ZhUEH—_vaLrzyay (LUF GC EFES) 2 BEIMICIT ) AE U HI0 Y THEMAERD,
Risa OFEZITT X TIIZE W MERAEY 2/ TN 5.

e Asir
Asir |3, Risa DFHETL L DU DEFEA L F 7 = —AThH5. Risa TiE, WA IC2—FHDOETE
AU BT 2—AEBEL T ENTESL. Asir 1ZFD—oDH| & LTESTZHD T, C EFBIEVEEL S
2. F72,C OF NNy HE LTS AVWDLNTWS dbx BOT Ny THfz T 5.

2.2 Asir ¥

Asir 1E, R DOEY , BB U DEEA X T 2 — A ThHD. Wi Asir LWV ) LBIDFEITRRET 7 A
e LTINS, BESFR— F IR TV 2EEIEERROEY Th 5.

C SR —YZ5iE

¥, 21, AEAO N (B)

N7 BV ATHIOHEE

H/NRDO YU A st

FALIRIA BB H (K% R, GCD, 7 L7 KR &)
Z—PEREEIC L DY — v (KRR EORED R &)

dbx JADT /N H

e B A oD H b

PARI (see section pari()) & X % P BEH £ A & Te D FFAM
UNIX EToOs#EHRRE (Open XM)
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23 ARV KRSAFTLay
a<w L RIAF T a AXRDEY .

-heap number Risa/Asir T, 4KB o7 r vy 7 2 A€ VHID Y TORME LTHW WD, 774 KT
%, 181 heap & LC, 16 71w 7 (64KB) Hl0 ¥ TH0, 2N E2EET 554, ~heap # VD, H
fZ7 vy 7 Ths. heap DRE EIF, heap() I THRLZ LN TE D (BALIEAA B).

-adj number ZDEAREWVIE, FHAETY BIIRE <2 D5D, GC KN 72 < 72 %. number & LT 1
U LEOBEMNRETE L. 7740 FTIE3 THD. ZOMP 1 LLFICAdE GC & LRWREICR
HOTHEHERETHS. heap 27053 MIE ST, GC ZEMBICLTAEIVEHLILWEAIZE, 20
fEaREL< (FlziE 8) RET .

-norc WL T 7 A /b ‘$HOME/.asirrc’ ZHtE 7RV .

-quiet EEREOFIEHERREZITHOR.

-f file BEEATORDYIZ, file D AN ZGHFANLVTETT D, =7 — OB HITKR T T 5.

-paristack number PARI (see section pari()) OO KE K& RET 5. HALIE A b, T 740k
Ti¥ 1 MB.

-maxheap number heap fEIKD ERZRET S, HALIZNA b, T 7 40 hTIEERIE. UNIX O54, S
W2 limit 2~ > R TRAREND datasize DEICHIBR Z4L TV 5729, ~maxheap DHEEN 2 Th—
EELLEIZ heap BB TEXRWEAERH HD THE.)

2.4 IREBETH

Asir ODFATIZHET 2V DD OREEBNFAET 5. UNIX ETIFBREEZAHIL shell Da~ BT A i
BEERET D0, shell ® re 77 A LV THET H. Windows NT Ti, [RE]—[V AT A= [BREE] THE
9 %. Windows 95/98 T, ‘c:\autoexec.bat’ (ZFHW T reboot 5.

ASIRLIBDIR Asir 74773V F 4 v 7 M), T7bba—¥FSETEMET 7 ANV RERBINLS
T4 L7 Y. REN VA UNIX Tt ¢/usr/local/lib/asir’, Windows il Cit Asir A A
YTALZ MUDOTFO ‘1ib’ T4 L7 NUBHWBNS. ZOBREEZESIE ASTRLOADPATH IZHA Sh
BEIE &S5 TE.

ASIR_CONTRIB_DIR Asir @ asir-contrib 7 4 L2 VU, § 721 % OpenXM/asir-contrib 71 ¥ =
J RN TEPNTERNy F—URT 2R ERBIrNLT L7 NY. BENRWEE UNIX )
TIX “/usr/local/lib/asir-contrib’, Windows Wi CiX Asir A4 > T 4 L 27 FUDTFD
‘lib-asir-contrib’ 7 4 L7 NUNHAWSND. Z OBEEEZA$IE ASIRLOADPATH (ZHiA SHUBEIE S
b TRE.

ASIRLOADPATH w— RKEn(757ANLBHHT 4 L7 bV % UNIX O4 72, Windows D45 75
TRY > TWRB. T4 L7 NVIFEMNDIRICY—F S5, ZORERRZRWVGS, BLOHEEINLT
7 7 A JUH ASIRLOADPATH IZ 2o et hy, 7477 VT 4 L7 MU b —F 3 5.

HOME -norc &7 a v 2& TEE)LARWHE, ‘$HOME/.asirrc’ b, TOHOI D7 7 A V& ELT
9 %. HOME D3F%E I N TWRWEE, UNIX R CTIZRIZbat £ 720 2Y, Windows il TiE Asir A A
YT 4127 b (get_rootdir() TRENDT 4 L7 V) @ “Lasirrc’ #EL, bHEZT & ET
T 5.

25 EEMNLKRTET
Asir ZEENTD &,
(o]
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RH7a T NRFERIN, By a URHET S, ‘$HOME/ . asirrc’ (Windows RO G, HOME R E S
N TNRWGEITIT get_rootdir () TRENDT 4 L7 b VIZH D .asirrc’) MMFAELTWHHE, Z0
T ANE Asit 2—FEFETHhINILT AN ERB L, BINETT .

Ta 7 NIANOFESZEERT. By a i, end; F720F quit; EANTHI LTIV TT LS. AT
&, 0 ET P ETE RO ELTCGHEIND. 50 0L EFHERITRRIN, § DL ERFINR.

% asir

(0] A;

0

[1] A=(x+y)~5;
X"5+5xy*x"4+10*%y " 2%x " 3+10%y " 3*%x " 2+5xy " 4*xx+y~5
(2] A;
X"5+5oxy*x"4+10%y " 2%x " 3+10%y " 3*xx " 2+5%y " 4*x+y "5
[3] a=(x+y)~5;

evalpv : invalid assignment

return to toplevel

[3] a;

a

[4] fctr(A);

(01,17, [x+y,5]1]

[5] quit;

)

COFITIE, A a, X,y RAXFEMEA SN TS, A X7 BT MMIBITDHEHKT, a, x, y (XHFRER
TORETLTHD. — Tl T AEBIIKLFTHED, RETITNLFETHES. ZOfThbrd L)
2, 77T NEHE, B, KR EERML TR Z2HDOLDOTHY, C SR EICBIT2EHIIHIET 5. —
F, FETIEZNAE THEERFOZ LI TET, (o T, FETIZHTH2RAMFFTF IRV, BRITRT N, RE
JEIZxT D RN, MAIAZEEL subst ) (2L Y B RMICITDOND.

26 EYrH

R ZFATHICEI VAR Z DT T WIGE, BV iAL X v T 7 X (%X C-c, Windows, DOS I CiX C-x %
AT %.

@ (x+y)~1000;
C-cinterrupt 7(q/t/c/d/u/w/7)

R OFRITROEY .

q Asir Z#TT 5. (ERHY)

t by LIRS, (RS D)

c FATEAMkET D

d TRy TE—RIZAD. T3y HIZB L TIE See section T/3w 7.

u register_handler () (see section ox_reset, ox_intr, register_handler) TH & I 7=Bi¥A %

TH My TV VICRD. (HERH V)
TR E TOBRBDOIFOH LA EZFRRT 5.
HRFEO TR Z I T D
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27 IS—miE

FADIA B BN AR TE AR B OB &P L2356 70 ST EITAPER SN 50, 2 —FEEofb Tt 7 =2
EEGEITE Ny T VLR DENC BT Ny 7E— RICA D, ZORETT T —0857, Hilo 514
DIER EEFARDZENTED. BRENDIZT— A v -V EIETHY, NETORKL IS &N T
Ay —UNRERIND. UL, MO ST AARBEE & 29 L bRHGIE L2,

ZOM, EEZIERFRICE Y AEERRKICBN T I —=RNETEZER/H 5. UNIX RoBE, 2
WDONFT IO internal error & L CTHAE &, @F O T — LEERIZHE - T, 73y 7 E— RIZAS.

SEGV

BUS ERROR #HAALEEIC K » T, SO Z BT = v 7 ETITHBEAL—F I EELTLE D
LEOLFEELTND. ZO X I RRIMICBNT, RIERFA 4, 5 0E NULL RA XXk BT 7
TREXRHSTGE, b= T —E7 5.

BROKEN PIPE 7ok AM@BEICEBWT, HEEO T AL DOEDA R —ANBEICEE L TWAR WSS
(BIZIFBECH PO T 2B AR T LTCWDEIGEERE)IC, ZOA N —AMZAHMALE S & LIEGA
WZZDTT—b7e s, ZIHITEBRITIE, MAALBKHEDOADIZBNT, BIEERI T =y 7 T52 8
WD RKEBGIIBAS B0, FRNE 0D 2L &, BRIl Ko TUIBIREE T LI R P12, H R
THIHTF = v 7T —F T LTHD.

2.8 ETEHER, BFHEH
QIF= AT —7XFEL L THEHEND. BIIERO LI BREERH S.

@n  n FHOFFERER.

QQ HEATOFHEER.

@i EEEEAL

@pi  HMAEE.

Qe  BEARKEODIE.

@ 2 ik GF(2) Lo—Z#ZHEADEH (REL)

@>, @<, @>=, @<=, @==, Q&&, @| | quantifier elimination (Z&} 5, — MR FEFHELFEF -

[0] fctr(x~10-1);

[[1,1], [x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]
[1] @e[3];

[x"4+x~3+x"2+x+1,1]

[2] eval(sin(@pi/2));
1.000000000000000000000000000000000000000000000000000000000
[3] eval(log(@e),20);

0.99999999999999999999999999998

[4] @0[4][0];

X 4-x"3+x72-x+1

[5] (1+@i)"5;

(-4-4*@1)

[6] eval(exp(@pix*@i));

-1.0000000000000000000000000000

[7] (e+1)"9;

(@~9+078+0+1)
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k /7 LUV CHEASNFAEIZZOLE I A M ELTHRY I LAEETH DN, 20 &%, #—valL
ZIZE o TFAHEZ LT HRERS L. FrC, RERKXE My T VLV THE LIZSS, 0% GC
H%Faﬁﬁi%ti@:tﬁjw“é AREMERH D, D XD fx%é}, delete history() WA TH 5.

29 #

2.9.1 Asir CERAWREALE
Asit IZBWTIE, AIBREATANINT S E I ERHGE, N—FIC LD FRSEICAR I, 1 ¥
7Y RIZEY Risa DFE T VU EIFOH wm%vw% WA S ND., BRI 80%, kROWTh
73))0)’*”’5’#3?0 BE L, MIALBE type ) IR VRSN DMEIKHIE LTV D, &AL, Asir O 7
WX 2 ADIBATREZRIEERD W D)/ T,

00 FEFHIIZ 0 ZATFITHOMBRITFELRY. 01F, CIZBITS 0 KAV FICLVRBEERTWS. L
ML, fHH E Asir @ type(0) 1l 0 &7

1% 1 0x0d 2/3 14.5 3+2x@Qi
iE (0x0d 1% 16 ¥, @i 1TEEHEAL) , EHICWL 2RIz T bND. Zhic oWV TiE F Tk
~5.

22X (FTHRV) x afo  (2.3*x+y)"10
AL, R TEMIN, ZOREICET 2 Z28IEF IS - T, BRiic 1 252HEA L L THEREOIAE
WCHEH SN S, (See section S RFEHLER). Z oW, ZOZEKICHNDIEF Rk KOEKE FEK

LIS,
3 FEK (%IEJC’C?J?U‘) (x+1)/(y~2-y-x) x/x
AL, PR ATRE TS, FIRIOIZ red () MBFEINZRWVIR D K03 Tbn vy, 2, £

HAD GCD {ﬁ%ﬁ‘*ﬂ&)fﬁb VHAE THHT- T, FERXOBHEIIEENLETHD.

4 yX b+ [0 [1,2,03,41,I[x,y]]
VA MIFAHLEHATSHS. [1I3EV R NEERT D, VA MIT28EE LTHE, car(), cdr ),
cons() 72 EIZ X DEMEDOMIZ, FeAH LEHOES & 272 LT, [index] #MERIZTHOTHZ Lick
DEFEOWMYHLEITH> ZENTE S, Hlxid

ol L = [[1,2,3],04,[5,6]11,71%
(1] L[11[1];

(5,6]
HETR&EZ Lk, U RN, B (1751, f\7 M) RIZ, ATy 7 23200 0MHBELZLE, UARD
BREROMOVBPLEA T 7 ATITH & ,F%if‘ﬁ»ﬁ?ﬁ%d‘%/?%}tté LITHET D20

BeFNZ R DEEICLEER L CRE R U A N TR DB AR HD NI 2L ThHD.

5 R%YJ k)L newvect(3) newvect(2,[a,1])
7 Vi, newvect () THIRINICAR T2 MENH D, FIZ OB TIL 2 D 0 N7 MDD ERS
M, BETIE, B0 KSD a, B 1KTD 1 OXT MABERIND. HIHHEOT=DD 5 2 51503, 6
1B3IBUTOEEOV A N2 MF 5. VA NOERIILENSHANGIL, BV 72W3iE 0 BMffibivs.
B53iE [index] (Z X WHERY HHE S, EEITIE, HkoI, X7 b, 4758, U A M EGTEEOROS
ERATEXDHOT, ZIRTCES|Z X7 M TRETDHZENTE .

[0] A3 = newvect(3);

[L0o0O0]

[1] for (I=0;I<3;I++)A3[I] = newvect(3);

[2] for (I=0;I<3;I++)for(J=0;J<3;J++)A3[I][J]=newvect(3);
[3] A3;

[[L[ooo0]J[o0o00][00O0T]]1
[Looo0o]l[000]1[0001]]1]
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[[0o00]J[0001[00011]1
[4] A3[0];
[[oo00]J[000][00017]]
(5] A3[0]([0];

[L000O0]

6 9751 newmat(2,2) newmat(2,3,[[x,y],[z]1])
TTHIDARL S newmat () 12KV BIRMICITONLD. FILd, BIBRY A MDY R &L T & &R
THERY FVERIEET, VA MOEER (ZHTERI A MTHD) X, BITOMHMIZEDI, &Y 72
WEZITIE 0 O b D . 17518, FERITIIEBEDORHZEEZRATE L. 1THIOKTIE, X7 b L
T T ZENnTES.

[0] M=newmat(2,3);
[0o0O0]
[o00O0]

[1] M[1]1;
[00O0]

[2] type(@Q);

5

7 X$§|J nn Nafo
XFFNE, FILT7 7 ANAREICAVDEND. CFFNX L THIMAEDHZ N ER SN TNT, fFHRIE 2
DOXLFFNOFEETHS.

[0] "afo"+"take";
afotake

8 #:&1F newstruct(afo)
Asir [ZHT DHERIT, C BT HMEREZHAL LT b D TH S, BERRINOKK S ZHHITT 7
TATELA TVl MT, ERERBICARTIEZ DT 5.
9 MEIRITBIER  2%<<0,1,2,3>>-3%<<1,2,3,4>>
T, BEAE T LT FRREHEAOM T, BEOHETIORAKIEL 2D Z LIXETRVN, LT
FRIEHRE Ay F—VHRPR =P EFETEONTND 2D, 2—FRBIETE D LM LR e L
T Asir THEATEA X HICLTHSD. ZHIZOWTIT See section 7' L 7 FHLEDFHE.
10 B LT 32bit BH#
11 T5—#F#T>Pzv b+
PLEZ2iF, Open XM IZEWTHWONIRHRA T V=7 N THD.
12 GF(2) D475l
BE, 555 2 OFRKRICB T 2 RIELBROT-ODAT V=7 FELTHWLNS.
13 MATHCAP # 72z +
Open XM IZBWWT, FEINTWAHEEEZEZETHHDOLT Vs N THS.
14 first order formula
quantifier elimination TRV L5 — R sEREE.
15 matrix over GF(p)
INEEA TR _E D171,
16 byte array
%572 L byte OELH
—-1VOID#72xH b+
TERT —1 25547 V=7 MNIBEBORVER ENEHTHD Z L &R

37



292 HOE

0 FEH
HEEL, EEZEEES (bignum) 1280 EBEIN TS, BEEITHICBEO D HcRELEINS.

1 EREZE/ML
< U ORMT DERERE/ NI TH D, Asir OREFFICIE, BF OB TAS SNERI/NMNITZ o
BNCEHIND. 72721, ctrl () 12XV bigfloat MHEIR SN TV HHA I biglloat ICE# XN S.

(0] 1.2;

1.2

[1] 1.2e-1000;

0

[2] ctrl("bigfloat",1);

1

[3] 1.2e-1000;
1.20000000000000000513 E-1000

RS BB N & FEE DT, AEBON R NMUIER I T, BE/ME L TERASIND.
2 {RERAIEL  See section {NERAIERIC B¢ A A,

3 bigfloat
bigfloat %, Asir TiX PARI 74 7 7 VIC LV EB I TWA. PARI 2B\ T, biglloat 1%, IR

DIHLELERE T, HBEHIT 1 V— FUNOEIHIZR G TV A, ctrl () T bigfloat #5425 Z &
W2 &0, DIk oRE NERO AT bigfloat & L THb 5. HEILT 7 +/4 N TIiE 10 # 9 HRRE TH
%3, setprec() IZX VIEEFRETH 5.

[0] ctrl("bigfloat",1);

1

[1] eval(2~(1/2));
1.414213562373095048763788073031
[2] setprec(100);

9

[3] eval(27(1/2));
1.41421356237309504880168872420969807856967187537694807317. . .

eval () 1, SIEICE EN D HEUE Z FTREZ2 RV #EL T 2 3L Th 5. setprec() THE I NI-HiEK
(&, WEROKFE ZRIET 2 b D TIZ/AR <, PARI NESTHWON L RBLD Y A X 2R 2 LICHERT &
T 5. (See section eval(), deval(), pari().)

4 1BFRE
MR, FEEL, MR R B/ NI biglloat 25555, B & LT atb*@i (@i IXEHHNL) & LTHEX

LA TH D, I, BEILENZEI real ), imag() THY HE5.

5 IMNEBDERZARDT
TITE I /MER LI, BN 22T REOLOD I EThD. ZDX O BRAREKIL, BEDL AL

T RIEFHFEICB O THEICA WV B, BREREOSBFRIALEXNOFREEIY B3 2 L THL
nNo. FNHFHITET HERKICET 2 FRITFZT, setmode() TRESNTWDHHEK p 2T
GF(p) LCTomEE M #EHINS.

6 RIZMDBERRAEDT
L L THEBEOREN D, ZOMOBIL, BHICK L simp £f Z#AT 62 &Ik 0ELNS.
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72 OFREDT
2 OTEORRKOTERIT 5. 55 2 OFRK F L, ks [(F:GF(2)] % n &g,
GF(2) L7 n REIER f(H) 10k 0 F=GFQ)H/(f(t) Lbbbang. S6ic, GF2)[] ®
T gL, f(t) bEDTHRRMELTTE Y Ml RAaENS 720, B LiE, F ©5t g mod f 1, g, f
AHOPT 2008y NMITRHTLHIZIENTED. F Oue ANT 0L OO FERHE SN T
W5,
Q@ QIETDHAIET, XFTEMH-T, b A MR AREE D LT R, BMTEHAHEAICIT,
F=GF@2)[t]/(f(t)) c¥3 % t mod f #bbbT. £1oT,e DHEAL LT F Or&kANT
5. (@7 10+e+1 72 k)
ptogfon {EEEHK O 1 %A%, ptogfan() 2LV kHIET 5 F OuIcET 5.
ntogf2n {EEO AR E, BRRMET T F Ol A4, AR E LTI, 10 #, 16 # (0x ThhE
%), 23 (Ob THED) TANNAHETH 5.
T ZHEAXDRBENT L F OJGICERT D L5 2358, simp £ () ISR VAW TE D,
8 higl p" DHRBIAD T
PEA p™ (p IHMEEOFEE, n IXIEEH) X, B p BLO GF(p) E¥ENZR n REEX m(z) %
setmod_ff ([ZL VIFETHZ LICKVRET D, ZOERDTIE m(x) kL T5 GF(p) EOLIENX L
LTEBEINS.
9 1% p" DHERAEDT
(IMZER) Br3ns p™ DABRIE (p™ 2% 220 LATF, p 2% 214 LB/ D n iE 1) 1, B p B L ORIk EK
n % setmod ff ) ICXVIRETHZ LICKVERETS. Z0EkD 0 ThWTiE, p 28 21 RioH4A,
GF(p") OREHOERTEABEETHZEICLD, ZOTOREL L TEREND. ZHUC kY, Zoko
0 TRWTIE, ZORXERE LTEBRENS. p 23 21 U LOBASITEFORRBIT L HEHR L 250,
Ll Te 7T ATREOEGARERAD L IICZIOL S ik /s> T 5.
10 fu%k p" QMMIBBREOREIERD T
ATIE D, (L3 p* O/NMIBARED m KILKOTTHDH. Ek p BLOIERKE n, m %
setmod ff() ICKVIBETDHZLICKVBRET S, EB A L0 m REENZHEINHEER SH, O
REAERDER T O EFRSEN L LTHOSNS. ATt s TH 5.
11 HBERBOR MK
See section fREXIENCEI T 2 1A, IMEEAHRF AL OFRKIL setmod ££() THRET 5. HIRIAK
DFTEE D LOBERETIE, —~FNAEHEEOSHAICE, TOAHEKITEBNICBERES N TV A ARAD
JCIZEB S dL, HEMTHhILD.

293 FETOH
SZHAOER L2V BHNREREILE L5 Asir T, J/DXFTHED, TEEOT VT 77Xy M, #K
T MORDLFINEAREITLE LTI D, TOMICH T AT ATE AETLE LTHRDNLD DAL
OB, Asir OREIIEAE LT, Zhbi3aTHHEAL LTOMEFOR, B FEk, RETORIZLY
Khlshs.
0 —MRATET
JNLF TR E 5304, ZHADOEH L LT bEBEICHAVWOD.

[0] [vtype(a),vtype(ah_12)]1;
[0,0]

1RERE ucO 1%, 0 THELIXFHEAFMETDIARAELELERTD. ZNHIE, 2—FRATTTE RN
LWIHEITT, —IRARETELEDL LRV, 2a—FRAN LERETL EHBE LRV E WS HEEZFM L
TREBBOHB AR EICHWD Z ENTE S,
[1] U=uc();
0
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[2] vtype(U);
1
2 EHEER
FLAIA L AL, = —FEHBOMEOH Ui, FHl S TH G230 Asir ONEFRICAR SN A7, sin(x),
cos(x+1) 2L, FHMIitE b ZDEE DO THEET D, ZIUIEEEX TN, TREHN 1 SOFR
EoLE LTHbND. FR00RHRE L LT, MESE opi REARREDIE ce bEEIFLE LTHbD
no.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

[5] vars(V-2+V+1);

[sin(x)]

3 E#ETF

BB LI, fname (args) & W5 TIT72 5728, fname D5y & BT & 5. BECFI213, &
O X VMR EE A, 21—V EREE T, PIFEE R EDRH D0, WEFITHEMTRET L
L CHRed 5.

[6] vtype(sin);
3

210 o—4E:E Asir

Asir OMAIAZEENL, K, GCD 7 EOFEEITHI LD, 77 A VAHIZITH b D, & D
DO—EERMOHTHEORESIEIERLORHBINTWVED, 2—FRERIITW NI L E2ETIE L
DIZIF—RIZIF2—FEFE LD TV T L2 ELLERNDHD. 2—FFFED Asir LIRS, LLFTIE,
=W FEOIERAB L OEREO—YERE T a /7 2580 L Lo al T AOEZFIZONTHRS,

2.10.1 3%k (CEELEMDEL)
Asir OIEIL C EEHICHELLTWS. BHZRMEESIIROEBEY TH5DH. UUTT, B LT Asir (2B
07T AHOER, Thbb KT THEIXLTIHIEE®RT L LT 5.
o DRI,
BEICAL L7722 B0, Asir THOLNIZ/EEAFIZETMOLNDOMEREHE ST, L, 70/ T 5%
BEEZ, EOXIB[BETHERATEL LN BRTHARNDTHS.

[0] A =1;

1

[1] type(A);

1

[2] A = [1,2,3];
[1,2,3]

[3] type(A);

4

o HBHNOELRIL, 77 4/v F THHIRBIHE 2D TT_XTHEITEK. 72721, extern H S SN2,
by TLUCBIT A RIBERE 5. b0, BEORa—7 13 RIEE & BT o 2 FEEICH
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filtsnTnd., by 7 LL, bbb a7 MR L TAT SN EHIT A TRIEZE S E LT
FRSALD. FTHBANTIIRONT AN E R D, HBBERIND T 7 A MTBWT, ZOEEERU
AT, 28D extern HE SIVTWDEE, BNOZ DL RIBAEHK L L THbiLd. extern
HE SN TOWRWEHITZF ORI/ &7 5.

% cat afo

def afo() { return A;}
extern A$

def bfo() { return A;}
end$

% asir

[0] load("afo")$

[6] A =1;

1

[6] afo();

0

[7] bfo();

1

o Ul T AEHIIRICFTIHEY , RET, WEIZ/NCTFTHE 5.
ORI, BEFEOBRRLIL L AT ADIFEAE LR DR THD. Asir R OHFEERA L0,
Z—PNREITLDOOH Y THA LB A L NOENA SN TWEGEAICRILERLS, £,
BEfFDO VAT AMMZH O MHLIRRRE T 5720 TH 5.
e switch 3L, goto 23720,
goto N7z, ZEN—T % —[EIZHIT 2 ONRCBHU R 2 GENH 5.
o a2 <R, for(A;B;C) £721E, while(A) @ A, B, CIZDAHED Z LN TE .
L, VA REEX ATV bELTNMATEZ LK D.
PLEFHIRTH A0, JERE L TIIIRORNZETF b b.
o HRAUCHT HatH %, BH O C B HAELFEMEICTE 5.
o VALNBRZD. MEEREZHVWDIETHRWEREOESEE, VA RNTRIZEMNTE, C TEHHEELS
BB LT r 7T AnEL, AT ETS.
o T —WERKIIZI T H—{T~/7. Emacs-Lisp IZHHEIL7-HRETH 5. 3 L <IZ, See section 21—
YEZREH & AL
o I —WEZRKMICKBITHA T a L H5E. 2T LTI, See section =7 3 ViEE.
Asir TIHFROFBANF—T— RELTED LN TN D,
e C E7BIZH k: break, continue, do, else, extern, for, if, return, static, struct,
while

o C EEN L OYLHE: def, endmodule, function, global, local, localf, module
o XK car, cdr, getopt, newstruct, map, pari, quote, recmap, timer

2102 A—HEZEHK

=PI L DEHBMDEEIL ‘def’ LTITH. JEZ T —THHPIAHLRIIHORET = v 7 Sh, BB LE
DEFBRFRRSIND. BRI (SIEOMENCER2 <) F4 OBEENER STV DLHEITIE, £ OEEIIHER
ENb. ctrl() EWEIZ LY verbose 77 7'M on 272> TV B 5E,

afo() redefined.
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VWO A E—UNREREIND. HOIEBOERICBNT, FLERERZROHBLZIFOH L TWTH, EEFFITIE
TT =T B, FATRHIREROEEEZFOHE ) & LRI T =L D,

def f£(X) {
if ( !1X)
return 1;
else
return X * £(X-1);

¥
def c()
{
A = newvect(N+1); A[0] = B = newvect(1); B[0] = 1;
for (K =1; K <=N; K++ ) {
A[K] = B = newvect(K+1); B[0] = B[K] = 1;
for ( P = A[K-1], J =1; J < K; J++ )
B[J] = P[J-11+P[J];
}
return A;
}

def add(A,B)
"add two numbers."
{

return A+B;

3

2 OHOFEITIE, RS N+1 D7 ML (A LT2) BRSNS, ALI] 1TEE I+1 OFFITHY, ZDOEH
FNOERNETER LT HESNITHS.

3 DHOFITIE, SIEEVCDH L ITCFFINEIPILTWDA, 2 Emacs-Lisp O BIE B ORERE
T, ~THOXFHNTH D, ZOFOEE, help(add) 12X > TZOXFIINRHIIEND,

2R section help.

UTFTI, Cltkd7us I v ZTORBRN/IRDADLDIZ, Asir S5 LD 07 T AOEX T & fifil
T5.

2103 ZEHBLUVUARET
BRI A7V | Asir IZBWTIET 0 7T DB ERELEZWHIZKA L T D.

T KXFETHED, TAT 7y N T, 0 DORLITFH BB DI T 077 5B L, Asir
DEFEZIFERAONEIEREZKNT DZODHTH Y, BIMSNZNEERDN, ZOEKDOHETH L. &
BNXOEHF L LTSN DKE, 22O bn-fHICES R NS . T7hbb, NEEXoHi
X7e 7T ANV, BEIIET 0 THEibEn TV 5.

[0] X~2+X+1;
1

[1] X=2;

2

[2] X~"2+X+1;
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7

REFTX /MLFTHEY, TVT7 7 Xy b BT, 2 o RDXFHN, iy 7 s 4 — FTHEN
T, b L <IFBEIEA. RET &L, ZHAREMHRT 2BITIRIMEN2EEZ 5. Asir ITBWT
3, NETIHEZ b 722 WEBI 2T TH Y, RETL~DEDORATFF SR,

[3] X=x;

X

[4] X"2+X+1;

X" 2+x+1

[6] A=’Dx’*(x-1)+x*y-y;
(y+Dx) *x-y-Dx

[6] function foo(x,y);
[7] B=foo(x,y)*x"2-1;
foo(x,y)*x"2-1

2.104 5BI%
def sum(N) {
for (I =1, S=0; I <=N; I++)
S += 1I;
return S;

}

ZHE, 1 S N FTOHREOMERD 5EE sum() OEFXETHD. ZOFNCEIT D sum(N) O N 23515
Thd. ZOHNE, 1 5IEHEOHITH 223, KB FOBEHIIEETH Y, RERTZTOMEE <> TK
Yo THETHZENTES. SIEITMEBSESND. Thbb, BIEEZ T & o7, O3 BOEEEE L
Th, ELEMOERIZZ(L LW, 12120, #isndb 5. Uk, X7 by, (THEBIEICEL-BETH 5.
ZOBEL, EESNEEHTOLDOEEESEZDZ LI, TOERKIIBINREBIETH LN, BErEXH2 -
BE, THE, FFOH LRIORZ kv, iTHI0EHEZEXWWMZ D2 LIk 5.

def clear_vector(M) {

/* M is expected to be a vector */

L = size(M) [0];

for (I =0; I < L; I++)

M[I] = 0;
}
ZOBEBIE, SO FvE 0 XY FVICHIEET 21D OEBTH D, Ee, N7 P ESIERICHET Z

LI, BEOBREZBIFONY MU L TIRT Z &R TE D, ERRITIE, 20 X5 RBEEI, ks
UAMILTETZEHTED. RIS CTHEWDT 5 Z ENEE L.

2105 3A2 b
C LR /x> & */> THENTH DT A L FE L THRDILS.

/%
* This is a comment.

*/
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def afo(X) {

Ay MIEEITIZE > THHED RV, ANTIZT 22 LI TE R, /% BN OHoTHLRIIOL DD
KN ET2D  ONTHNT %/ TR AL MIKRTLEERRZEND. 70l T L8 T, axy heEt
AREMENR B Dy E 2 A N T U b LA, #1if 0, #endif ZfE 21X X\ . (See section 7Y Oty
)

#if O

def bfo(X) {
/* empty */
}

#endif

2106 X
Asir O —VEEIT

def BHT (51%, 51%, ..., 51%0 {
X
X

X
}

EVWIOBTERIND. 20X, NEHEOEANBRERZTHY, 7u 7T 2EEL DI, IRED
92 b0THLIPMOERTNIER LRV, BRLEMARE LT, B H 5. 2T,
S = sum(N);

DX, KL S (52 I\t $) 2202 bDOTHDH. ZOHILKUHELID return I, break
L ERLOR/MEREALE 725, if 0 for XDEF (section SHEDFEM) & WXL 21EY, 216
DRI, D =20 E LTERI N TV D, BHFIT, AMRIITEBO IR ET L ERRELRD. 20
XoRBE, L & P TUDWVEFE-ST, —ODLELTHI ZLNTEXD. THEHETLE TS,

if (I==0){

J=1;
L = 3;

P OBAITITKRE B XL T e, AeE e b, 0 LAY O BERICCE RS TN, if XOEFEE T L
TVWENLTHD.

2.10.7 return X

return 313,

return Et;

return;

D2 ODBEXNHD. WITNLEHENOHITH2ODOXTHD. RiFITEEOME LT X 2K, %ET
I, BOfEE U TIBIRS D 0T b7,
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2108 ifX

if 3T
if ( &) if (&)
X kU X
else
X

D2HEENDHD. ZNOOIEITALNTH L05, LOMEIZ if LREGAICERELZE ST L. kofl%
BEATHED.

if (&)
if () X
else

X

ZO%E, TR MBIE, else AT, HAIO if kST AL IR 220, X—FiX, BEINIC 2 HED
if WCHIST D LW 5. bbb, 2 O if LEFF L0, SUEICEBRMENBN, Zh 2+ 57
WiZ,else LLFIE, i btV if 2T 2 W HAMNEA IO THD. /- T, 2B,

if (&) {
if () X else X
}

WO B E RS, FTIFICRIE S B 5 oI,

if (X)) {
if () X
} else
X

L LT IE R 520,
B#HoFc72<, top level T if XEHAWNWDEXIT $ £721d ; TRTITDOVLERDHD. TRV EK
DYMNEBRLITEIND.

2109 WL—7
N—T %R 5 30, while 3C, for 3T, do XD 3 FlENH 5.

e while X
AU,

while ( & ) X

T, 2T, X EFHMEL T, ZOMEN 0 TRWRD XX #FTTHEVWIEKRERD. 22X AN 1
7o O, iR — T L7 B

e for X
R,

for ( RAIU-1; =; HBU-2) X
T, ZRERET —1 (ZHIENT L= b D)
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while ( =& ) {
X
KA U$-28 (ZEXIELIZLIZHD)
}
LEMTHD.
do X

do {
X
} while ( & )

1, I LERFATL T bR HRIT X 2 HEZAT 9 Frds while L& B> T o, A—7 28T HTF
L LT, break XK N return XA3H 5. £72, L—7 Ol H A EICHETFEL LT continue
XD 5.

break

break XiX, TN &I —T % — DT HKiIT 5.

return

return X, —RICEEMNOHEIT H72DDOLTHY, V=T DFNLTHLHEHTH 5.

continue

continue 3L, L — T ORKDO L OREIZHIFZ BT, FlZ X for X TIE, HZEORI ODFEITEIT
W, while CTIHEMAROHIEIIE S.

2.10.10 #HERTEE

R &L, By DERFENARITT 7B ATE HEEREAS & B o TR, EMERIIART TR,
MRERIT, struct LKLV EFS NS, MEERNES IND & X, asir ITAHBTHEROENENOTRIZE
EOMMNE B2 5. = OB, MAALBIE str_type) 125 D IRETE 5. b2 HOMEIKE, MHiA
H P newstruct O IZE VAR IR D . FEEEROKEA LN, HET > ICE0 T 78AT 5. AU A0 HEE
EOHE, > LD EIIANTFICTE S,

[1] struct rat {num,denom};

0

[2] A = newstruct(rat);
{0,0%}

[3] A->num

1

[4] A->den

2

1;

2;

[5] A;
{1,2}
[6] struct_type(A);

1

210.11 EFITFLH

FRXOMRERLE LTUL, ROL IR LDRH 5.
o JINERER, B

WX, TR RS BRE /3, KE LToBEBEICHWS. B, 2/3 1ZAEED 2/3 2R T &K
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BrE, 2HEARE (RRE2 5 0EE) IS AALBEHENHE I TV,
x+1 A~2%Bxafo X/3

o (VT v I ADOEDEH
AR R ATH, VA RDEREFIA VT v 7 AEANDZEICE VROV EES. A 0T v 7 AT 005
WEDZ EICEET D MY HULAEERERY ML (T80, VAN, EBICA T v I A%D05H 2
Ly EBTHS.

V[0l M[1]1[2]

o LhERiH
LW (==), FLL R (=), Kb (90, (<, =0 <=2 O 2 HEFEN D D B HIXA B
D1, B2 51E 0 B EICE-.
o FmEEE
FRPRAE (‘&&’), mERAN (C112) o 2 HFEE L, AE (1) AHEINTVD. HITZRIEY 1,0 TH 2.
o XA
WEOMRAT =2 TITH. ZOED, BIFEE T LA TRBRRRAZITI 2L b TED (4=,

[} =) C /=12 C(~_>
, ¥ ) / ) )

A=2 Ax*x=3 (ZHlE A = A3 LRAL; ZOMDEEFLREE)
o HHIFOH L

HEMEOHLHERO—FETH 5.
o ‘447 -—)

INBIE, BROFERIZOWT, TREIURD K O I i#fE, Ha2 KT

A++ fEIXTTD A DIE, A = A+1
A-- fEIXTTD A DfE, A = A-1
++A A = A+, fEIXELEBOE
--A A= A-1, {EIEEIEEZOE

21012 FyJotyy
Asir D=2 —HEFEIXC FHEEMLIELOTHS. C O L LT, YV ety H cpp ik d~vruE
B, 77 ANDA LI —RKRHDLH, Asir IZBWTH 2 —FFFET 7 A VOFHRIAFHDEE cpp il L THh

HRtriATeZ L & Uiz, ZhIC LV 2—HWFFET7 7 A/ /LH T #include, #define, #if 72 EDHEZ 5.

e #include
UNIX Tid A v 7 NV —R7 7 AV, Asir DTATF VT 4 V7 MU (BREEZS5 ASIR_LIBDIR THE
SNT=T 427 V) & #include BEPNTWDL 7 7 AV ERILET 4 V27 FY 2% —FF%. UNIX
DAL TIE cpp ICHRIZBIE A JE X 7o 72, #include BEIPNTNDE 7 7 ANV ERIUT 4 L7 R U D&
EHh—F35.

e #define
IHUE, CIZBIT DD LA ERRICHWD Z LN TED.

o #if
/¥, */ IZEBaRXA FEANFICTERVOT, 7007 0OREREDEIAL N T U T BEE
2 #if 0, #endif %15 LHF|THS.

OB, ‘defs.h’ IZHDH~I/ O ERTHS.

#define ZERO O
#define NUM 1
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

POLY 2
RAT 3
LIST 4
VECT 5
MAT
STR
N_Q
N_R
N_A
N_B
N_C
V_IND O

V_uC 1

V_PF 2

V_SR 3

isnum(a) (type(a)==NUM)
ispoly(a) (type(a)==POLY)
israt(a) (type(a)==RAT)
islist(a) (type(a)==LIST)
isvect(a) (type(a)==VECT)
ismat(a) (type(a)==MAT)
isstr(a) (type(a)==STR)
FIRST(L) (car(L))

SECOND (L) (car(cdr(L)))

S W NN, O NO

THIRD(L) (car(cdr(cdr(L))))

FOURTH(L) (car(cdr(cdr(cdr(L)))))

DEG(a) deg(a,var(a))

LCOEF(a) coef(a,deg(a,var(a)))
LTERM(a) coef(a,deg(a,var(a)))*var(a) "deg(a,var(a))

TT(a) car(car(a))
TS(a) car(cdr(car(a)))
MAX(a,b) ((2)>(®)7(a): (b))

COTYVTabuydrERHALTNDEED, 7V 7ty did $ #ELAETE 2. 728 213 LIST N E

FINTWTH LISTSITEHR I AR, $ ORIl

210.13 AT 3 VIEE
A—PERRED N B TES SNGE, ORI, N R TONFCHE LOARFHFIND.

TZEHZBWT LIST $ & EZRWn VT Zaun,

[0] def factor(A) { return fctr(A); }
[1] factor(x~5-1,3);

evalf :

argument mismatch in factor()

return to toplevel

NEBLGIEOEEZ 2 —FFFHE TR L72WGE, VA N, B EZHND Z L TRREL 2508, RO K 572 &
DN RLTVWHIELAETHD.
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% cat factor
def factor(F)

{
Mod = getopt (mod) ;
ModType = type (Mod);
if ( ModType == -1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr(F,Mod) ;
}

[0] load("factor")$

[1] factor(x~5-1);

[[1,1],[x-1,1], [x"4+x"3+x"2+x+1,1]]

[2] factor(x~5-1|mod=11);

[[1,1], [x+6,11, [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

2 FA D factor() OO LIZEWT, BEERDOBRICES SNCHIE x°5-1 D% AT mod=11 M ENIL
TWA. 2, BHEHATIIIC, mod &9 keyword IZxF LT 11 EWHEZEIV HTHI EEBEEL TS,
INEATa VEBEEMESZ EICT S, ZOfEIT getopt (mod) THY T Z LN TES. 1 FHOROH
LD L HIZ mod IZXT B AT a VREENR WAL, getopt (mod) 1FAGRAI T —1 OAT V=7 FEIK
T ZNICE Y BERRWGEOEEL if UL VRBRTES. |2 OBAIE, TEEOF T a v %,
) TRUEI-THRETDHZLENTED.

[100] xxx(1,2,x72-1,[1,2,3]|proc=1,index=5);

IBHZ, A7V a % keyl=valuel,key2=value2,... DL T > TRY->THEITRb VI, KR —
7 — K option_list &4 7> 3 U Ak [["keyl",valuell, ["key2",value2],...] ZHWVWTET Z &
HARETH S.

[101] dp_gr_main([x~2+y~2-1,x*y-1] |option_list=[["v", [x,y]], ["order", [[x,5,y,11111);

Kz, 31572 Lo getopt ) 134T a v URAMERTOT, A7y arz b b, A 7varvzds
BB A O T & X ICITERTH 5.

% cat foo.rr
def foo(F)
{
O0PTS=getopt ) ;
return factor(F|option_list=0PTS);

[3] load("foo.rr")$
[4] foo(x"5-1|mod=11);
[[1,1], [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]
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211 EYa—

TAT TV TERINTWDEE, 8% 72t T 54703 E Y 2 —/b (module) THD. (ZLDIC
EDa— L EANT ST ADHEHT LS.

module stack;

static Sp $

Sp = 0%

static Ssize$

Ssize = 100$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

def push(Aa) {
if (Sp >= Ssize) {print("Warning: Stack overflow\nDiscard the top"); pop();}
Stack[Sp] = A;
Spt++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return 0;}
Sp=-;
A = Stack[Spl;
return A;
}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print(stack.pop());
print(stack.pop());
}

Y2 —/UiL module E ¥ = —/V4 ~ endmodule TP, TV a2 —VIFANFITIZTE 2V, TV a2— /b
DT THE D KA T static TESETH. ZOERTEY 2 — L OANPBIISRL TERWLERE S T
XV, BV 2 — VOO KRIBEIIT extern TEST 5.

V2 — VNETERT DT localf ZAWVWTES LW EWF ., EOBITIX push & pop 2E
SLTNS. ZOESEFMNHETHD.

£ ¥ 2 — /L moduleName T/E #H &N 72 B % functionName % & ¥ = — /L D4 > 6 521X
moduleName.functionName(5|#x 1, 51# 2, ... ) R2IEATLS EFVa2—1OoFNLIE, B4
DOHTE. WOFITIE, T 2—LDADLEY 22—/ stack TEFEINT-BIEL push, pop ZHEA TN,
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stack.push(2);
print ( stack.pop() );
2

Y 2 — /L THWLBEEL IR TH L. DEVEY 2—LOARHOEY 2 — /L TEHRSNTWD AL
LRICARINFATE %,

TV 2 — /USRI KRBT 4 75 U OB EZREL TS, 94775 U 2MHBEIIS U THEIn— R4 5121%
B8%% module_definedp() ZHAWDONRERTHD. T~ Fu— Ridiz s 2IZRO X I IZTR 2 IR V.

if ('module_definedp("stack")) load("stack.rr") $

asir CIIAAEBDESIFARETH -7, LM LEY 2—/ b stack DFlZE BLES75 X 91T, local A;
RAERTRAEHEESTES. ¥—U—1F local #flVs L, ESHENED LS. BESHELHNIC
ToHE, BEESNTHRVWERKITIe— FOBB T I —2 R+, BERLOIATI AL TFHLARWET T
NERSIZE, EEBEEZAENILTT e T AT 500880

TV a— VNOBEEEZDOE Y 2— VN ERSNDENIIFEORHE T & 5 285 a2E < & &2, 0B
TEVa—LEROLIICT e hEATEFELTELERDS.

/* Prototype declaration of the module stack */
module stack;

localf push $

localf pop $

endmodule;

def demo() {

stack.push(1);
print(stack.pop());

module stack;
/* The body of the module stack */
endmodule;

EVa— VO Fy TNV TERINL TV S EEEZESICE, TOHOLIIT 1 ZHNS.

def afo() {
S = "afo, afo";
return S;
}
module abc;
localf foo,afo $

def foo() {

G = ::afo();

return G;

o1



def afo() {
return "afo, afo in abc";
}
endmodule;
end$

[1200] abc.foo();
afo, afo
[1201] abc.afo();

afo, afo in abc

212 TNy AH

2121 FNRyHEF

SETEINLE TR T ADIZSDOT Ny H dbx X, Y —ALNLTOT L —2 KAV NORE, AT v
TERAT, BEOS R N ARER BT Ny A THDH. Asir T, dbx ADOT ANy HEHEL TS, T
Ny FE— RIZADITE, by 7P L~ULT debug; & AT 5.

[10] debug;
(debug)

Z DM, IROTTE, 2 VIR TT Ny 77— FIZAD.

FATHT L — o KA v MCELIZGS

EDIAHLT ‘A’ ZER LS

FATP T =% LEEHE ZOBE, FATOMBIIARRRETH LN, BEOT I —DRRE L2 o7z
-V ERHBEOLEERLTT ANy T E—RNIADLTD, =7 —FIBT 28 OEEsBRTE, 7
Ny TIRSLT- D Z N TE D,

e error () NIFFRH EINTHE

2122 av v FOfE:H

A< NiEdbx Da~y ROWNLER/INEO DA LTz, HIZ, gdb D~ b b O0MEFR7Z2
HLOEHRMH Lz, EEOBARIL dbx L IZIEFRETH 5723, step, next |E, IROITTIE R RO & FEITT 5.
o T, VATIZBE DO XN H 5 8E81F, T DO XD next 2 FT LARITHITROITICHED 72\, £7-, dbx
LEAE ¢.dbxinit’ ZFHMALDT, dbx WL alias 25 2 ENTE S,

step
ROXEFATTD. WOXDKEBEET & &, ZOEBITAD.
next
WXL % FATT 5.
finish
BAEETHOEBOFIATHET LR THOT Ny 7E— RIZAD. 8o T step #FEATLIZHAIC
HhTHD.
cont
quit
TRy 7= RinbRT, ETE2MET 5.
up [n]
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ALy T b—L% 1B (518 nBb5RHIn B) ER3d. ZHICRY, ZORY v 7 7 L—AZ@ET
LEBOMEDSI, EHENTE .

down [n]
ALy T —0% 1B (B8 n RHDREn B) T35

frame [n]
%Iiﬁmi‘f@b\&% BUEETHOEBERTT L. 51BN SLHLE, AX vy 7 7L —2%5FK T n DHDIC
BETDH. ZITAY v 7 7 L—LbDFKF LT where 125V ERENDFFOH LINTIBWT, JLHHEICE

Téﬂé%’?ﬁ@l L Th5.
list [startline]
list function

WAEAT, £721% startline, £720% function OMEMND 10 TV — AT 7 A LV EFIRT S,
print expr

expr XX RT D.
func function
*EE K% function [ZREET D.
stop at sourceline [if cond)]
stop in function
sourceline 1TH, £721% function OEFHIC T L —7 RA v b EFRIETD. 7L —I KA ML, B
BORBERINZHABBIRICIVEINDS. if PE<EHE, cond il &4, 8 0 TRWIGE
CFEATHHWL, TRy 77— RIZAS.
trace expr at sourceline [if cond]
trace expr in function
stop LAKERTH D7, trace TIEHIZ expr #RTTHDAT, Ty 7E— RITIZAL R,
delete n
TL—2KRA b n ZBYIET.
status
TL—I KA NO—EERTRTD.
where
BUEDIE LR E TORFOH LA R AT 5.
alias alias command
command |Z alias DR %52 5.

print OFFE LT, by 7L BTFDHIELAETRTORNREND. @EIL, EHONEORFNE
THLHM, BEIECTRO LS REEVT B TED.
o ZHRDEEFTMR FITHOTL—IFA 2 MIBWT, BROMEEEE L CIEITEZHR S WEE,
WD XD RBIEEAT AT L.
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
o HHEDTFUHL HHEMFOHLLXTHDI0 5, print OF[EE LTEND.
(debug) print length(List)
length(List) =

ZOBITHE, B8 List IZEMESNTWE Y A FOEES% length() ICX D FHRITWS.

53



(debug) print ctrl("cputime",1)

ctrl("cputime",1) = 1

Z OB, FHEBEIC CPU B OFROEEE LENTHA R EIC, sHERT TT Ny 7E— K»
DIREZITAD I EEZR LTS, Fe, LLEGTHEZ T L RITNIRORWGE, T3y JE—
R726 bsave() RED A~ FIZRVBTHRE 7 7 A MITRIFT 22 & B TES.

(debug) print bsave(A,"savefile")

bsave (A, "savefile") = 1
TNy JE— RPOLOEBEMFRH L THEETRE Z LT, print OB ER 2 —PERKBOMNOH L%
BUHE, TORBITFOH L T2 T =25 2 > 7B BT O BB O FATHEGR S R ATREIC 2 2 BB B & %
LWHZLETHD.

2123 TNy HOFERA
TITE, R EIRAICHA S E 2 P ERELEHIL LT, TNy HOEBEOMAEE R

% asir

[0] load("fac")$

[3] debug$

(debug) list factorial

1 def factorial(X) {

2 if ( 1X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 1}

7  end$

(debug) stop at 5 <-= TL—9 RSV FDEE
(0) stop at "./fac":5

(debug) quit <= TNYTE—RERITS
[4] factorial(6); <-- factorial(6) DFEUH L
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <—— TL—9RAV FETOREVH LIIDOERTR
factorial(), line 5 in "./fac"

(debug) print X <-- X DEDCEKRT

X=6

(debug) step <-- RTYTET (EHIZAD)
stopped in factorial at line 2 in file "./fac"

2 if ( !X )

(debug) where

factorial(), line 2 in "./fac"

factorial(), line 5 in "./fac"

(debug) print X

X=5

(debug) delete O <-- TJL—9RA2 b+ 0 DHEE
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(debug) cont <-- EITHHE

720

<-- $ER = 6!

[5] quit;

2124 TN HOHNHIELT 7 1 LD
AR 72/ Y | Asir X, ILEIFFIZ ‘$HOME/.dbxinit’ ZitAiAde. 2O 7 7 A X, dbx O X F X F /R
Hoa<y RERIBLTREL 774V ThHDN, Asir 1L, alias {TOAEFRHT 5. Fl 21T,

IR E

% cat
alias
alias
alias
alias
alias
alias
alias

alias

~/.dbxinit

n

C

p

s
d
r
1
q

next
cont
print
step
delete
run
list
quit

RAHBEIZLY, print, cont 2L, TNy T E— FIZBWTHEICAWO a2~y R, ENEh p, ¢ 72
E WY TRATE S, £72, TRy 77— RIZBWT, alias 2~ 2k Y alias OBMNRTE 5.

lex_hensel(La, [a,b,c],0,[a,b,c],0);

stopped in gennf at line 226 in file "/home/usr3/noro/asir/gr"

226

N = length(V); Len = length(G); dp_ord(0); PS = newvect(Len);

(debug) p V
V = [a,b,c]
(debug) c

2125 XEDFHM

<=>:
cOo<xE>)
<> <ZIEEEF> <>
‘4 <H>
- <H>
<EZil{E>
<EifE> <KAEEF> <>

<EDE> ‘++°
<kKiD{E> ‘--’

C++0 <EDfE>
‘--2 <EiDfE

f

>

a1 <x®>

<z®> 7 <A> <=

<EE> O <HKIU> )

<E#> O <KIU> |0 <A T avIU> )2
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<XF 5>
<A FIL>
<7 kL>
<R k>

(See section & F I F%=.)
<EiDfE>:

<EH> [(D<H>]]%

<ZIHEEF>:
AR LS LAY SN ¢ )]

(—=> (!=; Cgr ) =2 (5= ‘&&) ‘ll)
<HKRANEBEF>:

C=) 4=y (=) x> l/=7 l%=7 C~=>
<HIU>:

<ZE>

<=H> [¢,7 <H>]x*

AT a>:
alphabet TIRFEDHXFH =’ <H>

AT a US>
<A Tvas>
<FToav> [, <FTLais>]x

<YR B>
D o<HA‘T> T

<EH>:

AXFTWHESXFSI (X,Y,Japan L&)
(See section ZE# & FETT.)
<EH>:

IZNXFTIRFEDSXFSH (fctr,ged &)

<T hL>:
<AIETT>

<#H>

<AETT>:
INCFETIESXFS (a,bCD,c1_2 #H )



(See section ZE# & FETT.)

<#>:
<EBEH>
<FE/N>
<R BB
<ER¥>

(See section #DE!.)

<HEH#>:
0, 1, -2, 3/4

<EFBI/IE>:
0.0, 1.2e10

<R EBI%>:
newalg(x~2+1), alg(0)~2+1

(See section KEMIEKICRHT HEE.)

<IERE>:
1+@i, 2.3%@i

<XEFFI>:
‘v THEEN=XFS

<IBHEARY FIL>:
‘<< <KIU> >>2

(See section FLJFHEDHE.)

<>
<> <§#Rim>
<#EX>
‘break’ <#&um>
‘continue’ <#&RiF>
‘return’ <#&imE>
‘return’ <z:X> <#Kig>
G O <HKAU> ) <>
GAf O <HKIAU> ) <X> ‘else’ <>
‘for’ ‘0 <HAUT> 50 <AAPU> 50 <ABY> )’ <>
‘do’ <X> ‘while’ < <HIU> )’ <#Kim>
‘while’ ‘(C <RI;MU> )’ <>
‘def’ <BH#ER> (0 <HKIU> ) L <EHEE> <XHU> ‘P’
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‘end(quit)’ <#im>
(See section X.)

<$RuH>:
<;; <$)

<EHEES>:
[‘extern’ <ZEHH> [¢,’ <EH>I* <Rim>]x*

<EX>:
0 <AUS> Y

<X U>:
[<3X>]*

2.13 BREKIZBIT3EE
2131 AREOEESLVEY

Asir [ZBWTIE, ARRMAIE, IEFEGRIE GF(p), 155 2 OARIE GF(2™), GF(p) ® nkIEK GF(p™) 3
EFETEDH., INHIFAET, setmod ff() IZX VY EHRIND.

[0] P=pari(nextprime,2750);
1125899906842679

[1] setmod_ff(P);
1125899906842679

[2] field_type_ffQ);

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);
x"50+x"4+x"3+x"2+1

[5] setmod_ff(F);
x"50+x"4+x"3+x"2+1

[6] field_type_ffQ);

2

[7] setmod_ff(x"3+x+1,1125899906842679) ;
[1*x~3+1*x+1,1125899906842679]
[8] field_type_ff();

3

[9] setmod_ff(3,5);
[3,x"5+2*x+1,x]

[10] field_type_ff(Q);

4
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setmod ££() %, SFEFERHF A TOFREEREERLE LTy 5. SIEPIEEK p %4 GF(p), n
WZEX f(x) OHE, f(zr) mod 2 ZERZEXELT D GF(2") xRS LTEy b5, £72
BIRFEOFRKIER G ERTED. fE LI HOEE B, setmod ££ () IZB W TIEBIHOBENT = v
IFATHT, FEOH LIS BEE .

R EIE, HETHEREKROITLE LTESHDIWVEIERINLAT V=7 M, By b IR0
FIZHES EWIHIEKRTH® S, Al FHEEE S5 LOBEEORKRLIIFERHMLE 25, AL, WAEREIZIBWT—HD
AT RRFREOITTOEEIE, ot s HBIEICE CAREO I & RS, BAERELRKICRD.

0 CHRWEIRKDOIE, AT =7 b THY, @Bl TOfI1L 1 THD. I 51T, 0 TRWHREKED LOHGHE
BT, GF(p) D4 6, GE(2™) DA T L7725,

HIREDOITLO AN FIEZ, BREOFHHICEIVEEY THDH. GF(p) DHA, simp ££() 12X 5.

[0] P=pari(nextprime,2750);
1125899906842679

[1] setmod_ff(P);
1125899906842679

[2] A=simp_ff(27100);

3025

[3] ntype(@@);

6

7=, GF(2") DBENL ShOHERD S

[0] setmod_ff(x"50+x"4+x"3+x"2+1);
x"50+x"4+x"3+x"2+1

[1] A=c;

(V)

[2] ptogf2n(x~50+1);

(@°50+1)

[3] simp_£ff(@Q);

(@"4+0"3+0"2)

[4] ntogf2n(2710-1);
(@"9+0@"8+@"7+@"6+@"5+@"4+0"3+0@"2+@+1)

HIREOTIIHRTH Y, (KHENTRETH S, @ 13 GF(2") ©, GF(2) EOAEMTTH S, FLLI1T HDE %
S,

2132 ABRGFETO 1 EZHLEXROEER

fEf TiE, ARK Lo 1 ZHZmAUxt U, 85550, DDF, REs iR, 2 H0OBKHIE 2 £ ORESE
‘INTND.

WY, fERIT [EF, EEE] OV A &5, FAFIE monic &7, ANWZEXOEHEHITHETOHN
D LS RE, Z2HEA L ZOMS E D GCD OFHENOHEDL - &b R T7 LT XLERH LT
W5,

HIRE ECoREs R, DDF 0%, wERIET OS5 ROBRIC, Berlekamp 7L =Y X A THEZEMEZRD,
FEENT S OR/INBERE KD, FDR % Cantor-Zassenhaus 7 /L3 U XAIZE VR D, W) HiEEE
ELTN5.

2133 MEHERAKLTHOZEXIRDER

IMEBARERBOZEHAUCIRY | 2EBZHADORISRIPEAAHRBE L LCHEEENTWD. BT
sffctr() THD. F7z, modfctr() b, ARFENR ETEERLERORE G EIT O Y, FEBRIZIE, NET+
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DREIRIERERZHEL, sffctr() ZFOH LT, Ri&AICREE LORF 2T 5, Lo HETIHRELT
W5,

2134 HRAELOBEAMRICET HEE

HIRE EOFEM iR BI T 2 W\ < DO SR 72 A D, MHAALRBI S L LTt STV 5.

FEHEBROBER, E& 207 L [a bl TITI. a, b ITABREDOITLT, setmod_f£() TEFZSIN TV
HABENEIERDOLE, y? = 23 + ax + b, 155 2 DERDOEE y? + oy =23 +az? +b KT

BRI AR B oS0, BEREADIAD TINERZ 2. ZoOEBEICE LT, A (ecmadd ££0)), W
(ecm_sub_££()) BLOWILFHHRD =D DR (ecm_chsgn ££()) ARSI TV D, EET &L, HED
KL 72 B RORELN,

MR ST 0. ZNLSORIE, RE 3 O MU [z y 2], 72720, 2130 TRV, LWIHIRTHS. [z
y 2] BAEREEEC L5 KR THY, 77 4 VBT [o)z y/z] RoHEERT. koT, 77 4 HElE [
y] CRESNTEREZFEENGET DL, [y 1] 7257 MEARTHILERS D, HEMR S A RE
ETRONDN, z FEENR 1 LIXR SN, 77 4 VIEZ RO D720 o, y JEIEE 2 JERETHID 2
EhRdHD.

2.14 Risa/Asir & os_muldif.rr

Risa/Asir (ZAFEBOHR 21T ) BEITEEDNSLE T, FICHEBBEEREOZEA MO ERE, Y
DEHEIBOITHIOMEEN, FOFFTITRNEVIZELRNI RS, W ONOfEETTHR LS.

[0] 2/x-1/x+1/x-1/x;
(x"3)/(x"4)

[1] x/(x+y)+y/ (x+y) ;

(X" 2+2%y*x+y~2) / (X" 2+ 2% y*x+y~2)
[2] x/y*y/x;

(y*x) / (y*x)

[3] 1/(1/x);

(x)/ (1)

[4] deg((a/b)*x"2,x);

0

[6] diff((1/a)*x+1/b,x);
(b~2xa)/(b~2*a"2)

[6] diff((x+1)7(-3),x);
(=3*x72-6%x-3) / (X" 6+6*%x"5+15%x"4+20*%x " 3+15*xX " 2+6%*x+1)
[7] A = newmat(2,2,[[a,0],[0,1/2a]1);
[ao0]

[0 (1)/(a) ]

[8] det(A);

internal error (SEGV)

return to toplevel

[9] coef(x+1/a,1,x);

0

COXHIREAL, IVEENSHTHENELNL L IIESTT AT 5 VN os_muldif.rr [06] T
5.
LT, BUROBIKOMHA D 55, BN OMERR LD TH 5.
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e Risa/Asir O % — F R 2 (EHMITIT, RisaAsir—D T 4 7 7 U O H 5./1ib/D F O
./lib/asir-contrib T, names.rr R ENA LV A M= L ENTWVWAHFTICEL . TOHATIE
Risa/Asir # £ #) L T which("names.rr") & TNIXF /RSN D) 2 os_muldif.rr Z ANLD &
Risa/Asir |28\ T load("os_muldif.rr")$ £ 352 LI2L VD, os_muldif.rr O DKL E
HAT&5L517k5.

e T 74NV FTIFEY 2a— /L L THAREND DT, BWHADEHEIC os_md. &2 THFOH &< T
172 < TF R B 720,

e load("names.rr") & FEITLTHITIE (KIFD Risa/Asir D3y — P TITIEIRICHEAAEN TWD

ZERDHY, FOLXITINEIARE), HALHEREFHAOT WO TEX O Y — A THARHETE 5. &6

{2 MS Windows (2T, dviout (232 %E L TEIFIE, dviout TEARTH I EAHKD. o

VAT LATHEEAREET, TEX O L B afied o THRRENFRATREIC /LS.

chkfun(1,0) {ZX > T Version HEEZ21005 (0 0268 FE 5 OITEER) .

FEABINENTHRNEDIIRT A MDD T, 1IELLEELZRWATREMENE.

F220HIMTNTWA LD LEETH D.

REAITMSE T & A Y #uo,

CDOTAT T ORI EEE L TIE, dviout(), show(), ltotex(), fctrtos(), mtotex(),
myhelp(), xy2graph(), mtoupper (), mdivisor (), getbygrs (), shiftop(), m2mc() R EVH 5.

2.14.1 os_muldif.rr A4 >R b—JL
e get_rootdir() TSN D Risa/Asir DIA T T IBA VA M=V ENTET 4 V27 FVDTOD
(Risa/Asir DT A 75 U « $—F,3R) lib\asir-contrib I os_muldif.rr Z AL 5*L.
Risa/Asir °5H

[0] load("os_muldif.rr")$
Loaded muldif Ver. 00140330 (Toshio Oshima)

L LTHiAiATr L, os_muldif.rr CERSNIHENFEZ D L1225,

o T 74N FTIEEY 2— ML L THAAEND DT, LU S5 HEA DOFIEIC os_md. #DUF
TRERNH & 72 < TE R TE R B 72V,
LR, BIABROTHRED os_md. NETHK STV DO THEE.

e Risa/Asir OEIIFIZ BB FRAGATIZIE, get_rootdir() IZH B .asirrc I

import ("os_muldif.rr")$
DLITEEMLTBIFIEEY. 20L& Lasirrc [IHIZITLTOL S THS.

import ("contrib-setord.rr")$
import ("gr")$

import ("primdec")$

import ("katsura")$

import ("bfct")$

import ("names.rr")$

import ("oxrfc103.rr")$
import ("os_muldif.rr")$

end$

e os_muldif.rr ®FHED

*1 names.rr 7 ENEINTWBEFH/RDT, Risa/Asir D3~ K54 )35 which("names.rr") 2L LThIE, Z0F 1L
7 RUDBGND.
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#define USEMODULE 1
&

#undef USEMODULE
LEXWMZ DL, BV MEENTICHARAENDDOT, BWEOKIHEIZ os_md. &O1F B MEITR<
B, LIWLARE, MOBEKEDNyT 4 TR DAREMENAE T D0 T, ZIUIHEE SR,

o LI DA os_md. ZWE LI HARARNCT 2121, £ OBEE MO #7223 e B E
ELTBSEIw. =2 2F

def cat(X)

{return os_md.mycat(X|option_list=getopt());}
def myhelp(X)

{return os_md.myhelp(X|option_list=getopt());}
def show(X)

{return os_md.show(X|option_list=getopt());}

cat("mydef:\n cat, myhelp, show,...")$

EWVWH XN EE mydef.rr EWVNH T 7 A MICENTTA T T VICANT. asirre (UL FO—4T%
Mz THIFIFEL.

import ("mydef.rr")$

o TEX ZFIH L THAZMBICFKRT H120E, OS CEMERREIKGFTH 7L Ea—T DERRED
DYUE LD, 2ROV risatex.bat DEOFHZ SR L TS0,

e myhelp("fn") |2 X - TEE m ORI Z KR S DHREDO A IZ OV TIE, DVIOUTH OHEASH L
TLE&EW. %72, os_muldif.dvi & os_muldif.pdf i get_rootdir() /help IZAN T ZE V.
Z 9T dviout [Z/8A Q@S TV 5 &, DVIOUTH O EIFARETY

£

5
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3  Functions

3.1 Functions related to differential operators

PLF BT module b &4, B4 OYFEIZ os_md. #2513 T, os_md.muldo() ® X 5T .

3.1.1 Fundamental functions
1. muldo(py,p2, [,0,] 11im=n) F72IX muldo(py,p2,x|lim=n)
muldo(p1,p2, [[z1,04,1, [22,05,1,...111im=n) F£721% muldo(pi,p2, [[z1],22,...]111lim=n)
s AEEH (WIEERETH LWV RBEOE (3R MOERFZOR (< [0,,2]) =1)
o FHEHIIZHAOM TREIND. ZHAOKREITERITAIE L 2523, FEH LN FHEE O
BERETH LW (cf #0HE).
o 0, NEEMEMN de DL XIE, [2,0,] DRDOVITxz L LTEW.
ZAUTLL TOEBE LKL T 5.

o MM IERFED L 21X, 3FBDOTEN [[x],[ly,v],z] L& TH LW, ZnlddafmL<
[[x,dx], [y,v],[z,dz]] LMERREND. 722 LU R FORIIZY A R TR TE by, 3
ebb [Ix,dx], [y,dyl] X [[x],y] EEBNTH WA, x,y] ITHEBOIERZ EMRINS.
DT OEETHOERFE L HD5E1E, FERAIEN TR TH S,

P 1ERT FVEFHITHITH L. 2o & & 1T py JTHITH L.
X NODL XX, HRIEEIRT.
exp(0) 72 & DEIRFEMIIERFZRL 071 72 E OB ERFE LFHHEATHE (7272 L, appldo() 72 &
TIEART, FEHENAREITKOLRWZ 0D, ZOLXITRTTIHUS).
e Leibniz AXTOMOHE T, FEHOMIr OBEIEAD 100 BILL B2/ 5 &2 2 THHE 2 00T

T AN R THDLIN lim=n OA T > a L CEEARE (ZHUL pr, po BAD T —D L EDOHRAER).

7= & 21%, muldo(dx~(-1),1/x,x) <° muldo(exp(dx),1/x,x) IFHREITHEAEN KD LA,
[dx,x] =1, [dy,y] =1 LV MBRO L & (= do= £, dy = 2)

[0] os_md.muldo((1+x)*dx+1, (1-x)*dx+1, [x,dx]);
(-x"2+1) *dx "2+ (-x+1) *dx+1

[1] os_md.muldo(x*dx+1/(x-a),a*dx+1/x,x);
((a*x"3-a"2*x"2) *dx"2+x " 2*dx-x+a+1) / (x"2-a*xx)
[2] os_md.muldo((a+y)*dy, (b-y)*dy, y);
(—y~2+(-a+b) xy+b*a) *dy "2+ (-y-a) *dy

[3] os_md.muldo((a+y)*dy, (b-y)*dy, [0,dyl);
(-y~2+(-a+b) *y+b*a) *dy "2

[4] os_md.muldo(dx+dy, x*dx+y*dy, [[x],yl);

xxdx "2+ ((x+y) *dy+1) *dx+y*dy~2+dy

[5] os_md.muldo(dx+dy,sin(x+y), [[x],y]);
sin(x+y)*dy+sin(x+y) *dx+2*cos (x+y)

[6] os_md.muldo(exp(dx), (x-1)"4,x);

exp(dx)*x~4

[7] subst(@Q,exp(dx),1);

x"4

[8] os_md.muldo(x*dx~(-1),dx/x,x);

Over 100 derivations!
(x7100*%dx"{100}x~99*dx~99+2*x~98*dx"98+......... )/ (x~100%dx"~100)
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[9] os_md.muldo(dx"~(-1),dx/x,x|1im=5);

Over 5 derivations!

(x75*dx"5+x"4*dx " 4+2xx " 3*dx " 3+6*x " 2*xdx " 2+24*x*dx+120) / (x"5*dx"5)

[10] os_md.muldo(x*exp(dx),1/x,x|1im=5);

Over 5 derivations!

(exp(dx) *x~5-exp(dx) *x~4+exp (dx) *x~3-exp (dx) *x"2+exp (dx) *x-exp(dx) ) / (x~5)
[11] deval(os_md.muldo(exp(dx),exp(x),x]);

Over 100 derivations!

2.71828*exp (1*dx) *exp (1*x)

[0] i%
(I+2) L +1)o(l-a)L+1)=(1-2)L +(1-2)L +1

EEWT S, 7ok, [6], [81, [91, [10], [11] OFERIE, Mo LWL N EEZEX THIVEAZ LT
WARELZZSORBEFHORLTOMBLRD. Tbb

(6] i d
et o iy = ate st o+ b+ g+
(8l i 1
(L) Todd = L(dyly Z(dym2 gy
[10] X

= d d’ d?
vetror=(-g+m -+t G +ade +tam )

LIRS, [11] 1%, FEBIX

Thb.
2. muledo(py,ps, [x,0;]1) F72IX muledo(pi,ps,x)
:: Euler "HBOENFEOR (<= (04, 2] = )
po HITHNETZRT7 PV TH W, ZoLkE, p #78ITH L.
[dx,x] =x LV LSHBRDO L & (&« dz=2l)

[0] os_md.muledo((1+x)*dx+1, (1-x)*dx+1, x);
(—x"2+1) *dx "2+ (-x+1) *dx+1
3. transpdo(p, [[%1,0,1, [%2,04,1,...1, [[y1,0y,1, [y2,04,]1,...11lex=1)
s WATERFROLER (25— v = yi(x), 0z, = 0y, = cj(x) + 3, aju(x) 0s,)
o yi, Oy, 1T (21, ..., 2,) OAENE LOHEIUREOMITEHFHE
o [1;,05,] DHIX z; ODWOERIESL A (< 0, =dz;)
e BIHDY A ND2FHENIEFER LV EWGS, R0 ITHEELH L L.

[0] os_md.transpdo(x~2*dx"~2,x, [[1/x,-x"2*dx]]);

X" 2xdx " 2+2%x*xdx
[1] os_md.transpdo(x*dx+y*dy, [[x],y], [[x+y, (dx+dy) /2], [x-y, (dx-dy)/2]11);

yxdy+x*dx

[2] os_md.transpdo(4xdx~2, [[x,dx], [y,dyl], [[x+y, (dx+dy) /2], [x-y, (dx-dy)/2]11);
dy~2+2*dx*dy+dx~2

[3] os_md.transpdo(x*dx,x, [-dx+1/x,x] |ex=1);

-x*dx
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e o [0], [1], [3] TIE, [[21,04,1,[22,04,1,...] IZOWTAHEELHW TS (cf muldo()).
o [01 X [1], [2] T, oz 2R (z,y) = (z+y,x—y) &\ FEEERUT K DM 2R DL
ERODTVE. Z0LE, METER £ L 0 (L, 2 GE+32.35 - 32)
bIRETHMNERDD.
o TR TRV (2, L) (2, 2 + ¢) D& BRWOSERRBRORBERE 2D B DT LU,
o ex=1: (x;,0y,) — (Si(z,0),T;(x,0)) & WO MOTEMBROERM BRI L HEBMEZFHETD.
ThbbH [Tl(m,a),SJ(x78)] = (Si’j TH-oT, J A ES ({E,a) WCOWTEZHEXTHLIVENRDD.
311, (z, )= (L + L 2) LV HBEHALEEZ TV,
4. translpdo(p, [[x1,0.,]1, [2,0,,1,...]1, mat)
n PO TERIR OB IEIEAAME (v, — 37, (mat);jz;)
[2;,04,]1 Xz DIEOEMIE LA (<= 0y, =dxy).

[0] M=mat([1,1],[1,-11);

[11]

[1-11

[1] os_md.translpdo(4*dx~2, [[x,dx], [y,dyl],M);
dy~2+2*dx*dy+dx~2

5. appldo(p,r, [x,0,]) Fizix appldo(p,r,[[r1,0:,1, [x2,0:,1,...1)
i MAERSE (01T8]) OFBRASCHEEREL (D175 ~DIER O
rAEART FAVEIITIITEH XV ZOEAIT p 1TATHITE L.

[0] os_md.appldo(x*dx~2-2*dx, a*x~3+b*x"2, x);
-2xb*x

[1] os_md.appldo(x*dx~2+2*dx, x+y/x, X);

2

[2] V=newvect(2, [x/y,y/x]);

[ /@) (/)]

[3] os_md.appldo(x*dx+1,V,x);

[ (2xx)/(y) O ]

[4] P=newmat (2,2, [[x*dx+1,x/y], [0,x*dx]]);
[ x*dx+1 (x)/(y) ]

[ 0 x*dx 1]

[5] os_md.appldo(P,V,x);

[ (2xx+y)/(y) (-y)/(x) ]

[6] os_md.appldo(ddx,P,dx);

[ x0]

[ 0x]

[7] A=newmat (2,2, [[cos(x+y),-sin(x+y)], [sin(x+y),cos(x+y)]1]);
[ cos(x+y) -sin(x+y) ]

[ sin(x+y) cos(x+y) ]

[8] os_md.appldo(dx~2,A,x);

[ -cos(x+y) sin(x+y) 1

[ -sin(x+y) -cos(x+y) ]

6. adj(p, [z,0,]) F7=iE adjlp, [[z1,0.,], [22,04,],...1)
2 W EHFE (01751 p @ formal adjoint
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[0] os_md.adj(x*dx"2+x"3*dx+1,x);
x*dx "2+ (-x"3+2) *dx-3*x"2+1

7. sftpexp(p, [x,0.]1,q,7) F7zix sftpexp(p, [[%1,0,,]1,...1,¢,71)
D WMOERSFE p &2 g T opoqt LEMTD
q, r IFEEK. 2770, rix (@, 2EERV) RNT X=X,

[0] os_md.sftpexp(dxxdy, [[x,dx], [y,dyl]l,exp(x-y),a);
(dx+a) *dy-a*dx-a”~2
[1] os_md.sftpexp(dxxdy, [[x,dx], [y,dyl]l,x-y,a);
((x"2-2xy*x+y~2) *xdx+a*x-axy) *dy+ (-a*x+axy) *dx-a"2+a
[2] show(@Q);
(x —y)?0,0, — a(z — y)d, + a(x — y)d, — a(a — 1)

8. appledo(p,r, [z,0,]1)
i Euler BUHHOMER E O A FXA~DIEH OFHE

[0] os_md.appledo(dx~2,x"2+y/x,x);
(4xx~3+y) / (%)

9. divdo(py,p2, [z,0,.] |rev=1)
s EOERZOEIY B
o RVHE [q,7,m]
= mxp; =qxpy+7r (ordm =0, ordr < ordps)
e rev=l ZIFETH &
prxm=pexq+r (ordm =0, ordr < ordps)

[0] R=os_md.divdo(dx"2, x*dx+1, x);
[x*xdx-2,2,x"2]

[1] os_md.muldo(R[0],x*dx+1,x)+R[1];
x"2%dx"2

[2] R=os_md.divdo(dx"2,x*dx+1,x|rev=1);
[x*dx+2,0,x"2]

[3] os_md.muldo(x*dx+1,R[0],x)+R[1];

X" 2%dx " 2+4*x*dx+2

[4] os_md.muldo(dx~2,R[2],x);

X" 2%dx " 2+4*xx*kdx+2

10. myged(p1,p2, [z,0; ] |rev=1,dviout=n) F72IT mygcd(p;,ps2, [z] |rev=1,dviout=n)
mygcd (py,p2,xldviout=n), mygcd(p;,p2,0ldviout=n)
u HELEHBURE O EMOERR (Fid 2 0ZEK, EF3EEH p1 & p @ GCD (FKAKITT)
e EVfEx R L3< & GCDIX R[0] = R[1] *xp1 + R[2] xps & 72 5.
R[3) 5 p1 + R[] % p» = 0 235051 L, 7751 (gg g%) )
F72 R[3] xp1 = —R[4] xpa 28 LCM & 72 %.
e rev=1 ZET DL, ETHDIEFNETHIIRD.
e 21— Uy FOHEMRIBICLDFHETHDM, p1 & po OREEIVBFECHEIT py & pp THEIZZ L0
LR B.
e dviout=0: =—72 U v FARIETODEAT v S TOTFT—FZRY XA DY XA FNTRIND.
BHOL XL, VA NORINE, RYIOEEOM, ZORIIMERYOHMDO U AR, KON 0IZ
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725 F Thi< .
ZHA L HWMOERR ORI, BAOROM, TORIFIMERY EABT—HFD 3 >OT—X O
(divdo () DiTE) 23E< U A b.

e dviout=1: =—7 U v FOAREOE Y HR TeX 2o TOREnb.

e dviout=2: =—7 U v NOAERRENTHIOE T TEX 2> TREN5.

e dviout=-1,-2: E®O TEX OV —AMRRKIN5.

[0] P = os_md.muldo (x*dx+1,x*dx+1,x);

X" 2%dx"2+3%x*kdx+1

[1] Q = os_md.muldo(dx-1,x*dx+1,x);

x*dx "2+ (-x+2) *dx-1

[2] os_md.mygcd(P,Q, [x]);

[xxdx+1, (1) /(x+1), (-x) / (x+1) , ((-=x-1) *dx+x+2) / (x+1) , ((x"2+x) *dx+x+2) / (x+1)]
[3] os_md.mygcd(P,Q, [dx]);

[1,0, (1) /(x*xdx"2+(-x+2)*dx-1) ,1, (-x"2*dx"2-3*x*dx-1) / (x*dx "2+ (-x+2) *dx-1) ]
[4] os_md.mygcd(234,111,0);

[3,-9,19,37,-78]

[5] os_md.mygcd(234,111,0/dviout=0);

([234,111],[2,12],[9,3], [4,0]]

[6] os_md.mygcd(234,111,0|dviout=1);

234 =2x 111412
111 =9x%x1243
12=4x3

[7] os_md.mygcd(234,111,0|dviout=-1);
234&=2\times111+12\allowdisplaybreaks\\
111&=9\times12+3\allowdisplaybreaks\\
124=4\times3

[8] os_md.mygcd(234,111,0|dviout=2)$

234\ (2 1 111
111) —\1 0 12
(21 9 1 12y (19 2 12
—\1 0 1 0 3/ \9 1 3
(19 2\ (4 1 3\ _ (78 19 3
—\9 1 1 0 0/ —\37 9 0/’
3\ (-9 19 234
0/  \37 -T78 111
[9] os_md.mygcd(P,Q, [x,dx] |dviout=2)$

220? + 320+ 1 = (2)(20* — (x —2)0 — 1) + (x(x + 1)0 + (x + 1))
(2% 4+ 224+ 1)(20° — (2 —2)0 — 1) = ((z + 1)0 — (z + 2))(z(z + 1) + (= + 1))

[10] os_md.mygcd(P,Q, [x,dx] |dviout=2);
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11.

12.

13.

14.

(7 et )= (5 8) (G2 oy cd)

10— e 1) (#@+1)0+ (¢ +1)
1 0 0

_ fﬁﬂ—(;gz 7\ (2(z+1)0+ (z+1)
- 1 a x4+ 1 0

(z+1)2

<x8+1> B ﬁ i eEsy < 220% + 320 + 1 )
- 1 xr+2 x x+2 2
0 —oa0+ 5 FhOt+ o) @0 — (@ —-2)0 -1
mylem(py,p2, [2,0, ] rev=1) F72IT mylem(py,ps, [z] [rev=1)

mylem(py,p2,2), mylem(pi,p2,0)

o HELERBURB O FMOERSE (Flid e OZEX, F2ITEEER) pr & ps © LCM (R/hAREIT)

[0] P=os_md.mylcm((2-x)*dx-1,x*dx+1, [x,dx]);
(x72-2%x) *dx "2+ (4*x-4) *dx+2

[1] os_md.appldo(P,a/x+b/(2-x), [x,dx]);

0

[2] Q=os_md.mylcm((2-x)*dx-1,x*dx+1,x);
(x72-2%x) *dx "2+ (2*%x-2) *dx+1

[3] fctr(Q);

[[1,1], [x*dx+1,1], [(x-2) *dx+1,1]]

midiv(m,n, [z, 0,1) FT77iE midivim,n,[z]) FT7-F midivim,n,z)

u AHEEBRE O EMSVERFE (or x DZIERX) DOEFTITHI m L AKX (or x Z2EHFEF WA OIF
FITFIniZkt L, m = R[1](9; —n)+ R[0] (or m = R[1](z—n)+R[0]) &7:% U A+ R = [R[0], R[1]]
Zid. R[] 135y (or o) Z@ £,

qdo(p1,p2, [z, 0, 1)

WO RER pru =0 1Z% L rpou = 0 LR ABGERFR 1 & qepou = u &7 BOMERMFE ¢ @
U A k [ql,qg} f&i&'ﬁ*

q1, G2 ZULTOLLTF OMHE % % 0.

qpou =0 = Jr such that ¢ = rq;

gpeu = u = Jr such that ¢ = g2 + g1 and ordg, < ordg

[0] P=os_md.ghg([a,b], [c]);

(=x72+x) *dx "2+ ((-a-b-1) *x+c) *dx-b*a

[1] os_md.qdo(P,dx,x);

[(x"2-x) *dx~2+((a+b+3) *x-c-1) *dx+(b+1) *a+b+1, ((-x"2+x) *dx+(-a-b-1) *x+c) / (b*a)]

mdivisor(m, [x,0] | trans=1,step=1,dviout=t)
mdivisor(m,x|trans=1,step=1,dviout=t), mdivisor(m,0|trans=1,step=1,dviout=t)
s AEEERE O EMSERR /1 EHZESEHOITH O WA %2155
o HEWHLRI D EWER R DITHI 041X (02, Lemma 1.10] I2££5<.
o step=1: 17 LI DAL O F e 4 x4
e trans=1: BT, LT DIITERATH, HHENT DHNEFRATHD 3DV A &R,
trans=2 : kO 3 k3 DORKIZ, [TERATHOMITH, FIERATHOMITHNZMZ T2 5 sy U A b
&9,
o m NAlM & HKTH [1,1,...]. ZOHEIL trans=1 ZREL7LEDORVEE R LB &,
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R[1] 24751, R[2] 1ZHAATAIE 72 5.

dviout=1 : FEAZEFOEHEFEE TEX THETR.

dviout=-1: dviout=1 ® TEX ® Y — 2 ZiKT N, FRT LAV,

dviout=2 : EALE O EEL TEX TER. EHDD T 217516 ER.
dviout=-2 : dviout=2 ® TpX ® Y —RA%&iKT 72, FRIT LAV,

dviout=3 : EAZLDORER L EHATH & = DWATH|Z KA (trans=2 DOIEHR).
dviout=-3 : dviout=3 ® TEX ® Y —A%ZETH, F/RT LR,

unim() (2 & o THEFFHHEK AL OTHE O 72D OIESFBEEATHI O LR N TE .

[0] A=os_md.s2m("12-1,2-22,-121");
[12-1]1]
[2-22]1]
[-121]
[1] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x);
[1,x-2,x"2+2%x-8]

[2] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x|step=1);
1: start

[ x-1 -2 11

[ -2 x+2 -2 ]
1 -2 x-1]

(1,2) > (1,1
-2 x-1 1]
x+2 -2 -2 ]
-2 1 x-11]
: unit
1 -1/2*%x+1/2 -1/2 1]
0 1/2*x72+1/2%x-3 1/2*x-1 ]
0 -x+2 x-2 ]
. start
1/2*%x~2+1/2%x-3 1/2*x-1 ]
-x+2 x-2 ]

(1,2) > (1,1)

[ 1/2*x-1 1/2%x"2+1/2*x-3 ]

[ x-2 -x+2 ]

[ 20 1%

[ -42]
2: line 1 & 2

[ x-2 x"2+x-6 ]

[ 0 -2%x"2-4*x+16 ]

*[ 1 -x-3 1]

[o01]

2: column 1 & 2

[ x-2 0]

[ 0 -2%x"2-4*x+16 ]
3: start

L T T T e T e T e T Y e T e T e T e |

N
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[ -2xx-8 ]
[1,x-2,x"2+2%x-8]
[3] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] |step=1);
1: start
[ dx 0 ]
[ 0 dx ]
1: column 1 += col2*x
[ dx 0 ]
[ x*dx+1 dx ]
[ -x 1 1%
[ x*dx+2 -dx 1]
1: line 1 & 2
[ 1adx ]
[ 0 -dx"2 ]
1: unit
[ 1dx ]
[ 0 -dx"2 ]
2: start
[ -dx~2 ]
[[1,dx"2],
[4] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] |trans=2);
[[1,dx"2],[ -=x 1]
[ x*dx-2 dx ],[ 1 -dx ]
[ x —x*dx+1 1,[ dx -1 ]
[ xxdx+1 -x ],[ -x*dx dx ]
[ x11]
[5] os_md.mdivisor(os_md.mgen(2,0, [dx],0), [x,dx] [dviout=2) ;

0 0 1 0
z0+1 0 0 1
1 0
T 1
—x 1 L1
z0+2 —0) \L2
1 0 —x 1
0 —-0% z0+2 -9
11 o
T 1
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1 0 —x 1
0 —0? z0+2 —0
11 -a
r —x20-+1
L2+ (—-1)x L2
1 0 —x 1
0 0? —x0—2 0
11 -9
r —x0+1
As a result,

o #)- (a2 ) (0 5) (0 -2t )
0 92) \—-z0-2 0 0 0)J\x —x0+1)"
(a2 3) =(atn =)
—x0—2 0 “\z0+1 -z’
(1 ;) )1 B <—336 a>
rz —x0+1 "\ -z 1)

LD dviout=2 DA T a VORERDP B D L O, UTFTOT VI AATHEEZITS . 728, LIV

WZH 5175 C 1E myged ) IZL > TRDTND.

118 A OFE=—27 Y v KRR R T, LFOoWTFine LET.

(1) BHoR

(2) BEERELRED 1 5 EABR

(3) BHEEBIRE DO W VERMFRLR

T XTI OHEY

(a) A BFELTHI7 D 0] ik

(b) A DETRWER/ID (i,7) 5%, [TORM, FIOZHT (1,1) o d ((4,5) XFFERIEF T
B/ANRb D). T TRANEE, (1) M, (2) K3k, (3) BEE 23R

(©) AD1FIED 24TBUTIZETRWVESBZHIVUE, (1,1) f0 & ZORIDOFE TRV &I ~7-
YA X2 DI BTN GL(2,R) DI C ZENPLMNT T, X7 MAOF 2 Sy E2EICT
2H0%RDD (22— Vv FOERE). SL(2,R) T/&< T GL(2,R) [ L7=DI%, Lk
DE 1 S OEER (2), (3) PIICEZER L 2D L 1cT 570, 11TH LbET 21TIcE» D
C NPT THTERT S, Db (b) ~.

A ADIFERELRDERNWTEDOLE. FH1ITOFHE 2RO UBETE T2V ORHNIE, 3.
ERARIZH A X2 DITRT M EZNITEN LT D GL(2,R) DIt C & RO THEREZIT,
(b) ~.

-DUF, (L,1) RS EBRWT A OLIITE S 1FIHORGNET0 £ T5 -

(&) A DIFEFITFIOF A R 1 DL, [(1,1) BAY] 2T

~ UTFixZERLS

) Ao ,1)RENAHOLE, Thae 1l LEXELT, UFO (g)ii) LRERD L2175,

— (1) FHEF Q) nEE —

(g) (1,1) A TEIV BN VRN H D E 5 DD,
) FEINRORSE DTN BIIE, Z0FE 1FIEICIA, EOMSH 24TH TRITNIE 2
1TH &1TExH. D% (b) ~
i) +_TE UL, 197H & 1FIH ZBRWZ1T81%E (1,1) KO THEl-TT& 5, T&50
A XMW1 FONERITH, #5148 E LT, ZOERBENY, EVEOEKSE (1,1) oLz
A MZ(1,1) o aBLz ) A b &R,

— @B)pEx —

(h) FE T2 (0,0) BRSO (i,5) By Z2RAT FFEEXEF TR/ (4,)) 2788 Zhi P L
L, Pzk & (1,1) RO OMED A T T AN (1,1) O OIEDIEA T T VARV E 2k D (k
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VX (4,7) By OB T OHARELR L 72 %) . 7236 o 1350 &L O PEETE & 72 2 0T RAE
M. jHIBIC o* 2B EMNT L 0% 1FIBIMAZT (b) ~.
step=1 ZHE L2 L EORRINDITHO LD A AL FOFRIZLLTO#EY |
o EHDHTIL, mdivisor() BMEINTRXAT 4 VT DRI T, 1 EBIRE D L7591 XN 1 HD
(cf. (), (g) ii)).
e start : ZOBHBNBIFERH Iz & D751,
(a,b) -> (1,1) : af7THE 147H, bFIE L 1FIAZAH LT, (a,b) % (1,1) ICBET
% (cf. (b)) .
line 1 & a: 14TH & afTHIZAEMNS GL(2,R) #2F T (a,1) lu% 01292 (cf. ().
column 1 & b: 14IH & bAIRICAND GL(2,R) %727 T (1,b) iz 01235 (cf. (d)).
unit : (1,1) FAMNAHILO & X OREL (cf. (f)) .
column 1 += col b, line 2<->a: 1 FIHICbFIHZMA T, 21THE afrHEZRM (cf. (g)
).
e column 1 += col b*x"k: bFEIZEND x"k &NTF72bD% 1FIBIZMA S (cf. (b)) .

¥, TEK BT, ifTR% Li bR L, jSIA% Cj LH LT, L 2id G i) % 317H & 517
i 500

1 2 L3

3 4 L5
L#T

[6] os_md.mdivisor(mat([3,5,7],[5,3,3]),0|dviout=2)

[Nl IV
O = O W Ut

Cj—=Clxo (j>1)

1 0 0 2 -1

0 -16 —-26 -5 3
-11 -7 -11

0 1 0

0 0 1

-5 -—13

o oo (3 )

1 0 0 2 -1

0 2 0 -5 3
— |1 2 3

0 -5 -13

0 3 8
As a result,
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1 2 3 1 7 11
<O -9 13) = (O -8 13) .
0 3 8 0 3 )

[7] os_md.mdivisor(mat([dx,0,0],[0,dx,0],[0,0,dx]), [x,dx] |dviout=3)
1 0 0 0 0 0
<0 1 0>:P(O 0 O)Q7
00 9 0 0 0
—x 1 0 0 —220% — 420 — 2
P=|—-3z0-1 10 —32%0 — 2z =[2z0+1 —2%0?—42%0 -2z
—20% - 30 0° —2%0? — 620 —6 0 0
1 —z20—2z 12203 + 20 - 0 —20 0
Q=2 —2%0-2? %x383+%x282—$6+1 = —%xata %6‘2 f%
0 1 —10? —x 1
(8] A=mat([2,-2,-2],[0,1,-11,[0,0,21)%
[9] os_md.mdivisor(os_md.mgen(3,0, [x],0)-A,x|dviout=2)$
Tz —2 2 2 1 0 0
0 r—1 1 0 1 0
0 0 r—2 0 0 1
1 0 0
0 1 0
0 0 1
Cl+ C2
2 z—2 2 1 0 0
r—1 0 1 0 1 0
0 0 r—2 0 0 1
~1 o0 1 0
1 0 0
0 0 1
1
L1<—(§)><L1
1 2z-2 1 L o000
z—1 0 1 0 1 0
0 0 r—2 0 0 1
| o 1 0
1 0 0
0 0 1
Li—= ox L1 (i>1)
1 Lz —2) 1 i 00
0 —i@-2)(z-1) —(z-2) —-i@x-1) 1 0
N 0 0 r—2 0 0 1
0 1 0
1 0 0
0 0 1
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Cj—= Clxo (j>1)

1 0 0 i 00
0 —i(z-2)(z-1) —(z—-2) —-i(z—1) 1 0
N 0 T —2 0 0 1
0 1 0
1 —3(z—2) -1
0 0 1
L2 4 L3, C2 ¢ C3
1 0 0 i 00
0 x-2 0 0 0 1
L0 —@@-2) —z-2)(z-1) —-i@x-1) 1 0
0 0 1
1 -1 —3(x—2)
0 1 0
1 0\ /L2
1 1)\L3
1 0 0 1 00
0 x—2 0 0 0 1
o o —t@-2)(z—-1) —-3(z-1) 1 1
0 0 1
1 -1 —1(z-2)
0 1 0
L3+ (—2) x L3
1 0 0 3 0 0
0 x—2 0 0 0 1
0 0 (z=2)(z—-1) z—-1 -2 =2
“lo o 1
1 -1 —2(xz—2)
0 1 0
As a result,

10 0 3 0 0\ /z-2 2 2 0 0 1
(0 r—2 0 >= 0 0 1 ( 0 x—-1 1 ) 1 -1 —i(z-2)
0 0 (x—2)(x—1) r—1 -2 =2 0 0 z-2/\0 1 0

1

15. sqrtdo(p, [z, 0,1) ?
sx— 1/ T (@ ORE[FERDNT) RERMOERFE p ST 288 e —»y=a+ Va2 -1
r=1(y+y ) ICHEE

16. toeul(p, [z, 0,1,n)
u MEERFE AN EMOERAE%E v = n T Euler BUZZ
BHER x> x2+n ObHE 20, % 0, CEXHZ, ZEARKICTS.
L, n BT “nfty” O L XX, BEER > 1/z ObL 20, 0, TEXHZD.
BBIZx OMEH#HITCr =0 THARWERZICHET S.

[0] os_md.toeul(os_md.ghg([a,bl,[c]), x, 0);
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(-x+1) *dx~ 2+ ((-a-b) *x+c-1) *dx-b*ax*x
[1] os_md.toeul(os_md.ghg([a,b],[c]), x, "infty");
(x-1)*dx"2+((-c+1) *x+a+b) *dx-b*a

17. fromeul (p, [z,p.],n)
:: Buler BHEMGEMFEZITCIZET (toeul(p, [z, 0,],n) DWZEHL)
BRI x—n OMENTTr=n CTHARWSZEIZKET 5.

[0] os_md.fromeul(dx,x,1);
dx

[1] os_md.fromeul(dx-a,x,1);
(x-1)*dx-a

18. expat(p, [z, 0,1,n)
s MR BLEOMERFE D x = n TORMEFERERD S
o n [F3FH “infty” TH XV (n = oo ITHIR).
o Fuchs BUFE M ERIFE T n BCFF “7 O L X1, RTORRALZ 2 TORMEREZRDD.
o LIF, #ITEND ghgO 2oV T, (59) =2

[0] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 0);
[-d+1,-e+1,0]

[1] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 1);
[-a-b-c+d+e,1,0]

[2] os_md.expat(os_md.ghg([a,b,c],[d,el), x, 2);

[1,2,0]

[3] os_md.expat(os_md.ghg([a,b,c], [d,e]), x, "infty");
[a,b,c]

[4] os_md.expat(os_md.ghg([a,b,c]l,[d,el), x, "?");

[[0, [-d+1,-e+1,0]],[1, [-a-b-c+d+e,1,0]], [infty, [a,b,c]]]

19.sftexp(p [z, 0y ] Sy, T)
HWOERFE p % (x—n) Topo(x —n)" ITEHRT S
722U, [0g,r] =0 &9 2 (LATHEER).

[0] P=os_md.ghg([a,b], [c]);
(-x"2+x) *dx"2+((-a-b-1) *x+c) *dx-b*a
[1] os_md.sftexp(P,x,0,1-c);
(-x"2+x) *dx "2+ ((-a-b+2%c-3) *x-c+2) *dx+(-b+c-1) *a+(c-1) ¥b-c"2+2*c-1
[2] Q=os_md.sftexp(P,x,"infty",b);
(—x"3+x72) *dx "2+ ((~a+b-1) *x" 2+ (-2*b+c) *x) *dx+b"2+(-c+1) *b
[3] os_md.expat(Q,x,"infty");
[a-b,0]
20.fractrans(p [z, 0:1,n0,n1,M2)

IO TERFE p 12 (ng,ny1,ne) — (0,1,00) &V —RSEZEMEIT S
[0] os_md.fractrans(os_md.ghg([a,b], [c]),x,1,0,"infty");
(-x"2+x) *dx~2+((-a-b-1) *x+a+b-c+1) *dx-b*a
[1] P=os_md.fractrans(os_md.ghg([a,b], [c]),x,"infty",1,0);
(x73-x72) *dx "2+ ((-c+2) *x" 2+ (a+b-1) *x) *dx-b*a
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[2] os_md.expat(P,x,1);
[-a-b+c,0]

[3] os_md.expat(P,x,0);
[a,b]

21. chkexp(p, [z,0,1,n,r,m)
2 j=0,...,m—1ORTICH L, HERRSEESIERSE p O u; T@—n)"0Tu; 2 x=n
TIERICZEZCTOMMN 1 2D bORTFET L85 KRD 5.

[0] os_md.chkexp(os_md.ghg([a,b],[c]),x,0,0,1);

(]

[1] os_md.chkexp(os_md.ghg([a,b], [c]),x,"infty",0,2);
[a+b-1,-b*a]

[2] os_md.chkexp(os_md.ghg([a,b], [c]),x,"infty",0,1);
[-b*a]

22. soldif (p, [z,0.1,n,q,m)
w EHBOERFE p O o =n OEHTO 2914372, ¢j2)) OROFRMRICK L, BE m+1 O~Y
FVvleiey - el 2R (2=2—n).
Zlogz DENHN LB LIRS NE. 2
n="infty" D& X%, r=00,2=1/z £ 7T 5.

[0] R=os_md.soldif(os_md.ghg([a,b], [c]),x,"infty",a,4);
[ 1 (a"2+(-c+1)*a)/(a-b+1) (1/2*a"4+(-c+2)*a~3+(1/2*c"2-5/2%*c+

[1] fctr(dn(R[4]));

[[1,1], [a-b+1,1], [a-b+2,1], [a-b+3,1], [a-b+4,1]]

[2] fctr(am(R[4]1));
[[1/24,1],[a,1],[a+1,1], [a+2,1], [a+3,1], [a-c+1,1], [a-c+2,1],
[a-c+3,1], [a-c+4,1]]

23. okuboetos(p, [x,0, ]| diag=[c1,c2,...1)
= B m BE Okubo B AKX pu =0 (n BEOIEDLRED n IRELTFDZIE) % Okubo o 1 o~
SANN |
o VI [Lag, ... am_11, B, T]
o A7V 3 diag=[cy,c1,...1 &> T, [ag,...,0m_1] DIEFEZEZLHLOERETDHZENT
5.
o Hil Fuchs D L X, p— px 0, +p’ OEBE(TENNET & Okubo HiZ7e 2

m—1
(x—ai)u;: Bij’u]‘ (i:O,...,m—l),
7=0
m—1
u; = T; jul)
7=0

[0] P = os_md.ghg([a,b], [c]);
(-x"2+x%) *dx~ 2+ ((-a-b-1) *x+c) *dx-b*a
[1] R = os_md.okuboetos(P,x)$

[2] R[O];

[0o1]

76



[3] R[1];

[ —c+1 1]

[ (-b+tc-1)*a+(c-1)*b-c"2+2*xc-1 -a-b+c-1 ]
(4] R[2];

[10]

[ c-1 x1]

[5] det(R[1]);

b*a

[6] os_md.fctrtos(R[1][1][0]);
-(b-c+1)*(a-c+1)

[7] R = os_md.okuboetos(P,x|diag=[1,0]1)$
(8] R[O];

[10]

[9] R[1];

[ —a-b+tc 1 ]

[ (-b+c)*a+c*b-c”2 -c ]

[10] R[2];

[10]

[ atb-c x-1 1]

Ll b S
u= F(a,b,c;x),

<}>:(c—1u+xu’>’
( xl)(?) < b—c+117370+1) ab1+cl><z(z)'

Vo u
v = = c—1 x /3 B
U1 achrlu + achrlu
x v\ 1-c a—c+1 Vo
e=1)\u) “\~o—c+1) —a—b+c—-1)\y, )

l—-¢c a—c+1 0 0
dv 0 0 -b+c—1 —a—-b+c—1

— = v+ v
dx T r—1

24. stoe(p, [z,dx] ,m)
i 1 BEOF Ry RACR 2 B E B BT
o HREAR up =350 i (0)uj Oty OWETT HFERE RS p I TABRE RS & ¥ D IES1T1.
e m MY AN [m1,mo] DEZNL, Uy & upm, ZHVTRY (um, ([SHTHTERR).
o m NEKD L XL, [-m,0] ET

[0] A=newmat(2,2,[[(-c+1)/(x),(a-c+1)/(x)]1, [(-b+c-1)/(x-1), (—a-b+c-1)/(x-1)11);
[ (mc+1)/(x) (a—c+1)/(x) ]

[ (-b+c-1)/(x-1) (-a-b+c-1)/(x-1) ]
[1] os_md.stoe(A,x,0);

(x72-x) *dx"2+((at+b+1) *x-c) *dx+b*a
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[2] T=os_md.mgen(4,0, [x,x-1,x,x-1],0);

[x000]1]

[0x-100]1]

[00x 0]

[ 000 x-1]

[3] A=newmat(4,4,[[al,1],[a21,a2,1],[a31,a32,a3,1],[ad41,ad42,a43,a4]]);
[al1100]

[ a21 a2 1 0]

[ a31 a32 a3 1 ]

[ a41 a42 a43 a4 ]

[4] C=os_md.myinv(T)=*A;

[ (al)/(x) (1)/(x) 0 01

[ (a21)/(x-1) (a2)/(x-1) (1)/(x-1) 01

[ (a31)/(x) (a32)/(x) (a3)/(x) (1)/(x) ]

[ (ad1)/(x-1) (a42)/(x-1) (a43)/(x-1) (ad)/(x-1) ]

[6] P=os_md.stoe(C,x,0)$

[6] os_md.expat(P,x,"?");

([0, [a3+1,a1,1,0]],[1, [a4+2,a2+1,1,0]],

[infty, [dx"4+(ad4+a3+al+a2) *dx"3+(-a21-a32-a43+(a3+al+a2)*ad+(al+a2)*al3+a2+*al)
*dx "2+ ((-a4-a3) *a21+(-ad-al)*a32+(-al-a2)*ad3+a31+ad2+((al+a2) *a3+a2+*al) *xasd+
a2*alx*a3)*xdx+(ad43-a3*ad)*a2l-al*ad*a32-adl-a2*al*ad3+ad*a3l+al*ad2+a2*al*a3d+*ad]]]
[7] os_md.mperm(4, [0,2,1,3],1);

[al1 010]

[ a31 a3 a32 1 ]

[ a21 1 a2 0 ]

[ a41 a43 a42 a4 ]

[8] Q=E[2][1][0]-os_md.polbyroot([al,a2,a3,a4],dx);

(-a21-a32-a43) *dx~2+((-a4-a3) *a21+(-ad-al) *a32+(-al-a2) *ad3+a31+ad2) *dx+(ad3
-a3*ad)*a2l-al*ad*al32-adl-a2xal*ad3+ad*al3l+al*ad?2

25. dform (4, z|dif=1)
i A 2[0],x[1],. .. © 1 B S L[E)[01d([d[1]), FiE 2 kg S Li[0]d(2f][1]) A
d(e[i][2]) OFHE. dif=11% 1 IR OIMEI DFEFE.
o ([i][j] IFATFITH LW
o dif=1(%, 1 WEXOIMEGZFHT D

[0] os_md.dform([[ax*y,x/y], [b*x,y/x1],[x,y]1);
[(axx-b*y)/(x) ,x], [(maxx+bxy) /(y) ,y]1]

[1] os_md.dform([[a*y,x/y,x], [b*x,y/x,y1], [x,y1);
[[(a*x"2-b*xy~2)/(y*x) ,x,y]]

[2] os_md.dform([[x-y,y], [x-y+1,x]1], [x,y]|dif=1);
[[2,x,y]]
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26.

27.

28.

29.

30.

EoREE, UTEZE%RT 5.

ay - d(%) +br-d(2) = W;byder —a.’L;rbydy

az - d(2) Adz +br - d(L) Ady = ““=UEda A dy

z
Y

d((z — y)dy + (z —y — 1)dz) = 2dz A dy

solpokubo (p, [z,0,1,n)

Bl Okubo BUE S TERFE p © n IROBEAFZEA L BEAHEZRD D

Okubo BUH M EA T L1, Kk B OFREDS k WREL T DO ZIET, S BRI & BN ZE LU ME
JEES

[0] P=x*(1-x)*dx"2+(c-a*x)*dx;

(=x7~2+x) *dx "2+ (—a*x+c) *dx

[1] os_md.solpokuboe(P, [x,dx],1);

[axx-c,-a]

[2] os_md.solpokuboe(P, [x,dx],2);

[(a~2+3*a+2) *x~ 2+ ((-2%c-2) *a-2*c-2) *¥x+c”~2+c,-2*a-2]
[3] os_md.fctrtos(@Q[0] |var=x);
(a+1)*(a+2) *x"2-2x (c+1) * (a+1) *x+c* (c+1)

3.1.2 Fractional calculus
oML, [02] OFERR GEARE L [O1] TR % Risa/Asir ETEIALIZEDLR>TND.
laplace(p, [2,0,1)
laplace(p, [[z1,05, 1, [22,04,1,...1)
s OERHSE p @ (47) Laplace Z5#t
(2,04) — (— 0y, )

[0] os_md.laplace(x"2*dx+1,x);
x*kdx " 2+2*dx+1

laplacel(p, [z,0,1)

laplacel(p, [[x1,04, 1, [22,04,1,...1)

s WOERSE p @ (E4>) ¥ Laplace 2544
(2,0z) = (0z, —x)

[0] os_md.laplacel(x"2*dx+1,x);
—x*kdx " 2-2%dx+1

mc(p, [z,0,1,1)
i W EASE p @ middle convolution me,(p)

[0] P=os_md.mc(x*(1-x)*dx-a-b*x,x,r);

(x72-x) *dx "2+ ((-2*r+b+2) *x+r+a-1) *dx+r~2+(-b-1) *r+b
[1] os_md.expat(P,x,"?");

[[0, [r+a,0]1,[1, [r-a-b,0]1], [infty, [-r+b,-r+1]1]]

mce(p, [z,0,]1,n,7)
w HWOERFE p & (O —n) " opo (9, —n)" LML TEMOSERRICET.
e lnid, 0, EAMEET 5. n=0 O& XX middle convolution me,(p).
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. rede(p, [z,0,1)

rede(p, [[x1,04, 1, [22,0,,1,...1)

= A TESE p @ reduced representative %K

. ad(p, [x,0.],f)

v WOVERFE p 0 0, & 0, —f ICEEWZ DEH

. add(p, [z,0,1,f)

s HWOERFZE p @ 0, & 0, —f ICEEH X D addition, T72HbH rede(ad())

[0] os_md.add(dx"2+x,x,1/x"2);

XT4kdx"T2-2%x T 2%dx+x " 5+2%x+1

. Vadd(p, [m,am] > [[CO7TO] 5 [Cl,'l"l],. . ])
:: versal addition add (p, [z,0,1],

. addl(p, [z,0.1, /)
s WMOTER# O addition @ Laplace 24 1aplacel (add(laplace()))

’I"jiEj )
720 I, _y(1—c,z)

[0] os_md.add(x,x,a/(x-c));

-x*dx+c*xx—-a-1

. cotr(p, [z,0,.1,/)

wEBOERSE p O o f(x) I X DIREL

. rcotr(p, [z,0,1,f)

s WMOERSE p D 2 f(x) 12X DIEFEEHLD reduced representative

. s2sp(plnum=1,std=k,short=1)

w AT MR ERTLTINE OV A MDY R R LD

10,11,12,...,351%, a,b,c,...,z TRT. AOKL ~ LH%HEDD.

SE (REFETIERL) FAUHEOBRVIRLERT.

10 L L%z () TR TERLTH LW, FHEMOXR AT ¢ ZI1EARHA].

num=1 #{§ETH &, a,b,c,... [FRVEIHEOTITHEINTHE-> TET.

BRI HO T, 36,37,...,60 % A, B,...,Z LR LTH I

BRI >TH - 72 XFFNCEHRENS.

std=k ZHETDH LRV L, HFRERTOERBEEZRKEWIEIZLT

k=1 OWRIA RS % BEHE OFENIEF %2/ S WIEIC

k=—10& 13K RFES A BEEEOFEEXNIAT 2 K& WIEIC

WA_RFZART M5,

e short=1 Z{EET D L, FUEEEN 4L LR & X2 ~*x 2 HiEHE O FINERT 5.
DL E std=k OA T 3 b [RIREEE AT HE.

[0] os_md.s2sp("121,22,211");
[[1,2,11,[2,21,[2,1,1]1]

[1] os_md.s2sp(@@);

121,22,211

[2] os_md.s2sp("572,541,1"a");
[(5,5],05,4,1]1,[1,1,1,1,1,1,1,1,1,1]]
[3] os_md.s2sp("2-3a,179");
[(2,-3,101,01,1,1,1,1,1,1,1,11]

[4] newmat(4,4,0s_md.s2sp("1,01,001,0001"));
[1000]

[0100]1]
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[0010]

[00O01]

[5] S=os_md.s2sp("1(-15)a-b,fg-7/(80)");
([1,-15,10,-11],[15,16,-7/80]]

[6] os_md.s2sp(S);

1(-15)a(-11) ,£g(-7/80)

[7] os_md.s2sp(S|num=1);

1(-15) (10) (-11), (15) (16) (-7/80)

[8] os_md.s2sp([[1,2],[a-b,2.51]);

12,<a-b><2.5>

[9] os_md.s2sp(@@);

[[1,2],[a"b,2.5]1]

[10] os_md.s2sp(os_md.s2sp("32,2111,41,23"|std=1));
2111,32,32,41

[11] os_md.s2sp(os_md.s2sp("32,2111,41,23"|std=-1));

41

,32,32,2111

[12] os_md.s2sp("111111,33,222"|short=1,std=-1);
33,222,176

39. chkspt(mlmat=1) F72i& chkspt(mlopt=t) E£7-i% £spt(m,?)
w EIOHE m (A7 MV F A ) F721F generalized Riemann scheme (GRS) #F = v 27 LT
[pts, ord, idx, fuchs, rod, redsp, fspt] % IK9

pts
ord
idr

RSt (I DE)
iR
rigidity index

fuchs Fuchs OBHR

rod

reduction TOREEE

redsp reduction exponents ® Y A k
fspt X9 5 basic AT b F AT

mat=1 {%, Schleginger % EIL4 5.

PIFIEIZ t =0,1,... THY fspt(m,t) & LTH WD, XFEINT XY opt Z467E L1254 chkspt O
DIHFRET
e opt="sp" or 0: 52 67z GRS DAY b A T %K T.

opt="basic" or 1: chkspt(m) OREVED Y A +D TEHD fspt DA% UY . realizable T/
WE X0 2T,

opt="constuct" or 2: basic 2 AT ML A T D O E RS, realizable TZ2\ & XX 0
iR

opt="strip" or 3: generalized Riemann scheme £ 7213 A7 ML & A T L EBEE 0 ODIHE
HIS.

opt="short" or 4: GRS % &I

opt="long" or 5: GRS Z B 1 b R

opt="sort" or 6: A7 MMEZFLTY — L TERT

opt="root" or 7: Kac-Moody Weyl Bt TR % R~

ROMEDOY R ME 3D T, AL base, WITHZ 726D, HREMNEEMOY 2 b, SEMLT 3 By
THRAVPNEOM, KEZTDRT, HKOEFSLTEHANDDOEKS.

FRATE &%, BB 1 O exponent (X, BHHEEIALD Y A FH 6 exponent DAHE L2 H D,
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[0] os_md.chkspt([[1,2,1],[2,2],[1,1,1,1]11);

[3,4,2,0,1,[ 1 0 0 1,C[1],[11,[111]]

[1] os_md.chkspt("121,22,1111");

[3,4,2,0,1,[ 1 0 0 1,[[1],[1],[111]]

[2] M=os_md.sp2grs([[1,1,1,11,[2,1,1]1,[2,2]1],[a,b,c],[1,1]);
[[[1,-2%c1-2%c0-b1-2*b0-al-b2-a3-a2+3],[1,al],[1,a2],[1,a3]],
[[2,b0],[1,b1],[1,b2]],[[2,c0],[2,c1]]]

[3] os_md.sp2grs([[1,1,1,1],[2,1,1],[2,2]],[a,b,c],[1,1] Imat=1);
[[[1,-2%c1-2*c0-b1-2%b0-al-b2-a3-a2],[1,al1],[1,a2],[1,a3]],
[[2,pb0],[1,b1],[1,b2]],[[2,c0],[2,c1]]]

[4] os_md.chkspt(M|opt="sp");

((1,1,1,11,[2,1,1],[2,2]]

[5] os_md.chkspt(M|opt="basic");

[[11, (11, [1]1]

[6] os_md.chkspt(M|opt="construct");

[

(011, [1], 111,

(f1,11,01,11, 01,111,

(f1,1,11,01,1,131,[2,117,

(f1,1,1,11,02,1,11,[2,21]

]

[7] os_md.chkspt(M|opt="short");
[[-2*c1-2%c0-b2-b1-2%b0-a2-al-a3+3,al,a2,a3],
[[2,b0],b1,b2], [[2,c0], [2,c1]]]

[8] os_md.chkspt([[0,1,2,1],[2,0,2,0],[1,1,1,1]] |opt="strip");
(r2,1,11,[02,21,01,1,1,111]

[9] os_md.chkspt([[0,1,2,1],[2,0,2,0],[1,1,1,1]]|opt="sort");
(r2,1,1,01,[2,2,0,01,[01,1,1,1]]

[10] os_md.chkspt("21,21,21,21"|opt="root");

(001,040,010, 0110,002,1]1,[2,11,(2,1],[2,1]],
(r1,3,11,1,2,11,01,1,11,[1,0,11,[2,0,011]

40. spgen(nleq=1,str=1,std=fpt=[k,{],sp=m,basic=1)

i PR n LT O rigid 2 EIOM (H2WEEZ b OOiLE) 2155
n 2N 0RLAD L XI1T, rigidity index 2% n @ basic 2 b DEHED.

n ¥ —10 BLEIZxHE LTV 523, okubo [O5] BNEMET 2 BEEIC L TR, Z OHIBRIZA V.
e eq=1: BB TEROLD (n>10DL %)
o str=1: XFH|THD
o pt=[k, 0] : DEID kML ELHMUTOHD
e sp=m : AT MR m O L O LEEEIEMO TR TELND SO

EDHIZZ I Thasic=1 ZfHET 2D &, FEEEMOT AR 2N H O

o std=f : FRRFOEMREITRETWIAEIL, HRAMTI f =1/~ (resp. K& W) JEIZIEA~S.

[0] os_md.spgen(4|eq=1,pt=[4,4]);
([f2,21,2,21,12,21,[8,111,[[2,2]1,[3,1],[3,1],[2,1,1]1]]
[1] ltov(os_md.spgen(4|eq=1,pt=[4,4],str=1));
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[ 22,22,22,31 22,31,31,211 ]

[2] ltov(os_md.spgen(4|eq=1,pt=[4,4],str=1,std=-1));

[ 31,22,22,22 31,31,22,211 ]

[3] 1tov(os_md.msort(os_md.spgen(4|eq=1,pt=[4,4],str=1,std=-1),[-1,01));
[ 31,31,22,211 31,22,22,22 ]

[4] ltov(os_md.spgen(-2|pt=[4,4],str=1));

[ 211,22,22,22 174,22,22,31 111,111,21,21 ]

[0] P 4 CHREFLEDS 4 D rigid 72 A7 "ABLO ) A N %2155

1] AT AR b AR Z B EACCH CERR

[2] rigid ¥R%%7S —2 THREE S 4 O A7 MV E SCFHIE R TR CERR
7v 77 LOFIE

/* SETHEAN4EDY Oy FEARY MLEZHEXIBFOXREVEIC
ER=)X &GS (XFHT) */
Rank=8; /* give rank */
G=os_md.spgen(Rank|eq=1,pt=[4,4]); /* get spectral types */
for(L=[1;G!'=[];G=cdr(G))
L=cons(os_md.s2sp(os_md.s2sp(car(G) | std=-1)),L);
L=msort (L, [-1,01);

41. sproot(p,tldviout=1,only=k,null=1)
i AT AR B2 TRV — R OIE#H A RS, t="base", "length", "type", "part", "pair",
"pairs", sp
e length : basic IZEH#T 5 Weyl HEORE X (= #A(m))
base : chksp(plopt="root") &[FU. HHlEM TORER
type : RiZxtind 2% (= [A(m)], cf. [02, (7.40)]).
height : root D& & (Hffi/L— b O—KFEE TRAR LI & EDFEEDOF. of. [02, (7.35)])
part : LD Weyl BEOTTCTEANRED DL —F (= A(m) : BEROSEMFICRHE. of. [02, (7.30)]) @
HRES55. BT D basic 20—k, 2HERGZbNL—F, 3EHANKDDL— b
BLOGEALNTV— M EONEOMD Y A b,
e pair, pairs : BB RRIZHNT D0 — N D53 fR
dviout=1 & only=k 234&/EFRE. /L— MIIET 2 0HITRT.
iand(k,1) = 1 DENDFFERFENKIET D6 D
iand(k,2) =2 : DEIOMFOMEN 0 DL—FERDHD
iand(k,4) = “ﬂ@ﬁ?ﬁﬁW*F&&é%@
null=1: % éowb@ﬁwiiibiijJEU\
o sp: AT MRE B 2 -850, *HtT 50— hONEE 525

[0] os_md.sproot("11,11,11","height");

5

[1] os_md.sproot("11,11,11","length");
4

[2] os_md.sproot("11,11,11","type");
[[4,1]1]

[3] os_md.sproot("11,11,11","base");
(CC11,011,0437,C002,17,02,17,[1,11],
(ft,2,11,11,1,11,1,0,1],[1,0,0]1]
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[4] os_md.sproot("11,11,11","part");
CCC11,013,0437,002,20,02,10,[1,11],
(fs,rf1,01,01,01,00,1111,[1,[[1,01,[0,11,[1,0]111,
(1,(C0,1],[1,0],[1,0117,[1,[[1,0],[1,0],[1,01]111]]
[4] os_md.sproot("11,11,11","11,11,11");

2

[5] os_md.sproot("11,11,11","10,10,10");

1

[6] os_md.sproot("31,31,22,211","length");

8

[7] os_md.sproot("31,31,22,211","type");
[(f6,11,[2,2]]

[8] os_md.sproot("31,31,22,211","height");

11

[9] os_md.sproot("31,31,22,211","pairs" |dviout=1);

31,31,22,211 = 10, 10,01, 001 & 21, 21, 21,210
=120,11,11,110 @ 11,20, 11, 101
=11,20,11,110 & 20, 11,11, 101
=10,10,01,010 & 21, 21,21, 201
= 10,10, 10,001 & 21,21, 12,210
= 10,10, 10,010 & 21, 21,12, 201
=2(10,10,01,100) & 11,11, 20,011
= 2(10,10, 10, 100) & 11,11, 02,011

FOEDOENOEIX A(m) IZJETHFEEL—NE/AD. £z, "pair" O L XX, EOFEKED 21TH
H720, 20,20,20,200 ¢ 11,11,02,011 72 &2 5.

(01, % 8 &] X [02, Chapter 7] (A2 MM m = (m;,) & Kac-Moody /L — FRD/L— bk o & D
KSR SN TN D,

m = No, + Z(Z mj,l,) i, M=mi1+mia+--- (GITKSZRWY)
j>0 v>i
"11,11,11" < a = 2ap + ag,1 + o1 +ao
"21,21,21,21" < a = 20[0 + Qp,1 + a1 + 2.1 + Q31
"31,31,22,211" — o= 4040 + Q.1 + 71 + 20&2,1 -+ 205371 + a3 2

(o) =2 (a€ell:={ag, oj,|7>0,v>0})
(a0|aj,l/) = _61/,1

L f0 (£ or |p—v[>1)

Sqa @ T — (z|a)a (€ II)
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Gauss OEBSTIZH T 5"11,11,11"D & &%

am = 200 + Q1 + 11+ Q12 = SapSas; Sy Sap (Q0) = w (),
Wm = Sag, Say 1 Sas.1Sag
A(m) = {ap + a,1, 0 + 1,1, o+ 21, ao},
[A(m)] := {(alam) [ @ € A(m)} = {1,1,1,1}
Sd=1+1+14+1:14

TohoT, height 12+ 1+1+1=5T, rigid 23551 [A(m)] 1% (height THEX b D 1) &
W BREOSEI L2508, 505813 4=1+1+1+17Th?. £7-base THX LN I FHD
HDY AR

(f1,2,11,01,1,11,[1,0,11,[1,0,0]]

%, 300 FD2HA L 3HAICELST

—1

Wy = Sas,15a1,15a0,15a0

ZEWL, BPOEFIIRET 28I K D height OE{LDOEEZ R L T\ 5.
72k, —MIZ Wm = Sa,, Sas, e Sa,, DEX
A(m) = {sq,, " Sa,

v—1

(;,) |v=0,...,K}

THY, m D rigid 22 & ZFiF wmom = ap ERDHES (= K) F/ho Weyl B (8Bt s, (o € IT) THRR
SNBH) DIE. AP my, Hmy, > mys > - LR5HEICERIELTEZBDT, ig=0 Thb.

/* BRETHERMN 4 EULIZHET S Dy RIEARY MLEDOH#ET,
Type 2 & Type 3MLDEELTHD */

[10] Rank=8; /* give rank */

[11] G=os_md.spgen(Rank|eq=1,str=1,pt=[4,100]); /* get spectral types */

[12] for(T=G;T!=[];T=cdr(T))

if ((os_md.sproot(car(T),"pairs" |only=6))!=[]1) /* only type 2, 3 */

os_md.sproot (os_md.s2sp(car(T) |std=-1), /* in standard order */
pairs"|only=6,dviout=1) ;

42. sp2grs(m,a,f|mat=1)
:: spectral type 75 generalized Riemann scheme %4589 %

o DML, chkspt() T opt="sp"ZHELIZHD.

o i+ 1HFHDORRAD j+1FEHDARY MNT X=X (T a WESODKE aij T, U A hOKF alilj
THRIND. aXali] IFLFFNITH L.

o UM [l,0a] LD URNDRE, £ FHORRERIZEIT S €y FH D exponent 1%, Fuchs D BHRE
T LOICRDEND. £D exponent 280 D& X, BD exponent THHIEIND.

o {WTEREk D&%, aif 1T aij+k £T20F, alilj+k &5, MiHEREOHHT D E XL, 0= [1,02,K]
EVH YR NMIT .

o (NAES 1 — kDL XiE, EEMIZW O D exponents 0 & L, EDEk LT FEITH.

e mat=1 (¥, Schleginger B % EHT 2 (Fuchs ORIMRAHER D) .

[0] os_md.sp2grs([[1,1]1,[1,1],[1,1]1],a,0);
[[[1,200],[1,201]1],[[1,a10],[1,211]],[[1,a20],[1,221]]]
[1] M=os_md.sp2grs("111,111,21",[a,b,c], [3,2]);
[[[1,a0],[1,a1],[1,a2]],[[1,b0],[1,b1],[1,b2]1],[[2,c0],
[1,-b1-b2-a2-al1-2*c0-b0-a0+2]]]
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[2] os_md.sp2grs([[1,1,1]1,[1,1,1],[2,1]1]1,[a,b,c],[3,2,-2]);
[[[1,a1],[1,a2],[1,a3]1],[[1,b1],[1,b2],[1,01],[[2,0],
[1,-b1-b2-a3-a2-a1+2]]]

[3] subst(M,b0,0,bl,1-b1,b2,1-b2,c0,0);
[[[1,a0],[1,a1],[1,a2]],[[1,0],[1,-b1+1],[1,-b2+1]1],[[2,0],
[1,b1+b2-a2-a1-a0]]]

[4] os_md.sp2grs([[1,1],([1,1],[1,1]1],a,1);
([[1,a01],[1,202]],[[1,a11],[1,a12]],[[1,a21],[1,a22]]]

[5] os_md.ssubgrs(M,"110,110,11");

-b2-a2-c0+2

[6] os_md.ssubgrs(M,[[1,1,0],([1,1,0],[1,111);

-b2-a2-c0+2

43. ssubgrs (m,?)
:: Generalized Riemann scheme m @ ¢ (259 2 BtEHa 5k

[0] GRS=os_md.sp2grs("111,111,21",[a,b,c],[1,3,-21);

[[[1,a1],[1,a2],[1,-c-b1-b2-a2-a1+2]1],[[1,b1],[1,b2],[1,0]],
[[2,0],[1,c]1]

[1] os_md.ssubgrs(GRS,"010,100,10");

bil+a2
[2] os_md.ssubgrs(GRS,"011,110,11");
-al+2

44. mcgrs(m, [ry,r9,...,7,] Imat=1)

:: middle convolution & addition % generalized Riemann scheme (Z 53~
i WAN T —ORHE me,, &, 1 KU A [rjo,...,15,] DL EiT addition ZFWKT 2 (r) o 1THEH S
nD). ST, &I 1, KIS rp_1 EWONET, Hf&HS ry.
45. mcop(p, [r1,72,...,mn], [z, 21, 22,...1)
:: middle convolution & addition % (ff) M EMZE p IIAICHE L T <
o [2,21,29,...1 I2L-T, o i3BH, z1,20,... (FTAROKFRSDONEZRT.
o [ry,72,...1 12BNV, r; =[rjo,7j1,...] |3 middle convolution & additions %%,
— £ middle convolution me,,, ZMi L. £ D%k v = x, \ZHF % additions (BI% u ©
(x —z,)"vu ~OF—VEHIIHE) 2175 (v=1,2,...).
—plZxfLT rj 2R T 2 %, 71, Ta,... DIEIZITS.

[0] R=os_md.getbygrs("21,21,21,21","construct")$

[1] R[OI[1];

[[[1,b+c+d+al+2%a0-2]11,[[1,0]1],[[1,0]1],[[1,01]]

[2] S=os_md.lsol(os_md.getbygrs("21,21,21,21" "Fuchs"),al);

-b-c-d-2*a0+2

[3] R=subst(R,al,S,ald,a);

tfo,[CC1,017,[[1,01],C(1,01],[[1,011]1],
[[0,a+b-1,a+c-1,a+d-1],[[[1,-3*a-b-c-d+3]],[[1,a+b-1]]1,[[1,a+c-1]1],[[1,a+d-1]1]1]1],
[[-a+1,0,0,0],[[[2,a],[1,-2*%a-b-c-d+2]],[[2,0],[1,b]],[[2,0],[1,c]],[[2,0],[1,d]111]]
[4] RR=[R[1][0],R[2][01];

[[0,a+b-1,a+c-1,a+d-1],[-a+1,0,0,0]]

[5] os_md.mcop(dy,RR, [x,0,1,y1);
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((=x+y)*dx-a)*dy+(-a-d+1) *dx
[6] show(@@)$

—(z —y)0;0y — (a+d — 1)0, — ad,

46. redgrs(m|mat=1)
i WO ER @ generalized Riemann scheme @ 1-step reduction
FEROT —4 [redsp, m'] KT
reduction 37\ & X 1TFIEAHEE (basic, 013 rigid) 7T ADME GEEFEE) &7
47. getbygrs(m,t|perm={,var=v,pt=[p;,...],mat=1) £/
getbygrs(m, [t,s1,s2,...] |perm={,ver=v,pt=[py,...],mat=1)
:: generalized Riemann scheme (GRS) TiE# S 2% Fuchs B 0T (GRS (ZHEMEIE £
TEANT FVE AT TH I

e mat=1 (¥, Schleginger A% &7 5.

e getbygrs(0,0) TEIND T A—FP/RIND.

e m DEROEKE p+1MHLETDHE, UL p+ 1 BOFEICHIET . ZNZEIAIZ 29 = 00,21 =
0,20 =1,23,...,2p T 5.

e Fuchs M H A DR o = z; ICHF 5 generalized exponents (— M 5 1% 45 %) 23
{IAo](noys - -+ [Ak](ni)} T % & 13 exponents WEMEZIAD T {Nj+v; 0 < v < nj, j=
0,....,k} TH>T, {Xoy.., M} CHWICENEE L RDBERENEG ENRVGE (£ Tl
BOERTIESTN, 2T N PETHELWRLIIST 2RFTE / Fu I —#o Jordan 7 1 v
I SO A XD, n=ng+ - +np OFFIOIABENKIET D2 L), =2, TORITE
JoRa IRV GHALATRE) L 7rb b &, bbb (x—12;)N e, ,(z) 0<v<n,)
LWSTEDRPFRPFIET 52 L 20D (¢),(x) 1F, v =2; TEAIT, ¢;,(z;)=1).

o K HEHL ST generalized exponents & 1 X TRIZ L7z b D% generalized Riemann scheme
(GRS) &9 (cf. [O1, 5 5 %], [02, Definition 4.6]) :

[m[o][0][1]] ooy 0] ] (mi7)10][0)
[ OIU0] ioon [T gy

perm=[[i,71] : i FHHOFE AL jFH OFE LD AN Z

perm=1[jo,...,jp] : FFEREDOW KL (x;, DFHEREDN 0o I D).

var=v : exponets DEHOIRE. spgrs() OF 2 EHOIBEICHTD.

pt=[p1,p2,...]1 : FEEEONEE 00, p1, po, ... £ T 5.

Generalize Riemann scheme m OFMHAEH O —o> &g, Thzs "?" TRLTbH LW, £
OFMEFEHUL Fuchs OB BREIND.

o m NARY ML (HEIDF) D& &, 5T D GRS ICEMSND. ZDLE, s="general"
FIRETED (FBELARWVWE, W 200 exponents 280 & LT, Okubo B E 7 i1ZZF itV
DIZT D).

R = getbygrs(m,t) &3 %.
FTay e RT AL s T—ODXLTFH|, HBHWE, BEOXTHEEETSH. "TeX", "dviout",
"keep" X, LLTFOLEDOHEREICBWTCHIEETE 5.
e t ="reduction" or 0 : basic 72 FFER~D reduction
s ="TeX" #ME Lz XL, E5HIZ "top0" HIEE FIHE
R[i][0] : ¢ % H @ reduction @ z; T®? exponents DALE R[i][0][v]
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R[i][0][v] (v =1,...,p) IZKIET % addition 247V, R[:][0][0] (Z%f4 % middle convolution %
pe

[i][1] : Eo reduction DFERD GRS

0][1] : E» GRS

'construct" or 1 : HREIOMEEIE L OFEL R

[1]: reduction 17z basic 72 52D GRS (m’ & #<).

(T (& — 2,) B0 o megpoo (&&= T GRS 28 R[i — 1][1] %25 R[E][1] (2Z b Y
(=1,2,...), m' 5 m ~OLHERNHD.

s ="short" % 5EFHE

s="TeX" Z45ET D &, MOEHERFRVELND (RFTE/ FeI—DEAEOEHEN 1 DR
FTiRt)

t ="connection" or 2 : AN ERD D

s ="simplify" %487 AI4E

BRADp+1/ADOLEEIE, BEADONEN x) =o00,21 = 0,20 = 1,23,24,...,2, £ T DL
GRS TH-TC, z=0¢& 1 TOR%ED exponent DEBEENIIC 1 THD L&, T2 EHE
L72JRPfigED 0 205 1 ~O8fefREkix

DT XX
=S L

>
o

e e PEOID g 1y ol
PHrne) L0 =

THALND. cp TMIET D basic FREADHERREATH 503, rigid vl & (Tbb7 74
U-N?%—&@ﬁwt%)ﬁchltﬁé.%ﬁﬁﬁsﬁmk%@\u—@fﬁmm@%m@
W EITER.

t ="operator" or 3 : HFfEHXE KD 5

s ="simplify" %457 EAIEE.

R, x M, dx 28 L a2RT

7YY - NXFA=FTri_j LRI, TULRE basic FERO de‘%—; DRI BT 5.
ZOFHFEIX, MOFRITHASTEWO THE.

t ="series" or4: x =0 TORE®D exponent (EHEN 1 OLEH V) IZxHET D RATRO~
FRIF TR ERDD.

R = [Ry, R1, R2]

Ry = [[Roo, [Ro1,T1], [Ro2, T3], . . .}, [P1, Q1] [P2, Q2] - . ]
Ry = [[R100, Pro1, Pi02; - - -}, [Ri10, Pi11, Pri2s - )y .-
Ry = [[R200, P201, P02, - - -], [R210, Pa11, Po12, - ), . -]

0<P<P<P<---

S Gt T ()

TO.:
np, ey, j>0, Pj£0 Qi

TT(1— =)™ Dot Ftdeny sy

fL‘Tj szO(RQjO)/’LP2j1+7Lp2j2+:..

j>1
T =x2 =1,

P17é02>n0=0 and C():l.
t="TeX" or 5: GRS % IIEX TFHE/R

s ="top0" ZEET H &, GRS T oo #EIZETTD.
t = "Fuchs" or 6 : Fuchs ®E%{ %525

e t="Al1"or 7: s(Z"dviout"ZFE L= & EDHALNT, dviout TORIET L ROFIR. s

IZ"irreducible" Zf5ET D & BEAMMEDHESRMFDOIER R, "operator"ZHET 5 & HRA DR
AHITD.

88



e t = "basic" or 8 : JfF X415 basic 72 GRS #1535
s ="short" %5/ FIHE

e t=""0r9: GRS ZEMEE THRVWFEXTRT
s ="short" ZfHET 5 &, EHE TRT

o t = "irreducible" or 10 : BEHISRMHZRD B
s = "simplify %5 FHE

U A kD4 liner form MIEEAE & 72 H 7202 & BB OB

HITIFE SN R OBEKSE bR 5.
e t = "recurrence" or 11 : 3 HEMHI L%~

YAk, rigid ThRWARBIE, &

00, 0, 1 O D exponents DEEENTT 1 Trigid D & DA,
FUROBEIL S N7 RPTRIZ DWW T LD exponents #2327 L7260,

WESCFANETIICFHID U A M. CFFIE

e "simplify" : Fuchs OB AM > THRIER A HIZT D
o "TeX" : KIEX 0¥ TH9 2%

e "dviout" : dviout THR/RT 5

TDEEFTV gy RTA—H titles TUFHEIRETE D

"keep" : k& RIBRIZA, FoRITLAW
"short" : GRS % %MK TR

"top0" : GRS ® TEX TORRT, co B LT 5

"general" : AT MV E A T HE 2] L&, exponents & FEAUT generic 12 & D
"1t R, oo, 1y, Xa,... £ T D (GRS © TEX Fon, BLOMERFEEZE2 L X0HED)
"x2" R, 00,0, 20,... £ T (GRS ® TEX #r. BLOMERAF 25D L 2 0HLH%)

"sht" : HEIER S5 exponents DEFESZ 1 (F7 40 ML 0) HIEHD

(1] M=os_md.sp2grs([[1,1,1],[1,1,1],[2,1]1],[a,b,c],[3,2]);
([[1,a0],[1,a1],[1,22]],[[1,b0], [1,b1],[1,b2]], [[2,c0],

[1,-2%c0-b2-b1-b0-a2-al-a0+2]1]]
[2] os_md.getbygrs(M,"reduction");
[

(o,

[ [[1,a0],[1,a1],[1,a2]],
[[1,b0],[1,b1],[1,b2]],
[[2,c0],[1,-2%c0-b2-b1-b0-a2-al-a0+2]]

]

1,
[fooo01],

[ [[0,-c0-b0-a0+2],[1,a1-a0+1],[1,a2-a0+1]],
[[0,0],[1,cO+b1+a0-1], [1,c0+b2+a0-1]],
[[1,0],[1,-2%c0-b2-bl-a2-al+1]]

]

1,
[(C1101],

[ [[0,-cO0-b0-al+2],[0,-cO-bl-al+2],[1,a2-al+1]],

[[0,a1-a0],[0,0],[1,cO0+b2+al1-1]],
[[0,0],[1,-c0-b2-a2]]

89



]

[3] os_md.getbygrs(M,"construct");

[

L[o,

[ [[1,0]1],

[[1,01],
[[1,0]]

]

]

[[0,cO+b2+al-1,-c0-b2-a2]

[ [[1,a2-a1+1]],

[[1,cO0+b2+al1-1]],
[[1,-c0-b2-a2]]

]

1,

[[-cO0-bl-al+1,cO0+bl+a0-1,0],

[ [[1,a1-a0+1],[1,a2-a0+1]],
[[1,cO0+b1+a0-1],[1,cO0+b2+al0-1]1],
[[1,0],[1,-2%c0-b2-bl-a2-al+1]]

]

1,

[[-cO-b0-a0+1,b0,c0],

[ [[1,a0],[1,a1],[1,a2]],
[[1,b0],[1,b1]1,[1,b21],
[[2,c0],[1,-2%c0-b2-b1-b0-a2-al-a0+2]]

]

]

]
[4] os_md.getbygrs(M,"connection");
[[3*c0+b2+b1+b0+a2+al+ald-2,b2-b1+1,b2-b0+1],

[cO+b2+a2,c0+b2+al, cO+b2+al],

[ 0 2*cO+b2+b1+b0+al+ald-2 -b2-a2 1]
[5] os_md.getbygrs(M, ["construct","TeX"])$
x"{b_{0}}(1-x)"{c_0}

\int_c"x(x-s_0) “{c_0+b_0+a_0}ds_0
s_0"{c_0O+b_1+a_0-1%}

\int_c"{s_0}(s_0-s_1) "{c_0+b_1+a_1}
s_1"{c_O+b_2+a_1-1}
(1-s_1)"{-c_0-b_2-a_2}ds_1

[6] MO=subst(M,b2,0,c0,0,b1,1-b1,b0,1-b0);
[

[[1,a0],[1,a1],[1,a2]],

[[1,-b0+1],[1,-b1+1],[1,0]],

[[2,0],[1,bl+b0-a2-al-a0]]
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]
[7] os_md.getbygrs(MO,"connection");
[[bl,-bl-b0+a2+al+al,bl],

[a2,a1,a0],

[ 0 -bl-bO+al+ald -a2 ]]
[8] P=os_md.getbygrs (MO, "operator");
(x73-x72) *dx" 3+ ((al+a0+a2+3) *x 2+ (-b1-b0-1) *x) *dx "2+
(((a0+a2+1)*al+(a2+1)*a0+a2+1) *x-b0*b1) *dx+a2+al*al
[9] os_md.expat(P,x,"?");
([0, [-b1+1,-b0+1,0]],[1, [b1+b0-al-a0-a2,1,0]], [infty, [al,20,a2]]]
[10] os_md.getbygrs(MO,"irreducible");
[b1-al,bl-a2,al,a2,b0-a0,b0-a2,b0-al,ald,bl-a0]
[11] Mi=os_md.sp2grs([[1,1,1],[1,1,1],[2,1]1],[a,b,c],[1);
([[1,a0],[1,a1],[1,a2]],[[1,b0],[1,b1],[1,b2]],[[2,c0], [1,c1]]]
[12] M2 = subst(M1,b0,1-b0,b1,1-b1,b2,0,c0,0,cl,-cl);
([[1,a0],[1,a1],[1,a2]],[[1,-bO+1],[1,-b1+1],[1,0]1],[[2,0],[1,-c1]]]
[13] os_md.getbygrs(M2,"connection");
[[c1,b1,b0], [c1+bl+b0-al-a0,al,a0],[ 0 -bl-bO+al+a0 -ci-bi-bO+al+al 1]
[14] os_md.getbygrs(M2, ["connection","simplify"]);
[[c1,b1,b0],[a2,a1,a0],[ O cl-a2 -a2 1]
[15] os_md.getbygrs(M2, "Fuchs");
-c1l-b1-b0+a2+al+al
[16] os_md.getbygrs(M2, "TeX")$
P\begin{Bmatrix}
x=\infty & 0 & 1\\

a_0& -b_0+1& [0]_{(2)} & \!'\!;x\\

a_l & -b_1+ 1 & -c_1\\

a_2 & 0 & \\
\end{Bmatrix}
[17] os_md.getbygrs (M2, ["connection","simplify","TeX"])$
c(0:0 \rightsquigarrow 1: -c_1)=\frac{

\Gamma (c_1)

\Gamma (b_1)

\Gamma (b_0)

H

\Gamma (a_2)

\Gamma (a_1)

\Gamma (a_0)

}
[18] os_md.getbygrs(M2, ["Fuchs","TeX"]);
-c_1-b_1-b_0O+a_2+a_1+a_0
[19] os_md.getbygrs([[1,1],[1,1],[1,1]1],"operator");
(-x"2+x) *dx"2+((c1+b0-2) #*x-b0+1) *dx+a0*cl+a0*b0+a0~2-a0
(20] HO=[[1,1,1],[2,1],[2,1],[2,11]1$
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[21] os_md.getbygrs(HO, ["","short"]);
[[a0,al,a2],[[2,0],b1],[[2,0],c1],[[2,0],d1]]

[22] os_md.getbygrs(HO,"TeX");

P\begin{Bmatrix}

x=\infty & 0 & 1& x_3\\

a_0 & [0]_{(@2)} & [01_{(2>F & [0T_{(2)F&\!I\!;x\\

a_{1} & b_1 & c_1 & d_1\\

a_{2} & & & \\

\end{Bmatrix}

[23] os_md.getbygrs(HO, ["basic","short"]);

[[b1+al,bl+a2], [-b1-a0+1,0],[0,c1+a0-1], [0,a0+d1-1]]

[24] os_md.getbygrs(HO, ["","short","general"]);
[[a0,al,a2],[[2,b0],b1],[[2,c0],c1],[[2,d0],d1]]

[25] os_md.getbygrs(HO, ["basic","TeX"]);
P\begin{Bmatrix}
x=\infty & 0 & 1& x_3\\

b_1+a_1 & -b_1-a_0+1 & 0 & O0&\'\!;x\\

b_1+a_2 & 0 & c_1+a_0-1 & a_0+d_1-1\\
\end{Bmatrix}

[26] os_md.getbygrs(HO, "Fuchs");
bl+cl+al+al0+d1+a2-3

[27] P=os_md.getbygrs(HO, "operator");
(—x"3+(x_3+1)*x"2-x_3%*x) *dx"3+((-al-a0-a2-3) *x"2+(-x_3*b1l+(-x_3+1) *cl+al+al+a2
+4%x_3+1) *x+x_3%b1-2%x_3) *dx"2+(((-a0-a2-1)*al+(-a2-1)*a0-a2-1)*x-b1"2+((x_3-1) *cl
-—al-a0-a2-2*x_3+2) *bl+(-x_3+1) *cl+al+a0+a2+2*x_3-r0_0-1)*dx-a2+*al*al
[28] os_md.expat(P,x,"?");

[fo, [b1,1,0]1],[1, [c1,1,0]],[x_3,[-bl-cl-al-a0-a2+3,1,0]],

[infty, [al,a0,22]]]

In the above example we examine the generalized Riemann scheme

r=o00 0 1
R—P ao bo [Co](z) y L
aq bl C1
a9 b2
with ¢; = —ag — a1 —as — bg — by — by — 2¢g + 2

whose spectral type is m = 111,111,21. Then getbygrs(m,1) shows that the equation Pu = 0
with the GRS R is given by

P= RAd(Jcb0 (x — 1)“‘)) 0 MC—_qg—by—co+1 © RAd(xao+b1+co—1>

OMC_qy—by—co+1° RAd(:L’ahLszrCO*l(x _ 1)7a27b2700) R

and the generalized Riemann scheme changes as follows
rz=o00 0 1
P { 0 0 0 ; x}
N RAd(ch+a1+b2_1(£C _ 1)—00—172—(12)
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p T =00 0 1
as—a1+1 cg+by+ar—1 —cg—by—as ; x

— RAd(anerl*C"*l) O MC—qy—by—co+1

T = 00 0 1
Playr—ag+1 co+bi+ag—1 0
ags—ag+1 cg+bys+ag—1 —2cg—by—by—as—a1+1 ; x
- RAd(xbo (l‘ - 1)00) O MC—ag—bo—co+1
r=o00 0 1
pl @ bo [col(2)
al b1 C1Zifaofal7(127b07b17b27200+2 ;X
a9 bQ

Hence an integral representation of the solution is

u(x) _ xbo(l _ x)co /I /SO (1‘ _ So)ao+bo+00880+b1+0071
C C
. (50 _ 81)a1+b1+6081111+b2+60*1(1 _ 31)_a2_b2_cod81d80.

When ¢ =0o0r ¢c=1or ¢ = 00, u(x) is a local solution at x = 0 or x = 1 or & = oo corresponding to

the exponent by or ¢; or as, respectively. It corresponds to the local solution for the last exponent
with free multiplicity at each singular point.

By getbygrs(m, "connection") we get the connection coeflicient

T(ag + a1 + az +bo 4 by + by +3co — 2) [[_o T(b2 — by, + 1)
[12_o T(ay + b + o)

_ T(eo—e) TppTlb2 = by +1)

B [12_,T(ay + by + co)

which corresponds to the local solution

c(0:bg~~1:icy) =

2%2(1 — x)® 3 Fy(ag + ba + co, a1 + ba + o, ag + by + co, 1 — by + ba, 1 — by + ba; 2).

The calculation

[29] G=[[a,b]l,[1-c,0], [c-a-b,0]];

[
[a, bl,
[-c+1, 0],
[-a-b+c,0]

]

[30] os_md.getbygrs(G,"operator");

(-x"2+x) *dx"2+((-a-b-1) *x+c) *dx-b*a

[31] os_md.getbygrs(G,"connection");
[[-a-b+c,c], [-atc,-b+c],[ O -b -b 1]

[32] os_md.getbygrs(G, ["construct","TeX"])$
x"{-c+1}(1-x) “{-a-b+c}\int_c x(x-s_0) “{-b+1}
s_0"{-b+c-1}(1-s_0) "{a-c}ds_0

[33] os_md.getbygrs(G,"irreducible")
[b,a,b-c,a-c]
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shows Gauss summation formula

I(c—a—0b)I(c)

Flab 6 1) = 5= e —p)

for the Gauss hypergeometric series

T

L =~ (@)a+1)--(a+k—1)-bb+1)--(b+k—1)
F(a,b,c; ) fg Ot (et k= DF F,

k=0
which is a solution of the hypergeometric equation
z(1—az)u” + (c— (a+b+ 1)x)u' — abu =0

corresponding to the Riemann scheme

Tr =00 0 1
P a 0 0 ;T
b l1—-c ¢c—a—9>

The equation is irreducible if and only if
a, bya—c, b—cé¢Z.

[34] os_md.getbygrs("11,11,11" ["A11","dviout","operator"]);
LT58, UFRERRIND.

Riemann scheme

Fuchs condition
b+c+a;+ag—1

Connection formula

T(—)T(b+1)

c(0:b~ 1:c) = T+ a0 (b - a1)

Recurrence relation shifting the last exponents at oo, 0, 1

b+1)
U0,0,0 — U41,0,—1 = (

U, 41,1
b+ ao)

Integral representation

/ (x —s0) %0 T (1 — 50) "% dsg
P

_D(=a0+ DL +ao) ,
T+ 1)

(p=0, x—0)
Series expansion

(b+ao)n(b+ai)n pin
> (b0+ 1),n! —ta't

n>0
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48.

Irreduciblity < any value of the following linear forms ¢ Z

ap a1
c+ayg b+ ag

which coorespond to the decompositions

11,11,11 = 10,10,01 & 01, 01, 10
=10,01,10 ® 01,10, 01
=01,10,10 & 10,01, 01
=10,10,10 & 01,01, 01

Operator
—2(z -1+ ((b+c—2)x—b+1)0 — apay

[35] os_md.getbygrs([[0,a,b],[[2,"?"],0],[d,e,f]1],[""]|mat=1);
[[[1,0],[1,al,[1,b]],[[2,-1/2%a-1/2%b-1/2%d-1/2%e-1/2%£],[1,0]11,[[1,d],[1,e],[1,£]]]
[36] os_md.getbygrs([[0,a,b],[[2,"?"],0],[d,e,£f]1],["","short"]);
[[0,a,b],[[2,-1/2*%a-1/2%b-1/2*d-1/2%e-1/2%f+1],0],[d,e,f]]

shiftop (¥, s|zero=1,raw=k,all=t,dviout=1)
0 origid R ALy WAVBL L L shift s 205 shift (ERFEEZRD D
¢ 73 Riemann scheme, s L7 b 5/37 A —% L ZNOEELOMDOY A N TH L.
shift fEMZ, W5 7E/HE, Riemann scheme @ 3IHD U X k &k
e zero=1: W O ORMIEE A 0 I ER L
e raw=1: TEHMHELE D TIEHL
raw=2 : £ O shift (ERFE L OERD A D T —%iKT
ZDOAHT N0 LD & shift (EAZERFREES TR
raw=3 : shift (fFFEA* oA B T—L DY A & LTRT
raw=4 : & O(Z/EW shift {EH#EZ DU 2 hDOFREIZINA D
e all=0: shift (EHZEDAZIKT
all=1 : shift fEf3H, # 7 EX, Riemann scheme, shift & 7= 1EA#E, shift Shiz
Riemann scheme @ 5 D Y A h &K T
e dviout=1: fEF% dviout IZ L - THERRTH. A7V a v all #HEEWRE (all=112L->T
Mo R B RAR).
7083, shift TTHBRMEREEIS, SFRATRLINZRIZEE L FnEEIcHETE 5.
[0] os_md.shiftop("11,11,11","00,01,0-1"|zero=1);
[1] [x*dx-b, (-x"2+x)*dx"2+((b+c-2) *x-b+1) *dx+a”~2+(b+c-1) *a,
[([[1,a],[1,-a-b-c+1]],[[1,0],[1,b]],[[1,0],[1,c]]]]
[2] R=os_md.shiftop("11,11,11","00,01,0-1"|zero=1,raw=2,all=0);
a”2+(b+c-1)*a+(c-1)*b
[3] fctr(R);
[[1,1], [a+c-1,1], [a+b,1]]
[4] os_md.shiftop("11,11,11","00,01,0-1"|zero=1,raw=4,all=0);
[x*dx-b,a”~2+(b+c-1) *a+(c-1) *b, (x-1) *dx-c+1]
[5] os_md.shiftop("11,11,11","10,00,0-1"|zero=1,raw=2,all=0);
a"2+b*a
[6] fctr(eQ);
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[[1,1]1,[a,1], [a+b,1]]

[7] os_md.shiftop("11,11,11","10,00,0-1"|zero=1,raw=3,all=0);
[x*dx+a,a”2+b*al

[8] os_md.shiftop("11,11,11","1-1,00,00"|zero=1,dviout=1,all=1)$

T = 00 0 1
{ a 0 0}:{u|Pu:O}

Shift Operator

—a—b—c+1 b c
Q: T =00 0 1
= a+1 0 0
Q (—a—b—c b c
Q1=QRa+b+c)zr(x—1)0+a((2a+b+c)x —a—c)
Qa=—-2a+b+c)x(x—1)0+ (a+b+c)((2a+b+c)r —a—10)
Q201 =ala+c)(a+b)(a+b+¢) mod W(x)P
P=—-2(x—-1)0*+(b+c—2)z—b+1)d+ala+b+c—1)
49. conflsp(mlx2=41,conf=0)
i AT NV m OB ER FE O Poincare rank 1 OAtiEfE 2 ~9
ANy MVEG 52 DAy EN, IR A 0o, L, o, ATKHET 2D E L, oo IHHET 2 0ENT
LISHIET 2 BIOME EHET S (¢ =0 BET). 2721, x2=1 ZHELRNE 25 =0 LT 5.
x2=-1 DEX, 3, & 5,... ET D,
conf=0 Z48ET D &, KA L%E 00,0, ¢, 23,... &L, FEEH c DFREOERE RT.

[0] P=os_md.conflsp([[1,1],[1,1]1,[1,1]1]1x2=1);
(—cxx™2+(x_2%c+1) *x-x_2) *dx"2+(((-a01-a00-1) *c+all) *x+x_2*c-x_2*all+a01+a00) xdx
-a00*a0l*c+a00*xall
[1] os_md.fctrtos(P|TeX=1,var=dx);
-(x-x_2) (cx-1){dx}"2-(((a_{01}+a_{00}+1)c-a_{11})x-x_2c+x_2a_{11}-a_{01}-a_{00})
[2] os_md.expat(P,x,"?");
[[x_2,[-a01-a00+1,011, [(1)/(c), [(al11)/(c),01],
[infty, [(a01*c-al1)/(c),a00]]1]
[3] Q=os_md.confisp([[1,1],[1,1],[1,1]11);
(c*x~2+x) *dx "2+ (((-a01-a00-1) *c+all) *x+a01+a00) *dx-a00*a01l*c+a00*all
[4] subst(Q,c,0);
x*dx~2+(al1*x+a01+a00) *dx+a00*all
[56] P=os_md.conflsp([[1,1],[1,1],[1,1]1]|conf=0);
(=x"2+c*x) *dx "2+ ((a01-2) *x+(-a01+1) *c+all) *dx+a20”~2+(a01-1) *a20
[6] os_md.expat(P,x,"?");
[[0, [(a01*c-al11)/(c),0]], [c, [(al1)/(c),0]], [infty, [-a20-a01+1,a20]]]
[7] subst(-P,c,0);
-x"2*dx"2+((a01-2) *x+all) *dx+a20~2+(a01-1) *a20
[8] os_md.fctrtos(-0@|TeX=1,var=dx);
x"2{dx}"2-((a_{01}-2)x+a_{11}) {dx}-a_{20}(a_{20}+a_{01}-1)

50. anal2sp(m,l)
u [EIEF AT RV m DFRERT
m = Hmla )‘17 /1'1]7 [m27 )\27 /1'2]7 o ] Giﬁﬁg & ﬁﬁj{:ﬁﬁ_ﬁ:
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LIIBL T OF M2 0.

0 RUAXZ bEE LD D (FREANT MATHRTHA]).
["add",n] AR MHIn 025 (FFREAZ R TRTH ).
["sub",n] A7 MAAIp 251< (RAREARZ FATRTHH]).
["swap"] FREA X7 MUDIEF 2 A2 5.

["+",e1,c2] BEHMEEST M 5.

["*",c1,c0]  EAMBO—KES 2T,

[("mult",m] FEREAEOEGLZLZETmET .

["get",f,c] [fEAOEAMEI c LRDbDEHEHT.

["put", f,c]l fEHOEAMEZ c ITESHZS.

["get1",f]l [fEHOEMAMEOHZEE LT FERITFEE AT ML TR,
["getl",f,c] [fEBOEAMEN c OLOEHREHT FERITMITDOALT ML),
["putl", f,cl [ERFTRVWANT Mz, fHEEOEAMEIC c Z:8MT 5.
["puti"] RUCA~XZ MAZaE—T 5.

["val", f] fFERDODANRY MIVORE L BFHEOT A KS.
(C--1,0--1,...] BEoza~<r FEHTFTEITTS.

[0] R=os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]],["add",[[-2,a,b],[1,b,c]]1]);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b],[1,b,c]]

[1] os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]l], ["sub",[[2,a,b],[-1,b,c]]]);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b],[1,b,c]]

[2] os_md.anal2sp(R, ["swap"]);
[[2,b,a],[3,c,al,[-1,c,al,[-2,b,a],[1,c,b]]

[3] os_md.anal2sp(R,0);

[[2,a,c],[1,b,c]]

[4] os_md.anal2sp(R,["*",f,-gl);

[[2,a+f,b-g], [3,a+f,c-gl,[-1,a+f,c-gl,[-2,a+f,b-g], [1,b+f,c-g]]
[5] os_md.anal2sp(R, ["x",f,-gl);

[[2,f*a-g*b], [3,f*a-g*c], [-1,f*a-g*c], [-2,f*a-g*b], [1,f*b-gxc]]
[6] os_md.anal2sp([[2,a,b],[3,a,c],[-1,a,c]l], ["mult",2]);
[[4,a,b],[6,a,c],[-2,a,c]]

[7] os_md.anal2sp(R, ["get",2,c]);

[[3,a,c],[-1,a,c],[1,b,c]]

[8] os_md.anal2sp(R, ["put",1,f]);
[[2,f,vl,[3,f,c],[-1,f,c],[-2,£,b],[1,f,c]]

[9] os_md.anal2sp(R, ["get",1,al);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b]]

[10] Ri=os_md.anal2sp(R,["getl",1,al);
[[2,vl1,[3,cl,[-1,c],[-2,b]]

[11] os_md.anal2sp(R1, ["puti",1,al);
[[2,a,b],[3,a,c],[-1,a,c],[-2,a,b]]

[12] os_md.anal2sp(R1, ["putl"]);
[[2,b,vl,[3,c,cl,[-1,c,c]l,[-2,b,b]l]

[13] os_md.anal2sp(R, ["val",1]);

[3,2*xa+b]

[14] os_md.anal2sp(R,[["get1",1],["puti"],0]);
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[[2,a,a],[1,b,b]]

51. mc2grs(g,r|dviout=k)
2 PO 5 AOBREICKT 5 KZ BIFFRRDFEEARRT ML g D4
KZ A5

du = Z Ai,j wu

.
0<i<j<3 v J

)

3
Ajg=— ZAi,ja Aji=Aij, Aii=0
=0

CBWT, 1, JC{0,1,2,3}, #l=#J =2, INJ=0 DL &

[Ar,As]=0

W72 INDDT, A & Ay ORIFEAESMRALEDS. 20X 57 150 (I, J] (%3 2 [F R
Al (EEEEAEAE OV AN (N 23 UL,J] T, I=li,i2], I=0ji,jo] &30 &, i1 <,
J1<jo,i1 <j1 £72B) DUANE g LT 5.

a c
A0,1=< a >,A2,3=< c >
b d

O & = IFREEAMEO Y 2 MT [[[0,1],[2,3]],[2,a,c],[1,b,d]] &725.
1ok, BEAWED D 3 0o icg Aij EANT—ATHIE LTRVDT, TDOANT—% Kk &T 5.
FRFEEEOV A DY A N& g THZZ20, TRUANOREET

eg=0mtx, WA [[[[0,1],([2,3]],[1,0,0]],[[[0,1],([2,4]],[1,0,01],...] &M%

T5.

® g %‘f, 4??5” A0’4, AO,la AO’Q, Aoyg DAY LAY (Xiﬁ”%éb\ﬂi, 4 50 GRS) %—_’, :@JIIEVC“

riZ

BETD. ZoLEE, m2ncO) KB 5 LRk A 7Y 9> (dep=[m,n], int=0) 72 EDOEE
INTTRE). 78385, top=0 ZHRE L7Z8iA 1L, Ag1, Ao, Aos, Apa OIELFR S NS
ARy MOV SR THRIE LTe A1, LT O r BRI O FE % Fio.

—r=1: A7 MBIEEREARIEFICL, FRFEAHEOY A FOY R MEZOEEIRT.

—r=3: FKEAEDOY 2 DONRXFTA—F% a,b,c,... THFL, Fuchs & RKBEHEDY

ARDUARNEDOMEY A NELTKT.
LoT, UToWRRIZRS.
0: [FIFFEAMDOY A DY R NE2FDFE FIKT.
["sort"] : ~y ¥PIEENRIEFIZRAD LS, VA REWOEZXD ([ ] 13EIKAD).
["deg"] : k ZI&T ([ 1 1TEHMEW).
[[Z,j] ,/\] : Ai,j — Ai,j + /\, Ai,4 — Ai,4 — /\, Aj74 — Aj,4 — AW 5 addition % X9
(0<i<j<3).
["homog"] : 7 =[[2,3],—k] IZX&T D addition 12X > Tkrk =032 ([ 1 IFAMEA).
["swap",[i,7]1] : RAFD i & j &M 5. i 720137 B4 D& XX, r=["homog"] #1T-
TODLIWRATFHIZWT D,
1 2 3 4

UmmmummJu]:%ziwﬁ@<p . ‘>%ﬁ5.%2$4%%5?6&%
90 11 12 13 14

I%, r =["homog"] ZAT> TINLEHTD.

(] = zo Z%Txt9 % middle convolution mey, , #1795 (743 Y X AL [03] ITL->THZH
ni-).

li,p] @ @ Z#ICxt9 % middle convolution me,, , #1795. 727 L, i = 4 ®& &I,
r=["swap", [0,4]] Z17>THhH mey,,, &ML, #HEr=["swap", [0,4]1] TKRT.

[Llé1,51], 10,0, Ligspid,...] : additions & middle convolutions % ##5i L C{T 5.
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[[a,b,c1] : [[[0,1],a],[[0,2],0],0[0,3]1,c]1]1 &WILC.

(la,b,c,p1] = [[[0,1],al,[[0,2],b],[[0,3],c], [p]] EFIL.

["get", [1,J1] : [Af, Aj] = 0 (S D RIBFEAEZ RS (~v & [I,J] DONIZ A b).
["get",I]: A ICXIFT2BEAEEET (~v X I DDONZY A ).

["get",i]l (0<i<4):iel #WM=d Aricx3% GRS #iET (5 z; [ OWTOFEMD
2D GRS).

dviout=1 ##E T 5 & TEX #ffi > CTHRZFT 5. dviout=-1 TIX TEX © Y — A& KT .
dviout=2 Z{EET L &, TEX O Y —AZFZHIRERIIL RV REOFRI~ FTELD
TETFTD).

["get"] : I0EETD A OEFEDO Y A &K .

dviout=k DOIEEMNAIHE.

["geto", [[,J]], ["getO",I], ["get0",i] (0 <i<4), ["get0"] : "get0" % "get" [T %
7EbDERUTH DN, ~y XIIDF 720,

o ["get0",I,J] : A+ A; DAXT MLV EIRT.

["show"] : RIFFA~Y hL% TEX #fE-> THRRTS.

dviout=-1 OFFEMN ABE

["show0"] : 15 ¥LDOFKFARY MVOEFMOEEE 2/~r3 (15 MONERFIL, "show"IZkiT 5 &
mT).

dviout=1, -1 OIEEN AFE.

["spct"] : A7 FAMIEZRS . 5 X 5ATHICT (4,5) ML, i #£jDE&E A j DAY b,
i=7 D& E 2; IZ2TO index of rigidity (0 <1i,j < 4).

5% 5ATHIT (4,7) BAIE, i £ DEE Ay DAY MR =4 DL&E z; ITOVWTOD index
of rigidity (0 <4,j5 <4).

dviout=k OFEEMNAHE.

["mult",ly,...,0n] : go=g & LT g; =mc2grs(g;_1,6) &i=1,...,m Tk L CIEIZEST
LTy, &iET. 7 abER.

[0] M=os_md.mc2grs(0,0);
ttcco,11,02,311,01,0,011,[C[0,1],[2,4]11,[1,0,011,...
[1] Mi=os_md.mc2grs(M, [[[0,1],a],[[0,2],b],[[0,3],c]1]);

[

(cfo,11,2,311,[1,a,011,[[[0,1],[2,4]1],[1,a,-b]],...

[2] os_md.mc2grs(M1,"deg");

atb+c

[3] os_md.mc2grs (M1, "homog");

L

[[[031] ] [2:3]] H [1,3.,0]] ] [[[031] H [2’4]] H [1:a’_b]] ERR AR )
(Cf1,4]1,[2,3]1]1,[1,-a,-a-b-c]]]

[4] Fl=os_md.mc2grs(M1, [d]);

L

tcfo,11, (2,311, [1,a+d,0],[1,0,0],[1,0,b+c]], [[[0,1],[2,4]],[1,a+d,-b],[1,0,-b],

[1,0,-a-b-c-d]l],...
[5] os_md.mc2grs(F1,"get");

[

(fo,11,[1,a+d], [2,0]], [[0,2],[1,b+d], [2,0]], [[0,3], [1,c+d], [2,0]], [[0,4],

[1,-a-b-c-d],[2,-d]],[[1,2],[2,0],[1,a+b]],[[1,3],[2,0],[1,a+c]],[[1,4],[2,-a],
[1,-a-b-c-d]]1,[[2,3],[2,0],[1,b+c]],[[2,4],[2,-b],[1,-a-b-c-d]],[[3,4],[2,-c],
[1,-a-b-c-d]]]

[6] os_md.mc2grs(F1,[-d])==M1;

1

[7] os_md.mc2grs(F1, ["get",0]);
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(rfo,11, 2,01, [1,a+dl1, [[0,2],[2,0], [1,b+d]], [[0,3],[2,0], [1,c+d]],

[[0,4],[2,-d],[1,-a-b-c-d]]1]

[8] os_md.mc2grs(F1,["get",0] |dviout=-1);
\begin{Bmatrix}
A_{01}&A_{02}3&A_{033&A_{043\\

[0]_2 & [0]_2 & [0]_2 & [-d]_2\\

a+td & b+d & c+d & -a-b-c-d
\end{Bmatrix}

[9] os_md.mc2grs(F1, ["get",0] |[dviout=1);

At A2 Ags Aoa
[0 [0z [0]2 [—d]2
a+d b+d c+d —-a—-b—c—d

[10] os_md.mc2grs(F1,"get"|dviout=1)$

Ao1 Aoz Aoz Aoa Aqa Az Azs A1q Azq
[0]2 [0]2  [0]2 [—d]2 [0]2 [0]2  [0]2 [—al2 [—b]2
a+d b+d ¢+d —-a—-b—c—d a+b a+c b+c —-a—-b—c—d —-a—-b—c—d

[11] os_md.mc2grs(F1,"show"|dviout=1)$

[Ao1 : A2s] ={la+d:0],[0:0], [0:b+ |},

[Ao1 : Aog] ={la+d:=b],[0:=b],[0: —a—b—c—d]},
[Aor : Ayl ={la+d:—¢],[0: =], [0: —a—b—c—d]},
[Ag2 : A13] ={[b+d:0],[0:0], [0:a+ ]},

[Age : A ={[b+d:—a],[0: —a], [0: —a—b—c—d]},
[Agz : Asq] ={[b+d:—c], [0: =], [0: —a—b—c—d]},
[Aos : A12] ={[c+d:0],[0:0], [0:a+ b]},

[Aos : A1) ={[c+d:—a],[0: —a],[0: —a—b—c—d]},
[Aos : Agq] ={[c+d:—=b], [0:=b], [0 '—a—b—c—d]},
[Aps : Aol ={[-a—b—c—d:0], [-d:0], [-d:a+ D]},
[Ags : A1) ={[-a—b—c—d:0],[-d: 0], [-d:a+d]},
[Agg : Ags] ={[-a—b—c—d:0],[-d: 0], [-d: b+ ]},
[A12 : A3g] ={[0: —c], [0: —a—b—c—wﬁ[a+b —cl},
[A13 : A2q] ={[0: =0, [0: —a—b—c—d], [a+c:—b|},
[A14: Aog) ={[-a:0],[-a—b—c—d:0], [-a:b+ ]}

[12] os_md.mc2grs("322,52,52,43","show0" |dviout=1)$
2213,17,17,221%,17,17,215,17,17,17,17,17, 17,17, 17

[13] os_md.mc2grs(F1,"spct"|dviout=1)$

To T1 X2 X3 T4 | idx

Zo 21 21 21 21 2
z1 | 21 21 21 21 2
To | 21 21 21 21 2
g | 21 21 21 21 2
g | 21 21 21 21 2
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[14] os_md.mc2grs("21,21,21,21" ,"get" |dviout=1)$

A1 Aoz Aoz Aoga A2 Az Aas A1q Azq Azq
[0]2 [0]2 [0]2 [d]2 [0]2 [0]2 [0]2 [—a—d]: - b*dh [-c—d]2
a b ¢c —a—-b—c—2d a+b+2d a+c+2d b+c+2d —a—b—c—2d —a—-b—c—2d —a—b—c—2d

[15] os_md.mc2grs([[[[2,3],[0,4]],[1,a,b]],[[[0,1],[2,3]],[1,c,d]]],"sort");
(cceo,11,I2,311,101,¢,d11,[([0,4],[2,3]1],[1,b,al]]

mc2grs ) Zffio 7B OFI 2 261T 5.

/* KZABRKANDHEAR—EGDY Dy FARY MLVEOY—F
S:ARY FLE A=D1 D0HNIE, ART FLEOHEERY.
S: ¥ SPET 2 BEHBRMICHL, EDUR FERY. */
def sameKZ(S)
{
if (type(8)==1){
SS=os_md.spgen(S|eq=1,pt=[4,4]1);
for(L=[];S8S!=[];SS=cdr(SS))
if ((TL=sameKZ(car(SS)))!=0 && TL[0]>TL[1]) L=cons(TL,L);
return L;
}
S=os_md.s2sp(S|std=-1);
KZ=o0s_md.mc2grs(S,0) ;
Sp=os_md .mc2grs (KZ, "spct") ;
for(L=[],I=1;I<5;I++){
if (Spl[I][1]==2){
for(82=[1,J=0;J<5;J++) if(I!=J) S2=cons(Sp[I][J],S2);
S2=o0s_md.s2sp(S2|std=-1);
if(8!=82) L=cons(S2,L);

}

if (L==[]1) return 0;

for(LS=[];L!=[];L=cdr(L)) LS=cons(os_md.s2sp(car(L)),LS);
LS=os_md.lsort (LS, [],"setminus");

return cons(os_md.s2sp(S),LS);

/* KZARBRKXTNBETidx A KOLDOHNENDIEDDUR MEHED +/
def idxKZ(K,N)
{
L=os_md.spgen(N|eq=1,pt=[4,4],std=-1);
for(LL=[];L!'=[];L=cdr(L)){
KZ=o0s_md.mc2grs (car(L),0);
Sp=os_md .mc2grs (KZ, "spct") ;
for(I=1;I<5;I++){
if (Sp[I][I1==K){
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}

LL=cons (os_md.s2sp(car(L)),LL);

break;

}

return reverse(LL);

52. m2mc (¢, [ag,ay,a1,c] | swap=1,small=1,simplify=0,MC=1)

m2mc (£, s|small=1,simplify=0,int=0, swap=t)
i+ Pfaff B du = (g2 + A, 20 4 4, WD gy vy gy A0y, 5 3 %84T addition-+middle

=y

convolution 3k % (¢ = [Ag, Ay, A1, Bo, B1]).
LR AT F VAR Riemann scheme O & &, EDO#%%F TiX s ="GRC", "GRSC", "Pfaff", "sp",
"pairs", "irreducible", "A1l", "swap"

o m2mc(0,0) THWI MMl L TRREND.

01 [Ag, Ay, A1, Bo, Br] £V5 5 HOEFFTHIO U A R E 32 b,

Ag, Ay, A1 IZENLER ag, ay, aq (X D addition 2 L7=d &, /8T A—% ¢ 2L 5 middle
convolution (MC=1 #{5%E L7235 1% convolution ) &4T7- 72 5 BOITHID~RT ML AEIKT .
addition 217D\ E XX, [ag,ay,a1,c] DRDOVIZHIZ ¢ & LTEL.

addition OAHD & X1, ¢ ZH T [ag,ay,a1] LIEET 5.

L1 o B D ALY F RIS Riemann scheme TH LW, A~ kL AIR Riemann scheme 13
r=00,z=0,z=y,z=1DIAICEZS. ZDL&ETay X siL0 ([Ay,A,,41,By,B1] %K
) FLITRAHIZET HXFHET 5.

CHARY MARITHEZ 2 L &1, BRFERATEEENRE QIR RS ERERMHREICRD Z &
NEN (A7 3 dep=[m,n] DEEMR).

ap X s MELFOLFFNOEHEIL, FROBMZFF>

— GRS : Generelized Riemann scheme #iX7". a, (T "dviout" Z{EETE 5.

—GRSC: LERIUTHDN, Ebllaz=y=0,z=y=1 O—tEEHELLED 5.

— Pfaff : 54T Plaff X \& KT a, |T "dviout" ZFHETE 2.

—sp: s BHE yEHDOART MABIE ¢ =y D DIEICET.

— pairs, pair : AR & EDHMRE G2 D EERT.

— irreducible : BERIKMHAZ B X 53T A= &R T.

— A1l EOETEIREL, S5IT. a1 IZ "dviout" ZIBE L E AR &5, & 51T GRSC
ZIETHE, GRS TR TGRSC AEE LI LA IND. operator=0 DA 7+ 3 T,
Pfaff RO FREAZ R I 20,

— swap : x B E y BEE NIV 2 AR R 2R T.

SHIZA TV a v swap=t IEET D EHIDOEBROERIZRS.

t=1:cZHL yEHOANEZ FEELRWIEGAELFEL).

t=2: A (z,y) — (a?,%) 1T

t = [to,t1,t2] = (to,t1,t2) 1% (0,1,2) DIW~FE 2T, 0,1, 2 (ZNEICHKFE S 0,1, 00 ZEWRT 2.

F7o, UTOF T aribd.

swap=1: z & y #%# L C middle convolution %47 9

small=1: TEX TOITANE /NS 720 A RIZF 5

simplify=0 : K ATTHNT L 2 WARZEHIZ K D1THI D L2 L

simplify=1,3 : XfAITHNC K 2 AL L 2RO H LA 3 5

dep=[m,nl : A7 bARING ORMEEE O BEVER T, m & HORELO n & HORMEERE
Fuchs £ BEDSD. T 740 MIm=1 (F¥H z = o00) TREDOFMELE T 5.

73¥B, x = oco USRS DR ORMEREIL 0 ICERILISND.

int=0 : A7 MBS ORFEFEER O BEVERK T, 7 XA =2 O5EERBND Z & 2T
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[0] Z=newmat(1,1,[[0]1);

[ 0]

[2] Fi=os_md.m2mc([Z,Z,Z,Z,Z],[a,b,c,d]);
[ [atd b c]
[000O0]

[0o00] [000]

[ abtd c ]

[000]1 [000]
[0o0O0]

[abctd] [ b -b 0]
[
[
[
[

-aao0]

0001 [000]1]

0 c -c]

0-bbl] ]

[3] os_md.m2mc(F1, ["GRS","dviout"]);

r=0 z=y z=1 y=0 y=1 T = 00 y = 00 T=y =00
a+d b+d c¢c+d a+b b+c —a-b—c—d —-a—-b—c—d [-a—b—c—d
[02 [0z [0z [0z [0 [—d]2 [—bl2 —b—d

[4] os_md.m2mc(F1, ["Pfaff","dviout"]);
a+d b ¢ 0 0 0 _ 00 0 _
du:<( 0 0 O>dx+<a b+d C>M+<o 0 0 )d(x )
0 0o 0/ ¥ 0 0 0o/ T-vy a b c+d) *—1

b -b 0 0 O 0 _
+ [ —a a 0 @Jr 0 c —c dly —1) u
0 0o o0/ Y 0 —-b b y—1

[56] F2=os_md.m2mc(F1,[-a-d,0,0,e]);
[ [ —a-d+e 0 ¢ 0 ]

[ 0 —a-d+e 0 c+d ]

[L00O0O0]

[0o0O0OO0O] [00O0O0]1]
[00O0O0]

[ (-d*a-d*b-d"2)/(c) -d b+d+e c+d ]
[oo00O0] [0000O0]1]
[00O0O0]

[00O0O0]
[
[
[
[
[
[
[

(-d#b)/(c+d) (-d*a-dxc-d~2)/(c+d) (c*b)/(ctd) c+d+e ] [ atb+d ¢ -c 0 ]
00001
(d*a+d*b+d~2)/(c) d -d 0 ]
00001 [c-c00]
-bb 00]
00 c -c-d]
00 (-c*b)/(ct+d) b ] 1]
[6] os_md.m2mc(F2, ["GRS","dviout"]);

z=0 T =1y z=1 y=0 y=1 T =00 Yy = 00 T =1y =00
[Fa—d+el2 b+d+e c+d+e a+b [b+d]2 [a—e€]2 —a—b—c—d a—b—e
[0]2 [0]3 [0]3 [0]3 [0]2 —b—c—e —-b—c—e [-b—c—e]3
—e [—bl2



[7] os_md.m2mc(F1,[-a-d,0,0,e] |simplify=1,small=1);
[ [ -a-d+e 0 1 0 ]

[ 0O -a-d+e 0 1 ]

[00O00O0]

[oo000] [0000O0]1]

[L00O0O0]

[ -d*a-d*b-d"2 -d b+d+e 1 ]

[0000]1[00O0O0]1]

[0o0O00O0]

[00O0O0]

[ -d*c*b -d*a-d*c-d"2 cxb c+td+e ] [ at+tb+td 1 -1 0 ]
[L0OO0O0OO]

[ dxa+d*b+d"2 d -4 0 ]

[0000] [c-100]1]

[ -cxb b 0 0 ]

[00c-1]

[0O0 -cxb b ] ]

[8] os_md.m2mc("21,21,21,21",["GRSC","dviout"] |small=1);

=0 z=y z=1 y=0 y=1 =00 y=00 T=y=00 r=y=0 z=y=1
a b ¢ a+b+2d b+c+2d —a—b—c—2d1 —a—b—c—2d [—a—b—c—2d]s [a+b+d]2 [b+c+d]2
[0]z [0]z [0]z  [0]2 [0]2 [d]2 [—b—d]2 —b 0 0

[9] os_md.m2mc(0,0)$
m2mc(m,t) or m2mc(m, [t,s]) Calculation of Pfaff system of two variables
m : list of 5 residue mat. or GRS/spc for rigid 4 singular points
t : [a0,ay,al,c], swap, GRS, GRSC, sp, irreducible, pair, pairs, Pfaff, All
s : TeX, dviout, GRSC
option : swap, small, simplify, operator
Ex: m2mc("21,21,21,21","A11")

[10] os_md.m2mc("21,21,21,21", "A11")$

Riemann scheme

=0 z=y z=1 y=20 y=1 T = 00 Yy = 00 T =19y =00
{ a b c a+b+2d b+c+2d —-a-b—c—2d —-a—-b—c—2d [-a—b—c—2d
[0]2 [0]2 [0]2 [0]2 [0]2 [d]2 [—b—d]2 —b

Spectre types : 12,12,12/12 : 12,12,12,12
By the decompositions
21,21,21,21 = 10,10, 10,01 & 11,11, 11, 20
=10,10,01,10 @ 11,11, 20, 11
=10,01,10,10 @ 11,20, 11, 11
—01,10,10,10 @ 20,11, 11, 11
= 2(10, 10,10, 10) ® 01,01, 01,01
irreducibility & 0 = Zn

{d,c+d,b+d,a+d, a+b+c+2d}
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The equation in a Pfaff form is

a b+d c+d
(<o 0t % )d
0 0 0o ) =
0 0 B
+<a+d b d) dw —y)
0 0 -y
0 0 B
+< 0 0) dz—1)
a+d b+d c) -1
b+ (b+d) 0
+< a+d a +d O)dy
0 0) Y

0 _
+<0 c+d (c+d)> dy—1) 1)>u
0 —(b+d) b+d y—1
93. mcmgrs(g r|dviout=k)

i PO 5 AL B SEE IS 5 KZ B OFRKEA 7 R L g D%

KZ #)5F2AC me2grs O ICH D IEHITHI A j DA T v 7 AN 0H—D N — 1 £TOHAEZH

o (a2 ERBEBMBER L EX T L EOEBOMEUI N -2 L72%). T7bb

A
Ou _ > 2y (i=0,1,...,N —1),
0x; . L Ti — Xy
7€{0,1,...,N—1}\{:}
A =0, Ajj=A: Ain=—(Aio+A1+ -+ A nN1),
Aoy = Ao+ Ao+ Aij.

ﬂ?ﬁfﬁffﬂ (A07i7Aj,k) L (AO,i;AO,i,j) 6:;(‘Tj—%) Iﬂﬁjﬂ‘:ﬁﬂﬁ (E%ﬁﬁk%ﬁ%ﬁ) DY R NE g L
THZDZENRTED G, 4, k13 {l,... N} OFORENIHRAR LA > F v 7 Z). BiFEN x v_1Cy
i, BEE N x (N -1)#c, At XD mor—g b i s, A0 PABRSITHIRKT g 446

ELTESEE, LTOL 51225,

o g N2 Ll EOEHORE, A g ZHOBBMITHET 5 RIGEAHEOT — % 2T (N = g+ 2).
o g%, 1781 Ao.N, Ao, A0 2., Ao N1 DAY RAAL (UFFNd 50N, 480 GRS) T, =

DIETHRET 5.

ZP L%, short=0 #fET DL, A>T v I AFEDRT A= %S,
riZkoT, LUFOBEEICRD.
0: FIFFEAMDOY A MDY R NEZEDE FIRT.
["deg"] : k ZI&T ([ 1 1TEMEW).

(0<i<j<N).

).

C0Ciy,710 A1), .., [pel,...] : additions & middle convolutions %t L CT1T 9
[la1,...,an—1]1] : [[[0,1],a1],...,[[0,N-1],an_1]1] &IRIC.

(lai,...,an—1,p1] : [[[0,1],a:],...,[[0,N-1],any—1], 1] ERIC.

["get", [I,J1] : [Ar, Ay] = 0 ICRT DRAFEREZIKT (~y X [I,J] DOWU A R).
["get",I] : A T 2EAMEZIET (~y & I ODONZY X ).

["get",i] (0<i<N):iel Zlii/ed A iZxd9 % GRS Zikd (B 2; IZOWTOH
B> GRS).

[[Z,j] SAL Ai’j — Ai,j + /\, Ai,N — Ai,N — /\, A]'JV — Aij — X &9 addition &K

(] : o ZHUTx3 % middle convolution mey, , 2179 (7T Y ZAF [03] ITE->THZS

dviout=1 ##iE T 5 & TEX #fff > CTHRZFT 5. dviout=-1 TIX TEX © Y — A& KT .
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dviout=2 Z{EET L &, TEX O Y —AZFZHITBRERIIL RV REOFRI~V FTELD
TERFRTD).

o ["get"] : WHUN mocoy A, OEAEDY 2 b &K
dviout=k OfFE /N ATHE.

e ["getO",[],J]1], ["getO",I], ["get0",i] (0 <i< N), ["get0"] : "get0" % "get" IZE X
T2bDERUTHLN, ~vZiEoF 7.

e ["show"] : RIFFA~Y R TEX &fli> CTEIRT 5.
dviout=-1 OFEED FATHE.

o ["showo"] : X0 s~y M AORAMEOTMEEFT (EFIL, "show" 31T 5 &
FLT).
dviout=1, -1 OIEE ATHE.

e ["spct"] : ALY MABIZRT. (N +1) x (N + 1) 1780T (4,7) i, i £j DL A DA
~R7 MVEL =7 DL E 2 IOV TO index of rigidity (0 <¢,7 < N +1).
(N +1) x (N + 1) 47801 (4,5) RO, i £jDOEE Ay DA WAL =35 DL E g; 1T
WT O index of rigidity (0 <i,j < N +1).
dviout=k DOEED FHE.

o ["mult",l1,...,0n] : go=9g & LT g =memgrs(g;_1,4;) i=1,...,mIZx L CIEIZSEAT
LT gy, &Y. A7 arba8%.

[0] os_md.mcmgrs("31,31,31,31,31", ["get"] [dviout=1)$
[1] os_md.mcmgrs("31,31,31,31,31", ["spct"] |dviout=1)$
[2] os_md.mcmgrs("31,31,31,31,31", ["show"] |dviout=1)$

DFEATHRERITLL T O L 51272 5.

Aot Aoz Aoz Aos Aos A1z A1z A1a Ais
{[0]3 [0 [0]s [0]s le]s [0]3 [0]3 [0]s [—a—els
a b c d —a—-b—c—d—3e a+b+2e a+c+2e a+d+2e —a—b—c—d-—3e
Aszs Azy Ass Asza Ass Aus
[0]3 [0]3 [~b—e]3 [0]3 [~c—e]3 [—d —e]s }
b+c+2e b+d+2e —a—-b—c—d—3¢ c+d+2 —a—-b—c—d—3e —a—-b—c—d—3e

To T To I3 Ty xIs idx
Zo 31 31 31 31 31 2
zy | 31 31 31 31 31 2
z9 | 31 31 31 31 31 2
zz | 31 31 31 31 31 2
zq | 31 31 31 31 31 2
rzs [ 31 31 31 31 31 2

[@:0],[0:0]2, [0:b+4 c+ 2]},
[a:0],[0:0]z, [0:b+d+ 2]},

[Ao1 : Apie] ={[la:a+b+e],[0:0]2, [0:a+b+e]},
[Ao1 : Aois] ={la:a+c+e],[0:0]2, [0:a+c+el},

54. mmc(l, [p,a1,...,a,] Imult=f)
:: Schlesinger B %4y 7RI & OV KZ A5 addition+middle convolution
Schlesinger 7 5=
du - Aj
% B Z Xr — Ij Y

Jj=1
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95.

96.

F 7203 KZ B R 5 N
a“: By (i=0,...,n)
FE{0,n}\{i} J

® addition % 7z1% middle convolution %47 5.
A& OEHEIX (T [Ar,...,A,], BEOEEIE [Aoq,.--, Ao, A1, A1y A ]
(20D O EARET . HHVERNY PR GRS RARET S (HOBAE, EH a0 O
?’lﬁ yHRRAUZOW TR 7]'?‘?45. IOEETI VY RTHLIRERHD).
o [ai,...,an,pu] : Aj (F721F Aoy) 1T L Ta; ZMAT72H%, v (L7213 xg) ZE D middle
convolution mc,, #7179,
—FHFOHOEL, [ai,...,a,] T W] £T5.
e mult=f: f = 0 /& Schlesinger &, f =1 (% KZ WA BT 5.
T 7 AN BT, L ORGSO 6 LLEDORIZ KZ T, 5 LUF Tik Schlesinger & 70§, 7z,
AR MAVBITHRE LT & 21X KZ ’*”J:ﬁfotﬁ'.
linfracO01({|over=1)
x=0,1,00,9,2,... DO—RIBEEHED Y 2 b (0 = [z,y] etc.)
linfrac01([z,y]) 5L linfracOl (newvect(10,[---]1) O
#%E DOLE O RFITIAIC
0:2=0,1l:z=y,2:2=1,3:y=0,4:y=1,5:x=00, 6:y =00
T:x=y=--=0,8:z=y=---=1,9:1z=y=--- =0
10:y2 =0, 11:yo =2, 12:y2s =y, 13:y2 =1, 14 :ys = 0
15:y3 =0, 16 :y3 =z, 17T:y3 =9y, 18 :ys =92, 19:y3 =1, 20: y3 =00
21y, =0,---
T, —ROBEBZED2ENLOBEBBRMELND.
7 RO A R, 10,15,21,28, .. ..
ya A (VA ROH A ZXNRELLE) O & &iT over=1 #F7E
yp TTOEEE, B+ D EOTBFELND.

[0] os_md.linfrac([x]);

[[x)/(x-DI, [/ -D], &1/, [A) /)], [-x+1], [x]]
[1] os_md.linfrac([x,yl);

[LCCy-D*x) / (y*x-y) , (y-1)/ (x-1)], [(y-1) /(x-1) , (y) /(x)],

1££01 (¢, 0)
2= (21, 29,23, .. .) (TR D REER— IR B
LT 0% . linfrac01(f) @ ¢ &HB%&A& M TH A

t=0 (z2, 21,23, 24, -.)

t=—j (1,22, oy Tj, Tjt2, Tjt1, Tj+3, ---)
t=1 (1—21,1 — 29,1 — 23,1 — 24,...)
t=2 (1/z1,1/z0,1/x3,1/ 24, ...)

t=3 (x1,21 /T2, 21 /23,21 /24, ...)

3.1.3 Some operators

57. OkUbO3e([pO,1;-~-ap0m] [pl 17~-~7p1n] [p21a"'7p2’m+nlopt 1])

10, 1, co IZHEERE S ZFD m + n O R Okubo My EHFEEZ KD 5
0 CTnikit, 1 TmERITOIEAIEE 2. Riemann scheme MFEE 5 Tl
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58.

59.

60.

0: 0 1 -+ n—1 po1 ool DPo,m
pq 1: 0 1 m—1 pi1 - Din ;X
OO I P21 et i e P2, m+n
Fuchs OB%E : Y p;j = mn
TPV NRGA—=EZRN (m—1)(n—-1)EHY, r1,r2,... TRIhD.
pij PO HO—=DF "?" TH IV (fEHIT Fuchs ORGRANLEAE I LD).
e opt=1 Z{EET 5 & getbygrs() #H 5.

[0] P = os_md.okubo3e([1l-e,1-f],[2-g,"?"], [a,b,c,d]);

1 accessory parameters: rl,r2,...

(x74-2*x"3+x"2) *dx "4+ ((a+b+c+d+6) *x "3+ (-a-b-c-d-e-£-9) *x "2+ (e+f+3) *x) *dx "3
+(((b+c+d+3) *a+ (c+d+3) *¥b+(d+3) *c+3*d+7) *x~ 2+ ((~-b-c-d+g-3) *a+(-c-d+g-3) *b
+(-d+g-3) *c+(g-3) *d+ (-f-g-1) *e+ (—g-1) *f-g~2+2%g-8) *¥x+ (f+1) xe+f+1) ¥dx "2+
((((c+d+1)*b+(d+1) xc+d+1) xa+ ((d+1) *c+d+1) *b+(d+1) *c+d+1) *x-r1) *dx+d*c*xb*a
[1] os_md.expat(P,x,1);

[-a-b-c-d+e+f+g,-g+2,1,0]

fUChS3e([po 1Pl s P11, - p1nd s Dp21, - - P20 1)
00, 1, co IZHEEFE R R 2D n D Fuchs B EHFEZ KD 5

0: po1 Do2 -+ Don
<1l pi1 P2 0 P 5
o0 P21 P22 P2n

Fuchs OBMER : Y p;; = "(” L)
TR URTA=FN w fH&HY, ri_j TERIND (cf. getbygrs().
pis D5 HO 1% 120 Th LU ([l Fuchs ORI S HHE S 5).

ghg([p1,1,P1,25 -+, P1md > [P2,1, 2,2, -+, P2,n 1)
i RS , F (D1 pe; ) (cf. seriesHG()) D7z 3 1EHFR

n

P, ) = T[(@d +p2y) - & — [ (= +p1y)
=1

Jj=1 J
0 m n
F ( . . V 1 i
min\P1,15---3P1.miP2,15---,P2,n7 T n ) |
n=0 l’ 1 n TV

M}ﬂtix, Wit dx TRELIND.
=n+1 ® & =% Rigid 72 Fuchs T

0: 0 1-po1 -+ Ll=pamoa2 l=p2m
pg 1: 0 1 e m—2 —y T
L P11 P1,2 e P1m

Fuchs DBRA 1 v=>"p1, — > Doy
m=2n=10& X7 Gauss DB

[0] os_md.ghg([a,bl, [c]);
(=x"2+x) *dx~ 2+ ((-a-b-1) *x+c) *dx-b*a

evende ([p1,1,p1,2,01,3,P1,4] 5 [D2,1,P2,21)
4 B even family (Rigid)
0: 0 1 po1 P22
pql: 0 I po po+1l ;x
o P11 P12 P13 P14
Fuchs OBRA: 2p0 +p11+p12+pi3+pra+p21+pi2=3
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61. oddbe ([p1,1,p1,2,P1,3,P1,4,P1,5] 5 [P2,1,02,21)
0 5 B odd family (Rigid)
0: 0 1 pa1 p22 p2o+1
pq 1: 0 1 2 po po+1l x
ool P11 P12 P1,3 P14 P15
Fuchs OBMR 2pg + pa1 + 2p22+ D p1,;, =4
62. rigid211([po,1,po,21, [p1,1,p1,21 5 [q0,q1]1)
= Type 211,211,211
0: 0 1 Do, Po2
pe1: 0 1 P11 P12 ;T
©: ¢ g+l @ ¢
Fuchs OBIR po1 +po2 + 011 + P12 +20 +¢1 +q2 =4
63. extra6e([p1,1,p1,2,P1,3,P1,4,P1,5,P1,61 » [P2,1,p2,21)
:: Extra case (Rigid)
0: 0 1 pa1 pei+1 pao poa+1
pq 1: 0 1 2 3 pPo po+1 z
0 P11 P12 P13 P14 P15 P26
Fuchs OEIFR 2pg + 2p21 + 2p22 + > p1,; =5
64. eofamily([po.1,p0,2], [p1.1], [P21,...,p2,n])
:: even/odd family (obsolete)
Even family (Rigid)
Fuchs ORERE po + (m — D)poo +mpro+ > p2, =n—1

0: 01---m—=1 po1 Po2 tt Po2tm—2
pgl: 01---m—-1 p2 pi2+1l- praot+tm-1 ;x
ool P21 ot P2m P2mAdl P2,m+2 *°° P22m

0Odd family (Rigid)
Fuchs OBIFRF po 1 + mpos +mpro+ D p2, =n—1

0: 01---m-—1 Po,1 Po2 - p0,2+m—1
p<l: 01 .---m=—1 m P12 - pr2+tm-—1 ;z
0L P21t P2om P2m41 P2m+42 0 P22m+41

65. evds (pl »P2,P3,P4 :pS)
:: Heckman-Opdam #&(i 0 (BCy, BCy) RUHIBRE#% (Rigid)
[0] P=os_md.ev4s(a,b,c,d,e);
(x74-2*%x"3+x"2) *dx "4+ ((-2*a+2%b+8) *x "3+ (4*a-2*b-13) *x "2+ (-2%

[1] os_md.expat(P,x,0);

[a-c+1/2,a+c-1/2,1,0]

[2] os_md.expat(P,x,1);

[-b+1/2,-b+3/2,1,0]

[3] os_md.chkexp(P,x,1,-b+1/2,2);

(]

[4] os_md.expat(P,x,"infty");
[-1/2*a+1/2%b-1/2*d+1/2,-1/2*%a+1/2%¥b+1/2*d+1/2,-1/2*%a+1/2*¥b-1/2*%e+1/2,
-1/2xa+1/2xb+1/2%e+1/2]

66. b2e(p1,p2,p3:P45P5)
:: Heckman-Opdam B0 (BCy, A1) RUHIFR# #% (Non Rigid)
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[0] P = os_md.b2e(a,b,c,d,e);
(x74-2*%x"3+x72) *dx "4+ ((-4*c+10) *x~ 3+ (6*c-15) *x "2+ (-2*c+5) *x

[1] os_md.expat(P,x,0);

[-a+c+1/2,a+c-1/2,1,0]

[2] os_md.expat(P,x,1);

[-b+c+1/2,b+c-1/2,1,0]

[3] os_md.expat(P,x,"infty");
[-c-1/2%d-1/2%e+1,-c-1/2%d+1/2*%e+1,-c+1/2*d-1/2%e+1,-c+1/2*d+1/2%e+1]

67. heun(la,b,c,d,el,p,r|)
: Heun O X E 5225, r 37 78V T A —X

0: 0 ¢
§ ; 8 j v Fuchs ®EE=: a+b+1=c+d+e
o©: a b

[0] os_md.heun([a,b,c,d,"?"],p,1);
(x73+(-p-1) *x~2+p*x) *dx"2+((at+b+1) *x"2+((-c-d) *p-a-b+d-1) *x+c*p) *dx+b*a*xx—b*a*xr

3.2  Useful functions
PUF OB module b &4, B4 DFETHIZ os_md. %217 T os_md.myhelp() @ X 5 IZFFOHIT.

3.2.1 Extended function
68. myhelp(h)
¢ oos_muldif.rr D~ =27 AV EFRT5H
e os_muldif.pdf, os_muldif.dvi % get_rootdir()\help IZANTH. FNZEi, h=1, -1
TEREIND.
e DVIOUTH AN IE L < &E S TWiE, myhelp("m2mc") @ X 912 L T myhelp(h) @ h IZHE4
EIFHITAND L, ZOEBMOMBA (os_muldif.dvi ICHEH TCWIUE) FrEShd. XF
B h AZIXHEDSEIHD os_nd. (THMETE 5.
e =0, os_md.getbygrs, os_md.m2mc, os_md.mgen THXETHHDONRERIND.
e h = [dviout,n] : dviout T dviout ®/SA%, n TH/RT S dviout DEZEHREL THL. 7
#, Risa/Asir O¥E7e EOREROFRICHEAIO dviout MNMEDILDHDT, n =27 L)Y,
o MLDEREER LV —HI72854 13 DVIOUTH TRET .
69. chkfun(f,s)
s EWECf (= 30T BNEBFEHNE DTN, REFERD load(s) & FAT
e f=0: Risa/Asir @ version &/~
e f=1: os_muldif.rr ® version 7~
o s=0: fRLFFNOK:, ZDOEBHLDEEBEREIFNE D InDI T2
o fITEY a2 —/HLENTZHEUTITRIIE L T2

[0] os_md.chkfun(0,0)$
Risa/Asir Ver. 20121217
[1] os_md.chkfun(1,0)$
Loaded os_muldif Ver. 00140401 (Toshio Oshima)

70. isMs()
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2 Micorosoft Windows ERIEEN E 9 M5
BIEZAH temp, tmp XT3 LFHMN ¥(HH WL\ ) THIIL 1 2T
71. isyes(plset=()
D10 ERTEHEEERL, ThEMFED
o set=1 1L - TEXETD. ZOL X plFHEEEINITWET/NT A —F U X[ EHENISHE S Z DK
BOEET =y 7 T2HEED 3 O0BR2DY A B,
Tbb p=f,[t1,t2,...],[a,b]] 7251, isyes(X|set=p) IL
def foo(X){
R=fI](X,t1 ,tg,. . ) H
return (R>=a && R<=b)71:0;
}
WV BB RHET S,
— p=I[type, [1,[0,1]1] ®»& X%, type(p) OfEA 0 LLE 1 LLFORET 1(yes) &, %9 Tl
L &I O0(no) ZITHEDER. —oco R oo ld "" TKT.
— MR 1 SO 51, ZOETEY. Lo T [type, [1,1] i [type, [1,[1,11]1 L[FL.
— BEOFNERTLEE, LO3IOHEIDIZVANMITS. ZOHAIEETH yes DEED
1 BRTHBEERT D.
— p=I[[os_md.isint, [],1], [os_md.calc, [[">",0]]1,1]11] %, EDOEEEDOLETDH 1 %K
THEDES.
— F7-I set=1 TEXT S E TIXRIEIOERZNHZD.
e set=0 Tl¥, BUEERINTVDHHOEET (UUTFOFO [11]1 #5H).
o set= DHBIZ LD p THZXAHELHREL, plCIXZORETHETRELOEET. 0L X
I, ERINTWEREITMWME S 0.
e set= ZFHELRWVE XX, BRIESTpZHELT1I N0 ZIRT.

[0] os_md.isyes([[os_md.isint,[],1], [os_md.calc, [[">",0]],1]1]Iset=1)$
[1] os_md.isyes(0|set=0);
[[os_md.isint,[],1], [os_md.calc, [[>,0]],1]1]
[2] os_md.isyes(3/2);

0

[3] os_md.isyes(@i);

0

[4] os_md.isyes(-1);

0

[5] os_md.isyes(3/2);

0

[6] os_md.isyes(3);

1

[7] A=mat([1,2],[3,4]);

[12]

[34]

[8] os_md.isall(os_md.isyes,A);
1

[9] A[1]1[1]1=0%

[10] os_md.isall(os_md.isyes,A);
0

[11] def isPositiveInt(X){
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P=os_md.isyes(0|set=0);
os_md.isyes([[os_md.isint,[],1], [os_md.calc, [[">",0]],1]1] |set=1);
V=os_md.isyes(X);
os_md.isyes(P|set=1);
return V;

13

[12] isPositiveInt(3/2);

0

o 11T T &R

def isPositiveInt(X){
return os_md.isyes(X|set=[[os_md.isint,[],1], [os_md.calc,[[">",0]],111);
1$

72. isall(f,m)

com OBEHEIT pRLT f(p) B0 LD EONEET S L0, %9 ThiFhi 1 &K
mRY AL, X7 ML, fTAITRTNE m BE%Z m OEFL BT (isyes() OHIEZSH).

[0] os_md.isall(isint,[0,2,3,1/2]);

0

[1] os_md.isall(isint, [0,2,3,4]);

1

[3] os_md.isall(isint,[0,2,3,[1]1]1);

0

[4] os_md.isall(isint,mat([0,2,3,4]));
1

73. ptype(p,£)
w LIIEE, ETCEROY AT, FNOHEEHE B LT type () &K
e ptype(p,vars(p)) i¥ type(p) &R L
o HHATH-T, ZOHRHIEZ bNIZELKD (ZEALSND) WIFEBEEEETeHE1E 128 &, 77
FAT G2 DI BB O EFERRZ S 05E13 64 2 R0 EICIA TR,

[0] P=(x+y)"2/a;
(x"2+2xy*x+y~2) / (a)

[1] os_md.ptype(P,x);

2

[2] os_md.ptype(P,a);

3

[3] os_md.ptype(P,z);

1

[4] os_md.ptype(P, [x,y]);

2

[5] os_md.ptype(P, [x,y,al);
3

[6] os_md.ptype([1,2],[x,y1);
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74.

75.

76.

e

[7] os_md.ptype(sin(x)+sin(y)+Qpi,x);

65

[8] os_md.ptype(sin(x)+x,x);

66

[8] os_md.ptype(sin(x)/x,x);

67

[9] os_md.ptype(1/sin(x),x);

129

[10] os_md.ptype(sin(x)/(x+cos(x)),x);
195
keyin(s)

D s EFRL, 1ITOX— AN ERH-T, ThEXFHNE LTERT
ITROSEATREF & HIFR L= CFF & il d.

[0] S=os_md.keyin("Input? ")$
Input? This is a pen.

[1]1 S;

This is a pen.

showbyshell(s)
i shell T K s 2T LIARHEH ) O R % Risa/Asir THR

[0] os_md.showbyshell("echo %temp%")$
[1] os_md.showbyshell("dir c:\\")$

getbyshell(s)
woshell Tawy R s 23T LIBEER O/ RE 7 7 AL ELTHES
o RVfEA Id LB L, Id> 0 b IRRANBEONTZZ LEEKL, R get_line(Id) T
— (TP OLFHE LCHAIAD D, get_byte(Id) T1 /A FFOFAATL D &L HES.
o HMATDH%IL, getline(Id) 1% 0 ZiRF. #T11L getbyshell(Id) £7-iF close_file(Id)
n (Dl & B HEZ OBREE SN M.
o TURT YT 7 ANPEREEEE Ytempl F721E %tmpl F 721X DIROUT TERSNZT 417 kY
B SN D, FIEIHWONTZ T 7 AV EEEL THBHTZIZT 7 A VBMEBILD.
makev([{1,ls,...] |num=1)
2l by BERDET—D2OERLEIED
o 0 1TIE, EH, TS, HAEEIR L3 ATRE.
e 10,11,... LWHHEFIE nun=1 ZFE LRV E, a,b,... EWILFIRD.

[0] os_md.makev(["a_", 0, 1]);

a_01

[1] os_md.makev([a, 0, 1]);

a01

[2] os_md.makev([a, O, bl);

alb

[3] os_md.makev([a, 10, bl);

aab

[4] os_md.make([a,10,"_",3] |num=1);
al0_3
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[5] os_md.my_tex_form(@Q);
a_{10,3%}

78. shortv(p, [v1,ve,...] [top=v)
D p OWTERSODERET v1,... Z—XFTDO v N TFOERLICEZD
RIETT v; [F—XLFOREITLT, TIUIHRATEFILOEZIT 1 20HE->THEREL TWDIERELOR
ETCIZRIL, v (T 740 ML a) 22biE > UEICHEDLN TOWRWERSL (z £T) IKEETS.

[0] P=[al,a2,b,c0,c1]$

[1] os_md.shortv(P,[a,c]);
[a,c,b,d,e]

[2] os_md.shortv(P, [c,al);
[d,e,b,a,c]

[3] os_md.shortv(P, [a,c] |top=x);
[x,y,b,z,cl]

79. makenewv (/| var=v,num=n)
D LITELILTO RN LORETLE KT S
e NEIXZz_0,2z_1,...,2_9,2_10,... EWIOJET LIZEDLNTWRWEHIOEH D EZ KT .
o RETDT 74/ D z_DE 4 it var=v LIEEL T TEXHBIOND.
7272 L v IFAREIE F ST
o L OHDOEBOBIBMICEENDIAELHEEIND.
e num=n T, n{HOFH LWAREILOY X MBELND.

[0] os_md.makenewv(0);

z_0

[1] os_md.makenewv([z_0+z_1,z_2]);

z_3

[2] os_md.makenewv([z_0+z_1,z_2] |var=x);
x0

[3] os_md.makenewv([z_0,z_1] |num=3);
[z_2,z_3,z_4]

80. isvar(p)
D p DEHEMNE DD
p BWEEORE 1, 5 Thinek & 0 %R

[0] os_md.isvar(dx);
1

[1] os_md.isvar(-dx);
0

[3] os_md.isvar(1l);
0

81. varargs(p,x)

2 A p CEENDVEFEHBROBE A L ZDOERICHNDIANETLD Y A b &Y
pIHTHIRY A FTH L.
BN D WEEHBOEEFDOY XA M eZN L THEPNDERD Y A K.
BEOFIEUCE ENDHHFHBIC OV THBEIND.
all=1 Z{FET D L B ENDLETOMERBOEEL T & 2 TORMERT.
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[0] os_md.varargs(x*sin(y)+z+cos(s-t));
[[cos,sin], [t,s,y]]

[1] os_md.varargs(x*sin(y)+z+cos(s-t)|all=1);
[[cos,sin], [t,s,y,2,x]]

[2] os_md.varargs(sin(cos(x)*sin(y)+@pi+z));

[[cos,sin], [z,y,x]]

82. pfargs(p,x|level=t)
2 Rp BN D ¢ BREGALENFEE LSO Y A Ak
o pIIATFIRY A FTH L.
o BN DMERE L ZOEHEA L FIKOMDY A F &Y A ML TRTY.
o WEDGIEIZEENDHFHREIZHONTHEEEND.
o level=t : ¢t = 1 [FHE O BITIIEY, ¢ =2 TIX, WHOSIEDOHRT, ZOWS% t TET (F

TH/RMEIt=0).

[0] os_md.pfargs(log(log(log(x))),x);
[[1log(log(log(x))),log,log(log(x))], [log(x),log,x], [log(log(x)),log,log(x)]]
[1] os_md.pfargs(sin(cos(x)*cos(y)+@pi+z),x);
[[sin(z+cos(y)*cos(x)+@pi) ,sin,z+cos(y)*cos(x)+@pi], [cos(x),cos,x]]
[2] os_md.pfargs(log(log(log(x))) ,x|level=1);
[[log(log(log(x))),log,log(log(x))]]
[3] os_md.pfargs(log(log(log(x))),x|level=2);
[[1og(log(x)),log,log(x)]1]
[4] os_md.pfargs(log(log(log(x))),x|level=3);
[[1og(x),log,x]]
83. isdif(p)
2 p DOTERR LHE SN D & SIITOEKEWIOMO Y A P &KL, €5 TRIFFT0 2i&T

p DEEXETIIFHAXNTH - T, d THEAIER T2 XFABNNLFOT N T 77Xy Mo TnD
%@ﬁpmﬁﬁb,%@;5&%@@(Kﬁbfpﬁ%@ﬁmﬁorwék% WA VERSR EHERIT 5.

[0] os_md.isdif ((x+dx+dx1+dy+dz) "2/z);
[[x1,dx1], [x,dx], [y,dy], [z,dz]]

[1] os_md.isdif ((x+dx+dx1+dy+dz)~2/dz);
0

84. mysubst (r, [vy,7r1] linv=1) F7iT mysubst(r,[[vl,rl],...]Iinv=1)
;o subst(r,vy,71,...) EFEE. r BNEHET r PEBEKO & X I2EICER.
o r [THHEXSCENEM D ETHY XN, XT b, ﬁﬂ(ﬁmm)kféﬁ,wmﬂ)kﬁﬁm
SLFFNDORET N EH > TH L CUFFIDO RS TR E R0
OTJ%TEE@Eﬁlmhlﬂﬁﬁij,¢ﬁ%@ﬁ%@i(%&ﬂy%@@§it%@)%ﬁﬁ.
85. myswap(p, [z1,22,...,2,])
D AERELFITOV R MR EORETOKENES (21, T2, .., 2T0)
nN20EEE, RETOHME.

[0] os_md.myswap(os_md.myswap([x,y,z,w], [x,y,2]);
ly,z,x,w]

[1] os_md.myswap([x,y,z,w],[x,2]);

[z,y,x,w]
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86. mulsubst(r, [[p1,0,p11], [p2,0,p21],...11inv=1)
s AEXELITEOY XN, XY M, T8 IO Pj0 = Pj1 (] = .. ) % RIREIZAT 5
[[x,y],[y,x]] Tx &y &2aH.

[0] os_md.mulsubst(x+y~2+z~3, [[x,y], [y,x]11);
X 2+y+z"3

[1] os_md.mysubst(x+y~2+z"3, [[x,y], [y,x]1]1);
X" 2+x+z"3

[2] os_md.mysubst(["top",x,y],[x,2]);
[top,2,y]

[3] subst(["top",x,y],[x,2]);

subst : invalid argument

return to toplevel

[4] os_md.mulsubst([x,y,z], [x,w]);

[w,y,z]

[5] os_md.mulsubst([x,y,z], [x,w]|inv=1);

[x,y,2]
87. fmult(f,m,l,nl---)
omy = migr = fmg L], n[0],n[l], .. 1) EWVWDEHR (me =m) DIRMEFER Mienginq) RS
o /& nixV A b,

o I alBEIXTEDEEEIND.
88. mtransbys(f m,ll--)
AR T — E@EJTZ)”T@ FO &RV AR, X7 MVEIIATH m IZHERET 5
o M OBESY My % flmy (O], 1) & BT 5.
o VX, _J MVELIIATINIRA R LTWTH LW (THI0Y R h7p L),
o SIFITV A MLIZLTE LD .
o ATV A RERTOEEESND.
e map(f,m,l[0],...) LRUZEA, map() (IR A FRA T ¥ a VEEDRAT.

[0] A=newmat(2,2,[[(x~2-y~2)/(x+y),x/y],
[yx/x"2, (x"2-y"2)/(x-y)]11);

[ (x"2-y~2)/(x+y) (x)/(y) ]

[ (yxx)/(x"2) (x"2-y~2)/(x-y) ]

[1] os_md.mtransbys(red,A,[]);

[ x-y x)/( 1]

[ (¢)/&x) x+y ]

[3] os_md.mtransbys(os_md.abs, [[1,-2],[3,-411,[1);

[[1,21,[3,4]]

[4] map(os_md.abs, [[1,-2],[3,-411);

[[1,-21,[3,-41]

89. mmulbys(f,m,n,l|---)
w FIMEFE S N7 objects @ 2 DIZXk LT 1 2D object 252 BEHE f %, objects sy & 45X
7 MVETIITHIm & n OFBEICIEET 5
o STV ANLIZLTELEDD. miTobject F72I1F1T51.
o m & n BTHID & ZIFXLLT OIT51 %K.

(0 Flmis mag, 0], 2001, .)
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e m FEnNAIT—DL XX, MF (DY) IZFDAD T —E#HIT ISR IKT.
o m MY FLD L XITITRT ML, n BT fD L EEFFIRT ML ERRL, FEEOFHEEZ LT
(BT, i FH3 0L T v 7 ABRRNEB D), MiREXT ML TRT.
2 lm én B (AUHAXD) R7 hLD L xiX, fRIEA DT —TRT.
o A7V aUREFFOEFEIND.
90. cmpsimple(p,q|comp=t)
: p &g OFHEI Z LK
p DHD q LV BHERGEADER L, WOLEEOEEAZIRT.
iand(t,1) =0 O & T IE O %, iand(,2)!1=0 O & T HIENX O E, iand(t,4)!'1=0 D& &
FRROR SR, BEICP L Q OR/NEREZ, ZOIETHIRL, 13D R Tl & 27
T. TI7ANRE, t=T.

[0] os_md.cmpsimple((x+y)~2,(x+1)"3|comp=1); /* EFHDOEEK */

1

[1] os_md.cmpsimple((x+y)~2,(x+1)"3|comp=2); /+ BHIEXDEL */

-1

[2] os_md.cmpsimple((x+y+z)~2, (sin(x)+cos(x))"2) lcomp=4); /* REDEKS */
-4 /* REDRSDE */

[3] os_md.cmpsimple(1,-1);

-1 /¥ REDERSDE */

[4] os_md.cmpsimple(4,2);

1 /x RINLER */

91. simplify(p,/,tlvar=[z1,22,...]1)
vl = [l by DEEIE, p (DEEHM) 1T subst(*, by, 01) AT EVMHALBEXHE S
(t=1n~7). £=[01] Tl BEERXDL XL, £ 1L KICEENDEENDEROGHMIER L 2T
AT 5. BERRD LT L2 A MRZEADY R N LT 5.
e iand(t,1)!=0 O & X [IEE D%, iand(t,2) =0 O & X HIEXOEH%E, iand(t,4)!'=0 D L
TEFFRROKRS 2L, ZOIETHIRL, ENH - RR TR & AT
o ZOHITHLWVWE XL, WMELZEHZLNThESWG LT 5.
o B OEEIMAERTLXIL, L= [[£007€01]a [610,611],...] L35,
o var=[x1,%0,...] ZIRETDHE, p & v1,20,... DAHENXLE BT, TOHELTOZHEXOIEE R
(CHHET S,

[0] os_md.simplify([x+y+z+a+b,x+z+a+b], [a,-x-y-w/2-c],1);
[z-1/2%w+b-c,x+z+a+b]

[1] os_md.simplify([x+y+z+a+b,x+z+a+b], [a,-x-y-w/2-c],4);
[x+y+z+atb,x+z+a+b]

[1] os_md.simplify(x+3*y+dx*z, [x+y+z],1);

2%y+3*z

[2] os_md.simplify(x+3*y+dx*z, [x+y+z],4);

-3*x-y

92. getel(m,i)

mm AV AR, X7 KL, ATFIT i BIFABER D mli] RS
i D3 (i1, i2] £V D U A KT m BT B mliq][ie] Z2ET
FNLSTIIm 2ZFZDEEIRT

93. evalred(rlopt=[Ls1,t1], [s2,t2]...1)
: 8in(0), cos(0), exp(0) 72 &% 0,1, 1 Ze EOEHICHEZHZ 5
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BEXHZIL, UTOLODH
sin(k@pi), cos(k@pi) THEA 0,+1,+1 DWVFhricied b D, tan(0), asin(0), atan(0),
sinh(0), cosh(0), tanh(0), exp(0), log(1), pow(l,x), 1"«

o s; t; CEIMZD (j=1,2,...), EWOHBIZMMT S, AT 2HA123 1 >0H0 L X1
opt=[s,t] &L TH LV

[0] evalred(exp(sin(0)));

1

[1] eval(exp(sin(0)));
1.0000000000000000000000000000
[2] os_md.evalred(exp(sin(@pi)));
1

[3] eval(exp(sin(@pi)));
1.0000000000000000000000000000

94. evals(rldel=s,raw=1)

C XFEHNH DI E LT 5.

o r NILFHNID L XX, eval_str(s) #iKT. X 5HIZ del=s BIEEINT= & &1F, XFF s XY
DIEEE LTRELNIZCFHEFM LT, JHIZY A MELTET. 72720, raw=1 BEELTH
5L, FHEEFIZIFEIO Y A MIyEI L TIRT.

e r MY RN [rg,r,...] DEX, rg DXFHNTRITFNIE rg ZEHEE A7 LT

ro(ry,ro,...) ZiKT.
ro MWXFHNDORF SRR D ZIRT. 518 rq,... OPITXFHIRHIE, il eval_str() (T
LoTHONLMEE LTERIILD (execproc() HIEIT-HEREDHED .

[0] os_md.evals("(x+1)"2");

X" 2+2%x+1

[1] os_md.evals("(x+y)~2,273,10/20"|del=",");
[x"2+2*y*x+y~2,8,1/2]

[2] os_md.evals("(x+y)~2,273,10/20"|del="," ,raw=1);
[(x+y)~2,273,10/20]

[3] os_md.evals([dexp,1]);

2.71828

[4] os_md.evals(["pari","gamma",3+@i]);
(0.96286515302378809804+1.33909717605325744298+0@1)

95. myeval ([r, [x1, f1,v1], [z2, fo,v2],...])
:: os_md.myeval (subst ([r, [x2, fo,v2]1,...],21, f1 (0s_md.myeval (v)))) ZiET
os_myeval ([r])=map(eval(r))
96. mydeval([r, [x1, fi1,v1], [z, fo,v2],...])
:: os_md.mydeval (subst ([r, [z2, fo,v2],...],21, f1 (0os_md.mydeval (v1)))) %#iK3
os_md.mydeval ([r])=map(deval(r))
r IIHEIRXR O MLRATHIR Y A M 8 TH L.
. %l%ﬁ?ﬁ%lﬁﬁ%ﬁﬁfr DL XX, eval(r) Fold deval(r) ICEZHZ LA,
o FIEMMAT MLATH r O & X=X, map(eval,r) 721X map(deval,r) IZEXHEZ SN,
® Uy, V,... 1%, BTHRITENE N nyeval () TENAREDLLDOTH LW (RAT 4 T HEET,
BRI KT B).
o EHL f1,... 1%, dsin e EOEEDIEZD, SlEELKLE L, BHERTHET (2—¥FREXELEZLO
T) bhv. LV —RICERSNTZ D OPMFRAEETHIUIT L.
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o 1=00D& X%, EHEFHLMNIND.

o W fL DFIBIEREDH D L EIL (21, fr,v11,01,2,...] LHEET DL fi(os_md.myeval(v1)) IX

f1(os_md.myeval(vy;),0s_md.myeval(vy2),...)

o U1, U2, ... RV 1,012,... BURAIDEXE, ZO%E [v1], [v12] DX IITHEET S (mydeval ()
X myeval () T/ < Tdeval() X eval() TiHlisi D).

o W fLICAT Y a T A= EMIMLTHNWS EXIX, fL oD VIZ [fi,opt] DX S ICEEK
LEOF T a VA NOMHOY A NE LTHRETSD. 7272 L opt1X [Ls1,v1], [s2,v2],...11 @
BT, s; 3AT v a T, v IZEDETHL (getopt ) THLHINLDEA).

o fo LLTFIZHOWT b [AlkR

e F=sin(x)$

for(I=V=0;I<1000;I++) V+=deval(subst(F,x,I/1000));
LT 5 EARETLN 1000 lERE S, UL ED T Risa/Asir OBIENEL 750
F=[y, [y,dsin,x]]$
for(I=V=0;I<1000;I++) V+=os_md.myeval(subst(F,x,I/1000));
EFTIIEED LD e REITLOAERMEZ B2, ZAUT LY @I
F=£2df (sin(x))$for (I=V=0;I<1000;I++) V+=os_md.myfeval(F,I/1000));
EFHUE I (of. £2df ), myfeval())
o HENZDOBIEOIBICEREINTHDIX, xygraph() X° xy2graph() THHR—hINTH5D

[0] F=os_md.f2df (exp(-x"2-y~2));

[z__,[z__,dexp,-x"2-y"2]]

[1] for(V=I=0;I<1000;I++) for(J=0;J<1000;J++)
V+=o0s_md.mydeval (subst (F,x,I/1000,y,J/1000));

[2] v/100072;

0.558218

[3] F=[w, [z,0,x+y*@i], [w,os_md.abs,z"2+1]]$

[4] os_md.myeval(subst(F,x,1,y,1));

2.23606797749978969619

[6] def mkC(X,Y){return X+Y*@i;}

[6] G=[w, [z,mkC,x,y], [w,0os_md.abs,z"2+1]1$

[7] os_md.myeval(subst(G,x,1,y,1));

2.23606797749978969619

97. myval([r, [x1, fi,v1], [x2, fo,v2],... 1)
: myeval() & RIERZREELTH 503, T%&@UE%&@%@#
o —ABHIL, TDFIE r¥@pi T 4r E721E 6r NIEHO L X ITEMME KT,
o FEHEEEIE, T OS5I EE E I35 E 71 rr@ikpi T 4r £7213 6r KD & X ITEME
e
o XHBBUL, FO5IENee £21F 1 D& E ERERMEZ KT
o REPH Y ITBWVT, s N0 ELITLHDINTy NEEOLE, HDHWVITy =5 To NHEKO
& XTI fE AR T
o TR DN B I L IEHE oM %3
o IERERRYMEICIE, AHEOM, V-1, vm (mIZIEEH) BEEhDLB3b5.

[0] os_md.myval(sin(@pi));

0

[1] os_md.myval(sin(@pi/6));
1/2
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[2] deval(sin(@pi/6));

0.5

[3] eval(sin(@pi/6));
0.49999999999999999991

[4] os_md.myval(4~sin(@pi/6));

2

[5] os_md.myval(2 exp(@pi*@i));

1/2

[6] os_md.myval(sin(@pi/3));
1/2%((3)"(1/2))

[7] os_md.myval (2xexp(@pi/3*@i));
(1x@i)*((3)~(1/2))+1

[8] eval(@Q);
(1+1.73205080756887729346530507834*@1)
[9] os_md.myval((2/3)"sin(@pi/6));
1/3%((6)"(1/2))

[10] os_md.myval(os_md.abs(1-2"(1/2)));
(2~ 1/2))-1

[11] os_md.myval((27(1/2))"~(-2)+(37(3/2))+sin(€pi/6));
3x((3)7(1/2))+1

LB, ROE S RIEHERMEZETHNDS

. in % )
sinT =0, 4506 =2 o %’

Qexpgizl—i—\/gi, (%)Smgzg, ’1—\/5‘2\/5—1-

98. £2df (flopt=n)
B f D sin 72 EOBEE TRV T myeval () R mydeval () O5[#D 1) R Mz EEIC A 1

e K ¥ 1 sin,cos,tan,asin,acos,atan,asin,acos,sinh,cosh,tanh,exp,log,pow % & A7
B, BELO 2V OOREOEHBEGATEEH BN G, b iRV X MEARBICERT 5.

o [ITHIADITD, HEALG DT FALLITHITH L.

e opt=1,3: map(eval, ) IZxf L TEHEZITH (Opi X° cos(0) 2 ENE TN TV BELEDORHHEL)
opt=-1,-3 : map(deval, f) Z&f L CEHEIT S
opt=-3,2,3: f NV R FDOBREHEMATT S (WHITEHBRETITET)

[0] os_md.f2df (exp(-x"2-y~2));

[z__,[z__,os_md.myexp,-x"2-y~2]]

[1] os_md.f2df (x"(y+1));

[z__,[z__,os_md.mypow,x,y+1]]

[2] os_md.f2df(x"0.5);

[z__,[z__,dsqrt,x]]

[3] os_md.f2df (exp(-x)*(sin(x)+cos(y)));

[(z__1+z__2)*z

[4] os_md.f2df (exp(t*sin(x)+cos(y)));

[z__,[z__,dexp, [z1__*t+z1__1,[z1__,dsin,x], [z1__1,dcos,y]l]1]]

[5] os_md.f2df (exp(t*sin(x)+cos(y))/(sin(x)+2));

[(z__1)/(z__+2),[z__,os_md.mysin,x], [z__1,os_md.myexp, [z__*t+z1__,[z1__,

[z__,os_md.myexp,-x],[z__1,0s_md.mysin,x], [z__2,0s_md.mycos,y]]

pap—)
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os_md.mycos,y]]1]1]

[6] os_md.f2df (tanh(x));
[z__,[z__,0,(z__1"2-1)/(z__1"2+1)],[z__1,0s_md.myexp, x]]
[7] os_md.f2df (exp(x+y~2*@pi));
[z__,[z__,os_md.myexp,x+@pixy~2]]

[8] os_md.f2df (exp(x+y~2*@pi) |[opt=1);
[z__,[z__,os_md.myexp,x+3.14159265358979323829*y"2] ]

[9] os_md.f2df (exp(x+y~2%@pi) |opt=-1);

[1*z__, [z__,os_md.myexp, 1*¥x+3.14159xy"2]]

[10] M=mat([cos(x),sin(x)], [-sin(x),cos(x)]1);

[ cos(x) sin(x) ]

[ -sin(x) cos(x) ]

[11] F=os_md.f2df(M);

([ z__1z__1]

[ -z__ z__11],[z__,os_md.mysin,x], [z__1,0s_md.mycos,x]]
[12] os_md.myeval (subst(F,x,0));

[10]

[01]

99. todf (f, [v1,...,v,])
s BT f TEEDS v, .., v, DU A MNEREEESD (n X f O5150%0)
en=1Tuy BYAFMNTRNEZE, [v,...,0,] FHIZ0 ELTHLTH L.
o v I3HME, RiEs, AHEA, VA MERAEKR L £2df O THRRTE 2HHTI.
LR T |z , [2exp 2], (5 + V-1=), [¢(5 + \/jlx)’ WG 5 Y A MERXEE LS TV 5.

[0] os_md.todf(os_md.abs,z);
[z_0,[z_0,0s_md.abs,z]]
[1] os_md.abs(z);
[z_0,[z_0,0s_md.abs,z]]
[2] os_md.todf (floor,2*exp(x/2));
[z_0,[z_0,floor, [2*z__,
[3] os_md.todf(os_md.zeta,1l/2+x*0i)
[z_0,[z_0,0s_md.zeta, (1*@i)*x+1/2]]
[4] F=os_md.abs(os_md.zeta(1l/2+x*@i));
[z_1,[z_1,0s_md.abs,[z_0,[z_0,0s_md.zeta, (1*x@i)*x+1/2]1]11]
[5] os_md.myfeval(F,98.831194218);

0.00000000068100083539303687859
100. df2big(f|inv=1)
i UA MEREE f 258 EE NS FE DD bigfloat AR A~AEE T2
e sin, cos, tan, asin, acos, atan, exp, log IZXti.
o inv=1 ORFEITWEM LT RT 5.

[z__,os_md.myexp,1/2*x]]11]]

[0] F=os_md.f2df(sin(x));
[z__,[z__,os_md.mysin,x]]
[1] F=os_md.df2big(F);
[z__,[z__,sin,x]]

[2] F=os_md.df2big(F|inv=1);
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[z__,[z__,os_md.mysin,x]]

101. compdf (f,z,g) compdf(f, [z1,x2,...1,[g1,92,...1)
w UAMEREE f 02 212V A MEREE g ALY A MEXEERZ KT

o FITZHENXCLHBEERTLIW. 22TV AMEREK f &L gk LT f g 255121
compdf (x*y, [x,y],[f,g]) LT HiT L.

o [ glF£2df ) THERFTREZRATH L.

o [ BXFHNDEL XX, Ipl, [pl, abs(p), floor(p), rint(p), zeta(p), gamma(p), arg(p),
real(p), imag(p), conj(p) M AMAE. 7272 L p i £2df O CTHERATRERI. 2% (p) 2 L7255
Bl &) BRE L EHRT.

o B xq, xo,... ICENENY A MEREEK g1, g2,... ZRAT DL XX, © = [11,29,.. ],
g=1lg1,92,...] ETHIFEL .

[0] Sin_x=os_md.f2df(sin(x))$

[1] Exp_x=os_md.f2df (exp(x))$

[2] ExpSin_x=os_md.compdf (Exp_x,x,Sin_x)$

[3] os_md.myfeval (ExpSin_x,0);

1

[4] os_md.compdf ("|2*sin(x"2)|",x,%);
[z__,[z__,os_md.abs, [2*z__, [z__,os_md.mysin,x"2]]]]

102. cutf(f,x, [[z1,v1], [xa,va], ..., [20,v,1])  cutf(f,x, [t, [x1,v1], ..., [zy,0,]1])
J?ﬁf@ﬁﬁﬁﬁm® lﬂk%Yﬁﬁ®Wﬁ%ﬁw,%@ﬁiﬁ@UX%%ﬁ@ﬁ%ﬁ?
F3BIHDOY A MO n X2 ET, 21 <29 <29 <+ < Ty <y, BT HVENDD.

o < xy DHFEIFT v KT, v 1T (VA MEXEH) TH LW (myfeval (vy,z) ZiRT).
%3 BIBMORYOBERN [1 0L X, TOHITERIND.

o > x, DEHITv, IRT. H3FIBOKRBOEEN [1 L EX, TOHIFTEHIND.

el<j<nTar=x; DLEIFTv, ZEKT. v, TV A MEREETSH L.

o LRBSA OB f(z) 23T

o f DERMN x Th\nEXIX, ZNEEINRORVOERL LTHEET D, L& x X
[t,[z;,v1],..] LT 5.

¢ 2FBEHDBIHNAETLD L XX, TORETLELEET DY A MERXEEKIZ L TR

[0] os_md.cutf(1/x,3,[[-1,0],[0,0],[1,011);

0

[1] os_md.cutf(1/x,0.5,[[-1,0]1,[0,0]1,[1,011);
2

[3] os_md.cutf(1/x,0,[[-1,0],[0,0],[1,011);
0

[4] F=os_md.f2df(sin(x)/x)$

[5] os_md.cutf(F,1.5,[[],[0,11,001);

0.664997

[6] os_md.cutf(F,0,[[],[0,11,011);

1

[7] os_md.cutf(1,-2,[[0,-11,[0,01,[11);
-1

[8] os_md.cutf(1,0,[[0,-11,[0,0],[11);
0
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[9] os_md.cutf(1,0.5,[[0,-1],[0,0],[11);

1

[10] os_md.cutf(x/y,0.5, [y, [-1,0],[0,0],[1,011);

2%x

[11] F=os_md.cutf(sin(x)/x,x,[[1,[0,1]1,011); /* x=0 D& E 1 LILRLF-EE */
[z_0,[z_0,0s_md.cutf, [(sin(z_1))/(z_1)1,x,[[=z_1,[],[0,1], 11111

[12] os_md.myfdeval(F,0);

1

[13] os_md.myfdeval(F,1)-dsin(1);

0

103. periodicf(f, [a,b]l,z) periodicf(ltov([gi,g2,.-.,9nl),C,2)
X BB T DB o) & ABIBEEITRR LR EIC TS
er—kb—a) Dy a<y<beRdBEkZEALT f(y) ZIKT.
o [Z] —kn OMEN 0 LA En RO LR D8k &, v — (kn+L)c DIy B0 LLE c RimicdH 5 ¢
ZBEAT goyr1(y) IR
g 1 EEE, DT (VR MERX) B
o t NRETLDE X, v #EKET A EDOE ) X MEREEIZ L TRT.

[0] os_md.periodicf(x~2,[-1,1],0.2);

0.04

[1] os_md.periodicf(x~2,[-1,1]1,1.2);

0.64

[2] os_md.periodicf(x~2,[-1,1],2.2);

0.04

[3] F=os_md.periodicf(x"2,[-1,1],x)$

[4] os_md.myfeval(F,2.2);

0.04

[5] os_md.periodicf(ltov([1,2,3,4]1),1,2);

3

[6] G=os_md.periodicf(1ltov([1,2,3,4]),1,x)$

[7] os_md.myfeval(G,2.2);

3

[7] os_md.myfeval(G,4);

1

[8] G=os_md.periodicf(ltov([x,1-x,-x,x-1]1),1,x);
[z_1,[z_1,0os_md.periodicf,[[ z_0 -z_0+1 -z_0 z_0-1 11,1,[[z_0,x]1]]

104. cmpf ([f, [a,b]l] |exp=c) cmpf ()
BRI A oy NI [0, 1] (S L7 BT 5
b 1
.[fimwjmiof/"ﬂ@mﬁi/g@ﬂx&ﬁé@ﬁg@)%ﬁ%b,%M%UXF%ﬁﬁﬁ

L LT ’
Bri-7eE®E T 5 FTIE, cmpf () X g(x) 2T,

e ¢ ="-infty"lTa=—oc0 %, b="infty"lTb=00 ZEW L, MEXMOFES % ARXMDOHES
(CEMT . 728, "-infty", "infty"IHEEOCFIT I,

o exp DA T L a Y EFELRWVERIILU T Te= -1 L7 %.
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exp=c LB c ZIELZLELEDT

la,00] T a AR E X gla) = Lorfn) (o= 1),
[—00,b] ThAAIRD L =13 g(x) = L) (o= 1),

e exp=c L EH ¢ ZfRET D & i
[a,00] TaNARD L XL g(x) = C‘E:)Qf(el_éfl +a) (c=%).
[—00,b] T b AAIRD & X1 g(x) = & & f(loer
[—00,00] D& &1 g(2) = (&2 + a—e ) [ (S
o fIFV A MEREETH L.
e cmpf ([1/(1+x72),["",""]1]1) THOLI L BEIT

2
— _ = €01,
9(x) = cmpt (x) {2 x ¢ [0,1].

e areabezier() TEbLNTWD BNZH D7 T 7 25MH).
105. myfeval(f,z) (f,a) myfeval(f,[x,al) myfeval(f,[[z1,a1],...]1)
106. myfdeval(f,a) myfdeval(f,[z,al) myfdeval(f,[[z1,a1]1,...]1)
: myeval () X°mydeval () OFIHD Y 2 MEREE f OLEBIZ a ZRAL TEZES
o fOEENT 74N IFDx TR TovDLEiTa & [v,2] &T5.
o [ ODEBMOELHITMAAT D &L E1THE 25 /¥% [[x,0.5],[y,3]1] mEDEHITT 5.
107. myf2eval(f,x,y)
108. myf2deval (f,z,y)
: myeval() X mydeval() OBIED Y R MER 2 B f ICRAL THEEZ5S
109. myf3eval(f,x,y,2)
110. myf3deval(f,z,y,2)
: myeval () X° mydeval() O5E DY X MER 3 ZBEHE f ITRAL THEEZES
o 1 Z58GBA%L f 1388 x, 2 8B f 13858 %, y, 3EBHE f 135 x, y, z THWTERT.
e myfeval(f,z) & myeval(mysubst(f,[x,z])) CIZR%ETHS. FERIC myfeval (f,z,y)
L myeval (mysubst(f, [[x,2],[y,y]1])) L IERETHY, & 5HIZ myfleval(f,z,y,2) &
myeval (subst (f, [[x,2], [y,y]l, [2,2]1])) ZF%ETH S (eval % deval ITEZM|MIT-HDD
[EI4%) .
e myf2eval(f,a,b) T myfeval(f, [[x,al,[y,b]l]) LR%ETHS.

[0] F=[[xx,yy], [xx,dcos,x], [yy,dsin,x]]$
[1] os_md.myfdeval(F,0);

[1,0]

[2] os_md.myfdeval(F,@pi/3);
[0.5,0.866025]

i

[3] os_md.mydeval(subst(F,x,0pi/3));
[0.5,0.866025]
[4] def afo(X){ return [dcos(X),dsin(X)];}
[5] afo(deval(@pi/3));
[0.5,0.866025]
R L L ARRREREGD.
111. execproc(flall=1,var=k)
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w U R MEXTFHEE 0FAT
UAMERPRE &L, W, SV AN, A7 var UR D 3OO R R EIEARZY A B,
T H (=[l1,ls,---1 T, €;=0f;,v;,p;] &> TW5% & & call(fj,v;loption_list=p;) % j =
1,2,... £FETT5.
o AT a YRRWEEIE, LT L=0f,v;] & LTEu.
o EDHEDOREN ENIKIND.
o RETT vl, v2,...vk (IFFRIOB KA LD, ZHEIERL, 2 Of1,...,k BERTOEREROFEITHERD
ROETEXHBEIOND.
o LIZBWT, k=20NFT 74/ THDIN, var=k ITL > TEFTE 5.
e all=1: ZNEfEETH L, RTCORBDFATHROREVEIRIND (HEOETHEROR Y HE
BHIEHETDHY R N).
o evals() HERITZBEREDHE T, pari() bR 5.

[1] L=[[os_md.binom, [x,2]], [os_md.binom, [v1,2]1]11$
[2] os_md.execproc(subst(L,x,6)|all=1);
[105,15]

112. fsum(f, [m,n,d] |df=1,subst=1) fsum(f, [x,m,n,d]|df=1,subst=1)
i fRED f(z) THABRBFEOM L f(m + kd) & &S
[ OBENRT 7 +L b x DL X1, B e OFEIIRE
AdPBRESINTWARNWE XL, d=1 LIRS 5.
df=1 BFEEINTWD L, [ % £24f (f) ICEEHEZ THOALET 5.
subst=1 BHEEINTWVD &, Bl ATRIET S (72 & 21T, sin(0.5) 72 &b FHITE X 2.

[1] os_md.fsum(x,[1,10]);

55

[2] os_md.fsum(x"y, [y,0,5]);

X"B5+xT4+x73+x 7 2+x+1

[3] os_md.fsum(x"y,[y,0,5,2]);

X 4+x72+1

[4] P=eval(@pi);

3.14159265358979

[5] s_md.fsum(sin(x)/10000, [0,P,P/10000] |df=1)*P;
1.99999998355037

[6] An=2x((x)~(2*n-1))/(2*n-1)$ /* term */
[7] Un=2xx"(2*n+1)/(2*n+1)/(1-x"2)$ /* error */
[8] P4=os_md.fsum(An, [n,1,4,1] |subst=1);
2/T*x"T+2/5%x"5+2/3%x"3+2%x /* log((1+x)/(1-x)) */

[9] os_md.fctrtos(@@|dviout=1,var=x,rev=1,small=1);

2,3 2,5 2,7
e+ 527 + 20 + 2w

[10] subst(P4,x,1/3); /* log 2 */
53056/76545

[11] deval (@) ;

0.693135

[12] deval(log(2));

0.693147

[13] deval(subst(Un,x,1/3,n,4));
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1.27013e-005

[14] P5=o0os_md.fsum(An,[n,1,5,1] |subst=1)$
[15] subst(P5,x,1/3);

4297606/6200145

[17] deval(@Q);

0.693146

[18] deval(subst(Un,x,1/3,n,5));
1.15467e-006

113. fint(f,n, [t1,t21] | cpx=1,exp=c,int=k,prec=v) fint(f,n,f|---)
RS T ETEERE Y
o fIXBREIELT, 3 SIHIIME O EEEERT.
o N IINHNDOETHDHN, MOFHONATEH f RERINTNIEXIT -—nE2E5EXDEBENREND

ZEBZ.
e n=01% n=32 MRIN5.
ELTHOER
o BEHEHE fOLE, T74/NMDOEHITx T, nidnBIO, [ti,t] FHESXMEFRT.
o FEATIXMIT, t1 ="-"1F —0c0 &, to ="+" ¥ +o0 ZET.

o BN x TR TtDEE, MuyRMEADLETHE 35K [t,t,t] EHEETS.
o FELKBIM f WEFRBIEDO L X, cpx=1 ZHETD (2L zxiF 1/x"2+ei) DL X) .
BHRES
o HEMHOLE, W fOLEHITx, v,z 2> tnTED (RIFEATD.
P, x ITERLE z OFE, v ITEHBERT.
o TNIEIL, BOKOEY, B2 RTEHOMEBORMEDY 2 N TET. WHONRT A—H
Tt &95. T
[[(cos(t),sin(t)], [0,2*@pi]l]
[EC A R o A
o THTKE DR A R THEIIM S TRER B TR T NIER 620N, TRLOAMTH L. Fihf
HIZY AMZT D, ez
[ [[t,0],[-1,11], [[(cos(t),sin(t)],[0,2%@pil] ]
TXHALH O _F P O # 5y O J8 & 2 iR
o FIREENK LT I2EAT, BBRSOEELEETD. e xE
(f1,-11,01,11,[1,-11,[-1,-1]1,[1,-1]]
o WEMITIR DR OEAIL, KEIC -1 LEEETHIZLV. LoEFFEOEIZ
(f1,-131,01,11,01,-11,[-1,-1]1,-1]
ELTHEW.
*Fray
o F 7 4L FTIEAY = il THES A Tl % A
— int=1 #4EET D&, |n| HEIL THEAXTIELEET 2.
—int=2 ZRETDHE, [n| HEL T T OARTHEFHE TS, 2oL E, n BNEFHER
5 n|+10%72%.
o MiNEHEt L+ 5L, HIRXM TORMMICHW THRET o(|t|~2) (HEEEIO & X213 0(|t|72))
BRI SRNERRENKELRDDT, prec=16 Tzl exp=1 R ELB/ET D LLEBEIND Z &

LAY
o T LN TRWVESARERAND DHAIL, prec=16 2 X LIET D L HHHEREN DL
5.

o Acc=1 ZHET D & pari O IC X 2 EMEEFHE AT 5.
7272 L ctrl("bigfloat",1) I LU setprec(prec) (T L HFEEDRENLE. F-, HEEAE
T7< Tsin(x) 72 EDOFEREZH O BEITEEPLET, NETLHREIZER SN D ATREMED
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H5 (myeval() DHAZM. ord() THHD).
PIFo [0, [1], [2], [3] IEZNEIROFE &

*  dx © V2dx dz ez
_ar = & v Sl -
[oo 221 oo B2+ /1 T " =1 22 -1 /|z|_1 2 de= /o
[0] os_md.fint(1/(x"2+1),32,["-","+"]);

3.14159

[1] os_md.fint(dsqrt(2)/(x"2+@i),96, ["-","+"]|cpx=1);
(3.1416-3.14158%@1i)
[2] os_md.fint(1/(2%z),-96, [[cos(t),sin(t)], [0,2*@pil]);
(3.14159%@i)

[3] os_md.fint(exp(1/2)/2,-96, [[cos(t),sin(t)], [0,2%C@pil]);

(-4.96894e-016+3.14159%01)
Bézier HifR Z ff o - BIER H DEXIIRE

FERET B3 Fe ) il fEE 16 531 32 50 E| 96 & 384 55 E| 1536 4%l
= —co<z<oo| (n,—) [1.3x107° | 1.3x 1077 | 85x 1071 | 4.7 x 1072 | 2.1 x 107**
o | o<z <oo| (n,—) [23x107° | 1.7x 107" [26x107° | 1.9x107% |81 x 107"
ex |z] =1 (—n,—) | 76 x107° | 41x107° | 48 x107® [1.9x 107" | 7.3 x 10713

114. fimag(f,x|inv=g)
i R EEOEB I A FEE O BRI A

[1] os_md.fimag(exp(r+x*@i)) ;
(1%@i) *exp (r) *sin(x)+exp(r) *cos (x)
[2] os_md.fimag(2” (r+x*@i));
((2) " (r))*cos(Log(2) *x) +(1*@1) * ((2) " (r)) *sin(log(2) *x)

115. trig2exp(f,x|inv=g)
i AR L ERBIE DA L HAL

o 77N TIE, ZANBEEREROERHB TE SR, HEBEEOBITI—2ItElDs.

o inv=1: HEIELEOEEHEBOERIL, —AREEZE> TEEBOREIZEESHZD.
“HBEKORIE, —ARBORICELEHOND.

e inv=sin(y), inv=cos(y), inv=tan(y) : x 2® triglexp( ) OHFE 25K D &L X, sinx 71
cosxz E£7-1% tanx DAEPERICTRERRV ET (y=a DL X).
£V —#IZ inv=sin(ax +b), inv=cos(ax +b) DX I, yIFFHE2E K 2z ©» 1 ®KATHL LW (&
L %1%, inv=cos(x/2), inv=sin(x+@pi/3) 72 ).

o SRR DL O = ARSI EPIBIIEE S v,

[0] os_md.trig2exp(sin(x),x);

(-1/2%Qi) *exp ((1%01)*x)+(1/2%0@1) *exp ((-1%0Q1i) *x)
[1] os_md.trig2exp(@@,x|inv=1);

sin(x)

[2] os_md.trig2exp(16*sin(x)~5,x|inv=1);
sin(5*x)+10*sin(x)-5*sin(3*x)

[3] os_md.trig2exp(4*cos(x) " 2*exp(x)~2,x);

2xexp (2xx) +exp ((2-2%01) *x) +exp ((2+2%0@1) *x)

[4] os_md.trig2exp(4*x*sin(x) "2*cos(x),x|inv=1);

(cos(x)-cos(3*x))*x
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[5] os_md.trig2exp(sin(5*x),x|inv=sin(x));
16*sin(x) "5-20*sin(x) "3+5sin(x)

[6] os_md.trig2exp(cos(x+y),x|inv=cos(x));

cos(y) *cos(x)-sin(x) *sin(y)

[7] os_md.trig2exp(cos(2*x+y),x|inv=cos(x));
-2*sin(y)*cos (x) *sin(x)+2*cos(y) *cos (x) "2-cos(y)
[8] os_md.trig2exp(cos(2*x+y),x|inv=sin(x));
-2*cos(y) *sin(x) "2-2*sin(y) *cos(x) *sin(x) +cos (y)
[9] os_md.trig2exp(cos(2*x+3*0@pi/2),x|inv=cos(x));
2*sin(x)*cos(x)

[10] os_md.trig2exp(2*cos(2*x+Q@pi/6) ,x|inv=cos(x));
2% ((3) " (1/2))*cos (x) "2-sin(x) *cos (x)-((3)"(1/2))
[11] os_md.trig2exp(cos(x),x|inv=cos(x/3));
4xcos(1/3*x) "3-3*cos(1/3*x)

[12] os_md.trig2exp(2*cos(x),x|inv=cos(x+@pi/3));
cos(x+1/3*@pi)+sin(x+1/3*@pi)*((3)~(1/2))

[13] os_md.trig2exp(tan(3*x),x|inv=tan(x));
(tan(x) "3-3*tan(x))/(3*tan(x) "2-1)

FIFUTOHELEZRLTWD
sinz = —% exp(zi) + % exp(—wi),
4cos® z - exp® z = 2exp 2z + exp((2 — 2i)z) + exp((2 + 2i)z).
inv=1 Zf5E L7z oAl

16sin® z = sin 5z — 5sin 3z + 10sin z,

4z sin’ x - cosz = z(cos x — cos 3x).

inv=sin(x) ¥721% inv=cos(x) Z¥E L= LOFlIx

sin 5z = 16sin® x — 20sin® x + 5sin T,
cos(z +y) = cosx - cosy —sinz - siny,

cos(2z +y) = —2siny - cosx - sinx + 2cosy - cos® x — cosy
= —2cosy-sin®x — 2siny - cosz - sinx + cos y,

cos(2z + §) = —2sinx - cosz,

2cos(2z + ) = 2V/3cos? z —sinx - cosx — V/3.
inv=cos(x/3) Z#$HETDH &
_ 3
cosz =4cos” § —3cos .

inv=cos(x+Qpi/3) ZIEET 5 &

2cosz = cos(z + T) + V3sin(z + I).
inv=tan(x) ZfET D L

tan®z — 3tanz

tan 3z =
3tan?z — 1

128



116. isshortneg(f)
w f & —f BRETLXTHNOR IO
—f ORFLFFNOEIN f ORBZILFHIOES LVENNE S D HIET S.
117. fshorter(f,x)
wox O = AEEOMEAL
o “ABMOFEEEE B BICH BT 5.
o BN D = ABBOERDOIITAHEIC > TV OIXERD .

[0] os_md.fshorter(8*sin(x) ~4-8*sin(x) "2+sin(x)+1,x);
sin(x)+cos (4*x)

[1] os_md.fshorter((sin(x)-3*sin(3*x))/(3*cos(x)+cos(3*x)),x);
tan(x) "3-2*tan(x)

[2] os_md.fshorter((1-cos(2*x))/(1+cos(2*x)),x);

tan(x) "2

118. fzero(f, [z,z1,22] Imesh=m,dev=d,zero=1,trans=1,cont=1)
u EEEEE f OBEERDD

o EH f X myeval ) DFIEKOETH L.

o 1 [IEHT, XM [r1,22] TOERERDD.
BB BNT 7N DO x DEXITNEZEAK LT, “FBO5HIE [z1,72] THU.

o EVHIX, FEROELELZZTO f OEOHDY R

o [RZEARXLHIAXD L XIIHFOLHEADFERELTD. ZFOWED 2 L FORHIRO AN Z,
LA ORI DL polroots () % 5.

e mesh=m : X% m %5 L CZO/NEKHEOEIHT f OFEHREDLDL LI, ZOROEREZOE
OFTORDD. T 7 A MEm = 1024

o dev=d : /NXMDOMESHOECEHED 7T 7 %5 THEL LTz & & OF R E IIL i O S COEE
OEZNEIZFA~T (A X%, #EFIXEEKEE) EROELGEEEZT 5, ZOMEVIELO
KRB 7740 MId=16.

o zero=1: [Xfi] [x1,22] DWGT f OFEHEDD L X, TOMDOEREZOLEORDD.

e trans=1: myeval() TEDPFHRETEOIHHTHL Z L2 T BRELRITHLW).

e cont=1: f AMERELTHLZ LERT GRELRSTHLW).

[0] os_md.fzero(3-x"2,[-2.0,2.0]);

[[-1.73205,-4.44089e-016], [1.73205,-4.44089e-016]]

[1] os_md.fzero(exp(x)*sin(x)-cos(x),[0.0,10.0]);
[[0.531391,1.11022e-016], [3.18303,-4.44089e-016], [6.28505,3.28626e-013],
[9.42486,1.23013e-011]11]

[2] os_md.fzero(2/x-x,[-1.0,10.0]);

[[1.41421,3.14018e-016]1]

119. fmmx(f, [z,x1,22] Imesh=m ,dev=d,mmx=1,zero=1,trans=1,cont=1,dif=1)
u EBEEEL f OMEERD D
B f X myeval ) OFFDETH Lv.
T (TEECCT, XM 21, 22] TOWEZKDD.
PR DT 74N DO xDLEFTENEEARKLT, ZFHDOGIEIT [x1,22] TEU.
o RUMHI, W% &5 x DELMEEZZTO f OEOMD Y A K
o mmx=1 : MRfET% < THRKRME L F/IMEZ KD 5.
[[Zmin > f (Zmin)] 5 [Tmaxs f(Tmax)1] DR VET, f(Tmin) DVEAME,  f(Tmax) 23R KAE.
e mesh=m : X[H% m %4 L TCEDOHRE Lz 2 DO/NNX [ OBEEE ST OB O i T O OM
IR WNWE EZDOROBERZOE ST ORD L. 74/ FMIm = 1024.
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e dev=d : L CHNOHHERMEZZNEN 2% L CTX 5 3MOBE/NXBEZNRICHHENT, BED
HOME XM ERS, LD LRV IKLORKEE. T 744 M d=16.

o dif=1: f DO TELHEHHDL X, [ OFRREMMEEZID R EHRRT

o dif=g: Bk g DFEREMAEE D M & e T

e zero=1: dif ZIEE L L&, KMOMMT f/ (i3 g OHFEHEDLL L EIT, ZOMOD f
(72t g) OHFEHROOLESEWBEL EDH8ET 5.

e cont=1: dif ZFE L L &, fPAEBEERTHLIZ L2 EELRITH LW,

e trans=1: myeval() TEDPFHRETELIHHTHL Z L a7 T EELRITHEW).

[0] os_md.fmmx(sin(x),[0.0,6.0]);
[[0,0],[1.5708,1],[4.71239,-1],[6,-0.279415]]
[1] os_md.fmmx(sin(x),[0.0,6.0] |mmx=1);
[[4.71239,-1],[1.5708,1]]

[2] os_md.fmmx(cos(x),[0.0,6.0]|dif=1);
[[0,1],[3.14159,-1],[6,0.96017]]

120. £flim(f,v|prec=c,init=t)
i R x OFPAEREEL f OMBIRIEZ KD 5
o B MEITMEIRAE. 7272 LZESCFANIMIRER L, HOVITHETE RN &, Flom+", "-"IZh
i 400, —o0 BEKT.
v=a: lim f(z)
Tr—ra
v=["+",a] : lim f(x)

rz—a+0

e v=["-",a]: hmof(a:)
o U ="+"": ll)m f( )
oy ="-"_ EIEI f(.I)

e prec=c: c¢|E —1LAE30LATOEKT, ¢ 2T EMMEDEMIENET (c=0RT 74/ 1)
flx) DL BMEOHPEEZ, v=["+",a] DEXF, [a+8F1a+8F T, v="+"DLXiF
[8% 8k+1] T, k=4,5,...,12 2% LT fmmx( |mmx=1,mesh=16,dev=4) THT, ZHIZL->T
MEIRDAFAEZHE L TV 5.

e init=t: t ITIEDFEHT, T 74N b EHRT oI tFTVMEICR S TH~S.

[0] os_md.flim(sin(x)/x,0);

1

[1] os_md.flim(sin(x)/x,"+");

0

[2] os_md.flim((1+2*x~2)/(x+x~2),"+");
2

[3] os_md.flim((1+x74)/(1-x),"+");

121. fcont(f, [z,z1,22] Imesh=m,dev=d,zero=1,trans=1,dif=1) 7
 EHEEE f OREEROWE O TRVRERD S
o HH fiXmyeval() OO TSH L.
o o [TAKT, XM [x1,x] TOMEZRD .
ERHeBNT 7N D x DEZITETNEEM LT, ZFHFHOIHIL [z1,22] TEU.
o RUEIE, FFERAZHOLKMEZD2H8TOF Y vy 7OMDY A K
122. fresidue(p,qlcond=[f1, f2,...],sum=1)
2 BN g 2R ETHEEN p/q OFFRALEEHOMDOY A b (z BEHKT, p X ERIEE)
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o f1,... 013z x, 7y EEKLETHHET (z=x+yi) TNONETIELRDIEROHE RS
o sum=1: FFEHT-THEOMERGD

o sum=2 : KMHEMIZTEEOMD 2mi (52525 (HEIEEOOFEICHWS)
[0] os_md.fresidue(z"2,(z"2+1)"2);

[[(1%@i), (-1/4*@i)], [(-1*@i), (1/4%0@i)]]

[1] os_md.fresidue(16,z"4+4);

[[(-1+1%@i), (1-1%@i)], [(-1-1*@i), (1+1*@i)], [(1+1%@i), (-1-1%@i)],
[(1-1%@i), (-1+1%@i)]]

[2] os_md.fresidue(16,z"4+4|cond=[y]);
[[(-1+1%@i), (1-1%@i)], [(1+1%@i), (-1-1%@i)]]

[3] os_md.fresidue(16,z"4+4|cond=[y],sum=1);

(-2*%@1)

[4] os_md.fresidue(16,z"4+4|cond=[y],sum=2);

4xQpi

[5] os_md.fresidue(3*z"4,z"6+1|cond=[y],sum=2);

2%@pi

[6] os_md.fresidue(3*z,z"3+0Qi|cond=[y],sum=2);

2*Qpi

[7] os_md.fresidue(@e” (@i*z*xi),z"2+1|cond=[y],sum=2);

((@e) " (-xi))*@pi
(41, [5], (61, [7] (£>0) 1%, BWEEFEICIVUTORMOFHEEZE TN,

e} 1 0o 4 o) 0o i
444§Afdx =4, 4£¥54*d11222ﬂ, 444£§5447dm =2, Afiggfdx = e ¢
zt+4 0o T8 +1 o T34 /—1 Lo 2241

—0 —

3.2.2 Numbers
123. abs(p) abs([p,precl)
s BEHCE T VT SECE T TSR p ORI A R
o p WEFEHD L E [p,prec] & LT prec THEDHEERETE 5.
o NEEMAB LT HLERNETHY R MNEAEEUNE LIS
124. calc(p,[s,q]) calc(p,s)
s HeHE AR L CHEE A E T
BT s="4", m=m, mghon/n s s g oo oo gt o= %353 s= "abs",
"neg", "sqr", "inv", "sgn" BHEZ.
map() X° mtransbys() 72 & LALAE D THE D L EHF).
[0] os_md.calc(x,["-",y1);
Xy
[1] os_md.calc(3,[""",4]);
81
[2] os_md.calc(x/y,"inv");
(y)/ (%)
[3] map(os_md.calc,[3,-3,0,2],"sgn");
[1,-1,0,1]
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125. isint (p)
wop WEEHINE D IS
p DEBDORE 1, 5 ThneE X 0 %KY
126. israt(p)
D op BDEHEENE D DPFARD
p BWEEIE DR 1, Z 5 Think & 0 ZikKY
127. iscrat(p)
G op DECTEOEER L BN HICHEEDE S 2R D
p DEF LN LICHIEOEOKE 1, T 5 ThnE & 0 2ET
128. isalpha(n)
D BEARTALT Ry hOLFa— RpE I 0D
[0] strtoascii("1")[0];
49
[1] os_md.isalpha(49);
0
[2] os_md.isalpha(strtoascii("a")[0]);
1
129. isnum(n)
2 B o BT 0~9 OXTFa— R E I NS
130. isalphanum(n)
S BE R TLT 7Ry NERIFETOLTa— FinE ) hiis
131. isdecimal(s)
i SO s B E LI INER LTV D 0 E S D
o s NIFFITHRNWEEZT0 ZKT.
o HiZDZEATFINIMMA L THIET 2.

[0] os_md.isdecimal("0");
1
[2] os_md.isdecimal(" -2.5 ");
1
[3] os_md.isdecimal(" -2.5/2 ");
0
[4] os_md.isdecimal(-2.5);
0
132. nthmodp(a,n,p)
:a”™ mod p ZiIRT (a IXEHTn, p ALK
[0] os_md.nthmodp(107,10006,10007);
1
[1] os_md.nthmodp(107,1006,1007);
425
133. issquaremodp(a,p|power=n)
D EHREIRERND LUy RVOEGREISTE (%), n AT & — &)

o p IXFEHK, n IXEEEK.
ea=0 mod pPDLXIT0%KT. £5ThW\EXIILTOMEEIKT.

e 22=a mod p BPEELHOLE 1, bl & —1.
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e power=n ZRE L L X, 2" =a mod p DEOHFAEMBEICE XM 5.

[0] os_md.rootmodp(12,13);

[5,8]

[1] os_md.rootmodp(11,13);

(o]

[2] os_md.rootmodp(5,13|power=3);

[7,8,11]

134. rootmodp(a,p|power=n)

D pEEELTaDFEFR (—IZIE n BIR) 2RO D

o pEIEL LT p RiMDREFIRA /NS WIAIZY 2 FTET.

o p NEHZREDORED L XIFFHREANTHETS.

[0] os_md.rootmodp(12,13);

[5,8]

[1] os_md.issquaremodp(11,13);

(]

[2] os_md.rootmodp(5,13~2|power=3);
[7,8,154]

[3] 15473%13°2;

5

[4] os_md.rootmodp(17,32);

[7,9]

135. primroot(plall=1,ind=a)
w WRBELIIZEORE p OJFUAMRRLENZ IR E T O E L LD D
o p NHFEED L EITHRE DR/ FUIAR 2.
e all=1: JJUARZ ET/HEWIAICY 2 b TiT.
e ind=a : R/DDFMHIR ( ZIEET D a O n ZIKT (("=a mod p).

[0] os_md.primroot(7);

3

[1] os_md.primroot(17]ind=2);

14

[2] os_md.nthmodp(3,14,17);

2

[3] os_md.primroot(7°2|all=1);

[3,5,10,12,17,24,26,33,38,40,45,47]

[4] for(P=3,V=0;;P=pari(nextprime,P+2))
if ((Q=os_md.primroot(P))>V) os_md.mycat([Q,P]);

23

37

5 23

6 41

T 71

19 191

21 409
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23 2161

136. rabin(p,q)
SpIIKLgEIELETHIT— - FEUORECHEERITY G, BFEHRS 1 %K)
[0] os_md.rabin(10007,2);
1
[1] os_md.rabin(1007,2);
0

137. cfrac(z,n)
o AE S D WITER A EOEURRT S (n 135
e pari(cf,) & .
o n NADL XL, HEN |n| LTOERIGHE RS GERUED B3I RET).
72z, SR SHILL T O, ERIEKOBEN 107 TR bZhnbEX 5.

[0] os_md.cfrac(3.14159265358979,10);
[3,7,15,1,292,1,1,1,2,1,3]

[1] v=1237.0/4123;

0.300024

[2] os_md.cfrac(V,-10000);

1237/4123

138. cfrac2n(l|loop=m)

o (PEBR) W EET OBICET
e loop=m: m HANOIEERE L TV DK AERT.

[0] os_md.cfrac2n([2,3]);

7/3

[1] os_md.cfrac2n([2,3]|loop=1);

1/3%((15)~(1/2))+1

[2] eval(@Q);

2.29099444873580562818

[3] os_md.cfrac(@e@,11);

[2,3,2,3,2,3,2,3,2,3,2,3]

[4] os_md.cfrac2n([1,2,3]|loop=2);
1/3%x((15) " (1/2))+2
[5] eval(@Q);

1.43649167310370844239
[6] os_md.cfrac(@@,11);
[1,2,3,2,3,2,3,2,3,2,3,2]

139. sqrtrat(r)

AR (E7IXES RS A BB OERE) OV HRESED
o v AT b5 & M E OB T b A 1 [ R
o r MEEEOL X, mom /] MR MVIE g 72720, m,n, p 38 (p > 1)

Ths.
VP IE ()~ (1/2)) , /=p T eix((p)~(1/2)) LFREND.
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[0] os_md.sqrtrat(4/9);

2/3

[1] os_md.sqrtrat(-4/9);

(2/3%@i)

[2] os_md.sqrtrat(9/8);

3/4%((2)~(1/2))

[3] os_md.sqrtrat(-9/8);
(3/4%01)*((2)"(1/2))

[4] os_md.sqrtrat(-1);

(1%@1)

[5] os_md.sqrtrat(os_md.sqrtrat(4x@i-3));
(1+2%@1i)

[6] os_md.sqrtrat((4*Q@i-3)*2);
(1+2*%@i)*((2) " (1/2))

[7] os_md.sqrtrat(1+0i);

(/2% ((2)"(1/2))+1/2)~(1/2))+(1x@1) * ((1/2% ((2) " (1/2))-1/2) " (1/2))
[8] os_md.sqrtrat(-a"2+2*a-1);
(1%@i)*a+(-1%@i)

FEUTEZRLTWS

4 2 [ 4 2 9o 32 [ 9 WU — = ,
\/;—3, —9—32,\/;—4, —g—T, _].—Z, 41_3—1"_27/7

V2(4i = 3) = V2(1 + 2i), \/l—i—i:\/\f—&-;—l— ﬁ—li, V—=a®+2a—1=ai—i.

2 2

140. sqrt2rat (r|mult=1)
u EHIRRCER R G AT O A B
o p(z)"t2 13, p(z)" - p(z)? ORICEIND (n 135E)
o TR RHIFEND FHIRITE #—> T, HKiZa~(1/2) DFE L TWDHENFHTHELRD.
o a”(1/2) DHEBEELREOAHAIL, HEE r, ro ICL ST ry +1r2-a~(1/2) OFRITERELINS.
e mult=1 ZIEET D &, HEOFEITONWTEH ZOFIIERLEITS.
[0] os_md.sqrt2rat((x+0i)/(y+@i));
((y+(=1%@1i) ) *x+(1*@i) *y+1) /(y~2+1)
[1] os_md.sqrt2rat ((2+2~(1/2))/(2-2"(1/2)));
2%((2)7(1/2))+3
[2] P=2"(1/2);
((2)~(1/2))
[3] os_md.sqrt2rat(P"4);
4
[4] os_md.sqrt2rat((P+1)"3/(P-1));
4%((2)7(1/2))+13
(6] -((x-1)"(-1/2))*x+((x-1) " (-1/2))+((x-1)"(1/2))

0
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ki, UToEXZRLTHDS.

. _ . . 3
r4i  wy—wityi+1 2+\[72\[+3 (\/5)4:47 (V2+1) — 4V2 + 13.

y+i 2+l 72—\ v2-1

141. sint(r,plstr=t,sqrt=1,zero=0)
BB FRIEFRE, VAR (R SRR 72 E DRy DI NEUR AT p AT

o p NADKHE, WELALTT |p| ik 0127 5.

o r LD BETRVGEITTDOEFIRT.

o MJEZepi, FET e IFFHli SN 5. ERENIFEI & BT TREL SN D.
e str=0 :p>0D&E, p ZAMNEFONEL L THD M Z KT

e str=1 : XFHITET.

e str=2 :1.034*%10"(—2) ® X 5 22 3CFFH| T T

e str=3 :10.34 ® X 572 TeX OLFH|TET.

e str=4 :1.034\times10"{—2} D X 5 7 TEX OLFH|TiKT .

e sqrt=1: ﬁﬁ@i%@ 5Tk%,fﬁ$ﬂ®1%\wﬂﬁl} CEHESD.
e zero=0:0.--- LRDHEE, FHDOEZENT, .- LT D.

[0] V=eval(exp(1));
2.71828182845904523521

[1] os_md.sint(V,4);

2.7183

[2] os_md.sint(1000%V,-2);

2700

[3] os_md.sint([2/3,1/7]1,5);
[0.66667,0.14286]

[4] os_md.sint([2/3,1/7],5|str=3,zero=0);
[.66667,.14286]

[5] os_md.sint(@pi+@e*@i,5);
3.14159+2.71828*Q1i

[6] os_md.sint(@pi+@e*@i,5|str=3);
3.14159+2.718281

[7] os_md.sint(@pi+@e*@i,5|str=3,sqrt=1);
3.14159+2.71828\sqrt{-1}

[8] os_md.sint(-123.0202,3);

-123.02

[9] os_md.sint(-123.0202,3|str=1);
-123.020

[10] os_md.sint(-123.0202,3|str=2);
-1.230%10"(2)

[11] os_md.sint(-123.0202,3|str=4);
-1.230\times10°{2}

[12] os_md.sint(-12.30202,3|str=4);
-1.230\times10

[13] os_md.sint(-123.0202+@i,3|str=4);
(-1.230+0.010i)\times10~{2}

[14] os_md.sint(-123.0202+@i,3|str=4,sqrt=1);
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(-1.230+0.010\sqrt{-1})\times10~{2}

[156] os_md.sint(1234.567,3|str=0);

1230

[16] os_md.sint(1234.567+11.1%@i,3|str=0);
(1230+10*@1i)

142. frac2n(n|big=1)
B EFRCRB T (r 3R, AHEARZEOY A RRITHIRETEH L)
e big=1 Z{EET % & bigfloat TIKT.

[0] os_md.frac2n(1/3);

0.333333

[1] os_md.frac2n([1/3,1/4]1);

[0.333333,0.25]

[2] os_md.frac2n([1/3,1/4]|big=1);
[0.33333333333333333304,0.25000000000000000000]
[3] os_md.frac2n([1/3,1/4+1/6%@i+3/4*x]);
[0.333333,0.75*x+(0.25+0.166667*@1) ]

3.2.3 Polynomials and rational functions
143. radd(p,q)
o B p &g OB AEXOE CHET S
p & qiE~T MVEIIATAITH LW, —FHRAL T =TGR T MVEZITEFITHITS L.

[0] P=y~3/(x*xy+y~2);

(y~3)/ (y*x+y~2)

[1] Q=(x"2%y-y~3)/(x*y-y~2);
(y*x~2-y~3) / (y*x-y~2)

[2] P+Q;
(y72%x"3+y~3%x"2-2%y"5) / (y"2*xx"2-y~4)
[3] os_md.radd(P,Q);
(x"2+2%y*x+2%y~2) / (x+y)

[4] P*Q;
(y~4*x"2-y~6)/(y~2*xx"2-y~4)
[5] os_md.rmul(P,Q);

y°2

[6] M = newmat(3,3, [[x,x,x], [x,x,x], [x,x,x]]);
[ x xx1]

[ x xx1]

[ x xx]

[7] M1 = subst(M,x,1/x);

[ (/) W)/ (x) (D/x) ]

[ (/) W)/ (x) (/)]

[ (/) (/) (/)]

[8] M2 = subst(M,x,1/(x+y));

[ (D/x+y) (D) /(x+y) (1) /(x+y) ]
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[ (D/x+y) () /(x+y) (1) /(x+y) ]

[ (OD/x+y) 1)/ (x+y) (1) /(x+y) ]

[9] M1xM2;

[ (3*%x"4+6xy*x"3+3%y " 2*%x"2) / (X" 6+3*y*x"5+3xy~2%x"4+y~3*x"~3)

[10] os_md.rmul(M1,M2);
[ (3)/(x"2+y*x) (3)/(x"2+y*x) (3)/(x"2+y*x) ]
[ (3)/(x"2+y*x) (3)/(x"2+y*x) (3)/(x"2+y*x) ]
[ (3)/(x"2+y*xx) (3)/(x"2+y*x) (3)/(x"2+y*x) ]
[11] N=newmat(2,2,[[a,bl, [c,d]]);
[ab]
[cadl
[12] os_md.radd(x,-N);
[ x-a -b ]
[ -c x-4 1]
[13] os_md.radd(x,N[0]);
[ x+a x+b ]
[14] os_md.rmul(x,N);
[ a*x bxx ]
[ cxx dxx ]
[15] V=1tov([u,v]);
[uv]
[16] os_md.rmul(N,V);
[ a*xutb*v cxu+d*v ]
[17] os_md.rmul(V,N);
[ a*utc*v bxu+d*v ]
[18] os_md.rmul(V,2);
[ 2%u 2xv ]
[19] os_md.rmul (V,V);
u2+v-2
144. rmul(p,q)
i FEE (017F) p & g OEBEKNARKX (0175]) O CTIHET S
qIFER7 MVEIATHITH L. 2o & & pid7aIReX7 P Th LW (Billd radd() OEEZHR).
145. polbyroot ([p1,p2, ..., pnl )
w ZEXERTEXD
RO T (@ — py)
[0] os_md.polbyroot([a,b,c],t);

t~3+(-a-b-c) *t "2+ ((b+c) *a+c*xb) ¥t-c*b*a

146. polbyvalue([[a1,b1]1, ..., [an,b,1],2)
sz On—1REBEXZ nlOR 2 =0a; TOMEDb, THZ?
REUE: n— 1 RBHER

[0] os_md.polbyvalue([[0,1],[2,3],[3,61],t);
2/3%t72-1/3%t+1
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147. pgen([[z1,n1], [z2,n2]...] ,alsum=n,shift=m,sep=1,num=1)
s AR ay T 23 mg IR, i%fn&UT@myuﬁgﬁgﬁﬁ%ﬁé
e shift=1: suffix # 1 5HHEDD
e num=1: 10,11,... % a,b,... TR THFTOEF TET.
e sep=1: HH D suffices D& = _ TS

[0] os_md.pgen([[x,2],[y,11],a_);
(a_21*y+a_20)*x"2+(a_1l1*y+a_10)*x+a_01l*y+a_00

[1] os_md.pgen([[x,2], [y,2]],alsum=3,shift=1);

(a32*y+a31) *x"~2+(a23*y~2+a22*y+a2l) *x+al3*y 2+al2*xy+all

[2] os_md.pgen([x,6],a);
a6*x~6+abxx”"b+ad*x"4+a3*x"3+a2*x"2+al*x+al

[3] os_md.pgen([[x,2],[y,2]],alnum=1,sep=1);
(a2_2xy~2+a2_1xy+a2_0)*x"~2+(al_2%y~2+al_lxy+al_0)*x+a0_2*y~2+a0_1*y+a0_0
[4] os_md.my_tex_form(@Q);
(a_{2,2}y"2+a_{2,1}y+a_{2,0)x"2+(a_{1,2}y"2+a_{1,1}y+a_{1,01)x
+a_{0,2}y"2+a_{0,1}y+a_{0,0}

148. rpdiv(p,q,x)
o DZEAOHN Y H
REOME [ry,m,s] : r=mx*xp—sxgq,
mydeg(r,z) < mydeg(q,z), mydeg(m,z) =0
[0] R=os_md.rpdiv(3*x~3+x"2+5,a*x"2+x+1,x);
[(-4*a+3) *x+5*a~2-a+3,a"2,3*%a*x+a-3]
[1] R[11*(3*x~3+x"2+5)-R[2]*(a*xx"2+x+1) - R[0];
0
149. easierpol(p x) F721¥ easierpol(p, [z1,x2,...]1)
D AEARE D 2 OZHERXOBRIEIC 2 2 E ERVWAERE DT T, RERORERAKIITE 1 OEKLRK
@%%f;W@

[0] os_md.easierpol(6*r*y/a-3*r*x~2,x);
axx”"2-2xy
150. getroot(p,x|mult=1,cpx=1)
u ZHEHAOR A FRAE 2 ITHE I OE RO TRH 5
e mult=1 Z4FET DL, HELLMOMD Y X F 2.
o RUMNBHIEOLHADYAIZ cpx=1 ZHET 5 &, EHELIETLPEIEBOBR L A ht TR .
o REMNFEB DL NDGEI cpx=2 ZHET D &, FEHEEMPEEEOFHREMH - TERYE

HRHEHOETIRT.
o UM HFHEOLEADEAIZ cpx=3 ZHET D &, LVBEMALRL ALY RS

o ZNHLLSDOIRIE, EFRTEA TR

[0] os_md.getroot(os_md.polbyroot([a,b,a,c+d],t),t);
[a,a,b,c+d]

[1] os_md.getroot(os_md.polbyroot([a,b, (b+c)~2],t72),t);
[t"2-a,t"2-b,-b-c,b+c]

[2] os_md.getroot(os_md.polbyroot([a~4, (b+c)~2],t"2),t|mult=1);
[[1,-a"2],[1,a"2],[1,-b-c],[1,b+c]]
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[3] os_md.getroot (2*x~3-x"2-4%x+2,%) ;
[x~2-2,1/2]

[4] os_md.getroot ((2*x"3-x"2-4*x+2)"2,x|mult=1);
[[2,x"2-2],[2,1/2]]

[5] os_md.getroot (2*x"3+x"2+4*x+2,x|cpx=2) ;
[(-1%x@1)*((2)~(1/2)), (1x@1)*((2)~(1/2)),-1/2]

151. polroots(p,x|comp=t,err=r,lim={)
s B O 1 ERZEAOR, ZEBSZEAOLER (FER - ER) o I AT
o 77 4V NCIEERE /NI WIIRICIET.
o comp=1 ZH5ET 5 & FR L EAR & 2 EE A IAD TR
e comp=-1 L5 &, ERELEREZIETH, LEAOBEPFEHO & FERITAHEE TIRT.
e comp=-2 LT 5L, EREFLTETH, LHAOBRENPATEIO & S AHEMBITAHE TIRT.
e comp=2 X 1EET 2 L AIURDOLZIRT (R TORENEIHBOREDHEGR)) .
RN EBLIANDIRT A= NREENTHTH LW (RTA—ZIZOWTOFEERHELND).
o ZEKLHEXDOLZAIL, 2 CEHEnfHO) Ak, plZZHERDO nHOY A MEfRETHZ itk
THBRNHEFHND.
— 0L OEOREY 1L, HEBRBBEONSLhoToZ L ERT. GEFELHEESND).
- 0DHFAIE, —RBRICEELRN-oTZ LRt EEREMVWTWLIOT, BERAD EKED
FREMEI T Tl A2 .
— EREREZ L TWDDOT, F7 40 b T 2732 BIEORTEROMAEZ A LT, @i
EOMEHWLTWD CROTARDKEE L 13872 5).
Z O, err=r IZX-o TEETE 5.
o lim=/ Ik > TROHFHFHZHIBCTX 5.
— FEWRFELITEBICH L, B x OFPAE [a,b] IZRDIZIE, L OEFRIZ [z, [a,b]] ZAND.
— EBEY e, d] IZBRDI1IE, [z, [a,b], [c,d]] ZANLD.
— BEHETEBEFB LN E XL, [@,0,le,d]] &T5.
— e ziFx by OELRE [0, 1] IZHIBRT 5121, lim=[[z,[0,11], [y, [0,1]11] &7 5.
— —OOEREOHOIRED & &1L, 72& 20F lin=[z, [0,1]] £721% 1in=[0,1] L TH I

[0] os_md.polroots(x~4-x-2,x);
[-1.0000000000000000000,1.35320996419932442942]

[1] os_md.polroots(x~4-x-2,x|comp=1);
[-1.0000000000000000000,1.35320996419932442942,
(-0.17660498209966221474-1.20282081928547880591*@1) ,
(-0.17660498209966221474+1.20282081928547880591*@1i) ]

[2] os_md.polroots(x~4-x-2,x|comp=2);

[-1]

[3] os_md.polroots(x~4-x-2,x|comp=-1);
[-1,(-0.17660498209966221474-1.20282081928547880591*01) ,
(-0.17660498209966221474+1.20282081928547880591*@1) ,

1.35320996419932442942]

[4] os_md.polroots(x~4-x-2,x|comp=-2);

[-1,1.35320996419932442942]

[5] os_md.polroots([x"2+y~2-2,y"2+2"2-2,2"2+x"2-2], [x,y,2] | comp=-1) ;
((-1,-1,-11,01,-1,-11,0-1,1,-11,01,1,-11,[-1,-1,1],[1,-1,1]7,[-1,1,1],[1,1,1]]
[6] os_md.polroots([x"2+y~2-2,y"2+z"2-2,2"2+x"2-2], [x,y,z] | comp=2,1lim=[x, [0,1]1]);
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(ft,-1,-11,01,1,-11,01,-1,11,[1,1,1]1]

[7] os_md.polroots([x"2+y~2-2,y72+2"2-2,x"2+2%y " 2+2"2-2] , [x,y,2] | comp=-1) ;

100

[8] os_md.polroots([x"2+y~2-2,y 2+2"2-2,x"2+2xy"2+z"2-4], [x,y,2] | comp=-1) ;

0

[9] os_md.polroots([x~3+y~2-2,x"2+y"3-4], [x,y]);

[[-0.68364887206699437088,1.52299734898613986185] ]

[10] os_md.polroots([x"3+y~2-2,x"2+y~3-4], [x,y] |comp=1);

[[-0.68364887206699437088,1.52299734898613986185] , [(0.55290983195525726542

+0.67794790320397197786%@1) , (1.61325322177512775522-0.096132145655863646024%01)] ,
/* 1EDOEIRLE 8 BDOERIE +/

Lt [9] OFEIZIE, 0.03 sec FRE D)o 7=,

152. fctri(p)
o S E G EEURE D 1 BRZENE, OB TEENS T 5
af_noalg() &5 DT, load("sp") & LTH#A r— NLTH Z LAKE
RUMEIL fctr() LRIUETH DD, EEMGIIMEINS.

[1] os_md.fctri(4*xx~2+1);

[[1,1], [2#%x+(-1%@i),1], [2*x+(1*@i),1],[1,1]]
[2] os_md.fctri(@i*x~3+1);

[[1,1], [x+(1*%@i),1], [x"2+(-1*@i)*x-1,1]]

153. polinsym(p, [z1,...,2,1,9)
(21, ) OXFRE R A AR TR T
kROEARXNFFAEZ sk &RT (k=1,...,n).

[0] os_md.polinsym((a”2+b"2+c~2+d~2)"2,[a,b,c],s);
d"4+(2%8172-4%s2) *d"2+81"4-4%52xs1 7 2+4%52"2

[1] P=os_md.polinsym(x~2+y~2+a/(x+y+b), [x,y],s);
(a+(s172-2%s2) *b+s1°3-2*s2%*s1) / (b+s1)

[2] os_md.polinvsym(P, [u,v],s);

(u™3+(v+b) *u”2+v~2xu+v”"3+b*v~2+a) / (utv+b)

154. polinvsym(p, [z1,...,2,],5)
o polinsym(p, [x1,...,2,],8) DOWEHEL
155. pol2sft(p,z|sft=t)
:: shifted power £ % 5 %2 %
e p=> cpz" = RUME: Y cpr? (@Ri=z(z—-1)---(z—n+1))
o sft=t ZRET DL 2" = a(z—t)(z—2t) - (z—(n—1)t) VI THLIZLDZEKROE K

[0] os_md.pol2sft(x"3, x);

X" 3-3%x72+2%x

[1] os_md.pol2sft(x"3,x|sft=-1);
X" 3+3%x72+2%x

[2] os_md.pol2sft(x"3,x|sft=e);
X" 3-3%e*x"2+2%e " 2%x

156. polinsft(p,x)
:: shifted power ZHEUIZE T (pol2sft() D)
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p=Ycpa" =Y apz = REUfHE: Y a,a™ (a2 :=z(x—1)---(x —n+1))

[0] os_md.polinsft(x"3-3*x"2+2*x, X);
x"3
157. sftpow(p,n)

158. sftpowext(p,n,s)
it p @ s shifted n power [[_,(p+ (v — 1)s) ZiK9

[[(@+ @ —1)s) zikd. sttpow( ) T, s=1 LMRENG.

v=1

159. binom(p,n)
splp—D(p—2)---(p—n+1)/n! ZiF
160. expower (p,r,n)
2 (14p)" OERAEZ p” £TKDD

[0] os_md.expower(x,r,3);
(1/6%r"3-1/2*%r"2+1/3%r) *x "3+ (1/2*r"2-1/2*1) *x"~2+r*x+1
[2] os_md.expower(0.5,1/3,10);

1.14471

[2] 12 V1.5 OBl A RO TS,

161. seriesMc(f,k,vlevalopt=[[s1,t1], [s2,t2]...1)
B OEBETIIERDO Y A N o lZxT Dk IROEE TO Maclaurin B Z Rk 5
evalopt= 2LV, BEMREIZH L evalred() 25 & DA T a v ZRET D

[0] os_md.fctrtos(os_md.seriesMc(exp(sin(x)),8,x) |var=x,rev=1);
1+x+1/2%x"2-1/8*x"4~-1/15%x"5-1/240%x"6+1/90%x"7+31/5760%x"8

[1] os_md.fctrtos(os_md.seriesMc(log(cos(x)+y),4, [x,y]) |var=[x,y],rev=1);
y-1/2%y~2-1/2%x"2+1/3%y~3+1/2%x " 2ky—1/4*y"~4-1/2%x "~ 2%y~ 2+1/24%x"4

[2] S=os_md.seriesMc(subst(1/x,x,x+a),4,x))$

[3] T=os_md.fctrtos(S|var=[x,"(x-a)"],rev=1,TeX=1);
\frac{i1}{a}-\frac{1}{a "2} (x-a)+\frac{1}{a"3}(x-a) "2-\frac{1}{a"4}(x-a) "3
+\frac{1}{a"5}(x-a)"4

[4] os_md.dviout("$\\fraclx="+T+"+\\cdots$")$

-1l _Jd@-a+L@-a?-L@-a+L@@—a)t+ -

o [2],[8] Tld oz =a TO4RETO Taylor BEAZRD T, TRX DY —ZADETHIL TN 5.
162. seriesHG([ay,az2,...1,[b1,b2,...1,p,k)
seriesHG([[ai,...],[b1,...],[c1,...00,[[d1,.. .0, ler,...], [fr,... 00, [z,yl k)
o #EQE%%{ﬂ%&ék an(ala A2, ..., Qm; bla b27 ] bnap)d) pk w@lﬁiifﬂ%&)é
HI23 2 BEOBE Yogipjan iy sy wid
— R S AR X

o0 m

H-,lai(ai+1)--~(ai+kz—1) xk
Fo(a1,...,am;b1, ... .bp;2) = 1= —

" " g%(nfﬂ@wj+nuw@+k1) k!

ThHZ b5, Gauss OBETRENT F(a,b, c; x) =seriesHG([a,b], [c],x,*) &725.
W TRRIL ghg O %, fBliX fctrtos() @ [18] DIHAEZHA.
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2 R DORBEL

1,11 (ar +v—1) - 11
2 WL (de+v—1) 1,

0<itj<k

BRDHZENHED.
Appell DFBEATIRET 2 DI T

Fi(a;b,V;cm,y
Fo(a;b,05¢,c 52,y

= seriesHG([[al, [b], (b'1], [[c], (0,000, [,y , %),

= seriesHG([[al, [b], [¥11, 000, [c], [<'1], Lo,y , %),
= seriesHG([[], [a,b], [a’,0']1],[[c], 00,000, [z,y] ,%),
= seriesHG([[a,b], 1,011,001, [c], 1], [z,y] ,%).

F3(a7al; ba b/, GT,Yy

—_ — — —

Fy(a;b;e,csa,y

163. fctrtos(r|var={,rev=1,dic=1,TeX=f,dviout=1,1lim=n,small=1,pages=1,add=s)
AR AR R E LT O SRS T 5

TeX=1: BTEX Y —2 &M T2, 2oL, ZHATRIAHKRNOGEE, BT LOoRRY A
FNCHAIEND.

TeX=2, 3 : WIEX ©» Y — A& M+ 5. FHERO L X IT@FO \frac{ }H } OXFFN LR DN,
ENTIEHIBR 2 8 2 7= 8541%, \Bigl( \Bigr)\bigm/\Bigl( \Bigr) DO XFH|L &H
(ZBAF QBTN R 2 MR AT I SN 5.

var=z : ¢ DZHEN L LTHRE BEATH LV) 2RESMLTHET. &51T, TeX=2 (resp.
TeX=3) ¢ 7 5&, 1ITORMREBZ 20K DT, HE LIZEHEOFO%K L1 \\ (resp. \\ &)
WAL, KVFELLIE, FHEN LTOXTFIRUNZR HIE, SUTIEEEEOB O, 141TOXTE%
B2 2ENHIUL, TORIOEOHTHITL, SOICHEDOBRTE ROERHNIE) ZOHEOEIC
SATEAND.

var=[z,s] : £z ZLFH| s TEZXHZD.

var=[z,y,...]1: (z,y,...) DZHEK L BT

var=[[z,s], [y,t],...]1: BT, &BiCx,y,... #ZNENLTH] s, t,... CEXHZD.
rev=1: EEEZHEE L7ZHE, BFITKBOEVEEROIAICRKRRTIND D, TE2HIHICT .
dic=1: ZEEHE L72HE, HERAORSBEHROFHENIEF TRENLONLRFT L.
var="dif0" : HEN d T, TOWRMNNPNLFOTNT 7y b TRENTWEEK%E, HEO 4 %
BRWT-EEOMSERMB L AT, AT a v TeX ZHE LIZGE, ML o 2HWT, 0, DL
2T,

var="dif" : EERICTHIN, TeX VEEINTWT, WMo T L5801 {HOATEEN 1L
FTRINTWD EEE, MOEHICO TR, £MOT 2L 2 ML EDH > THLZOEKS
NETHEXNERFTx0 & x99 OMIZH D7 BIX, M 0y X° 0gg 72 & &FET.

var="difi": hEFEETHHM, TeX MHEESND LWONE L F 50y, ORIcRENS.
var="dif2" : LEFERTH P, 1 B THEMOOLFITHWT, RMms o052 Hn5.
lim=n : r NEHERDO L &, WIEX O Y —A~OEMT 1478 n XFREBZ 20 K 912 (TeX=2
250 \\ £ (TeX=1,3 251 \\ & THAT. 72720, HFATHEHITIE & 2L 720,
B, nNOLSND 30 LTFTOEMLR LT 74/ D n =TeXLin EfFIRENS. n=0D L XT
SCFHEHIBRITEE L.

small=1: BTEX O Y —A~OEMRTHEET FA NAXANVIZT 5.

2L, IR D LATOSCFHEIBR OB IEB B S e,

dviout=1: dviout Z " THERT 5. TeX=3 RIEEEIN-LH2IND.

¥, HERTTDHEEE, show) WMEF] (A7 a " FGA—FREOEEFRR).
pages=1: TEX HAT1 N—VIZALRWE S RERLBRAD &L XL, \begin{align*}... DK
KRB & > TR — V2.

add=s : FHEOKBIILTH s wAND. s1TATH L.

143



[0] S = os_md.fctrtos(1l/(x-y) 2-1/(x+y)~2);

dxyxx/ ((x-y) "2* (x+y) "2);

[1] eval_str(S);

(4xy*x) / (x"4-2%y~2xx"2+y"4)

[2] os_md.fctrtos(1l/(x-y)"2-1/(x+y) "2|TeX=1);

[4yx, (x-y) ~2(x+y) ~2]

[3] os_md.fctrtos(1/(x-y) "2-1/(x+y) "2|TeX=2);
\frac{4yxH (x-y) "2 (x+y) "2}

[4] os_md.fctrtos((x-a~4+1) "2|var=x);
x"2-2%(a-1)*(at1)*x(a"2+1) *x+(a-1) "2*(at+1) "2x(a"2+1) "2

[6] os_md.fctrtos((x-a~4+1) 2|var=x, TeX=1);

x"2-2(a-1) (atl) (a"2+1D)x+(a-1)"2(a+1)"2(a"2+1) "2

[6] os_md.fctrtos((x+y+1/a)"2|var=[x,y],TeX=1);

x"2+2xy+y " 2+\frac{2}{a}tx+\frac{2}{a}ty+\frac{1}{a "2}

[7] os_md.fctrtos((x+y+atb)"2|var=[x,y],TeX=1);

X" 2+2xy+y~2+2 (atb)x+2(a+b) y+(atb) "2

[8] os_md.fctrtos((x+y+a+b) 2|var=[x,y],TeX=1,dic=1);
X"2+2xy+2 (a+b) x+y~2+2(a+b) y+(a+b) "2

[9] os_md.fctrtos((x+y+at+b) "2|var=[x,y],TeX=1,rev=1);

(a+b) "2+2(a+b) y+2(at+b) x+y " 2+2xy+x"2

[10] os_md.fctrtos((a+b+dx) "2|var="dif",TeX=1);
\partial~2+2(a+b)\partial+(a+b) "2

[11] os_md.fctrtos((a+b+dxl) "2|var="dif",TeX=1);
\partial_{x_1}"2+2(a+b)\partial_{x_1}+(a+b)"2

[12] os_md.fctrtos((a+b+dx) "2|var="dif1",TeX=1);
\frac{d"2}{dx"2}+2(a+b) \frac{d}{dx}+(a+b) "2

[13] os_md.fctrtos((a+b+dx) "2|var="dif2",TeX=1);
\frac{\partial~2}{\partial x"2}+2(a+b)\frac{\partial}{\partial x}+(a+b)"2
[14] os_md.fctrtos((atdx+dy) "2|var="difl",TeX=1);
\partial_x"2+2\partial_x\partial_y+\partial_y~2+2a\partial_x+2a\partial_y+a”2
[15] os_md.fctrtos((dx+dy) "2|var="dif1",TeX=1);
\frac{\partial~2}{\partial x"2}+2\frac{\partial~2}{\partial x\partial y}
+\frac{\partial~2}{\partial y~2}

[16] os_md.fctrtos((x+2*y-z)~(20)+1|dviout=1)$

[17] os_md.fctrtos((x+2xy-z)~(20)+1|var=z,dviout=1)$

[18] os_md.fctrtos(os_md.seriesHG([a,b], [c],x,3) |var=x,rev=1,dviout=1)$
[19] os_md.fctrtos((1/(alpha+beta)+dx+d) "4+1|var="dif1",dviout=1)$

o [18] D F =~

ba b(b+1ala+1) 5 bb+1)(b+2)ala+1)(a+2)
L+ ?x—k 2¢(c+1) vt 6e(c+1)(c+2) v
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Eo [19] OWEERRE, SATMESEO TRO LI IZ8D.
d*  4A(a+B)d+1) &  6((a+p)d+1)* &  4((a+p)d+1)°% d

dzt a+p dx3 (a+ B)? dx? (a+B)3 dx
+ ((a4 +4B0° +68%0° +48%a + Bh)d* + (40® 4+ 1280° + 128%a + 48%)d® + (60° + 12Ba + 65%)d* + (4a

+48)d+ a* +480° + 68%a% + 4f%a + B + 1) / ((a + 5)4)
var= {5 L CHOTERHFZE E LT &

[20] os_md.fctrtos((1/(a+b)+dx1+dx2) "2|var="dif0",dviout=1)$

[21] os_md.fctrtos((1/(a+b)+dx1+dx2) "2|var="dif",dviout=1,small=1)$
[22] os_md.fctrtos((1/(b-a)+dx1+dx2) " 2|var="dif2",dviout=1)$

[23] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif",dviout=1)$

[24] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif0",dviout=1)$

[25] os_md.fctrtos((1/(a+b)+dx+d) "2|var="difl1",dviout=1)$

[26] os_md.fctrtos((1/(a+b)+dx+d) "2|var="dif2",dviout=1,add="u")$
[27] os_md.fctrtos((1/(a+b)+dx+d) "2|var="difl1",dviout=1,small=1)$

EENENLUTFO LD Forb .

2 2 1
2 2 x1 Y 2 — Yz x 2
05, + 8162+6z2+a+b81+a+b32+(a+b)2 (20)
B 420105+ 03 + 2501 + 250 + i (21)
0? 0? 0? 2 0 2 9 1
ENNT, JE T S = 22
8$%+ 8m18x2+8m% a—0bor a—b8x2+(a—b)2 (22)
2(da+db+1) (da + db+1)?
2
2
ot a+b 0 (a+b)? (23)
2(da + db+ 1) (da +db+1)?
2 . 24
Ou t a+b + (a+0b)? (24)
d? 2(d db+1) d da +db +1)?
4 2datdbt1)d  (datdb+ 1) (25)
dax? a+b dx (a+0b)?
u 2 1 1)?
éiff_+ (da+db+1)0u (da+db+1) " (26)
Ox? a+b Oz (a+0b)?
2 2(da+db+1 da+db+1)?
e+ 2+ (27)

164. tohomog(r, [x1,%2,...1,¥y)
u (21, x0,. ) OFBRUIEK y #8EALT (y,21,22,...) DFRAIZT D

[0] os_md.tohomog((x~2+2xx+axy)/(y+1), [x,y]l, t);

(x"2+2xt*x+axt*xy) / (y+t)

[1] P = subst(os_md.tohomog(x~2+axx+b, [x], y), vy, x-y);

(a+b+1) *x"2+(-a-2%b) *y*x+b*xy~2

[2] subst(P, y, x-1);

x"2+axx+b
z O n WEHEX p(z) L plx) = Yajad(ez — )" iz ZHENX Y aniy™d 1L,
subst (tohomog (p, [z1,9),y, (r —y)/c) TKRDHND.

165. substblock(p,z,q,y)
2 DBHEAX p gzt L, y=q &BVTp %z OEED nydeg(q, ) KD (z,y) DLEHERIZET
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p, Y IFABERTH LWV, gz 2EATIER S0,

[0] os_md.substblock(x~4+a*x"3+2*x+1,x,x"2+1,y);
(axy-a+2) *x+y~2-2%y+2

[1] subst(P,y,x"2+1);

X 4+axx”3+2%x+1

166. invf([p1,...,pnl, (1, 20], [y, .- ynd)
cy;=pi(r) G=1...,n)&xx;=q¢y) (G=1,....n) LM K.
7220, deg(pi,xj) 1F, i=7jDEE1TI<jDEE 0 TRITNIZARLZRW.
=Y ﬁﬁ : [ql(y1)7 ce vqn(yn)]
167. mydeg(p,x|opt=1)
i deg(p,z) LRI, p TR CHRENIAE T L.
o X p 3z ODLHEKXTRITIIL -2 #I&T.
o p M THIDELE, AT aopt=112LV, RVE RIZEBWT R[0] BKIET R[1] 1IZEDALE (D
—).
e p=00DLXFTRYMFEN -1

[0] os_md.mydeg((a*x+b*x~2)"2/b72,x);
4
[1] os_md.mydeg(0,x);
-1
168. mymindeg(p,x|opt=1)
D pBAAT—D L X I mindeg(p,z) LR U. HREIFEHEXTIWD, p XTI EDAH T —Th
W& EE 0 DSOS O e NRE R R
o HEA p ¥ x DZHATRITNIT -2 2K T
o p BMTHIRRY LD X, A7 a v opt=1 2LV, RVME RIZHWT R[0] AKECT R[1] X
ZOALE (EEND R TRIO SO, [THO%EIE, 1ITEORN 24TA LW I IE).
0 TIEARWDBEED 0 DHEPEEHIIE, £ ORI R/NOALE 2.
o RV AN
—2: 2 DHEATRL, AHATHD
=3 FANELIFIY P THD

[0] os_md.mymindeg((a*x+b*x72)"2/b"2,x);
2

[1] A=newmat(2,2,[[x"2,0], [x,x]1);

[ x"2 0]

[xx]

[2] os_md.mymindeg(A,x|opt=1);

(1, [1,0]]

[3] A=newmat(2,2,[[x"2,y72], [x,x]1);
[ x"2y°2]

[xx]

[4] os_md.mymindeg(A,x|opt=1);

[0, [0,1]1]

[5] os_md.mymindeg(0,x);

0

[6] os_md.mymindeg(x/(x+1)+a,x);
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-2

[7] os_md.mymindeg(newmat(2,2),x);

-3

169. iscoef(p, f)
2 p DIREDOETH f(x) £0 ZWMIETNEINTF v rT5
o ZIERXDBRENFM W= TNEIDPOF v 72 LT, 0 £21F 1 2T
o PHRAHADL XX, TONRLENFITONT, UAFMORY MDD & &1X, FORET
DEUEEMIETNEIDET = 7T 5.

[0] os_md.iscoef(1+1/2%x*y,os_md.isint); /* BRI ? */
0

[1] os_md.iscoef (1+1/2%x*y,os_md.israt); /+ HEHFREE? =/
1

170. mycoef (p,n,x)
i coef(p,n,x) ERIL. n, [IEFRICEZDOY A FTH L. p I THICEY CIRETA BT L.

o HUfHIL (FEEX/A2D) BERICHE SND.
o p Nz OHEA TR0 ZIKT.

[0] os_md.mycoef ((a+b*x)~2/b"2,1,x);
(2xa)/ (b)

[1] os_md.mycoef ((a+b*x)"2/b"2,2,x);
1

[2] coef(x+a/b,1,x);

0

[3] os_md.mycoef (x+a/b,1,x);

1

[4] os_md.mycoef(A,0,x);

[01]

[Loo0]

[5] os_md.mycoef(A,1,x);

[10]

[01]

[6] os_md.mycoef ((x/at+y+1)°3,2,x);
(3xy+3) /(a"2)

[7] os_md.mycoef ((x/a+y+1)"3,[1,1], [x,y]);
(6)/(a)

171. pcoef (p,m,q)
pcoef (p,m, [[z1,.., 2,1, [Mm1,...,mp1]1)
w BN p™ R LT & & OHIERK ¢ [T 2R AR
o p IZIENX, m ITIEAEE.
o qIIEHENRFDY A FTH LU,
o p DEHNELL, IBITmPREL T p™ BEHEARERESICLAED.

[0] P=(x+2*y+1) "2+w"2+z$
[1] os_md.pcoef(P,8,x"2xy);
3360
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[2] os_md.pcoef (P,8,[[x,y,2],[7,2,011);
80640*w~3+887040*%w~2+2306304*w+1647360

172. pfctr(p,x)
o DSEANETITHER p ORISR

[0] os_md.pfctr((x"2-y~4) "3*(x-y~2/z)*y~2/((x*z-1)*z) ,x);
[[(y~2)/(z~2),1], [x-y~2,3], [x+y~2,3], [z*xx-y~2,1], [z*x-1,-1]]

173. cterm(p|var=[z,y,...]1)

w ZHAOERHELZ KT, B AEE .

[0] os_md.cterm((x+y+a+2)"3);

8

[1] os_md.cterm((x+y+a+2)"3|var=[x,y]);
a~3+6xa”2+12%a+8

[2] os_md.cterm((x+y+a+2)"3/(a+2) 4|var=[x,y]l);
(1)/(a+2)

174. terms(p, [z,y,...]|rev=1,dic=1)
w ZHEAXOGETHHOREE REEHDOY X N FIRT
WL #_REEHDO Y A hOFFERIEF TR EWIEIZIE TR
o rev=1: /INEWEIZIE TR
e dic=1: MDOWEITEHE L TREXBHOATHIET D

[0] os_md.terms((x"3+y~2+z)"2, [x,y]);
[(6,6,0]1,[5,3,2],[4,0,4]1,[3,3,0],[2,0,2],[0,0,011
[1] os_md.terms((x"3+y~2+z)~2, [x,y] |dic=1);
[(6,6,01,05,3,21,I[3,3,01,[4,0,41,[2,0,2],[0,0,01]
[2] os_md.terms((x"2+y~1+z)"2, [x,y] |rev=1);
(fo,o0,01,I11,0,11,[2,2,0],[2,0,2],[3,2,1], [4,4,0]]

175. polcut (p,n, [z,y,...]1|top=m)
w BEOV AN [x,y,...] OZEX p HOWEN (mLE) nLlFThRVEEHIER

[0] os_md.polcut((x+1)75,3,x);
10*x"3+10%x"2+5*x+1

[1] os_md.polcut((x+y+1)~5,3, [x,y] |top=3);
10%x"3+30%y*x "~ 2+30%y " 2%x+10%y"3

176. mydiff (p,z)
: diff (p,x) LWL, p IATHIRES CTHRETIFEHRATE V. 2 b U A M TEV,
=000 ZKT.

[0] os_md.diff(x+a/b,x);

(®°2)/(©"2)

[1] os_md.mydiff (x+a/b,x);

1

[2] os_md.mydiff ((x/a+y+1)"3,[x,y]1);
(6*x+6*a*xy+6*a)/(a~2)

177. myediff (p,x)
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woediff(p,x) ERIT. pldATHIRCRA CHREUIA AT L.
r=0DLEIT0EZKT.
178. ptol(p,x|opt=0)
v x DEZERX p OBRBOU A N ERT
e pIIZHEAXDY A b [p1,pa,...] THEV.
o & BNEEHD L X [x1,22] DX IITEHDOY X M &S,
e opt=01%, UANNE0DEPENND.

[0] os_md.ptol((x-1)*(x+1),x);
[-1,0,1]
[1] os_md.ptol((a*x+b*y+c)~2,y);
[a~2%x"2+2%c*a*xx+c”2,2%b*a*xx+2*cxb,b"2]
[2] os_md.ptol([a*x+bxy, (axx+b*xy+c*z) 2], [x,y]);
[0,b,a,c”2%z"2,2*%cxb*z,b"2,2%c*a*z,2%b*a,a”2]
[3] os_md.ptol([a*x+b*y, (a*xx+b*y+c*z) 2], [x,y] |opt=0);
[b,a,c™2%z"~2,2*%c*b*xz,b"2,2*%c*xa*z,2*%b*a,a”~2]
179. pfrac(p,z|root=2,dviout=1,TeX=1)
wx OFENX p ZEOHEIRAL, N1, 5 (ZFHXERE) OMOY R F&2IET
e dviout=1 Z{FET D &, fiF% dviout THRIRT .

o TeX=1 #18E T2 &, J:O)E*”_[EX DY —=ARFHND.
o root=2 ZIEETH L, 24+ (2c—r)2? + = (2% + Vrz+c)(2? — ro+c) DL I ROR

a3,
[0] os_md.pfrac((x"2+1)/((x-1)*(x-2)),x);
((1,1,11,0-2,x-1,1],[5,x-2,11]1 % 1/1°1+(-2)/(x-1)"1+5/(x-2)"1
[1] os_md.pfrac(1/((x-a) 2*(x-b)),x);
[ [(-1)/(a"2-2%b*a+b"2),x-a,1], [(1)/(a-b),x-a,2],
[(1)/(a~2-2%b*a+b~2) ,x-b,1] ]
pfrac(1/((x-a) "2*(x-b)) ,x|dviout=1) &35 &, UTORREND.

B 1 N 1 N 1
(@a=03*(x—a) (a=b)(z—a)?® (a—0)>*(z-0)

pfrac(1/(x~4+1) ,x|dviout=1,root=2), pfrac(1/(x"6+1) ,x|dviout=1,root=2), &5 5 &, &
D =L TFTORREGD

1 x4+ V2 B z—V2
41 2222 + V22 +1)  2V2(22 — V22 +1)
1 V3z 42 V3zr -2 1

= - + .
O+1 6(a2+VBx+1) 622 —V3x+1) 3(z2+1)

180. 1pgcd([p1,p2,...1)
YA pr, pe, . .. DIBEE T EKT
[0] os_md.lpgcd([(x+y) "3*(x-y), (x+y) "2*x"4, (x+y) "2*% (x+y+2)]) ;
X7 2+2%y*x+y "2
[1] os_md.lpgcd([0,0]);
0
[2] os_md.lpgcd([15/4,9/7,27/2]1);
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3
[3] os_md.lpgcd([4/10,8]);
2

181. jacobian([fy,..., fnl, [z1,...,2,] Imat=1)
s BB (f1, ..., o) OEE (x1,...,2,) IZOWVWTOYIET U ERIEY 2 EITHI KT,

[0] os_md.jacobian([x+y+z,x*y+y*z+z*x,xxy*z], [x,y,2]);

(y-2) *x72+ (~y~2+272) *x+z%y " 2-2" 2%y

[1] fctr(eQ@);

[([1,11, ly-z,11, [x-z,1], [x-y,1]1]

[2] os_md.jacobian([x+y+z,x*y+y*z+z*x,x*y*z], [x,y,z] [mat=1) ;
[111]

[ y+z x+tz x+y ]

[ z*xy z*x y*x ]

182. hessian([f, [x1,...,z,] Imat=1)
BB f OB (21,...,1,) IZOWTONTT U EIE~ v BITHIZIET.

[0] os_md.hessian(x"3+x*y+y~3, [x,y]);
36xy*xx-1

[1] os_md.hessian(x"3+x*y+y~3, [x,y] Imat=1);
[ 6xx 1 1]

[ 1 6xy ]

183. wronskian[fi,..., f,],zImat=1)
BB OM (f1,..., fo) PE 2 12O TOBRVAFT U ELFR AR —{TH 2 KT,

[0] os_md.wronskian([cos(x),sin(x)],x);
cos(x)"2+sin(x) "2
[1] os_md.trig2exp(@Q,x|inv=1);
1
[2] os_md.wronskian([cos(x),sin(x)],xImat=1);
[ cos(x) -sin(x) ]
[ sin(x) cos(x) ]
184. prehombf (p,q|mem==+1)
s BB AR SVEMOMERIAER p O b ERESD. g ITxIEEA
ep=qDLEIF ¢g=0&LTLL.
o q(0,)p(z)sTt = b(s)p(x)® 12K L, fctr(b(s)) ZiKT.
e mem=1 ZIEETHEL, HELY AEY —FHELZELTS.
e mem=-1 Z{HET D L, EELERUEDR, fHEEFOETRESL RT.

[0] os_md.prehombf (os_md.mydet (os_md.mgen(5,5,x,1)),0);
[[1,1],[s+1,1],[s+2,1],[s+3,1], [s+4,1] [s+5,1],]

[1] A=mgen(2,4,x,1);

[ x11 x12 x13 x14 ]

[ x21 x22 x23 x24 ]

[2] os_md.prehombf (os_md.mydet (A*os_md.mtranspose(A)),0);
[[4,1],[s+1,1], [s+2,1],[2*s+3,2]]
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[3] os_md.prehombf (os_md.mydet (os_md.mgen(6,6,x,1)),0|mem=-1);

185. intpoly(p,z|exp=c,cos=c,sin=c)
s B 02X p (Fideh & FEEE, BB = AR ORE) A O AR B A i

o p MBIHAD L 1%, EHHDBRWZHA [ p(x) do KT

e exp=c ZIRELTZL X, [p(z)e“dr = q(x)e™” & 72 5% g(z) T

e cos=c ZRE L L &, [p(x)coscrdr = q(z) coscx+r(z)sincr & 7825 ZHADM [g(x), r(x)]
Y

e sin=c Z{EE L7z L &, [p(z)sinczdr = q(x) coscx+r(x)since & 725 ZHEAOM [g(x), r(x)]
iy

e pow=c ZIRELIZL &, [p(a)rtdr = q(z)z° &7z 5 %MK q(v) ZET

e log=[c,d] ##ELZL X, [p(x)log(cx + d)dx = q(x)log(cx + d) + r(x) & 725 IR DM
Lg(x),r(z)] ZRS

e log=[c,d,m] ZfgELILZE, [p(x kg(m+dwx22ﬁw%@ﬂ%mﬁ@m+®k&é§
HADY 2 b [go(x), q1(x),...] 2T (m IFEELK).

oqdﬁ@ﬁ@@m%aiﬁwﬁﬁﬁf%iw

o p N x OHHEKXOWE, ZOFHAEAIET. 7272 Lo a © 2 WL F O ZHEAX ORI KB iR 7]
RES A, 2 REEADOHBIADOELEITZRTHETD.

[0] os_md.intpoly(x~2/c+a/b,x);

(b*x"~3+3xcxaxx) / (3%c*b)

[1] os_md.intpoly(x~2,x|exp=1);

X"2-2%x+2

[2] os_md.intpoly(x~2,x|sin=c);

[(-c™2%x72+2)/(c"3), (2%x) /(c"2)]

[3] os_md.intpoly(4*x,x|log=[1,1,2]1);
[24x72-2,-2%X"2+4*x+6 ,x"2-6%x-7]

[4] s_md.intpoly(2/(x"2+a"2)72,x);
(atan((x)/(a))*x"2+a*x+atan((x)/(a))*a~2)/(a"3*x"2+a"5)
[5] os_md.intpoly(4/(x"2-a"2)"2,x);
((log(xt+a)-log(x-a))*x"2-2*a*xx+(-log(x+ta)+log(x-a))*a~2)/(a"3*x"2-a"5)
[6] os_md.mycoef(R,1,log(x+1));

1

[7] R=os_md.intpoly(1/(x"2-2),x);

1/4x1log ((x-((2)"(1/2)))/ (x+((2)"(1/2))))*((2)~(1/2))
[8] os_md.sqrt2rat(diff(R,x));

1/ (x"2-2)

186. integrate(f,z|dumb=k,dviout=p,log=1,frac=t,I=[a,b])
J%ﬁf%wﬁxLOWTTEﬁ\?é
e I=[a,b] : /\f fdx &Y.
Tmﬁ“#kb%ﬂﬁ#ot B, [0 2k,
dumb=1: A vy E—YEFRLAR.
dumb=-1 : ZEEMROMEZ T
dviout=1: fERDEXE TEX #ffi> TERT 2. AWEEZ T dumb=-1 OFEE (LT & %)
DS AIRE
e dviout=2: fRZBTEE DL EZD T TEX &> TRRTS.
— log=1 #$ETH L, log|--| TR Tlog(---) T 5.
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— frac=t : ZfEETH &, HHTEHRL CHITCORKEROIEFEEZD.
iand (¢, 1) : LI DEBD—D>DRFO L (BEOZEHHF OREITIEGL) .
iand(¢, 2) : ROREDELS LD L EDA.
iand(t, 4) : L DFEE.
iand(¢, 8) : HWHEOFAXDLE L (T 74NV MIZEAD L EDH).

dviout=-1: f bEOIAERD TEX © Y —A%&iKT. BF@EREZRT.
dumb=-1 OIEEN HHE.
dviout=-2: fROKED TEX O Y — A% KT
dumb=-1 ZEET 5 &, EHEROERELEZDTY A FTERT.
UAFORSITETHERERTUTOY A~ (ZOMPBRPHER) OV R LD,
— [z, f(z),...] : 2 ERREHEL T IAREN»EET (f(x),... DFN).
— [0,y,p(y),q(x)] : ZH¥y ZEHALT ply) = q(z) LiE<.
B, y=ply) DL Eix, ply) DEEEMEATHE.
= [1:f(x),...] : BORREERT (f(x),... OF).

LI & 9 BB OAERDITRE CLFOFEAOBESICEEL T, KEbhWHELH D).

x DA (rRA 2 R T OZHEAOREICRE R E N D UERH D)

BRIz O BEMETH L) 1 KREEO sin, cos, exp & RETCE T HLHEKX

ZIEA L 2° R a® LOE, x & 2D 1 REKD log DHHENX, SHIZITERD LRTEOX L O
sinz, cosz, tanx OFIX. AEIE kL 2z sinkxr 0 coskr 72 ENRE > T TH I

, 1—t2 2t 2
/r(cosx,51nx)dx:/R(1+t2,1+t2)1+t2dt (t =tan %)

r(z) arctan p(x) O

/r(:z:) arctan™ p(z) dx = /r(x)dz -arctan” p(x)

[V o
1+ p(x)?

1

arctan™ " p(x) dx

e arcsin, arccos, log (2B W\ T k& FRERE RS 21T D .

expr X e® OAHA. AHE Lk 2 exphkr R ef? REBRES>THTH LW

[reie= [ril w=e)
r(z,\/2 — (ax — b)?) T, r(z,y) »AEHEKX
/r(x, c? — (ax — b)?) do = /r(gsinﬂ— b ccost)Ccostdt (z=Esint+ L)

T(IE, (ax — b)% — 62) T, r(xz,y) B"AEK

/r(x, (aw—b)Q—c2)dx:/r( c +9 csint) csint it (v = c +é)

acost a’ cost/acos?t acost a

r(z,\/(ax —b)2 + ) T, r(z,y) BAHEEX

[rlev@ T =) ae= [r(SR 2 )i o= S Y

acost a’ cost/ acos?t acost a

r(z, (?‘Yffzi?)%) T, r(x,y) BAEK

m 5t — 8 d &t — 8 N
az+p o m _ raz+pB
/T(I’(ﬁ)n)dm_/r<_7tn—a’t )(_%vtn—a)dt (t=(Se55)™)
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o r(z, VAT T BV/ATTE) T, r(x,y,z) AR

/r@whx+@v%whmm:/}<ﬂ;{ mﬂ_i&Hﬂi>?ﬁ (t = /77 1 0)

[0] os_md.integrate(x"2/c+a/b,x);
(b*x~3+3*c*axx) / (3*c*b)
[1] os_md.integrate(x~2*exp(x),x);

exp (x) *x"2-2xexp (x) *x+2*exp (x)

[2] os_md.integrate(x*a"x,x);
(((a)~(x))*log(a) "2*xx-((a) " (x))*log(a))/(log(a)~3)

[3] os_md.integrate(x"2*sin(c*x),x);
(—cos(c*x)*c™4*xx"2+2*sin(c*x) *c"3*x+2*cos (c*x)*c~2) /(c"5)

[4] os_md.integrate(4*x*log(x+1)"2,x);

(2%log(x+1) "2-2*log (x+1)+1) *x "2+ (4xlog(x+1)-6) *x-2*1log(x+1) "2+6xLlog(x+1)
[5] os_md.integrate(2/(x"2+a"2)"2,x);
(atan((x)/(a))*x"2+a*x+atan((x)/(a))*a~2)/(a"3*x"2+a"5)

[6] os_md.integrate(4/(x"2-a"2)"2,x);
((Log(x+a)-log(x-a))*x"2-2*xaxx+(-log(x+a)+log(x-a))*a~2)/(a"3*x"2-a"5)
[7] os_md.integrate(1/(x"2-2),x);

-1/4*xLlog ((x+((2)"(1/2)))/ (x-((2)"(1/2))))*((2)~(1/2))

[8] os_md.integrate(1/(x"4+1),x);
(1/8%log(x~2+((2)"(1/2))*x+1)-1/8%log(x"2-((2) " (1/2))*x+1)+1/4
*atan (((2) 7 (1/2))*x+1)+1/4%atan(((2) " (1/2))*x-1))*((2) " (1/2))
[9] os_md.integrate(1/(x"6+1),x);

(1/12%1og(x~2+((3) " (1/2) ) *x+1)-1/12*1og (x"2-((3) " (1/2) ) *x+1) ) *((3)~(1/2))
+1/6*atan(2*x+((3) " (1/2)))+1/6*atan(2xx-((3) " (1/2)))+1/3*atan(x)
[10] sqrt2rat(diff(@Q,x));

(1)/(x"6+1)

[11] os_md.integrate(2*x*sin(x)*exp(x),x);
(sin(x)-cos(x))*exp(x)*x+cos (x) *exp (x)

[12] os_md.integrate(tan(x),x);

-log(cos(x))

[13] os_md.integrate(2*sin(2*x)*tan(2+*x),x);
-sin(2*x)+log((sin(x)+cos(x))/(sin(x)-cos(x)))

[14] os_md.integrate(tan(x)"2,x);

(-cos(x)*x+sin(x))/(cos(x))

[15] os_md.integrate(1/(3*cos(x)+4*sin(x)),x);
1/5*1log((3*tan(1/2xx)+1)/(tan(1/2%x)-3))

[16] os_md.integrate(atan(x),x);

atan(x)*x-1/2%log(x"2+1)

[17] os_md.integrate(6*(x"2+1)*atan(1/x),x);
2xatan((1)/(x))*x"3+x"2+6*atan((1)/(x))*x+2*log(x~2+1)

[18] os_md.integrate((2*b*x-a~2*x72)"~(-1/2),x);
(asin((a"2*x-b*a)/(b)))/(a)
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[19] os_md.integrate((a~2-x"2)"(1/2),x);
1/2%x((-x"2+a~2) " (1/2) ) *x+1/2*asin((x) /(a)) *a"~2

[20] os_md.integrate((x"2-1)"(-1/2),x);
log(x+((x~2-1)"(1/2)))

[21] os_md.integrate((x"2-1)"(1/2),x);

1/2%((x72-1) " (1/2) ) *x-1/2*log (x+((x"2-1) " (1/2)))

[22] os_md.integrate((x"2+a"2)"(-1/2),x);
log(x+((x"2+a~2)"(1/2)))

[23] os_md.integrate(2x(x"2+a"2)"(1/2),x);

((x"2+a”2) " (1/2) ) *x+log(x+((x"2+a"2) " (1/2)))*a"2

[24] os_md.sqrt2rat(diff(@e,x));

2+ ((x"2+a~2) " (1/2))

[25] os_md.integrate(x~(1/2)/(x+1),x);

2% ((x) " (1/2))-2*atan(((x) " (1/2)))

[26] os_md.integrate(x~(1/3)/(x+1),x);

3% ((x)"(1/3))-atan(2/3x((3) " (1/2) )* ((x) ~(1/3))-1/3*%((3) " (1/2)))*((3)~(1/2))
+1/2%1og (((x)~(1/3))"2-((x) " (1/3))+1)-1og (((x) " (1/3))+1)
[27] os_md.sqrt2rat(diff(@e,x));

()~ (-2/3))*x) / (x+1)

[28] os_md.integrate(((2-x)/x)"(1/2),x);

(((=x+2) /(x)) " (1/2) ) *x-2%atan ((((-x+2) /(x)) " (1/2)))
[29] os_md.integrate(1/(@e"x+Qe” (-x)),x);
atan(exp(x))

[30] os_md.integrate((sin(x)*x+cos(x))/(cos(x)*x),x);
loglx|-loglcos(x) |

[31] os_md.integrate(asin(x)"2,x);

(asin(x) "2-2)*x+2*asin(x)*((-x"2+1) " (1/2))

[32] os_md.integrate(1/(x*log(x)),x);

log(log(x))

Lo [0]~[32] TI
/0' (%1’2 + §)dr = éxg—i— tx,

/xzeﬂc dr = (22 — 2z + 2)e”,

/xar dr — (zloga —1)a ’
(loga)?

/xz sincrdr = (—12 + %) coscx + Zwsinez,

/ékclog2 |z + 1] dz = (222 — 2)log® |z + 1| — (222 — 42 — 6) log |z + 1| 4 22 — 62,
/A,immnf+L
(v2 +a2)2 a3 a a?(x?+a?)’

/:4éé£4,_}{b W+GV—b\$—aD—“;%;‘*
@2 —a2)? a3\ 8 2(a? —a?)’
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3

/ dx 7Q10 x—2
2-2 4 gg;*+\/§

/ dx —Qlo 2 +V2r+1
41 gx2—V6x+1

d
/FL: 5 (log x2+\/§w+1’—log‘x2—\/§x+1‘)

+ farctan(2z + V3) + arctan(2z — V3) + 1 arctanz,

+ % (arctan(v2z + 1) + arctan(v/2z — 1)),

& oo

/wsinx - dx = (z(sinw — cosz) + cosx)e”,
/tan:z:dac:—log|cos:z:|,

sinx
/tan2 rdr = -z

cos T
/ dx B 11 dtan § +1
3cosx +4sinz 5 & tang —3 |’

/arctanx dz = warctanz — % log(z* + 1),

/6(x2 + 1) arctan £ do = (22° 4 62) arctan 2 + z° + 2log(2” + 1),

1 2x —
/(be - a2$2)_%dx — ~aresin .- % ab7
a b
1 9 .
\/aQ—xzdx=§(x a2 —22+a arcsmf)7
a

/\/% :10g‘m+ \/x2—1|,
/\/3:2—1dx= 1(x\/:vz—1—log(sc—|—\/962—1)),

2
[ e =T

/2\/x2 +a2dac=x\/x2+a2—|—a210g}x+ \/x2+a2|,

d
v de = 2¢/x — 2arctan /z,
z+1

3 d P
/\/5 il :3\3/5—\/§arctan(¥\3/§— @)—i—%log\\d/;ﬁ?_ Vr + 1] —log |z + 1],

z+1
/2 — /2 — 2 —
/ x dr==x ST 2 arctan x,
T T T

dr
P arctan exp(zx),

/wsin:zc—i—cos:v d

T COST

x = log|z| — log | cos(x)|,
/arcsin2 zdx = xarcsin? z + 2v/1 — 22 arcsinx — 2x,

/ dz = log(log )

zlogx

ZHETWAS.
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[33] os_md.integrate(1/(x"4+4) ,x|dviout=1,log=1)$

d 1 1
/ 3247—?—4 =3 arctan(z + 1) + A arctan(z — 1)

+ 1y
16 8

(

22 +2x+2

2 —2x + 2

[34] os_md.integrate(((1-cos(x))/(1/2-cos(x)))~(1/2),x|dviout=2)$

/ <C°S(I)+1)é dr (¢t =tan(iz))

1
_/4 3t2—1tdt
N 241

—cos(z) + ;5

(\/§t =

(u = tan(s)

4
Y S
/u2+4 b

= 2arctan($u)

= 2arctan

= 2arctan

[35] os_md.integrate(x*sin(x),x|I=[0,@pil);

Opi

[36] os_md.integrate(x"2*exp(-x),x|I=[0,"infty"]
2

[37] os_md.integrate(log(x),x|I=[["+",0],1]1);

-1

= 2arctan(31/3t2 — 1)

_40081(8))

dxl
—4

)

)

o [35]1~[37] TAF L 3 dviout=1 ZIEETHLUTHEONS.

™ oo 1
/ sin(z)x dx = m, / exp(—z)z?dx = 2, / log(z) dx = 1.
0 0 0

187. powsum(n)

1P Mt O m B TEEHZ T+ 1 REEAEIRT

[0] os_md.fctrtos(os_md.powsum(3));
1/4%x~2% (x+1) "2

188. bernoulli(n)
:: n IR Bernoulli 25 B, (x) & iR

[0] os_md.fctrtos(os_md.bernoulli(3));
1/2*%x* (x-1) * (2xx-1)
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189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

3.2.4 Functions with real/complex variables
PUT OB TIIZES (5180 2FEERICT D L0 2 U 2 MEREHEEZIXT.
frac(x)
e DNy
pari(frac,z) & [H%
erfc(x) erfc([x,precl)
i ARSI erfe(e) = 2= [ et dt
pari(erfc,x) F£71% pari(erfc,xz,prec) & I[AI%E.
fouriers(lag,a1,...,aml, [b1,b2,...,0,],21cpx=1) fouriers([f,ml, [g,n],zlcpx=1)
:: AR Fourier #%#% ag + a1 cos 2 + as cos 2z + -+ + ay, cOSmz + by Sinx + by sin 2z + -+ - + by, sinnz
o cpx=1 D& XL, ag+ a1e”® + aze??® + - + @, ™% + bie " 4 bge 2% ... 4 be "
o [ap,a1,...,a,] DROVIZ[f,m] LHETDHILNTE, ZTDL XL a; =myfeval(f,j) &
fERsns (0<j<m)
o [by,...,0,] DRDOVIZ [g,n] LFETHZLNTE, ZOL XL b, =myfeval(yg,j) LR
s 1<j<n).

[0] for(R=[1,I=21;I>0;I--) R=cons((1-(-1)"I)/(2*I),R);

[1] R;

(t+,0,1/3,0,1/5,0,1/7,0,1/9,0,1/11,0,1/13,0,1/15,0,1/17,0,1/19,0,1/21]

[2] F=os_md.fouriers([],R,x)$

[3] os_md.xygraph(F,-192, [-3*@pi,3*@pi],0,[-1,1] |scale=[0.7,1.2],ax=[0,0],prec=6,
dviout=1);

o [2]1 1%, OXHIIZLTH L.

[2] F=os_md.fouriers([], [(1-(-1)"x)/2/x,21],x)$

I O s I
o d b

myexp (2)

i FEEERE exp(2)
mysin(z)

i =B sin(z)
mycos (2)

i =B cos(2)
mytan(z)

i =B tan(z)
myasin(z)
W= A PR asin(2)
myacos (z)

i W= A PE% acos(2)
myatan(z)
W= A Bk atan(z)
mylog(z)

i R log(2)
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200. mypow (z,w)

s RS 2

mypow (0, w) X w KB TIZ 0 %, mypow(z,0) X2z#£0 DL X1 %IKT.
201. myarg(z)

= WA arg(z)

WAL, (—m, m] OFHEHNKRIND.

2 T FEOEEE 2D Y X Ry FL) TH I,

[0] os_md.myarg(2-@i);

-0.463648

[1] os_md.myarg([2,-1]1);

-0.463648

BERA%R, xHHBa%, =A%, W =AKE, mypow(), myarg() I%, dexp(), dsin(), dcos(), dtan(),

dacos(), dsqrt (), datan(), real(), imag() ZHAGHLOE THEIEIN TN 5.

202. sqrt(z) sqrt([z,precl)

w2z DEHREE R D

e pari(sqrt,z) F£7:1% pari(sqrt,z,prec) & [F%.

o prec ITFEE (Hi¥) #525.

o V2 EIIT -z WHEESr LD XX, rHDHNIT rx01 HET

[0] os_md.sqrt(2);

1.41421356237309504876

[1] os_md.sqrt([2,301);
1.414213562373095048801688724209698078568

[2] os_md.sqrt(-1);

(1.0000000000000000000*@1.)

[3] os_md.sqrt(@i);
(0.70710678118654752438+0.70710678118654752438+*01)

203. arg(z) arg(lz,precl)

oz O

pari(gamma,z) $£7-1% pari(arg,z,prec) & [A%.
[0] os_md.gamma(1);
0.99999999999999999994
[1] os_md.gamma(100000) ;
2.82422940796034787421 E456568
[2] os_md.gamma(@i) ;
(-0.15494982830181068512-0.49801566811835604271%01i)

204. gamma(z) gamma(l[z,prec])
w A~ EET(2)
pari(gamma,2) F7-i% pari(gamma,z,prec) & [A)%.

[0] os_md.gamma(1);
0.99999999999999999994

[1] os_md.gamma(100000) ;
2.82422940796034787421 E456568
[2] os_md.gamma(@i);
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205.

206.

207.

208.

209.

210.

211.

212.

213.

(-0.15494982830181068512-0.49801566811835604271%01)

digamma(z) digamma([z,prec])
n T A A (z) = 1
pari(psi,z) F7 13 pari(digamma, z, prec) & [FI%.

Ingamma(z) lngamma([z,prec])
: log(T'(2))
pari(lngamma,z) F72/% pari(lngamma,z,prec) & [R5,
dilog(z)
A B T Lig(2) = Y0, &
pari(dilog,z) &[AI%.
zeta(s) =zeta([s,precl)
i zeta BEL C(s)
pari(zeta,s) F£71% pari(zeta,s,prec) & [F%.
eta(r) eta([r,precl)
:: Dedekind @ Eta B4 (1) = 57 [[2°_, (1 — €277
TIEE BN IEO T,
pari(eta,7) F£72i% pari(eta,T,prec) & [FI%.
jell(r) jell([r,precl)
:: Elliptic j-invariant j(7)
TIXEH A EDOERE.
pari(jell,s) E7-i% pari(jell,7,prec) & [A%.

3.2.5 Lists and vectors
1llsize([mqy,ma,...])

2 VAR my; YA RNMIRL, By my Of%E my OEZEO R AREEZ RS

[0] os_md.1llsize([[1,2],[0,1,2,3]1,[111);
[3,4]

findin(m, [y, 41,...]1)
mIZHELWERE (o, 0,... POHET
o FWNCRAOM o TeFEFHIKT. FELRTNIE -1 21KT.
e 2FBDSIEITY A R TR TR M THAL

[0] os_md.findin("cat", ["man","dog","cat","bird"]);
[1] 2

countin(s,m, [{y,¢1,...]1|step=k)

w s PLEm BT {ly, bq,...} ODBEROEEK, MR m COMEBLIMEELIES

WEOFIEILY A N THRITRT MV TH AL

step=k ZIEET D5 &, s OLEME m SIZXKG o7z k| MOXBIZAZTTOEED Y X N %&IKT
(m >0 TRITFITR B2,

MIBOREIY L LW DX, k BEORHI/NIWFIZANTEZ, ADRHIREWFICHRZ . 72
Llkl=10t&x, T—HDRROLDEZELXMETHEZS.

[0] os_md.countin(2,4,[1,2,3,4,5,2,0]);

4

[1] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.4,3.4,3.7] |step=1);
[0,0,3,1,0,0,3,1]

[2] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.5,3.5,3.7] |step=-1);
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[0,0,3,1,0,0,1,3]
[3] os_md.countin(0,0.5,[1.1,1.2,1.4,1.6,3.1,3.4,3.4,3.7] |step=5);
[0,0,3,1,0]
214. delopt({,slinv=1) delopt(/, [s1,S2,...]]linv=1)
A TarUAN (VARDOYRAR) oA Tvars BEEER) 2E0ERS, FR3ksHT
VAN [l ly,...] ETDLE, Bl BN ARNTHST, € OERAOIIN s IZFELWE ZITY;
W2 R N AR
HBEOA T ary s BRETDEXE, TNHEY A NMIELEOTHET D.
o X INTMROW O, £ NDIAFZ LR,
o inv=1: ZNEEET DL, {; OBRPOELD s 1T (s Y X PO, ZOWNTFHNIT) FL
HODHDY A N EIKT.

[0] Opt=[["opt",1],["inv",0], ["s",["title",2]]1];
[[opt,1], [inv,0], [s, [title,2]]]

[1] os_md.delopt(Opt,"opt");

[[inv,0], [s, [title,2]1]]

[2] os_md.delopt(Opt,"inv");

[[opt,1], [s, [title,2]]]

[3] os_md.delopt(Opt,"inv"|inv=1);

[[inv,0]]

(4] L=([0,1,2],[1,2,3],(3,4,5],[4,5,61,[0,2,4]1]1;
(fo,1,21,11,2,3]1,[3,4,5],[4,5,61,[0,2,4]]

[5] [2590] os_md.delopt(L,0|inv=1);
[[0,1,2],[0,2,4]1]

[6] os_md.delopt(L,[0,2] |inv=1);
[fo,1,21,[0,2,411

[7] os_md.delopt(L,[0,3]]inv=1);
(fo,1,21,[3,4,5]1,[0,2,4]1]

[8] os_md.delopt(L,[0,3]);

[r+,2,31,04,5,6]1]

215. mycat([4y,...,4,] |delim=s)
216. mycatO([fq,...,¢;,],t1delim=s)
sl by BERRT D
o delim TRYIV 5 (F 74V FMidmycat() TIXZEH, mycatO() TIXML) Z#HETE 5.
o t =0 TIBIAT, t =1 THAT.

0] v=100$

[1] os_md.mycat([V, (V>10)?"is":"is not","larger than 10."])$
100 is larger than 10.

[2] v=5%

[3] os_md.mycat([V, (V>10)?"is":"is not","larger than 10."])$
5 is not larger than 10.

217. fcat(f,slexe=1)

D 77 AN s BEESET

o 77 A/ fiZprint(s) ZHEZHT. 77 A/ f BFEEL TOHITERL.

B, TrAN fEHIBRT 5I21E remove file(f) & ALIX L.
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PRI, DIROUT CRESNZT A L7 MU D77 AN E75.
e f=0:T74NVFDT 7 A )b fcat.txt [TBLT 5.
¢ f=1:TFT 7NV IDT AN EEEZTS.
o f=2,...,9: 77 AV fcatf.txt [T LEETD.
o f=—1: T 74NV DT 7 A NEZEIET.
o exe=1: MALEBICEES TSNl T4 @EITT 4% —) IZIET.

218. vtozv(v)

s AERXONRY MLE RS T —E L THEMLT S

e v FHADL XL, TNEES 1O MUVZHBIMICET
o KT EEAR TR A DN SZIHAUT 72 D
o EVHE : B IN/i=_T "V ERBT—E LA T—DY A K

[0] V=newvect (2, [-x*z/(2xy) ,-3*y*z~2/(5%x)]);
[ (-zxx)/(2*y) (=3%z"2*y)/(5%x) ]

[1] os_md.vtozv(V);

[[ -5*x"2 -6*z*xy~2 1, (10*y*x)/(2)]

219. 12p(l,v|size=s)

S ARBOY AN 25 AT o OZHAEZRT. EXOWEHRE RS,

o [ WY A MROAY MORHE, Y I 2T
o [T v DZEADOKHT, ROV A &Y. ZOHHE, size=s TV A MDY A XERETE 5.

[0] P=os_md.12p([a,b,c],x);

c*x~2+b*x+a

[1] os_md.12p(P,x);

[a,b,c]

[2] os_md.12p(P,x|size=5);

[a,b,c,0,0]

[3] os_md.12p([1,1,1,1,1,1,1,1,1,1]1,1/2);
1023/512

220. mulseries(vy,vy)

221.

222.

i 2DDRY ML ERERELEAR LT, EOFHONT MLERY
ROVBEOR L, WMEONT MORIO/NINWEET D, (cf. vprod().)
pluspower(p,z,r,m)
(14p)" © xBTS REEMEZE m HETRD S
o p IXEHIEDIN x DAL
o RVEITEEX m OXT MLVTHRYIOETOER 1.
average ({|sint=k)
w FEHOY XML, EHECEEREE KD D
RO L (FHiE, SEREE A% &/NME =XKE].
sint=k : k BNERBEOREL, EE/NURLLT EHIICHD D (sint () O 2 513%0).

[0] os_md.average([11,12,34,53,23,12,24,68,55,57,32,20]);

[33.4167,19.1505,12,11,68]
[1] os_md.average([11,12,34,53,23,12,24,68,55,57,32,20] |sint=1);

[33.4,19.2,12,11,68]

223. vprod(vy,vs)
224. dvprod (v ,vs)
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225.

226.

227.

228.

22007 fL (JABRTHEW) ONEEEZIET
e dvprod( ) IX, MADEMED L EDHHNDZ LN TED

[0] Vi=newvect(3,[1,2,3]);
[123]

[1] V2=newvect(3,[a,b,c]);
[abcl

[2] os_md.vprod(V1,V2);
a+2*b+3%*c

[3] os_md.mulseries(V1,V2);

[ a 2*xa+b 3*a+2*b+c ]

llbase(v,¥t)
s EECL0], L[, ... O—IRFERADNRY by OEWEEWEZIT S (lIE 1sol () DIEEZR)
1sol(w,l)
 ERC0] L], .. BT N — RS FRIE A AE <
THIL, 22 DX O BRBERDEEANFTH LW, RENRR B L BRI E LT,
o I MWEHT v L O—KATHEW. 20L& X IXEIET.

[0] V = newvect(3, [x+2*y-2,3*x+4*y-1,x+y-k]);

[ x+2*%y-2 3*x+4*y-1 x+y-k ]

[1] os_md.llbase(V, [x,y]);

[ -x-3 -2%y+5 2*k+1 ]

[2] os_md.lsol(V,[x,y]);

[ [x,-3] [y,5/2] 2*k+1 ]

[3] V = newvect(2, [a*x+b*y-e, c*x+d*xy-d]);

[ a*x+b*xy-e c*x+dxy-d ]

[4] os_md.lsol(V,[x,y]);

[ [x,(-d*btexd)/(d*a-c*b)] [y, (d*a-exc)/(d*a-cxb)] ]

[5] VV = subst(V,y,x"2);

[ bxx"2+a*x-e d*x"2+c*x-f ]

[6] os_md.1lsol(VV,[x"2,x]);

[ [x72, (d*a-exc)/(d*xa-c*b)] [x, (-dxb+exd)/(d*a-c*b)] ]

[7] os_md.lsol(a*x+b*y+c,x);

(~bxy-c)/(a)
1nsol(v,l)
s ERCC0]L L], .. ICBET DN IR F RO A R A KD 5
X, 23 DX BREROERBARFTL L. RERRR DL L EBARIERERRT. RBvIEE
HXDOY A NET5.

[0] P=(a-1)*x+(a+l)*y-2xa+3;
(a-1) *x+(at+1)*xy-2*a+3
[1] os_md.lnsol([P], [x,y1);
[ [x,5/2] [y,-1/2] 1]
lchange ({,k,v|flat=1)
2 (BHE) VAN OE THRELMEOR D Z v ITE & 5
o LIXVANT, EEDORIDOEIDRHD. kPO L XL, (k] &H%T. 728, 0ILENDS.
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o flat=1 ZIEE L L X, k= [k k,...], v=[o1,00,..] 2D, (k] % v, W=1,2..) T
BEMZI-U A R BT

(o] L=[[1,2,3],[4,5,6],[7,8]1%
[1] os_md.lchange(L,[1,0],0);
[r:,2,31,[0,5,61,[7,8]1]
[2] os_md.lchange(L, [2],[7,8,9]);
(r:+,2,31,04,5,61,[7,8,9]1]
[3] os_md.lchange(L, [1,0],[4,5]flat=1);
(5,4,[7,8]]
229. lmax([mq,ma,...1)
i my,ma, ... DFRORKOL O EIRT
230. 1min([mq,mo,...]1)
omy, Mo, ... DFOER/NOEH D EIRT
o SIEUTY X RTHL, NI FARITHITH L

[0] os_md.1lmax([1,5,4,2,3]);
5

[1] os_md.1min([1,5,4,2,3]1);
2

[3] A=mat([1,3],[5,2]1);
[13]

[52]

[4] os_md.1lmax(A);

5

[5] os_md.1lmin(A[1]);

2

231. 1gcd([mq,ma,...] Ipoly=1])
womy,ma, .. DERKRAKH G RS
232. 11ecm([mq, ma,...1 lpoly=1]1)
omy, ma, ... DE/NAEE Oo) ZIRT
e poly=1 #$5ETH &, BERELHNE HRT.
o SIEUTY X FTAL, N7 FARITHITS L.
e 1lem() IZBWVT, Ay 0 OmiFEEEND (ilem() LR D).

[0] os_md.lgcd([-6,9,-24]);
3
[1] os_md.1llcm([-6,9,-24]);
72
[2] os_md.1lgcd([(x+y)~2,x"2-y"2] |poly=1);
X+y
[3] os_md.llcm([(x+y)~2,x"2-y"2] |poly=1);
X" 3+y*x"2-y " 2*x-y "3
233. 1dev(/,s)
w UA DN s OBHEZ Y A N LITINAT, R Ot % /NS5
e L+ ms KDDL DETDHEE, [m, L+ ms] KT
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[0] os_md.ldev([1,3,5,9],[1,-1,1,-11);
(11 [2,[3,1,7,7]1]

234. 1sort({1,45,tlc_1= [010,011,...] Cc_ 2 [620,621,. ])
w UR RN ITRL, by EOAEPE @, 7203l @iy 2k <
oM, REXT —& OEAE
AU RARNT, P HELIITINO L X,
o INIWEIZY—bhENTZU R NEIRT.
e Ib=[1Tt=0F7%F "cup" DEXITl, ZV— ],
t=1FIE"setminus" D & =1, I HICEELZRL.
t=T7FF""cut"OL XL cl=k Tl ZHBNO kEOEFR LR OFEFED 2 5D Y A MIHEIF
5. T2I2L kE BROED & &1L, HED |k EE2BRWIZEE ERED |k HOEE LD 2 2i255%
T5.
t=8 7zt "count" D & XL, £y ODEHREEKL, TNOELBEBRWZEREOMO U X N E2IKT.
t=0,4, "cup" F70F "sum" D& XXl OEFEE DO (TEHEEZRY) U A b
t =1, "setminus" O & X I b IZEENLRN L OBEFEO (EEEZRWZ) U X b
t=2, "cap"®& X%, HLWBOEHKD (EEZRNEZ) VAR
t =3, "reduce" ML X%, MU bDEZFEW LR/ X F O EIT.
t =8, "count" DL XX, f1, b DEFE, TNENTEELRWIZERZY, HBEOEROER
¥, RCbOEREME LIRMY A FOEFEHD 8HOHD I A k%K.

e t=9F T cons" T, Ly MY ALDY R DL EL, {1 ODFBEFROI A by OFEFH & NEIAHN
T5. by DEZEOEN () OBEFRIL VDR E XL, Iy ODEZOREEDIL, E DOR%EDEREI
WTNDERRT. Ly WU R RTRVWE XX, TNOLEERELTHY X NERT.

ot =10 F£721T"emp" T, f1 & by DFEV (FOMBELEHNED 3OH) OU R NEHATD. £, £
FVARNERIFTIVANDY R I,
t=11 £7-(X"append" T, (1, b MV A DY XA DL E, FHE% append L7V A M &K

- t=[tg,t1,.. 1 WUARNT, {43V AFDIYRIDEE

to IZOWTIE, LDt EEEROIEBENARET, UTFTDOLIIChD. (7 EBEAORDOL I b DO

fE. cf. readesv()) . £/t =[11%, [0] LEREN5.

o (o =[] F721% "sort" O & &

—tg=0F7T "put" DL XFYRALOEFEDt FAOHEHAF—LLTY— 95 WIEY—
FCIE, —t;1 —1%2FEET D)
— to=3 F721% "reduce" O L &L, F—RERILLDITEHEZENT D% RS,
e ly=0F/E "col" DL X AT varcl=RET DL
—to=0F7L "put" DL X, 11,019, . FEEOHBEZKREH LY A MDY X F2IRT.
—to=1F7I% "setminus" DE X, ¢ 1,c10... FEAOHAZHIBRLIZY A bD U A M &Y.
e lo=1 F72IX "num" DL X
b DHEELRVEEL, ¢t =0 &HRT.
— to="col" : HAFFDU A MEKMOEFR L L THA.
-t BED L X
* tg =0 F721X "put" : FEROLFIAIZ t1 HOFFEHATH.
* to =1 F7I% "get" : 1 THREIN=H €1,0,C1,15" - DHEFRE ZDNEICHREHT.
|
I

% tg =2 £721% "sub" : ¢ T?EEéﬂf:%%®%$%:ﬁUf‘%
x tg =3 £720% "sun" : BEOMEKE KT
—ZhPsoLx, UTOEIICIiBHOHERZBIZOWTE YV, 2155.

* 1 DEBTOLE, ZOHER (27201, to DEESNTOIIUE, BHEOD L, FHOHEE) %
L LTORSNTME. isyes() R calc() REVFIUTE 2.

x tg BNY RN [s,0] ®L XL, EHEcale(-,[s,v]) EWIHIEBICEDOESE (72721, ty
DHEINTWIIE, EERO Ly HFHOHEH) 2 AN TEENZE
§IE >N Q= o nean o =n 7 LS AT
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%t WICTFHN "+ DL E, FHEHED ¢ 1,c12... BFHOEHAOM FETRVWEDIX0 LA
LTZ7)
ZDfEIZ Vi kL
* to =0 E720E "put" : FEFBOKIHIZV; AT 5.
x to=1 F2IE "get" : V; B0 THRVWEROLE X T
¥ tg=2 F721F "sub" : V; 230 OEEOLKE HT.
¥ tg=3 £721F "sum" : V; OFEIKT
e /5 ="transpose" T {o ="put" O & & {TLFNEHIIT S (fHiE).
o (5 ="adjust" T tp ="put" O L &, EHROHADEHENEL>TWNWD & &, RKROBELHITHIZ,
BAITIFZESLTH] " ZFED D, TeB, t) TEXICHEDDILDERETE 5.
o (5 ="subst" T to ="put" O & X t;=[a;,bj,c;] : a;j FHDEHRD b; FHDEE ¢; TEEH
z5.
0 l1, o WMUARNDIYRAIDLE, {1 DEFROD t) FAOHEE (L OF—IHA, (o DBEFED ty FEHOD
HE by OF —HHALEELT, LITFEITH.
— 4 Rty NEM SN LGEE, ThbiT0 &ART.
— by DFEFENY A RTEHBRVWTEANLRSTNDH L E, TOHEEDOARAEIWART2U A NE fy
ELTH L.
—to=0F7=F "cup" DL X, 4 ODERIZFAILF—0D by OBEFEEZ[FITMZ 5.
—to=2F7T "cap" D& &, EERBETH DN, RAULF—%HD by OERENRNE OITHIER
T 5.
—to=1F7= "setminus" DL XL, FLXF—%HL Dl OBEENRHD LD % (L NHHIERT D
U 1TF—LISNDIHIZEE SN D).
—to=3FIL "sum" DL EFIL, FLX—2E Dl OEFRE by OERIFDITELD, 1 & by
EEP 5.
— to =4 F£721% "over" ® & X 1%, RACFx— FHhol OHEFL fo DBERIIXIL, 4 O C1u &
HOHEE % lo DEFRD ¢y, FHOHEHAIZ L o TE XM TET.
0 L by DEZEN 1 SOL XL, VA MIETIZEOEFERELTH LV, KITBWTH R
—tp =5 F72iL "subst" DL XL, ALF—% b0l OHERE (o DERIIHL, o DEFED
cop HHDOHEAMNZE (CFH)) THRIFIE, 6 Dep, FHOHEBAZFN TEESHZ TRT
LEFT-T, to=4,5 U8 TIE, 7T acl & 2 THRELE M & by DEFZDOIEA 24k
L7 JEELRVEEIE (g =3 UM TIE by OF —%BR2) RIEBOY A DU A b &IKT.

[0] os_md.lsort([3,2,0,a,1,2,b],[]1,0);
[0,1,2,2,3,b,al

[1] os_md.lsort([3,2,0,a,1,2,b],[]1,1);
[0,1,2,3,b,a]

[2] os_md.lsort([3,2,0,a,1,2,b],[a,c,0],"cup");
[0,1,2,3,c,b,a]

[3] os_md.lsort([3,2,0,1,2,a,b],[a,c,0],"setmins");
[1,2,3,b]

[4] os_md.lsort([3,2,0,a,1,2,b],[a,c,0],"cap");
[0,a]

[56] os_md.lsort([3,2,0,a,1,2,b],[a,c,2],"reduce");
[[0,1,2,3,b], [c]]

[6] os_md.lsort([3,2,0,a,1,2,b],[],"cut"|cl=2);
[[3,2]1,[0,a,1,2,b]]

[7] os_md.lsort([3,2,0,a,1,2,b],[],"cut"|c1=-2);
[(3,2,0,a,1],[2,b]]
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[8] os_md.lsort([3,2,0,1,2,a,bl,[a,c,0],"count");

[7,3,6,3,2,5]

(91 L=C[5,"A","P"1,[2,"C","Q"], [3,"B","P"]1]$

[10] os_md.lsort(L,"sort", ["put",0]); /* sort by key 0 */
(c2,c,q1,[s,B,p], [5,A,P]]

[11] os_md.lsort(L1l,"sort", ["put",-2]); /* reverse sort by key 1 */
[[(2,c,q],[3,B,P],[5,A,P]]

[12] os_md.lsort(L,"sort",["reduce",2]); /* reduce duplication by key 2 */
([3,B,P],[2,C,Q1]

[13] os_md.lsort(L,"col", ["put"]lc1=[2,1]); /* extract column */
[[P,A]l,[Q,C],[P,B]]

[14] os_md.lsort(L,"col", ["setminus"]|c1=[0]); /* delete column */
[[A,P],[C,Q], [B,P]]

[15] os_md.lsort(L,"num", ["put",1000]); /* put number */
[[1000,5,4A,P], [1001,2,C,Q],[1002,3,B,P]]

[16] os_md.lsort(L,"num",["col"]); /* add column numbers */
[[051’2]’[5,A’P],[2’C,Q]’[3’B’P]]
[17] os_md.lsort(L,"transpose",[]); /* transpose */

[(5,2,3]1,[A,C,B], [P,Q,P]]

[18] os_md.lsort(L,"num", ["get"]|c1=[2,1]); /* get lines */
[[(3,B,P],[2,C,Ql]

[19] os_md.lsort(L,"num", ["sub"]|c1=[2,1]); /* delete lines */

[[5,A,P]]
[20] os_md.lsort(L,"num", ["sum"]); /* num. of elements */
3

[21] os_md.lsort(L,"num", ["put",[">","B"],1]); /* put number */
(fo,5,4,P],[1,2,¢,Q],[0,3,B,P]]

[22] os_md.lsort(L,"num", ["get",["=","B"],1]); /* get elements */
[[3,B,P]]

[23] os_md.lsort(L,"num", ["get",[">=","B"],1]); /* get elements */
[([{2,c,Qql, 3,B,P1]

[24] os_md.lsort(L,"num", ["get",["!=","B"],1]); /* get elements */
[[5,A,P],[2,C,Q1]

[25] os_md.lsort(L,"num", ["sub",["=","B"],1]); /* substract elements */
[[5,A,P],[2,C,Ql]

[26] os_md.lsort(L,"num",["sum",["!=","B"],1]); /* mum. of elements */

2

[27] os_md.lsort(L,"num", ["sum","+"]|c1=[0]); /* sum of column entries */
10

[28] os_md.lsort(L,"subst",[]lci=[[0,1,"#"],[1,2,"?"]1]); /* substitute */
[(5,#,P],[2,C,?],[3,B,P]]

[29] os_md.lsort(L,"","cons"); /* cons "" x/
[[,S’A’P] b [,Q’C’Q] b [’S,B,p]]
[30] os_md.lsort(L,["a","b"],"cons"); /* cons elements */
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[[a,5,A,P],[b,2,C,Q], [b,3,B,P]]

[31] L2=[["a",3,"r"], ["c",2,"p"],["D",7,"q"]1]$

[32] os_md.lsort(L,L2,["cup",0,1]); /* cup two 11 */
[[5,4,P,,],[2,C,Q,c,p], [3,B,P,a,r]]

[33] os_md.lsort(L,L2,["cap",0,1]); /* cap two 11 */

(r2,c,Q,c,pl, [3,B,P,a,r]]

[34] os_md.lsort(L,L2,["sum",0,1]); /* sum two 11 */
((5,4,p,,,],0[2,C,Q,c,2,p],[3,B,P,a,3,r],[,,,b,7,q9]]

[35] os_md.lsort(L,L2,"append"); /* append two 11 */
[[5,A,P,a,3,r],[2,C,Q,c,2,p],[3,B,P,b,7,q]]

[36] os_md.lsort(L,[2,5],["cap",0]); /* get lines by list */
[[5,A,P],[2,C,Q1]

[37] os_md.lsort(L,[2,5],["setminus",0]); /* delete lines by list */
[[3,B,P]]

[38] os_md.lsort(L,L2,["subst",0,1]|c1=1,c2=0); /* substitute */
[[5,A,P],[2,c,Q],[3,a,P]]

[39] os_md.lsort(L,L2,["subst",0,1]1c1=[1,2],c2=[0,1]); /* substitute */
[[5,A,P],[2,c,2],[3,a,3]]

[40] os_md.lsort([[a,b,c],[d,e,f]1],[[a,b,c],[d,h,f]1],"cmp");
[[[[1,1],e,h]]]

[41] os_md.lsort([[a,b,c],[d,e,f]],[[a,b,c],[d,el],"cmp")$
Different size :line 1

[42] os_md.lsort([[a,b,c],[d,e,f]],"transpose",[]1);

[[a,d], [b,el, [c,f]]

235. msort (4, s)
2R MARY A NORSE (HE) F— s> TY— T2

o s=[f,ml]
f=1:/h&WVE, f=-1:K&ZWHE
X—0O mix

—0: BHroRAN
—1: N7 bLERIZVA D EE, ZOES
— 2 KOMBRT MAVFETY A b L&, AN OFFEXIER
-3 Ky DEAT
— 4 RS OReHE
- 5: RRDOEZ
— fn: BIED 2 EOLOEHET fn ZHNWD
— [fnd : 515 LEOBEE fn il AL GREENDEO KA
o s=[f,m,k] : OB T MLFEZIFVAIDEE, (K+1) BHOMS THIET 2
o s=[f,m,ki, kol : OV Y MAVELIFTV A MDORY MAFELIFV A D EE, (ki +1)FH
DRETD (ke +1) BHORS THET 2 (E6I2 s =0f,m,k1,ka, k3] 72 HAHE) .
® s=[51,52,...]: 8 1T LDLIRF—T, 51 DF—CTORNKE TR —EARo72L L s F—T
D K Y e —oFEERIEF Tl 5.

[0] os_md.msort([3,2,1,5],[-1,0]); /* iLIE */
[5,3,2,1]
[1] os_md.msort([[1,4],[3,2,1]1,[4,51],[1,0,1]1); /* 2BEEHDHHS */
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[03,2,11,[1,4]1,[4,5]]

[2] os_md.msort([[1,4],[3,2,11,[4,511,[-1,11); /* RWIE */
[s,2,11,04,51,[1,41]

[3] os_md.msort([[2,2],[3,1],[2,1,11],[-1,2]1); /» HEXIEFOXKEZTWIE */
[(03,11,02,2],[2,1,1]1]

[4] os_md.msort([[1,4],[3,2,1]1,[4,51],[[-1,1]1,[1,0,0]11); /* TILFHF— %/
[(03,2,11,[1,4],[4,5]]

[5] os_md.msort(["This","is","not","an","ant"],[[1, [str_len]],[1,0]]);

[an,is,ant,not,This]

236. vnext (v)
w XY RVORRSG Rz, BEERIER TRONRT MVIZEBRT S
o MAFITELWVWEDONH - TH L.
o BEDORY MVEGZT-EEXIX0, FRUSATIEL 2iIRT.

[0] V = newvect(7, [3,1,5,7,6,4,2]);
[3157642]

[1] os_md.vnext(V); V

1

[21 [ 31624571

[3] V = newvect(4, [4,3,2,1]);

[4321]
[4] os_md.vnext(V); V
0

[6] [ 43211

[6] V = newvect(7, [2,1,5,5,6,5,2]);
[2155652]

[7] os_md.vnext(V); V

1

8 [2156255]

237. vgen(v,w,m|opt=0)
i R OFIN m DIFER DT BV w ZNEICAERT 5
o v, wIXF LY A XDT FT, wli] <ofi] DHIE>X.
e opt=0 %, FIWHLTZDOLEDOREVEIZ0. TSN TORY EIFESHEZ DNk EHT
o HARITIZ0ZELT, PIlkansg.

[0] V=newvect(3,[2,1,2]);

[212]

[1] W=newvect(3);

[0oO0O0]

[2] os_md.vgen(V,W,2|opt=0);
0

[3] w;

[200]

[4] os_md.vgen(V,W,2);

1
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[5] w;

[110]

[6] os_md.vgen(V,W,2);
2

(71 w;

[101]

[8] os_md.vgen(V,W,2);
1

[9] w;

[011]

[10] os_md.vgen(V,W,2);
2

[11] W;

[002]

[12] os_md.vgen(V,W,2);
0

[13] w;

[200]

238. paracmpl(l,t|lim=1,low=1,para=[vy,vs,...])
D BB EITEFE LY A N ORGy (e 2Z3AER) CilEL D ZER O IEHISEHL
L DR BAEBR fi(z,t),..., fm(z,t) DL E (@ ZZEHTIVY), generic It =ty LML LT
fi(z,to), ..., fm(x, to) D—ML 2@ E m & T 5. 125t OFERX g, (1) ZHYITT-T

hj(z,t) = Zfi(mvt)gi,j(t)
i=1
L35 L0 TR hy (o, t) OIS T, Lind hy(e, t) 1t = 0 CHAFZT, hy(2,0), ..., hm(,0)
D—WMASL/eElE T m & TE D (cf. [OSe, Proposition 2.21], [04, Lemma 6.3]).
paracmpl ([f1(z,t), ..., frm(z,0)], ) 1Z, 2D [Lha(x,t),..., han(z, )], (gi;(E)D] 2T
o LI MATHIWR, VR NTERINS.
o [h(z,t),... him(z, t)] 1%, t OFBRZERSY & T2 ATHATH A = (a; (1)) 1<i<m T, AL AL O

1<j<m
BRIt = 0 IBEFRITZ 2V DI L DEBREFRNT—E LD,
o REND G = (gm(t)) 1<i<m T E=A1T8E 70 5.
1<j<m

low=1 &8T5 &, ¢ DREDS/N S WEICHER T 5.

lim=1 Z#$5& 42 & [h1(x,0),..., hy(z,0)] ZIET.

fila, ) AR TR, FEREMRNLTHY A FPRT PATH LV,

para=[v,... 0] ZHEET S &, IR TRL TRET vy, .. ., vp RO A T BIERR S o0 A 58
K& BT,

em=mDLE, fi(z,t) AR TR Texp((1 +t)z) D& 5 AROBAIL, HYRKHET
Taylor B L 72T fi(t,z) (DORST) ZESHZ, Low=1 Z45E L RO G TEBT T
T

[0] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)],t);

L)/ (x-1), (1) /((e+1)*x 2+ (-t-2)*x+1)],[ 1 (1)/(t) 1]
[0 (-t-1)/(t) 1]

[1] os_md.paracmpl([1/(1-x),1/(1-(t+1)*x)],t|lim=1);
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[ (1)/(x-1) (1)/(x"2-2%x+1) ]

[2] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)],t|low=1);
[[C-1)/(x-1), x)/((e+D)*x 2+ (~t-2)*x+1)],[ -1 (1)/(%) ]
[ 0 (-1)/(t) 1]

[3] os_md.paracmpl([1/(x-1),1/((t+1)*x-1)],t|low=1,1lim=1);
[ (-1)/(x-1) (x)/(x"2-2%x+1) ]

[4] os_md.paracmpl([[1/t,1,1],[1+t,0,-t]],t);
[[[1,t,t],[0,t+1,t+2]1],[ t t+1 ]

[0 (-1)/(t) 1]

[5] os_md.paracmpl([[1/t,1,1],[1+t,0,-t]],t|lim=1);
[[1,0,0],[0,1,2]]

Eo [01~[5] IFUFERLTWD.

1
1 1 (1 1 1 2
z—1 (t+0)22+(—t—-2z+1) \a—-1 (t+z-1) |, —t=1

t

1 1
<x1’<xl>2) ST
!

1 T
<1—x’u+1n2+@¢—mx+1> x—1" (t+1)

H
—_
8
|
—_
~_
o |
—_
~
—

I TUTICHER
1 T (1 1 -1 1
1-2"(1-2)2) \oz—-1(x-1)2)\0 1)°

9 d*u du
(t+ 1)z —@+%w+niﬁ+Q@U+1M—t—ﬂgg+2@+nu=0

Wy F

ORZERMITt #00LE {5+ i | O, G2 € CY THD. ZOZEMHE=0DLED
fRZEfiE ({2 + g3y | O, Co € C} & RDZENNND. L0 —fic, EEO ¢ TRZEMIT

{% + (t+1)2x20—2ft+2)x+1 | Cl, Cy e (C} ThHEzbn5s.
=00 TEZXDEEIL, lov=1 ZET DHMEF R EBE0.

3.2.6 Matrices
239. dupmat (m)
u RO DHEEXOITINE21ET v m OBEREED
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[0] A=B=newmat(2,2,[[1,2],[3,4]11);
[12]

[34]

[1] C=os_md.dupmat(A);

[12]

[ 34]

(2] c[o0][0]=0;

[3] C;
[02]
[34]
(4] A;
[12]
[34]
[5] BL0][0]1=0;
0

[6] B;
[02]
[34]
[7] A;
[02]
[34]

240. m2v(m)
2 AT m O E TATE D BIEICFE R TRY MVIZERT D

[0] M=newmat(2,2,[[a,b],[c,d]]);
[ab]

[cdl

[1] os_md.m2v(M);

[Labcd]l

241. m21(m|flat=1)
w BER, XY B D WIEITHIO m Oy ENRIZIERTY 2 MZT 5
flat=1: VA MDY A DL XL, —2RHOY A R4 LTIERD.
7220, URDN L, by, Uy, by % ZDIEIZEFE LZY A R &EEDIZIEm21 (4,409,053 ,04] | flat=1) &
FTUE L.

[0] M=newmat(2,2,[[a,b],[c,d]]);
[ab]

[ cdl

[1] os_md.m21(M);

[a,b,c,d]

[2] os_md.m21v(M);
[labl,[cdll

[3] os_md.m21(a);

[al
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[4] os_md.m21([a,b]l);

[a,b]

[5] os_md.m21([[1,2],[3,4,[5,6]1,7]1,[8,9]1]|flat=1);
[1,2,3,4,[5,6]1,7,8,9];

242. m21v(m)
2 ATHIm OITRT RV EWSTY A MZT 25 (cf. 241, 244)
243. m211(m)
S AT m BATRY VBV R NIDZTEbDERSETH Y A MIT S (cf 244)
244. 1v2m({|£il1=n)
D AT MV (TG DOV A RTHA) DU R N L DBITHEED
o ITHIDHIDRE XL, 177 hAOERKETHRED, 177 MOV A XR/NSOREL, %AI20
BRSNS (cf. mat()).
o fill=n : {77 MOV A AP/ INE X, 0 TR Tn 2/AET 5.

[0] A=newmat(3,2,[[1,2],[3,4],[5,611);
[12]

[34]

[56]

[1] LV=os_md.m21v(A);
[(L121,[341,[5¢61]

[2] LL=os_md.m211(A);
[[1,21,(3,4],[5,6]]

[3] os_md.1lv2m(LV);

[12]

[34]

[56]1]

[4] os_md.1lv2m(LL);

[12]

[34]

[ 561

[5] AO=newvect(2,[1,2]1);

[12]

[6] Al=newvect(3,[1,2,3]);
[123]

[7] os_md.1lv2m([AO0,A1]);
[120]

[123]

[8] os_md.lv2m([[1,2],[1,2,3]11);
[120]

[123]

[9] os_md.lv2m([[1,2],[1,2,3]1]11£fi11=" ");
[12 ]

[123]

245. s2m(s)
 SCFEHNTOEBEE S OITHRBL, DU X ST EES. BWEFEKY A X755
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o IR BRI S DTN %, ITOXEIY 22~ TR LT XCFFITIRET 5. OB —HI OB D
L EICER (LLTo [0], [1], [4], [8] 2&H).
— FCHEDBHI AT 3 RS & &%, "3 4D TERLTH L.
—ab,...1£10,11,... Z&7.
— 10 L EOBIE (10) D LS ICHFIMNCTHA TR L TH LV, e 2iE, 2/bid &
— T /) B THRT.
- e xF12(-2)/3721F, 1,2, -2, -2 LA OOEFREA TS LIFREND.
e s2sp() » 5\ & Risa/Asir DERDILFINT L > TITHIE S 2 F T U A b2 BATHINC 5 HRE
ZHD (LLTo [0], [6] oflaZi).
T7bhb, eval_str() 2 T2 T, KADBKLS DU X NLfTHNTHRAE L 7-BERE.
o 17515 1ERT % newmat (m,n, 1) ® L% [ 1 TH-TELTH LW (LLTFo [2], [3] D).
o THIDH A XIIHEHESN DB mat() L8RV, FIH A XL ORGORROEE LD
(mat ) IRTOHEPIDOY XA FOREX).
o s PTHIDOIfIE, ZTDF FIKT.

[0] os_md.s2m("21,111,00a");
[210]

[111]

[ 00101

[1] os_md.s2m("-1,0-1,0"2-1,0"3-1");
[-1 0001

[0-100]1

[00-101]

[00O0-1]

[2] os_md.s2m([[0,a],[0,0,a],[0]]);
[0ao0]

[00al

[0o0O0]

[3] mat([0,a],[0,0,a],[0]);
[0al]

[Loo0]

[oo0]

[4] os_md.s2m("123,32-2/372");
[1230]

[ 32-2/3 -2/3]

[5] os_md.s2m("123,32(-3/b)"2");
[1230]

[ 32 -3/11 -3/11 ]

[6] os_md.s2m(" [x*x 1+2] [z w+1]");
[ x*2 3]

[ z w+tl ]

246. c2m(l,v|pow=t)
u FEIE O ARBATE R 1ED
o [ [T—WEHLIFERDOY X
o tITHE (%) OV X b
e pow=t ZIFEE L E I, v IZEHKTY @ =0,1,...,t ZIEELEEZTBEOTH (v Dtk
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ZIHADLEHL) .

[0] os_md.c2m([a*x+b*y,c*x+d*y], [x,y]);

[ab]
[ cd]

[1] os_md.c2m([1+2*%x+3*x"2,2%x+4*x"2, 1+3*x+5*%x"2] ,x | pow=2) ;

[123]
[024]
[135]
[2] os_md
[123]
[024]
[135]

cc2m( [1+2%x+3%xx"2, 2%x+4%x "2, 1+3*x+5%x"2] ,x); /* RERIZBEIHIET */

247. mperm(m, [og,01...1, [170,71,...1)
mperm(m, [[og,011], [[79,711]), mperm(m, [o, [m11]1, [T, [m211)
s ATHIm D BAMTE (o) 1D, EIITEHATY (E73AM) CEHRT
M = (mgj)o<icm 1% (Mg,r,) (CEDD.

0<j<n

TOITHNTREEE ST, HHE-RITHRRENS.

B2 BN [log,01]] L72oTNDE, 0o iTHE o1 ITHDOANEZ A EHT 5.

EIBIEM L DL X, FEI3TENE 2BBUITE LN LEERT S,

WoBI, FEEIBEN0DE XL, FTRLMESEERTHLZ LA EKRTS.

lo, (kK11 X [o,0+1,....,0+k—1] LfRIREN 5.

mIE_7 NVEEIFY AR TH LY. 2oL X8 381 5ITEmEINS.

iz, o<i<o+k o<j<o+kZMEZTmORY mi; HHRD kIROEGITH

(mij)o<icotr (Fmperm(m, [0, [k11,1) I2k~>T, 1,3, 5THOAZHEH L THLA LTSI
o<j<o+k
/X mperm(m, [1,3,5],0) IZLo>THLND.

[0] A=newmat(3,3,[[a,b,c],[d,e,f],[g,h,i]11);

[abecl
[de ]
[ghil

[1] os_md.

[efdl
[hig]
[bcal

[2] os_md.

[del
[gh]

[3] os_md.

[de f]
[ghil

[4] os_md.

[ef]
[hil

[5] os_md.

mperm(A,1,[1,2,0]);

mperm (A, [1,2],[0,1]);

mperm (4, [1,[2]1],[0,[3]1]);

mperm(4, [1,[2]],1);

mperm(A, [[0,1]1],1);
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[edf]
[bac]l]

Lhg

il

[6] os_md.mperm([a,b,c,d],[1,3,0,2],0);
[b,d,a,c]
[7] os_md.mperm(ltov([a,b,c,d]),[1,3,0,2],0);
[bdac]

248. mtranspose(m)
2 ATH m ORREITHNZRD D (m 1TV A RDY AR TH L)
UARDOY A LOREE, NEOY A hORESBIEICED SRV L TR & 72 5.
(181D & & OFIE mtoupper () DIA)

(o] L=[[1,2,3],[4,5],06,711%
[1] os_md.mtranspose(L);
([1,4,6],[2,5,7],[3]]

249. madjust (m,w|null=n)
= AT m DFEE w IS S
o w>0DEXE, FIEN wIZhdL2THEIL, HElEN-7ry 7ITEECLTERITS.
e w<0DEXIL, FHE |w/ fEFL, w>00DLEOWERIETITEREH ST
e null=n : {THIDOFIEHECERINLVESEZ n & T5H. n=00T 74/ b.
e mIZVARDY X FTH L.

[0] M=os_md.mgen(3,5,a,1);

[ al1
[ a21
[ a31

[1] os_md.

all
a21
a3l
ald
a24

[
[
[
[
[
[ a34

[2] os_md.

[ a11
[ a21

al2
a22
a32

al2
a22
a32
alb
a2b
a3b

al2
a22

al3 al4 ai5 ]

a23 a24 a25 ]

a33 a34 a35 ]
madjust(M,3);

al3 ]

a23 ]

a33 ]

01

0]

0 1]
madjust(M,-2|null="7");
al3 al4 alb a31 a32 a33 a34 a35 ]
a23 a24 a25 7?7 7?7 7?7 7 7]

250. mpower (m,n)
2 ATHIm D n FrERDD
n I EEERL.

[0] M=newmat(2,2,[[a,b],[c,d]]);

[ab

]

Lcdl
[1] os_md.mpower (M,0);

[10
[O1

]
]

175



[2] os_md.mpower(M,3);

[ a"3+2xc*b*at+d*c*b b*a”2+d*b*a+c*b~2+d"2*b ]

[ cxa”2+d*xc*a+c”2%b+d"2*c c*bxa+2*d*c*b+d”3 ]

[3] os_md.mpower(M,-2);

[ (c*b+d~2)/(d"2*a~2-2*d*c*b*a+c”2xb"~2) (-b¥a-d*b)/(d"2*a”~2-2xd*cxb*a+c 2*b"2) ]
[ (-c*a-d*xc)/(d"2*a”~2-2xd*c*b*a+c”2*xb"2) (a"2+c*b)/(d"2*a”~2-2xd*cxb*a+c™2*b"2) ]

n PIEORHE, m, m?, m* = (m?)?,... LHE L THERD TV D (n & 2 #IE TR LT 1 Ot
IS HFE). AORHT mT ISk L CRIEEZR G
251. mtoupper(m,nlopt=t,step=1,dviout=1,pages=1,tab=k,lim=w)
S ATAImAT L, LT OITERAEREZ1T> T, [TOERBENL O 0 ORG OEED T OIT D ~RFEH
FHINE 725 X012 5. HEO n FNIEL. BHOTNOET0ICR5IL6H5.
o TTHMDL D 0 DRI DEED Tl ~DHEFREZ > T, LUTOEMEL 11THBIEICIT S .
- m DHDHITDOAT T —(EEBOITITMZ D
— TR A%, (opt>1 TRUTFNIL) BABELIITE -15T5.
opt=1: S HITITD 0 TRWERFHOEEDH HHX, (TEETEDOERZLNE 01T 5.
opt=2: I LITATIZ 0 TRWVWAL T —% T 0 TRUVTOEREOK I E 11279 5.
opt=3: opt=2 LIFEF L7225, XV MHARFFEICRD X5 IATRIEIELT UUTO (b), (c) D
HBE) .
opt=4 : opt=3 LT[R UIEA, BRI GEPBENRNHERITERICT 5.
opt=5: opt=4 LIZIXFR UIEN, THIN—2DNF A —FE2ZEAL L THEHLE, ZONRTA—
ZIZ R TRBIS U THEFTEITD. 72720, NI A—FOEIGFEETHESIT IR E &
WZIRS.
opt=6, opt=7 : opt=5 LIXIEM L7, {THICEEND /T A—F N 2L ETHHRD 72085
BT ERCTHEAZRT .
o ED n FNTWHT . Lo TRED n FIOHRICENLZEIT, EOADT—IZ3EER.
WE L0 ELIT L EiE -1,

— —n B m OITHICFE LW E XX, m OLRITY A X |n| OBRAATFZAML THIH A X% |n|
TR LATINCH L, &BED |n| FI 2B L CTITEBEIT .

N =size(m) [0] L£¥< & mperm(m,—N|opt=2),0, [N, [NI]) 23 m OZEMITHI L 705, FF
W2 m DRWITHITH S22 6I1E, Ziudm oW TsE 72 5.

—n=—-10L&EZ, ¥EkEBORDN (22)F 1 LARBHERT S EFIORKBZIAIN L THIYA
R — DR L1475 m/ (2%t L C, mtoupper(m/,1) #175.

— ADPEH zz %5 F 720 size S x S DITHI72 51E, B = mtoupper(A4, —1) &< &, £#itk
OFTHIE mperm(B,1,[0,[S'1]1) &£729, mycoef (B[I-1]1[5'],J-1,zz) BENLNT HE
BATHND (I, J) i &7 5.

e step=1 ZIEE L& &1L, BTOTEBEBRERRT S.
e dviout=1 | step=1 ZFE L2 &L EDHALNT, BTOTEREREZL dviout TERTD.

—ZDEE cr=DA T arTCHRITO WIEX =2 — FE2HEEAHE (F 7 4+ 4 b i
cr="\\\\\n & "T, cr=7 &[FL).
7= & 2%, dviout THRZRT HHAIL, risaout.tex @ begin{document} DEFTIZ

\def\pause{\special{dviout ‘+M-}}
DO—ATEFEALTEE, cr="\\\\ \\pause\n &" (cr=23 LML) &FHiE, FROREIC
space ¥ —Z I mIC 1 2T v P oikde.

—EFEIT L AT v TRBICSATINDA, lin=w ZFEET D &, TS w XFRELRZRLTI
AT v T2 AND.

e dviout=2 bR TH 575, ZRIFATOR.
e dviout=-1 Tix, TEX ® Y —A%iKT.
e dviout=-2 TiX, TRX DYV —ADm e 5V A F&2iRT. BENh7bDE L &35
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ltotex(reverse(L) |opt=["cr","spts0"],str=1,cr=7)

WL TTEX O Y —AnE6h5.

e tab=k : dviout ZEE L step (CH UL LAIRE LI L EDBERITOA T v FOIEA k mm &
5 (F7HV T k=2).

e pages=1: dviout ZfFE L7 & &, BT TUR—TEHT WRNRELS RDGER EITIEE)

o unin() (2L > TUTEALL OB HOITHAERN TE 5.

o ITHALFOFMIUTDL I IZR>TND.

(a)

(b)
(c)
(d)
(e)
()
(g)

(h)

€)

S)

M
(m)

(n)
(0)

(p)

(@

F190 M = (mj0) 13 k — 1 51 B & CHABEAK T LIATHIT, 20 jo — 1 17H £ TOEALHMNE
TLTWH LT D, ZDLE k- 1HFETORSE jo ITHLREZO0 L 72>TWT, jo— 11TEE TOAT
D0 TRWEEB L1 T, iUtk —1FBLUTT, ZOFOMORSIL0IZR>TND. Fi k5l
U2 jo ITH 12T ENLBEICHID T O TRV mjx D ET 5.

BUFD X DI jo ITH E/2TZNLUBED 0 TR tATH DG my ) ZRXTHEED j1 ;TR ZRD, (W
T h) 1T L TENE jo ITHICBETS. BLNIATH M = (my) BT myy T jo ITHZE
FHY, joATHOAD T —fEEMOITIIMATL7 &b kHIBEETOEAEREZKT SH5.
JITAEEENLBEDORS myy T1 ERD2BOBRBIEZORO t % j1 17H L B<.

%9 TR T AT ERIEZNLBEDORMS me, T —1 725 L ORBIIEEOREYZ j1 1TH LH<.
TR T HITR EFZNLBEDRS my e DIEEEE T, ZO17% my s, THIS T2 b OREHITRY
MUIZ72 2 DR HIUXEDRNDOITE j1 ITH ET 5.

%5 TR T AT EIITENLEDO RS my s, BEAEET, ZOITE myx TES 72 b ONEEITY
MUZI2 D L OB BIUEE DRIOITE j1 ITH & 5.

9 TR T HITAEEENUBEDY myy 230 T T, ZTDOIT%E my CTHIo b ODBEEEITA
7 MVIZIR D OB HIUXEDORIIOITE j1 TR T 5.

9 TRITAUE, t1TH DORSY my, DEEET, EATHLUBO ¢17H L 8725 j1THIC ¢ 1TH OEfE %
LT (5, k) % 0 ICHED DTN, AR bTnE(TD.

9 TR, t1TH DS me g DEECT, jATHUBEOH 5172 tITHICETEI <AL T (¢, k) ik
i LITHR D DR, AR bZENEIToCh =t &T5. 2L, jITEE tITEICE =& E 7%
WHDEBERETD.

5 ThRFIL, tITE DS my s, DT, JITEUMOS 21T jITRURO S 21708 ME %
BT DB LT (6 k) By E LICHRDI M, AR DENEIToTCEDITE 1=t 55, 7272
L, jITEHE LITHICEBAEE SRV OEELETS.

TR, tITE DR my s DT, jITAUBEOH 21T jITEUROH 2172 23 035(<
UT (k) B —1ICHEKD RN, ARERLZNEITo T =t &35, 2L, jITHE AT
FICEEEZEE VL0 EEET 5.

9 TRIFIUE, tITHIC JITHUBEOH 21TOEEEZ R T8 < LT (¢ k) lisrE —1 ISk 5
W, AR LENEIT-oTCh =t & 95, L, jITEHE tITHICERZE TRV LOEEET 5.
& 9 TRIFIERANC BT EER AL Sy my e DITH, FEBOITRRTIIERT A —Z 2G5 E R0 E my i
DEMDIT% 11T T 5.

opt>d D& X, kHBOFAERNX myp DN THRHD—DRTA—FDZHALI-oTWVDH E X, TEFIC
Ko TEINADORES DT OEZEROBRARERE % TIF 52 ENTEIULTNEITD 2 L &2HT 5.
opt>4 D& &, kINIADKL THFNEEILD my BHNIE, TORMOITLIZE>Tji =t L35,
opt>d D&%, HFHX myr THOTORRAKIITCOZHEADIRPHHE T2 HND & EIX, TOHMR0
LR DG EEETH THHTEROEKEETRD L. Z0bL j1 =t L T2.

opt>d D& X, myp B 0ITRDTZDDORMD, HIEENEOELREEZ R WEROLEXSL/ RN 0
TRWAHRK (72720 opt=5 D& TIHHE) THZLNDILORHDLNEI MR, TOL It »
FHETE 0 IR D582 REEETRD, KICOICARLRWEAEZRRDLED j1 =t £T5.
PLEIZEES LR g, By mey OBIRENE 2D B ONRRINCHENDIT I LT =t &3 5.

[0] M=newmat(2,3,[[a,b,1],[c,d,x]]1);

[ab

1]

[cadx]
[1] os_md.mtoupper(M,1);

[ab

1]
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[ 0 (d*a-c*b)/(a) (a*x-c)/(a) ]
[2] os_md.mtoupper(M,0);
[Lab1]

[ 0 (d*a-c*b)/(a) (axx-c)/(a) ]
[3] os_md.mtoupper(M,1|opt=1);
[ a 0 (~b*a*x+d*a)/(d*a-c*b) ]
[ 0 (d*a-c*b)/(a) (a*x-c)/(a) ]
[4] M=os_md.mtranspose(M);
[Lac]

[badl

[1x]

[5] os_md.mtoupper(M,0);
[ac]

[ 0 (d*a-c*b)/(a) ]

[oo0]

[6] M=newmat(3,3,[[0,0,1],[1,1,1],[1,1,2]11);
[001]

[111]

[112]

[7] os_md.myrank(M);

[8] os_md.mtoupper(M,0|opt=1,step=1)$
[0o01]
[111]
[112]

linel <-> line2
[111]
[00-11]
[112]

line3 -= linel
[111]
[00-11]
[0o01]

linel += line2
[110]
[00 -1]
[001]

line3 += line2

[110]
[0O0-1]
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[000]

[9] A=mat([2,1],[1,21);

[21]

[12]

[10] os_md.mtoupper(A,-2|opt=2,step=1)$
[2110]

[1201]

linel * (1/2)
[11/2 1/2 0]
[1201]

line2 —-= linel
[11/2 1/2 0]
[ 03/2 -1/2 11

line2 * (2/3)
[11/2 1/2 0]
[0o1-1/3 2/3 1]

linel += line2 * (-1/2)
[102/3 -1/3]
[01-1/3 2/3 ]

[11] os_md.mtoupper (A,-2|opt=3,step=1)$
[2110]
[1201]

linel <-> line2
[1201]
[2110]

line2 += linel * (-2)
[1201]
[0-31-2]1]

line2 * (-1/3)
[1201]
[0o1-1/3 2/3 1]

linel += line2 * (-2)

[102/3-1/31]
[01-1/3 2/3 ]
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[12] os_md.myinv(A);

[ 2/3 -1/3 1]

[ -1/3 2/3 1]

[13] os_md.mtoupper (A,-1]|opt=2);

[ 1 0 -1/3%zz+2/3 ]

[ 01 2/3%zz-1/3 ]

[14] os_md.mtoupper(mat([2,1,3],[1,2,3]),-2]|opt=3,step=1,dviout=1)$

21 3 10
1 2 3 01

linel <« line2 1 2 3 01
21 3 10
line2 —= linelx(2) (1 2 3 0 1
0o -3 -3 1 -2
line2 x= (%) (1 2 3 0 1)
B -1 2
011 5 3
linel —= line2x(2) (1 0 2 —31)
-1
011 5 3

[15] os_md.mtoupper (os_md.s2m("32,53"),-2|opt=3,step=1,dviout=1)$

3 2 10
5 3 0 1
s

[16] os_md.mtoupper(os_md.s2m("32,53"),-2|opt=4,step=1,dviout=1)$

3 210
5 3 0 1

line2 —= linelx(2) ( 3 2 1 0)

-1 -1 -2 1

linel < line2 -1 -1 -2 1
3 2 1 0

linel x= (—1) 11 2 -1
—>
3 21 0

line2 —= linelx (3) (1 1 2 —1)

0 -1 -5 3

line2 x= (—1) 1 1 2 -1
%
0 1 5 -3
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linel —= line2 1 0 -3 2
[ ——"
01 5 =3

[16] os_md.mtoupper (mat([a,2], [a+2,4*a+2]),0|step=1,0pt=5,dviout=1)$

a 2
a+2 4da+2
line2 4+= linelx(-1) [a 2
2 4da
linel <« line2 (2 4&)
—_—
a 2

linel x= (1) /1 2q
a 2

line2 += linelx(—a) 1 2a
0 —2a+2

Ifa=1,

1 2

00
If a =—1,

1 -2

0 0
If a> — 1 #0,

_<TL<1 )
0 1

linel += line2x (—2a) 1 0
0 1

[17] os_md.mtoupper(mat([a,b], [c,d]),-2|step=1,0pt=6,dviout=1)$
0
1
If a =0,
If ¢c=0,
0 b
0 d
0 0 1 O
0 d 0 1
Ifd =0,

(¢
Ifb=0,
0010
0 0 01

o
O =

b
d

o
Qo
O =
— o

O =
—= O
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If d # 0,

linel ¢ line2 (0 d 0 1)
0 010
linel x= (%) <0 1 0 (11>
0 01 0
If b # 0,
linel x= (% 1 1
____il’@ d 0 3
line2 += linelx(~d) (0 1 + 0
b0 )
If ¢ #0,
linel < line2 (c d 0 1)
0 b 10
linel x= (1) /1 d (o 1
S ()
Ifo=0,
1 4 0 4
@ 0 16)
Ifo#0,
line2 x= (1) (/1 4 o 1
i UR )
linel += line2x (=%) (1 0 ;Tfl i)
01 3 0
If a #£ 0,
linel x= (1 1 1
LI

b
a
d
NP b1
line2 += linelx(—c) 1 a p 0
=c
a

0 da—cb 1
ra—<,
a
121
0 0 =<1
If da — ¢b # 0,

—Q o

line2 x= (z225) (1 % 0
0 _—¢c_ _a
da—cb da—cb

. 5 —b d —b
linel += llnc2><(T) (1 0 P dacb)
—c a
0 1 da—cb da—cb

[18] os_md.mtoupper(mat([a”4-b~2,b]),0|step=1,0pt=6,dviout=1)$

(a4 — b2 b)
If b = a?,

(0 a?)
If a =0,

(0 0)
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If a # 0,

linel x= (a%) (0 1)

If b= —a?,
(0 —a?)
If a =0,
(0 0)
If a #£ 0,

linel x= (;—21) (0 1)

If a* — b # 0,

linel x= (ﬁ)

(1 a4ib2)
[19] os_md.mtoupper (mat([a~4+b~2,b]),0|step=1,0pt=6,dviout=1)$

(a4 + b2 b)
Assume a* +b* # 0,

linel x= (ﬁ)

(1 a43-b2)
252. mytrace(m)
= ATHIO trace #iKT .
253. mydet (m)
mdet(m) ERILC. 2 LEGITABEATH L.
254. mydet2(m)
wdet(m) ERIU. 7272 URAITAEK TS Lu.
mydet () X det() %, %7 mydet2() Id mtoupper ) ZFIHT 5.

[0] M=newmat(3,3,[[1,x,x72],[1,y,y"2],[1,z,2"2]1]);
[ 1 xx"2]

[1yy2]

[1zz2]

[1] fctr(os_md.mydet2(M));

(-1,11, [y-z,1], [x-z,1], [x-y,1]]

[2] N=newmat(3,3,[[1,x/y,x"2/y"2],[1,y/z,y"2/2"2],[1,z/x,2"2/x"2]]);
[1 X/ x"2)/(y"2) ]

[ 1 (/=) (72)/(z"2) ]

[ 1 (=2)/&x) (272)/(x"2) ]

[3] os_md.fctrtos(os_md.mydet2(N));

—(zxx-y~2) * (y*x-2"2) * (x"2-2z*y) / (2" 2%y " 2%x"2)

[4] det(N);

internal error (SEGV)

return to toplevel

255. myrank(m)
= 478 m @ rank KD 5 (HliX mtoupper () DIH)
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256. mykernel (m|opt=1)

= 4T85 m DEEELTHID kernel DEJEE KD 5
F7va v opt=1 ZEE LRSI, BELRAVTIIETS.

[0] A=newmat(4,3,[[x],[y,1,1]1,[0,1,1],[1,1,111);
[x00]

ly11]

[011]

[111]

[1] os_md.mykernel(A);

[ly xx01,[y-1 -x 0 x ]]

257. myimage (m|opt=1)

258.

259.

260.

= AT m OEREITHI OB OIEEZRD 5

o 7 g opt=1 ZEEELI-L XX, BWBELRAWMEETS.

o HIEDRY MV DORYID 0 TRWVES OMLE I HRFHFAN T, o7 MLOZFOME DK 1T
0L72oTN5.

[0] A=newmat(4,3,[[x,-x],[y,1-y,11,[0,1,1]1,[0,1,2]11);
[ x -x 01

[y -y+1 1]

[011]

[012]

[1] Im=os_md.myimage (A|opt=1);
[[x0-y01,[01101,[00011]
[2] V=newvect(4,[1,1,1,1]1);

[1111]

[3] os_md.mymod(V,Im);

[L0O0 (y)/(x) 0]

[4] os_md.mymod(V,Im|opt=1);

1

[5] os_md.mymod(V,Im|opt=2);

[ (/&) 1]

mymod (v, [v1,...,vr 1| opt={)
2 R_XT Moy, .., v TEONDZEBOPEZERA~D v O EERD S (BlIE myimage () DIH)
e v, ..., U D0 TRVWERDOMES, NHICEIZHEMLTWAILERSS.
o A7V a v opt=1l ZME LGS, HEN0DOLE 0%, LS TIEL 2IKT.
e opt=2 HIFE L7 & XL, PR OFEHERIRZ - T2 £ T
mmod (m, [vy,...,v; ]| opt=1)
X MLy, v TRONDZER ORGZE A~ OBIE G m DI
o v,...,vp D0 THRVEREDOAMEIL, NHIZEIZEML TWOIXLERHD. £z, opt=1 ZfHE L7
WE L, IO TELNDZEMIT m TRETRIFTR SR,
e opt=1 D& X%, FIEM LOBBERBL TR T, MEM~OBEGHE H72T (DL I mix
EFATHI T TEW).
myinv(m)
= IEFTTE m OWTEE KD B
BATTAERATE v, m AAFETRVWE E, 0 2R
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[0] M=newmat(2,2,[[a,b],[c,d]]);
[ab]

[ cdl

[1] os_md.myinv(M);

[ (d)/(d*a-c*b) (-b)/(d*a-c*b) ]
[ (-c)/(d*a-cx*b) (a)/(d*a-c*b) ]

261. madj(g,m)

2 AT gmgT ZEHET D m A THIO ) A RDTHIORT bATH L.
262. diagm(m,a)

s RHAITEN AR T D

mgen(m,0,a,1) LT
263. mgen(m,n,a,s|sep=1)

:osize m X n O—EATHNEAERRT D
(1, 7)-A531E a BWEE DR ai’j’ ¢, VA MO afilf THZOND ('=i+s, j'=7+9)
SIX0FZIT 1T, YD index X s HIAEDL LD ET 5.
a R ali] IXFHITH XV, £, BUTFD 320845 (n=0, —1, —=2) OL& X FHFTH L.
n=0 F72i¥ diag O & XX size m OX AT %I T
n = —1 £/ highdiag ® & T I3 AED DO —> LD DH 0 T size m OIEFITHI%E
S
n=—2 F71% lowdiag D & X IR D—2 F DI DFH 0 TR\ size m DIEFITHI % KT
n = —3 721 skew O & X3 size m OEXHIEFITH % BT
n=—4 £721F symmetric M & XX size m ORFIEFITHNE T .
n = —5 E£721% perm ® & XL size m OEHATHIAIKT. ZDITH| G THEN Y MEEHRT D &,
1 HFRIC a; FRORDDBAD.
sep=1 Z4EET DL, “HA VT v I AORIZ _ EAND.

o VA MDEROMBMARY I & &1E, REOEREDEZNLUBELHRNTND EHREND.

mgen(0,0,0,0) CTHHEALMAMENRTRIND.

[0] os_md.mgen(2,2,c,0);

[ c00 cO1 ]

[ c10 c11 1]

[1] os_md.mgen(2,3,[a,b],1);

[ a1l a2 a3 ]

[ bl b2 b3 ]

[3] os_md.mgen(3,"diag","a_",1);
[a_100]

[0a20]

[00a3]

[4] os_md.mgen(2,"diag",[a,b],0);
[Lao0]

[O0Db]

[5] os_md.mgen(3,"diag",[1,2,3]1,0);
[100]

[020]

[003]

[6] os_md.mgen(3,"diag", [x],0);
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[x00]

[0ox0]

[L00x]

[7] os_md.mgen(3,"highdiag","e_", 1);
[0e_10]

[00e2]

[L0o0O0]

[8] os_md.mgen(3,"skew",[a,b,c],0);

[ 0 a1 a2 ]

[ -al 0 b2 ]

[ -a2 -b2 0 ]

[9] os_md.mgen(3,"symmetric", [a,b,c],1);
[ a1l a2 a3 ]

[ a2 b2 b3 1]

[ a3 b3 c3 ]

[10] os_md.mgen(4,"diag", [a],0)+os_md.mgen(4,"lowdiag",[1],0);
La000]1]

[1a00]

[01an0]

[001al

[10] os_md.mgen(3,"perm",[3,1,2],1);
[001]

[100]

[0o10]

264. unim(s|abs=m,num=n,both=1,int=1,rank=r,conj=1,res=1,wt=w,dviout=t,lim=w)
2 AT 1 THA X s OFEEATINE T v X BZERT B, 170l s T 0 X KIEBRT 5
o s DIEEHOFX, Y14 X s TITHIRD 1 DIT8% T v ¥ DERT D,
o s WIEHEEL T conj=1 ZHE L7 & XL, VA X s OITFI & Z D Jordan EHERIDMZ T &4 AT
kT 5.
— wt=w LK > TEAMDENRY (VA X +w) #HETED (w=20T 74/ M.
— diag=1iC &> T, RALFRITINCHIRT .
—res=1 I Lo T, BHITHI & ZDHWATHIEIET. THobLEVMEN [AB,P,Q] 725X
P=Q !, B=PAQ T, B A ® Jordan fEHEJE.
x int=1 ZI5ET 5 L BRI N H > TREY 2 MENHS S b.
* int=2 ZEETH &, BN TEEITH Q Ba2=FT 27 —TlERWlbED D (Z
DLE P ORMITER TR, FL, int OfE LY K& TD L, ZOROEAIX
Dipl b,
x dviout=1 ZEET D &, TEX 2> CHRZHEEERTT 5.
* dviout=-1 Z{EETH &, TEX OV —R & KT .
s DTHIDOREE, & DITOFEELUE ZBIDOITITIN 2 B LM A AT 7 BT T - TIKT .
s MTHIT both=1 #HEE L= & &3, FNTBE L THREERREBREIT.
s BIEFTTHIT conj=1 Z48E LIz & Z1x, 52 ONIATINCHARR21THNE T 2 WITET .
s Ip,ql EWVWIIEEEH DY A NOWEY, [TEALEOIZOD px ¢ 1151% T & MMIEMRT D.
1THNOMESEN 2 LA ETp & g 2B 20O, FBEEICK L TURIEEMERTEOND.
s [p,q,k1,ke,...] LWV URXNOREX, HDITO k, FIENFEEHD 1 & 72 DT FNATER
EFRCTEBRIND px q¢iThe T o X NMIERT D.
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o s/ U A NDEE, rank=r TITHOERAIET 5.

e s VU R NDIE, int=1 TITEARERIC L A MRATHINEEITINC 22 b DITHIRT 2 (—0%
B OEHT L HTOBEEICIHA ATV D).

e s MY A NDKE, ARESNDITFHIO 1FIH L 2 5B BNERIEISL & 2 D ERITEDICHEL TH D
B, wt=w I L > TENEEF TS (wITIFFAEHT, 7740 NI w=2Thsb. ZOHEMNPKX
WEETRERITE L2 D).

o s U A NDIE, res=1 THAHITOEEEEHOITIZMA DM THE NS E=A1TFHIKT.

— &BIZ dviout=1 ZHEETH &, TRX &> THEALKOBRE L& O TERELEHFRT 5.
Z D& E mtoupper ) IZH1F 5 Lim=w DFEEN FIHE.
— HITE T dviout=1 45 L72AE, TEX © Y —A &K,

o BN AATHID Sy OARHENFF S 4L D HIPHNICE & 2 BEEATHINOER DB MEbis.

e abs=m : KT OMIHEDORKEEZ m UL TFETS (T 7+ MIm=9).

e num=n : 7 X MEORRE (n =100 F£7213 200 37 7 4/ K).

[0] os_md.unim(4); /* {751 1 D 4x4 175 */
[3-2-831]

[ -7 -7 671

[875-7]1]

[-316-21

[1] os_md.unim([4,5]); /* (TEARERA 4x5 175 */

[2-2269]
[32-7-1-11]
[ -6 -18-4-21]
[ 04 -8 -8 -5]
[2] os_md.unim([3,3] |rank=2); /* BEEIA 2 DITRARLERA 3x3 175 */
[ -97 5]
[ 5-4-3]
[719]
[3] os_md.unim([3,3] |rank=2,abs=99); /* BEEA 2 DITELXRLERA 3x3 175 */
[ 28 -55 24 ]
[ -15 49 -91 ]
[ -33 64 -25 ]
[4] os_md.unim([4,5] |abs=3,res=1); /* O DIMEIEN 3 LT + ERLERER */
[[-113-33]
[-2-1013]
[ -3-11-12]
[21011],[10-100]
[0-1-210]
[00020]1]
L0000 -11]
[5] os_md.unim([4,5,0,1,3]);
/* 0,1,3 FIEAEED 1 L2 TEELOENRICERTE LTI +/
[45-62-7]
[ -4-681-11]
[36-9-23]
[65-4-14]
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[6] os_md.unim(os_md.diagm(3,[0,-1,1]) lconj=1); /* BEHMEA 0,-1,1 DIT5H */
[ -4 -5 -8 ]

[ -6 -1-61

[7-15]

(7]
[o
Lo
Lo
(el
[3
[5
[ 4
(o]
CC
[

L T e T s TR s B |

L
[10

[11] for(N=[];M!=[];M=cdr(M)) N=cons([length(os_md.mtoupper(car(M),0|step=1,

opt

[12] for(M=gsort(N);M!=[];M=cdr(M)) os_md.mtoupper(car(M)[1],0|step=1,0pt=7,

dvi
[13

A=os_md.mgen(3,"highdiag", [1,0],0)+os_md.diagm(3,[0,0,1]);
10]

001

011
os_md.unim(A|conj=1);
-31]

-1 -3]

-2 -1 1]
os_md.unim(4|conj=1);
89 -1-91]

-5 -5 6 4]

22 -1-21]

235 -417],

-1100]

0-1101]

00-101]

00011]]

1 for(I=0,M=[];I<100;I++) M=cons(os_md.unim([3,4]),M)$

/x A ERRZIZITH +/

/* EEHTTHIE Jordan ZEERZDHE +/

=7,dviout=-2)),car(M)],N)$

out=2,1im=80)$ /* 3x4 fTHIDITEARERDOMRE 100 F */

] dviout(" ");

[14] for(I=0,R=[];I<100;I++) R=cons(os_md.unim(4|conj=1,res=1,int=1),R);

[15

] S="&"+os_md.ltotex(R|lopt="cr",cr=15)$

[16] dviout(Sleq="align")$ /* 4 RIEAFFTHID Jordan #ZHER & EHATHI 100 B */

ko

[15

[16

[15] BB Z A TO L SIZLTH L,

1 for(T=[],S=R;S!=[];S=cdr(S))
T=cons([S[0] [1],"&=",8[0] [2],S[0] [0],S[0][31],T);
] S=os_md.ltotex(T|opt=["cr","spts0"],str=1,cr=11)$

[17] dviout(Slegq="align")$ /* 4 REATTHID Jordan 1ZHER & EHITFI 100 B */

%)

(171 1%, LT L DT 5.
-1 1 0 0 0 -1 1 0 5 0 -4 0 2 1
o -1 00} _ (-1 5 -3 -1 2 2 =31 2 1
0 o 3 1) |1 -2 1 1 1 8 -7 0 3 1
0 0 0 3 0 1 -1 -1 1 -9 7 4 -1 0
-2 0 00 0o -2 -1 1 -1 6 5 -1 1 1
0 -1 0 0} _ (1 1 0 -1 -4 -1 0 4 0 1
0 0 3 0 O 1 1 0 4 4 3 —4 0 -1
0 0 0 3 -1 0 0 1 -4 6 5 2 1 1
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[18] os_md.unim(4|int=2,conj=1,res=1,dviout=1);

-1.0 0 0 5 -2 L3\ /6 5 2 0 5 31
0o 000 [-5 2 S1 2|4 4 1 o3 21
o o1ol (2 1 1 =2]|le -1 8 —6]|5 41
0 00 3 111 _§ 8 8 8 -3/ \12 8 2

265. newbmat (m,n, [ [roo,701,...1, [T10,...1, ... |null=t)
w7 a sy T EER T D
o 1y DITEIZIIINDOY A XR 1 DL X, X7 PVELITY A RTERLTS L.
o 1 WY A X1LDEFTHOL &L, AHT—THRLTH I,
o 7 M OATFIDKFL 0 THRLTH L.
IO L& null=t BFEEL THIUL, 01781TRL, KONt DITFI LIRSS,
o 71y JIZHTFTEBITREINITD R & 1 O3RN H T L.

[0] A=os_md.newbmat(2,2, [[a,b], [c,d]]);
[ab]

[cdl

[1] os_md.newbmat(2,2,[[0,A], [2*A]]);
[00abl

[00cd]

[ 2%xa 2%b 0 O ]

[ 2%xc 2%d 0 O ]

[2] os_md.newbmat (2,2, [[A],[0,1]11);
[Labo]

[cdo]

[001]

[3] os_md.newbmat (2,3, [[A]]);
Labo0oo0]

[cdoo0]

[0000]

[4] os_md.newbmat(1,2,[[A,[e,f111);
[abel

[cdf]

[5] os_md.newbmat (2,2, [[A]l,[0,0]]|null="A");
[abal

[caal

[LAAA]

[6] os_md.newbmat (2,2, [[A], [0, [0]]] Inull="A");
[Labal

[cadaal

[AAO]

266. meigen(m |mult=1)
= ATHI m OEEEEIET
e mult=1 D& X TR MBOET, BEHEENKE VIEISKT.
e mIITHNDY A MO~ T FLTH L.
o AKX THVWHEAMIE, zz DZHENXOBRTEINSD.
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o unim() (T &> THEAMFHEHOITHIOLERNRTE 5.

[0] A=newmat(3,3,[[1,-1,-1],[4,6,5],[-2,-2,-1]11);
[1-1-1]

[465]

[ -2-2-1]

[1] os_md.meigen(A);

[1,2,3]

[2] B=newmat(3,3,[[1,-1,-1],[4,6,5],[-2,-2,11]1);
[3] os_md.meigen(B);

[zz"2-6%zz+13,2]

[4] C=newmat(3,3,[[al,[0,b,2],[0,0,all);
[a00]

[0ODb 2]

[00al]l

[5] os_md.meigen(A);

[a,a,b]

[6] os_md.meigen(A|mult=1);
[[2,a],[1,b]]

[7] os_md.meigen([A,C]);
[[1,2,3],[a,a,b]]

[8] os_md.meigen([A,C]|mult=1);
(cfe,13,01,23,01,31]1,[[2,a],[1,b]]1]

267. mdsimplify(m|show=1,type=0{)
o AEAEFTTH m, EIFTEDOT A MO MZXRAITHICHRIEE L
o TTOATHNEIRTZALIR V.
e show=1 Z45ET D &, ML AAITHIGRT.
o type=1 L5 L, 1TLIIDFRAETIEATICEMRT S,
e type=2 (resp. 3) M & XI(T (resp. #) DO RAS (resp. 17) I[TEHT 5.

[0] A=newmat(2,2,[[a,b/c"2],[c/b,d]]);
[a (/("2) 1]

[ (c)/(b) d ]

[1] os_md.mdsimplify(A|show=1);

[[ a (1)/(c) ]

[1d]1,[ (/) 111

268. transm(m|dviout=1)

175 m OEREFRE A ZT7 7T 4 712479

e dviout=1 ZfET H &, TEX ZHWTHEROBERERNB TE 5.

e m ¥ s2m() OBFDOEATH L.

FREND 7T DBRIZIITF— AN L THERT DI LI Lo TEALERTS. 1T

= avy }\0)2%/71\‘
: 29THE BITHOANE X
,=2 1 29THICSATRD =254 MA %
2 29TH%Z —2/59%

3

B

34y~

2,5
2,5
2,2
2,5
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r
S

ot

Q = p Qg H O

,2,56 2B E 5 FBOANE X FIEEELITOIZITXEHIC r 221 5)
,X,2 1 x 22 HZUAT S

o i A )

L RWOIATINCR D

: —ORIOITHNIIR S

: IROFTHN~ (f DEH DI AEE)

: DIBE, BHEWMOICITIRALIE 21T O

: FERIUED dviout=1 O & X, TEX ZHAWCHEERTRE 2D

by (BROBBOITSE Y A ML TIET)

[0] L=o0os_md.transm(mat([2,3,1,-1,a],[3,2,2,1,1],[4,0,3,4,1]1,[5,4,4,1,11))$%
[231-1a]
[32211]
[40341]
[54411]

?

2,5 : line2 <-> 1lineb
2,5,-2 ; line2 += (-2)*1lineb
2,2,-2 : line2 *= -2
2,5,0 : line2 += (?)*1lineb5 for reduction
7 3,2,-1
[231-1a]
[32211]
[1-2130]1]
[54411]

71,3

[1-2130]
[32211]
[231-1a]
[54411]

7 2,1,0

[1-2130]1]
[08-1-81]1]
[231-1a]
[54411]

7 £

[1-2130]1]
[32211]
[231-1a]
[54411]

7 s,a,l

[231-11]
[32211]
[40341]
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[64411]

7q
(1]

3.2.7 Strings
269. str_char(s,n,t)
i CFF s O n SCFRLBEICSUFS ¢ OTESCERRINCHEN D254 IS (str_chr () OHLIE)
Ronbpne i3 -1 2K
siE, (& xi¥ strtoascii() THLNDIEH D) U A MO PR ETEH L.
s MU AR RORT MVOWRHE, tIECFHILS (o & XX Fa—F) TH L.
sHY A NELIFRZ bAOYE, BGGEETICZOEERL S OTAE T —2FN L.
str_str() O N EREHE.
270. str_pair(s,n,t;,ts|inv=1)
i S s O n SCFRLUET, SUF (B to OHBLEED ¢ O HBREECE B % 2 B O E % K3
Bonbane i3 -1 2K
siE, (FF& xid strtoascii () THOLNDIEHD) U A MO MR ETEH L.
ty, ta IIXFEI—FTH IV, HDHWIETFEITH L.
sjis=1 BRESND &, 7 b JIS OILFF| & FH7p L TUERT 5.
inv=1l BIEEIND L, UFF s O n SUFLARIT, X7 ) ¢ty OHBLIEED to O HELREE B
ZDEBEOMNMEEIET. 72721, sjis=1 OH/TEEFTTEIND.
o s MU RANEIEINY MOBE, MERETTIZZOEER I OTAEY —ZhEN L.

[0] os_md.str_pair("(1+((2+3)*5)/4) (6+",1,"(",")");

14

[1] os_md.str_cut (" (1+((2+3)*5)/4) (6+",0,14);
(1+((2+3)*5) /4)

[2] os_md.str_pair (" (1+((2+3)%*5)/4) (6+",13,"(",")"|inv=1);
0

[3] os_md.str_pair("(1+((2+3)*5)/4) (6+",9,"(",")"|inv=1);
3

271. str_str(s,t|top=n,end=m,sjis=1)

i SCFH s ISERSY SCFH ¢ RN EIN D G A KT

W SLFAN E BT s IZEENRNE X, —1 ZiKT.

top=n WHREIND L, BKHOn XFIVHRERET n=02BT 74/ F).

end=m BMEEIND &, BUND m+ 1 LFERVZEZNLEND OITRI 220,

sjis=1 MEESND &, 7 N JIS OXTHI & #72 L CTAET S,

sBLUtIT (strtoascii() IZX-~ TEHBLINTZLH %) XFa—FDY XN, HBHWNEIT b

LTH L.

tORINV1IOLEIXLFa—RFTH L.

o s NLFA—RDY A NEITRZ MLOBE, BB LRNOTAE Y —2hR 08 L < TR,

e t BYRANT, ZOROMNILTH (HDHNVEENELFTA—ROY A RPLRT hLELEZH0) T
ol t OMEFE (YN 0FR 52 D) OLFHNN s ITHRYNZBNDNE, ZOMED
MEDY R NEIRT., WTFRLRBENRWNERIT -1, —1] 2R

— LIZIHHEEDOZ NS O E I RD I RRN L.
— A UALED D t OBEOSCFIINENT-IGE, B2 _-b0%ET. 7745 s ="aabc..."
IZxf LT t =["abc","ab"] & L7=5A, XFF "abc" BEDOITHIND.

[0] os_md.str_str("abcdefghiabc", "bc");
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272.

273.

1
[1] os_md.str_str("abcdefghiabc", "bc"|top=2);

10

[2] os_md.str_str("abcdefghiabc", "ac");

-1

[3] os_md.str_str("abcdefghiabc", ["ab","gh"]|top=1);
[1,6]

[4] os_md.str_str("abcdefghiabc", ["ab","gh"]|top=1,end=5);
[-1,0]

[5] os_md.str_str("abcdefghiabc", ["bcd","bc"]);

[0,1]

[6] os_md.str_str("abcdefghiabc", ["bcd","bc"]|top=2);
[1,10]

str_cut(s,m,n)
w FH s ORFEENDL m LFEAX Y LT, TR —m+ 1 XTFEKRY
o s BFHID L X1F sub_str(s,m,n) ER L (Fli strpair() 2&H).
¢ s IXFa—FDYRAFORT MATHLEW (ZBELDHFRA— =~y RV, 2720, B
D AE X STFF).
e N NI RENVEXIL, sDOm~+1FHLKEEZIRT.
str_subst(s,sg,s11sjis=1,raw=1) £
str_subst (s, [so, So1,---1, [s10,511,...] |inv=1,sjis=1,raw=1)
str_subst (s, [ [soo, s10], [So1,511],-.-1,01sjis=1)
u ST s IZEEN DR ILT S s & 51 TETHENLIAICE X Z D
o BHFEDE EHZ, TROOLEL LT H] so; & 51, ~j=0,1,... DIAIC s DEZHEINTED.
o BIMFHE XX T, EEMZ LN H XTI OHE XA ITITHR.
e sidstrtoascii) ICL - TEEBZ ONIZEEO U A LT ML THIW (THELDOERA—
IN—osy K37, 72720, raw=1 ZRELRWVE, RO EITSCUFES.
e inv=1(CKoT, T s1; & so; ~7=0,1,... DIEOEXHZ BT D.
e sjis=l FESND L, 7 N JIS OXUTHIE 72 L TS D,
e raw=1 PIEEIN TS &, strtoascii() TEEXMWIAONI-EHDY X M EIRT (ZHLDHEFN
T =y KD 720,

[0] os_md.str_subst("abc", ["a","b"],["b","a"]);

bac

[1] os_md.str_subst("abcdefghi", ["bc","cd","ef"],["cd","ab","ef"]);
acddefghi

[2] os_md.str_subst("abcdefghi", [["bc","cd"],["cd","ab"],["de","ef"]1],0);
acdeffghi

274. str_times(s,n)

2 T s (F72ITV A RN) & nBEREVIRLUZCFS] (F7203Y A ) ZiRT
e VALDEEIL, s=[[s1,82,...,8:1]1 &T5&, [s1,82,...,8k,81,82,...,8k,51,82,...1 &\
SRS nDY A MEIRT.
o s=[t1,...,tg, [51,89,...,811 D& XX, [t1,...,tk,51,52,...,Sk,S51,82,...,8k,S1,82,...1 &

WIREnDU R MEIET.

[0] os_md.str_times("Abc",5);
AbcAbcAbcAbcAbc
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275.

276.

277.

278.

279.

280.

281.

[1] os_md.str_times([["Abc"]],5);
[Abc,Abc,Abc,Abc,Abc]

[2] os_md.str_times([["Abc","Def"]],5)
[Abc,Def,Abc,Def,Abc]

[3] os_md.str_times(["012", ["Abc","Def"]],6);
[012,Abc,Def ,Abc,Def,Abc]

strip(s,t1,ta)
i SUFHNOSMUOFEIL A S5

o sty &ty DT OFFIMTRAENRFHENTND L&, ZTOFEINEI LT LFHN 2T

[0] os_md.strip("((x+y) " 2+(y+z))","(",")");
(x+y) "2+ (y+z)

[1] os_md.strip("(x+y) "2+(y+z)","(",")");
(x+y) "2+ (y+z)

s20s(s)

ST E N ATRE 7R SC AN AR
[0] s="\"R\FE\"";
"RETE"

[1] os_md.s20s(S);

\"F\FTE\"

sjis2jis ()

w XFa— FOEEO Y A O 2 ©% ShiftJIS 726 JIS (2284

EHHEOREE 2 DBEO U A FEiRT
jis2sjis(l)

w FA— FOEFD U A FOYEH 2 S% JIS 75 ShiftJIS (£ #

EHRBEOR S 208D A N &iET

[0] P="EH"$

[1] L=strtoascii(P);
[144,174,144,148]

[2] i2hex(L);
[90,ae,90,94]

[3] LL=os_md.sjis2jis(L);
[64,48]

[4] os_md.jis2sjis(LL);
[144,174]

s2euc(s)

0 ShiftJIS & 721% JIS 30551 % EUC CF3IC A
0x0d ® =— RIZHIERL T 0x0a D =— RIZEHT 5.
s2sjis(s)

2 EUC & 7213 JIS 3055 % ShiftJIS U5z 484t
0x0a M =— F|% 0x0d 0x0a D = — R{ZAEHT 5.

str_tb([sg, s1,...1,th) F72iX str_tb(0,th)

D TXANHARYy T EER b=0) L, £Z (EYMEth) (ZXFF s, ...

F1%z 0 & LTI Y .
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o th=0D & X%, th T LTI LR END.

o th NXTFHN L BIEENTHHILENTZTFA MHAAYy 77 2B L, S6IZE 155 CResnk
CFHNENECBIMLZT A ANy 77 2B, R LI ZTH LGN 0 0L XL, Thidse
LFHEfRIRE D,

e th BT XA NHNRN Y 77 DAL, FBLSIENXTFINELIZZOY A DL E, ZRMNIEIZN Y
TrIBIENRD. FELELISEN0DEZEFTIA NNy 7 7 OXFTHI Y H L TET.

o LTFHIN—272 0, [so] ITHIZ s TEV.

o ZOWHUL, ML LFHNEBIML T oG ED AE Y —HEOIEZNFIEZRET D 72DICHN D
5. £72, str_len(th) T/ w7 7 KM S NI CFFNY A X3 53in5.

[0] Buf=os_md.str_tb("This is ",0);
This is

[1] os_md.str_tb("a pen.",Buf)$

[2] str_len(Buf);

14

[3] Str=os_md.str_tb(0,Buf);

This is a pen.

[5] Buf=os_md.str_tb(" a pen.","This is");
This is a pen.

[6] type(Buf);

21

[7] type(Str);

7

[8] Buf=os_md.str_tb(0,0);

[9] X=3$%
[10] os_md.str_tb([rtostr(X)," " 2=",rtostr(X"2)],Buf);
372=9
282. 120s(l)
i U A N&E AJJATRE e SCF N 254
o ITHIRCRY MUY X MZET. ZHULIFERAT 1 7 AR,
o KDL FINL " TH» CTFKTRTD.

[0] P=mat([x+y,"This is"], [(x+y)~2,"\"square\""]);
[ x+y This is ]

[ x"2+2*y*x+y~2 "square" ]

[1] R=os_md.120s(P);

[[x+y, "This is"], [x"2+2*y*x+y~2, "\"square\""]]
[2] eval_str(R);

[[x+y,This is], [x"2+2*%y*x+y~2,"square"]]

283. r20s(l)
B E eval str() TAJIRREZR SCFFIN A Hh
o 175, X7 fb, VR RNRELFIND. INHIERAT 4 > 7 AlHE.
o LFHNEL " TR » TERTD.

[0] P=mat([x+y,"This is"], [(x+y)~2,"\"square\""]);
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[ x+y This is ]

[ x"2+2*y*x+y~2 "square" ]

[1] R=os_md.r2o0s(P);

mat ([x+y,"This is"], [x"2+2*y*x+y~2,"\"square\""])

[2] eval_str(R);
[ x+y This is ]
[ x"2+2*y*x+y~2 "square" ]

284. r2ma(s)
:: Mathematica O DOEITZEH
evalma(s|inv=1) &RTC
285. evalma(s|inv=1)
:: Mathematica DR & FH AT
e Mathematica @& #%X Sin, Cos, Tan, ArcSin, ArcCos, ArcTan, Exp, Log, Sinh, Cosh,

Tanh (ZXG LTV D.
e s=0 Lt7 5%, Mathematica R D LFF|%E (2 —« R—ZA "R LIZLY) HEATX S,

BEATIZE->TH LW, FEATK TS ; DBROKITTRT.
o inv=1 LT 5L, WEH, Tbb#HAH 5 Mathematica XD CFHNZEHT 5.

[0] P=os_md.evalma(0)$
Mathematica text (terminated by ;) 7
{(x+y) "2,
vyt

[1] P;

[ x"2+2%y*x+y~2 y ]

[2] os_md.r2ma(P);

{x"2+2%y*x+y~2,y}

[3] os_md.evalma(0)$

Mathematica text (terminated by ;) 7

{x+y) "2,

v};

exprparse : syntax error

[4] os_md.evalma("{{1,2},{3,4}};");

[12]

[ 34]

[5] os_md.my_tex_form(@Q);

\begin{pmatrix}

1&2 \\

3&4 \\

\end{pmatrix}

286. readcsv(sl|eval=[ny,ne,...],eval=n,sp=1,col=c,null=t,eq=1)

i CSV BT —# % U A M THiAiALe

o CSV B &I, BHEOT — 2o ar~LMIT TR -7 — 2N TH L0, T ix 11707 —

ZaHYANMIL, EHIZEDY R MEATIRIZIE AT Y 2 b & U THAAL.
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o HHFIILTFNE L TitdAtey, 1T T ny,ng, ... CHRELZEBIIRXE LAty (ng i ng
ZHOHEH - Roid1ER - 2%9).

NEHOHRDOIRED L X1, eval=n & LTH L.

eval="all"t W H A a T, WRERERIZET (U e L TiHAirie.

sp=1 LWH AT a T, BEARY TIRENLPRERLIZGDET —FDOXEIY & hled.
col=c LWIH AT g TIE, BITOFE CHEHBDOREZFHATEI A T 5.

null=st L WH A7 a3 T, T—FOENEHE2 t T2 (5740 MIZEXTS).

eq=1 WO AT a i, BTHRLITRE LTHAAS, t DT 744 MEO.

CSV ERTIE, F—Zicar<=2&aHEA Mg 7 THoTHRT. Ebiczofiz” Bnbh
X, Tha _>ERT 20" KT,

o 77 ANDBROMNL WG EE, ADRTEIKT.

o MS Windows ® & %1%, ShiftJIS O CFFN5t LT\ 5.

[0] os_md.showbyshell("type z:\\test.txt")$

12,abc, (x+y) "2

0,2/3,2/4

2,"a ""b",4/4

[1] os_md.readcsv("z:\\test.txt");

[[12,abc, (x+y)~2]1,[0,2/3,2/4],[2,a "b,4/4]]

[2] os_md.readcsv("z:\\test.txt"|eval=[3],eq=1);
[[12,abc,x"2+2*y*x+y~2],[0,2/3,1/2],[2,a "b,1]]

[3] os_md.readcsv("z:\\test.txt"|col=3,eval=3,eq=1);
[x"2+2*y*x+y~2,1/2,1]

287. tocsv(l|null=n,exe=f)
w UA MDY R NERIFATHE CSV RO T —Z I #

e null=t EWWH AT a TR, t LWHT—XEZEOHERE & HRT.

e exe=0, 1 : DIROUT TIRELZZT 4 L2 b U D risaout.csv V9 7 7 A /W (FFETHIE 0 T
VBN, 1 TR EEE) HAL, BIE-ST &7 Excel AU T

e exe=2,...,9 : DIROUT THHEL/=T 4 L7 MU D risaout2.csv,...,risaout9.csv &\H 77
AT EEZHNL, BE-ST S4L72 Excel MO T,

o exe=f: fPLIREF.csv LW T s A NVADELEL, EOT 7 ANLDT 7 AL E LTHIAL,
RE-S 1) &7z Excel ZFFONHS.

3.2.8 Permutations
288. 1dict(n,m |opt=t)
2 {0,1,2,...,m—1} ZU 2 THENEFTn+ 1 ZFBEOU X F&ET
FELRNE XX 0 ZIKT.
7120, BFEEPICERTREWIEOFERIERF &3 5.
em=0DtETIm=c0 LAHRL, BADWFEIRWNHETEE NI X N EIKT.
em>0THTYaropt #HELILLGAOEKE, WHEOD ndict() 251,

[0] os_md.1ldict(0,3);
[0,1,2]
[1] os_md.ldict(1,3);
[1,0,2]
[2] os_md.ldict(2,3);
[0,2,1]
[3] os_md.ldict(3,3);
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[2,0,1]
[3] os_md.1ldict(4,3);
[1,2,0]
[4] os_md.1ldict(5,3);
[2,1,0]
[5] os_md.ldict(6,3);
too small size
0
[6] os_md.ldict(6,4);
[0,1,2,3]
[7] os_md.1dict(7,0);
[1,0,3,2]
[8] os_md.1ldict(10000,0);
(4,7,2,3,5,1,0,6]
[9] os_md.ldict(3,4]|opt=0);
[2,0,1,3]
[10] os_md.ldict(3,4|opt=1);
[0,2,3,1]
[11] os_md.ldict(3,4]|opt=2);
[3,1,0,2]
[12] os_md.1ldict(3,4|opt=3);
[1,3,2,0]
289. ndict (¢ |opt=t)
i {loy b1y 1} DAARFEZ DY AN L PAEEZIET gL 0 %)
COERE, AWVZRAR > THEETE 2O ThiLEL .
A7 a v opt BEEE LIZHEIE
e t=0: RENSGAHTREWEHENEF (F74+/18)
t=1: DA TN WEEERIER
t=2: EHEIPDHTREWVEEERIET
t=3: KENLHATUNSWEEERIEF

[0] os_md.ndict([4,7,2,3,5,1,0,6]);

10000

[1] os_md.ndict( [0,2,1] | opt=0);
2

[2] os_md.ndict( [0,2,1] | opt=1);
1

[3] os_md.ndict( [0,2,1] | opt=2);
4

[4] os_md.ndict( [0,2,1] | opt=3);
3

290. nextsub(lag,...,am_1]1,n)

2 {0,...,n—1} D m BOMHEEEZN /2L &, {ag,...,am-1} DIROFHEGEIRT. KEE S
ZTCHREL 0 23R,
e 0<ay< < Um1 <NDOUERHB.
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o ST B OREEAIE.
o BHOBEAEEE L m OLx, [0,1,...,m— 1] 23T

[0] S = os_md.nextsub(3,5);
[0,1,2];
[1] while(S !'= 0){S = os_md.nextsub(S,5); print(S);}$
[0,1,3]
[0,1,4]
[0,2,3]
[0,2,4]
[0,3,4]
[1,2,3]
[1,2,4]
[1,3,4]
[2,3,4]
291. nextpart (£)
w BEREOSEIDO ) AR e L, FEHENEFTRICKE R DOEZ KT
=10y, l1,... ] IZKRESDIEIZI A TOZRITIITZR 20

[0] s=[5];
(5]
[1] while((S = os_md.nextpart(S)) !'= 0) os_md.mycat([S,os_md.transpart(S)]);
(4,11 [2,1,1,1]
(3,21 [2,2,1]
(3,1,11 [3,1,1]
[2,2,1]1 [3,2]
[2,1,1,1] [4,1]
[1,1,1,1,1] [5]
292. transpart ({)

w BEREOSEIO U A b Young H=UTxtS) £1Zxt L, EOBKIEZIET (FliX nextpart () &)
nROEBFEOITE {0,1,2,...,n— 1} DW~EZ LEZEXT, X7 Mlbs=][sy ... Sp—1] TET.
LIF, s, t 1320 X5 BEMHEO T ET 5.

293. trpos(a,b,n)
i A (a,0) I8HT=D n REHFEDO LA KT

[0] os_md.trpos(2,4,6);
[014325]
[1] os_md.trpos(0,0,6);
[012345]

294. sprod(s,t)

nOERREORB A KT

S = [80 . Sn—l]y t= [to N tn—l] D& %li{é&i [Sto N Stn—l] CkféfZ)
295. sinv(s)

n EHE s OWOLER KT
296. slen(s)

OB s ORI EIET
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297. sord(s,t)
:: [B#% Bruhat order CTlu# 2
RO fEE
0: equal 1: s>t —1: s<t 2: noorder

329 TgX
UTFOEBEOMIZE, fctrtos(), getbygrs ) 72 28 BIRX OHAICHIG LTS,
298. my_tex_form(p|subst=[ty,t1],frac=f,root=r,ket=k)
: print_tex_form(p) DR U EN G CFFIEHCAR T DHIBRZITV, SART VY — AT
o B XHZIY str_subst(s,ty,t1) TREND.
e frac=0: fREMNH#EDO L =, 2/3 DX HICHNIT S
o frac=1: REN DD L &, \frac{2}{3} DX H AT 5. 7272 L, AMSTeX=0 D & X%
{2\over 3} DX HITHT.
o frac=2: REMNHHED L =, \tfrac{2H{3} DL S5 ITHNT D (F 7+ F). 72721, AMSTeX=0
DL X1 {2\over 3} 1@JZ ST,
DL E27(1/2) 1122 THRL, V2 B EI\sqrt{2d A END (FT AN T D
oo D32 FLUNDEA) . .
72771, root=r DEETr=00L X ()2 OB, r=20L XX/ OIZRDILOH
hans. .
B, 27(1/3) 1123 TR<, V2 Lhans.
o ket=1: —FAMD () ZFHRVT \left( \right\) £ 527 5.
o ket=2: —FAMOD () HEHT \left( \right\) IZEHT 5.

[0] AMSTeX=1$
[1] print_tex_form(x_1+x_272/y);
\frac{ {x}_{1} {y}+ {x3_{2}°{ 2} H {y}}
[2] os_md.my_tex_form(x_1+x_272/y);
\frac{x_1ly+x_2"2}y
[3] print_tex_form((1+x)~(1/2));
C C {=xx+ 1){ 1/2}
[4] os_md.my_tex_form((1+x)~(1/2));
\sqrt{x+1}
[56] print_tex_form(x/2*(1+x)"~(1/2));
/2 C C {=x}+ )~{ /22 {x}
[6] os_md.my_tex_form(x/2*(1+x)"(1/2) |frac=0);
1/72(x+1)"{1/2}x
[7] os_md.my_tex_form(x/2*(1+x)~(1/2) |frac=1);
\frac{1}2(x+1) “{\frac{1}2}x
[8] os_md.my_tex_form(x/2*(1+x)~(1/2) |frac=2);
\tfrac{1}2\sqrt{zx+1}x
[9] print_tex_form(atan(x));
{atan}( {x})
[10] os_md.my_tex_form(atan(x));
{\arctan}(x)
[11] os_md.my_tex_form(2~(1/3));
\sqrt [3]1{2}
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299. show(plopt={)
: p % dviout THUNIERTT S
MO ERSE, BEEESXEAMEMFXNDY A, GRS B2 E% BEPHE LT dviout TH#UIZERT
L. BT 2R R ERBRDGET, A7V a kT 50, BIOMDRFREN HR 2 BB S .
e opt="verb"MN{EE IS &, Risa/Asir TORFEF U T dviout TRASND.
TRz DS E
o p PHEHEALLZHAD L X
— fctrtos(p) o CHREGML TERTH.
— opt DIREDRN-Tc & EiX, p PTEMFENE S )T isdif (p) THEL, W tEHFHEE
HIlr SNTZ5A1E var="dif" OF T 3V TERTD.
— opt="pfrac"t{EETH &, p DELEKIZHOWTH O HEER L TFRRT 5.
— TNESOBGENE, fetrtosO IR TOAT v a v RIA—L 23| EE L TRRET .
— 11TORRZ B2 T LE S HNL, ToRESnTERIND (FHEASLKITERS).
o p BTHIDOEEE, mtotex(pllim=1,small=2) %> THRRT5H.
— A XDORELRITHNBEE SN TN D.
— opt DFEEIE, mtotex() IZ var DIFE L L THESINTERT B.
e p N U A NDKEE, opt WX TFHIMNIY A FTHEINTWILEL, BRTOFTva XTI A—F%
ltotex(p) IZE L THRERERTTH. ENLSTIX
— GRS X, EHESXOEAMEOERD 2 WVIFIFHDO Y A M b, Thichbif Tl
N3 5. ok, BEESXOEEMEOBNE X, BAUINIFAELR, REXLHD 2 DOFEHEH
bV A NEEDTI AL, GRSEREIE, TOEENEHE S OEHFEOEAL 2o
TV U A |,
— UAbMpDFBEENIAMEL, FERHL LTI, X (ZZTiErasElt, <7
Mv, fFHIOWTINET D) b d I AMETD. XFHLXNbHENLTNDLET DL,
ltotex(plopt=["cr","spts"]) TEM L THETTDH. L LWTHOLOIXFINT \ BEE
TV, opt=["cr","spts0"] &L, EHITstr=1 AT a &2 5.
o p NILTHOKE, opt="raw"NIRESNTNDEZDEE TRX OXLFTHN L AR LTERL,
opt="eq"MNHEE SN TN D L XA KT & 472 L T\beginf{equation} \end{equation} THk
AT display style THRART 5. ENLATIE, XFFNTN\ © _ OWTHOXLFELEEN TS
EEOEE, FENTWIUL display style TR 5.
o ERLIAMTIT dviout(p) ITL > THRAIND.
300. dviout(plclear=1,keep=1,delete=t,fctr=1,mult=1,subst=[s0,s1],eq=k,title=s)
: p % dviout TERT D
e dviout(@Q) & FHiE, EATDOAERN dviout THRIND.
e dviout.exe 21T/ AZHALTHEL (HDWIL, risatex.bat #EEM2 5. EEH|XITEH-T
dviout LA Windows LAAR D UNIX 7¢ & OS 12 & XAl .
o ZOEHIKIZLE > T WIEX @Y —A2 DIROUT/out . tex (27 X4, #4123 DIROUT/risaout.tex
MOFEIFAEND.
p BIXFINOBE, @EIZBIEX O Y — R LB L THERRTIN
eq=0 D& X%, 77 4/ MIABRE
eq=1 D& XIT\[&\]
eq=2 O & X% \begin{align} & \end{align}
eq=3 D & XL \begin{gather} & \end{gather}
eq=4 O & XL \begin{multline} & \end{multline}
{
{
{

eq=5 D & XL \begin{align}\begin{split} & & \end{split}\end{align}
eq=6 D & XL \begin{align*} & & \end{align*}

eq=7 ® & &3 \begin{gather*} & \end{gather*}

eq=8 M & X% \begin{equation} & \end{equation}

eq=s &3UFS s ThH 2 bick Z1E, \begin{s} &\end{s}
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CH TR L e LC INTEX A - CRAET 5.

50, 81 TS LTHID (#H4%) BX#x %255 (cf strsubst()).
p=" " (1XFDZEA) 1%, HHER.
clear=1 12X »> T, BINTARL THHROERE RS,
keep=1 D & X%, BIEX O Y —ZADHODOERT, FRiTLRy (BH6FRR).
delete=t (2L > T, HED t HDOXEF DM WIZXZHIERT S (0<t<10).
mult=1 O L XX, pBY A Meh, FHEERNIFKTTDH.
fert=1 D & X%, p NEEXE T HHEX 2 SRR L TRRT 5.
tilte=s T, s BLFHNRLZNOH LI p RERIND.
dviout T source specials BNANT 72> TWAIE, dviout DMEHEH THRSNZLFEDOESDH
TNT Y w7k 0T 4 ZRNEB SN, BIEX O Y —AOEY BTN RETFRIC/R .
Z OREAZOFR (728 20 dviout (" ")) TIDEBIENAGINIRD.

e risatex.bat X° risaout.tex WFTE LW EE, ZTNON (T4 L7 MU REBZIALARER O

) BEIICER SN D, ZHADIIMEIIR U TESH L TLW.
risatex.bat Z#EBEFEE/R L DI (F 7 4L Tl get_rootdir() /bin ICEMNND) FEL,
%7- risaout.tex % DIROUT THEENDT 4 L7 FUICANTE LERH S (cf. DVIOUTA).

301. dviout0({) F7=iF dviout0([l1,4s,...]1) F72i% dviout0(£|opt=s)

302.

303.

: TEX TORTDTZ D DRNEHIR L OFEAERLE
e /=0:dviout(" "|keep=1,clear=1) L[6 U CTHEDIHZE
e /=1:dviout(" ") LA U THEHER
e /=2 :dviout(" "|clear=1) tRIL T, NEEHEEL THIR
e (=3 :DIROUT, DVIOUTH, DVIQUTA, DVIOUTB, DVIOUTL, Canvas, TeXLim, TeXEq, AMSTeX, TikZ,

XYPrec, XYcm OfEA /R END.

e (=4 :DVIOUTA & DVIOUTB DfEAAHL L, DVIOUTA D% R .

FE4T1511% DVIOUTL DIHA 2.
¢ =5 :DVIOUTA & DVIOUTB ZHJ&likfE Lz 5.
£=06:TikZ % 112§2 (V7 7FRIC TIkZ 21E9).
L=T:TikZ % 012925 (V7 7ERRIZ Xpic D).
£>10 : AMSTEX IZ8BT 247800 A X% £ £ T
LINBE DL - dviout (" "|keep=1,delete= — /() LR LT, &#&“D LEOXDOHEE
£ 3CTH 2 SEEEI \ AN L7230 % TRX O Y — AL CHATd 5.
7= & 21X dviout0("newpage") XL N— T E BT 5.
7272 L, LT OXFHN ORI OB Z R,
— e e LT EMINT D,
— "cls" . V—AERZEITS.
— "show" : FR7T 5.
— "N BRTEDER.

. %’Ei‘&@%ﬁéf’ﬁ%%ﬁié&%li URMZTD.
o opt=s AHRE LT L Z1T s I DEBERESND (s 1ILFF).

=L, f=—-1DLx ifﬂf@ REMNIREIND.
s 1Z1% TikZ, TeXEq, TeXLim, XYPrec, XYcm, XYLim, DVIOUT, Canvas 7% FJHE.
723, DVIOUT @ & &%, DVIOUTA, DVIOUTB DFREMN £ = 0 THIHNIREE, ¢ =1 THORT LS.

verb_tex_form(p)

iop & WTEX CRIBLAMREZR SUFINCT 5

verb_tex_form(p) I& rtostr(p) LF%ETHSHA, \begin{align}... \end{align} 72 & DR
FEhTbHEHTE 5.

monotos (p)

A AU ESNC A, HIEELIS T (L) THEe
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304. monototex(plminus=1)
s A TEX OXFHNCER. BIEALSN Tt (&) THT
e minus=1 Z{FETH L, — THEDIHLED (&) THL
305. rtotex(p)
B E TEX OCFINCES. 1 XFaizx b &3 { & } THE

[0] os_md.monotos(a2);

a2

[1] os_md.monototex(a2);

a_2

[2] os_md.rtotex(a2);

{a_2}

[3] os_md.monotos(a+1);

(a+1)

[4] os_md.monototex(a+1);

(a+1)

[6] os_md.rtotex(a+1);

{a+1}

[6] P=(a~(12)+b)/(2*c+d)+alpha?2;
(a”12+b+2xalpha_2*c+alpha2*d)/(2*c+d)

[7] os_md.monotos(P);
((a~12+b+2*alpha_2*c+alpha2x*d)/(2*c+d))

[8] os_md.monototex(P);
(\frac{a"{12}+b+2{\alpha}_2c+{\alpha}_2d}{2c+d})
[9] os_md.rtotex(P);
{\frac{a"{12}+b+2{\alphal}_2c+{\alpha}_2d}{2c+d}}

306. texsp(s)
i TEX OXFS s OGN TEX OF—U— KDL &, s DRREIZZEAZDTD.

[0] os_md.my_tex_form(alpha*x) ;
\alpha{x}
[1] os_md.my_tex_form(alpha)+"x";
\alphax
[2] os_md.texsp(os_md.my_tex_form(alpha))+"x";
\alpha x
[3] os_md.texsp(os_md.my_tex_form(alpha*x))+"y";
\alpha{xl}y
307. texbegin(t,s|opt=u)
= TEX @ \begin{t} [ul s \end{t} &5 V—2X%&H17T5
308. texcr(k)
0 127 LR OFFAREE k128 U T TEX (IS8T 2B 0BAT O SLFH 4K 3
k=12T 0L &iE, sfTD=— i

,\allowdisplaybreaks\\\pause\n& =

Ld (B, TRX Y —A T, EON\\N I\ 2, \n i3&fTi12725).
iand(cr,k)=0 ® & XX LOLFFIND k2 CTEIZLL T OSIFFINHEI G D .
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32,

8 : \allowdisplaybreaks

2:\\

16 : \pause

1:\n

4:&

64 : =

k=0nLE3EA1XFLRD.

o k0 MNG 12T FTOBETRWERIL, EBEOEFREND.

[0] os_md.texcr(31);
\allowdisplaybreaks\\\pause
&

[1] os_md.texcr(7);

AN\

&

[2] os_md.texcr(15);
\allowdisplaybreaks\\

&

309. texket(slall=t)
s TEX O Y —2 5 2B HIEIMOY A XEAEICT D
o —FEWNHERD () LIS%E \left( \right) [CEET 5.
—ENEIL, TORENEARLTERTR{ I - LA OXFNEENLLGEITRMRICEET L.
BEIZ \left( \right) L72-> TV DEATIZERE LAV,
e all=1: £ TCOFHIM%E \left( \right) LEFI 5.
e all=-1: —FWNHFD () FEE LA

[0] S=os_md.my_tex_form((sin(x+x0)/(cos(x-x0)))"(1/2));

( \frac{ \sin(x+x_0)}{ \cos(x-x_0)}) “{\tfrac{1}2}

[1] os_md.texket(S);

\left( \frac{ \sin(zx+x_0)}{ \cos(x-x_0)F\right) "{\tfrac{1}2}

[2] os_md.texket(S|all=1);

\left( \frac{ \sin\left(x+x_O\right)}{ \cos\left(x-x_O\right)}\right) {\tfrac{1}2}

310. 1totex(l|opt=s,pre="string",cr="cr",small=1,lim={(,var=v)
D UABMERERY Mz s="spt" DL IHEESTDY A b &HT\left\{... £7/2/d s = "GRS"
® & % \begin{Bmatrix} --- DJE? Riemann scheme & » T TEX O TN Hre &
o WHZRTDHAEIE, show() 22O L (LITOFT Y a v RTA=FBXZOEEAHAL).
o s ="spt" OHFHIT meigen( Imult=1) DL 5722V R MERXEZ AT MBI T 5.
e s = "GRS" DAL spgrs() OFEFRD L 5 72V X MEX% Riemann scheme BXUZ3 5. Z 0D
WAL, pre DA
e 5 ="coord" DHFAITY A MZFEL AL LTEZORA(, ,...) 1T 5.
—cpx=1: HFE K a+b/-1DLE, a+bi LERTD (FT7H11H).
—cpx=2: HHFE K a+by/—1 DL E, a+b/-1 LFRTS.
s = ["Pfaff",u,x,x-y,...] OFHFITHOY A &

d d(x —
s — <A0;+Al<l’y>+...>u

D& 57 Plaff BRI T 5.
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e s = ["Fuchs",u,x,x,x-y,x-1,...]1 OEHIIITHOY X M &

d Ay A A
u—<°+ o +~>u

dr~ \ z r—y x—1

® & 9 72 Fuchs BRI 5.
o 5= "dform" O & XL, dform() TH-7 LI WHHALES VA b Emind.
¢ =[[(a*x-b*y) /(x) ,x,2], [(-a*xx+bxy) /(y) ,y,z]] 725X

ax — by —ax + by

( Ydz Adz + (

Ydy A dz

L h . RENE, AREXLAEXDITHR EThu.
e s="vect" D& XL, XV FLELTORRJEREIZTS.
es="cr" DLEI, VALD1HEAMIHITTS.
WIH L [FRE, cr= X° var= OA4 7 a VIREMNATHE
e s="spts" DL XFTVANDRHBEZEHLZKAT, s="spts0" O& T FZEALETIZ, 1
1THT=YHEDTZTEL AND.

lim=¢ TT 74/ bO LATOXFIEAE L IZAEEARET, =00 & S TCFIRHIRZ L.
str=1 C, XFHNIZDEFE TpX OLFFH LR L TIHRAT 5.

cr= ORETEITO 2 — REREARE. 7 74V MME cr="\\\\\n & ".

0LLE 32 RMOET k ZEETHILHTEC, ITOa— Rid texcr(k) &7%25. T72b
LT T7HNVMIk=T=2+1+44T, k=0DLXFZEAD 1 XFLD. ziEk=15
® & =13 \\allowdisplaybreaks\\\\\n&

var= [ X BB ORBENTH (cf. mtotex()) LA, HHA (cf ltotex()) A
ns.

e s=["cr","spts"] £7/2i% s =["cr","spts0"] O & X%, UA D 1HEHAMIZHKITT DN (cr=
R var= DA ST a VRRENAEE), YA MOHENRY A RO L X IEDOHE A s ="spts" F72i
s ="spts0" OEHXIZL, ZNITITEDIZ str=1 DA T > a VB3 HED.
LDV AN (BATLTINE s1) OHEABY A MOLE, £ 2 TOUATLTS 59 ZRET D & X1
cr=[s1,82] &9 5. 51, 52 lIEFTTOHRETH L.

e s="text" DL XX, s="spts" DLELFULENTXFAIRAZANLELTH., ZDLEY str=1
X cr= OA TV a VR

e s="tab" TLMNUYUARAIDYRIDL XL, \begin{tabular}...\end{tabular}?dEXTF*
APMAZANTHITD.

title=s TXFF s ZHETHE, ¥4 MABOTLND.
left=[s1,52,...] ZRTET DL, TN 1IIIE L LTINS ND.
WD s; D [8j1,852,...] Lo TnD L, ZRNEMEOITETHYIRENS (CLTHHEE.
right=[s1,82,...] ZET B L, TABEKINE L THMEND.
top=[s1,82,...] ZHET DL, ZRNEHEITE LTINS (LD right=72 EnH VX
TNOMEEDE) .
last=[s1,52,...] ZEETDI L, TNDNEKITE L THIIENS.
null=n ZFEETDHE, nIZELWERIIRTEILEALETD G740 MEin="").
hline=[hy, ho,...] ZRET DL, h; TTORITHRESIL.
(24 PAEERWNE) ROWBEVRO0, RN 1ITA LKL, BEE L COREIILEREET.
* z [XHAT (D%) 2R T. z-1 O XD RiEE D HE.
* vy D5, [kj,n;l &) IEEHin; LIHEAIEEE; OMOY X FEEE, ny TEHSTZRD R
kj L7272 COREEBEW®T 5.
vline=[vy,vy,...] ZHET D L, v; FIORITHERZ 5 <. ROWBIHGOMIN A IEET D .
BN 1FE T, BELTOREIIZEREET.
* z [T (D) 7T, z-1 O X 5 RfEE b WTHE.
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* vy 05, [kj,n;l &V IEEHn; LIEREBEHEE; OO A DL I, ny THHSZRY
Wk LRDINETORELERT .
align=s : \begin{tabular} (ZHV CELECHERZIEET S { Y OFOXFIIEEET 5.
ZOF T arndDHEEL, vliines DIREIFEHRIND.
72720 s 3 1 T O, FHEOEEZEET 5T T viine= OFETEIXAED. "r" 1I7 7+
v hOLEFTFRE. e TR RELE, "1 XA EETHD.
vert=1: ML IEE L CERIZT .
width=w : w NIED & Z 1, #%E w HIZ L THUIEAERZRIZT S.
w BADOKL, BROEEKZ |w| 5L TITEOD R nRIZT 5.
*x vert=1 BHEEL ThHIL, HHEEZEEE L O OO EEGEEZ1T .

F 7 a O ABIE powprimroot () DIEIZH B,
U A FOFEIL 1vom( |null="") TATHIZE L, madjust(), mtranspose(), mperm(),
newbmat () 72 K &> TARHE, m211() TU X MIRTOHER].

e s="graph" TL{NEFTDV X hD L XL, Xypic £721E TikZ 2> THRI Z 72T 5. #
777D TILFHRETFEAND LEIX, Tnx ) A MILTHEFOY X FOBRAICDITS.
ZD VA NDOMEENT =X OEE LY 1 2D7pnb ZiE, 8777 ORI LTFHRBT2 ANLD.

size=l: ZTOLEA T a s THA XEBENTED. LIFHEDOV A NT, 2EKOHINE, &bk
W I T7OEE, BEO (BBLolEE D) FE (rhiftr 7 7 oRITEREN D), IFHE
DEEORE, VI 7LXFIEOKOES FEELRNE ZITRIE LR UMH), ZIHRICHEE
TE5. OO 2 DLIAMNIE IS ATHE.
L D2FBDORGBEADOE c DWHX, BI 7 70EEET =2 OBIED c G T 5.
TikZ=0, 1 IZJSCTT 74/ MiE € =[80,30,1/2,2], [8,3,1/2,0.2]. (272L, horiz=1 %
BELZLEE, 4FBEO2E21X0207 740 M, 3 F72130312725).
max=m : FfREE m &35 (T 74/ MIBEHE, ERENT 7 70ESI2:5).
shift=n : EOEKEROMEE n (2T BT (F 7440 ME0).
horiz=1: #7777 &t T/ THUCHEL.
line=1: #7777 THi< .
line=2: L&ERULER, A1 % o THRTS.
line=[n,t] : n L2 £72F 1 TR Y 7 7 TORA > M.
t 13 Xy-pic/TikZ THEDIL DAL & O E LTS, 72L& 21X s="0{.}"/dotted TR
(cf. xyarrow()).
line=[-1,r] : rmm 2R LT HHIT T 7 TRRTH.
value=0 : fHEZFR/RLAR.
value=1: #7277 7 NEDOEEROMBIZ OSSN THHEETRRT D,
strip=1: \begin{xy} --- \end{xy}<°\begin{tikzpicture} --- \end{tikzpicture} 72
EOWRE Y Lk ORI L.
strip=2: S HIZ T OEMERLHEY 2R 720,
strip=3: fEDA %R T2 (value=0 THIT B DHDEKR)
color=s: WO AT a BEETHE, TiKL W=7 T 7 DA AFHTREY S
SLNBTED (xybox() DEEXDOE/ELFL). M T 7T, HEXTSHNOT —% O
FAWR7ZY AR ET 5B,
mult=1: EHOWRT 7 7 F3EEOTIM T 7 72 ERATELZENTE D, Z0HE,
%, [[l1,0,...0,m] ®ET, color £721% line bHK /77T LIZV A MILTHET S
VENRSH D (EREIIART).

relative=1: S BICINERET D &, 0,0 OEIE, BIZRSOBEEZMAT-T—2 & L
7277 7%#i<. ZRERELRWERIE, W77 70T & i ORRME, BEDOS
BRENELTWD.

o WINT=XFH s X, s ="text", "tab", "graph" DO EIX dviout(s) T, FN LS TIE
dviout(sleq=5) THIRTZE 5.
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e small=1 O & X IfTHE /NI A XZT 5.

[0] os_md.ltotex([a+b, c/d,[2,3]]1);
\left\{

a+b,\, \frac{cl}d,\, [2,3]

\right\}

[1] os_md.dviout(@@|eq=5)$
[a+b,5,12,3]

[2] L=[[12,a+b],[3,c],[1,d]];
[[12,a+b], [3,c], [1,d]]

[3] os_md.ltotex(L|opt="spt");
\left\{

la+b] _{12},\, [c]l_3,\, d
\right\}

[4] os_md.dviout(@@|eq=5)$
{la + bl12, [c]3, d}

[5] LL=[L,[[3,3*b],[2,f]11]1;

[[[12,a+b], [3,c],[1,d]1],[[3,3*b]l,[2,£]1]1]

[6] os_md.ltotex(LL|opt="GRS",pre=" 0 & 1\\\\\n");
\begin{Bmatrix}

0 & 1\\

[a+b] _{12} & [3b]_3\\

[c]_3 & [f1_2\\

d &
\end{Bmatrix}

[7] os_md.dviout(@@|eq=5)$

0 1
[a+bl12  [3b]3

[c]s [f]2
d

[8] A=newmat(2,2,[[a,b],[c,d]]);

[ab]

[cdl

[9] B=newmat(2,2,[[p,ql,[r,s1]);

[pql

[rs]

[10] os_md.ltotex([A,B]|opt=["Pfaff",u,x-1,y]1);
du= \Biggl(\begin{pmatrix}

a&b \\

c&d

\end{pmatrix}\frac{d(x-1)}H{x-1}
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\\&

+ \begin{pmatrix}

p&q \\

r&s
\end{pmatrix}\frac{dy{y}
\Biggr)u

[11] os_md.dviout(@@|eq=5,subst=["\\\\&","%"1)$

w0 () Y):

[12] os_md.ltotex([A,B]|opt=["Fuchs",u,x,x,x-1]1);
\frac{du}{dx}= \Biggl (\frac{\begin{pmatrix}

a&b \\

c&d

\end{pmatrix}}{x}

+ \frac{\begin{pmatrix}

p&q \\

r&s

\end{pmatrix}}{x-1}

\Biggr)u

[13] os_md.dviout(os_md.smallmattex(Q@) |eq=5);

du<%+<zez>>u

dr T rz—1

[14] P=[[2*a,x,y], [(a+b)"2,y,2], [-2,%,z/y]1]$
[15] os_md.ltotex(P|opt="dform");
2a\,dx\wedge dy+(a"2+2ba+b~2 )\,dy\wedge dz-2\,dx\wedge d(\frac{zl}y)
[16] os_md.dviout(@@|eq=5,subst=["\\frac","\\tfrac"]);

2adx A dy + (a® + 2ba + 0%) dy A dz — 2dx A d(2)
[17] os_md.ltotex(["There are", (n+1)~2,"points."]);
[\texttt{There arel},n"2+2n+1,\texttt{points.}]
[18] os_md.dviout(@@|eq=5)$

There are7n2—|—2n-+—17 oints.
p
[19] os_md.ltotex(["There are",(n+1)"2,"points."]|opt="text");
$\texttt{There arel}$
$n"2+2n+1$

$\texttt{points.}$
[20] os_md.dviout(@@)$

There are n? +2n + 1 points.

[21] os_md.ltotex(["There are",(n+1)"2,"points."]|opt="text",str=1);
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There are $n~2+2n+1$
points.
[22] os_md.dviout(@e)$

There are n? 4+ 2n + 1 points.

[23] L=[10,12,34,53,23,12,24,68,55,57,32,20]1%
[24] M=[1,2,3,4,5,6,7,8,9,10,11,12]%
[25] os_md.dviout(os_md.ltotex([M,L] |opt="tab",title="Year 2014"));

EclEon TRX © Y — A2 RREITHIBIT 2 & (BLTFOFITH[RER).
Year 2014

1 2 3 4 5 6 7 8 9 10 11 12

10 12 34 53 23 12 24 68 55 57 32 20

[26] os_md.dviout(os_md.ltotex([L,M] |opt="graph"));
68
53 55 o7

34 39

23 24 20
alstiiiilLs |
1 2 3 4 5 6 7 8 9 10 11 12

[27] L=[10,12,-10,34,53,23,-12,24,48,52,38,32,20]$
[28] os_md.ltotex(L|opt="graph");

53
o 48 P2

34 38 32

il |
| |

—10 —12

[29] L=[12,15,10,8,12,14,19,15,17,13,10,15]$

[30] M=["Jan","Feb","Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","Nov",
"Dec"]$

[31] os_md.ltotex([L,LL] |opt="graph",line=[2,"@{.}"],shift=5,size=[100,40]);
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[32] L=cons("number",L)$
[33] M=cons("Month",M)$
[34] os_md.ltotex([M,L]|opt="tab",hline=[0,1,2],v1line=[0,1,1,13],
title="Year 2014");
Year 2014

Month || Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

number 12 15 10 8 12 14 19 15 17 13 10 15

[35] L=[35,42,19,38]%
[36] LL=[II§|I’llElI,ll**ll,"%ll]$
[37] os_md.ltotex([L,LL] |opt="graph",line=[-1,15]);

[38] L=[5,12,25,13,22,17,3,2]%

[39] M=[0.5,1,1.5,2,2.5,3,3.5]$

[40] os_md.dvioutO(1|opt="TikZ")$

[41] os_md.ltotex([L,M]|opt="graph",color="fill=blue!50",size=[4.5,-0.1,1]1);
\begin{tikzpicture}

\draw(0,0)--(4.5,0);

\draw[fill=blue!50] (0,0)rectangle(0.563,0.5);

\node at(0.281,0.7){$5%$};

\node at(0.563,-0.2){$ 0.5$};

\draw[fill=blue!50] (0.563,0)rectangle(1.125,1.2);

[42] L2=[10,18,35,20,27,22,8,6]%

[43] os_md.ltotex([[L,L2],M]|opt="graph",color=["fill=blue!40","fill=blue!20"],
size=[4.5,-0.1,1] ,mult=1);

[44] L3=1add(L2,L,-1);

[5,6,10,7,5,5,5,4]

[45] os_md.ltotex([[L,L3],M]|opt="graph",color=["fill=blue!40","fill=blue!20"],
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size=[4.5,-0.1,1] ,mult=1,relative=1);

[46] N=cons(0,M);

[0,0.5,1,1.5,2,2.5,3,3.5];

[47] os_md.ltotex([L,N]|opt="graph",color="fill=blue!40",

size=[4.5,-0.1,1] ,horiz=1);

[48] os_md.ltotex([[L,L3],N]|opt="graph",color=["fill=blue!40",

"fill=blue!20"],size=[4.5,-0.1,1,0.5,0.25] ,mult=1,horiz=1,relative=1);

[49] os_md.ltotex([L,N]|opt="graph",line=[2,"red"],size=[4.5,-0.1,1]1);

[50] L3=[8,17,21,24,15,12,9,6]$

[51] os_md.ltotex([[L,L3],N]|opt="graph",line=[[1,"red"],[1,"blue"]] ,mult=1,

size=[4.5,-0.1,1],value=0);

[(62] L=[35,42,19,38]$LL=["&F","&","}","Z"]$

[53] os_md.ltotex([L,LL]|opt="graph",line=[-1,15],color=["fill=yellow!30",
"fill=green!30","fill=red!30","fill=blue!30"]);

051 15 2 25 3 3.5 05 1 15 2 25 3 35 051 15 2 25 3 3.5

3.5
3
2.5

2
3

005115225 3 35

311. mtotex(m|small=1,2, null=1,2, sp=1,2, idx=0,1, mat=s, var=/, raw=1, lim=n)

S ATHNETEAR Y RV TEX OSCFINCEBS 503, o NAERO & S IZRBS M LIZRICT 5
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m BT MDD & &L, 1T E rTed.

null=1 TIiE, 0 DEESITZEEIZT 5. null=2 TIERMA RIS,

var={ ZHERARCHBRO S % fctrtos() TEMT AL XD AT 3 .

small=1 L35 &, INERITINCT D, 1THIOLTEBFEOEITNEL 725,

small=2 L9 5L, lim ZFHE L7 L &, BIENKETZHT5E2/NSRITHNCT 5.

rav=1 Z{EE LRV E, ROBIFINO L & \text{ } DT, HELLVHAIT BIEX OXF

FIELTEDOEEHNS.

sp=1 DM 2O H2D Y A b [s,t] L& [ty &, sp=2 DEX [t],) &RDEIITTD.

o idx=1 7T 5 &, LHIZITZBMLT, FNDFESE (1), (2),... DLIIT2IT 5. idx=0 O & Z|Z
(0) MBIRD 5.

e idx=( TY AR MOXY FMLEIRE L & XX, LHIZITZEBM L TERESSNNAIZIE~D . E5K
MDARRLZD, ENLRIEIREDO S DEI~D.

o lim=n £ 9F 5L, [FHANEFOLFHIBIASRNERR SN D & &X1T, {THEHELTERTS.
2L, 0<n<300EXIT 740 hOBRIEY A XL 42, 1im=0 (IFAMEHIFRZ L.

e mat=s ([ZBT, s="p", "b", "B", "v", "V oL E1ANE (), [, {3}, ||, | || o®¥
2725, s="" O& &L, FHIIHMIR0.

e len=1 Z{EET D L&, WIEX OXTH &R S NSO ST E 2THBICMAZY 2 N &Y.

[0] A=newmat (2,2, [[y/(x+a),z],[0,111);
[ (y)/(x+a) z ]

[O01]
[1] os_md.mtotex(A"2);
\begin{pmatrix}
\frac{y 2} (x+a) "2} & \frac{z(x+y+a){x+aF\\
0&1
\end{pmatrix}

[2] os_md.mtotex(A~2|small=1);
\left (\begin{smallmatrix}

\frac{y 2}{(x+a) "2} & \frac{z(x+y+a)H{x+ar\\
0&1

\end{smallmatrix}\right)

[3] B=os_md.mgen(3,"highdiag",a,1);
[ 0al 0]

[ 00 a2]

L00O0]

[4] os_md.mtotex(B);
\begin{pmatrix}

0 & a_1 & O\\

0 & 0 & a_2\\

0&0&0

\end{pmatrix}

[6] os_md.mtotex(Blnull=1);
\begin{pmatrix}

& a_1 & \\

& & a_2\\
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& &
\end{pmatrix}

[6] os_md.mtotex(B|null=2);
\begin{pmatrix}
0 & a_1 & \\
& 0 & a_2\\
& & 0
\end{pmatrix}
[7] os_md.mtotex(A"3|len=1)3$
[8] ee[1];
34
[8] os_md.mtotex(A~3|len=1,small=1)$
[9] @@[1];
27

312. divmattex(s D)
CATHID TEX DY — A s DEIRLHN DM ~IEZ &7 9
LiofuT®;9’ﬁ@éné
o [[ko,k1,...]: Vﬁﬂﬁ%%k@ﬁﬂ@k SIHETS (w=0,1,...) .
o [[k{,ki,... D, k3, K2, ...1,. : BEROITH & ol L CEEIC T D
(kg .kt . 0 iﬁﬁ%ﬂd)’\iléjlf;??ﬁw
e [my,...]: [[0,1,...m1—11,[mq,...],...]: ZFRT.
RRiZ Im] : &35 L, 1THIERYIO m B L ENLBEL O 2 DI25E3 5.
o 0: ANV LFEHD Risa/Asir DITFIDIETIKT. 72721, TORSVBRWEAIZ0 L7225,

[0] S=os_md.my_tex_form(os_md.mgen(3,9,a,0));

\begin{pmatrix}

a_{00} & a_{01} & a_{02} & a_{03} & a_{04} & a_{05} & a_{06} & a_{07} & a_{08}\\
a_{10} & a_{11} & a_{12} & a_{13} & a_{14} & a_{15} & a_{16} & a_{17} & a_{18}\\
a_{20} & a_{21} & a_{22} & a_{23} & a_{24} & a_{25} & a_{26} & a_{27} & a_{28}
\end{pmatrix}

[1] os_md.divmattex(S,[[2,4,11]1);

\begin{pmatrix}

a_{02} & a_{04} & a_{01} \\

a_{12} & a_{14} & a_{11} \\

a_{22} & a_{24} & a_{21%}

\end{pmatrix}

[2] os_md.divmattex(S,[4]);

\begin{alignx*}

&\left (\begin{matrix}

a_{00} & a_{01} & a_{02} & a_{03} \\

a_{10} & a_{11} & a_{12} & a_{13} \\

a_{20} & a_{21} & a_{22} & a_{23}

\end{matrix}\right.\\

&\quad\left.\begin{matrix}
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a_{04} & a_{05} & a_{06} & a_{07} & a_{08}\\
a_{14} & a_{15} & a_{16} & a_{17} & a_{183\\
a_{24} & a_{25} & a_{26} & a_{27} & a_{28%}
\end{matrix}\right)

yA

\end{align*}

313. smallmattex(s)
s TEX OV —RT ()R } CHRENATINZ /YA XEET S (cf. mtotex())

314. texlen(s)
 BTEX OO REE 2 HEH U T 78 CiR g
Risa/Asir @ TEX thHOXXFHIT, ZHEASCHBRUTHIET 5. SATRE 2R THN TG LTV,
0 BRI LT o®m Y .
\frac{...}...} 1T, 2FLHTFOHARIECFEROREINT EHZAD (RAT 4 7 H])
EEBRNTN\ THEVTAT 7 Xy "< ST E L DT 1 TR & A7
ZE[RSATXT, & © _ { Y SRS A .
KT BFEL T * MMEED 1 XFOHAIT _* 20T HRICED 2.
o _{kx} FUX _ O} ISR LT (R IHMEEXT), ) 21T AR L THAS.
315. texlim(s, nldel=sg,cut=s7)
w RWTEX o8 RE, EEITICHET S
s IFZHENUCKHIET D (\frac RENRFTENTWRWY) TEX O
texlen() Tt UFHEN n X 2L S 3HIT 5. 2L n<30 DL X%, n=TeXLim &
BIpZhb.
SATIE + - (ORI 72720 \Bigl( X \biggl( R EITIZIEL SIS LTS,
S0 1ZTEDITOLFF] (ZHUFFEIND) T s TFZITHA SN D SEATO LT H.
T 740 b, sp ="\\\\\n&" 2>> 5o = s1.
s=10& XL, TeXLim % n IZRTTHa~v L RErb.

3.2.10 Lines and curves

316. ladd(u,v,t)
0 XY MVERIZV R RGO t=1) ©F t=-1) 2N eT5Y R NIRRT
wlZ v % t LU CINZ T2 A % i .

[0] os_md.ladd([1,2],[3,4],1);
[4,6]
[1] os_md.ladd(1tov([1,2]),[3,4]1,1);
[4,6]
[2] os_md.ladd(P,Q,-1);
[-1,-2]
317. dnorm(w)

2 XY RMVFEFIZY R RO VA, F120E 2 SO IRE A RS
v [vg,v] EWVVD 20D Y A NEIEINT MLVOREE, FOED )V AEIRT.

[0] os_md.dnorm([1,2]);

2.23607

[1] os_md.dnorm([[1,2],[2,3]11);
1.41421

318. mrot (f|deg=1)
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i A O OERTTA A KT
o deg=1 ZIRETDH L, BHALLRD.

[0] os_md.mrot(@pi/6);

[ 0.866025 0.5 ]

[ -0.5 0.866025 1]

[1] os_md.mrot(45|deg=1);
[ 0.707107 0.707107 ]

319. dvangle(vy,v2) dvangle ([uy,uz,us],0)
2 XY MLVERIT Y A N ORI A EOREE KT
e dvangle([u1,ug,u3),0) 1% dvangle (ug — uy,uz — ug) LRSS,
o U T v MO DEER UL, U, ug DWVTIN0 DL EIT 1 %K.
o 2L~ Y MV OEA (r LFT —1 LV K) (X myarg(VI0]+V[1]*@i) THLNS.
320. ptaffine(m,l|org=v,shift=w,arg=0,deg=0,proc=1)

v FEHOM (BRE) OV R NEREAETD, £RET 70 0B (CHLLIIREETREX L) 2T

o HHRCHTIBR O BIR R DEIEZ KT DT —2 DU A MEHEL TN D.
m A TN E AT T —
org=v : v |FHEIET, ZIEFEE LIBRIEHRE T (T 7 40 MIFUERH D).

EHEITH. 01Fepi/2 72 L deval ) I Lo TEEMNHE LN HDOTH L.
deg=0 : LELRIUENR, AELZ7 VT U TRhrETERD.

shift=w : w TERE T, BWEIToTdb L, w BT ETBET 5.

proc=1: HWEIEITHH (cf. execdraw()) £ OT 7 4 VEHDGHITIEE.

L.
o (ITHIZEETH>TH L.
o JEIEIZY A R TR TS MAVTHZTH XV,

arg=0 : FHEHEED Y A b L EZEERE. A 0 OREEFHE Y MR AT > 72k, M I kD85

L DREZCERLFINRERH>TH LW, TNIEZOEFIHETZND (xybezier() D54

o m BT OXLFINOD L X TR OEKZ &> (connect 72 LT, BHIRERITHZ L TE D).

— reverse : { % xybezier() 7 —X L A7 LT, #iMEFZHI LT — X IT4

— union : { % xybezier() D7 —# DU A M HR LT, GLET—DOOM#HT—% LT 5.
— connect : £ % xybezier() T —H# DV A ML HARLT, JEIZORIFT-—o0MftT —4 &

T5.

— close : £ % xybezier() OFT —Z F-ITZT DY R M ERR LT, HIZORS, MR EKEE

DR TCHAMRT -2 &4 5.

— loop : £ % xybezier() OF—H £71TZ DY X hE B LT, JHIZOMR, KEEMHAIC

ZATHMRT =2 &9 %.

(0] L=[[1,01,[0,11,[1,111$

[1] os_md.ptaffine(2,L|arg=3.1416/8);
[[1.84776,0.765369],[-0.765369,1.84776],[1.08239,2.61313]]
[2] os_md.ptaffine(2,L|arg=3.1416/8,org=[1,1]);
[[1.76537,-0.847758],[-0.847758,0.234631], [1,1]]
[3] os_md.ptaffine(2,L[0] |arg=3.1416/8,0rg=[1,1]1);
[1.76537,-0.847758]

[4] Li1=[[2,0],[1,2],[2,111%

[5] os_md.ptaffine("union", [L,L1]);
(f1,01,[0,11,1,11,0,[2,0]1,[1,2],[2,1]]

[6] os_md.ptaffine("connect",[L,L1]);

215



(f1,01,r0,11,[1,1],1,[2,0],1,[1,2],[2,1]1]

[7] os_md.ptaffine("close",[L,L1]);
(f1,01,[(0,11,01,11,1,[2,0]1,1,[1,2],[2,1],1,-1]
(8] L3=[[1,1]1,[2,0]1,[1,2],[1,011%

[9] os_md.ptaffine("connect", [L,L3]);
[f1,01,0,11,[1,1],1,[2,0],[1,2],[1,0]]

[10] os_md.ptaffine("close",[L,L3]);
([1,0],[0,11,[1,1],1,[2,0],[1,2],-1]

[(11] L2=[2,1]1,[1,2],[2,111%

[12] os_md.ptaffine("close",[L,L2]);
[f1,01,r0,11,01,11,1,[2,17,1,[1,2],[2,1],1,-1]
[13] os_md.ptaffine("loop", [L,L2]);
(f1,01,[0,11,01,11,1,[2,11,1,[1,2],-1]

[14] os_md.ptaffine("reverse",[[1,0],[0,1],[1,1],1,[2,0],[1,2],[2,111);
(2,11,101,21,2,01,01,11,1, 0,11, [1,0]]

321. ptpolygon(n,r|org=p,scale=t,arg=0,deg=0)

s B e OMICNEET D IE n ST O TH R O - 1f HEEE

o A r OMIZNEET 2 IEL AV OBEIED Y A K 2K

T AN FTIETANKRFEE 72D,
org=p : MLOERE (7741 M (0,0)).
arg=0 : A% KREFHEI 0 12 6 [Fl5. @pi/8 72 K DIEE b AIHE.
deg=0 : ELRUEN, MEOHELNE
xylines ) OHFlZZ M.

[0] os_md.ptpolygon(5,2);
[[-1.17557,-1.61803],[1.17557,-1.61803],[1.90211,0.618034], [-2.07711e-013,2],
[-1.90211,0.618034]]

[1] os_md.sint(os_md.ptpolygon(5,2),4);

os_md.sint (os_md.ptpolygon(5,2),4);
[[-1.1756,-1.618],[1.1756,-1.618],[1.9021,0.618],[0,2],[-1.9021,0.618]]

[2] os_md.ptpolygon(4,2);
[[-1.41421,-1.414217,[1.41421,-1.414217,[1.41421,1.41421],[-1.41421,1.41421]]
[3] os_md.sint(os_md.ptpolygon(4,1|deg=45,scale=2),5);
(fo,-21,[2,01,[0,2],[-2,0]]

[4] os_md.xylines(os_md.ptpolygon(7,10)|close=1,dviout=1);

322. ptlattice(m,n,vy,vs|org=p,scale=t,cond=[f1, f2,...] ,1line=1)
o oorg HhAM & L“C vi FHNZ mEE T, vy FRNZ n f#E TOAEF m x n HOKEF SO MERE
e scale=t : FLNTJEEE LT HHFICLTRT (org bIFEEK).
e line=1: %?5’Ciﬁ< T, BT EMBRIIOT — 5 %7 xylines ) OHlZHH).
o fi,fa,... 1T (x,y) DEET, ZNORETHADRDLIET (CFHBEAEDE D5 E W HE) .

[0] os_md.ptlattice(2,3,[1,0],[0,11);
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(fo,ol1,ro,11,r0,21,11,01,[1,11,[1,2]]

[1] os_md.ptlattice(2,3,[1,0],[0,1]|1line=1);
tfo,o1,11,01,0,[0,1],[1,1],0,[0,2],[1,2],0, [0,0],[0,2],0,[1,0],[1,2]]
[2] os_md.xylines(os_md.ptlattice(10,5,[5,0],[0,5]|1line=1,cond=[35-x*2+y]) |dviout=1);

323. ptcopy(f,v)
2 JERED Y AN L ERBESEOY A S v llito THEMar—9 5
o BENHFMODOIU A RDESITORFEFOEEa—EN5.
o FBEOMIZIZ 0 NEASND.
o BENFIHN—2720, ThE v THELTIW.

(0] os_md.ptcopy([[0,1],[1,2]],[[0.1,0],[0,0.1],[0.1,0.1]]1);
[(0.1,11,M1.1,21,0,[0,1.1],[1,2.1],0,[0.1,1.1],[1.1,2.1]]

324. ptcomon([81,82] [t1,t2] lin=k)

o ERROCINT R LTl A, FNRmAR O, WA, FESHET TR, AR EERD D

® 51 = [.Z‘l,yl], = [1‘2,3/2], tl = [ul,vl], tg = [Ug,vg] 0)}:%, S1 (li S92 gi%ﬂd:& f}ﬁk, tl gi tQ
%%E@ﬁ@ﬁﬁ@@%(%ﬁ@ﬁmoééﬁ@ﬁﬁl)%ﬂ#.

® S = [ml,yl], S9 = [$27y2}7 tl = [ul,vl], tg =0 0)&%, S1 L So ké’%zﬁ ‘f% ‘Jj tl MHTFAL
7= RO S O JHEAE 2 Y,

® S| = [acl,yl], SS9 = [x27y2]7 t1 = [Uh’l)l], to > 0mDe& %, S1 L So &%%S’E;ﬁ%k, ;‘.E\: t1 %qj'[:‘k
To¥EE bt P EDRFEZEKYT (REZYARNT, BRPRNEET0 ZikT).

o 51 =[x1,y1], 2 >0, t1 = [ug,v1], ta >0 DL &E, Ky ZHLETIHE s DML, Kt &HF
DETHHE L, OMEDRREZRYT (BREZUANT, ZRBRNVEZIT0 ZKT).

® 51 — [$1,y1], So > 07 tl = [ul,vl], tg =0 0)2:%, ;‘f—i S1 %*'D(‘i‘d—éﬁé?% S9 @FE“: t1 %ﬁé%
MEGIWTo & EORRDOEIEZIRY #ERZ Y A MT, EANRNEEIT0 2iKT).

o 51 = [z1,11], 52 = [T2,ya], t1 BED & X, 5185 & by PUFEBE LI X OHAA~Z b %t L
oY MRS s OBE LI REIET (i T ).
722U in=1 ZHET D L, #5 s150 DIty ty TOWNGREZIRT .

o in=1 Z4FET D &, 2 HEHESEMN 2 KEfSHo TEIMZONLD.

o in=-1 ZIFETH L, 2 REMSERY 2 REKSMROOEE _ENHMCEIMZ OND.

o in=-2 ZIFETH L, 51 & 50 EEMSEMY, 02 REMESHBOOEE _FNHMTEIMZ D

ns.

o in=-3%EFETHEL, 51 & 59 EEMSMOOEE LN E, t &ty BRSO D RN BN
XEnEiT.

o ERLEMORZRAERD LA, RIS RELHEENTHTH W, Fo, £TOEENHH

HTHE LT%hi,ﬁﬁ@®ﬁ®Eﬁ%ﬁﬁﬁfﬁéﬂé.

oimQ%%ﬁ?é&,§£&E¥®&?ﬁﬁ%ﬂ¢47w%@iTWHTf,E@%%@&Lfﬁ
HFEHEID NIED[R &) .

o in=3 Zf5ET D &, LERUENERNTIRT.

[0] os_md.ptcommon([[0,0],[1,2]],[[0,4],[4,011); /* ZE#R */

[4/3,8/3]

[1] os_md.ptcommon([[0,0],[1,2]],[[0,4],[x,y11);

[(4xx)/ (2*%x-y+4) , (8%x) / (2*x-y+4) ]
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[2] os_md.ptcommon([[0,0],[1,2]1,[[0,4],[4,0]lin=1); /* Z#R% */

0

[3] os_md.ptcommon([[0,0],[2,2]],[[0,0],[2,3]]in=-2); /* BEZH/HSREER */
[4/5,6/5]

[4] os_md.ptcommon([[0,0],[2,2]11,[[5,4],01); /*x BERORERDHD */
[9/2,9/2]

[5] os_md.ptcommon([[0,a],[1,b]],[[0,c],[1,d]1]);

[(a-c)/(a-b-c+d), (d*a-c*b)/(a-b-c+d)]

[6] os_md.ptcommon([[0,0],[4,8]]1,[[4,8],0.5]in=1); /x #&H &M */
[[3.77639,7.55279]]

[7] os_md.ptcommon([[0,0],1],[[1,2],3]); /x —H x/
[[-0.96332495807107996983525630141,-0.26833752096446001508] ,
[0.36332495807107996975,-0.93166247903553998487] ]

[8] os_md.ptcommon([[0,0],1]1,[[1,4]1,01); /x ADERERDL */
[[-0.88235294117647058813,0.470588235294117647250153324556] , [1,0]]

[9] os_md.ptcommon([[0,1],[2,3]1],[1,2]in=1); /* NaR */
[2/3,5/3]

[10] os_md.ptcommon([[0,1],[2,3]1],[t,1-t]|in=1);

[2%t,2%t+1]

[11] os_md.ptcommon([[0,1],[2,3]1]1,[2,-1]1|in=1); /* SAam| o/

[4,5]

[12] os_md.ptcommon([[0,0],[2,3]],[1,@pi/2]); /x HRERMETR */

[1.16795,3.5547]

[13] os_md.ptcommon([[0,0],[1,1]1],[[0,0]1,[-2,21]11in=2); /* AE (ST )*/
1.5708

[14] os_md.ptcommon([[0,0],[1,11],[[0,0],[-2,2111in=3); /* AE (&) */

90

325. ptwindow(l, [z1,x2], [y1,y2] | scale=t)
uOPHEERR (,y) OV AR Tay <z <z, 11 Sy <y ZWMLIRNBOE0ICEXD
e scale=t: VR FNCHAOLNIVHEEILtEINTND EHRRT.

[0] os_md.ptwindow([[0,3],[2,1],[4,2],[5,6],[1,51]1,[0,31,[1,61);
[[0’3] k] [2’1] ’O’O’ [1,5]]

326. ptbbox([[z1,y1,...1, [z2,y2,...1,...]1 | box=b)
ptobox ([[Lz) 20,1, ) i1, 1, 1?22 (1,...1,.. 1 Ibox=1)
 JERE (2, y,. ) RO Y A NEBEOE [[Zmins Tmazd s Wmin s Ymaz] 5. . .1 ZIET
o BJEREITY A R THNZ ML TH LW, xybezier() OSIHDOIEATEH v,
e box=1 ZIRET DL, FOUVA N EZT, ThLEHTLHEZIET.
e box=b & LT/ b%IEET D&, ptbbox([ptbbox(£),b] |box=1) ELfiEREN5.

[0] os_md.ptbbox([[1,2],[3,4],[0,8],[4,111);
(fo,4]1,[1,8]]

[1] os_md.ptbbox([[1,2],[3,4]1,[0,8],[4,1]1,-11);
[[0,4],[1,8]]

[2] os_md.ptbbox([[[1,2],[3,4]11,[[0,8],[1,311]box=1);
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327.

328.

329.

([0,8],[1,4]]
[3] os_md.ptbbox([[1,2],[3,4],[0,8],[4,1]1]|box=[[1,5],[0,711);
([0,5],[0,8]]

1scombox{[[acmm,xmaz] [ymm,ygix R N [[xizn,xmaz] [ymm,yni)w beeed)

2 2o0% (KEoER) o4t oy DA AR

[0] s=[[1,2],[4,611%

[1] os_md.iscombox(S,[[1.5,3],[4,711);
1

[2] os_md.iscombox (S, [[3,3],[4,6]11);

0

lninbox( [p1,p21, [%min > Tmaz] > Wmin > Ymazd 1 in=1)
COPHEND 2 Mipr & po BRESER (F2I3H) OFNOES (2 AEKSRY) iKY
-&Dﬁi MOy % BT W DOEEFED Y A k.
e in=1: INEEETDHEL, 2HER-SHRD D,

25 (0.2,0.3) & (—1,3) L AMERER (271185 ©00<2<1,0<y<1AOHS

[0] os_md.lninbox([[0.2,0.3],[-1,3]1,[[0,1],[0,111);
[[0.333333,0],[0,0.75]]

[1] os_md.lninbox([[0.2,0.3],[-1,3]1]1,[[0,1],[0,1]1]1in=1);
[[0.2,0.3],[0,0.75]1]

scale(/|scale=[cy,...],f=f,shift=[s1,s2],TeX=1,mes=[t, [a1,b1,w1],...],line=[a,b])
o BEED ok (E0 ROMER
la,b,w] X a?7bHbETOHEEwOREYZRT. ZNHLOEKVEZRT VAN @O0HFDI A
~) éi’j kL, £ :[[61,1 ,61_’2, R [61’1 ,61’2, ,00] N7 B OFEE T, El,u N1 BRE,
b, 352 BBEDOHEED, L) KO ITHKT.
scale(d) 1%, AEY X2 bm=[[mi1,mi2,...1,[ma1,ma0,...]1,...] ZiKT. 22T, BADE
MelZHN D BV X8 5D,
BB, MEROHEOT 7 40 ME 3 BT
rrre,2,1/501,I[5,10,1/21,I15,10,1/1011,([1,5,1/10]1, [5,10,1/2]11,[[1,5,1/2]1,[5,10,1111]
L=0FF10LE, logyz (1 <x<10) 1 i]“?hé HEEY (CRICKHE) ZEMKT DD, £=2
DL X Jloggr (1< <100) 12k 2 HKY (A RISHIE) &AL, (=3 DL T Llog g
(1 <2 <1000) i2xt9 5 EED (K RIZHIER) ’Eiﬁlﬁ’é.
2B, 1EBEMEOHEY OFFIEMIC [c1,c0,c3,...] EELTH IV,
e scale=c : HE VL @E [lef(miq) + s1,ef(miz) + s1,...0, [ef(man) + s1, cf(mag) +
81,...1,...] BT, 22T f(x) OF 7 4/ M EKE L log 2/ log 10.
e scale=[cy,co,...] : AFOHEV B NRT A —2 Z23KF
[Ler f(ma,n)+s1,82], Len f(man)+s1,52+¢2],0, [enf(maiz)+s1,s21, [en f(ma2)+s1,s2+¢c2],
0,...1, [eaf(may) + 51,821, lerf(ma1) + s51,52%¢3]1,0, [enf(mag) + 51,521, [en f(ma2) +
81,82+03] ,07...],...]
728 ez IBENRRWE XX, ¢, DT 74V ME (n— 1)eg
o TeX=1: HEYHE O TEX O Y — A &iKT (R Y E T xyproc() #IME5).
oL X, mes=[t,[a1,b1,wi],...], HDWEmes=[t,c1,co,c3,...112%0, ZNLIKETEEL
T-HKZ, Bt ONMEICHL.
F7-, line=[a,b] IZX > THMERE o 2D b £ THIL .

[0] S=os_md.scale([[[0,5,1/10]1],[[0,5,1/2]1]1,[[0,5,11]] Iscale=[1,0.15],f=x,
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TeX=1,1line=[0,51)$

[1] S=os_md.scale(O|scale=[14,0.15],TeX=1,mes=[0.7,[1,2,1/2]1,[2,10,111)$

[2] S+=os_md.scale(O|scale=[-14,-0.15],TeX=1,shift=[14,0],1ine=[0,14],
mes=[-0.7,[1,2,1/2],[2,10,111)$

[3] os_md.xyproc(S|dviout=1)$

[4] S=os_md.scale(2|scale=[14,0.15],TeX=1,mes=[0.7,1,2,5,10,20,50,100],
line=[0,141)$

[4] S=os_md.scale(3|scale=[14,0.15],TeX=1,mes=[0.7,1,2,5,10,20,50,100,200,
500,1000],1line=[0,141)$

0 1 2 3 4 5

1 1.5 2 3 4 ) 6 7 8§ 9 10
10 9 8 7 6 5 4 3 2 1.5 1
1 2 5) 10 20 50 100
1 2 5 10 20 50 100 200 500 1000

O O R R R R

330. tobezier (/|inv=[a,b,t],div=k)
w RO Y AR LTESE D Bézier ISR /8T A — X FKR & 2 OWig L & 438
o {=1[po,...,pn] T, pj BEEERT YA NELITIY MDD L E, TNHIZK > TEED Bézier
HifR (T 2A—21Fte€[0,1) %, t D nRSBERXERT ETHT ML) HIKT.
Bézier #ifg & 1%

" n\ ) n n!
t) = 7"'7"L;t: . tjl—tni‘j‘ tG 0717 <)—
3O =21 st g(j) -y el (1) =5t
TEEHHBMTHD (2D L E n ik Bézier it &V 9).
v(po,p1;t) = (1 — t)po + tp1 18RI popr & ¢ : (1 — ) IZNDT DT, 1K Bézier HifRIZ po
Lop BRESES LD, F-FEENO 2 K Bézier MifiE, x FEEEL ¢ BEER t O 2% (BLF) @
ZIEN ER DD, FHEEEgT A E o JEBETt D 1 RS TE S, Lo T, 2% Bézier tiff Lk
WO —E (72 138y) ZEERLIZHDE725.
S () = (1) + (1) TG
M-t =1 —t)- ("JHEA - - (I A -, (M) = (") =0

LRV, P ICINERT T =0,...,nilO0TMAD L

Y(Pos - tn i 1) =¥(Y(P0s - - - Pa—158),Y(D1, - - -, P t); t)

Whod., ZhEBIE, TOE {po,....,pn} Dt (1 —t) ONZEERDZ L &2 VIRTZ LI
&0 fY(pOw <9 Pn t) BREHND.
72 & 2% 3 % (cubic)Bézier HhfRIT

v(po, p1,p2,p35t) = v(v(Po, P1, P25 1), (D1, P2, P33 1) 1)
= 7(7(7(?07p15t)77(p17p2§ t);t),v(v(p1, p2; t), ¥(p2, 3 t),t);t)

220



L% Ko Tpopr, pip2, paps Dt (1 —1t) ONITRZNAIZ qo, q1, g2 £ L, EHIZqoq1 & q1g2
Dt:(1—t) ODNGZEE ro, 11 T DE rory D t: (1 —t) DN v(po, p1, P2, p3;t) E725.

e inv=[a,b] : /3T A—F Nt € [a,b] DI/ D Bézier HIFRIZKHIET BHEIE (X7 NATRT) OV
A b &Y.

e div=1: Bézier #h#i% 2 HHIL T, TNOEZERT DIEHEOMO Y X FZik$ G RD & EIF, N
7 b AEOY A D 2O0Y A RT, FiEN (0, 5] OFSy, %ED[L, 1] OE). 3ROZE

LIS,
o div=k: 2 <k <256 DL X, Bézier h#a k 2EIL T, TNOHEERT DEZEDOMD Y A b k {#
DY A RNEIKT.

e inv=[a,b] : ¢ 7" Bézier RO & =, Zh%E t € [a,b] /3T A —% LT 2% Bézier Bifg & A7 L
T, TNEERTDHDROMEE (X7 MV TERT) OURRNTRT. NTA—=FBt Thind X,
FN% inv=[a,b,t] DL HIZLTHRTDHZ LN TE 3.

e inv=1: inv=[0,1] &#727. tobezier( ) DML 72 5.

[0] S=os_md.tobezier([[p0,q0], [pl,q1], [p2,92],[p3,93]11);

[ (-p0+3*p1-3*p2+p3)*t~3+(3*p0-6*p1l+3*p2) *t "2+ (-3*p0+3*p1l) *t+p0
(-q0+3%q1-3%q2+q3) ¥t "3+ (3*q0-6*q1+3*q2) ¥t "2+ (-3*q0+3*q1) *t+q0 ]

[1] T=os_md.tobezier(@@|inv=1);

[[ pO 90 1,[ p1 g1 1,[ p2 g2 1,[ p3 g3 1]

[2] os_md.tobezier(T|inv=[0,1/2]); /* Bezier HI#R®M 2 NEIDRIHE */

[[ pO q0 1,[ 1/2%p0+1/2%pl 1/2%q0+1/2%ql 1,

[ 1/4xp0+1/2%pl+1/4*p2 1/4%q0+1/2%ql+1/4*q2 ],

[ 1/8xp0+3/8%pl1+3/8*p2+1/8+p3 1/8%q0+3/8*ql+3/8%q2+1/8%q3 1]

331. 1lbezier(l|inv=t)
o X4y Bézier BT — & 4
xybezier() 7 —# X (FBZL, ##0,1, -1 O U R K) %, K4y Bézier Hifpsd 52 2JEED Y
ARNERGETDY A MIERTS.
o inv=1: FOEBOHFEHEITH. K5 Bézier iR Z 72 F 2T 1 °, AR E#<EE -1
ZAREZRIR D A S .
e inv=2: kLRGN, PAMBERI<IBEE LD,
e inv=3: LLFEEEEN, HEBRERMIEER, &KL L T—oDMiiRE R DHADOHRM S .

[0] P=os_md.xyoval([1,3.5],2.5,2]lopt=0); /* &uly (1,3.5) #F#& 2.5x5 DIEM */
[(3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013],1,[-1.91667,5.90563],
[-1.91667,1.09437],[-0.25,-0.830127]1,1,[1.41667,-2.75463],[3.5,-0.349002] ,-1]
[1] Q=os_md.lbezier(P);
[([3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013]1,
[[-0.25,7.83013],[-1.91667,5.90563],[-1.91667,1.09437],[-0.25,-0.830127]1,
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[[-0.25,-0.830127],[1.41667,-2.75463],[3.5,-0.349002],[3.5,3.5]]]

[2] os_md.lbezier(Qlinv=1);
[[3.5,3.5],[3.5,7.349],[1.41667,9.75463],[-0.25,7.83013],1,[-1.91667,5.90563],
[-1.91667,1.09437],[-0.25,-0.830127],1,[1.41667,-2.75463],[3.5,-0.349002] ,-1]

332. velbezier(f, [a,b,t])
:: Bézier MR RHEE T kv
o t€la,b] /T A =4 LT % Bézier Mt f O HEORKIEEE Y A R TR,
¢ 2FHDBIFMNM O DL XL, T74/LED [0,1,t] ZEWTD.
e NI A=HNtDEEIE, 2FBDLEE [a,b] & LTLUV.

[0] B=os_md.tobezier([[0,0],[1.2,0.7],[2.1,0.5],[3,0]11);
[ 0.3%t73-0.9%t"2+3.6%t 0.6*t"3-2.7*t"2+2.1*xt ];

[1] os_md.velbezier(B,0);

[3.6,2.1]

[2] os_md.velbezier(B,[0.5,1]);

[2.925,1.5]

333. ptbezier(l [n,t]) ptbezier(l,s)

. (E4) Bézier Hif Lo H EHEERY ML ERD D

o [ %, xybezier() ®5|$TH x5 (HHAH) Bézier DT —%, FoILEN% lbezier() THE
#aL7-%

o n % H D Bézier MifRD t = x DS DMEIE L HERY ML OFM &K,

o n = 0 XHHD Bézier fifg, n =1122FEH, n=—-11FHED, n=-21FHKENS 2FHD
Bézier gz 3£

o 2 FH D% s NIFARBORHL, nlds OBHER Y +1 %, t1ds O/ 2R,
7272 L x 7S Bésier HIAROMEE L D KEWE XX, (HEH) Bézier HifEOK R ERT.

e 2FBEDEIH axn —1 D& XX, Bésier HIfROEE A KT .

[0] R=os_md.xyang(2,[1,1],0,0lopt=0)$ /* (1,1) HDLO¥E 2 OADT—42 */
[1] os_md.ptbezier(R,-1);

3 /¥ 3DDORU RN SD , 0 <= 5 <= 3 */
[2] S=os_md.ptbezier(R,0.5); /* 5=0.5 TOEEZLEERY ML */

[[ 2 2.73205 1,[-3.5,2.02073]]

[3] T=os_md.ladd(S[0],S[1],1/3); /¥ BEAY MLOTER (BEE1/3) */

[0.833333,3.40563]

[4] Ri=os_md.xyang(0.3,T,S[0],2]lar=1,0pt=0)$ /% 5=0.5 TOHREANY LILDHEE =/
[5] U=os_md.ptbezier(R,2)$ /* s=2 TOEZELEERY ML */

[6] v=[U[o][0]-Uu[1][0],ul0] [1]1-U[1][1]1]1$%

[7] R2=o0s_md.xyang(0.3,U[0],V,3|opt=0)$ /* s=1.5 [ZHAR EDRENOEE */
[8] Out=os_md.ptaffine("union", [R,R1,R2])$

[9] os_md.dviout(os_md.xyproc(Out));
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334. areabezier(l|rev=1,pt=[p;1,pe,...],para=1,prec=v,int=k,exp=c,Acc=1,cpx=1)
i Bézier #hifftz AV 7o ik o0 s - EfERT 0 OFHAE
o I [f,n,[t1,t2]1]1 &£\ 9 xygraph () DHEMHID 3 SD5HTh->T, fHEK x ODEED & X1,
Bézier i CIEIT % 2 L1 k> TR [12 f(x) do ZIEREHT 2.
—int=1 Z4BETDH &, |n| HE L THEAXNTHELEETS.
—int=2 ZRETHE, n| HELT TV OARTERGFHETS. 20L&, n NEkR
b n|+145%4 5,
— cpx=1: B EBNERBIERETH D L ITHETS.
— BN x THLT, ezt 0E &I, [t,61,t2] EHIRT 5.
— HERIOMEEIL |n| 725 (n=01%, 32 LEREND).
— FORMAE TEHENERIN TS L XX, n ZADOEICT D (n BaFEID0HK).
— t; ="-infty" (""THA) LFTHE a=—oc0 &, ty ="infty" (""THLA) LFTHEb=o00
LIRS, HERXHTORES LD,
HEFRIX A TORED D & & exp=c DIFENAZ (cf. cmpf ).
— MERRX T ORIV THERREE T o(|z|72) (FEEEIO & X1 O(|z|72) &z S & &)
ITRRENKELRD DT, prec=16 Tzl exp=1 I LIBET D L&ESIND.
o HEUITIE LN TRWVWESAREL AL H LA L, prec=16 2 L LIFET D LiHHEBAEN DL
5.
o fMRURNT f=lf1,f2] LI NTRA—HFROMIBO L XL, 3BFEHDOEEN [t,t1,6] 20
iE, ol Bézier i CIEEL L2l I8 - T, B [ fot) dfi(t) ZE5T 5.
F7IZ Z @ Bézier HifRANPHIIHRO & 1, TOMBRTHENZHIMOEMOFH L 0%, ZOLE,
REEHEID D E D M TIEAMNRE Y, KIEEHE D IZ 1 B ENCHOmEEE -1 fFShb.
o Acc=1 ZHEET D & pari O I X 2 ERBEHFEEZ1T .
7272 L ctrl("bigfloat",1) ¥ LU\ setprec(prec) \Z L DREDRENMLE. £z, A
T < T sin(x) 72 EOYERB AR > GEITEENPLET, NETHSKEIZER S 1L 5 ATREMED
b5 (myeval() DHAZM. ord() THMNB).
o LU EDWDF T a7 A—H % xygraph() O & X LA UERIZIREND.
e [ /3 1bezier () M5¥ L 725 Bézier i C 07 —% QEXOWITFNTHA) 75X, B
Jo ydx Oz RS
PAMIFR DT — 2 ThoT27e b, Z OB CHENIFEROERE L 25,

[0] os_md.areabezier([x~3,-4,[0,2]11);
4.01564

[1] os_md.areabezier([x"3,-8,[0,2]11);
4.00105

[2] os_md.areabezier([x"3,-16,[0,2]1]1);
4.00007

[3] os_md.areabezier([x"3,-32,[0,2]1);

4

[4] os_md.areabezier([sin(x),-4,[0,0pil]);
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1.98989

[5] os_md.areabezier([sin(x),-8,[0,0pi]]);

1.99935

[6] os_md.areabezier([sin(x),-16,[0,0pil]);

1.99996

[7] os_md.areabezier([sin(x),-32,[0,@pill);

2

[8] os_md.areabezier([[cos(x),-sin(x)],-16,[0,2*x@pil]);
3.14159

[9] os_md.areabezier([exp(-x),16,[0,"infty"]1]);

0.999982

[10] tstart$os_md.areabezier([exp(-x),64,[0,"infty"]]) ;tstop$
[11] 1

[12] 0.0156sec(0.016sec)

[13] os_md.areabezier([exp(-x"2),32, ["-infty","infty"1]1);
1.77268

[14] tstart$R=os_md.areabezier([exp(-x~2),512,["",""]1]);tstop$
[15] 1.77245

[16] 0.0312sec + gc : 0.0312sec(0.063sec)

[17] V=eval(@pi~(1/2));

1.77245385090551602720251866962

[18] R-V;

0.0000000061022552223961856743

[19] os_md.areabezier([x~(-3/2),0,[1,""11);

1.90184

[20] os_md.areabezier([x~(-3/2),0,[1,""]]|prec=16);
1.99991

[21] os_md.areabezier([x~(-3/2),0,[1,""]1]|exp=1);

2.00008

[22] os_md.areabezier([1/(1+x"~2),0,["",""]1]);

3.14159

[23] os_md.areabezier([1/(1+x~2),0,["",""]])-eval(@pi);
0.00000040239333897167800513

[24] os_md.areabezier([1/(1+x~2),1000,["",""]])-eval(@pi);
-3.3363329451 E-13

[25] tstart$os_md.areabezier([1/(1+x~2),5000,["",""]])-eval(@pi) ;tstop;
[26] -5.6638721488 E-16

[27] 0.2964sec + gc : 0.2496sec(0.546sec)

[28] os_md.areabezier([1/(1+x72),0,["",""]] |exp=1);
3.14151

[29] os_md.areabezier([1/(1+x~2),-10,["",""]1] |exp=1);
3.1417

[30] tstart$os_md.areabezier([1/(1+x~2),10000,["",""]] |exp=1)-eval(@pi);
tstop$
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[31] -9.07164967805 E-14
0.4056sec(1.248sec)
[33] V=eval(@pi*2~(-1/2));
2.22144146907918312331

[32] 0.8268sec + gc :

[34] os_md.areabezier([1/(1+x"4),0,

2.22151

[Illl’llll]]);

[35] os_md.areabezier([1/(1+x~4),0,["",""]] |exp=1);

2.22192

[36] os_md.areabezier([1/(1+x~4),10000,["",""]1]1)-V;
-8.6669820621 E-14
[37] os_md.areabezier([1/(1+x"4),10000,["",""]]|exp=1)-V;
-4.6270379014 E-12

[38] os_md.areabezier([dsqrt(2)/(x~2+@1i),0,["",""]1] |cpx=1);

(3.14247-3.1418%@1i)
[39] os_md.areabezier([dsqrt(2)/(x"2+@1),1000,["",""]] |cpx=1);
(3.14159-3.14159%01i)
[40] ctrl("bigfloat",1)$setprec(30);

19
[41] F=[cos(x),-sin(x)]1$
[42] tstart$os_md.areabezier([F,-1536,[0,2%0pil])/eval(@pi)-1;tstop$
[43] -3.17671236538252799164 E-17
[44] 0.2496sec + gc : 0.0936sec(0.343sec)
[45] tstart$os_md.areabezier([F,-1536, [0,2*@pi]l] |Acc=1)/eval(@pi)-1;tstop$
[46] 8.71510564319365765590 E-20
[47] 0.4212sec + gc : 0.0624sec(0.5sec)
&mﬂﬂﬁ%ﬁ?tﬁfﬁ T DR RE
FERE Sy BEK ey i R 16 43I 32 5yl 96 4yl 384 5y 1536 4y
(cos@,sinf) | 0<0<2r | (—n,—) | 68x107% | 1.1x107° | 1.5x 1072 | 3.2 x 1077 | 8.7 x 1072°
Cardioid —1<0<7w | (n,—) [54x107*[31x107°|3.8x1077 |1.5x107° |58x 1072
zsinx 0<z<m (—n, =) [ 29%x107" | 1.8 x107° [ 2.2x107% |87 x 107" | 3.4 x 1073
sinz 0O<z<7m |(-n,—)|1.5x107°|95x107% | 1.2x107° |4.6x107*? | 1.7 x 107 **
pn) —co<z<oo| (n,—) |1.3x107°|13x1077 [85x107"" [47x107'? | 2.1x 10"
e —co<z<oo| (n,—) | 71x107*|1.3x107*[26x107°% |1.1x107% | 43x 107"
z 2 1<z <o (n,—) | 71x1072|49x1072 |28x107% |1.4x1072 | 7.0x1073
3 1<z<oo | (n,—)®]59%x107°|45x107°|28x107° |14x107° [6.9x107°
x2 1<z <00 (n,1) |3.0x107* | 3.8x107° [ 1.4x107% | 6.6 x 1077 | 2.6 x 107!

TH—IAA K
n 4yHI

WX BEE

o (n,—)0 X prec=16 DA T a v OIFEEZE®RT 5.
o (n,1) X exp=1l DA T a VERELIZI LEERTS.

MK CORS T, TWITEUZIE exp=c DA T 3 /3T A —% c Dff

Dl (z — 00 To(z™

e HiZRBWTH

EROEANEM O RO AT, 2% A O Cardioid ix ((1 4 cos6) cosd, (1 + cos ) sin )
it C P U7 S O R O BB B T D 5.
T, EROBEOHMOD 4n 1% areabezier ) D51%kd 2 FE ZEKT 5.

TENMETED, Hf

2) LA B OIERER IR E & LT LMTHRE A L TR,

o SNZ ) (0, 7] CORMERMIUTFO L 51T 7.
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[0] F=os_md.f2df(sin(x)/x)$

[1] F=os_md.cutf(F,x,[[],[0,11,[11)$ /¥ x=0 DEE 1 E1RBHELDITHIR */
[2] os_md.areabezier([F,-32,[0,0pil]);

1.85194

he / ST g = 1.8519370519824661706 - - -
0

T

-5 -4 -3 -2 -1 0 1 2 3 4 5
8r cmpf (f) 8r cmpf (f|exp=1) 8r cmpf (f|exp=2)
Tr Tr Tr
6r 6r 6r
5r or 5r
4t 4r 4t
3/\ N 5l
2 2r 2r
1+ 1F 1+
0 i 0 ﬁ 0
8r 8r
Tr Tr
6F cmpf (f) 6 cmpf (f|exp=1)
5 5r
4 4r
3 3r
2 2r
1F 1F
01 2 3 4 5 0 10

LD7Z 71, WOEIICLTHELNAD TEX O Y —A TN TND ¢

os_md.xygraph(1/(1+x~2),-32,[-6,6],0,[0,1.5] |ax=[0,0,1,1,1] ,scale=[1.25,2]);
R=os_md.cmpf ([1/(1+x~2),["",""]1] |exp=1);
os_md.xygraph(R,-64,[0,1],0,[0,8] |ax=[0,0,1,1,1],scale=[5,0.5] ,prec=6);

scale=DIFET1.25 x2=5x 0.5 THHN L, ROBEEIRIEND Z EITEE.
335. ptcombezier ({1,0y,m)
w DU AR, by TEED 250 Bézier RO 8 E KD %
o (1, {3 1%, 3k Bézier i ZHEL TV D (LA TH AN
e MIIRHDIEME (RT A =% 2™ H5EIT5).
m=01xF 7+ LT, m=20%EWKT5.
o UL, MIET D Uy DRTA—HH, by D/RT A—Hfl, ZZRDOMEED 3 DDV A FTERIN
RROBIETOZENDY A N &IRT.

fo] Li=[[0,0],[1,1]1,[2,2],[3.0,3.011%
[1] L2=[[3.0,0],[2,1]1,[1,2],[0,3.0]1%
[2] os_md.ptcombezier(L1,L2,24);
[[0.5,0.5,[1.5,1.5]]]
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336. ptcombz(by,bs,m|red=t,prec=k)
i X4y Bézier fifiR by, by DM A RO D
o by, by 1E, xybezier() DBIEOFEDOT —4, &5\ lbezier TEM ST X5y Bézier #hiz%
B2 DPEED Y A FDY A DOVWT L.
e by =00DL XL, by THERXAOLNTHBROB RN REIKT. 7272 LEAXS) Bézier iR B &0 0
B o 72X 45y Bézier iR DZZ sEBR <.
o by & by DENFNANEH DX Ay Bézier i/ 20 U 2 b (ewWZ 0 FH L3802 5) ZFEHEICNL
72 ptcombezier() PRV EZFE O TY A MDOFSITE LTZY A FEIRT.
MIIRROERS (RNTA—=F%2" 5ET5). m=01FT 74V 1T, m=20%EBHT5.
red=1: [ZFHELWVEEOMNEREH L L X1, TOIHLO—D2>FT—FDHIKT.
red=2 : KRR OMEEDOHET (IFIFELUWVEREOFITER L TRF LR,
prec=k : A7 v a v red RELIZ L&, o BEL IOy EEOEN MO B DEED
JERE DI KA & B/ MEDZE, BE Oy BEEEORKME & f/MEDZE) O 1/2F BELITF261F, FU
BERRT. TV NTE=12.

[0] P=os_md.xyoval([0,0],1,1|opt=0)$ /* By (0,0) ##& 1 OH x/

[1] Q=os_md.xyoval([1,1],1.2,0.5lopt=0)$ /* il (1,1) #F#F 1.2x0.6 DEM */

[2] os_md.ptcombz(P,Q,0);

[[[0,1],[0.853506,0.515474, [-0.199425,0.981241]11], /* XM (-0.200,0.981) */
[[0,2],[0.188392,0.209443, [0.917957,0.4004761111  /* X=m (0.918,0.400) */

[3] F=[sin(2*x),sin(3*x)]$

[4] LS=os_md.xygraph(F,-24,[0,2*@pil, [-2,2]1,[-2,2] lopt=0)$ /* UH—T 2R */
[5] tstart$os_md.sint(os_md.ptcombz(LT,0,0),4);tstop;
(cf:12,01,[0,0,[0,0117,([13,4],[0,1,[0.5,-0.7071]11],([13,5],[0,0,[0.5,-0.7071]111],
((16,0]1,[1,1,[0.5,0.7071]]],([[16,1],[1,0,[0.5,0.7071]]],[[16,3],[0,1,[0.866,0]11],
[([16,4],[0,0,[0.866,0]]1],[[19,8],[1,0,[-0.866,0]1],[[19,10],([0,1,[-0.5,0.7071]1],
([19,11]1,[0,0,[-0.5,0.7071]]1], [[20,8],[0,0,[-0.866,0]111,
([22,61,[1,1,[-0.5,-0.707111],[[22,7],[1,0,[-0.5,-0.7071111]

[6] 0.0312sec(0.047sec)

[7] LT=os_md.xygraph(F,-96, [0,2%@pil, [-2,2],[-2,2] |opt=0)$

[8] tstart$os_md.ptcombz(LT,0,0)$tstop;

[9] [10] 0.2028sec + gc : 0.078sec(0.281sec)

[11] os_md.sint(os_md.ptcombz(LS,0,0|red=1),4);
[(crf12,01,fo0,0,0,0111,0[13,5]1,[0,0,[0.5,-0.707111],[[16,0],[1,1,[0.5,0.7071]111,
([16,4],[0,0,[0.866,0]111,[[19,10],([0,1,[-0.5,0.7071]]1]1,[[20,8],[0,0,[-0.866,0]11],
([22,7],[1,0,[-0.5,-0.7071]]11]

[12] os_md.sint(os_md.ptcombz(LS,0,0|red=2),4);
[[(o,01,[0.5,-0.7071],[0.5,0.7071],[0.866,0],[-0.5,0.7071],[-0.866,0],
[-0.5,-0.707111]

3.2.11 Drawing curves and graphs
337. xyproc(f|dviout=1,opt=s,env=t)
o Xyepic/ TIRZ AR E LI BB Ot (f=1) & T (f =0) °FRR
o [ MNIXFH DOWFIX, TikZ 12 U T\begin{xy} & \end{xy}F 7= i¥\begin{tikzpicturel} &
\end{tikzpicture} THtr.
I 5T dviout=1 BHEE L ThiUE dviout ) - CHER T 5.
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opt=s TXFF s Z45E L ThivF\begin{tikzpicture} [s] 2 ED X AT v a v &2 5.
env=t TR xy REZHIDERICET TE D (72& 21X, env="scope").

dviout=1 THAZRRENRIND.

xyput O, xyline (), xyarrow(), xybox (), xycirc(), xylines(), xygraph() 72 & T/ 37
H% (strtb() REZMH-T) RLAEDLETIDOEELEAMESE L.

[0] os_md.xyproc(l);
\begin{xy}

[1] os_md.xyproc(0);
\end{xy}

338. xypos([z,y,s]) xypos(lx,y,s,t]) xypos(lz,y,s,t,ul) =xypos(lz,yl)
:: Xy=pic/TikZ TOPERE (x,y) R s REDLFHT). t1XT NV DOXF, T4 7y a 3550,
o FIEKII~Z ML TH I W
e xypos([z,yl) D& X, IFTOXFHINKIND
(z,y)
T2 LB o, y 13Z/NEUR LT XYPrec MTIZ LD Hivb.
o s BTN D, THFANELTERTD.
o L NIXFHROIET NN EHARL, yldBEINDS. ZDOT L TikZ=0 O & Z|X"z" D T,
TikZ=1 O & &% (2) ODIBICEBRIN DD, o NZELTINR LTI TT VL L7 D,
o TikZ=0 DIGFE
— tF—3CF A DA LR
—wlEA T a ULFFITTNNDRIZHOL. 0L ed 5Ll
—s=1[s1,82] &T DL, s IFANEES DA T ¥ a U XFH, so (THIISUFH A KT,
x 51 ="[F]" : HTpHTe
sy ="[F.1": BTHRIM (. & = L7925 FHRKR
s1 ="+[F1" : RLED&H HPTHL
51 ="[Fol" : AL<PHZ> (0 & 00 &2 & _HFHA)
s ="+1U": Fiz@E<. U%D,L,R &TDEE, A, ElzEbb.
SHICUL 2EETDE, ATFRELRD.
+ &+ LTHE, MEOTOHLNREIRD.
o TikZ=1 DIFAH
— xypos([x,y, [s1,82],8¢,841) T, @, y DI, s1, S2, St, Sy MILTFHIT 59 BETRNE X
nodel[s1] (sy) at(x,y){s2}s,
— xypos([z,y, [51,""],5¢,8,]) D&
coordinate[s1](s;) at (x,y)sy
— xypos([x,y, [s1,82],8:]) FiL xypos([z,y,s,s:]) D& xIL, ED s, OEIFH N,
— 5S¢ Z)’;&$ 1ok %fi, St ="_" kﬁ’i%ﬁéﬂé
— 8¢ MZEIXFHIORE, F721% xypos([z,y, [s1,52]1]1) X xypos([z,y,s]) DL X, LD (s¢)
DHETHNZ2V.
— 5 X 51 BIFH|ThRVE X IHAL LT TEX OXFINCEBmINS.
— 51 WFTeE ZIFUTFOAT v 3 VXFR TR (ERORBEIT , TREIZ).
* NLEFEE : above, below, right, left, above right,...
below=1pt,...
anchor=west, anchor=south east,...
JEIRFETE @ circle, rectangle,...
B LR EH#i< : draw
TXA MRy 7 ADOEHE : width=3cm
THEANRY 7 AOMAENDD : rounded corners

* X X X
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% THANRy 7 ANOLFALEFE : text centered
x fBfEE : red, green, blue, green!20!white,...
x B OSL : fill=red, fill=green,...

[0] os_md.xypos([2/7,5/31);
(0.285714,1.66667)

[1] os_md.dvioutO(O|opt="TikZ")$

TikZ=0

[2] os_md.xypos([2/7,5/3,4/51);
(0.285714,1.66667) *{\frac{4}5}

[3] os_md.xypos([2.5,3.1,"$\\bullet$"]);
(2.5,3.1) *{\bullet}

[4] os_md.xypos([2.5,3.1,"This is"]);
(2.5,3.1) *\txt{This is}

[5] os_md.xypos([2,3,"$\\times$","A"]);
(2,3) *{\times}="A"

[6] os_md.xypos([2,3,"","A"]);

(2,3)="A"

[7] os_md.xypos([1,2,["+[F]","Sum"],"S"]);
(1,2) *+[F]\txt{Sum}="8"

[8] os_md.xypos(["A","B", ["+[F]","Sum"],"S"]);
"A" *+[F]\txt{Sum}="8"

[9] os_md.dvioutO(1|opt="TikZ")$

TikZ=1

[10] os_md.xypos([2/7,5/3,4/51);

node at(0.2857,1.6667){$\frac{4}5%}

[11] os_md.xypos([2.5,3.1,"$\\bullet$"]);
node at(2.5,3.1){$\bullet$}

[12] os_md.xypos([2.5,3.1,"This is"]);
node at(2.5,3.1){This is}

[13] os_md.xypos([2,3,"","A"]);
coordinate(A) at(2,3)

[14] os_md.xypos([1,2,["red","Sum"],"S"]);
node[red] (S) at(1,2){Sum}

[15] os_md.xypos(["A","B", ["draw,rectangle","Sum"],"S"]);
node [draw,rectangle] (S) at(A){Sum}

[16] os_md.dvioutO(3|opt="XYPrec")$
XYPrec=3

[17] os_md.xypos([@pi,5/3,4/51);

node at(3.142,1.667){$\frac{4}5%$}

339. xyput([z,y,s] Iscale=r) xyput([z,y,s,t]) xyput(lz,y,s,t,ul) =xyput(lz,yl)
i: Xy=pic/TikZ TOPERE (x,y) R s R EDOLFHT). 13X TNV DOLF, wlidA T v a o 3F50.
e xypos() LR UEDR, ZDORRDOHIEIC
TikZ=0 D& &L "{" XL "};\n"
&
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TikZ=1 O L =L "\\" BL O ";\n"
Z, fHinLGEY.
e scale=r : Xy-pic/TikZ OFIEIZET & T r 57 5.
e scale=[ry,ro] : Xy-pic/TikZ DOFEREIZIE T & I o FIEE ri %, y BEEE ro 5T 5.

[0] os_md.dvioutO([4,6])$

DVIOUTA="%ASIRRO0T%\bin\risatex.bat"

TikZ=1

[1] os_md.xyput([0,0, ["draw,rectangle","Sum"]]);

\node [draw,rectangle] at(0,0){Sum};

[2] os_md.xyput([0,0,["draw,rectangle,rounded corners","Sum"]]);

\node [draw,rectangle,rounded corners] at(0,0){Sum};

[3] os_md.xyput([0,0, ["draw,rectangle,fill=yellow,text=red","Sum"]]);

\node [draw,rectangle,fill=yellow,text=red] at(0,0){Sum};

[4] os_md.xyput([0,0, ["draw,circle,thick,dotted,blue,fill=yellow,text=red!50",
"$\\tfrac12$"11);

\node [draw,circle,thick,dotted,blue,fill=yellow,text=red!50] at(0,0){$\tfrac12$};

[5] os_md.xyput([0,0, ["circle,radius=2pt,fill=gray",""]1]);

\node[circle,radius=2pt,fill=gray] at(0,0){};

[6] os_md.xyput([0,0,["draw,ellipse","Sum"]]);

\node [draw,ellipse] at(0,0){Sum};

Eo 6] 1%, TEX 7 7 A /L O
\usetikzlibrary{shapes}
BRETHS.
LoRiRE S LBWT, os_md.xyproc(Sldviout=1) & T2 LU TORFBELND.

Sum] (Sum) [S] & @ ()

340. xyline([z1,y1,51], [T2,y2,52] lopt=t) xyline([x1,y1], [x1,y2] |opt=t)
2 Xy-pic/TikZ T (z1,91) & (z2,92) M TS BIEIE~Z FATH W)
[x1 »Y1551,11 ,Uul EETBHE Tt 3oL (cf. XypOS())-
TikZ O & X%, opt=t IZ L > TEFER EDA T v a EEXTFRERD.

[0] os_md.dvioutO(O|opt="TikZ")$

TikZ=0

[1] os_md.xyline([1,2,x],[3,4,y1);

{(1,2) *{x} \are{-} (3,4) *{y}};

[2] os_md.xyline([1,2,x,"A"],[3,4,y,"B"]);

{(1,2) *{x}="A" \are{-} (3,4) *{y}="B"};

[3] os_md.dvioutO(1|opt="TikZ");

TikZ=1

[4] os_md.xyline([1,2,x],[3,4,y]1);

\draw node(_0) at(1,2){$x$} node(_1) at(3,4){$y$}(_0)--(_1);
[5] os_md.xyline([1,2,x,"A"],[3,4,y,"B"]);

\draw node(A) at(1,2){$x$} node(B) at(3,4){$y$}r(A)--(B);

Fo [B] 1I2BWT, K& RICLT, BE2ABETHIT
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os_md.xyline([1,2,x],[3,4,y] lopt="dotted,red");
LTB. T, [BlIZBWT, x I, y 2RI, MERCT DI
os_md.xyline([1,2, ["green" x]1]1, (3,4, ["black",y]l] lopt="red");
L35, LIy ZHNTHTIZ
os_md.xyline([1,2, ["green" x]1], [3,4, ["black,draw,circle",y]] |opt="red");
LL, By ZTDHANERTEY D571
os_md.xyline([1,2, ["green",x]], [3,4, ["black,draw,circle,fi11=red",y]] lopt="red");

B

341. xyarrow([z1,y1,51], [22,y2,s2] |opt=t, cmd=s)
2 Xypic/TikZ T (z1,11) & (22,y2) ZRAIETRES (BIEIE~Z A TH LWY)

o 192 3FEHDEE 51, 59 I1TEHWEH].

o xypos ) ICHD LI, [z1,y1,81,t1,u1] ETDHET ULt IRDOE, 51 =[s1,1,51,2) PIEH Y
A—hshb.

o IHDBIFMPHTD L XX "Y\n" %, F7= Xyrpic DLFAITHRAIOFIEH 0 T2 T2 HH D4
DD & Z1FZETFFN KT

o 7T a Dt IFTMER EEEET D Xy-pic/ TikZ O 3LFF.
F 9 Xy-pic DA DN ONOBIEZFET 5.

T

ne{->}" KH (T 75 k) -
"e{<->}" ERESEL -
"e{-}" eSS

"e{.}" SR

ne{"}" WA

ne{=}" T HAR R —
"e{--}" o _____
"@2{.}" THARR

"Q{{x}->}"  KHIOMH -
"e{x.o}" EREIRL X o
ne2{|.>>}"  REIDOHF | >
"@/~1.5mm/" L HAEOLEMNZ L.5mm #iFE
"@(ru,ld)" AHEICHTETIZAS /\/

TikZ OBV, T a v XFH t THRET 5.

231



BROKE very thin, thin, semithick, thick, very thick, ultra thick,

width=2pt,...
AR dashed, dotted, dashe dot, dashe dot dot
DT JE loosely dashed, densely dashed, loosely dotted, densly dotted
PNED -, >, <=> <=, >
RKHIDFGR >=stealth, >=latex 72 &
ZHER double
(Rely red, blue, green, cyan, magenta, yellow, black, gray, white, darkgray,

lightgray, brown, lime, olive, orange, pink, purple, teal, violet,
green!30!white (% 30% H 70%) , cyan!10 72 &
Hi##Z #1175 bend right,distance=0.2cm 72

t=[to,t1] DL EIL, to B LEDXIITMRSI (tg =01F7 74/ 1), XFH0 ¢ 1%

-> VAN
to[out=60,in=120] H2MEANDBROAERT

to[out=60,in=120,relative] 2 & ADHROERAERTE
|- HERR, RITHERR T2 72 <
-1 R, WITHERRCTO22 <

ty DR "+" FRHL B4R &
o TikZ DAL, 7Y aopt¥cemd REZFMLT, IVEAWHE =~ FIZES Z &R T
5.

— os_md.xyarrow([z1,y1], [x2,y2]) T, w1, T2, Y1, yo DT DOHF
\draw[->] (z1,y1) -- (z2,92)

— os_md.xyarrow([z1,y1,51], [22,52]) T, @1, 22, Y1, yo DI, 81 HCFFI OB
\draw[->]node(_0) at(xy,y1){s1} coordinate(_1) at(ws,y2)(_0) -- (_1);

— os_md.xyarrow([z1,y1,51], [x2,y2,521) T, x1, T2, Y1, Y2 BT, 51, s2 DTS
\draw[->]node(_0) at(w;,y1){s1} node(_1) at(xs,y2){s23(_0) -- (_1);
51 %0 59 WEAXOK;E, FE TRX OV —RZEHLT $ THALLOICEE#RZOND.

— os_md.xyarrow([zy,y1, [s],51],t1,u1], (22,92, [sh,52] ,t2,u] lopt=[t,t’ t"], cmd=s)
T, 1, T2, Y1, Yo DECE, M FH

\s[tlnodel[s)]1(t1) at(wy,y1){s1}us nodelts] (t2) at(wa,ys){s1tus (t1)t (t2)t";

B, sOTFT7x N MIdraw, t! DT 74NV ME —, t OT 7 A/ NI > E7poTND. F
Tt t" BEE LRV E XX, opt=t & LTIV,

— 21 R Ty DXFHNDOEEE, TRIET NV ERRIN Ty Ry FEHSH, () THENT
Hhshs.

B2 BB TO L X FIBIOMRPESIND. FH28|5DEEn ETHEL, n OEIIISCTT 7 4
D a<y K \draw ZRO LI ICEZHBZOND (T 75/ NSO EE L&, 47
var® cmd= OFRELVELIND).
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ndOE =<K

0 \draw \path[draw] & [F]%

1 \fill \path[fill] & [F]%

2 \filldraw \path[fill,draw] &[R4
3 \shade \path[shade] & [F]%E

4 \shadedraw \path[shade,draw] & [A%
5 \clip \path[clip] & [F%

6 \pettern \path[pattern] & [FI%

7 \path

8 \node \path node & [F%

9 \coordinate \path coordinate & [F%

CHTEESa~r Fa \end & L7- L&
os_md.xyarrow([z,y],nlopt=[t,t,t"1)

Tx,y, n DEFTHALFIND L X
\cemd [¢] (x,y)t' [t"]

Erb. ek, tV OHEPNRWGEIT LD 1] OBITE AR,

[0] os_md.dvioutO(7)$

TikZ=0

[1] os_md.xyarrow([1,2,x/y],[30,4,272,0,"|f"] |opt="@{<.} @/_5mm/");
{(1,2) *{\frac{x}y} \are{<.} @/_5mm/ (30,4) *{z"2 }If};

[2] os_md.xyproc(@@|dviout=1);

[3] os_md.xyarrow([0,0,["+[F]","Sum"]], [20,0,"$\\sum_{i=1}"na_i$"]);
{00,0) *+[FI\txt{Sum} \ar (20,0) *{\sum_{i=1}"na_i}};

[4] os_md.xyproc(@@|dviout=1);

T

oz
yv.,_”‘vfbﬂﬁ,y Ii!il%444e>§jzzlai

[0] os_md.dviout0(6)$

TikZ=1

[1] os_md.xyarrow([0,1],[2,3]);

\draw[->](0,1) -- (2,3);

[2] os_md.xyarrow([0,1],[1,2] |opt=["->,thin","to[out=60,in=120]+"]);
\draw[->,thin] (0,1)to[out=30,in=120]+(2,3);

[3] os_md.xyarrow([0,1],[2,3] |opt=["bent left, distance=lcm","to"]);
\draw[bent left, distance=1cm] (0,1)t0(2,3);

(4] os_md.xyarrow([0,1,"A"],[2,3,["draw,circle","B"]]lopt=[0,"|-"1);
\draw[->]node(_0) at(0,0){A} nodel[draw,circle] (_1) at(1,1){B}(_0)I-(_1);
[5] os_md.xyarrow([0,1],[2,3] |opt=["very thick","rectangle"]);

\draw [very thick] (0,1)rectangle(2,3);

[6] os_md.xyarrow([-1,-1],[1,1] |opt=["very thin,step=0.3cm","grid"]);
\draw[very thin,step=0.3cm] (-1,-1)grid(1,1);

[7] os_md.xyarrow([-1,-1],[1,1] |opt=["help lines,step=0.5cm","grid"]);
\draw[help lines,step=0.5cm] (-1,-1)grid(1,1);

[8] os_md.xyarrow([0,0],[1,1] |opt=["shade","rectangle"]);
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\draw [shade] (0,0)rectangle(1,1);

[9] os_md.xyarrow([0,0],[1,1] |opt=["shade,left color=yellow,right color=black",
"rectangle"]);

\draw[shade,left color=yellow,right color=black] (0,0)rectangle(1l,1);

[10] os_md.xyarrow([0,0],[".5cm"] |opt=["inner color=red","circle"],cmd="shade");

\shade[inner color=red] (0,0)circle(.5cm);

[11] os_md.xyarrow([0,0],[".5cm"] |opt=["ball color=red","circle"],cmd="shade");

\shade[ball color=red] (0,0)circle(.5cm);

[12] os_md.xyarrow([0,0],[1,1]|opt=["pattern=north east lines","rectangle"]);

\draw [pattern=north east lines](0,0)rectangle(1,1);

[13] os_md.xyarrow([0,0],[1,1] |opt=["dotted,pattern=bricks,pattern color=blue",
"rectangle"]);

\draw[dotted,pattern=bricks,pattern color=blue] (0,0)rectangle(1,1);

[14] os_md.xyarrow([0,0],[1,1] |opt=["pattern=checkboard light gray","rectangle"],
cmd="£fill");

\fill[pattern=checkboard light gray] (0,0)rectangle(1,1);

[15] os_md.xyarrow([0,0],0|opt=["pattern=dots","circle","radius=.5cm"]);

\draw [pattern=dots] (0,0)circle[radius=.5cm] ;

[16] os_md.xyarrow([0,0],1|opt=["pattern=crosshatch,pattern color=blue",
"circle","radius=.5cm"]);

\fill [pattern=crosshatch,pattern color=blue] (0,0)circle[radius=.5cm];

[17] os_md.xyarrow([0,0],3|opt=["shading=color wheel white center","circle",

"radius=.5cm"]);

\shade [shading=color wheel white center] (0,0)circle[radius=.5cm];

Lo [12] PABED pattern OFE TIX, TEX 7 7 A /L DHIHIC
\usetikzlibrary{patterns}
DLETHD. LOFREE 8 & LT xyproc(Sldviout=1) & 32 LIRICLATRELND.

\shade THREINLBY 25 LOEAZEIT
top color=, bottom color=, midddle color=
left color=, right color=, midddle color=
inner color=, outer color=
ball color=
upper left=, upper right=, lower left=, lower right=
shading=color wheel, color with black center, color wheel white center

pattern= TRETEDLEY DS LAY — (T
horizontal lines, vertical lines, mnorth east lines, north west lines, grid,
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crosshatch, dots, crosshatch dots, fivepointed stars, sixpointed stars, bricks,

checkerboard
BWoo., ZON)T—va Y TUTOLIRLOLARETHD.
checkerboard light gray, horizontal lines light gray, horizontal lines gray,
horizontal lines dark gray, horizontal lines light blue, horizontal lines dark
blue, crosshatch dots gray, crosshatch dots light steel blue
342. xyarrows([f1, f2l, [v1,v2], [[21,22,m], [y1,y2,n]] | scale=r,abs=v)
:: Xy-pic/TikZ THEE O KA H#i<
X BROXM [x1,22] 2 m %5y, vy EROXM [y1,y2] Z nEH L, TNENDOKEERVTZ m X n
OEKEAR (2, y) LT, & (filz,y), fo(z,y)) ZiERELT, (vi(z,y),ve(z,y)) &I R
(REN) %Xy-pic/TikZ THES .
o y BN NE X, B3 51EE [21,22,m] ELTE.
e scale=r: X7 hLV%& r {5 L CHI< .
e abs=v: XV MMOEI & v AT —VEHRT D,
e opt=s: xyarrow( ) IZEDEFEINLIA T ary - RTA—X

[0] os_md.dvi([0,4,6])$

[1] Abs=os_md.abs(y)$Sqrt=os_md.sqrt(x)$

[2] SqrtAbs=os_md.compdf (Sqrt,x,Abs)$

[3] P=[x,y]1$Q=[1,SqrtAbs]$

[4] S=os_md.xyarrows(P,Q,[[-1.5,1.5,36],[-1.5,1.5,36]]1abs=0.05)%
[5] S+=os_md.xygraph((x+1)-2/4,-36,[-1,1.5],[-1,1.5],[-1.5,1.51)%
[6] S+=os_md.xygraph(-(x-1)"2/4,-36,[-1.5,1]1,[-1.5,1],[-1.5,1.51)$
[7] os_md.xyproc(S|opt="scale=5"|dviout=1)$

ZNOFATRERIT 1 &7 5.

343. xybox([[x1,y1], [x2,y2], [x3,y3]] lopt=t,color=s...) xybox([[z1,y1],[z2,y2]1]lopt=t,color=s,...

o Xy-pic/TikZ T (z1,y1) & (z2,92) ZXHARE L, (23,y3) ZIERETHFATINAE (H D WIEKFE
i E B ORFEE) i<
o [z;,y;] 27 FATH L
e xylines() AT v a v R UAT Y a VIHER.
o TikZ TOREFEMBEI DL A1, color=s DA a UNIFETE, AfHFR0®BY DS LARENT]
. ZoLrx, ot 7y a T ER SRS,
— color=s & LT s B’XFHNDOWKE, \drawls]--- &7¢5.
color="red" : R CH &<
color="fill=red" : FRTHEY S5F. FuI (5E LT 2
— color=[s,emd] : £ 9% & \emd\draw[s]--- &725.

[0] os_md.dvioutO(O|opt="TikZ")$
TikZ=0

[1] os_md.xybox([[1,2],[30,401]1);
{(1,2) \are{-} (1,40)};

{(1,40) \are{-} (30,40)};

{(30,40) \are{-} (30,2)};

{(30,2) \are{-} (1,2)};

[2] os_md.xybox([[1,2],[3,4],[0,0]11);
{(1,2) \are{-} (0,0)};

{(0,0) \are{-} (3,4)};
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T T Vi VA R T I "R
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-
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VAR AV A A A A AR A S A S S A A A A A A A A A A A A4
NI DT T TTIATNSS D
NPT DDA
NP PPN
AP A AN
NN AN
AN AN
A AN A A A
AAAAAAAAAAAAAAAAAAAAAANSAN
A A A A A A A A A A A A A AA A A A A A A A A A
A A A AAAAAAAAAAAAAAAAAAAAAA
A A A A A A A A A A A A A A A A A A A A A A A
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a NPT DTSN
V NP DTSN
VAR ARV AV AR A AV AR A AR A A A A A A A A A A A A AV A4
»rr”r>”r )

{(3,4) \are{-} (4,6)};

{(4,6) \are{-} (1,2)};

[3] os_md.dvioutO(1|opt="TikZ")$

TikZ=1

[4] os_md.xybox([[1,2],[3,411);
\draw(1,2)rectangle(3,4);

[5] os_md.xybox([[1,2],[3,4]]|color="red");

\draw[red] (1,2)rectangle(30,40);

[6] os_md.xybox([[1,2],[3,4]]|color="red,fill=yellow");
\draw[red,fill=yellow] (1,2)rectangle(30,40);

[7] os_md.xybox([[1,2],[3,4]][color=["yellow","£il1"]);
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\fill[red] (1,2)rectangle(30,40);
[8] OS_md.xybOX([[l,Q],[3,4],[0,011);
\draw (1,2) -- (0,0) -- (3,4) -- (4,6) -- cycle;

344. xycirc([z,y,s],rlopt=t,arg=[01,02] ,deg=[01,02]1,close=1)
2 Xy-pic/TikZ T (z,y) HLOHER rmm/cm DM %<

o 17195 3FHD s ITAHMA]

e opt=t : A7 = L IFH

o KEHMNHT WA, arg=[-0pi,0pi]l 5. 1k
usepackage [pdf,all]l{xy} IC &> Tpdf 7 7 A VEERT 2HE1E, 20T —TEE R0,

e sNhHoTr=00L &%, s EHTHT.

o arg ZIE L & XIFEMMARZRY, Ff 6, 225 0 FTTOMIMZEHI (0< 0y — 601 <27).
ZDLEFT T a s opt IIHFERE LT LMNEND (cf. xylines( |curve=1)).
F72 close=1 THL LM THERWTHEHML T 2.

o LVPAMEDH D xyang() ZHWD H A L.

[0] os_md.xycirc([2,3],5|opt="1"d");
{(2,3) *\cir<5mm>{1"d}};

[1] os_md.xycirc([2,3,x],0);

{(2,3) #+{x} *#\cir{}};

345. xybezier([[xl,yl] S [@n,ynll | verb=k,opt=t,cmd=s,relative=1)
it Xy-pic/TikZ TX 45y Bemer B (#4 Bézier Hhi) ZHi<
ﬁAlﬁé’ (z1,91), R %E (Tn,yn) & L, BHOFEAEZHITEH R & T 25 Bézier HfR A< .
o [x;,y;]1 1I~7 FLTH L.
o BHD [w;,y;] #HFD 0, £112T D LLLTD L D RFFRIOBE KA FEO.
— 0: FIf2 CYI D EEL CHID Bézier Hift &9 5.
— 1: EATORZERT OIS L35 Bézier thff L 5.
-1 : RS ERS LT DB U7 Bésizer B & L, mifg CUIY B
e verb=1: #AR L m% o, HilfHllR%E x THRIRTDH. HAMO Bézier Hift & 72 556 D HHL).
e verb=2: L ERIEEZN, KAIFEE R L2V
o verb=[k,t1,t] : MR LKA, HIROWME FEIBET 5.
— k=128 TET, BBLI-ELET k=1 GAREEHKEER) LMREIND.
— f ITERR KR, o RIS ORTREEZR L, xyput) OBIHED Y X F DDA s IR
T5.
— 774V M, t; ="$\\bullet$", {5 ="$\\times$"
— to ZAME LT verb=[t1] L35 &, R EHEROBINT, HIFEAITHNR.
— TikZ © & x1%, 72 & 21F verb=[["red","$\\bullet$"],"$\\times$"] T2 &, thm &
R AR THE< .
e relative=1: TikZ O & =T, RSN EEZEOMHSHEE LT 5.
e cmd=s : TikZ IZBIFHa~vr l\ \draw DbV IZ \s 2.
e XYLim : TEX @Y —AC, XYLim HOEHICEALT L T57-0%ITE2 AND.
dvioutO(n|opt="XYLim") |ZX > T XYLim % n ICEHETX D (T 74/ M 4).
e opt=t : A~¥ L DL ’71‘7 vartxOT5.
TikZ O%EVE, xyarrow () OEICENNZHFIEEOM, LLTO XS BV S5 La~vy RMERD.
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fill BYORL
fill=yellow,draw=blue JRCHEEZHE, NHELHOTRY S5T
fill=red,opacity=.5 RCHEWE 0.5 THY D5
fill=red,even odd rule winding number B3&%k (F 7 4/L X 0 LIS OFGERTHEY D57
[0] A=newvect(8)$
[1] for(I=0;I<8;I++) A[I]=[I,1/2];$
[2] os_md.dviout0(7)$
TikZ=0
[3] os_md.xybezier([A[0],A[1],A[2],A[3],A[4]11);
{(0,0);(4,2)
*x:\crv{(1,0.5)&(2,1)&(3,1.5)}};
[4] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[611);
{(0,0);(3,1.5)
**x\crv{(1,0.5)&(2,1)}};
{(4,2);(6,3)
*x\crv{(5,2.5)}};
[5] os_md.xybezier([A[0],A[1],A[2],A[3],1,A[4],A[5],A[611);
{(0,0);(3,1.5)
*+x\crv{(1,0.5)&(2,1)}};
{(3,1.5);(6,3)
*x\crv{(4,2)&(5,2.5)}};
[6] os_md.dviout0(6)$
TikZ=1
[7] os_md.xybezier([A[0],A[1],A[2],A[3]1]);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5);
[8] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[611);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5)
(4,2) .. controls (5,2.5) .. (6,3);
[9] os_md.xybezier([A[0],A[1],A[2],A[3],1,A[4],A[5],A[611);
\draw (0,0) .. controls (1,0.5) and (2,1) .. (3,1.5)
. controls (4,2) and (5,2.5) .. (6,3);
[10] os_md.xybezier ([A[0],A[1],A[2],A[3],-1,A[4],A[5],A[6],-11);
\draw (0,0) .. controls (1,0.5) and (2,1) and (3,1.5) .. cycle
(4,2) .. controls (5,2.5) and (6,3) .. cycle;
[11] os_md.xybezier([A[0],A[1],A[2],A[3],0,A[4],A[5],A[6],-1]|relative=1);
\draw (0,0) .. controls +(1,0.5) and +(2,1) .. +(3,1.5)
(4,2) .. controls +(5,2.5) and +(6,3) .. cycle;
[11] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|cmd="£ill",opt="green");
\fill[green] (0,0) -- (2,0) -- (1,1) -- cycle;
[12] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|opt="£fill,red");
\draw[fill,red] (0,0) -- (2,0) -- (1,1) -- cycle;
[13] os_md.xybezier([[0,0],[2,0],1,[1,1],1,-1]|opt="fill=yellow,draw=red");
\draw[fill=yellow,draw=red] (0,0) -- (2,0) -- (1,1) -- cycle;

346. draw_bezier(id,idx,b|col=c,opt=s,init=1)
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nF o N RITIX Sy Bézier i <
P—3—id A id TH v 23R id A idx DF v >N AT Bézier gz #i< (cf. draw_obj()).

b i xybezier () DFIEDIEX, &5 WIEZN%E 1bezier() TEM LD (K o TXSr Bézier
iR T X)), F£721%, tobezier() MRV ED t % Bézier HifRTH L.

col=c: AIEE (Oxffffff NH).

LFFNZ K AFEE T, red, blue, green, yellow, cyan, magenta, black, white, gray, thin,
very thin, dotted, dashed 73A[#E. opt="red,thin,dotted" R XL W HFEENTE D.
init=1: SMEOHEME (fLOBIBITT < THEEAR).

[0] Id=ox_launch_nox(0,"ox_plot")$

[1] open_canvas(Id)$

[2] Idx=ox_pop_cmo(Id)$

[3] B=os_md.xyoval([150,150],100,1lopt=0)$ /* Huly (150,150) ##& 100 MM */
[4] tstart$os_md.draw_bezier(Id,Ind,B|col=0xff00ff)$tstop;

[6] [6] 0.0156sec(0.015sec)

347. xylines([[x1,y1,51], [2,y2,52],...] lopt=t,close=1,curve=1,ratio=c,verb=1,scale=r,
Acc=1,dviout=1,proc=p)
o Xy-pic/TiKZ T s % (xj,2;) ICBE, (21,91), (T2,Y2),... & (Bézier #i) BRTHS

close=1: DR ERYID R EFEAT, SAKE LB ONRAMBREIES.

close=-1: MR CHRSBEAIL, HMERKEOMITHBESEE L, 720 OE 2B L ITH 5.
curve=1 : Mg (Bézier iEREfE ) T?’%%ﬁ)ﬂiﬁé‘;._)

Py, P1, Py, Py 285U T Py & Py #5550C1, PoPy OHIANC Py inb oy PP, OEREE AT
Jy Q L, P3P DI M P, nb Cgﬁ HATZH R D2 ;‘ﬁ%—ffﬁlﬁﬁﬂ:ﬁ&?%ﬁkmﬁer Hi R 2
Hnd., PoMFELRVWEZXQ %, s RHELEVWE XTI REHL. PPy & PPy OT4A
ZO0(0<O0<m&¥dHLE, 774/ T

c1+ co . 2
2 3(1+cosd)’

C1 . Cy = POP2 : P3P1

ELTWa.

En AFOESAZEEL, close=1 Z¥8ET D &, T 74/ hCTIIAMEMITWEIFRIZAR D,
FEE, AMEMORRE 1 L L E, BoNmilBROPLr b OHEEE 1 & OEORKEIE, n=23
DL x0.0015,n =4 DL x0.00027, n =6 ®& X 0.000024, n = 8 D & = 0.000004 &) FEE
DINSIRfEEL 72D,

728, ratio=c ZRELZ L XL, LUTFOXICEDD.

@Zdjopz, ]ﬁchgﬂ

acc=1: curve=1 #fEE L7z & X, pari() OEMHEE CHIfELRZFHET 5.

curve=2 : B-spline iR CHES GRH O SULHIHE A THE S 7200).

SO EE s, LR L B ORIEE ATHE. TIKZ TIRHA— k ShA (3 KELFO Bézier ik
XA — ).

S1, S2,... [TAEMEARE. FTos; B E X, [x),y,;1 1TV A FTRITRZ FATH L,
WREOT =22 00855 &1L, FORIE CHEMAEZITMHEEY 5.

scale=r : Xy-pic/TikZ OPEFEIZE T & X r 5T 5.

scale=[ry,ro] : Xy-pic/TikZ OMEEFEIZE T & 2\ o BAEE r %, y BIEE ro (5795,

Xy-pic 13T mm HAZ, TikZ 1 cm BAZTH 5.

opt=t : JXFFN t I L DO E. Xrpic TAH T ¥ 2 curve ZHREE IO TS L&D
AR E X xyarrow () 22, curve= 1,2 O & &, 72 & 21F Xepic 72 H1F " x=<3pt>{.}"
1% 3pt EIRE D AR

239



TikZ O & & OHBFEREIL, xyarrow() OHESM N4 7 v a v opt DL LTHEIND). F
et =Tlto,t1] £ 2 2DXFHNDY XA bDE XL, ¢ & 1 & xybezier() @ opt & cmd D/37
A—ZITREIND.

opt=0 : xybezier() IZETHIEK DU X F %iKT.

dviout=1: HEH CTERT 5.

proc=1: HEIETHR OB %K T (proc=2 b [FER).

verb=1: iK% e, Hl#HlHEZ x TERTD.

verb=[t1,to] : WA % t1, HIEEE to TET (cf. xybezier()).

T 7N ME, t1 ="\\bullet", {3 ="\\times" Th 5.

e verb=[t¢;] : S A t; TET.

IIJ@EP‘[\)OﬁL?)OVC, OP():OP1:OP2:OP3 Z)‘/DPOP1:P1P2:P3P4
&fi’)fl/\éj}/%/ﬁ\%%}%_é 4P10P2:0, OP():T, PlQ:PQR:a
EROWTEEA NS ISRS Y, Bézier R Lo t = L ITHIET DA T XA T O
Lok s.

0:(0,0), Py : (rcosg,rsing), Py : (rcos, —rsinf) Ot
Q: (rcosg—&—acoseT rsm§+asm%)

= (rcosd +asing, rsing —acos?)

R:(rcos +asin, —rsing +acos)

T:(rcos$+ 3asin$,0)

ZMEOT = 0P, VL2 LT 5L

0 4 3,qinf —
T COS 3 + jasing =71

iy , ,
41 —cos3 4 sin?
S Ry B R
2 2
Zobkx
41— Cosa 4 sing
:(rcosd + 2 sin &7, rsmg—772(:osgr)
@ ( 3 sind 2 > 31+cosd 2
i 8
= ((% — Lcosd)r, (1 - %cosg)ilsm 2Q7“),
+C052
PQ 4 sin§ 1 2
) 050 0
PPy 31+cosg2sing  3(1+4cos3g)
L%,

r=1&LT, Bézier itz B(t) = (x(t),y(t)) = Pi(1 — )3 + 3Qt(1 — t)> + 3Rt*(1 — t) + Pyt?,
¢ = cos g s S Kt
L(s) = (s + 3)* +y(s + 3)?
_ 161 —o)’ 6 8(1-¢c? ; (1-¢,

— 1
1+c¢ s 1+c s 1+c¢ st
= L 24 1) 41

L2B0T, 0<s< 5 OFHT

88 +(1—-4s?) +(1—4s%) 2
3 3
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LR, HEEMALIE 8 =1—4s2, Tabb s’ =L 0oLlExThb. LoT|s| < 1 OfiBAT L(s) 1%
s=0,£3 TRUMEL&ZED, s =51 TRKflE L5,

1 (1-¢)?
L) —1=—
(53) 27 1+c '’
1 21 o
6718 (6= = =120 )
s PP N (Stcil )LD i R P B
237 T B4 1 4cos? ) 41900 3
2 2351?41 (0= =4 )
2683400 (0= 5 =30 )
77 /v b Tk Po,Pl,P27P3 ZEDHIE O e iR Pt P RS
PyP.
cosG__( 0 P2, P3Py)
PyPy - P P3
0 /14 cos@
Cos — =4/ ——,
2 2
PP — 2 2P P
0171 3 ‘PO.PQ: L2 ITP;
PPy ¢H@§§p%&+ag
3+3 022 1173
£
_ 4P Py 1
3PP+ P P3) 14 (PaPy. PPy
14+ P01°22'P1P3
b SE

ﬁf@chon, 13;§=CP3P1

W&o T, P &fs, P af&n, Q & RD2 5% ZONRICHIEAA & T2 3k Bézier thift & 72 5.
Qo, Ql, QQ, Qg &J@ﬁ:ﬁif:&%, Qo %ﬁé\'){—(—'\, Ql L Q2 %‘fﬁ%u%ﬂ)ﬁ, Qg %%@:‘ﬁk#é (3 yJ/t) Bézier
iR

B(t) = Qo(1 — ) 4+ 3Q1t(1 — t)* + 3Qa2t*(1 — t) + Qst”
= (—Qo +3Q1 — 3Q2 + @3)t* + (3Q0 — 6Q1 + 3Q2)t* + (—3Q0 + 3Q1)t + Qo

ThHZbNh5.
fcﬁ%, P(), Pl, PQ, P3 &J'IEL:E—Z:fZ&%, P1 %‘fﬁé)ﬁ, PQ %%;ﬁ&ﬁ‘é Catmull-Rom 270:7‘/]) :/EHEI
HRI%

Ct)=(—3P+ 3P =3P, + iP)t° + (P — 3P  + 2P + 3 P3)t* + (=3 Po + s P2)t + Py

ThHd. WHOERIE
Qo = P,
Q1:P1+%(P2*P0),
Qfﬂ%+aﬂ—aﬁ
Q3 = P».

JZOTCZ% CEELIELDE LTS,
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[0] L=[[0,0],[20,0],[20,20],[0,20]1]1%

[1] LO=os_md.xylines(L|close=1);

{(0,0) \are{-} (20,0)%};

{(20,0) \are{-} (20,20)};

{(20,20) \are{-} (0,20)};

{(0,20) \are{-} (0,0)};

[2] Li=os_md.xylines(L|close=1,curve=1,ratio=1/6)$
[3] L2=os_md.xylines(L|close=1,curve=1)$

[4] L3=os_md.xylines(L|close=1,curve=2)$

[5] L4=os_md.xybezier (append(L, [[0,0]11))$

& LT, Lo, L1, L2, L3, L4 #IEICFRT 5 &

(D0

I BIE Xy-pic DHITH DM, TikZ OBGEIIEED A /r— LV OFE WD, scale=0.1 #IFET D &
YA ZXRE IS, & xE, Lo [3] ®L21X

{(0,0);(20,0)
*+\crv{(5.523,-5.523)&(14.477,-5.523) }};
{(20,0);(20,20)
**x\crv{(25.523,5.523)&(25.523,14.477) }};
{(20,20); (0,20)
*x\crv{(14.477,25.523)&(5.523,25.523) }};
{(0,20);(0,0)
*x+\crv{(-5.523,14.477)&(-5.523,5.523) }};

TH D, os_md.dviout(6) 72 & LT TikZ B hic72b k5L T
os_md.xylines(L|close=1,curve=1,scale=0.1);
FEITLIZE &R

\draw (0,0) .. controls (0.552,-0.552) and (1.448,-0.552) .. (2,0) ..
controls (2.552,0.552) and (2.552,1.448) .. (2,2) .. controls (1.448,2.552)
and (0.552,2.552) .. (0,2) .. controls (-0.552,1.448) and (-0.552,0.552)

. cycle;
LS. ZHIFUTTHLREETH D.

[6] Pi=3.14159265$
[7] for(V=[],I=0;I<=48;I++) V=cons([10*Pi*I/12,dsin(Pi*I/12)%*10],V);
[8] os_md.xyproc(os_md.xylines(V|curve=1) |dviout=1)$
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[9] for(V=[],I=0;I<=6;I++) V=cons([10*Pi*I*2/3,dsin(Pi*2*I/3)*10],V);

[10] os_md.xylines(V|curve=1,dviout=1,verb=1);

X X

[11] os_md.xylines(os_md.ptpolygon(5,10)|close=1,dviout=1)$
[12] os_md.xylines(os_md.ptlattice(6,4,[4,0],[0,4]|1line=1) |dviout=1)$
[13] os_md.xylines(os_md.ptlattice(6,4,[4,0],[3,4]|1line=1) |dviout=1)$

348. xyang(r,pg,p1,p2|lopt=t,scale=r,prec=1,ar=1,dviout=1,proc=1)
2 Xy-pic/TikZ TH Lpipops DRt 5 MIIRCERIE 0K 2 i <

po = [xo,y0l, p1 = [x1,31], p2 = (w2, y2] DL XX, Lpipope DFADFLT Z 48 r OITHI<
(Dopy 7B IKBERHEN Y ).

po = [zo,50), pr = Lz1, 1), po = £1 D& &L, po ZTEAT S pop) HIo & Zh & BT 5 1A
Wi r OEMATLEERMLS (pp =10 & JFXEFFHEID, py = —1 D& X IHFEHEY ).

po = [xo,y0), p1 = [x1,41], po = £2, £3, £4, 0 D L XX, py ZTEHA ETDHRAIOLEEH . r
WL DR S, Moy & O/, JIEIZ 45°, 30°, 60°, 90° THDH. 72721, ps < 0 OERFFKE
DT TRERT.

Py =5,6,7,8 D& XIE, FERHAN-TNT, BIXIHIAI 45°, 30°, 22.5°, 15° L 72 5.

ar=1 Z{EET D L, po & p1 ZR/ESHEOBINT, KA1L725.

Po = [Zo,Y0] T, p1 & p2 BT p1 < po < p1 + 2w DI, po ZHLIZHEE r O A, RAHR
p1 DD py F T Bézier HifRZ - TH<. 72720, pr=p DEZFHETS.

MIlDOEE, ar=1 Z2HET D LEEEH<.

prec=1: HOMIMI L VI T2 (F 74/ b TOMOFLILOHEEOMZEE, 0.16% LLF T
BDHN, TNE 5555 = 0.03% AT LT 5).

prec=2, 3 |25 LT, FRZEIX m, WEOO AT %.

proc=1: #iEFETIHXNOER LK T.

BELEAT v a R A—=4F, EObLOERNTAET xylines() IZIESND.

TikZ o & X1

[0] os_md.xyang(0.3,[1,1],[6,1]1,[5,5]1); /* AEDIL */
\draw (1.3,1) .. controls (1.3,1.08) and (1.268,1.156) .. (1.212,1.212);

[1] os_md.xyang(0.3,[1,1],[6,2],1); /x BEfARES (REEtERY) */
\draw (1.294,1.059) -- (1.235,1.353) -- (0.941,1.294);
[2] os_md.xyang(0.3,[1,1],[6,2],-1); /x BEALS (BEEY) */

\draw (1.294,1.059) -- (1.235,1.353) -- (0.941,1.294);
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[3] os_md.xyang(2,[1,1],0,0pi/2lopt="dotted,red"); /* FIL */
\draw[dotted,red] (3,1) .. controls (3,2.105) and (2.105,3) .. (1,3);

[4] os_md.xyang(2,[1,1],@pi/12,@pi/3|ar=1,scale=2); /* R */

\draw (5.864,3.035) .. controls (5.589,4.06) and (4.919,4.934) .. (4,5.464)
-- (2,2) -- cycle;

[5] os_md.xyang(2,[1,1]1,0,0); /* B :3/RE 1/640 LT */

\draw (3,1) .. controls (3,2.54) and (1.333,3.502) .. (0,2.732)

. controls (-1.333,1.962) and (-1.333,0.038) .. (0,-0.732)
controls (1.333,-1.502) and (3,-0.54) .. cycle;

[6] os_md.xyang(2,[1,1],0,0|prec=1); /x B ERE 1/3600 LT =/
\draw (3,1) .. controls (3,2.105) and (2.105,3) .. (1,3)

. controls (-0.105,3) and (-1,2.105) .. (-1,1) .. controls (-1,-0.105)
and (-0.105,-1) .. (1,-1) .. controls (2.105,-1) and (3,-0.105) .. cycle;
[7]1 P=[0,01$Q=[2,11$R=[0,11$5=[4,01$ /* 4R P, Q, R, S ZEE */

(81 [9]1[10][11]

[12] T=os_md.ptcommon([P,Q], [R,S]); /¥ T : PQ & RS OXH */

[4/3,2/3]

[13] SS=os_md.xyang(0.3,T,P,S|opt="red")+os_md.xyline(P,Q)+os_md.xyline(R,S)$
[14] os_md.xyproc(SS|dviout=1)$ /* PQ, RS, f# PTQ ZH< */

[15] U=os_md.ptcommon([R,S], [P,0])$ /*U : P M5 RS ICTALI-ERDE */
[16] SS=os_md.xang(0.3,T,P,1)+os_md.xyline(P,T)+os_md.xyline(R,S)$

[17] os_md.xyproc(SS|dviout=1)$ /x P A5 RS [CTFALEEREHS */
[18] os_md.xyproc(os_md.xyang(0.2,Q,P,2|ar=1) |dviout=1)$ /* KE1 =/
[19] os_md.xyproc(os_md.xyang(0.2,Q,P,3|ar=1) |dviout=1)$

[20] os_md.xyproc(os_md.xyang(0.2,Q,P,4|ar=1) |dviout=1)$

[21] os_md.xyproc(os_md.xyang(0.2,Q,P,0lar=1) |dviout=1)$

[22] os_md.xyproc(os_md.xyang(0.2,Q,P,-2|ar=1) |dviout=1)$

[23] os_md.xyproc(os_md.xyang(0.2,Q,P,-3|ar=1) |dviout=1)$

[24] os_md.xyproc(os_md.xyang(0.2,Q,P,-4|ar=1) |dviout=1)$

[25] os_md.xyproc(os_md.xyang(0.3,Q,P,5/ar=1) |dviout=1)$ /* BEASDf=K5E */
[26] os_md.xyproc(os_md.xyang(0.3,Q,P,6lar=1) |dviout=1)$

[27] os_md.xyproc(os_md.xyang(0.3,Q,P,7|ar=1) |dviout=1)$

[28] os_md.xyproc(os_md.xyang(0.3,Q,P,8lar=1) |dviout=1)$

/D

P e e e
T T
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349. xyoval(p,r,qlopt=t,arg=[t1,ts,t3] ,deg=[t1,t2,t3] ,scale=r,ar=1,prec=1,dviout=1,
proc=1)
o Xyepic/TikZ Tp ZHla& LT, BORIN r & gr O E 7213 0OICHEE 2 /i<
o slp ZHULMT, FEYERHO PN v, FIUTERZ T DO 22D qr OFFH &<
o FEMOIEAEORMAIL t3 THRETD. ZOREN RN EX T3 =0 R EN5.
o FEH DOIEHERNFMND, /RT A —2Wt & tog ORIOERSOIMEHE< .
IO, ar=1 ZI8ET 5 L BEN IS,
t1 = to ETATIBEN RV E XL, BHAER#EIND.

costs sints cost
prr( o i) () el
o 1y, to, t3 DIREILT VT (Ang) £71XAKE (deg).
e opt=t : xylines() IZBIFH A7 v a v LIA LEK.
e proc=1: fiEFEITHADEFE 2.

[0] os_md.xyoval([0,0],1,1/2|arg=[2%@pi/3,7*Cpi/3,0pi/8],scale=10,0pt=0);
[[-6.27647,2.0871],[-10.6562,-1.40948],[-10.451,-5.23007], [-5.84741,-5.90082],
1,[-1.2438,-6.57157],[5.5263,-3.7673], [8.30725,-0.0377664] ,1,[11.0882,3.69177],
[8.53175,6.53844],[2.96233,5.91393]1]

[1] os_md.xyoval([0,0],1,1/2|arg=[2*@pi/3,7*Cpi/3,0@pi/8],scale=10);
{(-6.276,2.087); (-5.847,-5.901)

**\crv{(-10.656,-1.409)&(-10.451,-5.23)}};

{(-5.847,-5.901) ; (8.307,-0.038)

*x\crv{(-1.244,-6.572)&(5.526,-3.767) }};

{(8.307,-0.038);(2.962,5.914)

**\crv{(11.088,3.692)&(8.532,6.538) }};

[3] os_md.dvioutO0([0,6]1)$

[4] os_md.xyoval([0,0],1,1/2|dviout=1)$

[5] os_md.xyoval([0,0],1,1/2|arg=[2%0pi/3,7*@pi/3,0@pi/8] ,dviout=1)$

[6] os_md.xyoval([0,0],1,1/2|arg=[2%@pi/3,7*Cpi/3,Cpi/8],ar=1,dviout=1)$

[7] os_md.xyoval([0,0],1,1/2|opt="red",dviout=1)$

C O ) ) O

350. xygraph(f,n, [t1,t2], [x1,22], [y1,y2] lopt=t,rev=1,ax=[xg,y0,5s,t,ul ,axopt=[h,w,0,z2],
scale=r,ratio=c,raw=1,org=[z¢,yo] ,pt=[pi,p2,...],verb=1,para=1,prec=v,shift=[u,v],
Acc=1,dviout=t,proc=p)

w B O n R TOETEEO 7T 75H#i< () <x <t (xl,yl)*(l‘g,yg) 1IN DEIPH)
o HEBIS DL xylines() % curve=1 AT 3 CTHND.

o BHUIx T, EBITx <9, y1 <Y TRITFITARE 20,

o fIX [f1,f2] DIED/RT A—FFRTH L.

e para=1: f M [f1,fa] DT A—FFRTHDZ L EHRTH.

o [OHIHED f1, fo ITABEEES sin(x) 72 & OWEREBUCIR 57", mydeval () 23R T X 2572
HITEW., Ko Ta—¥RERLEEES, T WERED LI pari() A TYHAR— FIN72K
BTH L.

o fi WHEEKT fo BNY A MEROBEED L 1L, para=1 L LT ARTA—FERTHDHZ L EHR

THOVENSD.
o Ak x TR Tt ETDLENE, [t,ta] TR T [t,t1,t] LEEETS.
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T :tl, To = to @k%@i, %4 gl;& [$1,$2] %0 k?ﬁﬁbf%ib‘
rev=l:xz=f(y) DI T 7 &I T.
(xl,yl) & (xz,yg) TTEZF 6%ﬁ‘5%ﬂ5;‘§51|&%< .
n=0 EtHELEZEZIE, n=232 LtAH2T.
n<0 D& |n| &S LcKEOmEO 1 XESIMIHERE & 5.
n SR TR CTREBSRET 5 & &1, [t,t] TR T [,tyy .. tn] DEIITHEET D
(7286, t1,... Ly I ZHFHEMNREES]. S OICENZEL TR, ZHOFBEL LTS EW).
n WRADRHE, HAl & BB DR Ly, by, IEHIES & T 5.
prec=[vy,va,v3] : PR TES EMEDN 03 UL EOSBISOMEEZ 2 IS T5Z 8 (IHIC
vy >0 DL ZFEDOINAMDESD vg 53D 1 UL EOBKO N & 2 KB OMY) % vy AT > 7170,
EBHICv3>0DEE, BORAHOEZID vz 55D 1 LLEOBKONE AEFE R & e T
— v =1DLE T vy =30 LRI, 1<vy <10D&ET vy =10 EMEREA, v > 120
DE XL vy =120 EFEIREND.
—v3 =0 D& EE, NHEEAITRNHDEMRTS.
—v3=1DLXT vy =16 LRI, v3 >512 DL EX vy =512 LMRINS.
— prec=[vy,v2] 1%, prec=[vi,vy,0] LFIRINS.
— prec=v; %, v1 =0 D& & prec=[4,30,0] &, v; >0 D& X prec=[v1,30,0] &, v; <0
® L = prec=[|v1|,30,16] LFRIN 5.
opt=t : MFEDIEE L (xylines () IKESIND).
opt=0: Hif% xybezier() DFIFDT — & FTKT.
ratio=c : Bézier iR Z 5 & & DT A —%F (xylines() XIS D).
ax=[xg,yo] : (To,y0) ZIRRE LT xllie y sz BANICHI< .
BNICHARWENTI 22200 T, ZREFIH L T—HOBMOAOHEATE 5.
ax=[zg,y0,5,t] : s WIEEKZRD, v EINIFRND s HICEREY 2o 5.
HED ZDFAMEEZIEETH L 1T s = [s1,82,...] EIRENOGOD v EEONE A EL .
Sj :[Sj,o,Sj’l] Lo TnBE $5,0 ONMEICHEY 22T, £ZIZ Sj.1 wEL.
t CHRARIC y WO B Y OFRENTE D
ax=[xo,y0,5,t,ul : s, t ’EFTTun1 L 2LT5HE, BRED D ax=[zg,¥y0,5,t] IZHE-TOF
L, wlli-oTEIICETREINDS. u=0DtE ELFAOMNED ¢ 8T ks + 9 25 y flIZ
Tkt +yo BEIN, u=1DLE LFEHOMED v 8ZIE ks 28 y 8T kt ZEN, u=20
LE EFEBOMBEIZkE BENND.
axopt=z : z WX TFHIDOREL x #h & y BIOMFEFRE LTS (77 40 MEIFER T Xy-pic D& X%
"e-").
axopt=h : h 2% 0 LISNOETFOREE, HED OWMNL0EIEEHZD.
EREORHIECA M (2o T, y#zo/k) ORKY.
axopt=[h,w,0,z] : #ICHE Y O E HFDOIEE
— h =Lho,h1] 721X h =Lho,h1,he] DL Z s HIOBKY DFEI % hg 25 hy FTET 5
Xy-pic/TikZ ¢ mm/cm H{7).
ho 133LFHIT, HEY MBI CT R EXENLERE (7740 MEIT "+1U"/"below").
h 30 CRWVET25, hg=0,h =1 fFREND (h=0DLZXEFT 74V DEE).
- w :[’wo,wl] FllFw =[wo,w1,wg] DL X Y $EE@E@@ ODTPE% Wo N w1 FTETH
Xy-pic/TikZ ® mm/cm HA7).
wg [ ELFHIT, B ALEICCT R E 2B NLERE (77 40 MIA "+IR"/"left").
w BETRD, wg=0,w; =1 EMREIND W=0DLEIT7HVIFDEE).
— 0o MXFHND L E, x MO RICLF e ENERE (7740 MEILET "+1UR"/"below
left").
o WILFHITRITNTEAINS.
— z: xBhE y EHORFEIEESLTH] (T 7 40 MR T Xpic D L& &L "e-").
z F721E 2 & o ZAMEFIEE.
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pt=[p1,p2,...]1 : (HEED) SEPRT D ELITMER <. LT xy2graph O ORI AT
TatE D,
scale=r : Xy-pic/TikZ OFEEIZET & T r 57 5.

e scale=[ry,ro] : Xy-pic/TikZ DOFEREIZIE T & I o FIEE ri %, y BEEE ro 5T 5.

org=[x0,yo] : Xy-pic/TikZ DEEFEIZIE T & Z1Z (20, yo) ZXy-pic/ TikZ OJFRIZTHE S E .
FOWMBEPNRESNT L&, JEE (2, y) 13 Xy-pic/TikZ OEEFE (ri(z — z0),72(y — yo)) ICAEH S
na.

raw=1: @BERO Y A FEIET (o4 7 a TER I D).

I xylines() OF —F L7320, F7- ptaffine() TV 7 4 VEBNGHETX 5.

2, BHEAORIT0 VDT —XITEREIND.

o f=[0,0] ®LXFTT7EHDRV. EEHOHLERH & XITHNS.

err=c : HHOERLENANDIZT—NELDLEL, c=1,c=—-1REELCIDFTvav
ERETDIE, T —DMEINDAREMERSH D (e ITHHERH F Y K& R0

e verb=1: /77 Lomima % e, Hlffliiz x TRRTD.
e verb=[t1,t2] , verb=[t1]: 77 7 LO@ESHIE RO & HE2IBEET D (cf. xylines()).
e proc=1: execdraw() OMWEIETHALIET.
e proc=2: LL[AERTHHH, Windows 4 XOFEMITE D2\,
e proc=3 : B FEITI DO BIEHIBERL /> &R T
e dviout=1: /7 7% TEX Z HWTHEHERT~T 5.
o dviout=t: t NY A DL X, execdraw() Z VW THUELT 5. t L execdraw(f,t) D 2FHD
Bk SET 5. 2oL X ext=[a,b],cl=1 ® execdraw() DA 7 3 » bIEEAHE.
B b B H R E 1L dviout=[0], & %\ X dviout=[[0, [600,400]1],0] 72 L.
Xy-pic D & X%
[0] os_md.xygraph(x~2,0,[-1.5,1.5],[-1.5,1.5],[-0.5,2.3] |dviout=1,ax
=[0,0,1,1,1],scale=10);
[1] os_md.xygraph(x~3,0,[-1.2,1.2],[-1.2,1.2],[-1.5,1.5] |dviout=1,ax
=[0,0,1,1] ,axopt="0@{.}",scale=10);
[2] os_md.xygraph(1/x,0,[-3,3],[-3,3],[-3,3] |dviout=1,ax=[0,0],scale=5);
[3] F=[(1+cos(x))*cos(x), (1+cos(x))*sin(x)]1$
[4] os_md.xygraph(F,0, [-@pi,@pi],[-0.5,2.5],[-1.5,1.5] |dviout=1,scale=10,
ax=[0,0]);
—J, TikZ & =%, kX
[0] os_md.xygraph(x~2,0,[-1.5,1.5],[-1.5,1.5],[-0.5,2.3] |dviout=1,ax
=[0,0,1,1,11);
[1] os_md.xygraph(x~3,0,[-1.2,1.2],[-1.2,1.2],[-1.5,1.5] |dviout=1,ax
=[0,0,1,1] ,axopt="dotted") ;
[2] os_md.xygraph(1/x,0,[-3,3],[-3,3],[-3,3] |dviout=1,ax=[0,0],scale=0.5);
[3] F=[(1+cos(x))*cos(x), (1+cos(x))*sin(x)]$
[4] os_md.xygraph(F,0, [-@pi,@pil,[-0.5,2.5],[-1.5,1.5] |dviout=1,ax=[0,0]);
s,
LUF, Xy-pic DG OEITH 575, TIKZ OBEIE RiE 1L mm HAr, %EFIE cm B2 0 T) scale=

DA% +4yD—12, [9]1 D opt=""%=<3pt>{.}" % opt="dotted" |, [10] O opt=""#={.}" %
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opt="very thick" 72 SICAET 5.

2+

[6] Fi=[sin(2*x),sin(3*x)]$

[6] os_md.xygraph(F1,-48,[-@pi,@pi],[-1.2,1.2],[-1.2,1.2]|dviout=1,scale=15,
ax=[0,01)$

[7] F2=[sin(4*x),sin(3*x)]1$

[8] os_md.xygraph(F2,-48, [-@pi,@pi],[-1.2,1.2],[-1.2,1.2] |dviout=1,scale=15,
ax=[0,0],opt=""%=<3pt>{.}")$

[9] os_md.xygraph(F2,-48, [-@pi,@pil,[-1.2,1.2],[-1.2,1.2] |dviout=1,scale=15,
ax=[0,0] ,opt=""*={.}")$

y=|sin(z)| (0 <z <10) O X I RS AR TRERZ b O A # < \ZiXA 7 v a v prec 5.

[10] F=os_md.abs(sin(x))$
[11] os_md.xygraph(F,-32,[0,10],[0,10],[0,1] |[dviout=1,scale=[15,25])$
[12] os_md.xygraph(F,-32,[0,10],[0,10],[0,1] |dviout=1,scale=[15,25] ,prec=0)$

M FTRECRWVE DI TIEIAREMETH DA, prec=0 ZFETDHELUTDO LS ITL Y EMIZRD.

ZOBITHE, [0,10] & 32 %4y LB 5 32 A0 cubic Bézier M4 5215 7= A 5, Rl
HOUE L THEMIZHS LT 63 AKD cubic Bézier i 2B 1T 7- b DI o7z,
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y = |2sin(z)| — floor(|2sin(z)]) (0 < x < 5) O X5 2 RER R Z b OMHEA#i<Icb AT v a v
prec V5. Z 2T floor(t) 1Tt A RV KBS ART.

[13] G=[u,[v,dsin,x], [w,os_md.abs,2*v], [z,dfloor,w], [u,0,-z+w]]$

[14] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20)$

[15] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20,prec=0)$

[16] os_md.xygraph(G,-32,[0,5],[0,5],[0,1] |dviout=1,scale=20,prec=[4,0,1]1)$

DEITHEFIZLLTO L 212D, T7bb A 7Y a v prec ZHHE LAaWEE [14] 12
L7201, prec=0 ®& = [15] i

L7V, prec=-4 ¥£721% prec=[4,0,1] L & [16] IZLLTDO LD IT72 5.

/NN

Z OFITIE, &M 32 AP cubic Bézier i#R TN T OO0, FHAKIIIZIEL 70 AD cubic Bezier
WZaE S .

[17] H=[w,[z,0os_md.zeta,1/2+0Qi*x], [w,os_md.abs,z]]1$
[18] os_md.xygraph(H,-64,[0,60],[0,60],[0,4] |dviout=1,scale=[2.5,10],prec=6,
ax=[0,0,10,1,11)$

EFTHLG +av=T)| (0<z<60) DT T7HHELNS.

1 1 1 { 1 1 J

0

10 20 30 40 50 60
ZOBITIE, [0,60] @ 96 S5yEIH B ABIIC 355 BN L7z B E 2 15 TR T D,
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Risa/Asir DX v U RNATOFKRIL, 2L 2IFRDLEHICT2S (LUTFD [22] TiE, EREXAZLT
Ww35).

[19] dviout0([0,5,6]1)$

DVIOUTA="%ASIRROOT%\bin\risatex1%TikZ}.bat"

TikZ=1

[20] w=[-1.2,1.2]%

[21] P=os_md.xygraph(F1,-48, [-@pi,@pil,W,W|dviout=[0],ax=[0,0]1)$

[22] os_md.xygraph(F2,-48, [-Qpi,@pi] ,W,W|dviout=[P],opt="red,dotted")$
[23] S=600% /¥ BOYAX */

[24] os_md.xygraph(F2,-48, [-0pi,@pil ,W,W|dviout=[[0, [S]],ax=[0,0]1)$

ZOMDE Z T D .

[25] G=[1/7*x-1/2*cos(x),sin(x)]$
[26] os_md.xygraph(G,-63,[0,21*@pil, [-1,10], [-2,2] |scale=0.3,dviout=1)$

"0000000000

351. xy2graph(f,n, [x1,z2], [y1,y2], [h1,ha] ,a,Blopt=t,scale=r,view=h,raw=1,trans=1,
ax=[z1,29,t] ,dev=m,acc=k,org=[z¢,y0,20] ,pt=[p1,p2,...],prec=v,title=s,dviout=k,
ext=[a,b] ,shift=[u,v],cl=1,proc=p)
sox, y BEROKME n S LT 2 = f(z,y) ® 3D 77 7 E2H#i<

o ¢ YD IES NG y IO ESIC o I EEE L7 (HER) =00 B (90 < 5 < 90) DA
FECRTFATHIENC A 2 = f(r,y) (11 <x <29, 1h <y <1yo) P3D 777 %<, T
B, E LGS FROEBE (y B 23 [hi, he] IZADHFHOLH< .

L BAERIITIZ 3RO A (x,y, 2) IFELTO LS IFHEORICEE IS,

(z,y,2) — (—zsina® + ycosa®, zcos f° — x cosa’sin f° — ysin o’ sin 5°)

a=00tXTa=60,8=00DLxFB8=15 LMIRIND.
alT0 THDA, F2IF 90 OFEAE &13 5 LLEBER TWD 2 L 3 KE.
WHEIT hy 208 EL, hy ZFOREL B TRBFIEL W GEE L 7% o i 2RO FER) .
o il - C o FERENES, BV y EEENESCEE SR E (ME TR EY, b bR
ZHLTC) #i 2 ClimaRT. EEITEED n SR EEDD.
n<0DEEL n|HHEELEDLN, TO—2IMUZHIESICE .
o fITABEEES sin(z) 72 EOWFRAEICR ST, mydeval O MR TE HEE LR HIT L. 21—
PRERZ LT-EHEHTH L.
e cpx=1,2,3 ZIEETHM fIZ @i BNEFENTWIUL, mydeval ) T2 < Tmyeval ) MfEbiL5.
o [N  DRHEEROIE, z =0+ yi BROBEREBLEEZ 2= |f(x+1y)| D7 T 7 %4
<. ZOWBE fIX

[w, [z,0,x+y@i], [w,os_md.abs,f]]

TEXMZOND. B, HIELEHEO sin(z), cos(z), tan(z), atan(z), asin(z), acos(z), sinh(z),
cosh(z), tanh(z), exp(z), log(z), 2% X, £ b ZELEMBEBCABREEN P R— FSnTnd.
f A sin(z"2)+1 D& =X

os_md.sin,z"2]111]

[w, [z,0,x+y*@i], [w,os_md.abs, [z__+1, [z

DEICEZHEZOND.
T(2)| 7T 7 %< LxiF, 223 f2ZUTOX ) ICBUZ L.

- Jp—}
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[w, [z,0,x+y*@i], [u,os_md.gamma,z], [w,os_md.abs,u]]

ZDEEZA MLOEEI i title="\\Gamma(z)" W95 A7 a TR TX 5.

scale=r : T 572D Xy-pic/TikZ OFEFEIZET & 22 r 5T 5.

scale=[ri,rs] : TOMEHD 2 FEEL % BLleboZVYmicRE LTbE, R-T5H72D
Xy-pic/TikZ OEFEICE T & Z RO WAL Z r (55 5.

scale=[r,72,73] : JTLOHITED 2 JEIE % %ﬁ", y FEAE % %‘ LeboEYmickEgLiobl, £
RY D7D Xy-pic/ TikZ OFEFEIZE T & RO AL Z m 5T 5.

org=[x0,Y0,20] : TLDOEIED (x0,Y0, 20) % Xy-pic/TikZ OEECOIFTSIZTSH (F 74/ R T
VRIS S RIS

In| PRENVE TEX OY =R« Ty A ARERIZRY, V=2 T7ANAE dvi 7 7 A L= pdf
T 7 A NSO RN D Z E RB DO THE.

n=-16M"77x/bk (n=0%,FTD5LT74/L MELIRIRSND).

view=1: REHUHEZITDRL.

view=-1: [ERIZARTERT D.

raw=1: WESO U X FZIKT.

dev=m : BRUEEDTDDORA vy ak, a B yEHEEbmx |n|EnLizboeT5 (FT74
NV MEm =16). 72720 dev=[my,mo] T D&, mo XN IND ¢ EIEDO R v ¥ a2 DN X,
my ITHRRRIICE DA v a2 DN E, ERNZHEET DI &N TX 5.

In| X m ZECT S LB A 2 5. RIS f BSIEOH B EUT e < T A BEOIR S,
SR, NEEEA L EED L XITER. RBABEMERIE, 1Z1F [n|? x m? (2.

acc=k : ##i< EHH?@M/\H@@@Z%% k5292 (K 13EH. ROREIFIAE). k=275 n
2 &Iz LT dev 75’4: LG OB E —ARBEICH< Z L ITIFEE LY (BRo7 740 -
YA L, n? x kI S:J:Hﬂ)

err=c : ﬁfﬂi?é?i@’\lﬂ> W27 80, BEOEREZANDIZT—RAETLD L&, c=1,
c=—-17xke LT:@ZL7"~‘/3 CVERETDE, T —NREIND ATREMENREV (e 13X
ERHED KE L LNEE).

e prec=v : xygraph() DEED/XT A —Z L[FE L.

ax=[z1,20] : @, y, 2 DEEEED (29, Y0, 21), (T1,Y1,22) ZXAMOTER L T HEGTIKORZEEL,
ax=[z1,20,t] : LIz, —EOTESDEEZ AILD.

—t=41,45: 2 HAOEEE AND.

—t=42,46: 4 THROEEZ AND.
t=45,46 : JEEO L FE/NESLTD.
—t=0,-8: JHEDOEZELZ AR,
t<0: BFEOEAMONEZ BB THI< (F7 40 MIFER)
BHREROEHMEH B D & IR EZ AN LT, (2,y,2) = (1,2,3) DFAIC

—cpx=1: (14+24,3) (F74/F)

— cpx=2: (1+2v/-1,3)

— cpx=3: (1,2,3)
opt=u : EFE@W@EHH?%%< XA TV a I XTEINERET D, BMERMTERT L & X
opt=[uy,us] &, FM, ERDINHZIEET 5.
TikZ D& X1, SHICEFERORERH LEOF T2 a VIIFHINRETE 5.
7o & 21X TikZ T opt=["black","red","blue"] &4 4uLE, KM% E, EMZEHR, HaF THi<.
title=s: HER KT H L&, WEADN s TRREND (51T TpX OFXE— RTOXFS ). &
Y A MERD & & OB TR,
pt=0p1,p2,...1 : (EEED) SE2WRTH, HDLIOITHMETIL.

- pi=[xi,yi,z,-] B B W (zi,yi,zi) % o THI/RT B,

— pi=llzi,yi,21,8] E325L, o (F7bB\bullet) T T sy THREIND (s; 13%K

E— ROXFHIT, \I1E\\ TET).
— pi=llx;,yi,2:],8:,t:] LT 5L, ¢ T T s; THREN (s 1L3XFF), X-pic D& =
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%, 205 LT b #EL (s PLFFITRNE XL 0 ODFEE). s BAER L X,
si="" L7 5.
TikZ O & X%, ;137 VAHTFXFET, s 1d s = [8@0,8@2] EWVWHURPFTHRY, ZIZES
MDD EEIL, t; DRI t,u; EfT5.
L= LWV T ERL, EORTEEORDY 1 £2id"_" TERTE 5.

— BB —DOOREE, pt=p; & LTIV,

— pt=[0,0,1]1 : (0,0,1) % e THIRT 5.

— pt=[[0,1,2],"$\\times$"] : (0,1,2) & x THIRF 5.

Xy-pic O & X%
* pt=[[0,0,11,0," *+!D{(0,0,1)}"]1 : (0,0,1) % e THPRL, %&® LiZ (0,0,1) &5
GRS RN
* pt=[[[0,0,1],0," *+!D{(0,0,1)}"],[[0,1,2],"$\\times$"]]] : L OW G Z1T
?

« pt=[[0,0,11,0,"=\"A\""1 : 4 (0,0,1) % o THIRL, F~UL "A" I} 5.

TikZ D& XX EERBERZ EIIUTO LS IET S
« pt=[[[0,0,11,0,1], [1, ["below","$(0,0,1)$"11] : (0,0,1) % o THRL, 20
2 (0,0,1) L4775,
* pt=[[[0,0,1],0,1],[1, ["below","$(0,0,1)$"1]1,[[0,1,2],"$\\times$"]]]
LG EITS.
+ pt=[[0,0,11,0,"A"] : 4% (0,0,1) % & THIRL, F~UL "A" %1F 5.
— pi=llwi,yi, 2], [l ,y), 2011 528, 28 (z4,yi,2) & (2, 9], 2]) ZRRETHES.
— pi=lla,yi, 2], [yl 200, 6] 358, 28 (v, vy, 2) & (@, 4L, 2) ZRESD
* t; =0, 1: FERTHS
* t; =2 HBTHS
xt,=—1: EOH D & AR TERTHES
x t;=—2: BEOH D & Z AIERO TR TR S
IHIT b DBRAICT TV a TS #EFNT p=llr,yi, 21, [,y 201 ti,u] &L,
TikZ TIXECHRO K SFEER E DR ED AHE.
proc=1: execdraw() OHEETHAZiKT.
proc=2: ELFEETH 57, Windows ¥ XDEFEHRITE DR,
dviout=1: WHEF T D.
dviout=2: 7 4 AT LA A A NN THEXLED CHHERT .
dviout=3: S HICHROAE L, bLOMBEOREIV yEREOA T —VEEZ L X, TO/FE
BRI D.
k81, —2, —3 DR, dviowt=|k| 10k 5 TEX O =— KA 2 MERT A Sh3.
U A NOfEDKIE xyprocO) 1L - TIZT7 70 TRX DY —A LD, ZORTORIXE %R
el aRT TEX © Y —A, tarns=1 Z{EE LIZHEILE ORI FEHIZ L.
dviout=k : kU A RD L X, execdraw() ZHWTHEET 5. k I execdraw (£, k) @ 2 FH
OBk T 5. 20 & & ext=[a,b]l,shift=[u,v],cl=1 ® execdraw() DA 7 3 Hi5
AEFIRE.
dviout=k : ZOHENMNE XL, EVEE S L7z &, xyproc(S) BN/ 7370 TEX ®=a— K
Lirb.
trans=1: b & D (z,y, 2) FBEIEIZXHET 5 Xy-pic/TikZ OFERE (X, Y] 2K, BARMIZIE

X = —ri(x — zo)sina® + ra(y — yo) cos a®,

Y =1r3(z — 20) cos 8% — r1(x — zp) cosa®sin 5° — ra(y — yo) sin a° sin 5°.

7-77L, ZhIEIA T a v EofsER
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— xy2graph O 6, 7545 : (a,8) (a=00DLZ T a=60,3=00&xiF 15 LRI
na)
— scale=[ry,r3,m9] T 74/ ME [1,1,1] £720, ry ZHE LRV E XL ro =71 T, 3 %
HELRWE EIT rs =11 LIRS D.
— Org=I[z0,y0,20] 7 74/ M [0,0,0]
DFETHD.
F=os_md.xy2graph(--- |[trans=1) LI &, (z,y,2) (ST HXy-pic/TikZ TOEEAFIX

os_md.myf3deval ([F],z,y,2)

WL~ THLND.

e pdf 7 7 A VEAERKT 5 & %1%, \usepackage[pdf,all]l{xy} & #§E L T dvipdfmx 72 &% Hu»
LHEXV. VX =0 l, YA RXO/NE R pdf T AN, KDEVEMTERTES. £,
BHEZR IR T H BN HIR D .
pdf 77 A NMERE dvi T 7 A MAERCE ZEIV R Z D Y, B0 5T TEX 7 7 A V& LR
9 5I21% DVIOUTB B L O dviout0(4) #FIHT5 & L.

[0] os_md.xy2graph(x~2-y~2,0,[-1,1]1,[-1,1],[-2,2],0,0lax=[-1,1,-6],scale=15,
dev=64,dviout=3)$
[1] os_md.xy2graph(-x~3-y~3,-24,[-1,1],[-1,1],[-2,2],60,-35|scale=20,dev=64,
dviout=2)$
z=a22—9y? (-1<2<1,-1<y<1) z=—a3 -y} (-1<x<1,-1<y<1)
angle (60°,15°)
(=1,-1,1)

8 NNNy77%

““ ““\v 7 '

OGS
“Qﬂw%wﬂh0¢ I
i

“qga¥§§255§§’«34d@f¥ %

(1,-1,-1)
d(-1,1,-1)

(1,1,-1)

i Xypic D & & T, TikZ 2V 55E 0D scale DfElE 15 52T 5.

[2] s0=[[3.1416,0,0],0,"*+!'U{(\\pi,0,0)}"1$

[3] s1=[[0,0,01,0,"*+!U{(0,0,0)}"1$

[4] $2=[[-3.1416,0,0],0,"*+!U{(-\\pi,0,0)}"1$

[5] s3=[[3.1416,0,0],[-3.1416,0,0],21$

[6] os_md.xy2graph(sin(z),-60, [-@pi,@pil,[-1,1],[-5,8],50,0]|
scale=[15,45,45] ,ax=[0,1.543,-6] ,dviout=3,pt=[S0,51,52,53]1)$

EOADMN RO T 7O E TIZ, 30 DEEIND 2014 FIZBIT B A Yy —2Vay). 7
B, BHEZO 7T 7705 10 PRRE.
TikZ © & =%, ko [2]1, [3], [4] [6] IFkDXEH25.

[2] s=[[[3.1416,0,0]1,0,1], [1,["below","$(\\pi,0,0)$"111$
[3] S=append([[[0,0,0],0,1],[1, ["below","$(0,0,0)$"11]1,9)$
[4] S=append([[[-3.1416,0,0],0,1],[1, ["below","$(-\\pi,0,0)$"11]1,5)$
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[6] os_md.xy2graph(sin(z),-60,[-@pi,@pi]l,[-1,1],[-5,8],50,0]|dviout=3,
scale=[1.5,4.5,4.5],ax=[0,1.543,-6] ,pt=S,opt=["black","red","blue"])$

append( ) ZffibH+1Z, os_md.m21([S1,S2,83]|1ist=1) RELTEHHELH L. ZOMRIIX 2
Ths.

2 xy2graph() Ofl

[sin(z)] (z=z+yi, 7<ax<m —-1<y<1)
angle (50°,15°) ratio1:3:3

(=7 —4,1.543)

SS\N
SO
&Mh&“
TR OO
SN GESSNN R
e 2 23
XXX NS R
SN oSSR
% ORI OVON ) e 00‘0%2}2;//’;7’//7/7{15“8“‘\‘\“ XI5
S35 R SS
NSOyl 77777 SR R e
NSO iz N7 NN W
SO0 a7 SN ek ooer7 AN e
NSO o NSNS 7 N7
RNV 77 NS R ZZ AN o7
O AR s
Sty e
(m —1,0) k

(=7 +14,0)

(m +1,0)

352. execdraw(/,t|shift=[u,v],ext=[a,b]l,cl=1)
o HWEETRRX LA BB ¢ 1S TFEITT D
CRLITY AN THEN, BN —2ORHIRS O EREL TH L.
t = [to,t1,t2] 1%, to \ZXVHTIEE, t1 IZX VHEFATIEA L M5 & DERE & OxtIb %, to 12X
MW FEITEROREOBE A EET 5.
e 1o ZHRELLWE XX, t= [to,t1] DX, Fl2t1 & ta ZIIZHEELRWE XX, t = [to]
DEIITHEL T L.
oty NETty, to ZIRELARNE XL, t=t) & LTIV,
o cl=1: FrEm%EZ 7 V7 — LT LHET 5.
HVEEBRET 5 o 1T
e 0: Risa/Asir IZBIT D F v /3R % H 7= .
U A MEXT [0] DV [0, [width, height]] (2 & > THIHF v /3 &,
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F721% [0,index], AW [0,id, index], & AW [0,id, index , width], [0,id, index , width,
height], 12X > THiEF ¥ A EFEET 5.

id 13— N 1d, index 133 v > /N Z 1d, width, height I3 pixel LD YA X (cf. draw_obj())

— [0, [width, height]] (23 T width= height ® & %1% [0, [width]] & LTXv. 7=7ZL

&

1:
2:
—1:

t=0[0, [x]11] 1%, t=[[0, [z,z]],z] LMBIREND (Thbbt =2a).

execdraw([],0) I, HEMEMEmEFHHRICHHE <.

shift=[u,v] : HAHENC u, EFMENZ v 721 pixel HAL THENIT 5.

ext=l[a,b] : FEMIAE a, AHIAES b 7213 pixel BAT TR T < .

ext X° shift 1L, F¥ U NS U THIET A ANEBEINTHLUFINORE SIFALTH

L2 LKL DORERRDOA T aThb.

£ F1 o Window @ x JBEFE &y FEFEOFEPHIE E M E— T, FAIE t1 & shift & ext OREMNE

CTHIUE B ITRELTORWNELC ET D), R—F v /SR UEBER T LEEERR

b,

t = [to,t1,t2, 112XV, BIOHEETER L OLOERAWDZENTED (B 1TF v N

ADORRETDH. FND Ly THEINDEAIL G =0 L LTHEIW).

B, UIE, FroNARY AL XIS LIERTH B,

RV EIX [0,id,index], F7-1% [0,id,index, width, height].

T, FUFXY U NA~DOHBEOEEZD tg E L THNWSZ LN TE S,
t1=0,to=—1D& XX, SHIT225o00 EEMEREZMAMLTHIZLEZY 2 FRREE

N5, &% GFEB) OFNMILEOVN ELTHWDLZENTED., FEREVMEIE, TOoFEEt

CLTHWAZ LIcLY, FUEBETE: v AR BB ET RO ERIBENTE 5.

ZIF LT LT D

0 : Canvas CREHEINTZY A XDOX ¥ U R RAZFHHITENT, ZHIZEbEHE THRR.
([0, [300,300]1,300] =° [[0,[300]1]]1 &FIL.

[[0, [300,40011,280] : 300 x 400 pixel ®F v > /X2 &P &, g 280 pixel T/, T72
bb, to=1[0,[300,300]], t; =280.

[[0, [5001],0] : 500 x 500 pixel D ¥ ¥ L /N 2% &, R4 — L L {7E % @B L CHm.
[[0,[50011,0,-1] : EL[ABET, SOICTHEFBRLE D CTET.

[[0,2,3],400] : +— " Id 232, F¥ "2 Id 28 3 DZ&IZ, HEIE 400 pixel THR
[[0,2,3,400,400],0] : — "Id 282, F¥ /32 1d 28 3, 400 x 400 pixel D F v > /3R
12, FEEA T — v EACE % B BRI LR,

[[0,2,3,400,400],0,0,T] : RERUTHDHA, FWEIXTICHED.

TEX © Y — A %K.

dviout () 2 & B HfHER.

BOVA X eFR L TEDEREIRT.

t=[-1, [xg,z1], lyo,y1] k]l : BOV A XEHER LI L ZIKT.
t=[_1, [xOrrl] > [y[):yl] ,k’ [a:b] > [U,U]] Eﬂ‘ﬁg
BEORDVIZA T g shift=[u,v] ,ext=[a,b] THIEEHE.

o —2:

—3:

KRITETICEBOY A 5K
e A F A CHIB OB YA X494, 2 HHB X Risa/Asir TERDEEO LTI O & KE T,

ZORITLFFRROF YA X (LFINFRDH D & AIEHME).

o —4:
e —5:

=&

@ ENDAEFROMEEE T
BENDFATAOEEZ RS COF 1 fnrbERLADEERNZY X 1),
Z1¥, delopt(£,[0,1] linv=1) &¥ 2% &, #MFEITEAL0OH 1 k525 0 (EFEEDH) &

1 (Bézier fhfRfilim) b DOOH 2R E M UMW EITHN 250 Z LN TE 5.

Risa/Asir OHiE X v  NRA TOERDOFEE

o t; =0 : ¢ O ORE & £ LSO EE X v R ZEbE D,

S OIS HI121E, FY N ROMMEE LT LD, 7 a X T XA —FD ext &
shift ZHWB & L.
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ZDEE

— to = 1: HEEFHOFEY A XM, BEIICHET ext & shift OERFRIND (73
VRT A= IR E 7R,

—ty = —1: FOBFRPEVEICHMENTZ) A MERT (A7 a T A= kEn
%). TORVMEMNR DL X, execdraw(l,R) LT 5L, RUF¥ L " RICHUEET, { O
BEhEENTXS. 72, execdraw(l, [ty,0,0,R[3]]) X° execdraw(/, [ty,0,-1,R[3]1])
DEIICTLT B, FREEEFED) Box v o RS2 2 E b kD,

e ziX, R
[[o,2,3,500,4001,0,0,[0,[-1.2,1],[-1.2,1],0,[10,10], [0,-1011]
DEIRBITIRD.
&> [0,2,3,500,400] 1L to (xS T 2585 T, NAIZ, 01% Risa/Asir OF ¥ /XA~
O, OV —1d1E 2, Fv A Id 13, A XA 500 x 400 pixel THBZ L EE
g 5.
WD D 0 1TFROBEOMEAZTIRL, TO®RD 0 1THHCERIZZRL, HREBEOHS D
fo,[-1.2,11,[-1.2,1],0,[10,10], [5,-15]]
B EITIE RO SO TH L. Thbb
B EITIE OB N E OEEO AL T [-1.2,11x[-1.2,1] TH-T, KD 0 ILHEAH -
DOEENEFTZELZEWRL, ext=[10,10], shift=[5,-15] TRisa/Asir O ¥ L /S AZx%f
IBREEALZEEBTRL TS, L BARIZIE
ext |2 & o TH v N ZDOHIE 500 pixel DAEAIZ 10 pixel TORBEFFI-E D DT, JEE
OEMTME OB A0 frxn g, Eie, WMBEEITBROMOLE LS, -y i20
e B 64512 (10 + 5) pixel, T2 15 pixel DALEIZ/RS.
2B, METEXOFOIMHEERE R H - TH, TNRF ¥ RN ANICAIUERIE S 5.
o ¥ U NZAAOHEIE, FPHIEFEITIEAD O HIEFE O & G o TEIUCL Y Fx R L
DERESS IR 2 E WD, WIS FEATRRRNE = 2 OUFHNF R 2 RENSIEICEIT L, KEBIZED 5%
BN DIAICSEATT 5. ZHUEF v U RIZRIT D UTFHIERIZBNT, XFETRLTXFOHEDN L
EXINDZEITHINT D0,
oty >0 D& XX Windows OREEN ) pixel IZ/2D Ko ICAr—AEHEIND (t; = 1 ITREI
).
oty NU R RRITHIDERHE, LFDX ¥ VU ARRAERTRWEAERT
Risa/Asir O v L NALISNOBEAIX, t 1A —VEHEFT (TEX FIAR EOBEAITHER) .
o t1 32X 2 DITHIDIE, JFEAEZ ¢ 12X > CTHRIEIEHRT 5.
o t1 = [tig,t11] & T D& o JEEED €10 15, y RN t1 53D (ADMES FER).

to = [x,y] 1%, R (x,y) ZRARICBEIT 2 FATRE).
t WX DA — VERORIZAIT 9. Risa/Asir Ol v o /3 X TILER).

PIF, #EETER LIV THAT 5.
o (=[ly,ls,...], {;=[f;,...11F, execproc() DHAIINED. =721, f; NEHED (; FEEELT
HAES) 3k LS REGEEORNEXNTH 2.

— [0, [zo,21], [yo,y1l, k] : D o JEFE L o JEREDOEPH. FERED 108 k em (ZxET 5. kA
AN, k=004, k=1 LRINS.
CIZZ OB ERD D & E1E, BRADOLORER. L OFDOFIZEINDDRLEE L.

— [0, [x0,211, [yo,vy1) .k, [a,b], [u,v]] : EOILELELLTZIORAXRIDHS. Zhix
Risa/Asir TOEROBEOHEWEZEDL, T 7 /L b T ext=[a,b], shift=[u,v] £\ 5%
Fra YBRESND.

— [1,pj,€j1,€j2,. ..] : Bézier bR, Dj [ue xybezier() DFFa. fjl, TZo5%. T
72bH xybezier (¢, loptilon_list=p;) (i =1,2,...) ([ZxHET 2MEEERT S, HD
Wi, L, 13 1bezier ) TR ENTT —ZTH L.
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- [2,pj s [$j ,yj] , [Sj] ,tj] T SCFHIHE I B E xyput( [Zj »Yj ,Sj]) WK

tj IX Risa/Asir OF ¥ U NAFKRTOMRBELTH] (FRELRLS THEW).
s; WIFHIOWRAE, [2,p;, [z,y;],s5,t;] L LTH IV,

— [B,pj, [xj1,yin], [xjo,yj0] .. .0 ¢ BROPREBIEEL xyarrow ([z,1,y1], (22, y,21) (K.

— [4,p;, [xj1,y51), [252,y52),...] ¢ RO HEM B E xyline ( (zj1,y1], [Tj2,y521) {2 %] Jis.

- [5,pj,8j] : ’IE}( @X?ﬁ”ﬁﬁ@@ dviout(sj) i:iﬂi\

- [-1,...] : ZOBIFIEHEIND (2 Meb).

— [-2,8] : ZOHEHD s IIXFHIT, TpX O Y —AZ1F, LI % 2L Taxr e LT

LN, ZobldiTans.
P IFA T a U A MTHIET D (f; BREEADOBEEL, £ O 3FHORDNITHTD).
I OHTE FATIERUL append O, F721Em21( [1list=1) ICX > T—2IZFE & HDH T EBHNKD
(7 Z 70EREHEITKE).
ptaffine(m,{|proc=1,shift=w,...) T affine £#t (CF{THE) & HIELH) NTEXD.
(1,p5,051,052,...] \ITBITD £, 13V A NT, FFEDOTEOLE, FMDITEE (TRbbIERD 2
ODOMDY AR) F720F, KYVFERFOHTO 0,1, —1 5720, 5o Bézier iRz &7 .

— 20 Bézier fiftIIIAA, W< OLORKIER, &AL NEEE L TIFATERSNL TS, n+1
B A TWOIUE, n kD Bézier fift & 725, PDF AL END 3R E TO Bézier HIFRAEE L.
728, 1 RD Bézier BBRITHIELE N2 <, MO EFET.

0 1% Bézier HifR DXLV T, 1 1XXY) > 721 ICHERTO KR O FEZ % R O Bézier HiRDIE S & 7
g (BIEZFHATD) ZE2BWTD. 1 TRULNTWD Lkt & 72228, —1 i3l
MOKEIAZK AL LCHIMETHZE2BH®T 5. e xid

[lz1,91], (22,21, 1, [23,y3] ,1,-1]
X (Il,yl), (xg,yg), ($3,y3) %Tﬁﬁkﬁ‘éiﬁ%%%‘%ﬁ‘é

CNDEROTE T, TEX T TikZ O Y —2A%ERT 25 & XL, —oD Ly, D—2>0 \draw I
FHIn5b.

—4, Ly 13—>D Bézier i KT EIED Y A M ELDETDHIV A FDIEO LD HFFIND.
ZOEEE, KUY REOETIIFEL V. TEX T TikZ O Y — A E{ERT 285461, —oD
Bézier HIFRMEIC \draw XA ERIND. EO AL, kO L HIZEES.

[[Lx1,y1], (22,9211, [[22, 2], [z3,y31], [[z3,ys3], [21,y11]]
Uiy \IEZ DO ABTHFENDD, WH L lbezier() [Z&k > THAEEMTE S.

R DMlEIEITIEAOR:, 72L& 213

execdraw (R, [[0, [6001]1,01) : 600 x 600 ® Risa/Asir DF v L NAZBNTRRT D
execdraw(R, [[0, [600,700]],0] |ext=[30,20] ,shift=[10,-40]) : 600 x 600 ® Risa/Asir
DF v U NAEFRANWTERRT D.

Z DR, % 30 pixel, ZEl% 20 pixel NANZ 72 5 X O I Z2#E/ 35 (AOME TR S A)).
S HITAHIZ 10 pixel, EIT 40 pxel 3757

execdraw(R, [[0,1,5,600],0] |ext=[30,20] ,shift=[10,-40]) : ¥—ID N 1, xR
Id 35 OF ¥ /3 A1Z, #lEN 600 pixel & LTEERIRICERTD.

execdraw(R, [1,1.5,[1,111) : (1,1) Z2JRAICWATREIL T, S HICEBEE 1.5 FICHER L7z
TEX OV —2&HHT 5.

[0] os_md.dviout0([0,5,61)$ /* TikZ F=RIZ */
[1] Fi1=[sin(2*x),sin(3*x)]1$

[2] w=[-1.2,1,21%

[3] R=os_md.xygraph(F1,-48,[-0pi,@pil,W,W|proc=1,ax=[0,01)$ /* UH—I 1phig */
[4] P=os_md.execdraw(R,0)$ /* Risa/Asir D¥ ¥ V/N\A TR */

[5] S=os_md.execdraw(R,[1,1.5]1)$ /* BE{EZ 1.5{FL=TeXDY—REHH */

(6] os_md.execdraw(R,[2,1.5]1)$ /* 1.5 f&ELI-Eg% TeX ZAVLTRT */
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[7] F2=[sin(3*x),sin(4*x)]$

[8] R2=o0s_md.xygraph(F2,-48, [-Qpi,@pi],W,W|proc=2,opt="red")$

[9] R2=append(R,R2)$ /x T2 TDEREDYE */
[10] os_md.execdraw(R2,[2,1.5])$

ko [4], [5], [6] Ti%, #MmFEITEARIZH LT, ZIF1, Risa/Asir OF ¥ VN ATHRAR, TEX
DY —AHH, TEX %> C PDF IC&# L CHE R RZ{T>T\W5. [5], [6] Tik, /27% 15
FEIZHER LTV D

R21X2 507 7 752 BRE-HEERTHEA T, [10] TIEENERRLTND

[11] S=os_md.xy2graph(x~2-y~2,0,[-1,1],[-1,1],[-2,2],0,0lax=[-1,1,-6],scale=1.5,

dviout=3,proc=1)$

[12] os_md.execdraw(S, [[0, [500,400]],500] |ext=[80,70],shift=[0,90]1)$
[13] os_md.execdraw(S, [[0,[500]],0]1)$

[14] os_md.execdraw(S,-1);

Windows : -2.04904 < x < 2.04904 , -3.42811 < y < 3.42811 by 1 cm
[[-2.04904,2.04904], [-3.42811,3.42811] ,1]

[15] os_md.execdraw(S,-3);

[[-2.04904,2.04904],[-1.97922,1.97922],9, [[-2.04904,2.04904] ,
[-1.97922,1.97922]]1]1]

[16] os_md.execdraw(S,-4);

1366

[17] os_md.execdraw(S,-5);

[0,1,2,5]

3.2.12 Applications
WL DD EICH LIcla ik~ 5.

3.2.12.1 TRODERK

353. powprimroot(p,nlall=1,exp=1,log=f)
wp A EDOFRE n L ZDFIERD Y 2 M EAED
o all=1 FREK LE/NFIRD A TR, ETORIERE Y 2 9%
o exp=1 f/NFIIR E LD~ (FEEBEKOME) OU R F&ED
e log=1 fi/PFAAEIRIZ T 2 B DED U A S %2 AES
e log=2 LXMDY X MTEBWT, X&E 0 2HbRn
o log=3 m/NFAAIRIZKT T D BB DR LD L & DEDO Y A F&21ED

[0] os_md.powprimroot(3,4);

([3,21,5,21,[7,3]1,[11,2]]

[1] os_md.powprimroot(3,4]all=1);
£es,21,10s,2,31,I[7,3,51,[11,2,6,7,8]]

[2] os_md.powprimroot(3,4]|exp=1);
[[$p$.,1,2,3,4,5,6,7,8,9,10],([3,2,1],(5,2,4,3,1],[7,3,2,6,4,5,1],
[11,2,4,8,5,10,9,7,3,6,1]1]

[3] os_md.powprimroot(3,4|log=1);
[[$p$,1,2,3,4,5,6,7,8,9,10],[3,0,1]1,[5,0,1,3,2],[7,0,2,1,4,5,3],
(11,0,1,8,2,4,9,7,3,6,5]]
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[4] os_md.powprimroot(3,4|log=2);
[[$p$,1,2,3,4,5,6,7,8,9,10],[3,2,1],[5,4,1,3,21,[7,6,2,1,4,5,3],
[11,10,1,8,2,4,9,7,3,6,5]]

[5] os_md.powprimroot(3,4|log=3);
(rs,2,11,105,2,1,31,I[7,3,2,1,51,[11,2,1,8,4,7], [$p/a$,$r$,2,3,5,7]]

FBEIZ 1totex( lopt="tab") IZXL>TU A & TEX ORIZL TRRLTHLS.

(6] T="RESpSDFRIBIBEZTDREZ$pSTEI>F=RY"$

[7] L=os_md.powprimroot(3,8|exp=1)$

[8] Out=os_md.ltotex(L|opt="tab",hline=[0,1,z],vline=[0,1,z],title=T)$
[9] os_md.dviout(Out)$

FH p OFUEIRE ZDO_RE % p THS7=RD

p|1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
312 1

512 4 3 1

713 2 6 4 5 1

1112 4 8 5 10 9 7 3 6 1

1312 4 8 3 6 12 11 9 5 10 7 1

1713 9 10 13 5 15 11 16 14 8 7 4 12 2 6 1

19 |2 4 8 16 13 7 14 9 18 17 15 11 3 6 12 5 10 1

23|15 2 10 4 20 g 17 16 11 9 22 18 21 13 19 3 15 6 7T 12 14 1

@ hline=[0,1,z] THRIHALREDITOM (z 1 TREEZEXT), 1ITHOKD VI ZLGINTWND.
MEMR AR, F72 title=T THA M EOIF TS, UTHRABKOHTHS.
[10] T="Table of $k$ satisfying $r-k\\equiv a\\pmod{p}$"$
[11] L=os_md.powprimroot(11,10|log=3);
(r1,2,1,8,4,71,1013,2,1,4,9,11,7],[17,3,14,1,5,11,7,4],[19,2,1,13,16,6,12,5,10],

[12] S=os_md.ltotex(L|opt="tab",hline=[0,z-1,2z],v1line=[0,1,2,2z],title=T)$
[13] os_md.dviout(S)$

Table of k satisfying 7% = a (mod p)

1my2} 1 8 4 7

321 4 9 11 7

w314 1 5 11 7 4

912 1 13 16 6 12 5 10

23151 2 16 1 19 9 14 7 15

29121 1 22 12 25 18 21 9 20

311324 1 20 28 23 11 7 4 27 9

37121 1 26 23 32 30 11 7 35 15 21 9

41162 15 22 39 3 31 33 9 36 7 28 32

4313 (2r 1 25 35 30 32 38 19 16 41 34 7 6
p/a|r| 2 3 5 7 11 13 17 19 23 29 31 37 41

WIZ, <DV A NEETEATERRTIZLZEZD.
70 fHOFEE & JFIEAR DM A F TR T D0 2% 5.

[13] L=os_md.powprimroot(3,70) ;
[3,21,15,21,I7,31,[11,2]1,[13,2],[17,3]1,[19,2]1,[23,5],[29,2],[31,3],[37,2], [41,6],
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[14] S=os_md.ltotex(L|opt="tab",width=-10,v1line=[[0,2]],hline=[0,1,z],top=
[["$p3$","$\\zeta$"]1]1)$
[15] os_md.dviout(S)$

HE 2 FITHEIZ T0 TTOMEE D FK A [14] @ width=-10 2L > T{T% 10 %
vline=[[0,2]] I%, 2 TEI-7=40 20 D%,

FILTHEIC

ﬁ“foczb%f‘ﬁﬁz’):% 2% ﬂ@%ﬁﬁ%i‘% LTI/\

top=[["$p$","$\\zeta$"]] ICL - T, 11THIZp & COBVIRLEFMML TN 5.
p ¢l p ¢l p ¢ p ¢ p ¢ P < P ¢ p ¢ p_ < p <
3 21123 5|53 2 83 2| 113 3 | 157 51193 5| 233 3| 271 6| 313 10
5 2129 2|59 2 89 3| 127 3| 163 21197 2| 239 7| 277 5 | 317 2
7 3131 3|61 2 97 5| 131 2 | 167 51199 3| 241 7| 281 3| 331 3
11 2|37 2|67 2]101 2| 137 3| 173 21211 2251 6| 283 3| 337 10
13 2141 6|71 7103 5139 2| 179 21223 3| 257 3| 293 2 | 347 2
17 3143 3|73 5| 107 2| 149 2| 181 201227 2263 5| 307 5 | 349 2
19 2147 5|79 3109 6| 151 6] 191 191|229 6 |269 2| 311 17 | 353 3
[16] S=os_md.ltotex(L|opt="tab",width=16,hline=[[0,2]],vert=1);
[17] os_md.dviout(S)$
R 2 HICTHEIZ T0 fTD £ % [16] @ vert=1 TiliziE L CHE 70 51, 2 FNCEH L, X562 width=16
W2 &> THENE 16 ST > TH VKL TIRD.
3 5 7 11 13 17 19 23 29 31 37 41 43 47 53 59
2 2 3 2 2 3 2 5 2 3 2 6 3 5 2 2
61 67 71 73 79 83 89 97 101 103 107 109 113 127 131 137
2 2 7 5 3 2 3 5 2 5 2 6 3 3 2 3
139 149 151 157 163 167 173 179 181 191 193 197 199 211 223 227
2 2 6 5 2 5 2 2 2 19 5 2 3 2 3 2
229 233 239 241 251 257 263 269 271 277 281 283 293 307 311 313
6 3 7 7 6 3 5 2 6 5 3 3 2 5 17 10
317 331 337 347 349 353
2 3 10 2 2 3

3.2.12.2 FAOITHDIER

o #LiX, Excel DED LS

N7 hDY A D,

o RELT DL &L, Relrsl

VZRDYZ OO EDEEW®RTHZ L LET.

DEICEBRLIZbOE R EMESZ EICLET.

WE AN T DITHORR T 7 4/ kT

Wz ohEd.
o WDZEH T, m211() F£/21Em211() ZHWET.

[0] LL=[[1,2,3],[4,5]];
([1,2,31,[4,5]]
[1] os_md.lv2m(LL);
[123]
[450]1]
[2] os_md.m211(@Q);

(1,2,3],[4,5,0]]

[3] LV=[newvect(3,[1,2,3]) ,newvect(2,[4,5]1)];
[(l123171,[451]

260

AT B LRI, Bhx AT OMRER A £ T

2, [HENOT — X ZHRIZE~7-b 0 L #& 2 $£9. Risa/Asir Tid,

rTiE, %

e JRLDYR K, HBHWVERT FILDY R h’é"ﬁlﬂ:l‘ﬁw:zi, 1vom() #AVWET. T—FD7%
012720 F923,

72 g v null=st Tt IZEX




[4] os_md.lv2m(LV|null="");
[123]

[45 1]

[5] os_md.m211(@Q);
[l1,2,3],[4,5,]]

1751 () PofaRilEiREHLEYANEZT, HLWTI (R) 455203 mpern() 2V ET
(2 518TITZ, 35 THERRELET).

[6] A=os_md.mgen(3,4,a,0);

[ a00 a01 a02 a03 1]

[ a10 all al2 ai13 ]

[ a20 a21 a22 a23 ]

[7] os_md.mperm(4A,[2,0],[1,2,3]1);
[ a21 a22 a23 1]

[ a01 a02 a03 1]

LETANDL2TRL 0TAAZ ZOIHICKEHL, 6z 151A, 2510, 352k H L TE
bILORE/TVET. Lok, [TLH0OFZIL0NDIRED Z LITEER.
MR A 728013, RO BF-O®RICWSERKEZ Y A P& LTHRET 2 Z L bARETT .

[8] os_md.mperm(A,[2,0],[1,[3]1);
[ a21 a22 a23 ]
[ a01 a02 a03 1]

FRNCEAZRTOITRINERTITE, BF02MNDL LN TEET. LoTUFDOLSIZL Tk
BOINEHIRT 5 LR TEET.

[9] os_md.mperm(A,0, [0, [3]1]1);
[ 200 a01 a02 1]
[ a10 a1l al12 ]
[ a20 a21 a22 ]

2DODFTDANZEZL 2 DDIDANEZIL, [[mi,me]] TRELET. =& x1E, 0fTHE 1417H
DA 21X

[10] os_md.mperm(A,[[0,1]1],0);
[ a10 a1l al2 ai3 ]
[ a00 a01 a02 a03 1]
[ a20 a21 a22 a23 ]

BRPTVIIRAEEREE L TEE TS £7.

[11] AA=os_md.dupmat (A);
[ a00 a01 a02 a03 1]

[ 210 all al2 ai13 ]

[ a20 a21 a22 a23 ]

[12] AA[0] [0]=b00$

[13] AA;

[ b00 a01 a02 a03 ]

[ a10 a1l al2 ai3 ]
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[ a20 a21 a22 a23 ]
1T ANV 2 TERE LT=RIZT 51213 mtranspose () Z# WV ET.

[14] AT=os_md.mtranspose(A);
[ 200 a10 a20 ]
[ a01 all a21 ]
[ 202 al2 a22 ]
[ 203 a13 a23 ]

20 (FHITENLE) OREFHEET HI21E, newbmat() ZHWET.

[156] B=os_md.mgen(3,3,b,0);

[ b00 01 b02 ]

[ b10 b1l bi12 1]

[ b20 b21 b22 1]

[16] C=os_md.newbmat(1,2,[[A,B]1]);

[ a00 a01 a02 a03 b00 b01 b02 ]

[ a10 a1l al12 ai13 b10 bill bi12 ]

[ a20 a21 a22 a23 b20 b21 b22 ]

[17] D=os_md.newbmat (2,1, [[AT],[B]]);
[ a00 a10 a20 1]
[ a01 all a21
[ a02 al2 a22
[ a03 al3 a23
[ b00 b01 b0O2
[ b10 b1l bi12
[ b20 b21 b22

—_ e e e e

BROKRZEDEL THICEITHI2IE, nadjustO ZHWET. FlofEE 2 FHOGIBTHRELET.

[18] os_md.newbmat(C,3|null="");
[ a00 a01 a02 1]

[ a10 all a12
[ a20 a21 a22
[ a03 b00 bO1
[ a13 b10 bi1l
[ a23 b20 b21
[
[
[

[ T T R R |

b02 ]
b12 ]
b22 ]

MEDREHYVIRL THRICHESN DI, madjustO) 2V ET. WPV RTHOED -1 £ 2
FHOGIETHELET.

[19] os_md.newbmat(D,-4|null="");
[ a00 al0 a20 a02 al2 a22 b00 b0l b02 b20 b21 b22 ]
[ a01 a1l a21 a03 al3 a23 bl0 bll bi2 ]
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3.2.12.3 H¥LHE

354. distpoint(/|div=5,opt=s,title=t,size={)

100 AU RO REEDT =2 | ZITiT 5@“%@&%% 9%
o 10 S HD N D534 % TEX DEIZ
e s="data" 10 5*’J%W))\§I@’\?ﬁ%) A f\ N )
o s="graph" 10 SANHDNEDOHIAEET T 71T 2

— size=l T 7 DH A XEFHETE D (cf. 1totex( |opt="graph"))
e div=t LT 10 si4l%H% 5 RAALTD
o s="average" ‘P, IEYEMRZE, TBRAL, ®ER, &K&ESZ TEX O&RICTS
o 1L, DOV ANELBEDOY A LDYRAETLN, TORDPIHEAEKTLRNL OB LN,
FIULRNE & B le Sh, s="average" TEDEMNREIID

[0] M=([[74,71,47,80,66],[54,71,50,76,45],[75,70,78,%x,69], [35,44,74,35,37],
[59,x,85,75,52],[92,55,70,61,45],[70,79,77,76,55]11¢%

[1] os_md.distpoint(M|opt="data");

[0,0,0,3,4,6,3,14,2,1]

[2] os_md.distpoint(M|opt="data",div=5);

(31 [o,0,0,0,0,0,0,3,1,3,3,3,1,2,7,7,1,1,1,0]

[4] S=os_md.distpoint(M|opt="average",title="#RMR% (PR ");
\begin{tabular}{|cccccc|}

\multicolumn{6}{c}H#EM A (FMHER) I\\ \hline

EHRe BEEREY RERE RERE ERAHE REE\\

$63.78& $15.13& $35%& $92$& $338& $2$\\ \hline

\end{tabular}

[5] os_md.dviout(S)$

[1] TMZVAFDOYZARMILTWEDIE, 5 ATOHHAIOED. - x IRFEEERLTWD (7
NT 7y hOEBEDOLTETEN).
728, Excel I EIZHEEDOT —Z N A->TWND L EITENEZHAIATITIE, ENEH 21 fmame &\
D77 AMICSVIEATHNT5. 20 nHERSHOT—2LT5HL

M=os_md.readcsv(fnamelcol=n,eval=n)
WL THBODFT—ZNBMIZU R P ELTEHAAENS.
2%, Lo [6] ORERIX

MRS (PRRER)

B EREZE RIERA RER ZRAK KEHE
63.7 15.1 35 92 33 2

[6] S=os_md.distpoint(M|title="mR¥HD%H");
\begin{tabular}{|rrrrrrrrrr|}

\multicolumn{10}{c}H Hm#H»%HI\\ \hline
00--09& 10--19& 20--29& 30--39& 40--49& 50--59& 60--69& 70--79& 80--89& 90--100\\

$03& $0$& $0$& $3%& $4%& $63& $33& $14%& $2%3& $1$\\ \hline
\end{tabular}
[7] os_md.dviout(S)$

REOTAT
00-09 10-19 20-29 30-39 4049 50-59 60-69 70-79 80-89 90-100
0 0 0 3 4 6 3 14 2 1
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[8] S=os_md.distpoint(M|opt="graph")$
[9] os_md.dviout(S)$

6
3 c 3 9
LT A
]
00- 10- 20- 30- 40- 50- 60- 70- 8&0- 90-
3.2.12.4 Taylor B

355. seriesTaylor(f,k,v|evalopt=opt,small=1,frac=0,dviout=n)
s OEBETIIERD ) A N ol T 5k IROEE TO Taylor BAZ KD 5
e Taylor B % TEX OFIZER L TGRT. XBRWE XL, dITAAND.
o v=x : B 21O T, JFATO Taylor Bfi%Z 52 %.
e v=[z,a] : BH x>V, 2 =a TO Taylor BRAZ 525, 7L a bEHFDO L& T
v=[[z,al]l & L7 TUIRLRY (KHEEXHTH720D).
o v=[x,y,...] : B (x,y,...) IZOWTOEFETO Taylor BRE 52 5.
o v —[[33 al,ly,bl, B (zyy,. ) IZOWT, R (ay), .. .) YL E T2 Taylor BRRA 5 %
5. ZT, 7”_&7\_3:(1—00)&%1 Lo [z,a] OFBLZIE, BTz ERFTL LT,
° evalopt [[s1,t1], [s2,t2]...]1 : IX evalred() 5 L &DA 7 a3 (cf seriesMc()).
e small=1: BN D & & \frac TZ2< T \tfrac ZffiH.
frac=0: RN BIND L &, Tha (IR FEHRIZEHRT 5.
Z D& xiXE, ctrl(double_output,1) ZHETHDOMN L.
dviout=1: Taylor BOX A TEX ICAM L7 bDERTT D (LD f HFRAR).
dviout=2 : Taylor BEHDHS DA% TEX AL bDERTT D (Lo fIEFR~ET).
dviout=0: 7 7 4/ h T, dviout=2 ® TpX Y —A%iK7.
dviout=-1: dviout=2 ML XDV — A% KT

9" sinz @ Taylor JEFiZ RO THS.

[0] os_md.seriesTaylor(sin(x),5,x);

x-\frac{1}6x"3+\frac{1}{120}x"5

[1] os_md.seriesTaylor(sin(x),5,x|small=1,dviout=-1);
\begin{align}\begin{split}
\sin(x)&=x-\tfrac{1}6x"3+\tfrac{1}{120}x"5+\cdots
\end{split}\end{align}

[2] os_md.seriesTaylor(sin(x),7,x|small=1)$

5 1

. 1 7 .
sm(ac)—x— x> —|—120x =0T +

ZZCliksineg @ 7T ROEE TO Taylor %Fﬂ%*&) RENT/ NS 72T A ADOGETERL TN D,
Fiz, BROREZTLVMETE LR TRE2H512E, UTO L3 ICd i,

[3] os_md.seriesTaylor(sin(x),5,x|frac=0,dviout=-1);
\begin{align}\begin{split}
\sin(x)&=x- 0.166667x"3+ 0.00833333x"5+\cdots
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\end{split}\end{align}
[4] os_md.dviout(Q@)$

sin(x) = z — 0.166667x> + 0.008333332° 4 - - -

[5] os_md.seriesTaylor(sin(x),5, [x,0pi/2] |dviout=-1,small=1,evalopt
=[[sin(@pi/2),1], [cos(@pi/2),0]] ,dviout=-1);
\begin{align}\begin{split}

\sin(x)&=1-\tfrac{1}2(x-\tfrac{1}2 \pi) "2+\tfrac{1}{24} (x-\tfrac{1}2 \pi)“4
+\cdots

\end{split}\end{align}

[6] os_md.dviout(@@)$

sin(z) =1—-4(z—4im)*+ (@@ —im)*+---

[6] (2B W Tsin(z) ® x = § TO Taylor EEAZ 5 IROEE TROTWDA, sin(§) = 1, cos(§) =0
EWVWHTEREEZ TS, ZThiabsxhne, REEL/NMLGZ 5 (sin(0) =0, cos(0) =172 ED

TEHIIAE (cf. evalred())).

[7] os_md.seriesTaylor((x+1)~(1/2),10,x|frac=0,dviout=1);

Vr+1=1+0.5z—0.1252% 4+ 0.06252> — 0.0390625z* + 0.02734382° — 0.02050782% + 0.016113327
—0.0130922% + 0.010912° — 0.009273532% + - - -

vV +1Dx=07TO Taylor BEHZRKD7=2, EOX o, EWRITSEATLTEREND (cf. TeXLim).
BB 2 BEHE DR T Taylor BEOFIZ 217 5.

[8] os_md.seriesTaylor(exp(sin((x-y)/(x"2+2*y~2+2))),3, [x,y] |small=1,dviout=1)$

r—y

Trap e it vt sr’ — ey by’ -Gt b gty eyt gy

exp(sin(

3.2.12.5 BEAHEOHE

356. ntable(f, [a,b] ,nldif=1,str="[k;,ks,...] ,mult=m,title=t,top=[t1,...])
i XM [a,b] & n %Sy, Ei2idn=[ng,nel S5 LICATO x BEROEE [ OBEMEORFEEED
n BPEFEDELE
o f ¥ sin(x*Qpi/180) ® X o i@ E OB DM, U A MEXEHETH L.
o dif=1 ZIEET D&, ROEHBIE L DEDMIME S RITINZ 5.
o IV avstr BIEET DL, XFHNORLERD.
ke 3R D/ NBUS LA T ORTEL. ko 1XE D /N LU T OHRTEL.
ks 13 dif=1 TS TLEHOZOKEITHIGT 5. ks DFRENRRNE XX, ky EHELWNWEARRS
na.
e mult=m ZHET DL, DELTHIUC m e~z TEX W ORICEHRIND. DL E
— title=t ZHHET D &, KIZHA bt noL.
— top=[t1,...] ZHETDH L, TNANRRO1ITHIZAS.
n DBEEDY R b [n1,n2] DEE, XM [a,b] % ny %5 Liz/NXE [a;,b] X352 ny L
RCOEBMBEOREIERT SH. D& =
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o A7V arstr #ETDHE, RO TEX YV —ARHHEN5.
ke 3B E D/ NBUS LU T O3 ko IXE D/ LU T OHTEL.
ks 1X dif=1 T o L EDOEOHEICKHET 5. ks DIFENRNE XL, ky EFELNERRE
nos.
IHILZDLE, UTFDAT v a VRMEE R
— dif=1 ZET DL, WOEKMEE DEDOK/NXM TOR/IME L RKREEZRICNZ 5.
— hline=h : #i# @ E (Qltotex({|opt="tab",hline=h) % & M). ¥ 7 + /L M X
h =[0,1,z].
— vline=v : ftDOIEE (Ltotex(/|opt="tab",vline=v) #ZM). ¥ 74/ hIv=[0,1,z]
(dif=1 Z#E L7=35461% [0,1,2-2].
top=[t1,...,tm] ZHET DL, ZNUBREO1ITEICAD. miL, no,na+1,n2+2, na+3
DUNTFHUDA.
— title=s: #A hV&XTFHITIRE.
2 ZBDSIHMN [a,b] THELT, [Lar,b1], [az,b2]] D EFE, 2 BHHE f(z,y) OBIERIZR
B, BATE 2 OED [ay,,b1] & ny H0 LEHEERY, TOLED y OfEIE lag,ba] D ng S5 LTz
BER T & f(o,y) DEIZRD

B 24X 4 MR R, LR ORRIIERR TE 5.

[0] os_md.ntable(log(x)/log(10),[1,5.5],[45,10] |str=[1,4],to0p=[0,1,2,3,4,5,6,7,
8,9],hline=[0,[1,5]],v1line=[0,6,z]);
/* [1,6.5] Z46%F DL, BTEETNZE 10 FH LE-EAXHK (0.01 7H) .
EimlE/MERAUT 14T, ERERDMRUT 44TADHS
BREIEMNE 1ITEOERA L 5TEE, MRIIRME 6 IBDRERE */
4 HrERAx#E
0 1 2 3 4 5 6 7 8 9
1.0 | .0000 .0043 .0086 .0128 .0170 | .0212 .0253 .0294 .0334 .0374
1.1 ] .0414 .0453 .0492 .0531 .0569 | .0607 .0645 .0682 .0719 .0755
1.2 ] .0792 .0828 .0864 .0899 .0934 | .0969 .1004 .1038 .1072 .1106
1.3 | .1139 1173 .1206 .1239 .1271 | .1303 .1335 .1367 .1399 .1430
1.4 | .1461 .1492 .1523 .1553 .1584 | .1614 .1644 .1673 .1703 .1732
1.5 | .1761 .1790 .1818 .1847 .1875 | .1903 .1931 .1959 .1987 .2014
LI, 5.4 OXEE TH< .
A KT EIEBIBEELI TR/ 0T, #l21X 30 225 43 £ TOFHEERIX

[1] os_md.ntable(x*y/10,[[1,11],[30,44]],[10,14] |hline=[0,z-1,2],str=[0,0],TeX=1);
/* x=1,2,...,10 (10{@) y=30,31,...,43 (14 @) =/

nI/BoNs.

3 3 3 3 3 4 4 4 4 4 4 4 4 4
6 6 6 ¢ v T T 7 8 8 8 8 8 9
9 9 10 10 10 11 11 11 11 12 12 12 13 13

&
1
2
3
4112 12 13 13 14 14 14 15 15 16 16 16 17 17
)
6
7
8
9

15 16 16 17 17v 18 18 19 19 20 20 21 21 22
18 19 19 20 20 21 22 22 23 23 24 25 25 26
21 22 22 23 24 25 25 26 27 27 28 29 29 30
24 25 26 26 27 28 29 30 30 31 32 33 34 34
27 28 29 30 31 32 32 33 34 35 36 37 38 39
10130 31 32 33 34 35 36 37 38 39 40 41 42 43
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FATOBBIEDZE Sy D/ E I RKROB DM Z N A To HEMEER 2 ERRT 2120%, LT X 5 icd il
QAN

[2] os_md.ntable(log(x)/log(10),[1,5.5],[45,10]|str=[1,4],to0p=[0,1,2,3,4,5,6,7,
8,9],hline=[0,[1,5]],vline=[0,1,6,z-2],dif=1);

0 1 2 3 4 5 6 7 8 9
1.0 | .0000 .0043 .0086 .0128 .0170 | .0212 .0253 .0294 .0334 .0374 | 40 43
1.1 | .0414 .0453 .0492 .0531 .0569 | .0607 .0645 .0682 .0719 .0755 | 36 39
1.2 | .0792 .0828 .0864 .0899 .0934 | .0969 .1004 .1038 .1072 .1106 | 33 36

Fofth, 7o& 21X 0° 56 45° £TO 10" A A0 =A% FK (FiX) X

[3] T= [II$O)$II , n$1o;$n R ||$20;$|| s ll$30)$ll , ||$40;$n R Il$507$||] $
[4] os_md.ntable(sin(@pi*x/180),[0,45],[45,6]|str=[0,4],top=T,hline=[0,[1,5]],
vline=[0,1,z-2],dif=1);

L2555 (sin % tan TEEMHZ D L, EHORIZRD).

0’ 10 20/ 30 40’ 50
.0000 .0029 .0058 .0087 .0116 .0145 | 29 30
0175  .0204 .0233 .0262 .0291 .0320 | 29 29
.0349 .0378 .0407 .0436 .0465 .0494 | 29 29
.0523 .0552 .0581 .0610 .0640 .0669 | 29 30
0698 .0727 .0756 .0785 .0814 .0843 | 29 29
51 .0872 .0901 .0929 .0958 .0987 .1016 | 28 29

90° £ TORE 1 ~X—TRITIND H1TiF

=~ Ww N = O

[5] T=append(T, [||$60;$n s u$7o;$n R n$80;$n s n$90;$u s u$100)$u , ||$110;$n] )$
[6] os_md.ntable(sin(@pi*x/180),[0,90], [45,12] |str=[0,4],top=T,hline=[0,[1,5]],
vline=[0,1,7,2z-2],dif=1);

s IV (Y E AN

o’ 10’ 20/ 30 40’ 50 60 70’ 80 90" 100/ 110
.0000 .0029 .0058 .0087 .0116 .0145 | .0175 .0204 .0233 .0262 .0291 .0320 | 29 30
.0349 .0378 .0407 .0436 .0465 .0494 | .0523 .0552 .0581 .0610 .0640 .0669 | 29 30
.0698 .0727 .0756 .0785 .0814 .0843 | .0872 .0901 .0929 .0958 .0987 .1016 | 28 29
1045 1074 1103 1132 1161 .1190 | .1219 .1248 .1276 .1305 .1334 .1363 | 28 29
1392 1421 1449 1478 1507 1536 | .1564 .1593 .1622 .1650 .1679 .1708 | 28 29
4736 1765 1794 1822 1851 .1880 | .1908 .1937 .1965 .1994 .2022 .2051 | 28 29

D00 O = N O

1

3.2.13 Environments
357. Canvas
:: Risa/Asir OB X ¥ L NADTF 7 4/ M A X
execdraw() 7¢ & TRisa/Asir OfiEiF ¥ LA ZHL L EDT 74V b YA X
o [ LMED pixel A XD Y A NT, 774/ M [400,400] L72oTW5.
e dviout0([800,400] |opt="Canvas") M & 92 L TLH fHE
o WL 7 A /. muldif TF 7 A /v MEDRREZL E ATHE
358. AMSTeX
w ZOEN 11 AMSEIEX 2 ERT 5
os_muldif.rr Ti¥, AMSTeX=1 NF 7 4/L FT, ZHANBESH TS, TRLUSATIE, EHECk-
TIHEREND TEX DY —AT7 7 A VRIELL W ERb 5.

267



[0] M=newmat(2,2,[[a,b],[c,d]]);
[ab]

[cal

[1] AMSTeX=0$

[2] print_tex_form(M);

\pmatrixq{

{a}& {b} \cr

{c}& A{d} \cr

}

[3] AMSTeX=1$

[4] print_tex_form(M);
\begin{pmatrix}

{a}& {b} \\

{c}& {ar
\end{pmatrix}

[5] os_md.my_tex_form(M);

\begin{pmatrix}

a&b \\

c&d

\end{pmatrix}

[6] print_tex_form(x_1+x_272/y);

\frac{ {x}_{1} {yr+ {x}_{2}°{ 2} H{ {y}}
[7] os_md.my_tex_form(x_1+x_2"2/y);
\frac{x_1y+x_2"2}y

359. TeXEq
2 T 740 b0 BTEX O#XBREORE (dviout0(3) THENI D)
TeXEq OfEIE, 1,2,3,4,5,6, 7 ODWTINT, Fhiddviout() OF T a XT3 A —FD eq= O
TESEIET 5.
AMSTeX=1 D& X DT 7 4L ML 5 T, AMSTeX=0 ® L X|¥ TeXEq=1 &AL I 5.
dvioutO(n|opt="TexEq") TEE TX 5.
360. TeXLim
i BIEX TRWERZ1T0HIT 2880 1 {TOFFREKRBRSITFHOT 7 4 v M
e .muldif TERETEX, dviout0("?") TENGND.
e texlim(1,n) 7L dvioutO(nlopt="TexLim") TEHE TX 5 (F74+/L hiX80).
361. TikZ
i 7T 7RI Xypic B D TIKZ % 5 & 46 7E
TikZ=1 O & X% TikZ %, TikZ=0 ® & X3 Xypic & 5.
Y10 %1% dviout0(6), dviout0(7) F72iF dviout0(1|opt="TikZ"), dviout0(0|opt="TikZ").
362. XYPrec
i 7T T RIROBFDPERED /N LA T DAL DML
B0 B 21X dvioutO(n|opt="XYPrec").
363. XYcm
: Xy-pic TOHANLEZ cm TR LT, TikZ IZEHDED
B0 % 213 dviout0(0|opt="XYcm"), dviout0(1|opt="XYcm").
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364. XYLim
i Xy-pic X TIikZ T fhifH i CIEIZHRE T 2 M COUAT O K
B0 21X dviout0(0|opt="XYLim"), dvioutO(1|opt="XYLim").
365. DVIQUTH
 myhelp() THE LEEEOMH ZRTI2dDT 07T LADIEE
e .muldif THETE, dviout0("?") THEMNIMND.
e 7 7 4/ b Windows BREEDHE D dviout IZ/3ARE-TND L XDRET
start dviout -2 -hyper:0x90 ", ASIRRO0T%\help\os_muldif.dvi" #),LABELY,

— ZHIT 2% H D dviout IZ, get_rootdir()\help\os_muldif.dvi ®F L YLABELY, (Z Z
X myhelp() NEDFIHAEME > TEEHMZ D) BNOVWEEFREZRRISELZLEEKLET.
— EIZBWT, dviout IT/XANE- TV & EiX, Thix 7N S2A4I1LT 5.
— -~hyper:0x90 IRy F ARy FE2HFEOXFT/RT ZEEBEKRLET (ox_muldif.pdf &[F LU
FRERDRE). HELRNE, ESHIZT U F—=F4 U DBEIET.
dviout @ Option — Setup parameters... — HyperTeX — Color ®IHZZH LT 0K R ¥ v
BT L ZORENE X HNDH. Option — Non-default Parameters THR R S 415 hyper=
DOfE% ED -hyper: IZHETIILX, TORETHY NAKRy MBRERIND LR D.
o HHA fn OFMIL, os_muldif.dvi BL OV os_muldif.pdf OHDT~L r:fn BT LV
Fric®n. 72720 M7 ¥ —2a7— " " REEND L EIE, ZHI-TI LR > TN D.
e %ASIRROOTY 2% get_rootdir () I, %LABELY DEEAICKHET 2 (ETHBRAE) FULICE S H
R BT shell() OBIFE L TCmyhelp() TN, EHEIIHILT D~V TRRRIND.
366. DIROUT
D HAE RTEX A LY — AR SNDST 4 L7 FY (BEZIALARERZ ENEHFIND)
367.DVIDUTA
i WTEX O AMSTEX 8RB C risaout.tex 2A# L TRRTHT7 0T T LAD/RAAL
368. DVIOUTB
w BTEX O AMSTEX BT risaout10.tex (F721% risaoutl0.tex) LML TRRTH7 1
7T LD/ AL T, DVIOUTA LA TE 5 (cf. dviout0(), risatex.bat).
369. DVIOUTL
i BTEX BRIE T riasout0.tex 2 AW L CTERRTHT 1T T LD/RA4
.muldif TRETE, WEINMEIL dviouto("?") THMND.
Windows B CTOT 7 4/ b i

[0] os_md.dviout0(3)$

DIROUT ="%HOME%\tex"

DVIOUTH="start dviout -2 -hyper:0x90 "YASIRRO0T\help\os_muldif.dvi" #J),LABELJ"
DVIOUTA="%ASIRROOT/\bin\risatex.bat"
DVIOUTB="%ASIRRO0T%\bin\risatex1%TikZ},.bat"
DVIQUTL="%ASIRROOT%\bin\risatex0.bat"

Canvas = [400,400]

TeXLim = 80

TeXEq
AMSTeX
TikZ
XYPrec
XYcm
XYLim

FNLSNTOT 7 b ME

1]
» O W O -, O,
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[0] os_md.dviout0(3)$

DIROUT ="%HOME},/asir/tex"
DVIOUTH="%ASIRR0OOT’;/help/os_muldif.pdf"
DVIOUTA="%ASIRROOT%/bin/risaout.sh"
DVIOUTB="%ASIRROOT%/bin/risaout1%TikZ}.sh"
DVIOUTL="%ASIRROOTY,/bin/risaout0.sh"
DVIOUTL="%ASIRROOT,/bin\risatex0.bat"
Canvas = [400,400]

TeXLim = 80

TeXEq
AMSTeX
TikZ
XYPrec
XYcm =
XYLim =

1]
» O W o~ O;

Lo TWVWAS.

70¥, %TikZY 1% TikZ Off, %ASIRROOT% i get rootdir() THHI % Risa/Asir DA VA h—/b
74 L2 U, JHOMEY (35R5iZ44 HOME O % %+ 273, Windows D & & DHEFE DT 7 4 /L M
#ASIRROOTY (25 L V.

%ASIRROOTY <> %HOMEY% ([CZE AN E EN TN D EIELLBELRVOT, KO muldif (CX->T" T
CHEIZHAT

DIROUT ="\"%HOME\asir\tex\""
DVIOUTA="\"%ASIRROOT%\\bin\risaout.bat\""
DVIOUTB="\"%ASIRROOT%\bin\risaout1%TikZ%.bat\""
DVIOUTL="\"%ASIRROOT%\bin\risaout0.bat\""

DEICHEELELTFEW,
370. .muldif
i os_muldif.rr 20— R L7 & EWTHAAEND 7 7 AV
e 7 7 A/l .muldif % YHOME} IZ AN TR &, BHMIZHAREIND. T0I1EH, JHIZ
%HOMEY%,/asir, %ASIRROOTY%, %ASIRROOTY/bin, %ASIRRO0TY/lib-asir-contrib 2EEIi 5.
72 ¥ %ASIRROOTY 1% get_rootdir() &R U. F7- %HOMEY IXERBEZ 4% HOME Ol TdH 5 23,
Windows TiXi# % %ASTRRO0TY, &% L\,
e TeXLim, TeXEq, DIROUT, DVIOUTA, DVIOUTB, DVIOUTL, DVIOUTH, TikZ, XYPrec, XYcm, XYLim,
Canvas DT 7 /L hERE DTN A HE.
o RIEIRNEIL dviout0(3) THEFREND.
72& 2%, .muldif OFI

DVIOUTH="start c:\\dviout\\dviout -2 \"%ASIRROOT%\\help\\os_muldif.dvi\" #JLABELY"
end$

2B, COETHELT, XFHHOLF \ L "iT \\ ° \" LEFE (2L O I#HEIRITHE
COBEITIRLKRTHAI). SIHICXLFINOIIEED &P VIT " TRT (ENBiX, TTRICHD
"ERBICHD " LRI LTND).
371. risatex.bat
o os_muldif.rr AHITE BIEX OY — A7 7 A V2 EHR L TERT LTS T A
e os_muldif.rr 2 TEX Zfi > THERCEN 2 MEEIC R R T HFRICIX, DIROUT WO BTRX 7 7 A
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JVout.tex (F72I1F out0.tex) ICHIEX OV —A&ZEEHLETR, TN 5% risaout.tex (F
7213 risaoutl.tex, risaout0.tex) ML HEAIAA T dvi 7 7 A V0 pdf IZEH L TEIRT D
TN DT a7 ATYT (4% 1L risaout0.bat).
e DVIOUTA (F7-(% DVIOUTB, DVIOUTL) CHiEIHFET.
TEX Zffi o THEARCH R Z R R T 572D OREIZLL T OEY T,
e Windows BEiICH1T 57 7 4L FEEE T get_rootdir O\bin IZ A5 risatex.bat I¥, #ilx
FEAT D L 9 72NAE T (cf. DVIOUTA) :
cd "c:\Program Files\asir\tex"
platex -src=cr,display,hbox,math,par risaout
start dviout -1 "c:\Program Files\asir\tex\risaout" 1000
— c:\Program Files\asir ®#i/3i%, 7 7 4 /L F CTid get_rootdir() &729 ¥ . cd D%
IZ1%, DIROUT C/RENDT 4 L7 MU ZRLETH, HA%E HIEX ICHE L7 out.tex &3
FIADT 4 L7 M) CThoTEZRLARRTHOLULENDHDLDT, T 74NV MEEETLHON
FwncLrxrsd.
— F72 dviout IZXARFE - TW & X1E, LD 3ITHD dviout & 7V NALIZET LET.
— BHOITONRT A—4 —1 1%, 1&FHO dviout IZxIT 24 REZEHL, TR L T
WeEEhTAsZ b ERLET.
— %D 1000 (IRRTLHX—VEERL, FORERBICL TBITEERRER—VERTTDLH L
EEWRLET. BRTHEADBKRISEMSNTHNSDT, ZOLIICLTWET.
DIROUT (Z{EA 1% risaout.tex (ILLTD L 9 RNED T 7 A LT -
\documentclass [adpaper] {amsart}
\usepackage{amsmath, amssymb, amsfonts}
\pagestyle{empty}
\begin{document}
\thispagestyle{empty}
\input{out}
\end{document}
UTDOEIICEET DL, FVRVWANFRTEET. £727 7 7RRAQR LT Xy-pic £721% TikZ
EESZERHDHDT, TENEHHFAATNET. ZOXFpic iFA V FHy M ENLIEHREE
T, A A= LTLIES,
\documentclass [adpaper] {amsart}
\usepackage{amsmath,amssymb,amsfonts}
\AtBeginDvi{\special{dviout -y=A3L}}
\usepackage [all]{xypic}
\pagestyle{empty}
\textwidth=7.6in
\textheight=11in
\voffset=-1.4in
\hoffset=-1.4in
\begin{document}
\thispagestyle{empty}
\input{out}
\end{document}
dvi 7 7 A MiHED T, dvipdfmx ° pdfTeX IC k> Tpdf 7 7 A L EEK L TENDO B ZE
S 356 1%, L® \usepackage[alll{xypic} % \usepackage[pdf,alll{xypic} IZEX7=H N,
BEDpdf 7 7 A VB HNET.
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http://akagi.ms.u-tokyo.ac.jp/inputxy.pdf

Zi %z (dviout0(4) TOE Y B X T ) DVIOUTB (i E ¥ 2121, 72 & XL F O
risaoutpdf.tex % c:\Program Files\asir\tex |[ZF&

\documentclass [adpaper] {amsart}

\usepackage{amsmath,amssymb,amsfonts}

\usepackage{pdf,all] {xypic}

\pagestyle{empty}

\begin{document}

\thispagestyle{empty}

\input{out}

\end{document}
I 5|2 risatexl.bat %

cd "c:\Program Files\asir\tex"

platex risaoutpdf

dvipdfmx risaoutpdf

risaoutpdf.pdf
&L, risatexl.bat |7 /L 3A T DVIOUTB IZ3%/E L £

pdf 7 7 A /v % B H KR F 272 SumatraPDF.exe TR I T BHI21X, FoR&EIiTO
risaoutpdf.pdf 72 & 213

"c:\Program Files\SumatraPDF\SumatraPDF.exe" -reuse-instance risaoutpdf.pdf

REOXHITEEHRIET.

Xy-pic T TE Y mtrED TikZ (272 LEEIZ XL VBV 24 535451, risaoutpdf.tex %
Tl ZIFUTOEIICETELET.
\documentclass [dvipdfmx,adpaper] {amsart}
\usepackage{amsmath,amssymb,amsfonts}
\usepackage{tkiz}
\pagestyle{empty’}
\begin{document}
\thispagestyle{empty}
\input{out}
\end{document}
ELRCBDELT T T 4y 7 BINST DI, FIIRREY 7 AV .muldif (2
TikZ=1
EWVH)—TEMAET. Tiid dviout0(6), dviout0(7) THEENZRICAE H TEET.

Xy-pic & TiKZ O G ICBEET D101E, 72E 2T TOL I LET.

DVIOUTB 7 E DO YTiKZ% 21T TIkZ Offic@E & #zx 55 D TT 7 4 /L k@ DVIOUTB
b el 1%, Xy-pic s & TikZ %t @ risaoutpdf.tex % & €l risaoutpdf0.tex,

risaoutpdfl.tex EWIHIEp ST T 74 NVHKIT L, Ny F T 7 AL risatexl0.bat,
risatexll.bat Z#ENZh

cd "c:\Program Files\asir\tex"

platex risaoutpdfO

dvipdfmx risaoutpdfO

"c:\Program Files\SumatraPDF\SumatraPDF.exe" -reuse-instance risaoutpdfO.pdf
BIO

cd "c:\Program Files\asir\tex"

platex risaoutpdfl
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dvipdfmx risaoutpdfl
"c:\Program Files\SumatraPDF\SumatraPDF.exe" -reuse-instance risaoutpdfl.pdf
ELET.
Xypic & TikZ Z[RFFCHIST 5 Z & b HRT, BIZIFUTOLIICLET.
\documentclass [dvipdfmx,adpaper]{jsarticle}
\usepackage{amsmath,amssymb,amsthm,amscd,mathrsfs}
\usepackage{tikz}
%\usetikzlibrary{patterns,shapes} % WHEIZIELT
\usepackage [pdf ,all]l{xy}
\begin{document}
\thispagestyle{empty}
\input{out}
\end{document}
e 72F5, AMSTeX=0 @ & X3, risatex0.bat & risaoutO.tex MBMEbi, ZNENLLTD L 5 TT.
cd "c:\Program Files\asir\tex"
platex -src=cr,display,hbox,math,par risaoutO

start dviout -1 "c:\Program Files\asir\tex\risaout0" 1000

\documentclass{article}
\pagestyle{empty}
\begin{document}
\thispagestyle{empty}
\input{outO}
\end{document}
e Unix X° Mac DAL, risatex.bat T/2< T risatex.sh T 74V DT 7 A VAT, Hilx
FEUTOL ) ThoT, THIZETHEREZMML THE ET (chmod 755).
#!/bin/sh
cd ${HOME}/asir/tex
platex -src=cr,display,hbox,math,par risaout
dvipdfmx risaout
evince risaout.pdf &
BHHWNIE, BEICX - T
#!/bin/sh
cd $HOME/asir/tex
/usr/local/texlive/2014/bin/x86_64-darwin/platex risaout
/usr/local/texlive/2014/bin/x86_64-darwin/dvipdfmx risaout
open -a Preview risaout.pdf
DEINCTNVRATEIT 7 7ANERELET. 20L& risaout.tex X, L XIFLLTFTDO LD
(270 £
\documentclass [adpaper] {amsart}
\usepackage{amsmath,amssymb,amsfonts}
\usepackage [pdf,all]l{xy}
\pagestyle{empty}
\begin{document}
\thispagestyle{empty}
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\input{out}

\end{document}

728, risatex0.bat <° risatexl.bat &, T 7 /L b D 7 7 A /L4 L risatex0.sh X
risatexl.sh & 720 £9.

risaout.tex $ L risaout0.tex 7% DIROUT (Z/EFE L 72U & & (>> DIROUT A& & AL AJHE
el E) I, BRESLTT 740 hOLONEBMICIER SN ET.

get_rootdir ()\lib-asir-contrib {Z& % noro_print.rr ZLLTD L H IZEE L, AMSTTEX
WZbHRETH LI LET

2P, ZOEBIFEARICED ARt TnET.

*%* noro_print_org.rr Wed May 24 17:54:34 2006

--- noro_print.rr Mon Dec 14 00:26:32 2009

seokstok sk ok ok sk ko ok ok

*kx AT kkkk

—_ 4 , 8 —_———

extern Taka_png_form_res$
+ extern AMSTeX$
Taka_png_form_res=150$

Kkkk 78,84 kkkxk

def taka_tex_form_matrix(A,Tb) {
N = size(A) [0];
M = size(A) [1];
! write_to_tb("\\pmatrix{\n",Tb);
for (I=0; I<N; I++) {
for (J=0; J<M; J++) {
--- 79,86 --—-

def taka_tex_form_matrix(A,Tb) {
+ extern AMSTeX;
N = size(A) [0];
M = size(A) [1];
! write_to_tb(AMSTeX?"\\begin{pmatrix}\n":"\\pmatrix{\n",Tb);
for (I=0; I<N; I++) {
for (J=0; J<M; J++) {
Hokok Kok Kok Kok K Kok
k% 86,102 *kx*
if (J 1= M-1) write_to_tb("& ",Tb);
}
! write_to_tb(" \\cr\n",Tb);
}
! write_to_tb("}\n",Tb);
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def taka_tex_form_vector(A,Tb) {
N = size(A) [0];
! write_to_tb("\\pmatrix{\n",Tb);
for (I=0; IKN; I++) {
taka_tex_form(A[I],Tb);
if (I '= N-1) write_to_tb("& ",Tb);
¥
! write_to_tb("\\cr}\n",Tb);

}

--- 88,1056 ———-
if (J '= M-1) write_to_tb("& ",Tb);
}
! write_to_tb(AMSTeX?((I==N-1)7"\n":" \\\\\n"):" \\cr\n",Tb);
}

! write_to_tb(AMSTeX?"\\end{pmatrix}\n":"}\n",Tb);

}

def taka_tex_form_vector(A,Tb) {
+ extern AMSTeX;
N = size(A) [0];
! write_to_tb(AMSTeX?"\\begin{pmatrix}\n":"\\pmatrix{\n",Tb);
for (I=0; I<N; I++) {
taka_tex_form(A[I],Tb);
if (I '= N-1) write_to_tb("& ",Tb);
}
! write_to_tb(AMSTeX?"\n\\end{pmatrix}\n":"\\cr}\n",Tb);

3214 #E
3.2.14.1 5O AAN

TTHNDATNIBEG 2% X O Mex 7B R ST 5.

21 0
e 1THI (0 2 0 | DAINZ

0 0 -1
— mat([2,1,0],[0,2,0],[0,0,-11) : £17% U X M CHDOEEZ TS,
mat([2,1,0],[0,2],[0,0,-11) TH LW
BDIT DRSS DR THIDOPBEE D DT, HYIDITOHRBEITD 0 1TEMTE 220,
— s2m("210,020,072-1") : {TRGZW~TITE “,” TXEIS.
s2m("21,02,072-1") TH kL.
B E D KRE L RUWBHCCEEE O L EWHET, ANPEVWOTER GEL<IE, s2m().
TRy DRI THI DY A ZAPRFE Y, ZAUTR S RVEZIZIE 0 B AS.
T 20 P 4 k< & 1%, 074 LW TH L.
— s2m([[2,1,0],[0,2,0],[0,0,-111) : mat () &IZIFFEL, &K% [ 1 THEHS.
s2m([[2,1],[0,2],[0,0,-1]1]1) &M T 5.
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— s2m("[2 1 0J[0 2 01[0 O -11") : Risa/Asir DITH|DOME HF1 % XFHI & L THRE.
s2m("[2 1100 2]1[0 0 -11") LM TX 5.
REDODWTINOENAHETH D.
R D 2 BARETL a DEEE, ED2EFRAFHEOHRRA (a3 10 LFRIND).

o X175

a 0

0 b 0) : diagm(3,[a,b,c]l) OO E525)

0 0 ¢

A0 O

0 A 0) : diagm(3, [lambdal) (AW 7 —1741)

0 0 A

aiq 0 0

0 as 0) : diagm(3,a) (kAR O BEHRZF)

0 0 as

o —ATHI

ail G2 Q13

as1 oo a23) : mgen(3,3,a,1) (CZERZTFO—ITH))

aszy agz ass

aoo ap1 Go2

alo a1l a12) : mgen(3,3,a,0) (CHEBRZTO—RITH)

azp G21  Go2

ayp a2 as

b1 by bg) : mgen (3,3, [a,b,c],1) (—ERZFTO—EITH)

C1 C2 C3

a1 b1 C1

as b 62) : mtanspose (mgen (3,3, [a,b,c],1)) (—EIFXFO—ITHI)

az by c3

ai1 aiz2 ai13

a1z a2 CLQg) : mgen(3, "symmetric",a,1) (ZEBAFO—RIIHITHI)

a1z a23 as3

a; a2 as

as by bg) : mgen(3, "symmetric", [a,b,c],1) (—EBZXFO—BEHFITH)

as b3 C3
0 a2 a13)

—a12 0 aos : mgen (3, "skew",a,1) : (CHFEZFTORENHITH)
a1z —azz 0

0 a O

0 0 a) : mgen(3,"highdiag", [al,1) (KA DO—> L)

0 0 O

A1 0

0 A 1) : diagm(3, [1ambda])+mgen(3, "highdiag", [1],1)

0 0 A

0 0 1

1 0 0) : mgen(3,"perm", [3,1,2],1); (EHfT5)

0 1 0

EVEELLIE, mgen() &
o [THIZDRT %
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b
I
o

6

O N

N O OO0 O ONO R
O O OO, ONO~=O PO

O R O N O NO O

(an)
N}

newbmat(m,n, [[All :A12’~~~] > [A21 :AQQ"'

N O
N——

— O N O N OO

o 1T E T

apo
ai
A= |
a0
a30

aopo  ao1
a0 Aa21

(aoo ao1
a20 Aa21
ap2  Aopo
aiz2 aio

Q22  A20
asz2  asp

(aoo a02>

a2p0 Aa22
aip ai
azo0 a21

asp Qasi
aopo Aol

ao1
a1
a21
asi

ap2
a22
ap2
a22

a12
a22
a3z
o2

2 0
(0 2) b

: newbmat (1,2, [[A,B]]) WBiizo72RF3)

: newbmat (2,1, [[A],[B1]) (ftiz>72iF%)
: newbmat (2,2, [[A]l, [0,B]1]) GHIAIZ27RIF5)

: newbmat (2,2, [[A,B], [B,A]])

ao2 ap3

M2 W3 Lz 22T, FRFIOFEEIL 0N BIEED L ERD.
a22 Q23

azz 33
: mperm(4, [0,2],[0,1,2]) (047H & 2497H, 0%FIBE 15IHE 2%BEZ
DB )
ZO?*) : mperm(A, [0,21,0) (047 H & 247 % = DA
23
: mperm(A,0,[2,0]) (2%1H & 0%IH % Z DIEICHIH)
: mperm(A, [0,2],1) (01TH & 21TEOXAITHIEZIED)
ais
223 . mperm(A, [1,2,3,01,0) (017 HZREOITIHED TIF5)
33
ap3

2EHIIMTOREL, 3FRIIFIORELZY X FTET.
e L O0FERRNZ L, 3FHDBE LIZ2FEHDOTFICFE LN L E2RT.
EVFEL <X mperm() # 5 MA.

o 1TFI DI DT : madjust () 25

3.2.14.2 F@ERE
P, Q, R, S, T \3FELE, s, t (TFELT D CHEEEL, Q=34 DLV ANTHERD).

RRPERERDD

¢« OX = 0P+ 00 L7572 X #E+ (O 1ZFM) -

ladd(P,Q,

D
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—0P-0Q L7275 X %8 :

ladd(P,Q,—1)
OX =0P+1-0Q L7127 X 25T
ladd(P,Q,t)

E# PQ LiEMR RS LORSEERYT (Wi 0%, —KT57202%KT) :
ptcommon([P,Q], [R,S])
By PQ Ly RS L O S EIRT
ptcommon([P,Q],[R,S] |in=1) (Kb benE& XX 0 #ik7)
M RDPOER PQIZTA LIEEBROEEZIRT
ptcommon([P,Q1,[R,0])
R RO PQICTALEEROREZIET (B PQ LICHEROENR2NE XX 0 ZiKT) -
ptcommon([P,Q],[R,0] |in=1)
EAR PQ OEE LN EER RS OEE LN BORE N 2IRT
ptcommon([P,Q1, [R,0] |in=-1)
Bt PQ OB _FH0M & B/ RS O REIKT
ptcommon([P,Q], [R,0]|in=-2)
Hit PQ OMEHE _ENREHRD RS ORXREIRT (B RS ERZbbRnEXIZ0E2IET)
ptcommon([P,Q], [R,0]|in=-3)
PO# sfiLCORBELIAS by E55E%, OX =00 +v L7525 X & :
ptcommon([P,Q17, [s,0]1)
By PQ D st DN EAIET
ptcommon([P,Q1, [s,t] |in=1)
Wy PQ D st DI REIRT :
ptcommon([P,Q], [s,—t]in=1)
EHE PQ LHOLN R TEENr DHEORREZRT (REBRNEEIT0 Z2KT) :
ptcommon([P,Q],[R,r])
By PQ &S R CTERN r OF L ORREIRT (REARVWE X0 2ET) :
ptcommon([P,Q1, [R,r] |in=1)
P P CERE s O EFLD R TEREP r O EORR (7anE X3 0) 2T :
ptcommon([P,s], [R,r] |in=1)
LAY P T s OFITH R 2B W oS5 R OB R 2 KT
ptcommon([P,s], [R,0] |in=1)
2 SO Bézier fifg 01 & 0y OAZHEZWT -
ptcombezier ({1,05,m)
2 O@%g/ﬁ\ Bézier Eﬁﬂf’f“% b1 > b2 @&;ﬁ%@@— :
ptcombz ({1,402, m)
l_fl,?% PQ D {(l‘ y) | Tmin <X < Tmazxs Ymin < Y= < ymaw} ODJ_K Qﬁjﬁé%—:j&ﬁ— :
Ininbox ([P, Q] [[Zmin > Tmaz] » [ymzn »ymam]])
oy PQ » {(-73 y) | Tmin < T < Tmagzs Ymin S Y < ymaz} DER 5 D Wi 22 39
1lninbox( [P Q] [[-/Emzn:mmaw] [ymzn ’ymaw]] lin=1)

EHEHIRDIYRAERDD

AR P,Q,R,... D {(5573/) | Tmin < T < Trmaz, Ymin <Y < ymaz} HNDObDEHOITEZD
ptWiIldOW( [P, Q, R,..., [min>Tmaz] » [ymin aymax])
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e S PQR,.. \ZT77 4 EHERT
V iz 0 BlEE LT T (713 AB T —) M 28, S W HITBET 5.
JERE T < TERO B M HAVUL, FIUTZEMR L7 (xybezier () OFH7R E).
ptaffine(M,[P,Q,R,...]lorg=V ,arg=0,deg=0,shift=W)

o N r TH.L P OMICNET D BRAEORAN 0 ) 1En SMAEOTESOFEEZELZIET
ptpolygon(n,r|org=P,arg=0,deg=0)

e OX =08 +k-00+(-0F (0<k<m,0<l<n) OKTHEX OUEEDY A %57 :
fi(X[0], X[1]) > 0, fo(X[0], X[1]) > 0,... Ziifi/z S Zpv aUdBR< .
ptlattice(m,n,P,Qlorg=S,scale=t,cond=[f1,f2,...])

REPAEZRDD

o OP DR &% :
dnorm(P)

o PQOESHET :
dnorm([P,Q1)

o OD & OG OWRE%ET :
dvprod(P,Q)

o ]@ L ﬁ@iﬁ?‘ﬁ 0 (—m<0<m #7772 TET :
ptcommon([P,Q]1, [R,S] |in=2)

e PO & RS 079456 (—180 < 0 < 180) % TR :
ptcommon([P,Q],[R,S]|in=3)

e /POQ D& %EKT (P=0FH2Q=00LxT1 %KT)
dvangle(P,Q)

e /PQRDOA%%xKT (P=Q FLIZQ=ROLZxiT1%iET)
dvangle([P,Q,R],0)

ERWMREROHEE
UTIET 740 bTHE TEX © Y — 2 %W, 473 3 proc=1 THIEETERXZIKL, dviout=1 T
RN N

e P, Q,... I CIHICES
xylines([P,Q,...] lopt=s)
TikZ DAL, s ICELTO X 9 RIEENFHE (HMEHEEIT "red,dotted" O X 5 IZHIE).
MOAXSHEE "thick", "thin", "width=2pt", ...

RIERTE "dotted", "densely dotted", "loosely dotted", "dashed", ...
—ER "double", "double distance=2pt", ...
BIEE "red", "blue", "lightgray", "green!30!white", ...

e P, Q,... ZIAIZHINMTEE, BHEORERINDOHRHES
xylines([P,Q,...] |close=1,0pt=s)
TikZ DEGE1E, EHITSICUTOE S BV S5 LIEFE S 7iHE

FYDSALDOE "fill=red","fill=lightgray", ...

NEZ—2%EYDSL "pattern=northeastline", "pattern=grid", "pattern=dots", ...
NE—20 "pattern color=red", ...

FYDSRLOFEHAE "opacity=.5"

L DODSNLES "even odd rule"

WY OSLOLTEMEE R E X1, opt=[s,"fill"] LIEET S.
e AP Q,... FIAICHEDBLNIHE
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xylines([P,Q,...] |curve=1,opt=s)

MP,Q,... ZIHIZEDE LM EABER

xylines([P,Q,...] |curve=1,close=1,0pt=s)

y=f(z) (z1 <z <x3) CEEDEBDISTD y; <y <ys O :
xygraph(f,n, [x1,22],0, [y1,y2] lopt=s,org=P,scale=r,prec=v)

(f1(2), fo(t)) (th <t <to) TEEDFEBRO 21 <2 <9, 41 <y < yo DL
xygraph([fi, fol,n, [t,t1,t2], [x1,22], [y1,y2] | opt=s,0rg=P,scale=r,prec=v)
RP,Q EXADTHHRE T HKELGEAR :

xybox ([P,Q]1)

RP,Q ZXMADOTER LT HKELREARD TIkZ TOEMITFEBYOHSL

xybox ([P,Q] |color=s,fill=t)

RP,Q%EMNAOCHELAEL, R2HH)—DOOTEA LT HFTHEBR :
xybox([P,Q,R])

Pahbld 2 r OFHICNBEL, —DODOTEADREAN O L72H1En AR :
xylines(ptpolygon(n,r|org=P,arg=0))

RPEPLETHEEr OF -

xyang(r,P,0,0)

futs P, 8 r OHORAD (o, B] OF5 OFEN

xyang(r,P,a, ()

Hub P, ¥ r OFORAD (o, B] DI ORR :

xyang (r,P,a,B|ar=1)

LA P CHEMERI O RN r & gr OFEM -

xyoval(P,r,q)

by P CEEHERI O r & qr T, EEFIORFAS v OFEA :
xyoval(P,r,qlang=[0,0,v] ,deg=[0,0,7])

HUL2S R P CEMERIDIRA D v, FE1 r & qr T, RADN (o, ] DESOEM
xyoval(P,r,qlang=[a,3,7] ,deg=[a,3,7])

ROP L, FEEEORADN v, BERr & qr T, WBAD [a, 5] O OEHER :
xyoval(P,r,qlar=1,ang=[0,0,v],deg=[0,0,~]1)

By (f; >0 %079) 0S+k 00 +0-0k 0<k<m, 0<l<n) LTHHF:
xylines(ptlattice(m,n,P,Q|line=1,0rg=S,scale=t,cond=[f1,f2,...1))
ZQPR\ER r OBERES (PQ 10 bIIHEY 2 PR ET) -

xyang(r,P,Q,R)

PG Ol P iz 0 r TREFHE Y (CERRE AL

xyang(r,P,Q,1)

PG DIt P iz —i0 ¢ THERHE D K EARS £ <

xyang(r,P,Q,-1)

QP O P icHix OREGEEORERES r CHi< (-4<t< -2, t=0, 2<t<8):
t = —4(135°), —3(120°), —2(150°), 0(90°), 2,5(45°), 3,6(30°), 4(60°), 7(22.5°), 8(15°)
t>5 0L T

xyang(r,P,Q,t)

QP Ofesi Pickix DRENZES r THi< (-4<t< -2, t=0, 2<t<8):
xyang(r,P,Q,tlar=1)

280



3.2.14.3 YR FEREH

A5 U CE A D BT, dsin(x) O X 9 2B L sin(x) DX O REERH 5.

AIE D 213 dsin(0.1) DX I ICEHDOHNARETAEILD x VT dsin(x) & T2E T -7 5.

BEIFIRETT x ZHVE sin(x) EWIHITBNRFHET, 72 & 23N oEEEIT diff (sin(x) ,x) Ik - T
cos(x) BHHND. INHOEEEMRA LR exp(sin(x)+y) O LI REHEERTHI L LAHETH D.

—7J, subst(sin(x),x,0.1) £ LTH sin0.1 DENRELNDLD T/ REI sin(0.1) BNESH, FEEE
?D sin0.1 DEZHGDHI1TIL eval (sin(0.1)) & LTI 6720, &2 AR sin(0.1) X° sin(0.2) (F#7%
DAEIE LT Risa/Asitr DAEY — » T U TICRERSNIZEFILRDDT, WAWALRKHEERATDHZ
LEME LT L REORETLHEEIINT, Risa/Asir OBESBMIZIELS 72 o720 REEIL R -T2 7
%*2. (3D 77 7B OBKAE L) 2O X ) RARE~ORUO=H ) R MBS A EX L.

b HHZR SO

R9=X, [FExX, EHF 51%]1]

EWVWDOYREDORT, EOFIBICIAELx BNEFENTNDLTDL, VR MO xITHENAL, KIZ ((fAZ
1T-72) Bl8z 5 A THEREZFAZR Y EZRIHXOFETICRAL TR LNIMEZES, LWVWIETY X b
AR DOEARDEND.

sin(x) # U A MEREETEHT D L [z, [z,sin,x]] 7203, U X MEREKICKHT S eval() <
deval ) IZxHiEd 5 H DL LT myeval () & mydeval() NEHRSNTND. ko Thd 2 sin®(0.1) 1%

[0] F=sin(x)"2$

[1] FL=[z"2,[z,sin,x]]$

[2] eval(subst(F,x,0.1));
0.0099667110793791855371

[3] myeval(subst(FL,x,0.1));
0.0099667110793791855371

[4] dsin(0.1)"2;

0.00996671

[56] deval(sin(0.1)"2)-dsin(0.1)"2;
0

[6] os_md.myfdeval([z"2,[z,dsin,x]],0.1);
0.00996671

DEITD.
Z Z CTmyfdeval() i, subst() & mydeval() & #[RIFHITITHOHETHLD ([FAHk7 myfeval() & D).
L VB Y X MERE ORI OV Tt myeval O OIHAZZH L TFIV.
BB, WOLHIBRLDILY A MEREHKTH .

o sin REDHET ZE LR x"241 X (x+1)/ (y-1) D & 5 L HASAH K
o VX MEREHIZY X MERBEEZRA LS DX, VA MERXEHL 225 (compdf () TRANHHE

£2df ) I, WETEEBLETFOREE Y A K I EHT 5. BT sin O X 9 72 EET dsin O X
9 fﬁiﬁtﬁ@ﬁ%@lé&kﬁ‘é?%tf%i%ﬁ&zéODT, §< DEERALTHARETLORKBERAEITEZ SR, —
7 8in(0.1) "2 OFHEIL dsin(0.1) "2 ICEEMZ LN DH DT, [LEFE (bigloat) TREN/INEOFHE TIX72
FERSEEREVINEGHR & 70D (cf. §2.9.2).

[0] deval(exp(sin(1)));

*2 BT, Risa/Asir OFREILIACIE, ZO LI ICHELERETLE ATY =2 bHETEENEHEESR TR,
*B 20z FEEOTRELTE.
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2.31978

[1] Exp_x=os_md.f2df (exp(x));
[z__,[z__,os_md.myexp,x]]

[2] Sin_x=os_md.f2df(sin(x));

[z__,[z__,os_md.mysin,x]]

[3] F=os_md.compdf (Exp_x,x,Sin_x);

[z__,[z__00,0s_md.mysin,x], [z__,os_md.myexp,z__00]]
[4] os_md.myfdeval(F,1);

2.31978

[5] G=os_md.f2df (exp(sin(x)));

[z__,[z__,os_md.myexp, [z1

[z1__,os_md.mysin,x]1]]

pp—1

[6] os_md.myfdeval(G,1);

2.31978

[7] os_md.compdf (y/(x"2+1), [x,y], [Exp_x,Sin_x]);
[(z__01)/(z__00"2+1),[z__01,0s_md.mysin,x], [z__00,0s_md.myexp,x]]

P,

LD myexp() ®mysin() iF dexp() X dsin() LiE-> THRELB G TIRSNIZBEE B THS.

BEHE T, TEEH, T42bb, NEx, AKX, HHEPL) 2 MEREE (L f2af () THA D
B) malfe Lz, G125 Y X MERBEREZIKTHEIROL SR b DN H D
— (RS LT B NS TR OB AR
myexp(), mycos (), mysin(), mytan(), myacos(), myasin(), myatan(), mylog(), mypow(),
myarg(), fouriers()
— bigfloat [Zb X L7z

abs(), sqrt(), frac(), arg(), gamma(), lngamma (), digamma (), dilog(), erfc(), zeta(),
eta(), jellQ

B f 2 U A BB BRICE R T S

f2df (f)

B f OARETT ¢ 1B g # RN L72 Y 2 MEREEEZED (f, g13Y 2 MEAEH TS L)

compdf (f,z,¢)

B f DARETE 21, 22, ... DTNEIUTHE g1, 02,... ZRALTY X MEAEEZ55

compdf(f, [371 s L2,y .. ] ) [!]1 3592, .. ] )

BECT f CEBDS vi,. .0, DU A MEXEEEZES (013 f O5150%K)

vy (38, RETE, AR, U R MEAEER S £2af O THEIRTE 28Tl

todf (f, [v1,...,v,]1)

BRA~DRANREC L > TEZFHETE 5 (U A MER) W f 25l L THEIEZ 155

myeval(f) mydeval(f) myval(f)

myeval() [T eval() IZH72V (FREZ2 & bigfloat), mydeval() IX deval() IZH7= v (HEFRBUEIZIX

FEXIS), myval ) (XFTREZRRR D BEVNEUR 2 W RWEE G S .

(VA MER) B f OFRETT x 12H a ZRA L7 EBIEZ155

myfeval(f,a) myfdeval(f,a)

AL eval O (KBS (FTREZR & bigfloat), %13 deval () (Zxfits (BIHEEAEITIZIERTIS)

(U A MER) B f OFRETT x 12l a RN LT B 2 15 %

myfeval(f, [z,al) myfdeval(f, [z,al)

(VA MER) B f ORETT 1, To, ... 1THH a1, ag,... ERALTEEEEZED

myfeval(f, [[z1,a1], [x2,a0],...]) myfdeval(Q (f,[[z1,a1], [x2,a2],...1)

() 2 MER) B f ORI x, v 120 a, b A O LI B A8 5
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myf2eval(f,a,b) myf2deval(f,a,b)

o U MNEREWE f & EFE/ NEUSEHR S bigfloat FIAANEE TS
df2big(f)

o VX MEXEH f % bigfloat FHHE D LA EZEN NIGTEI R A~EE TS
df2big(flinv=1)

o W f OLKx Da; TOMZ b ICEHELEZ (j=1,...,n—1) £z D)2 MNEAEEELHED
Cutf(f,$,[[],[a1,b1],,.. [an 1’ n— 1] []])

e a<z<bDL¥ flx) LR2EMb—a?axBEDOY A MEAEEEHED (f 0EEITIx &T5).
periodicf(f, [a,b],x)

ek=1,...,nICHLT(k-1)c<z<keD&Z h(y) (0<y<c, =L eZ) LDEM ned v K
DY A MEARHEBEZED
periodicf(ltov([h;,ha,...,hy]),c,2)

o ERDOFMIZ L > TRLDIEBOMEEERD V 2 MEXEHEEZED

vi(x)  (z < ag),
K (x=ag, k=1,...,n—1),
9@ =00 @) (&> an),

@) (B2 o)
LWV )z BEHET LY A MEREH g(z) IFROESICLTHLND.
72720, f,v1, vy OEEILx T (01, v, FETHL L), qp < a1 <as < - <ap_1<a, ER>THD
DRENRH D (LLTFT [, Lag,vol, [a1,v1],. ..y lan,v,]] E T2 &, fOEHO  IZHIET D).
cutf(f,x,[[ao,vl] [a1,v2],..., [an,v,11)

e pari(funct, ) TH-OHEIN DK iifunct BEH e D) A MNEREKIZT D

[z_,[z_,os_md.evals, ["pari", "funct",x]]]

3.2.14.4 ERE A ERREEROFEN

DT OBREIZIE sin(x) O L9 REEOIED, VA MERAERLEEND.
g

o FEEHEL f DX [11,22] 1IZBIT D GIfl) FREZZTO f DfEERDD
fzero(f, [x1,22] Imesh=m,dev=d,dif=1,zero=1)

o x B DLEN p DFERERD D
polroots(p,z)

o o BHOLIEA p DEMRE a <z < bOFHHETRKRD S
polroots(p,x|lim="[a,b])

o x BHDLEN p D (FBELI-HFHEICHD) FEMBRERD D
polroots(p,x|comp=2,1lim=[a,b])

o 2 EBHOLZENXp D FRELZ&EMHa <Rez<b, b<Imz<d) WD) BHERETITEKDSD

polroots(p,z|comp=1,lim=[z, [a,b], [c,d]])
FHOHIER 72V E &E1X [2, 0, [e,d]], BEOHKIRN 2V E XX (2, [a,b]] T 5.

o : ZHDOZHEN p © (FaE L7 D) HEFERZ T TR, AHRITIEIE T2 < AEEE IR
polroots(p,z|comp=-1,1lim=[z, [a,b], [c,d]])

e x1,..., 0, BEOnBADOZEX pr,...,p, DIHBEERZL LD D
polroots([pi,...,pnl,[z1,...,2,] lerr=r)

o 21, 2y BEDO n HOZHENX py, ..., p, @ (HFAZR L) F8E LIS ailz T EiRs LoD
polroots( [p1,...1,021,...1lcomp=t,lim=[[21, [ay,b1]1, [c1,d1]1],...] ,exr=r)
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1BiE

o FEHUHEHEL f O a TOMMEEZRDS (a=—00% "-" T,a=o00 % "+" TKT)
flim(f,alprec=c,init=t)

o FEHUEEHIL f DA a TOLMBERCLEMIRIE A R 25
flim(f, ["+",a] |prec=c,init=t)

o FEEMEEL f DX [11,22] DIBE L ZD & EDEHKDOEERD D
fmmx (f, [21,22] Imesh=m,dev=d,dif=1,zero=1)

o FEEHE g DIXIH [11, x2] NDOFER L ZDRIZEB T LEE f DA KD S
fomx (f, [x1,22] Imesh=m,dev=d,dif=g,zero=1)

o FEEEL f DX [11,20] TOR/MEERKRELZD L ZDEHDEERD D
fmmx (f, [z1,22] Immx=1,mesh=m,dev=d,dif=1,zero=1)

HiEES
o [X[#] [a,b] TOREERE f ORAER (n 1353 FLROMEED)
a="-"{I—-oc0o%, b="+" 1T +o0 TEKT 5.

BEN x TR Tt EEE, [a,b] % [t,a,b] £ET5.
[a,b] DATH f BEOLNICERINTVD & XX, HEROEED —1{E%2n &T5.
fint(f,n, [a,b] |exp=c,int=k,prec=v)

o [XfH] [a,b] COBEHRIMEHEL f OFMER > (n 13 5F SO
fint(f,n, [a,b] | cpx=1,exp=c, int=k,prec=v)

o BFMMEEL [ O C iR [a,0] Dt — ((t),¥(t)) ITIB - T EHRLSY
fOEEIER Lz L 20E x EEHRy 2N ENTES.
fint(f,n,[[¢,¢¥], [a,b]] |exp=c,int=k,prec=v)

o MFIMEHEL f DX CL fk#hFRIC I - TR (f OEKIT 2, x, §)
flnt(f)n, [[[¢1 :,(/)1] > [al ,bl]] ) [[¢2:1/)2] ) [a/2 ,b2]] . ] |eXP=C,int=k,prec=U)

o [ (a1,b),(az,ba),. .., (an,by) ZNEIZEE PRI IE - T2 EREBERE f OB FES
fint(f,n,[la1,b1], lag,b2],..., lay,b,]] lexp=c, int=k,prec=v)

o i(a1,b1),...,(an,by), (a1,b1) ZNEICEPA U2 PrICin - TmE RIS f OEFFES
fint(f,n,[la1,01], las,b2],. .., [an,b,],-1] |exp=c, int=k,prec=v)

o ik C: [a,b] 3t (o(t), ¥(t)) (> T=#BES [y d
RXE, T7hobba="-" (—c0 ZBHKT D) ,b="4+" (oo ZEMHTB) bl
areabezier([[¢,¥],n, [t,a,b]] |exp=c,int=k,prec=v)

o z B oA % (q 1I32HA) OVf; >0 CRINDHELOJEH TOMERS (BEGHR)
fresidue(p,qlcond=[f1, fo,...],,sum=2)

o L7 MAMMR C : [a,b] 5t — (qﬁ(t),z/)(t)) THENFEROERM (HBEARFEY 2620 —1£%)
areabezier([[¢,¥],n, [t,a,b]] |int=k,prec=v)

o i (a1,b1), (a2, be),. .., (an,by) ZNRIZHE Y 4551 £ DY CHlEN -2 A O mifE
areabezier(xylines([[a1,b1],...,[ay,b,]1]|close=1))

o S (a1,b1),(a2,ba),. .., (an,by) ZNAIZHE Y 45,500 & D1 6272 FAdhRR CH E 72585 DO fifH
areabezier (xylines([[a;,b1],...,[a,,b,]]|close=1,curve=1))

o X3 Bézier Hhif £ T ENZER OmEFE (L 1L 1bezier ) TN 5T —Z RO WThn)

areabezier (/)
TEHES (RaBE%)
o u BB LT DM f ORERSY [ f(x)dx

integrate(f,x)
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o x BEHETHEEN p 0 [0,2] TORSY [ p() dw
intpoly(p,x)
o FUARIEZ SR B 2 i L BERGy [1f(x) de OFE
integrate(f,z|I=[a,b])
o v BRI HAHBELE p ORI [ p(x) do
intpoly(p,x)
o ZIEN p & ZAREEK sin Az OFED JF AR
intpoly(p,z|sin=\)
RYHE [g(x),h(x)] X [p(z)sin Az dz = g(x) cos Az + h(z) sin Az ZEHT 5.
o ZIEN p & ZFAREEK cos A\x DFEDJFIAREEK
intpoly(p,z|cos=)\)
RO [g(z),h(z)] 1Z [ p(x) cos Az dx = g(x) cos Az + h(z) sin \x & BEHT 5.
o ZIHK p L NI 2 OREDFIABISK
intpoly(p,x|pow=X)
RV g(z) 1% [ p(@)a?tde = g(x)z> ZE%RT 5.
o 2K p &xIRBI%K log(A\x + ¢) DFED FAARBI%K
intpoly(p,x|log=[\,cl)
RO [g(z),h(x)] 1T [ p(x)log(Az + ¢)da dz = g(x) log(Az + ¢) + h(z) Z BEW®T 5.
o I p &xRBIS D BRI~ X log™ (A\a + ¢) OFEOFAARBIEK
intpoly(p,xllog=[A,c,m]) 4
RO Lgo(2),01(2), 1 15 ] pl(e) log™ (A + )z = S g5 (2) log™ (Aa + ) &S 5.
B
o zZHDELIEN q 23R LT HHHAL ORRFLEEO) A M55
fresidue(p,q)
® f1>0, fo>0,.. ZMLIFEKCTOFIEN L ORRLLEHBDOY X b 2G5
fiE z,x,y0 (VAMER) B (z=x+yi)
fresidue(p,qlcond=[f1, fo,...]1)
o &I EEOME KD D
fresidue(p,qlcond=[f1, fo,...],,sum=1)
e load("sp") 12X - T af_noalg() #2252 X HIcB &, EMARMENIRD LN DFENILN D
(cf. fctri()).

NEBHRDE B

o BRO=ABEE, EREROBEEEICET L, HEEBOBIT—2ICEL DD
trig2exp(f,x)

o & BR D = BB R B DRI A& TR D = AR L R A L, = ABBOREITIIC
FLwD
trig2exp(f,x|inv=1)

o x RO =MEAK A, FTREZRIRY sine DL sine DLIEAN L cosx & DEDOFNILHET D
trig2exp(f,x|inv=sin(z))

o o BH O =AM E, FHE/RRY cosz MEZHERR cosx DEIEA L siny & OFOFNIEHRT 5
trig2exp(f,z|inv=cos(x))

3.2.14.5 EEAXT—4

T ENDORIEAT =2 DL 5 eRWENT —4 %, Risa/Asir TRET H72DDEEIZHOWTHT. £ T
X, BTV AREL, TREEDEIV A MY R MEAT -2 LIPS LICT 5. £, 720 2 MEX
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7T — A DEFE, fitose [HE] LFESZLICT5S.

KBTS DEH

o =/ ENDCSVIEXT —4% U XA MNEXT —HICEW L THiriale (eval="all"t T2 &, HHFE
T3/ N B S E L CatAdAte. T 7 40 MIXTHE L TRtAiA A, ZOBEFROERITZELTHIE LT
FEAIATR)
readcsv(s|eval=[n;,nq,-- ] eval=n,null=t)

o UANMNEXT—4% CSVIERIZEH (77 AV ELTHITBHIZIE, fcat() NS L LW
tocsv(¥)

o VA NMEXT—4% CSV IERUCE#H L T, £ % Excel IZJET
tocsv({|exe=f)

o URAMERT —& ZATHN A
1v2m (/)

o 1185 ) A MEXT — X IC A #1
m211 (m)

o VA NERXT—4% TpX OFITEH
ltotex(/|opt="tab",title=s)

o DO n A EZNLEOTEHRLE D 2 >OEXKRY X MHyET 5
1sort(/,[]1,"cut"|cl=n)

o MDD OEFEZNLUBED n HOEFED 2 >OREAY A MHET S
lsort(/,[],"cut"|cl=—n)

o TWEDHABMNELR > TNDHEE, thAHITs (T 74/ MIZELT) ZFEEDTHIZ D
lsort({,"adjust", ["put",s])

o REUWRET D (ITLHEV - VIKRT)
lsort (¢, "transpose", [1)

F—8HY—t
o ty FHOWHTY — |
lsort({,"sort", ["put",t1])
oty HEHOWHHE THIAY — |k
lsort (¢, "sort", ["put",—t; — 11)
o ZEX—FHWILERDOY— |
msort (¢,s)
o {1 FEMFE L HLOIE—2%FFRWTHIBR (EEZA)

1sort(/,"sort", ["reduce"])
HBE %
o HWREDKHIZ, THA s DA ZAHN

lsort(¥,s,"cons")

o BEROIIHIZ, S51,82,... ZNEZ AN
lsort (¢, [sy,s9,...1,"cons")

o HHAFBFZIAIZANTZY A N EYOEZE L L CFHN
lsort(/,"num", ["col"])

o REHDLIAICEFZF T %2 n M OIAICANTEA Z A
lsort (4, "num", ["put",n])

BERVCEBZEHREHT

[ ] IEH C1,1,€C1,2," " %:}ﬁ%u”ﬂ”
lsort(/,"col", ["put"]lci=[c1,1,¢1,2,5...1)
L IEE C1,1,€1,2," " ii»ﬁ,%<
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lsort(£,"col", ["setminus"] |lci=[ci,1,¢1,2,--.1)
e ¢ EH, c1oFH ... 0EFRE ZONEICHKE T
lsort (£, "num", ["get"]lci=[c1,1,c1,2,...1)
o 11 &H, c12FH,. .. DEFRLHILR
lsort (¢, "num", ["sub"] lc;=[c1,1,¢1,2,...1)
e nHHOHEMN s LHFELWVWHDEZHEEIET
lsort (4, "num", ["get", ["=",s],n])
e N HEHADHAMN s LELWVHDEIHRL
lsort (£, "num", ["sub", ["=",s],n])
e n EHOHHEN s LW REW (UhI\ete) bOEHRETET
(R EZDWD ">" F ", n>=nng=" m=n 7p BNERE
lsort ({,"num", ["get", [">",s],n])
e n FEHOHEMN s LV KREW (IS ete.) bOEHIFRT S
lsort (¢, "num", ["sub", [">",s],n])
e n FEHDHE (n DRITIUTEFRE) 2 [ ITANTZEVEN 0 CTRWERLHFE T
lsort({,"num", ["get", f,n])
e n HFHDIHE (n BRTHITEFR) AHE fITANTZREDED 0 TRWEERZHIER
lsort (¢, "num", ["sub", f,n])
BEBAD
o TR A KT
1sort(/,"num", ["sum"])
e n HHOWHEMN s IZHELWHOMEEZ KT (LA =" E, "i=r nynongnns=n <=t j3A[5E)
lsort (£, "num", ["sum", ["=",s],n])
e ¢y FHOIWH, ¢ HFEOIEHA, ... 0f (THRWVWIEAEIZ0) 22 TOEFIIESTELEDLETET
lsort (¢, "num", ["sum","+"]|ci=[c1,1,c1,2,...1)
o cy FHODIHE, ¢ HFEOHA,... DFMZERE LADLELLDEERORYIOHEB BN
lsort (¢, "num", ["put","+"]lcl=[ci1,c1,2,-..1)
e n ZHOIHE (n BRI IITER) #EHE f ICANTEREY A EROKRYIOHEBIZBN
lsort (¢, "num", ["put", f,nl)
e n FEHOHE (n RTFTIITEFR) ZEHK [ ITANTZEVEEZETOEFEIZOWVW TR LA IRT

lsort({/,"num", ["sum", f,n])
HEDEZHZ

e m, FAODEHZDO n, FEDOHB % 5, ITEEHZD
lsort (¥, "subst", [Jlcl=[[mi,n1,51]1, [Mma,na,821,...)

22DV RAMRLT—42 (4, 0 12, BELEF—EEARLIDER]ET IEREALBL T LR
o ( DEFITHIET D U DEZNP DL, HAZEDELERIZTD

lsort ({1,02, ["cup",m,nl lcl=[ci,1,c1,2,...1,c2=[ca1,622,...1)

o L DHERIZXIGT DL OEZENHNT, HEZAGLELERIZL THREHT
lsort(¢y,0y, ["cap",m,n]l lcl=[ci1,c1,2,...1,c2=[ca1,c22,...1)

o { DERIZKNET D U OEREDRHIUL, L DHIRT S
lsort(¢y,¢s, ["setminus" ,m,n] lci=[c; 1,c1,2,...])

o { DHERIIHIGT 2 0 OEZRDRHIE, *ETIERTY OBELZEHAZ L OEBELZEBY L&
T35 BHEHNTZY R MZTB)
1sort ({1,f5, ["over",m,n] |cl=cy,c2=c])

o { DHERIZXIGT DL OBEHZENY, XIGTHERT LY OFFE LT-HEEBNELFHITRITNL, ETL
ODIFELIZHBLZ EEXT5
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1sort (1,05, ["subst",m,n] | cl=c;,c2=cy])

Z D

¢ 2 OoD YA MNIXTF—XDHEDENE Y A FTIEY
lsort (41,05, "cmp")

o ERIEMNEIL 250U A MUK T — X OXBRELEIST CTET
lsort (41,05, "append")

3.3 Some functions in the original library

PUF OB, module fb SN2\ DT, B DFEFHIZ os_md. DT EHA.

331 HOEE
1. idiv (i ,i9)
w BHGREICK AR
2. irem (iq,i2)
o BEHGREIC L AR
o iy D ig ICLAEERBEICL A0, FRERD 5.
e iy X0 THoTIERLAR.
o WIRENADEE, MxHEIZRIT 2 fEIC~ A T A Z D T lE KT,
o i1 %o IE, MERNDEICEFILLEIND Z L ZFRTIE irem() ORDOVICHNDZ LN TES.
o ZIENXDEAIT sdiv(), srem() AN 5.

[0] idiv(100,7);
14
[0] idiv(-100,7);
-14
[1] irem(100,7);
2
[2] irem(-100,7);
-2
3. fac(4)
i BEREL D DR
o i NADHEIT 0 2T,
4. nm(p)
o AEHEE R IIAEON T
5. dn(p)
D ABEEE A0SR
o B2 ONTHIEEHHROS T RO HEEIRT.
o HEHDLGE, mEHIEIZIET, 5130123k,
o HHAX OGS, HIZHHE:, o2l 3720 Ths. AEAUCK LTI, 2B Thh
72, red () ZHPURANZHEOMHTHERH 5.

(0] [mm(-43/8),dn(-43/8)1;
[-43,8]

[1] dn((x*z)/(x*xy));

y*x

[2] dn(red((x*z)/(x*y)));
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y

6. igcd(iy,ig)
o SIEMNEHTRWERIL, =T —F T EERRER LIRS
o ZIHXDYLAIL, ged), gedz() ZHWS.
o HH GCD ITIFSEIERFUENSH Y, igedentl() TRETE 5.
7. igedentl ([i])
#E GCD O7 L= X LDER
Euclid AF#i%E (default)
binary GCD
bmod GCD
accelerated integer GCD
, 3 1% [Weber] 12k 5. BFLeda 3 BEslZR, fltbH 5.

N W N~ O

[0] A=lrandom(10°4)$
[1] B=lrandom(10°4)$
[2] C=lrandom(10°4)$
[3] D=AxC$

[4] E=AxB$

[5] cputime(1)$

(6] igcd(D,E)$
0.6sec + gc : 1.93sec(2.531sec)
[7] igcdentl(1)$

[8] igcd(D,E)$
0.27sec(0.2635sec)
[9] igcdentl(2)$
[10] igcd(D,E)$
0.19sec(0.1928sec)
[11] igcdentl(3)$
[12] igcd(D,E)$
0.08sec(0.08023sec)

8. ilcm(il,iz)
s R ORNAMEEERD D
—FR0DEE 0 ERT.
9. isqrt(n)
won OFHREBZ 72 VR RO AT
10. inv(i,m)
wom EEET D G OWEL
e ia=1 mod (m) 725 a k5.
o i & MITAWIETRITNIER LRV, inv() X2 D0F = v 7 ¥ Thb2n

[0] igcd(1234,4321);

1

[1] inv(1234,4321);

3239

[2] irem(3239%1234,4321);
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1

11. random([seed])
AR ERT D
o K 232 — 1 OIABBORIEERT .
o 0 TRWEIENH DM, TDOfE%E seed & LTHELTHD, SLEEAMTS.
o default @ seed IXEED T, FAFE L2 TIUL, AR INDEEORFNITEEFEIC—ETHD.
o MAE P +IZ L D5 Mersenne Twister 7/ 2V XAD, i b BHICLDEEXZH TN D

(http://www.math.keio.ac.jp/matsumoto/mt.html)
o JEIIE 219937 — 1 LIEF TR, mt_save IC LV state &7 7 A /LI save TE 5. Zh% mt_load

THAPATLZ LICEY, B Asir Ty a VT —oDFRBORINZIWLD Z LN TE S
12. 1random(bit)
GRS EERT D
o 5% bit DIFAEOELILE LT D.
e random ZHEEEIFOH L THA L, fEED bit RIZvA 7 LTW5
13. mt_save (fname)
AL RRER OBITEORIEE 7 7 A MZE—T T 5
14. mt_load (fname)
u T ANMIE— T ENTEEE RS ORES T — FT 5
o HHNRREEE—T L, TOREEZ D — NT5Z LT, —2OEEEERIE, FIHO Asir v 3

VTR T EB D EARTE D,

[0] random();

3510405877

[1] mt_save("/tmp/mt_state");

1

[2] random();

4290933890

[3] quit;

% asir

This is Asir, Version 991108.
Copyright (C) FUJITSU LABORATORIES LIMITED.
3 March 1994. All rights reserved.
[4] mt_load("/tmp/mt_state");

1

[5] random();

4290933890

15. real (comp)
i comp DFEEEIY
16. imag(comp)
. comp DEEESY
17. conj(comp)
1 comp DIBEBEFEH
o BB L, FEB, S, R E Rk,
o InbiE, ZHAUTH L THME.

[0] A=(2+0@i)"3;
(2+11%0@1i)
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[1] [real(A),imag(A),conj(A)];
[2,11,(2-11%0@i)]

18. eval(obj [, prec])
i obj OIEDFH
19. deval(ob))
:: obj OEOFEAM (fFHEEZE/ ML)

obj (2 £ D AL DMz ATREZR IR V) §FAT 4% .

deval (IfEFREEFE/NMIEZMER L LTRTD, eval [IHFBBUTZDOE EKT.

eval |28\ TIE, FH5IE PARI (section pari) 72317 9. deval (ZHBWTIE, §HREIZ C 7717
7 U OEHERNTIT ).

e deval IFHEFBEITH A /20,

eval IZ8\ T, prec ZIEE L7254, 5L, 10 i prec HifRE CIThh 5. prec DIFEMN
WA, BITERRE STV D RS TiT41 5. (See section setprec().)

Wz HEEIE, IRDIEY . sin, cos, tan, asin, acos, atan, sinh, cosh, tanh, asinh, acosh,
atanh, exp, log, pow(a,b), (a™b)

UTOREEEE LTRHMETE S, 72770 @i WA 5D eval() DA THS.

@i  HEEHAL

@pi M=

Qe HAXHDE

[0] eval(exp(@pix*@i));
-1.0000000000000000000000000000
[1] eval(2~(1/2));
1.414213562373095048763788073031
[2] eval(sin(@pi/3));
0.86602540378443864674620506632
[3] eval(sin(@pi/3)-3"(1/2)/2,50);
-2.78791084448179148471 E-58

[4] eval(1/2);

1/2

[5] deval(sin(1) "2+cos(1)"2);

1

20. pari(func, arg, prec)
:: PARI O 4% func & MOV,
e PARI [Batut et al.] |& Bordeaux K= TSN 7V —Y 7 v =T LTARIL TN D.

PART 3B 2 AEZ A L CIEW A0, ER X —5 » MIEEGHICBE L7242 (bignum,
bigfloat) MFEHA T, WHIFEFICIR ST bigfloat T & 5 & F & F A BWEUE O % =3 24T
DI LEMTED. PARI B 7w 7T Ao Y ITN—F 7477V L LTHNWD ZERT
X, F¥/,gp EWI PARI AT TV DA L HT7x2—RI2kY UNIX 07 7Y r—vavk
LTHATAZEbTED, BIED/NS—T a iE 2.0.17beta TV 20D ftp site (72 & 2 1%
http://pari.math.u-bordeaux.fr/) 7>% anonymous ftp TX 5.

BB DB prec THEHBEEZIRE TE 5. prec #EM L7354 setprec() THRELIEE &L 72
%. BURF R CTHEITCTE 5 PARI OBEITROEY THL. Wb 1 51T Asir 2 TE 58
DR E & HEETH D, B x DHREIC DWW TIE PARI O~ =27 VESROZ L.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classno2, conj,
content, denom, det, det2, detr, dilog, disc, discf, divisors, eigen, eintgl, erfc,
eta, factor, floor, frac, galois, galoisconj, gamh, gamma, hclassno, hermite, hess,
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imag, image, image2, indexrank, indsort, initalg, isfund, isprime, ispsp, isqrt,
issqfree, issquare, jacobi, jell, ker, keri, kerint, kerintgl, kerint2, kerr, length,
lexsort, 1ift, lindep, 111, 111gl, 111gen, 111gram, 111gramgl, 11lgramgen, 11lgramint,
1llgramkerim, lllgramkerimgen, 1llint, 1lllkerim, lllkerimgen, lllrat, lngamma,
logagm, mat, matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2,
numdiv, numer, omega, order, ordred, phi, pnqgn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal, roots,
rootslong, round, sigma, signat, simplify, smalldiscf, smallfact, smallpolred,
smallpolred2, smith, smith2, sort, sqr, sqred, sqrt, supplement, trace, trans, trunc,
type, unit, vec, wp, wp2, zeta

e Asir THWTWA DX PARI DIZAD—OKETH LD, 5% L0 L OMENFIHTE S &
IURTHTFETHS.

/* TSDEERY FILERDSD. */

[0] pari(eigen,newmat(2,2,[[1,1],[1,2]11));

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]

/¥ 1 EHLZEADIEERDS. */

[1] pari(roots,t”2-2);

[ -1.41421356237309504876 1.41421356237309504876 ]

21. setprec([n])
it bigfloat O Z n HTIZRET S
o SIENHHBE, bigfloat DHIEE n HITRETS. 5IBOH L2 LICH1nb LT, UENCHRE

STV AR .

e bigfloat DFHHIL PARI IZ L > TiThiLs.

e bigfloat TORRBEIZKH LA THS. bigfloat ® flag % on 12T 25 HiEIL, ctrl() 25 M. &
TECE DHIEUT ERRIZZRWAS, FEE LIEMEICRE SN D LR O 2. REDDIEEHRET HD
NZETHD.

[0] setprec();

9

[1] setprec(100);
9

[3] setprec(100);
96

22. setmode([p])
: ﬁﬁﬁ%ﬁi% GF(p) T&ET 5
T 227 R0 FE K
o ﬁﬁﬁﬁié" GF(p) ICRET 5. REMEIET.
o GIRAEDILORZFH>HIL, TN AFILIEOFREIZET 20D REFFT, BIERE I LT
LFHp LY GF(p) EToEBENEAIND.

o M DOKELRAMRMICE L CIIARIKICET 5 EHE 2B,
[0] A=dp_mod(dp_ptod(2*x, [x]),3,[1);

(2) x<<1>>

[1] A+A;

addmi : invalid modulus

return to toplevel
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[2] setmod(3);
3

[3] A+A;

(1) *<<1>>

23. ntoint32(n)
 FIEREE /S L 32bit B DB DRI Ha
24. int32ton(int32)
n FREEH L E ST L 32bit A OR ORI
o n 1% 232 KifoIARE, int32 13572 L 32bit B
o JEEEESL (AT 1) O 572 L 32bit B8 (GRAIT- 10) ~DEH, FITEOWEREITS .
o 32bit XL OpenXM DHEAMKRER TH Y, B AEZ O TEETIMLENRH LA ITHY
25. iand(m,n)
s B om,n Oy MMED and
26. ior(m,n)
D om, n Oy MED or
27. ixor(m,n)
D BEom, n Oy MED xor
o HEr m, n OHKHEZ bit F| & B THREAT 5.
o S HMOKFFITEMA L, IFADMERT.

5.

[0] ctrl("hex",1);
0x1
[1] iand(Oxeeeceeecceecececececeece,0x2984723234812312312);

0x4622224802202202

[2] ior(0xa0a0alal0alalalal,0xb0cObObObObOLOD) ;
Oxabacabababababab

[3] ixor(Oxfffffffffff,h 0x234234234234);

0x2cbdcbdcbdcb

28. ishift (i, count)
B OMLHE & bit 81 & 2T shift 95
o i ODFF T L, IFADHEEIET.
e count NIEZR H1EA shift, A7 HIE/E shift 2179

[0] ctrl("hex",1);

0x1

[1] ishift(0x1000000,12);
0x1000

[2] ishift(0x1000,-12);
0x1000000

[3] ixor(0x1248,ishift(1,-16)-1);
Oxedb7

29. i2hex(i|cap=1,num=1,min=m)

w FEAEH O 16 EER

e cap=1 16 I RITKILF%E S

e num=1 16 EHF RO IIHIZ 0x #OF D
e min=m KERLEHEIZ0 Z0F T m Tl EicT2d (G740 MEIim=2)
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o i NIFREEDOY X b L XL, HALHE 16 EFRR L TRT
o i BIFREHLY X P TRV E TR 0 2k

[0] os_md.i2hex(123);

7o

[1] os_md.i2hex(123|cap=1);

7B

[2] os_md.i2hex(123|cap=1,num=1);
0x7B

[3] os_md.i2hex([123,0,231]);
[7b,00,e7]

30. pari(binary,n)
= Hon o 2 #EERER
[0] pari(binary,6);
[110]
[1] pari(binary,6.3);
[[110]1[01001100110011001100011001100
00000000011

31. pari(factor,n)
B 03 1 AR SHA n OFRBRERD D

[0] pari(factor,1239321);
[31]

[ 73 1]

[ 6659 1 ]

[1] pari(factor,-24);
[-11]

[23]

[31]

[2] pari(factor,2*x"3-2);
[ x-1 1]

[ x"2+x+1 1 ]

[3] pari(factor,x"2-y~2);
*ok ok sorry, factor for general polynomials is not yet implemented.

32. pari(issquare,n)
2 B n E3ZEA 0 BEHE Oo) 2 E I IRND
[0] pari(issquare,36);
1
[1] pari(issquare,8);
0
[2] pari(issquare,16/9);
1
[3] pari(issquare,9*x~2+12xx*xy+4*y~2) ;
1
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33

34

35.

36.

37.

38.

39.

40.

41.

[4] pari(issquare,2*x~2);
0

. pari(omega,n)
c BHon £7203 1 B n OFR T OMEE
. pari(bigomega,n)

s M F7003 1 ST n OFR T O \EE AL OEE
[0] pari(omega,-24);
2
[1] pari(bigomega,-24);
4
pari(numdiv,n)
= B n 2EI0 910 BB O
[0] pari(numdiv,-12);
12
pari(sigma,n)
= n OIEDKIEOFN
[0] pari(sigma,-12);
28
pari(isprime, num)
i B num MR L D NS (GRS 0 2T
[0] pari(isprime,113);
1

pari(ispsp,num)

i B num DEESEENE D il D (B D 0 ZIRT)

Baillie-Pomerance-Selfridge-Wagstaff O#EE N E 2 0 &~ 5.

Wi b 264 =1.84--. x 1020 LR Cld#EK E —.

[0] pari(ispsp,113);
1

pari(nextprime, num)
0 A num LA E O i/ N OEESR A IR

[0] pari(nextprime,10730);
1000000000000000000000000000057

pari(frac,num)
= FEHK num O/ NEE Y

[0] pari(frac,2.25);
0.25000000000000000000

pari(conj,num)
i EFEE num (THITH A OB R A KT

[0] pari(conj,2+3%@i) ;
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(2-3%0i)

42. pari(abs,num], prec])
» BBHEE num OHESHEZ IR

[0] pari(abs,1+@i);

1.41421356237309504876

[1] pari(abs,1+@i,50);
1.41421356237309504880168872420969807856967187537694807317638

43. pari(cf,num)
i num DS HREBA A K4
[0] pari(cf,1234567/678901);
[11411273223352]
[1] pari(cf,eval(@pi));
[37151292111213114211222]

44. pari(mu,n)
s AREn DA T AL p(n) OfE (0 7213 £1) &Y

[0] pari(mu,230);
-1

45. pari(phi,n)
i B n (2K 2 Euler @ ¢ IO (n LLTO n LFERLOOME) 2K+

[0] pari(phi,12);
4

332 zER, FEADOER
46. var (rat)
:orat OFEEEE KT
o EAHUCEH LTI, Asir THERAIRELGE OIEE B R
o T 74 )V NOEKIEFIIRDO X HIZRH>TWD. X, ¥, Z, U, V, W, P, 4, T, S, t, a, b,
c,d, e, f, g, h, i, j, k, 1, m, n, o, LBEIEKOINIIE.

[0] var(x~2+y~2+a~2);

X

[1] var(axbxc*xdx*e) ;

a

[2] var(3/abc+2+*xy/efg) ;

47. vars(obj)

w ObjICEENDEHDY A K
o GXONIRITEETNLEMDOY A b &Y
o ZRIEF D@ H DM BIEICIEA~D.
[0] vars(x"2+y~2+a”2);

[x,y,al

[1] vars(3/abc+2*xy/efg);
[abc,xy,efg]
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[2] vars([x,y,z]);
[x,y,2]
48. uc()
i REREGED T O D vtype 13 1 ORETLEERT 5.

e uc() ZEITTHI-NT, _0, _1, _2,... EWIRETEARTS.

o uc() THEMINIANETIL, HEF—FR—FRObANTLILRTERY. ZHUT, v s T o
TREREZBBEKRT 256, ANMBRECEENDIANELEFA—DEDONERENDZ L&
eHTHS.

o HEHDARET (vtype 28 0) ®BENVERIZIX rtostr(), strtov() M5,

o uc() THEMSNIZAEILDOAREILE LTOR (veype) I£ 1 THD. (See section RETDE.)

e makev() TIEHAREITLDOERNESIZHEKS.

[0] A=uc();

_0

[1] B=uc();

_1

[2] (ucO+uc())"2;
_272+2%_3%_2+_372
[3] (A+B)"2;

_072+2%_1x_0+_1"2

49. coef (poly,deg [, var])
o poly @ var (BWEIFIIELEE) (BT 5 deg RO ZHNT 5
o var (¥, AMT 5 & EES var (poly) 72E A EN5.
o var NELHTRVEE, var DN ELEHOLGEITIER U CRhERED 5.
o mycoef () IE, FIEHESRERLITIURE DL NI b RIS T 5.

[0] A = (x+y+z)~3;

X" 3+ (3*ky+3%2) *x 72+ (3*y " 2+6%2ky+3%272) *x+y " 3+3*z*ky " 2+3%z " 2*y+z"3
[1] coef(A,1,y);

3*x"2+6%z*x+3%z"2

[2] coef(A,0);

Y 3+3%z*y " 2+3%z" 2%y+z"3

50. deg(poly, var)
2 poly @, 258 var \[Z$ B B k3
51. mindeg(poly, var)
2 poly @O, 2545 var (2T % flkvkEk
o 52 bNT-SEROEE var IZEAT D EERE, FikEkz=H 14 5.
o M var ZEMET D Z LTk,
o WEIBUR Sy DITHIRE S TE e LI b L BAL 52K mydeg (), mymindeg () 238 5.

[0] deg((x+y+z)~10,x);

10

[1] deg((x+y+z)~10,w);

0

[75] mindeg(x"2+3*x*y,x) ;
1
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52. nmono (rat)
o rat OBEIEROEE
o ZIEN AR LIREETD 0 TRVEREZ S HENXOER A2 KD 5.
o FEADGEIT, B FLAROEEOFNBIRIND.
o HEIEA (section REITLOR) 1L, BIBMAMTH-THHEL AR IND (1 HORETLEFL).

[0] nmono((x+y)~10);

11

[1] nmono((x+y)~10/(x+z)"10);
22

[2] nmono(sin((x+y)~10));

1

53. ord([varlist])
u BHERF O E

o SIENHD L E, BIEOELY A NELHICHL, R0 OEENED®RICKEEL & ) ICERIERF %%
ETDH. BIEOH D7 LICEDL BT, ord() O TRICKIT 2EHIEFY X b &7

o COEHMIILAEKIEFOET 217> Th, BEIZT vV T MK EITRAS N TWARONEIE
HUTH LWIEFICHE > TIEEF SRRV, /- T, ZOBEKIC L DIEFEOZETIX, Asir OEENE%,
B DL, Bl R EHBRBEN - IZIThR D RETH D, BAR2EKIEFOL & TAER SN
S LOFEEMTONSGA, THROHENET 22050155,

[0] ord();
x,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,_z,_u,_v,
_w,_p,_q,_r,_s,_t,_a,_b,_c,_d,_e,_f, g, h,_i,_j,_k,_1,_m,_n,_o,
exp(_x), (_x)"(_y),log(_x),(_x)"(_y-1),cos(_x),sin(_x),tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x),sinh(_x),tanh(_x),
(x"2+1)7(-1/2),(x"2-1)"(-1/2)1]

[1] ord([dx,dy,dz,a,b,c]);
[dx,dy,dz,a,b,c,x,y,2,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,
_z,_u,_v,_w,_p,_.q,.r,_s,_t,_a,_b,_c,.d,_e,_f,_g,_h, i,_j,_k,_1,_m,_n,
_o,exp(_x), (_x) " (_y),log(_x),(_x)"(_y-1),cos(_x),sin(_x),tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx"2+1)7(-1/2) , (_x"2-1) " (-1/2)]

54. sdiv(polyl, poly2[,v])
it polyl % poly2 TEIZRAEDNFLE TIEITTELHAICERD D
55. sdivm(polyl, poly2, mod[,v])
2 GF(mod) kT polyl % poly2 THEIZBREN K% E TEITTE HHAICHEEZRD D
56. srem(polyl,poly2[,v])
o polyl % poly2 TRIZBRE N &L E TEITTELLEICHRERD D
57. sremm(polyl, poly2, mod[,v])
:: GF(mod) 1T polyl % poly2 TEI LR EEE TEITTE 25 BICRRERD D
58. sqr(polyl, poly2[,v])
0 polyl % poly2 TEIZBRE D RS E CIFITTE HHEEICH, FlRzRDD
59. sqrm(polyl, poly2, mod],v])
2 GF(mod) EC polyl % poly2 THIBZBREN K% E TEITTE H5AI1C, BRzRD D
e polyl % poly2 OFEZEH var(poly2) ( 513 v BHHLHAEITIE v) ICHT2ZEHEAL LT, poly2
T, BV REEITD.
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e sdivm(), sremm(), sqrm() I£ GF(mod) L CTHET 5.

o ZIEADREIL, THRMES LOBIRICEVEONEE, TEROE Y LFEOEE poly2 12T
T, polyl m551< &V #1E%E polyl OWHEMN poly2 DRIV /NS 7D ETHRYIEL T
5. ZOBEEN, ZEHAXOFHEEANTITONLT-DICIE, AT v ZIZBWTEREKE D LOREDR,
ZHEA L LTOERTHIVLERDH L. 200, [RENEBETIITTEDL] ZLOEKRTHD.
WAF 72356 & LT, poly2 OERED, HEETH H%5E, DT, poly2 28 polyl DT ThH
L2 NPTV ERENRSD.

sqr (O 194 & RIR A RIREIC RO T WREC AW S

EEBREOME, FIRIT idiv, irem Z AN 5.

BRI D RIRBEE L % 205,

FOGE R S 72, K0~ OBEOEI 0 FAEIT O B rpdiv() B 5.

[0] sdiv((x+y+z)~3,x"2+y+a);

X+3xy+3%*z

[1] srem((x+y+z)"2,x"2+y+a);
(2%y+2%x2) xx+y~ 2+ (2%z-1) *y+z"2-a

[2] X=(xt+y+z)*(x-y-2)~2;

X3+ (-y-2) *x72+ (~y " 2-2%zxy-2z"2) *x+y " 3+3*2*ky " 2+3%z"2*y+z"3
[3] Y=(x+y+z) "2x(x-y-z);

X3+ (y+2z) *x "2+ (—y " 2-2%z*xy-2z"2) *x~y " 3-3*z*y " 2-3*z"2xy-z"3
[4] G=gcd(X,Y);

X"2-y"2-2%zxy-z"2

[5] sqr(X,G);

[x-y-z,0]

[6] sqr(Y,®);

[x+y+z,0]

[7] sdiv(y*x~3+x+1,y*x+1);

divsp: cannot happen

return to toplevel

60. tdiv([polyl,poly2])
o polyl A poly2 THIN GRE&E 2L 0 KT
o HAHZHEAMNENKTLTHDZ LIdbnoTNEN, TOEBENDLILRNGEIZ, tdiv() &k
DIKLIESZ Sl L0 EEENDND.

[1] Y=(xt+y+z) "5*(x-y-2) ~3;

X8+ (2xy+2%z) ¥x " T+ (-2%y " 2-4*z*y-2%2"2) *x"6
+(=6%y~3-18xz*y~2-18%z " 2xy-6*z"3) *x"5
+(6xy~5+30*z*y~4+60%2" 2%y " 3+60%2" 3%y " 2+30%z"4*y+6%2"5) *x "3
+(2%y " 6+12%z%y " 5+30%2" 2%y "4+40%2" 3%y " 3+30%z " 4*xy " 2+12%z " 5xy+2%2"6) *x "2
+(-2%y " 7-14%z%y~6-42%2" 2%y " 5-70%2" 3%y 4-70%2"4*y~3-42%z"5xy "2
—14%z"6*y-2%2"7) *x~y " 8-8*z*xy " T7-28%z" 2%y 6-56%2" 3%y 5-T0*z " 4*xy~4
-56%z"bxy~3-28%z" 6%y 2-8*z"7T*xy-z"8

[2] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);

[3] I;

5

61. subst (rat[, varn,ratn |*)

299



s AEAXOKEDOARETIC, EHH D WIFHHEN, FEALE2RATS
62. psubst (rat[, varn,ratn |*)
w AEAXOREDOARETIC, B L WIFLEN, FEALEZ2RATD
e subst(rat,varl,ratl,var2,rat2,...) I¥, subst (subst (rat,varl,ratl) ,var2,rat2,...) &Idl
CLEWTHD.
o ANDOEMDBIEIZARAZM Y KT 72D, ANTDIBIZ E > TRHEDEDLDLZ LD DH.
e subst() I, sin(Q) 72 EOEHEDOBIEKIZH L THRAEITH. psubst ) 1%, 2D X5 2E¥k%E—
DO LIAETT & /722 LT, ZD5IEITITARAIFITH 220 (partial substitution ®5% 1)
e Asir TIE, HFEAXOMNIZABMICIII TR W=, HEAOMANL, BhnitEREM OB X% 5]
TRITHEERH L. AEAZRATHEEICE, MBS CEME OEREZENT, 725345
B, T PRELBLRVEDICEET A2 b LITLIENERD. HBERAT 55 BFREET
b5,
o M LN HIRAZAT 9 ¥ mysubst () 3% 5. F7- mulsubst() X, BEEORADIEFIZIE X
B0,
e subst() D5H rat WX TFH| e HIE= T — & 725, mysubst() X mulsubst() (FZDFE E rat
ZIRT.
e subst D5¥ rat 73U A, B T8, &2 WVIEHBEBZEATH 12 HGI2E, 0
FEIIREITHT U THIFAIIC subst 2179 .

[0] subst(x"3-3*%y*xx"2+3*y~2*x-y~3,y,2);
X" 3-6*%x"2+12*x-8
[1] subst(@@,x,-1);
=27
[2] subst(x"3-3*y*x"2+3xy~2*x-y~3,y,2,x,-1);
=27
[3] subst(x*y~3,x,y,y,X);
x"4
[4] subst(x*y~3,y,X,X,¥);
y~4
[5] subst(x*y~3,x,t,y,x,t,y);
y*x~3
[6] mulsubst(x*y~3,[[x,y], [y,x]11);
y*x~3
[7] subst(x*sin(x),x,t);
sin(t)*t
[8] psubst(x*sin(x),x,t);
sin(x)*t
[9] subst(["afo",x],x,2);
subst : invalid argument
return to toplevel
[10] os_md.mysubst(["afo",x], [x,2]);
[afo,2]
63. diff (rat[,varn]*) F7i% diff (rat,varlist)
o rat % varn 3 5\ varlist OF OB CIERM YT 5
o Lz OLNT-HEE S E varn & 5T varlist D OZEE CIERIRS 5.
o FRIOARETLY, IEIZHIr LT\ . 2%V, diff (rat,x,y) %, diff(diff (rat,x),y) LU
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THD.
o FHAXZMNT DHEITHND SNRVDO THRMNIES A CRENEHEIC R 2 D% T 5 appldo ()
EVIEER DD, THUIATIIRANZ BT BHIEL TV D.

[0] diff ((x+2*y)~2,x);

2¥x+4xy

[1] diff((x+2%y)°2,x,y);

4

[2] diff(x/sin(log(x)+1),x);
(sin(log(x)+1)-cos(log(x)+1))/(sin(log(x)+1)"2)
[3] diff(sin(x), [x,x,x,x]);

sin(x)

[4] diff(sin(x)+1/(a+1),x,%);
(-sin(x)*a~4-4*sin(x)*a~3-6*sin(x)*a~2-4*sin(x)*a-sin(x))/(a"4+4*a~3+6%a~2+4*a+1)
[5] appldo(dx~2,sin(x)+1/(a+1),x);

-sin(x)

64. res(var,polyl, poly2 [, mod])
v B var \IZBIT B2 IHK polyl & poly2 O#FERERD 5
o M HFEXT T Y XAz B.
o 514% mod 8% 5, GF(mod) L TOREEITH.

[0] res(t, (£73+1)*x+1, (t73+1)*y+t);
-x"3-x"2-y"3
65. fctr(poly)
0 poly ZBERRFIZ0ES 2
66. sqfr(poly)
i poly &S5 RS 5
o HHEFURE DO LA poly ZIRNESHET 5. fetr O BT #, sqfr O 13 I5 K 153 fif.
o FERIL [[BREL R, EEE]...] 72D U A b,
o BURK L R TOR -~ EHBEE OFED poly LEFELLV.
o HfRE 1%, (poly/BfRE) 73, #HALRBCT, #F5D GCD 2 1 L7422 k5 2%mEAUce D L HIci
IEH T3 (cf. ptozp()).

[0] fctr(x~10-1);

[[1,1],[x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]
[1] fctr(x"3+y~3+(z2/3) "3-x*y*z);

[[1/27,1], [9%x™~2+ (-9%y-3%2z) xx+9%y~2-3*zxy+z~2,1] , [3*x+3*y+z,1]]
[2] A=(atbtc+d)"2;

a2+ (2*%b+2*xc+2xd) *a+b~ 2+ (2*c+2xd) ¥b+c~2+2*d*c+d "2

[3] fctr(A);

[[1,1], [atb+c+d,2]]

[4] A=(x+1)*(x"2-y"2)"2;

XTB+x7T4-2%y " 2%x " 3-2%y T 2%x " 2+y "4*xx+y T4

[5] sqfr(h);

[[1,1], [x+1,1], [-x"2+y~2,2]]

[6] fctr(A);
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(01,17, [x+1,1], [-x-y,2], [x-y,2]]

67. ufctrhint (poly, hint)
i REAE A FIW A PR B D 1 BE S A O RE i
o FEERIA DWW HEREL hint DIEETH D Z N> TWDEAIT poly DEERIA 173 fif %
fetr() KVEIEBELITI. poly B3, d IROIEKRIE LIZKT 2 H D5 LHAD / V2 (section I
WICBET HEA) TR TH LA, KR T OREIT d LD, 2o XD RGAICH
[AYSY ()

[0] A=t~9-15*t"~6-87*t"3-125;
t79-15*%t"6-87*t"3-125
Omsec
[1] N=res(t,subst(A,t,x-2%t),A);
-x"81+1215%x"78-567405%x"75+139519665*x~72-19360343142*x"69
+1720634125410%x~66-88249977024390%x~63-4856095669551930*x~60
+1999385245240571421%x~57-15579689952590251515*x " 54
+15956967531741971462865%x751

+140395588720353973535526123612661444550659875*x "6
+10122324287343155430042768923500799484375%x"3
+139262743444407310133459021182733314453125

980msec + gc : 250msec

[2] sqfr(N);

[[-1,1], [x"81-1215%x"78+567405%x"75-139519665%x~72+19360343142*x"69
-1720634125410*x"66+88249977024390*x~63+4856095669551930*x~60
-1999385245240571421*x~57+15579689952590251515%x~54

-10122324287343155430042768923500799484375%x"~3
-139262743444407310133459021182733314453125,1]]

20msec

[3] fctr();

[[-1,1], [x~9-405%x"6-63423%x"3-2460375,1],
[x"18-486*x"15+98739%x~12-9316620*x"9+945468531*x~6-12368049246*x"3
+296607516309,1] , [x"18-8667*x~12+19842651*x~6+19683,1] ,
[x"18-324*x"15+44469%x~12-1180980%x ~9+427455711%x~6+2793253896*x "3
+31524548679,1],

[x"18+10773*x"~12+2784051*x~6+307546875,1] ]

167.050sec + gc : 1.890sec

[4] ufctrhint(N,9);

[[-1,1], [x~9-405%x"6-63423%x"3-2460375,1],
[x"18-486%x"15+98739%x~12-9316620*x~9+945468531*x~6-12368049246*x "3
+296607516309,1], [x"18-8667+x"12+19842651*x~6+19683,1],
[x"18-324%x"15+44469%x~12-1180980%x ~9+427455711*x~6+2793253896%x "3
+31524548679,1],

[x"18+10773*x"~12+2784051*x~6+307546875,1] ]

119.340sec + gc : 1.300sec
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68. modfctr (poly, mod)
= ARRIE EToOZEA DR iE
o 229 RiiD AR mod ZAESk L+ 5 FE K L THIEX poly & BENIIK T2/ 5.
o fEARIT [[#R%,1], [AF, EEE],...] "5V A b,

o MRty & &To BT EHE OFN poly EEL.
o K7 iHiE FEoF R EORESFEIE fetr ££O) VS, (cf. BRKICET 5EH)

[0] modfctr(x~10+x~2+1,2147483647);

[[1,1], [x+1513477736,1], [x+2055628767,1] , [x+91854880,1],
[x+634005911,1], [x+1513477735,1] , [x+634005912,1],
[x~4+1759639395%x~2+2045307031,1]]

[1] modfctr(2%x”6+(y~2+z*y) *x"4+2xz*y " 3%x"2+(2%z" 2%y~ 2+2z" 3*y) *x+2"4,3) ;
[[2,1], [2*%x"3+z*y*xx+z"2,1], [2%x"3+y " 2*%x+2%2z"2,1]]

69. ptozp(poly|factor=1)
o AR B S A AT B L CRBURECTHR 2D GCD 23 1 oL IHAUTE S

o 525N 7% poly (i 2 A7 BB Z BT T, BEARED RO GCD 28 112785 X 91

T 5.
o X DIHIEET, B OMEBEIZHE L GRWD, fix OZEREE ORI, ZHER A2 BRI

LTBSZENREELL.
o AHAZKINT D red) THEMEAHA LKL TYH,
@ ﬁi@ﬁ@ >FAERD D nm() TiX, SEUREZEAL, 4

WA B S THA A 15 5 SR 0.
° 7J‘7 T a v factor NRESNEBEOREVEIZY Ak [g,c] THDH. 22T cl3HABEKTHY,

g WA T a ORWEEDORERVETH Y, poly =cxg &725.

DT ZEAXOBRBITIAEBDOEETH
DERBEOETEORTHI SN0

[0] ptozp(2*x+5/3);
6*x+5
[1] nm(2*x+5/3);
2*x+5/3
70. % poly % m
i poly OFEAFEAZEE m THI > -RAR THE S B A LA LT
o FEROFHUILTIEDEE L 725,
e poly IFFEHTH L\, ZoHE, FENIE
LIRTED.
o poly DRI, m & b BB THLIVLERH LD, F= v 73T RbiLau.

WCEHESND Z & E2BRITIT irem() L RIBRICHWD Z

[0] (x+2)°5 % 3;
X"B+xT4+x T 3+2%x T 2+2%x+2
[1] (x-2)"5 % 3;
X"B+2%x74+x"3+x " 2+2%x+1
(2] (-5) % 4;

3

[3] irem(-5,4);

-1

71. prim(poly[,v])
= HEMRIE I poly DJFGHTHESY (primitive part)
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72. cont(poly[,v])
i AEUREZ A poly D& (content)
e poly DEEE (5I¥ v Bd DA ITIE v) ICBT 2 BRI Y, BEZRD D

[0] E=(y-z)*(x+y)*(x-z)*(2xx-y) ;

(2%y=-2%z) *x "3+ (y~2-3*z*ky+2%z"2) *x "2+ (~y " 3+2" 2%y ) *x+z2%y " 3-2" 2%y "2
[1] prim(E);

2xx "3+ (y—2%2) *x" 2+ (~y " 2-z*y) *x+z*y "2

[2] cont(E);

y-z

[3] prim(E,z);

(y-2) *x-zxy+z~2

73. gcd(polyl,poly2[,mod])

ZHoODLHEANDRERAKN (GCD) k5
74. gcdz(polyl poly2)

2 ARE EO o0 Z2EXORAKAKA (GCD) 2k 2

o gcd ) ITAFHELEE EOZIHEA L LTD GCD #iRT. /bbb, fiRITEELE T, 222%ED
GCD 78 1IT72% X D 2K, 7213, AWICEDOLEIT 1 2 7.
gcdz () X polyl, poly2 & HIZEHUSEOBZEID, BHER Lo£HEAE LTo GCD #i&E3. 772
bbH, gcd() DEIC, REEEOEE GCD 0)1‘575:}% FTleb oz,
518 mod H3 & HWF, ged() 1T GF(mod) £LTH GCD k7.
gcd(), gedz() ¥ Extended Zassenhaus 7 /v =2 U X AIZ LD, ARE LD GCD i PRS 7=
UAKZE TS, KEZ2[E, GCD 28 1 OBFAEZR LBV TR EN.
AEEEAREOZLHAERELEMENRER, & 53 EER YL E L T 5 nyged O
B 5.

[0] gcd(12*(x"2+2xx+1) "2,18%(x"2+(y+1) *x+y) "3) ;
X" 3+3%x " 2+3*x+1

[1] gcdz(12*(x"2+2%x+1)"2,18*(x"2+(y+1) *x+y) "3) ;
6*x " 3+18%x"2+18*x+6

[2] ged((x+y)*(x-y) "2, (x+y) "2*(x-y));

x"2-y~2

[3] gecd((x+y)*(x-y) "2, (x+y) "2*(x-y),2);

X" 3+y*x"2+y " 2%x+y "3

75. red(rat)
orat RO T 5

o Asir IFAHEON D ZFICHIMIZITY. LoL, ABERAIZOWTITESIFIT O 2, 0132 —
PF—DHELRWVIREDY ﬁbiﬁb‘ ZOKDEITI AT Ridnred ThHD.

e EZGCD {2 &Y rat %1, nEERST5.

o SN AHEXDS l@%’riﬁfii Z18 D GCD 8 1 OEFRHEZHEXNTHDH. 5 FIZDONT
IR ST L 72 D L ITIR D 720,

o GCD I REEWEE 2O T, o7 THRIT 2 @R F T TRER R VRS OBREFE L. £, &
B, I BREL 2o THHLOZOEBOMNO Ui, FEFICFRERA#HN 256020, BEXERE
EITOHEE, HOREREIS, FNNEITOLERDD.

[0] (x~3-1)/(x-1);
(x3-1)/(x-1)

304



76.

e

78.

79.

80.

81.

[1] red((x~3-1)/(x-1));

x"2+x+1

[2] red((x"3+y~3+z"3-3*x*y*z)/(x+y+z));
x”2+(—y—z)*x+y”2—z*y+z“2

[3] red((3*x*y)/(12%x"2+21%y~3*x));

(y) / (4xx+7*y~3)

[4] red((3/4%x~2+5/6%x)/(2%y*x+4/3*x));
(9/8%x+5/4) / (3xy+2)

umul (p1, p2)

o BRI AR HA O EE R

umul _ff (py,p2)

i ABRARE AR Z HA 0 R

usquare (p1)

n BEERER A A0 ERE 2 ®E
usquare_ff (p;)

i ARRIRE AR Z A0 EE 2 A

utmul (p1,p2,d)

o BRSSO mE R (FTH U0 REEE)
utmul _£f (py,ps,d)

o HIRRRS S EOEEHER (FTH0 0 KR E)

o EHZHEADOREF L, WEITGE U TREDL T VT X LW TEIRIZITS.

e umul (), usquare(), utmul () (TR Z L L R LT, BEBREOLIEA L LTHERD L. %
BOHARIA GF (p) DIO%HEIiE, /£503 0 IL p RiFOBEE L RRsns.

e umul £f(), usquare ££(), utmul £f () I&, FREEAREDOITLE WA LT, ARE EOLEA L L
THEZRD D, 72720, SIHERDREPEROLE, BEREROZHXEZ BT HELHLHDT, 2Thb
MO L7EERP AR TH D Z L A RIET H72DIIEH O U simp ££() THREEZSH
FRAKDILIZZAE#H L T < & L.

e umul_£f (), usquare_ff (), utmul_££() ¥, GF(2") RED LA SIEUT AL V.

e umul (), umul £f£() DOHERIL p1, po OFl, usquare(), usquare f£f() DB RIL p1 O 2 F,
utmul (), utmul_£f£() OFEERIT pr, po PFED, d WEATDERy & 72 5.

o TN, set_upkara() (utmul, utmul £f 2DV TCiL set_uptkara()) TEINDHELL T DR
okt LT3l oFER RO L, set_upfft() TEINAHELL FOREICK L Tl Karatsuba
%, ZNLLETIE FFT B LOHERIREENHWOND. 37205, B2 FFT Tk,
T5%< D1 U= FRUNDE DL ZHEL, pr, po DR ZE mi TE7-R20 L LELOOR%,
FFT CTHEAEL, RBRICHERIRERTEERT 5. ZO, AREROBEEIZI VT, Kz
FERITIECTEREORREHET S, Z 2Tl Shoup (2L 5 b U v [Shoup] & VT
kL TH 2

[0] load("fff")$

[1] cputime(1)$

Osec(1.407e-05sec)

[2] setmod_ff(27160-47);
1461501637330902918203684832716283019655932542929
0sec(0.00028sec)

[3] A=randpoly_ff(100,x)$

0sec(0.001422sec)

[4] B=randpoly_ff(100,x)$
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82.

83.

84.

85.

36.

87.

88.

89.

0sec(0.00107sec)

[6] for(I=0;I<100;I++)A%B;

7.77sec + gc : 8.38sec(16.15sec)

[6] for(I=0;I<100;I++)umul(A,B);
2.24sec + gc : 1.52sec(3.767sec)

[7] for(I=0;I<100;I++)umul_£ff(A,B);
1.42sec + gc : 0.24sec(1.653sec)

[8] for(I=0;I<100;I++)usquare_ff(A);
1.08sec + gc : 0.21sec(1.297sec)

[9] for(I=0;I<100;I++)utmul_£f(A,B,100);
1.2sec + gc : 0.17sec(1.366sec)

[10] deg(utmul_£ff(A,B,100),x);

100
kmul (p1,p2)
B SHEAOFER % Karatsuba 5 TfT 5
ksquare(py)

w —BHSZEROER 2 FH A Karatsuba :TIT 9

ktmul (p1,p2,d)

—EHSEAOFEHFEE (FT LU0 WEFEE) % Karatsuba ¥ T1T 9
o —EHLEADFEK % Karatsuba ETITH.
o JEARMITIE umul O LEEEZED, BN KEL 2> T FFT &AW @madbidfrbian.
o GF(2") R DLIHNICHL AVD Z &N TE D,

[0] load("code/fff");

1

[1] setmod_ff(defpoly_mod2(160));
x7160+x"5+x"3+x"2+1
A=randpoly_££f(100,x)$
B=randpoly_£ff(100,x)$

[2] umul(A,B)$

umul : invalid argument

return to toplevel

(3] kmul(A,B)$

set_upkara([threshold])
u 1 BEEHEAXOMBEEICKIT S N? |, Karatsuba, FFT 7 /L3 U X A0 2 o B
set_uptkara([threshold])
vl BHEEAOREEEICRITS N? | Karatsuba, FFT 7/L3 U X208 2 o BIE
set_upfft ([threshold])
1 BESEROBEEICKITS N? | Karatsuba, FFT 7L 3 U X A0 2 o BIE
o NTNY, ~EHELHEXDOHEDIRICKITD, 7L XLUEZXORELRET .
o —EHZEXOIT, &I N 2V NS WHEPH Tl O N2 73U XA PREOEA Karatsuba
TAAY XL, KEWEAITIEFFT 7430 XATHESNS. ZOWBEZORKERET 5.
o FEMIE, ZNENDORHBDOHAZRDZ &,
utrunc(p,d)
u —EESEXERETY) 5
udecomp (p,d)
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w —EHEEA A RETH T D
90. ureverse(p)
w —EHBZEROR A VI LT L HAEED
o p DEME v £T5H. ZDLE p=p; +2py (p1 OEEKIL dLLT) £ TE 5. utrunc )
X p1 ZIR L, udecomp() 1T [p1,p2] iKY .
o p DA e L L, i IROBEHE pli] &3, ureverse() 1L ple] +ple — llx +--- ZIKT

[0] utrunc((x+1)~10,5);

252%x"5+210%x"4+120%x " 3+45%x " 2+10*x+1

[1] udecomp((x+1)~10,5);
[252%x"5+210%x"4+120%x " 3+45*x~2+10*x+1,x"4+10*%x~3+45%x " 2+120*x+210]
[2] ureverse(3*x~3+x"2+2%*x) ;

2%x " 2+x+3

91. uinv_as_power_series(p,d)
n —EHSEA A TR L AT, WiOrEHR
92. ureverse_inv_as_power_series(p,d)
B TARE BRI U RS E AT, WioTEE
e uinv_as_power_series(p,d) (&, EHIHEMN 0 TRWZIEK p i3 L, pr— 1 OFREKREN d+1
b 597 Eix d ROZEX r ZRD 5.
e ureverse_inv_as_power_series(p,d) X p O %E e L35 L X, p; =ureverse(p,e) [Tk}
L C uinv_as_power_series(pi,d) #alH 4 5.
e rembymul_precomp() DF[# & L THW A4, ureverse_inv_as_power_series() OfEFR%
FOEEHNDLZ ENTED.

[123] A=(x+1)"5;
x"5+5*xx"4+10%x"3+10%x " 2+5*x+1
[124] uinv_as_power_series(A,5);
-126*x"5+70%x"4-35*%x"3+15%x"2-5*x+1
[126] Ax*R;
-126%x710-560%x"9-945*x"8-720*%x"7-210*x"6+1
[127] A=x"10+x"9;
x~10+x"9
[128] R=ureverse_inv_as_power_series(A,5);
-x"b+x74-x"3+x72-x+1
[129] ureverse(A)*R;
-x"6+1
93. udiv(py,p2)
w —EELIEA py, po XL, EEIRT
94. urem(py ,p2)
u —EHETEN pr, po ISR L, FISREIET
95. urembymul (py ,p2)
BB pr, po ITXL, RR TR
96. urembymul_precomp(p;,p2,inv)
s BEEINESENC L DFRHAEZZETHOHA R EICANWD
97. ugcd(p1,p2)
S TEK py, po 1K L, GCD %R
o —EHEIAN py, po ITKF L, udiv 1354, urem, urembymul (%4, uged 1L GCD ZiK$. 2N b
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1L, B — A LEARICHT 2 EB L2 -7 b D THDH. urembymul 1E, po (2L HERFHEZ,
po DFMRFE L COHLHEIL IO, BE 2 BHCESHZ 2H O T, WENKEWGEEIZAT
H5b.

e urembymul_precomp I, FE SN LHANIC L DRIRHEL ZHATH LA EIHRERET .
% 3 B1¥i%, 5 U ureverse_inv_as_power_series() (ZLVFHHR L THL<.

[0] setmod_£ff(27160-47);
1461501637330902918203684832716283019655932542929
[1] A=randpoly_ff(200,x)$

[2] B=randpoly_ff(101,x)$

[3] cputime(1)$

Osec(1.597e-05sec)

[4] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[56] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[6] urembymul(A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

[7] R=ureverse_inv_as_power_series(B,101)$
0.04sec + gc : 0.03sec(0.063sec)

[8] urembymul_precomp(A,B,R)$
0.03sec(0.02501sec)

98. pari(content,p)
2 X EBOZEAXLE BT, BREORKAKITE KT

[0] pari(content,12%x~2-9%x+15);

3

[1] pari(content,3*x"2-2*x+2/3);

1/3

[2] pari(content,3*y~2%x"2-2*x*y+2/3%y) ;
1/3x*y

99. pari(round,p)
i ZEADOB BB TR ES R D

[0] pari(round, (1.3+x+3*y)"2);
X" 2+ (6*y+3) xx+9%y "~ 2+8*xy+2

100. pari(roots,p|,prec|)
i ZHADRERD D

[0] pari(roots,x”3+2);

[ -1.25992104989487316475
(0.62996052494743658237-1.091123635971721403457*0@1)
(0.62996052494743658237+1.091123635971721403457*@1) ]

101. pari(disc,p)
x B DZTEX p ORI %9,
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102.

103.

104.

105.

106.

107.

[0] pari(disc,a*x”2+b*x+c);

-4xc*atb~2

[1] pari(disc,x"4+a*x”2+b*x+c) ;
16*xc*a”4-4xb~2%a~3-128*c"2*xa"2+144*xc*b~2%a-27*b"4+256*c”3

333 YRk, RH LML, BIDOEE

car (list)

i 28T list OFEEHE R (ZEOLAIEZEDO Y A ) HiKT

cdr (list)

i ZET/eW list MBI BERE RN (ZOLBAEITZED) YA MEIRT
cons (obj, list)

o list OYEEAIZ obj MM x 72U A N &IRT

append (list1, list2)

= list] DI List2 227 7- ) A & IRT

m21( |1list=1) #fi9 &, —FEIZZ< DY A FEORITLHIENTED.
reverse (list)

WY R N AT

length(lv)

2 UANEREIARY MVOESZIRT

U Z M [objl,0bj2,...]1 LFSh3. objl BEFEHTHS.
car() I, ZETA list OFFHEHR A MAT 5. 2D A PBAS S, 22D X PSS
ns.

cdr() I3, ZE TR list 2 DATHERE LMV BV U X R 2 TS, 220 2 RBAS SHE5E
%, 22U A FBHAENS.

cons () I, list DIEFHIT obj ZAHTMAT-Y 2 & HAT 5.

e append () I, list] DEF L list2 DT X TCOEBEFESGSEZ Y A N [ist] DBEROAE Y, list2

DEFRDIV] 21T 5.
reverse() I, list ZWNAIZ L7z Y X & HI1T 5.

e length() I3, list £721% vect DE S EH 13 5. 1THOEFZOEET, size() ZHNS.

URA MIFEAH LERAT, BEROANEZIITE RV, VXA MO n FHOERORY LI, cdr()
o EHEA L% car) AT HZ EICKVAEETH AN, [HikE LT, X7 b, 175872 ED
BlAIERIR, A>T v 7 A [n] 2B%ACHMHTDZEICEI VRO T ZERNTES. 22L, VAT
LN T, EBRICRA X2 % n BEZED0T, %AOHEFIT LY H UICHR-IN N5,

cdr) 1T LWL Z AR LRV, append () 1%, EEEITIIH 1 5B A MORSETO
cons() OMVIRL 7DD, FE15IHDOIU A MBREWGEITIIZ<OAEY ZHBETHZ LI
72%. reverse() IZB L THEETH 2.

(0] L = [[1,2,3],4,[5,6]1];
[[1,2,3],4,[5,6]1]

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]]

[3] cons(x*y,L);
[y*x,[1,2,3],4,[5,6]]
[4] append([a,b,c],[d]);
[a,b,c,d]

[5] reverse([a,b,c,d]);
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[d,c,b,al
[6] length(L);

3

[7] length(ltov(L));

3

(8] L[2][0];

5

108. newvect (len[, list])
w B& len DY MVEAERT D
109. vector(len[,list])
: B & len DY MV EARKRT D
110. vect([elements])
w2 HEOWRNERT MVEERT S

vect ) ITEEDOWONHT b EARTSD.

vector() X newvect() DBILTHD.

newvect () IXR & len OV MVEAERKT D, 8 2 51BN RWEE, K0T 0 IZ9fbEan 5.
FB2BHENROBYE, AT v I AD/NSWVESND, VA NOKFBERICEI VP ENG. £
B, EEEMDIRICEDIL, BV 7203k 0 BN LD,

R7 MO, B0 RSB len—1 By &7 5. (B 1S O TIERWEITHEE. )
URANMIERDD, RA U F WD REICLSTo—T VY VIS DIZxt L, X7 Fv
VAT N B E}Z’\ZJ DA% Y Ed displacement (Z£7) | J:of’775’°b77“kXTﬂ¥Uu“jé
M, TORER, Ky 7T 72 ARMICKE 220N HTL 5. k5 7&?7\;’( U AT, R0
DI Z DITHE - THERIDI DD K 9272 D03, _7 RV T, % IR E I — ET&)E}.
Asir TI, MiE_27 Fv, BT RV OXFITZR . ﬁﬂ%&ﬁ%ﬂfﬂié«&%wkﬁﬁéﬂé
L, AT TR~ v R En5.

R MO ST size) ICL o THLND. HEDSIEHE LTRY MEELEZSGA, EILZ
BEUT, EDONT PO EEESWR D LN TED.

[0] A=newvect(5);

[000O0O0]

[1] A=newvect(5,[1,2,3,4,[5,6]11);
[1234 [5,6] ]

[2] A[o0];

1

(3] A[4];
[5,6]

[4] size(A);
(5]

[5] length(A);

5

[6] vect(1,2,3,4,[5,61);
[1234[5,6]]

[7] def afo(V) { V[0] = x; }
[8] afo(A)$

[9] A;

[ x 234 [5,6] ]
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111. 1tovlist)
o list BN MV B
o VAL list #R LR E DR bTEHT S,
o Z DEHHITL newvect (length (list) , list) 125 L

[0] A=[1,2,3];
[1] 1tov(A);
[123]

112. vtol (vect)
XY MVE YR MIEBRTD
o BE& n OXZ FLvect & [vect[0],...,vect[n-11] 7225 U A MZEHT 5.
o URKMMNHARY FL~DZEHIT newvect () TITH.

[0] A=newvect(3,[1,2,3]);
[123]
[1] vtol(A);
[1,2,3]
113. newbytearray (len, [listorstring])
:: newvect & [FIEEIZ LT byte array 249 %

o LFHITHIMMEAFEET D22 L bATRETH 2.
e byte array DEFEDOT 7 & ALES L FEETH .

[0] A=newbytearray(3);
[00 00 00|
[1] A=newbytearray(3,[1,2,3]);
[01 02 03]
[2] A=newbytearray(3,"abc");
|61 62 63]
[3] A[0];
97
[4] A[1]=123;
123
[5] A;
|61 7b 63]
114. size(vect/mat)

S ATANDOY A ZETFAN7 MOR S EZRDDEH (RVEIZY R K)
o vect DR, F/2id mat ORKEZI% Y X N [vect DEX], [mat D78, mat OFIE] THTI

+5.
o vect D&% length() TRDOHZIEHTEX 5.
o list D X% length() %, HFEAUCHN D HIEADOHIL nmono () Z/H 5.

[0] A = newvect(4);
[0000O0]

[1] size(A);

[4]

[2] length(A);

4
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[3] B = newmat(2,3,[[1,2,3],[4,5,6]11);
[123]

[456]

[4] size(B);

[2,3]

115. qsort(array[ funcl)

— &k Iehldl array &Y — b1 5.

o —kIthsl (U A MEIF~2 bV) % quick sort TY— 9 5.

o LLIGHEEMBHEE SN TWARWES, A7 V=7 FES LOKEBFERCIEFA TOH 00 BIEICE
~Haz HD.

e 0,1, —1 %iR9 2 5IEEHEN func & L TH 2 LNIHE, func(AB)=1 OHEIZ A<B & LT,
llﬁf_ﬁﬂt@%@ﬁ BRI~ Z HiD.

o FLANTH TSN, BIRDBINDOER DB ANEDS.

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-1012346679]1]

[1] def rev(A,B) { return A>B?7-1:(A<B71:0); }

[2] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-1]),rev);
[976643210-11

[3] gsort([1,4,6,7,3,2,9,6,0,-1]1);
[-1,0,1,2,3,4,6,6,7,9]

334 IHDEER
116. newmat (row,col [, [[a,b,...]1,[c,d,...],...]]
117. matrix(row,col [, [[a,b,...],[c,d,...],...]]
o row 1T col FIOITHIE AT 5

e matrix I% newmat OHLTH 5.

e row 1T col BNDITHNE AR T 5. 3 3 51N eWiGa, &k 0 lcwiiifbahnsd. %3 9|§i7ﬁ
LY, AT T ADINSWRGN S, BITH, U R ]\@%\Ef (ZHUFETRV AR THD) I
Db g, FEFRIL, ZEMBIEICHE D, B0 720515 0 PO LN,

o THIDH A XiF size() THOLND.

e MMMTHIDE X MII] ICXVE ITE2T7 b ELTRVHTIERNTES., 20T MV, b
LOTFIE B EIA L TEY, WTh OS2 EES RV, OIS T k0 bEEHRD D

Tl s.
o WHDBIHE L THTAIZIE LT-GE, SN EET, ZOTH0Oln a2 EEXMA D5 LNTE 5.

[0] A = newmat(3,3,[[1,1,1],[x,y],[x"2]11);
[111]
[xyo]
[ x*2 001
[1] det(A);
-y*x”2

[2] size(A);
[3,3]

[3] A[1];
[xy 0]
[4] A[11[3];
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getarray : Out of range

return to toplevel

118. mat (vector[,...]1)
119. matr (vector[,...])
S AT MV (E2R U A N) OO BITH R AR T S
120. matc(vector[,...])
w AT v (2R R ) OO BITHE ALK T D
e mat() /¥ matr() ORI,
o ITHIDY A XX, HHDOXT ML (VR R) ORI EFIHMOBEHTHRED, BV 720ilsaix 0 T
LoD,
e s2m() DF A FEEE

[0] matr([1,2,3],[4,5,6],[7,8]);
[123]

[456]

[780]

(1] matr([1,2],[4,5,6]1,[7,8,01);
[12]

[ 45]

[ 78]

[2] matc([1,2,3],[4,5,6],[7,8]);
[147]

[258]

[360]

[3] mat(1tov([1,2]),[4,5,6]);
[12]

[ 45]

121. det (mat[, mod])
;1 mat Of755
122. nd_det (mat[, mod])
u ABEEEFIIARIE EDZEAATE] mat DITHIF
e det() BL W nd-det () 1F174 mat DITHINAERKD 5.
e 513 mod d LK, GF(mod) ETOITHRERD L. e LOT Y AEELEIZL>TWAHT
W, BEHSERE Y & T HIT5NCHK L THIMTAIRERIC X 2 HEDIT O BN LGS D
H5b.
e nd_ det ) ITAIEMEZITARAE LOZERITHNOITHIRNGFHEEATH L. T3V XAEFR0ED
DEIR L DT T AEEIETEN, 7T — A HEB L OEREO TRICL Y, — 2 det O LV mnFlcE
HT&x5.
o HHA AT T H1TFNTIEIERSIE/2 DT, mydet () 71X mydet2() ZH W 5.
[0] A=newmat(5,5)$
[1] v=[x,y,z,u,v];
[x,y,2z,u,v]
[2] for(I=0;I<5;I++)for(J=0,B=A[I],W=V[I];J<5;J++)B[J]1=W"J;
[3] 4;
[ 1 xx"2x"3x74]
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[1yy2y3y4]
[1z2z722z"32z"4]
[1uu2u3u4l]
[1vv2v3vi4]

[4] fctr(det(A));

(f1,11, u-v,11, [-z+v,1], [-z+u,1], [-y+u,1], [y-v, 1], [-y+z,1], [-x+u,1],
[-x+z,1], [-x+v,1], [-x+y,1]]
B=mat ([1,0],[0,1/x]);
[10]

[0 (1)/(x) ]

[5] det(B);

internal error (SEGV)
return to toplevel

[6] os_md.mydet(B);

1)/ (x)

123. invmat (mat)
4781 mat OWATH
o HATHNL 3R, 43 F] DB TREN, GEBITH, 458/ 50 F BfATHIE 72 %.
o FHXZ s & T HITHNFIERERDOT, DL X I myinv() ZHNVS.
[0] A = newmat(3,3)$
[1] for(I=0;I<3;I++)for(J=0,B=A[I],W=V[I];J<3;J++)B[J]=W"J;
[2] A;
[1xx72]
[1yy2]
[1z2z2]
[3] invmat(A);
[[ -zxy~2+z"2%y z*x"2-z2"2%x -y*x"2+y~2*x ]
[ y72-272 -x"2+272 x"2-y~2 ]
[ -y+z x-z —-x+y ], (~y+2)*x"2+(y~2-2"2) *x-2zxy " 2+2" 2%y]
[4] AxB[O];
[ (-y+z)*x"2+(y~2-2"2) *x-2z*y~2+z"2*%y 0 0 ]
[ 0 (-y+2)*x72+(y~2-2"2) *xx-2z*y~2+2"2xy 0 ]
[ 0 0 (~y+2)*x"2+(y~2-272) *x-2z*y " 2+z 2%y ]
[5] map(red,A*B[0]/B[1]);
[100]
[010]
[001]
[6] C=mat([1,0],[0,1/x]);
[10]
[0 (/X ]
[7] invmat(C);
internal error (SEGV)

return to toplevel
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[8] os_md.myinv(C);
[10]

[LO0x]

[9] M=mat([2,0],[0,1/2]);
[20]

[01/2]

[10] invmat(M);

[[ 1/2 0]

[021,1]

[11] N=mat([2,0],[0,11);
[20]

[01]

[12] invmat (N);

[[10]

[o021],2]

124. rowx (matrix,i,j)
w B UATEE JATEMT D
125. rowm(matrix,,c)
D BiATE cf5T D
126. rowa(matrix,i,j,c)
D ATICE JATO effa Nz %
127. colx(matrix,i,j)
D A EE R RS S
128. colm(matrix,i,c)
2 FiAE cfETD.
129. cola(matrix,i,j,c)
2 BN j RO e BEEMAS.
o (THIDEARIETHATI e ODEBMTH 5.
o (THINMIEIND Z LICHEET 5.
[0] A=newmat(3,3,[[1,2,3],[4,5,6],[7,8,911);
[123]
[456]
[789]
[1] rowx(A,1,2)$
(2] A;
[123]
[789]
[456]
[3] rowm(4,2,x);
[123]
[789]
[ 4*x 5%x 6%x ]
[4] rowa(A,0,1,2);
[ 7*z+1 8xz+2 9*z+3 ]
[789]
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[ 4xx 5%x 6*x ]

130. pari(adj,mat)
i ATF mat OREFATEN Goo1T L ORNTIINE 20 D) 2T

(0] pari(adj,mat([1,1,1],[x,1,1],[1,y,11));
[ -y+1 y-1 0]
[ -x+1 0 x-1 1]
[ y*x-1 -y+1 -x+1 ]
131. pari(trace,mat)
2 1751 mat @ trace &K 3

[0] pari(trace,mat([1,1,1],[x,1,1],[1,y,1]1));
3

132. pari(signat,mat)
 FERPMTHN O/ 5 &K

[0] pari(signat,mat([1,2,3],[1,1,1]1,[3,2,1]1));
[21]

133. pari(indexrank, mat)
= 78 mat OFEBUZE LT A XOIERVIMTEID—2>D1T & B DAL %183

[0] pari(indexrank,mat([1,2,3],[2,4,6],[1,3,2],[2,5,5]1,[0,1,-11));
[[13]1[121]1]

134. pari(supplement, mat)
i BT S VIR—IRMSEIRATH] mat DAIZHN A Al > CIERITESFTH 2 4E S

[0] A=mat([1,1],[1,1],[1,0],[0,11);
[11]

[11]

[10]1]

[01]

[1] pari(supplement,A);

[1100]

[1110]

[1000]1]

[0101]

135. pari(hess, mat)
s BTNy B UL ST E R
Ny B AL T (RIS D 2 DR T ORGS0 DT ICHEIERT 5.
[0]pari(hess,mat([1,2,3],[4,5,6],[7,8,91));
[ 129/7 2]

[ 795/7 81
[ 0 54/49 3/7 ]

136. pari(eigen, mat[, prec|)
u BERR ETBITHIOEBRY MV EIRT
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[0] A=os_md.s2m("(13)2,(10) (14)");
[ 13 2]

[ 10 14 ]

[1] pari(eigen,A);

[ -1/2 2/5 ]

[11]

137. pari(jacobi, mat[, prec|)
s FERPMTHIOE AR L [EA T ML Ezikd

[0] pari(jacobi,mat([1,2],[2,11));

[ [ 3.000000000000000000 -1.0000000000000000000 ]
[ 0.70710678118654752449 -0.70710678118654752438 ]
[ 0.70710678118654752438 0.70710678118654752449 ] 1]

335 XFIIETHEE
138. rtostr(obj)
o obj BILTHNIE 2
o« EBEOFT Dz r obj % LFFNEZB.
o MR U h UEINCEM L TEBL EMRATHZLICL Y, IRFEORELELERT HHEICE

<HWBRNS.
P2, SCFEHNE RETCICERR T DHRFIZIE, strtov() (cf. makev()) ZHWD

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+"1";

afol

139. strtov(str)
wostr (3UFH) A RETICEZD
o REILE L TEMAGE/RLFH L IL, J/NLFTHED, BT, HFBIORE - TELILD LTS

TH5.
e rtostr() LHMAET, 7'/ AP THEMICAE L ZEK LIZWRFICHNONS.

[0] A="afo";

afo

[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)1);}
[afo00,2]

[afol,2]

140. eval_str(str)
iostr (SUFH) ARG 5.
e Asir @ parser MBS FLFREZR SUFF AT L T2 DR Z IR T
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o P FIEEZ2 TR, KAEET HLDIZES.
o FMFEAYICIE rtostr() DOWHE L 2D,
e Mathematica O LFEF|DOFAMIZIZ evalma() Z W 5.

[0] eval_str("1+2");
3
[1] fctr(eval_str(rtostr((x+y)~10)));
[[1,1], [x+y,10]]
141. strtoascii(str)
w XFHNET AF—a— K (1 LLE255 LIFoFEE) ©U A NTHRT
strtoascii () ITXFHNEHEH DY A MIEWT 2. FRENI LTI OT AF—a— Fx2RT.
142. asciitostr (list)
u T AX—a— ROF| & LTINS D
asciitostr() 1% asciitostr() OWEHIETH 5.

[0] strtoascii("abcxyz");
[97,98,99,120,121,122]

[1] asciitostr(@);

abcxyz

[2] asciitostr([256]);

asciitostr : argument out of range

return to toplevel

143. str_len(str)
v AN O & BT
144. str_chr(str,start,c)
u SCFEP AN B D ALE AR
o str @ start FHDLFNH A F ¥ > LT HAIC ¢ DRYIDOLFNENI-IE 2T, LFH D%

BHIX0FZHET A
e str_char() 2° M7 AHEE. str_str() 1Lk D LHEHE R THEL.

[0] Line="123 456 (x+y)~3";

123 456 (x+y)"3

[1] Spl = str_chr(Line,0," ");

3

[2] DO = eval_str(sub_str(Line,0,Spi-1));

123

[3] Sp2 = str_chr(Line,Spi+1," ");

7

[4] D1 = eval_str(sub_str(Line,Spl+1,Sp2-1));
456

[6] C = eval_str(sub_str(Line,Sp2+1,str_len(Line)-1));
X" 3+3%y*x"2+3%y " 2%x+y”3

145. sub_str(str,start, end)

s A TR A

o str_cut ) 1 & ¥ ZHERE R IBHL.
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3.3.6 BEEKICET HIEH
146. newstruct (name)
R4 DY name OEERE AR T 5
o HH U ®, name 72 AHEEERNER I T RITHIE R 6720,
o BIERDEA L NTEAT > ICLVARITT 78 AT 5. A UAPEEROLE, T2 >1282
REET DL ENTED

[0] struct 1list {h,t};

0

[1] A=newstruct(list);
{0,0}

[2] A->t = newstruct(list);
{0,0}

[3] A;

{0,{0,0}}

[4] A->h = 1;

1

[5] A->t->h
2

[6] A->t->t
3

[71 A;
{1,{2,3}}

]
N

]
w

147. arfreg(name, add,sub, mul,div, pwr, chsgn, comp)
o ARIEIRICIR T 2 AR A 2 5T D
o HEk L7 < 2 WEARTHBEICKH L CIBIEIC 0 2 525, ZhIC K> T HOEBEOALEZFIHT 5 Z
EBTES.

o TNLTNDWHEDHARITRDOEY THS.
add(A,B) A+B
sub(A,B) A-B
mul (A,B) AxB
div(A,B) A/B
pwr(A,B) A°B

chsgn(A) -A
comp(A,B) 1,0,-1 according to the result of a comparison between A and B.

% cat test

struct a {id,body}\$

def add(A,B)

{
C = newstruct(a);
C->id = A->id; C->body = A->body+B->body;
return C;

3
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def sub(A,B)
{

C = newstruct(a);

C->id = A->id; C->body = A->body-B->body;

return C;

def mul(A,B)
{

C = newstruct(a);

C->id = A->id; C->body = A->body*B->body;

return C;

def div(A,B)
{

C = newstruct(a);

C->id = A->id; C->body = A->body/B->body;

return C;

def pwr(A,B)
{

C = newstruct(a);

C->id = A->id; C->body = A->body~B;

return C;

def chsgn(A)
{

C = newstruct(a);

C->id = A->id; C->body = -A->body;

return C;

def comp(A,B)
{

if ( A->body > B->body )

return 1;

else if ( A->body < B->body )

return -1;
else

return O;
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arfreg("a",add,sub,mul,div,pwr,chsgn,comp)$
end$

% asir

This is Risa/Asir, Version 20000908.
Copyright (C) FUJITSU LABORATORIES LIMITED.
1994-2000. All rights reserved.

[0] load("./test")$

[11] A=newstruct(a);

{0,0}

[12] B=newstruct(a);

{0,0}

[13] A->body
3

[14] B->body
4

[15] Ax*B;
{0,12}

3;

4;

148. str_type(name|object)
i EIRORBIE 5 A BT 5
o 4 Hi2Y name T DHIEIK, 7213 object DI THERDOHINE S ZIEFT L. =7 —D L &
-1 ZiRY

[0] struct list {h,t};

0

[1] A=newstruct(list);
{0,0}

[2] struct_type(A);

3

[3] struct_type("list");
3

337 AHA
149. end
150. quit
w BERAABTOT 7 A NERALS. by LB TCIEE vy a v E KR TTH I LR
e end, quit & HICHMIHOEHETH LA, ‘() ZLTHERHT I ENTE S, WG BIEHRAIA
BRDOTFANEHALS. ZHIE, by 7By a v ERTEEDZ RS,
o Ty ANDEGE, 77 ANOKGE THOIX, BEIIZZ 7 A VIFALONRDD, by T L~ Lol
ETa T MRHRNEE, ANEBLIZRDDT, 7 7 A VORKEIZIE end$ 2 E ONREFE LU,

[0] quit;
%

151. load("filename")
i1 filename % FeAiAte
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o ED 7 u /T ADEEXHIL, A—HEE Asir 28R, TX AN T 7 A NEFHPADLEE, cpp
Ei@TOT, C DT u ST LREE #include, #define i H Z L N TE D,

o BELI-T7 7 ANVNKEIELZFHIIE 1 2K L, FE LR 721X 0 2K

o T AN ) TIHEDFEITH SR THEDREEII LU FT 4 L7 b U DD ORK S
A ERREND. ZFNUSNDEE, B ASIRLOADPATH (R ESNTWET 4 L7 MU &2
MOIEICY —F 5. ZNHICHENT I 7 ANDFELRWES, S A 755 oL b
(DT EEZ S ASIR_LIBDIR ICRESNTWDHT 4 L2 FV) b —F 3%, Windows LD
%6, ASIR_LIBDIR MSERE SV TWRWIEEITIE, get_rootdir () /1ib & —F 7 5.

o AT T 7 A L DEEIZ, end$ N2V E load() K THRICT BT R TRV, EBICIZAL
TS L, RELZEHLSBENRHDLDOTT 7 A VORKKZIZ end$ #ENTELS ZEMN
ZE L. (end; TH IV, end 25RTIE 0 BNERIRSNDH720, end$ ZBEIOT 5. )

e Windows it T4 L7 FUDEAL—F L LT </ 205

152. which("filename")
: Bl#% filename (2% L, load () MFidriATe A% &K 9

e load() D7 7y A NEV—FFTLFIEINES>TH—F L, 77 A NBHEET DHEITIT/ AL %L
FH & LT, FELRWEAITIE 0 2R

o F—FDFIEIZHSNTIL Lload() M.

e Windows fib T4 L7 U DEARRL—FL LT/ #HND

[0] which("gr");

./gb/gr

[1] which("/usr/local/lib/gr");

0

[2] which("/usr/local/lib/asir/gr");
/usr/local/lib/asir/gr

153. output (["filename"])
U %% filename F 72 13EHER S22 5

o Asir OHNEFEELNING, 77 A NV~OHINEIEZ D, 7oB, 77 A VORI, FHEH T
WZIEF—AR— R DDA LIS, )&,

o BIDT 7 A NVHINTYIE 2 51T, O output ("filename") #FAT73 5. X, 77 A V%
T UEHEH TR D 72WIEZI, 51372 LT output () Z2E(T9 5.

o HELI=7 7 A )V filename PF(ELIZHHE, TD7 7 A VORBITIBEE S, FELRN- M
WL, iz 7 7 AVEER L, £ ZICEEIAENS.

e Ty ANF—LE" " HITNT F— 2L THREZ LD, 2—N0, BEXADLWT 7 A LER
ELTEVTDL, 2T =2k by T LIRS,

e ANLEHLDHLIADTT 7 A MTH I LIEWEAITIE, ctrl(Mecho",1) #FEIT LB TY 7 A4
VTR NIER V. FHRREM R 8 B —HANCEEHIND b DX T 7 A VITIiEH
V. HEIEX, RERE (vtype ) B2R) 2B ERVHEHKDO T 7 A L ~DFHE XL,
bload(), bsave () Zffi 5 DA%, Wi, 22 & HITRRB L.

e Windows Jib7 4 L7 U DAL —F L LT /2 ZHN5.

[0] output("afo");
fetr(x™2-y~2);
print("afo");
output () ;

1

[1] quit;

% cat afo
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1

(21 [[1,1], [x+y,1], [x-y,1]]
[3] afo

0

[4]

154. bsave (obj, "filename")
i filename |2 obj /31 F U TEZ AL
155. bload("ﬁknanw")
. filename 7> A% A F VA THRAAT
e obj 1T WEFEN, RERMEE ERVMEEOHK
e bsave() IINHEAZIZIEEDOE i/“/l")‘) B TT 7 A MZEZAT. bload() I, bsave()
TEEZIANEHERZTRAN THEERICEIT 5. BEDA 7TV AT —2a Y ORIRIZEY
HEIE, RERE (vtype O) & FERWY X b, BF72 L2 ETEE OB E 7 7 A WITRTET
5 EMNTE B, output 72 ETHRIF LG, BiAALFRZ S—FRNEEI S5 53, bsave () TR
FL7ZH D% bload() THilelmf, EHENHERIER TE 5720, FEHM, RIS L.
o ZHEKDYG, FHXIAHRKF L FEAIALRE CEBINAF BRI D560 H 505, FOHEITIE, BEIIIC
BEOERIEFIZB T 2NHERICE R IND.
e Windows it T4 L7 U DEARL—FL LT / #HND

[0] A=(xt+y+z+ut+v+w) "208$
[1] bsave(A,"afo");

1

[2] B = bload("afo")$
[3] A == B;

1

[4] X=(x+y)~2;
X7 2+2%y*x+y "2
[56] bsave(X,"afo")$
[6] quit;
% asir
[0] ord([y,x1)$
[1] bload("afo");
YT 2+2%xky+x"2
156. print (obj[,nl])
:OW%ﬂﬁbT%f?é
%2 51BN R Dy, 72130, 2 ANOBE, dUTT D, 2 515 0 oA, BATET, HAiENy
TFICEERAEN, Ry T 7IE T Ty a SNV, B2 55N 2 OBA, SATLRVWA Ry T 7
X777y vadind. ZORBORERVEIZ 0 THLEIMD, print(); THEITTDH L, HADHZIZ 0
NIEEND. printO$ & THUX, &BDO 0 1T Shigu.
o D obj ZRIFFIZH ) LIZWERX obj Y X MZF 5 L L. mycat(), mycat0() Z &

[0] def cat(L) { while ( L != [1 ) { print(car(L),0); L = cdr(L);}
print(""); }

[1] cat([xyz,123,"gahaha"])$

xyz123gahaha

157. printf (format[, args|)
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158. fprintf (fd, format|, args|)
159. sprlntf (format|, args|)
W=7 o BB (FEBRAOEERRBI%D)
prlntf WEEASCTS format (L7223, A7 Y7 b args #IEHERJICESHT.
fprintf 3R %, 7 7 A AR T fd DT 7 7 A /W EE HT.
sprintf [ TFERZ CFHICIR L, EHEH DT EEH S 0.
EALFFHIOHF T %a (any) DFIHAEE. args OEEITEXCFIIOF D %a OEEICELL T2
L. 77 ANFEI X openfile() B EHWCHELZ L.

[0] printf("%a: rat = %a\n",10,x"2-1)$
10: rat = x"2-1

[1] S=sprintf("%a: rat = %a",20,x"2-1)%
[2] S;

20: rat = x72-1

[3] Fd=open_file("hoge.txt","w");

0

[4] fprintf(Fd,"Poly=%a\n", (x-1)"3)$
[5] close_file(Fd)$

[6] quit;

$ cat hoge.txt
Poly=x"3-3*x"2+3*x-1

160. access({file)
i file DIFEZT A L, FETIUT 1, FELRTHT 0 2R
161. remove_file(file)
= file Z2{HET S
162. open_file("filename" [,"mode"])
i filename %A —729%
163. close_file(num)
RS num DT A NE T a— T 5
164. get_line([num])
2B num O 7 7 A 1 TRl
165. get_byte (num)
wOERAF num DT 7 ADS 1A REite
166. put_byte(num, c)
w kB num T 7 AN 1 A b e BEL
167. purge_stdin()
D BEEANORNY T w2 VT TD
e open_file() X7 7 A V&A= 2. mode f8ENRNGEIXHAH L, mode f8ER & 5
LAZiE, C OZFEHRAH IR fopen () 1292 F— NEE L ART. T2 XITHHREZIALH
DA "W, KEREBIMOEGAE "a" 72 & K LIma, 7 7 A Vil 7 & U CORRERZIRT. &K
WMOGEET— L5, REZR5727 74 /W close_file() T/ v —XT 5. Fjll727 7 A L
4 unix://stdin, unix://stdout, unix://stderr =5 2 5 & TN EIERENT), HEAEH Ty, A2
xS —WMhEA—T7 035, ZOEEE— FEEREHIND.
e get_line() HHEA—T L LTWBET 7 A Amb 1 1THA, XTI E LTRET. 5158370054,
FEEA )G 1 fTRcde.
o 77 ANDHKED FTHALKIZ get_line () BMEINIZIHE, BHD 0 KT,
e get_byte() IFBAEA—T L LTWET 7 A N0 1 31 R Bl b LTERT.
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168.

e put_byte() HHMEA—F > LTNBT 7 AT | AL FEX, ZOA b EEE L L TR
o HiA L7230, MERHIUE sub_str() 72 EDOCFINHEBK M T LD H eval str()
WX N RIC A TE 5.
e purge_stdin() (X, IEHEATI N v 7 7 ZZEICT 5. BN T get_line () IZ X VAEAEA S5 L
FHNEZITRAYE, BRI Ny 7 7 WICHETET A 3078 L ARREMEA B T2 d 60> U D)

g

[0] Id = open_file("test");

0
[1] get_line(Id);
12345

[2] get_line(Id);
67890

[3] get_line(Id);
0

[4] type(@Q);

0

[56] close_file(Id);

1

[6] open_file("test");

1
[7] get_line(1);
12345

[8] get_byte(l);
b4

[9] get_line(1);
7890
[10]
[11]

[12] test();

[13]
123;
123;

test1();

/* the ASCII code of ’6° */

/* the rest of the last line */

def test() { return get_line(); }
def test1() { purge_stdin(); return get_line(); }

/%
/%

/*
/%

returned value */

338 EPEH, ED1—LICEADLLEHR

type (obj)
o obj DEE R B L

—1:2=

9: W FHL G 10:

13: MATHCAP #7 2= 7 |

0:0 1:% 2:2HEK

st

3BAFEA 4. 2k

Fir7e L~ v v 32bit X
14: first order formula 15: matrix over GF(p)

325

returns immediately */

input from a keyboard */

5: X7 k)L 6:47 4
11:=7—F47 Y =7 b

a remaining newline character has been read */

7T 8 AEER
12: GF(2) Eo4751
16: £ R



o DA RO HITIE, ntype() MWD, RETLOIE KD H121E, vtype ) AN 5.
169. ntype (num)
wonum (3D O B () 2T OBOMHIX
0: B 1 SRERS/INME 2:REWE 3 (LEREESE/NML (bigloat)  4: #FEK
5: AMREDIT  6: KEEEFEEDOITT T8 2 OFRIED T
e newalg(x~2+1) THR L7 L, BEIE,L 0i X, B2 56D L LTHbhb.
o RIKHIEIZEI L T, See section FANE A% BE ¢ A .

(0] [10/37,ntype(10/37)];

[10/37,0]

[1] [10.0/37.0,ntype(10.0/37.0)1;

[0.27027,1]

[2] [newalg(x~2+1)+1,ntype(newalg(x~2+1)+1)];
[(#0+1),2]

[3] [eval(sin(@pi/6)) ,ntype(eval(sin(@pi/6)))];
[0.49999999999999999991 , 3]

[4] [@i+1,ntype(@i+1)];

[(1+1%@1i),4]

170. vtype (var)
wovar (RET) OB () 2K
o var (RETL) OBDIEITRDEY .
0 —AEx (a,b,x,afo,bfo,..., etc)
1 uc() THERESNTZAET (L0, _1, _2, ... etc)
2 EEEA (sin(x), log(a+l), acosh(1), @pi, Qe, ... etc)
3 EHET (HAABREET, = — P ERKHT, WIEEET : sin, log, ... ete)
171. call(name,args)
4% name & OV
o HEFIZBH LTI, veype ) Z&HA.
o FIEDEENH SN LD - TS & XL *(name) ) OFERNFEZS.

[0] A=igcd;

iged

[1] call(A,[4,61);
2

[2] (xA)(4,6);

2

172. functor (func)
i func OEHFZ2IY M7
173. args(func)
o fune OBV A R &EY KT
174. funargs (func)
i cons (functor (func) ,args (func)) #iK$
o HEIZRUTEI LTI, vtype ) &SH.
o HHIEK func OEET, 514V X R EEY HT.
o AT, MY W L2 F 2 I > v /T A8 4A F L3d (F) (x) Tao Z5lHL 3 5EK
FEOMH U 723 EBOE AN AT TE S

[0] functor(sin(x));
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175.

176.

177.

178.

179.

180.

181.

182.

183.

sin

[1] args(sin(x));

[x]

[2] funargs(sin(3*cos(y)));
[sin,3*cos(y)]

[3] for (L=[sin,cos,tan];L!=[];L=cdr(L)) {A=car(lL);

print (eval ((*A) (@pi/3)));}
0.86602540349122136831
0.5000000002

1.7320508058

module_list ()
D EBBFLDOET 22— VDY R NEGDH

[0] module_list();

[gr,primdec,bfct,sml,gnuplot,tigers,phc]

module_definedp(name)
i BV a—/V name DIFEET A M1 5

e £V a—)b name BIFAETIUL 1, F1E L7 0 &l

[0] module_definedp("gr");
1

remove_module (name)

B a2 —/L name ZHIRT 3

o HIBRIZEZh34Ud 1, KR HIE 0 27

[0] remove_module("gr");
1

339 HIERHK

dacos (num)

o BEUME Arccos(num) ZEREEEREN NI TR D 5

dasin(num)

o BEUE Arcsin(num) ZEREEFEVNIETRD 5

datan (num)

s EEUE Arctan(num) ZEREEFE/NITRD S

dcos (num)

o EEUE cos(num) %R EEREINITRD B

dsin(num)

s EWHEUE sin(num) & PR ERENITR D 5

dtan (num)

i BEUE tan(num) AR EETRENNTRD 5

o TNHLDEEIT C FREDEELETA T TV MWD, LIeh»>T,

VAT hE TS, TITFET B

HEBRIIA L —F S

o BFHITH L TUIELL WERZ KT O THEE LRITUZR 5780,

o Qpi REDYUARNERIBITHZ LD Z LT TER.

[0] 4xdatan(1);
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3.14159

184. dabs (num)
i HERHE |num| & GRS EETREINCTR D 5
185. dexp(num)
BB exp(num) & EREEZENINITRD 5
186. dlog(num)
= XHUE log(num) ZEREFEVNMITRD 5
187. dsqrt(num)
AR Vnum SR ETRE/ NI TR D 5
o INLDEEIL C FHDOEERFTA 7TV aMlnd. LR T, fEMRIEIASL—T 17
VAT AL AL FIRFET D,
o dabs() & dsqrt () Z#ERE, HEHICKH L TUIE L AWVEREZIRT O THE LT IER b7,
o Opi MEDYVUARNEHIIITE R HZ LIFTE RN

[0] dexp(1);
2.71828

188. ceil (num)
wonum KD REWERDNOEREZRD S

[0] dceil(1l.1);
1

189. dceil (num)

:onum KD REWE/NOEHEZRDD (ceil() DRIA)
190. floor (num)

uonum KD /NS WERKOERERD D
191. dfloor (num)

onum KV /NEWIERKOELERD D (floor() DAI4)
192. rint (num)

wonum FEBIZEDLD D
193. drint (num)

wonum FEBICEDLZD D (rint () OBI4)
194. pari(sqrt,num|, prec])

v (#HFE) Bnum OEFREE XD

[0] pari(sqrt,2);

1.41421356237309504876

[1] pari(sqrt,1+@i);
(1.098684113467809965957+0.45508986056222734133*01)

195. pari(arg, num|, prec|)
v BEE num ORAEEZD (—mn < BRVE <)

[0] pari(arg,1+@i);
0.78539816339744830961566084581

196. pari(gamma,num|, prec])

w A< BE (num ITEBHTH LV
197. pari(gamh,num|, prec|)

¢ D(num+ 1) (num (ZEHFEHLTH L)
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198.

199.

200.

201.

202.

203.

204.

[0] pari(gamma,5);

23.99999999999999999826

[1] pari(gamma,1+@i);
(0.49801566811835604271-0.15494982830181068512*01)

pari(lngamma, num|, prec|)

:: log(T(x))

[0] pari(lngamma,1000);
5905.22042320918121172113
pari(psi,num|, prec])
- digamma B9
I (z
V() = r((;))
[0] pari(psi,1);
-0.57721566490153286077
[1] pari(psi,1+@i);
(0.094650320622476976191+1.076674047468581172509%01)

pari(erfc,num|, prec|)
o ABAHRR 2284 (complementary error function)
erfe(x) = % [ e dt =1 — erc(x)

[0] pari(erfc,1);
0.15729920705028513139

pari(dilog, num, prec|)
:: dilogarithm BH%«

. oo gk
Lig(z) = > 421 7=

[0] pari(dilog,1);
1.64493406684822643609

pari(eta, [, prec|)
i Dedekind ® Eta BI¥n(7) T 7 13EHAS EOEFEEK
,'7(7_) — 6% H;.::l(l _ e27\'im7’)

[0] pari(eta,1/2%@i+1/3);
(1.0225406050061628844976445066022-0.035807228435521009596*@1)

pari(wp, [, prec])
:: Weber BI% (1) T 7 IXEEAIEOHEHELK
—2miT 77( 72 1 )

f(r) =e™5" Ty
pari (wp2, [, prec])

i Weber B3 fo(7) T 7 IZEH A EDOHE FEKL
fa(r) = V252

n(t)

[0] pari(wf,1/2*@i+1/3);
(1.17550045802164239612+0.13899974799314382921%@1)
[1] pari(wf2,1/2%@i+1/3);
(1.20443909031006247316+0.14997728710366899256*01)
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205.

206.

207.

208.

209.

210.

211.

pari(jell, [, prec])
:: Elliptic j-invariant j(7) T 7 [T EOBFEEL
2
92 =603, ) £(0,0) (M0 + nT)~4, g3 =140 > mom) (0,0 (M + nt)6

[0] pari(jell,1/3+1/2%@i);
(6087.61214259402217852112-2773.38047013180067823512%01)

pari(zeta,s|, prec])
:: Riemann @ ¢ B3%%
((s)=2nin™®

[0] pari(zeta,2);
1.64493406684822643609

3.3.10 REEEHK

ifplot (func [,geometry] [,xrange| [,yrange| [,id] [,name])

i 2 BB OFH ETOFEREERTD

conplot (func [,geometry] [,xrange] [,yrange] [,zrange] [,id] [,name])
n 2 BEBHOFEK ECoEERERTT

plot (func [,geometry] [,xrange] [,id] [,namel])

s 1 EHEBEEO 7T T 2RRT D

polarplo(func [,geometry] [,thetarange] [,id] [,name])

i B r =func(d) THZ bR EZRRT S

plotover (func,id, number)

D TTIFELTND Y 4 RU~HET 2

o N 5L OpenXM H— b LTEHAIN TS, UNIX ETiE ‘ox_plot’ 7%, Windows £ T

I% ‘engine’ NINHLOEEAREMEL THY, ZhbiL Asir OFETA T TV T4 L7 FVITH

. T7T 477 ‘ox_plot’ @ id ¥ id & LTIREINEGA, OV —"3AVLN5. id D

BENLZVWESIE, BB TWD =055, ‘ox_plot’ NHNEZDHY—"DBHNLEND.

‘ox_plot’ MEENZN TWARWIEAIZIE, ox_launch_nox() NHBIAIZEIT SN T, ‘ox_plot’

PALH ERY, ZFRAHWGNS. 5IEON, func IINETHD. TOMOBI AT 3> Th

L. AT arORRBLOEOT 7 4V ME (B v 2aN) IXROED .

geometry U AV FUDOYA X% By FHRALT [x,y] THET 5. ([300,300]. )

xrange yrange AR OFPFHDIEE T, [v,ymin,vmax] THET 5. (WThoEHd [v,-2,2).) 2
DIFEN R NGE, func ICEFENDERONERNEF O EOELHD X, TOEHN ‘v £ LT
Wb, ZNEEET B 720121% xrange, yrange 1T 5. £77, func ¥ 1 BEEOEE, 2
NOOBEIINEAEE D,

zrange conplot() DHFEDHIEETE 5. BRAIL [v,vmin,vmax [step || T, step 2HEE SN
AT, SRR ORIEA (vinax-vmin) /step & 72 5. ([2,-2,2,16].)

id ER7etA0FE, 77205 ox_launch() BWRLHSZEZEET H. (—F - LITEoh,
MOT 7T 4 T T ak AKET 5% E)

name Vo RUD4HEL (Plot.) £ Iy 1 RUD XA FVIE namen/m L7225, Zh
%, 7RrEAEEn OTREAD, m BEOY 4 RUEZEKRT LS. Z0OEFSIL, plotover O
THWHD.

o OOTHEEALTHETELY 4 FUDOHITHRK 128 ATHD.
e plotover() I&, HE LY 4> FY LIS, 5I8TH S 2 EHLEROFE N4 LEXT5.
o WiHETHDOY 4 FU LT, v~V ADERZ L ZMLENLD KT v 7/ THIBHERELRZ %

HEd LT ler o o RUDBERSH, BE LFEENIER L TRRSND. FT7 v 73 E ErbA
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212.

213.

214.

215.

TALITH. RI v T2ty e T 5561, v~V ARA Z 2RO IR - T
Wo TRZ U ZEEEIZ LWV, Lo A > FU ORI, FEER ST, &AL, TDOY 4> F
VORKIDE BT HLIICEDOND. LUFTHiT % precise 75 on D56, B L 72 fl3
Fl— window FTHEZEIND.
VA RUNTHRY 2T L, TORDPEENT 4 RO FEICERRIND.
conplot() THMLIEY 4 FUIZBWT, V4 v RUDEHMDO~—IE2RRE L TRT v 7T 25
& MG 2FRMOOBEDY, FHEDY 42 RUITHIET D VA BERREND.
UNIX RTIEHEWL DO RZ AZE D WL OO ELEE, BIENTE 5. UNIX R TIFRDO R Z
WD B.
quit window ZEHET 5. HEEZ T T 58545, ox_reset ) Z AV 5.
wide (b ZV) BUEDORFRE ) Z M4 10 5 L7ofillia £r3 5. BUER RSN TV 2T
DERICBWTHRTICEFE CRIND. ZOFRRTHRFAREZITH &, TOHBIH L
V4 FUICHiE S NS,
precise (b7 V) EINGEIEZ, BEGHAEIZ L Y, L0 EMICHEMET 5. U, func A EEELR
B 2 EREEXNOBEICORAN THDH. Z0F— T Sturm 5l & “HEIC k0, KH
NOFERDERZ ERIZKRD THWS bDT, 77 40 FOFHREEL Y & IEfMRRE 27 T &
5. 2L, #EREHIIRGHI DD HER L. ZOMMHNOH LR K DT, ZoMEEIRA
PR O ZHXOMENS L CORAEHTHD (22 +y? — 1)? OMETH L TH L)
formula ST 2RERRTD.
noaxis (k27 /L) AR A TH .
‘ox_plot’ NEEBNSNDH~V I VLT, A¥ v 7 2 REIMHHT L DL HH720, ¢ cshre’
TRAE v 7 H A A REH (16MB BRE) IZHEL TBS DN LETHD. AZ v 7 F A KT
limit stacksize 16m 72 & LIEET 5.
X TliE, 74 ¥ RUDOEEMITONT resource (X D AfHiTe, RE v OBELEZDLZ ENTE
%. resource DIEEDHHIZLLTFD@EY . (F 74/ h &R LTHL) plot¥formshapeStyle
IX. rectangle, oval, ellipse, roundedRectangle 73, {EETX 5.
plot*background:white
plot*form*shapeStyle:rectangle
plot*form*background:white
plot*form*quit*background:white
plot*form*wide*background:white
plot*form*precise*background:white
plot*form*formula*background:white
plot*form*noaxis*background:white
plot*form*xcoord*background:white
plot*form*ycoord*background:white
plot*form*level*background:white
plot*form*xdone*background:white

plot*form*ydone*background:white

open_canvas (id[, geometry])
s HEAT R (Fr N R) BERT D
clear_canvas (id, index)
D XY UONRNREITYTTH
draw_obj (id, index, pointorsegment [, color])
DXy U RICEE TR E YD
draw_string(id, index, [x,y] ,string [, color])
I R R P St =1 b [ The s
o Z#HlE OpenXM #—\ ‘ox_plot’ (Windows LTIt ‘engine’) IZ LV #Effiand.
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e open_canvas() &, filHDO Y 4 > U (F ¥ 3 R) 24T 5. geometry IZLV 7 4 v KD
DY A X% pixel AL T [x,y] THET S. default size i% [300,300]. F v > /N ADFHIF &
L, BHEE OpenXM H— "DAHF v 712 push 5. Z OB TI1E draw_obj OIFUH LIZ
WETH Y, ox_pop_cmo IZE VIV H L CTRFTILERD .

e clear_canvas() i, +—Vid id, F+¥ /3% id index THEINLHFXF v o "2 &E 7 U T T 5.

e draw_obj 1%, —-3id id, F ¥+ /3R id index THE XN 5 ¥ v L /S AT SUE 72130 & R
3 %. pointorsegment 7% [z,y] OFAROEE, [z,y,u,v] OHE [z,y], [u,v] ZHESHED
ERTERBRIND. Frv o " AOMBEL, £ EME A& U T MIZE— PR, JEH s
1% & 5.l pixel AL THRIET 5. color DIREN & 5854, color/65536 mod 256, color/256
mod 256, color mod 256 % ZiLZ4L Red, Green, Blue DfE (FK 255) & &7

e draw_string I%, ¥—-Vid id, ¥ ¥ '/ R id index THE I 5 F ¥ L /SR CFFN % 5
L. X [e,y] ICEVEETD.

[182] Id=ox_launch_nox(0,"ox_plot");

0

[183] open_canvas(Id);

0

[184] Ind=ox_pop_cmo(Id);

0

[185] draw_obj(Id,Ind, [100,100]);

0

[186] draw_obj(Id,Ind, [200,200],0xffff);

0

[187] draw_obj(Id,Ind, [10,10,50,50],0xff00£ff);
0

[187] draw_string(Id,Ind, [100,50],"hello",0xf£££00);
0

[189] clear_canvas(Id,Ind);

0

3311 HRKICEYT HEER
216. setmod_ff([p|defpoly2]) setmod_ff([defpolyp,p]) setmod_ff([p,n])
i ABRIEDRE, BE SN TV D HRIEDE, ERZHANDOER
p  FEE
defpoly2 GF(2) FEERIZR 1 E5Z K
defpolyp GF(p) LEEF7 1 B¥krEk
n ERIEK
o BN IERESL p ORE, GF(p) &Rtk e L TRET 2.
o SIEN LI defpoly2 DI, GF (29 (defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod 2) %
Bk L LCRRET .
o SIHN defpolyp & p OFf, GF(pe(defpolyp)) % WAL L TRET .
o SIHN p & n OB, GF(p") ZRMEAKL LC&RET D, p™ 1% 220 RiicridEzsewn. £/,
p RN 2MLULEDEE n Tl TRFNITARLAR.
o MG DRE, FE SN TV D EMIEKS GF(p) OHBE p, GF(2") ORAEERSHEXLZ KT, K
KD setmod _£f (defpoly,p) TEFEINTZ GF(p") D6, [defpoly,pl %iKT. Mk
2 setmod ff(p,n) CTEZRINT= GF(p") ©¥#, [p,defpoly,prim elem] %iK9. Z Z T,
defpoly 1%, n WILKDEFZLHEX, prim_elem 13, GF(p") OFEROAERTEERT S.
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e GF(2") mEXRZHAIL, GF(2) L n KERNRLRATHERWAE, RICKEST L1290,
defpoly mod2() THRKT DDA L.

[0] defpoly_mod2(100);
x"100+x"15+1
[1] setmod_ff(@Q);
x~100+x~15+1
[2] setmod_ff();
x"100+x"15+1
[3] setmod_ff(x"4+x+1,547);
[1*x~4+1xx+1,547]
[4] setmod_ff(2,5);
[2,x"5+x"2+1,x]
217. field type_ff ([p|defpoly2])
DOREIN TV DB R OREEE
o RIESN TV I OFEIH AT
o REWRLZB 0, GF(p) 726 1, GF(2™) 72 b 2 iKY

[0] field_type_ffQ);

0

[1] setmod_f£f(3);

3

[2] field_type_ff();

1

[3] setmod_ff(x"2+x+1);
X" 2+x+1

[4] field_type_ff();

2

218. field_order_ff ()
nORRE SN TV D IR O
o WEIN TV AEBEDONIE (TOEEK) 2iKT.
o BESHTOAEKSE GF(q) 7251 q 28T

[0] field_order_ff();
field_order_ff : current_ff is not set
return to toplevel

[1] setmod_ff(3);

3

[2] field_order_ff();

3

[3] setmod_ff(x"2+x+1);
x"2+x+1

[4] field_order_ff();

4

219. characteristic_ff()
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RE STV D IRDITEL
GF( ) DG p, GF(2") O 2 2iRT.

[0] characteristic_ff();
characteristic_ff : current_ff is not set
return to toplevel

[1] setmod_ff(3);

3

[2] characteristic_ff();
3

[3] setmod_ff(x"2+x+1);
x"2+x+1

[4] characteristic_ff();
2

220. extdeg f£0
RE ATV D A D, ??ﬁi TR D IR

GF( ) DA 1, GF(2") OBE n %K.

[0] extdeg_ff();
extdeg_ff : current_ff is not set
return to toplevel
[1] setmod_£ff(3);
3
[2] extdeg_ff();
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] extdeg_ff();
2
221. simp_ff (obj)
B B DWVIFZEAOREE AR O TTIZ A
o B, HHWVIFZHADREEAIRIEDTIZLERS 5.
o BH, HDVITBEREEZHA L, AIRME, 25 WVITHRERBUICLIRS D 720N D

Oﬁ@¢®ﬁ’ﬁl,%%5Vi%$§@ﬁﬁiémmmmn%ﬁ5ﬁA HHWD
o IMEBHIRKROTIZABRT 2546, —HRBER EICHE L TG, IERKEDOIT! ﬁ?ﬁéﬂé 1NN

TCICEEA ST 5 I121E ptosfp() WD

[0] simp_£ff((x+1)~10);
x"10+10*%x79+45%x"8+120%x"7+210%x"6+252%x"5+210%x"4+120%x " 3+45%xx"2+10*x+1
[1] setmod_ff(3);

3

[2] simp_ff((x+1)"10);

1xx710+1%x"9+1*x+1

[3] ntype(coef(0e,10));

6

[4] setmod_ff(2,3);
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[2,x"3+x+1,x]
[5] simp_ff(1);
@_0

[6] simp_ff(2);
0

[7] ptosfp(2);
Q_1

222. random_ff ()
= A BRIKO T O FLEAE AL
o HIRKD LA EEERT 5.
e random(), lrandom() &I[A U 32bit FLEFELEFEH L TV S,

[0] random_ffQ);

random_ff : current_ff is not set
return to toplevel

[1] setmod_ff(pari(nextprime,2740));
1099511627791

[2] random_ff();

561856154357

[3] random_£f£f();

45141628299

223. lmptop(obj)
: GF(p) RS ER ORI A BRI L0
obj  GF(p) hH#Zm
o GF(p) FESER ORI A BIIT LR 5.
o GF(p) ®tit, 0 BLE p RilIOBHTERH SN T 5. ZEAOKRIIT, TOEERLEA T V=

7 b (BT 0) & L b DB RSN,

[0] setmod_ff (pari(nextprime,2740));

1099511627791

[1] F=simp_£ff((x-1)"10);
1%x710+1099511627781%x"9+45%x"8+1099511627671*x"7+210%x"6
+1099511627539*%x"5+210%x"4+1099511627671%x~3+45*x~2+1099511627781*x+1
[2] setmod_ff(547);

547

[3] F=simp_ff((x-1)"10);
1xx"104537*x"9+45%x"8+427*x " 7+210%*x"6+295%x"5+210%x"4+427*x"3
+45%x"2+537*x+1

[4] 1lmptop(F);
X"10+537*x"9+45%x"8+427*x"T7T+210%x " 6+295*%x " 5+210%*x "4+427*x"3
+45%x"2+537*x+1

[5] lmptop(coef(F,1));

537

[6] ntype(QQ);

0
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224. ntogf2n(m)
o BEEE GF(2™) Ot 2
m A
o HHM m © 23ERB m = mo+mi2+ -+ mp2F IZH L, GF(2") = GF(2)[t]/(g(t)) Pt
mo +mat + - +myt? mod g(t) ZiKT.
o ERZHAUZLDFRNITHBHITFHE S NRNIZD, simp ££ ) ZEHT LUERHS.

[0] setmod_ff(x~30+x+1);
x"30+x+1

[1] N=ntogf2n(2°100);
(@~100)

[2] simp_ff(N);
(@713+@"12+@~11+@"10)

225. gf2nton(m)
i GF(2") OJt% BAREIC
m GF(2™) o7t
e gfonton DA TH D.

[1] setmod_ff(x"30+x+1);
x"30+x+1

[2] N=gf2nton(27100);

(@°100)

[3] simp_ff(N);
(@~13+@"12+@~11+@"~10)

[4] gf2nton(N);
1267650600228229401496703205376
[56] gf2nton(simp_£ff(N));

15360

226. ptogf2n(poly)
v —EHZERE GF(2") O A
poly  —ZE¥%mEA
e poly OFET GF(2") OakAkT 5. REL, 2 THIo7=RVICEBEINS. poly DEHKIZ Q %
RALTZRER EFE L.

[0] setmod_ff(x~30+x+1);
x"30+x+1

[1] ptogf2n(x~100);
(@~100)

227. gf2ntop(m, [v])
i GF(2") Ok AT
m GF(2") Ot
v ARET
o m ERTHZHEN L, MEMSEOLHEAA 7=/ M LTRT,
o v DIRENRNGE, ERTO ptogfan() FFOM LIZEIT 251 EDOEH (77 + /v M o), HHENH
LHAIIIRE SN ARNETLE LR E T 2L HA 2T

[0] setmod_ff(x~30+x+1);
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x"30+x+1

[1] N=simp_ff(gf2ntop(2°100));
(@~ 13+@"12+@"11+@~10)

[2] gf2ntop(N);
x"13+x712+x711+x710

[3] gf2ntop(N,t);
t713+t712+t711+t710

228. ptosfp(p)
s IMEBCE TR~ D 25
229. sfptop(p)
s MEBE IR b D2
P E25E:
e ptosfp() ¥, ZHEADREE, BIERE SN TV A/MESARIE GF(p") OITICEHEERT 5.
R DBEICERIROLOHEIIE(L L. EEEROES, FTMNECTRAZHEAE LD &, 5K
plcXy pEEREEL, p & o ICEEMX-LEE, FHArRIUCET 5. 21, GF(3%) 1k
GF(3)[x]/(z° +2x + 1) & LTERBEN, TOFTITFIETT ¢ (BT 5 &k k 12L&y ek &
LTEREND. 20L& Hlz1E23=2-32+34+21F, 222 +2+2 LFEHSh, TR 217
CE 20+ 1 TEHELVOT, 017 L EHBRESNS.
e sfptop() 1L ptosfp() DHLEHTH 5.

[0] setmod_ff(3,5);
[3,x"5+2*x+1,x]

[1] A = ptosfp(23);
Q_17

[2] 9%2+3+2;

23

[3] x~17-(2*x"2+x+2);
x"17-2%x"2-x-2

[4] sremm(@,x"5+2*x+1,3);
0

[5] sfptop(A);

23

230. defpoly mod2(d)
= GF(2) EBERIZR d RDO—EHZ DAL
d E3EE
o fff TEEZEINTUVD.
o LzbniwkE dizxtL, GF(2) k d ROBEKHZERXZIRT.
o b L K 3 THANFEAETIIE, & 2 HORENR b - & b/hEWw 3THA, & LR 3 THANEFEEL
T, BER b RO T, B 2 HOWE N b - L /NS, TORTE SHEHOKRENR L - &b
INEL, ZDOHPTH 4 HORBR b & /SN DOEIRT.
231. sffctr(poly)
o ZIEAO/IMESA IRIE T oOBEK 77
poly AR L DLIEK
o ZIEN %, BUERE ST D/ MEEA TRIE ECRER DT 5.
o FERIL, [[f1,m1],[fa,ma],...] BV ANTHD. ZZT, f; I% monic ZREERMAN T, m,; 13T
DEBETHS.
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[0] setmod_ff(2,10);

[2,x710+x"3+1,x]

[1] sffctr((z*xy~3+z*y)*x"3+(y " b+y~3+z*ky 2+z) *x"2+2 " 11*y*x+2"10*%y~3+z"11) ;
[[@_0,1], [@_O*z*xy*x+@_0*y~3+Q_0%z,1], [(@_0*y+@_0) *x+0@_0%z"5,2]]

232. fctr_ff(poly)

o 1 BREHEXOFRIE L TOREK 7%

poly BHIRIAED 1 5L EK
o fff TERINTWVD.
o LA %, BUERE SN TV DAL LTRSS 5.
® ﬁ%bi, [[fl,ml] » [fg,mg] PP ] 73?%) U A ]*ch?)é Z :VC“, fi li monic fdf%?{f(‘]%, my li%

DEBETHD.

e poly ODEFEITHETHND.

[0] setmod_ff(2°64-95);

18446744073709551521

[1] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1], [1*x+6782485570826905238,1],
[1*x+15987612182027639793,1] , [1*x~2+1*x+1,1]]

233. irredcheck_ff (poly)
i 1 ZEZHAOFRAE L TORERHIE
o AIRA ED 1 £%%HE X
o fff TERINTWVS.
o HIRME LD 1 ZEZHEXNOBAHIEZITV, BEROEE 1, ZHLISME 0 2.

[1] setmod_ff(2°64-95);
18446744073709551521

[2] F=x"10+random_ff();
x~10+14687973587364016969
[3] irredcheck_ff(F);

1

234. randpoly_ff(d,v)
i AR L OFLEARE 1 B D R
d — IEEHK
v ANIETE
o fff TEXINTND.
o d YA, ZBED v, MENBERES N TWDARKICET D 1 BHSEAZAEKT 5. FEIT

gotor:randomffrandom ff () {Z X VA IID.

[0] setmod_ff(2°64-95);

18446744073709551521

[1] F=x"10+random_ff();

[2] randpoly_ff(3,x);
17135261454578964298*x~2+4766826699653615429*%x+18317369440429479651

[3] randpoly_£f£f(3,x);
7565988813172050604*x~2+7430075767279665339*x+4699662986224873544

[4] randpoly_ff(3,x);
10247781277095450395*xx~2+10243690944992524936*x+4063829049268845492
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235.

236.

237.

ecm_add_ff (py,p2,ec)

M ERRR B oo oo
ecm_sub_ff (py,p2,ec)

i KB BhAR B o O
ecm_chsgn ff (p;)

o FEM bR B R Wi

pLps BE3I O RAELITO
ec X207 b

o BUEREINTWVDHMRIK LT, ec TERINDFEMIB LD pr, po O p1 + p2, 7 p1 — po,
Wt —p1 &Y

o cc I, HESNTVDHMRENTEEFEOLE, y? = 23 + ec0)z + ec[l], E¥ 2 OHE
v +ay = 23 + ec[0]a® + ec[1] #£T.

o AL, MR L BT, MIREAIT 0 TR,

o p1, p2 WES 3 DY MVOGE, FREEIZ LD EoRERT. ZOBE, % 3 EEIX 0 T
o TUTWF 7220,

o MERNEEX 3 OY MOBA, # 3 EEIZ 0 TRV, 1T SRRV, 77 ¢ VEREIC X D
FEGDIOIIL, 6 1 BIE, 5 2 BIEEE 3 EECHILERDS.

o 1, po WFEMBHIR EDOMRMNE I DDOF = v 71T LR,

[0] setmod_£f£(1125899906842679)%

[1] EC=newvect(2, [ptolmp(1l),ptolmp(1)]1)$

[2] Pti=newvect(3,[1,-412127497938252,1]1)¢%

[3] Pt2=newvect(3,[6,-252647084363045,1]1)$%

[4] Pt3=ecm_add_ff(Pt1,Pt2,EC);

[ 560137044461222 184453736165476 125 ]

[56] F=y~2-(x"3+EC[0]*x+EC[1])$

[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]/Pt3[2]);
0

[7] ecm_add_ff (Pt3,ecm_chsgn_£ff(Pt3),EC);

0

[8] D=ecm_sub_ff(Pt3,Pt2,EC);

[ 886545905133065 119584559149586 886545905133065 ]
[9] D[0]/D[2]==Pt1[0]/Pt1[2];

1

[10] D[1]1/D[2]==Pt1[1]/Pt1[2];

1

3312 ZothoEH

238. ctrl("switch" [,obj])

i "switch" THRE L7ZBREORE, SEEZ KT,

Asir OEITREORELE, ZRE1TH.

switch DBDBFE, TDAA v F OBIEDIRIEE KT,

obj MEZBNTWNWD & &, ZDEERET 5.

ALy FIELFHNE LTATTH. TRbLX TV T +— b THTe.

AL FIIROMEY . LT T, on X 1, off IX0 &S 5.

cputime on K CPU time 3 LV GC time % &R, off D KR L2V, ctrl("cputime",onoff)
X cputime(onoff) LR LU THS.
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nez EZGCD O7 NIV XK. 7740 T 1 THY, & IATUREX D MEIT/20.
echo on ORHIEHEA N AV E L TH L, off ORFITEAEA N 2D IR S 220, output =<2 K%
HWDERICEZITH S.
bigfloat on D&, AJ) X 7=/ NIUL bigfloat (C8#: S, FHEI/NEUEE L PARI I2 X D iThbh .
T 74V N OFEIHEIL 9 M TH D, AN E R L2 ERIZIT setprec() W 5. off @
R, AJJSN o8 NI, R NI A S 5.
adj H—_yuval s ya  OFEOER. 1 U EOFHEN/BEETES. 7740 MEX 3. 1 12T
W, =Ry valrya g FIite—7%2K&< 5510725, BEETa~ FI740T
FRETE 5. See section I~v> KT A v FF g,
verbose on DI, WEOFERIFIZA v —VEFRT D,
quiet_-mode 1 @& & JREIRFICE/EMER R EZ 1T/, See section 2a~v > RT A A7 a .
prompt 0 D& ET T RERRLRW. 1 DLEFET 0 T NE2RR. C AL VDT <y b
X bbnd La—PERDO T 1T b,
7l (asirgui TIFAF]): ctrl("prompt","\033[32m[%d]:= \033[0m")
hex 1 O& & BEIL Ox THED 16 L L TRREIND. -1 O L&, 16 #EHIE, Mic ‘— %X
SATEHIZTLICRE > TRRIND.
real_digit FSERE/ NROFRRONEREZRET 5.
double_output 1 @ & &, fEREERE NMIUIE DI ddd.ddd DFETERREND.
fortran_output 1 O & &, ZLIEXDOFKR) FORTRAN A X A LT 5. T BEN ) Ofb vz ok
TREND. (T 74V MEZ0.)
ox_batch 1 D& & EEFENY 77 BN oWV TREOHLBEZ flush. 0 D& X, FT—4 a<wr
REE#EIC flush. (77 40 MEIE 0.) See section ZrHiGHE.
oxcheck 1 DL & BET—HFEZ2HTFTe v ARNZTENLINEINTF v 7 T5. 0 D& L,
(77 4V Ml 1.) See section Zr#EHA.
ox_exchange_mathcap 1 @& &, OX server & OHERIBAAAIFIZ, A EIIIZ mathcap ORBEITS. (T
7 4V MHlX 1.) See section sy #EHH.
loadpath asir ®m— RAZDOH I EZITREEITD.
[0] L=ctrl("loadpath");
[/home/you/OpenXM/1lib/asir-contrib, /home/you/0OpenXM/1lib/asir, .]
[1] ctrl("loadpath", cons(getenv("HOME")+"/1ib",L));
0
239. debug
w TNy TE—RIZAD
o debug (TR B OEETH L, () 7 LTHEORHES.
o TRy JE—RNIADET BT A (debug) L7220, A~y RZFAHFIREEL 72 5. quit 2 A
NTHET Ry ITNOHEITS.
o TNy JE—RIZOWTOREMIZT /Ny HE SR
240. error (message)
D T —RAvE—UVERRLTT NNy FE—RIZAS
o —XIZ, BIEROMEW R &, Hi{T R BE/R = T — DN AABREEIZI DV TRAE LR, hy 7 L~r
WCR BRI, AIRER HIXED =T —DWRERTT Ny 7 E— RIZAD. error() 1%, =—VEEON
T ZOENEL FFEOEMELITOE D T-ODEETH 5.
o T4, error () NIFOHEINBBBIIEREIND A vE—V T, LFFITH 5.
o 21— PEHIIENWT, BEET = v 7 LT, HVHRUVEDHAEIZ error ) ZFFOHTESICLT
BTIX, #ORERTHEIMNICT Ny 75— RIZARS.

% cat mod3
def mod3(A) {
if ( type(A) >= 2 )
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error("invalid argument");
else
return A % 3;
}
end$
% asir
[0] load("mod3");
1
[1] mod3(5);
2
[2] mod3(x);
invalid argument
stopped in mod3 at line 3 in file "./mod3"
3 error("invalid argument");
(debug) print A
A=x
(debug) quit
return to toplevel

(3]

241. time ()
sy va VAN SBEE T CPU B LW GC il 2 &R 4 %

o CPU KB LV GC HOFRIZET 23~ FThD.

o GC i &IZ, H—~_Ua L s 2TV ERIN L RS 5H, CPU KL, 2k CPU
REf 26 GC Kl &2 51\ ek ©, B Th 5.

o time () IBIHAR LT, By v a VBl LEAEE To CPU K], GC K, BIfEE CloEk &
NTZATTODORERE, BLOEy v a VHBHOBIEE CORBRHOERTEZT L. T72bb,
[CPU Wl (B), GC K] (B)), A€ V& (T—F), fdkef] ()] 225V XA M&k$. 1 7— i
WE 41 M THD.

o FHEDEITHMERE, K THRD time () 26, FOFEREICKT 5 CPU K], GC B2 0% .

o AEVRIIZMHREETIEIRND, HOEEMZ H L MERREL 25720 HETHHREELT
HNWH_E2THD. ctrl() X cputime() (2L Y cputime AA v F A on IZ72 > TWAHHAEITIE,
by PNV —DDOHRNE LT, ZOFTRHEDBRREIND. LrL, 70 s T LONEHRE
T, FEOR BRI T 2RIEREEZ MY 2O, time ) R EEMHE S LERH D, getrusage()
X% UNIX BT time O 1XEEMED H 2 EZ KT A, Windows 95, 98 L TIEkszlz Hn\ 5
EDRFTER RN ORIBREHZE DO b ORRREND. LoT, FHRERSH D &, T HREFHIC
mEshs.

[0] TO=time();

[2.390885,0.484358,46560,9.157768]

[1] G=hgr(katsura(4), [u4,u3,u2,ul,u0],2)$

[2] Ti=time();

[8.968048,7.705907,1514833,63.359717]

(3] ["cpu",T1[0]-TO[O],"GC",T1[1]-TO[1]];

[CPU,6.577163,GC,7.221549]

242. cputime (onoff)
Bl 0 22 51F cputime OERE DD, TNLSNL HIXFRRELTH
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243. tstart ()
:: CPU time FHHIBH4G
244. tstop()
= CPU time FHAE T B L UOFER
e cputime () I, 3142 0 72 51X CPU time OFRTZ LD D, FHLSA e HIXFRREITD .
tsart (381372 L, ()’ 72 L, CPU time #HillZBHAT 5.
tstop 18157 L, ‘() 72 LT, CPU time #HllZ T, 8L UORRTD.
cputime (onoff) I& ctrl("cputime",onoff) L[ LCTHD.
tstart, tstop I, ANTFICLTHEDND Z EIFEEL TWRWED, 20 X9 R[N H 55
AL, time O IZ X DFHIAAT O MERH 5.
e cputime () (2L % on, off IL, HLIZFK/RD on, off TH Y, b v 7 LLD—2>DLITHKT 2 FHlIE
AT TS, KoT HEEZBO TNLTYH, HEKTRICT Ny FIZA- T cputime (1)
AT SEIUTEERIIER TSN D.

[0] tstart$

[1] fctr(x~10-y~10);

[[1,1], [x+y,1], [x"4-y*x"3+y~2%x"2-y " 3*x+y~4,1], [x-y,1],
[x"4+y*x"3+y " 2%x"2+y " 3*x+y~4,1]]

[2] tstop$

80msec + gc : 40msec

245. timer (interval, expr, val)
o IR S & TEHAEEFATT D
o A HEE L CElHZETT 5. HERBNICEHERENE T L6 % OEE2 KT, fRERMMICE
BRET Lo Tehh, 3 3 518K T.
o 3 BIEKOMIX, FHENE T LIEGAOMERNTEZA2MNERHD.
[0] load("cyclic");
1
[1] timer(10,dp_gr_main(cyclic(7), [c0,cl,c2,c3,c4,c5,c6],1,1,0),0);
interval timer expired (VTALRM)
0
[2]
246. currenttime ()

197041 H 1 H 0BEF 045 0 )& Ok
e currenttime () ITEIERZAIA4IKY. UNIX OHE, time(3) ZMPATNAEITTHS.

[0] currenttime();
1071639228
[1]
247. sleep(interval)
w P ak ADIFETE intervalx 1073 BHE IR
e sleepO) 1%, 7ut ADFETEEILT S, UNIX OB4, usleep ZfFATWHEITTH D
[0] sleep(1000);
1
[1]

248. heap()
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249.

250.

 BUEOE —7 ORE S&IKT (AL A B)

o BIEOE —7DREE (HL : A b) Z2IKT. e—7 &1, Asir O S S E LKA, 2—F 7
07T AR ERBIND AT OMWEET, T—_UValL X L0 EHRINTWS. 70T 40
EHIE, e =7 ORE SITHRIEPDO TH Y, EAEY OEEZ Z 2 TREL RoBHEITIE, OS
WCEDAV T2 T ~OHHLEENIZEAEOHFERMZ HD D L2 5.

o EAEUMNDARVWEAICIE, BEFED —adj A7 aick v, GC EROREEIT> THBL LE
NH5.

% asir -adj 16

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

524288

Omsec

[99] fctr(Wang[8])$
3.190sec + gc : 3.420sec
[100] heap();

1118208

Omsec

[101] quit;

% asir

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

827392

Omsec

[99] fctr(Wang[8])$
3.000sec + gc : 1.180sec
[100] heap();

1626112

Omsec

[101] quit;
version()

o Asir OX—T g v (&) KT

[0] version();
991214
shell (command)
o command Y x)avwy ReELTETTS
e command % C @ system() EWEIZE YV v =l a~<wr FELTHETTH., Ve LK TAT—X
A EIRT.
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[0] shell("1s");

alg da
algt defs.h
alpi edet
asir.o fee

asir_symtab gr

base gr.h
bgk help
chou hom
const ifplot
cyclic is

0

251. map (function, arg0, argl, . ..)

katsura
kimura
kimura3
mfee
mksym
mp
msubst
p

proot

r

w VRN, A ORBERICEHEZ @A T 5

o argl) OFEREHRAIDOFIEL, argl LT DY OF1% L U TEEL function % MO L, arg0 O xtis
THBEEDOMBICHEITOH LOFERBASTZR CRIOF TV = 7 F Bk L TR

e function I%, ¥ 7 NV7 +— b DRVEEL EHAWD.

e function |27 v 7T NESIIM 2 720,

o argl NV A b, X7 My ATHILIS OGS, BT argl, argl, ... #5313k & LT function Z O L

FEOREREIRT.

ralg
ratint
robot
sasa
shira
snfl
solve
Sp
strum

sugar

suit

test
texput.log
wang
wang_data
wt

e map DB function TH X G D HEIL, WEHHIZHEE L L TEEIN TOHRITIUIR B0,
& 5 ThRIFHUX parse error 12785, 5l % 1X map BH X car, cdr 72 EIIWNEENITERELTIE L,
Asir OEICBITF 52X =T —RFE L THEESN TS, LR > T map OFIEIC map &5 2

LixcEin

o AT a URRAT 4 TN ATRER B mtransbys () 23 5.

[0] def afo(X) { return X°3; }

[1] map(afo,[1,2,3]);
[1,8,27]

252. flist()

w BEER SN TV D MAAZ I, 2 — P ERHBOHEA 2 LFHN ) A b & LTiRY
o VAT LAFEDBZIT A — P ERKED < .

[0] flist();

[defpoly,newalg,mainalg,algtorat,rattoalg,getalg,alg,algv,...]

253. delete_history([index])
B ARV EHEETD

o SIEMNpNEE, TNETHRELELZEA N 22 THET S,

e BN BHDHLE ZOBFFOMREDOHRHEETS.
e ZITEARNY LXK, FEEOZOTa 7 MIHLTOANEFML THONEAT, ZoXiT
@number IZEVEVHT I ENTES., ZOZEIE, H—_Xyval s ya O ZoRNE

TEDLLEERTD.

o KEMXNEAKNY &L TGS, LB 2T ) FRRICKEE KTHAENRL VT2, bsave ()
RETT 7 A0 E—7 LT, delete_history() ICX VA MY EHELTBLOBFEHT

Ho.

[0] (x+y+z)~100%
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[1] @O;

[2] delete_history(0);
[3] @0;
0

254. get_rootdir()
i Asit OV— R T 4 L7 NUAEEY T
e UNIX FRDGA, BEEA % ASIR_LIBDIR NERIN TV ALEAIZITZ O, ST ianigaic
1% “/usr/local/lib/asir’ %#ik7 .
e Windows JRDE, ‘asirgui.exe’ ®H27 L2 bU (‘bin’ WO ARIDITZT THD) DB
TALVZ FPUDNIRENS.
o ZOBMMNIETT 4 LY NI AZRKEMEL LI SAAEZRETHZLICLY, A VA b—1Eh
TN L BN T 7 ANVGHRART BT T LeE LN TES.
255. getopt ([key])
ATV a DOEEIRT
o —WERMIL, BEMBSIETCLNES TERV. 2 — P ERBEK CAILMEIIEKEERT LT
HEO—2L LT, A7 a il D58OBERDH D (see 7T aViEE). BEESNEAT V2
VE BN TR T ES 2Ic Z OBk E AV 5.
o WM TIFOH & -4, getopt O 1 [Lkeyl,valuell, [key2,value2],...] 725V A h%iK
. 2T, key IZBEIFOH LIFICHEE SN ATV 3 > value IZZEDETH 5.
o BIHIFONME L OFBRIZ key BNA T v a v b LTIRESN TV DHAICIE, TOEAIET. b LI
ENTRWEAEICE, VOID B4 7 =7 b (BERBIT —1) K9, getopt() MK LIZfHOT %
type() THRDZET, TOAT v a UIMEESNTZNE I DFREZ ENTE S,
o HEIFOH LICBIT 547> a v OREIL, EROSH b 00K AIC
xxx(A,B,C,DIx=X,y=Y,z=2)
LW SR, |2 12k, key=value @ ¢,’ TRUILNEZWTREEL Z & T ).
256. getenv(name)
» BRBEIAH name OEEIKT

[0] getenv("HOME");
/home/pcrf/noro

& ik
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]

1-2. Functions in os_muldif.rr, 4, 63

1.1 Fundamental Function, 4, 63

1.2 Fractional calculus, 5, 79

1.3 Some operators, 7, 107

2.1 Extended function, 7, 110

2.2 Numbers, 10, 131

2.3 Polynomials and rational functions, 10, 137
2.4 Functions with real/complex variables, 12, 157
2.5 List and vectors, 13, 159

2.6 Matrices, 15, 170

2.7 Strings, 16, 192

2.8 Permutations, 17, 197

2.9 TgX, 17, 200

2.10 Lines and curves, 18, 214

2.11 Drawing curves and graphs, 19, 227
2.12 Applications, 20, 258

2.12.1 ROAERL, 258

2.12.2 ATHNDOLETY, 260

2.12.3 WHAIE, 263

2.12.4 Taylor J&B, 264

2.12.5 PIEE D%, 265

2.13 Environments, 20, 267

2.14 M2, 275

2.14.1 175D ANF3, 275

2.14.2 “FHEE, 277

2.14.3 U 2 MEREH, 281

2.14.4 BEEOMEYT, 283

3. Some functions in the original library, 21, 288
3.1 BoFH, 21, 288

3.2 2EK, A0S, 23, 296

3.3 UAN, _7 v, BIIORER, 25, 309
3.4 ATHIDFEE, 26, 312

3.5 CFFNTBIF L AL, 26, 317

3.6 MRE I 284K, 27, 319

3.7 A7y, 27, 321

3.8 WILE L, TV a— VI 5L, 28, 325
3.9 HfErE, 28, 327

3.10 H#EE%L, 29, 330

3.11 AIRMAIZBT 55, 30, 332

3.12 Zofio B, 31, 339

%, 303
.asirrc, 61
.muldif, 270
abs, 131
access, 324
ad, 80

add, 80

addl, 80

adj, 65
AMSTeX, 267
anal2sp, 96
append, 309
appldo, 65
appledo, 66
areabezier, 223
arfreg, 319
arg, 158

args, 326
asciitostr, 318
average, 161

b2e, 109

bernoulli, 156
binom, 142
bload, 323
bsave, 323

c2m, 173

calc, 131

call, 326
Canvas, 267
car, 309

cdr, 309

ceil, 328

cfrac, 134
cfrac2n, 134
characteristic_ff, 333
chkexp, 76
chkfun, 110
chkspt, 81
clear_canvas, 331
close_file, 324
cmpf, 123
cmpsimple, 117
coef, 297

cola, 315

colm, 315

colx, 315
compdf, 122
conflsp, 96
conj, 290
conplot, 330
cons, 309

cont, 304

cotr, 80
countin, 159
cputime, 341
cterm, 148
ctrl, 339
currenttime, 342
cutf, 122

dabs, 328
dacos, 327
dasin, 327
datan, 327
dceil, 328
dcos, 327
debug, 340
defpoly_mod?2, 337
deg, 297
delete_history, 344
delopt, 160
det, 313
deval, 291
dexp, 328
df2big, 121
dfloor, 328
dform, 78
diagm, 185
diff, 300
digamma, 159
dilog, 159
DIROUT, 269
distpoint, 263



divdo, 66
divmattex, 213
dlog, 328

dn, 288

dnorm, 214
draw_bezier, 238
draw_obj, 331
draw_string, 331
drint, 328

dsin, 327

dsqrt, 328

dtan, 327
dupmat, 170
dvangle, 215
dviout, 201
dviout0, 202
DVIOUTA, 269
DVIOUTB, 253, 269, 272
DVIOUTH, 269
DVIOUTL, 269
dvprod, 161

easierpol, 139
ecm_add_ff, 339
ecm_chsgn_ff, 339
ecm_sub_ff, 339
end, 321
eofamily, 109
erfc, 157

error, 340

eta, 159

evds, 109

eval, 291
eval_str, 317
evalma, 196
evalred, 117
evals, 118
evende, 108
execdraw, 254
execproc, 124
expat, 75
expower, 142
extdeg_ff, 334
extrabe, 109

f2df, 120
fac, 288
fcat, 160
fcont, 130
fetr, 301
fetr_ff, 338
fotri, 141
fctrtos, 143
field_order_ff, 333
field _type_ff, 333
fimag, 127
findin, 159
fint, 126
flim, 130
flist, 344
floor, 328
fmmx, 129
fmult, 116
fouriers, 157
fprintf, 324
frac, 157
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frac2n, 137
fractrans, 75
fresidue, 130
fromeul, 75
fshorter, 129
fsum, 125
fuchs3e, 108
funargs, 326
functor, 326
fzero, 129

gamma, 158
ged, 304

gedz, 304
get_byte, 324
get_line, 324
get_rootdir, 345
getbygrs, 87
getbyshell, 113
getel, 117
getenv, 345
getopt, 345
getroot, 139
gf2nton, 336
gf2ntop, 336
ghg, 108

heap, 342
hessian, 150
heun, 110

i2hex, 293
iand, 293

idiv, 288
ifplot, 330
iged, 289
igcdentl, 289
ilem, 289
imag, 290
int32ton, 293
integrate, 151
intpoly, 151
inv, 289

invf, 146
invmat, 314
ior, 293

irem, 288
irredcheck_ff, 338
isall, 112
isalpha, 132
isalphanum, 132
iscoef, 147
iscombox, 219
iscrat, 132
isdecimal, 132
isdif, 115
ishift, 293
isint, 132
isMs, 110
isnum, 132
isqrt, 289
israt, 132
isshortneg, 129
issquaremodp, 132
isvar, 114
isyes, 111



ixor, 293

jacobian, 150
jell, 159
jis2sjis, 194

keyin, 113
kmul, 306
ksquare, 306
ktmul, 306

120s, 195
12p, 161
ladd, 214
laplace, 79
laplacel, 79
Ibezier, 221
Ichange, 162
Idev, 163
Idict, 197
length, 309
1ft01, 107
lged, 163
linfrac01, 107
llbase, 162
llem, 163
llsize, 159
Imax, 163
Imin, 163
Ilmptop, 335
Ingamma, 159
Ininbox, 219
Insol, 162
load, 321
Ipged, 149
Irandom, 290
Isol, 162
Isort, 164
Itotex, 204
Itov, 311
Iv2m, 172

m1ldiv, 68
m2l, 171
m2ll, 172
m2lv, 172
m2mc, 102
m2v, 171
madj, 185
madjust, 175
makenewv, 114
makev, 113
map, 344
mat, 313
matc, 313
matr, 313
matrix, 312
mc, 79
mc2grs, 98
mce, 79
mcgrs, 86
mcmgrs, 105
mcop, 86
mdivisor, 68
mdsimplify, 190
meigen, 189
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mgen, 185
mindeg, 297
mmec, 106
mmod, 184
mmulbys, 116
modfctr, 303

module_definedp, 327

module_list, 327
monotos, 202
monototex, 203
mperm, 174
mpower, 175
mrot, 214
msort, 167
mt_load, 290
mt_save, 290
mtotex, 211
mtoupper, 176
mtransbys, 116
mtranspose, 175
muldo, 63
muledo, 64
mulseries, 161
mulsubst, 116
my_tex_form, 200
myacos, 157
myarg, 158
myasin, 157
myatan, 157
mycat, 160
mycat0, 160
mycoef, 147
mycos, 157
mydeg, 146
mydet, 183
mydet2, 183
mydeval, 118
mydiff, 148
myediff, 148
myeval, 118
myexp, 157
myf2deval, 124
myf2eval, 124
myf3deval, 124
myf3eval, 124
myfdeval, 124
myfeval, 124
mygcd, 66
myhelp, 110
myimage, 184
myinv, 184
mykernel, 184
mylcm, 68
mylog, 157
mymindeg, 146
mymod, 184
mypow, 158
myrank, 183
mysin, 157
mysubst, 115
myswap, 115
mytan, 157
mytrace, 183
myval, 119

nd_det, 313



ndict, 198
newbmat, 189
newbytearray, 311
newmat, 312
newstruct, 319
newvect, 310
nextpart, 199
nextsub, 198
nm, 288
nmono, 298
ntable, 265
nthmodp, 132
ntogf2n, 336
ntoint32, 293
ntype, 326

oddbe, 109
okubo3e, 107
okuboetos, 76
open_canvas, 331
open_file, 324
ord, 298

output, 322

paracmpl, 169

pari, 291
abs, 296
adj, 316
arg, 328
bigomega, 295
binary, 294
cf, 296
conj, 295
content, 308
dilog, 329
disc, 308
eigen, 316
erfc, 329
eta, 329
factor, 294
frac, 295
gamh, 328
gamma, 328
hess, 316
indexrank, 316
isprime, 295
ispsp, 295
issquare, 294
jacobi, 317
jell, 330
Ingamma, 329
mu, 296
nextprime, 295
numdiv, 295
omega, 295
phi, 296
psi, 329
roots, 308
round, 308
sigma, 295
signat, 316
sqrt, 328
supplement, 316
trace, 316
wp, 329
wp2, 329

350

zeta, 330
pcoef, 147
periodicf, 123
pfargs, 115
pfctr, 148
pfrac, 149
pgen, 139
plot, 330
plotover, 330
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