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Abstract

Abstract

An abstract of a dissertation is a summary and extraction of research work and
contributions. Included in an abstract should be description of research topic and research
objective, brief introduction to methodology and research process, and summarization
of conclusion and contributions of the research. An abstract should be characterized by
independence and clarity and carry identical information with the dissertation. It should
be such that the general idea and major contributions of the dissertation are conveyed
without reading the dissertation.

An abstract should be concise and to the point. It is a misunderstanding to make an
abstract an outline of the dissertation and words “the first chapter”, “the second chapter”
and the like should be avoided in the abstract.

Key words are terms used in a dissertation for indexing, reflecting core information

of the dissertation. An abstract may contain a maximum of 5 key words, with semi-colons

used in between to separate one another.

Key words: TgX; IXTEX; CJK; template; thesis
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%1% & English BUFRA

B ToTaesisEEIRIE (2017) HOZRBISCRE . MEA 13135 T RURA AT R 2CHY
BB, SEDUKSAE GBI A B T B <TuuTuesis P FAD . 3 RBI
BRI RER—

INERBIE AR 8 KRR

1.1 HEHEx

EIHIPIFIE S cover.tex, TEFGRSE denation.tex, [
NN 225G appendix0l.tex fl resume . tex, EHEIF A EMEEM, —
FERHIEES

1.2 FhHS

IR (1037-1101) , BRI PHER. FF0E, SREEL, BMNEL
(BN Ao FRfFo gfliittdo PRSI AR SLANAR, RSO E&fa i
MSRANR, AEFUINER], FEI S TR WMo o DMERE Bl SN 0 o 7
SRR L, AT BUNSE, B AL 1. SR EN . &M b
WG R M R R SO . 5RKBHL, S =9 fEBIA LET
IH3%, ARAA S Rk . HOSTE AR, W mE, A RRAKFK 2 —.
Hysigarseld, SRS, £ 2ARFTI T E XK. DEOFRE IR R [
[FEEE, HRRARE NEEITI . W ZM—IR, NERIRAR. <G&IUF - 7
BEMN S GRIAMCL - TR ZIRE) .

WAL RATH. P, BUESE. hk. AW, HEX, ma0HE. A
EFMeke, ARARZZIME, 5RE. FRB. KRFHAHE RO ath, #
IR, LEEHRES. B8R, KA BEABM, LE5ILELH &E
FRFPAE, BFAE GEREE, FLH GREEE Fo ARPEH
WERIF I U R JLIE IO CATRE KDY CGEM ERIFWY Fo BTAH K

© whAr (768-824), FHRZ. {MEH (SIMEEE) A, AFEPEER, HIReEER. DAL IETE,
PN IOTWANG i S - L& B 3 AN TS et T U S Sl S s [ MR =S R R B A O ieba i
FRAERE, U R . WA s o ML SR ARRR L BRSO SO AREE SR, SO0, A
BEhEH, SERICETREI. TR A, MREEASE.
@ MHIEREAM? Eaze?
1



%5 1% 77 English fR

AELEI. <A eB» 5,

[7C \youyuan P 1 HRH, RIFHWER. BRMZHE, WY, ¥z
Uy AR M, EEYMZ ISR WENE, Mz UG BEEE M, MR
o MIRARIATE, Hz2 f frd B ZEd. RELAL, M2k,
INLEGE, B2 LU g A, ARARIrtE, Mz 2 LAt e, towh
AfrdEts, Wz z LUNE .. DIEaa1l, sz g,

BWZ%, AR, MRZUR, REEH. WLAULR, HRZUE. OF
LR, BZZURA. SARE, MLEE, HZZUKE. EREFAL
B, M ZzUiR. BRMEER, &, MZZUB. BB, 8EZZUE. UE
BAE, ©BE, MZZUE,; BESH.

[JE \lishu FR. 1AHMJERA, sz 2 Ll &t $rRoRE T,
sz 2 LI rIT R ARG, Mz UG &S M. WA UAETE, W
22 LT BUE Wit HURRET, WIRR, M2 L) st YA LI
K, F55 ERY, Mz g . ENA%ESR, iz Ul%.

ALEIGEAE, W22 UKE. WEAEAIE, sz DB BiE IRt A
FENWART B, W3z 2 ARG e WASATEAZERE, sz 2 DA bt A BT
Wz LB Bt

1.3 REFER
131 BEARFRRE

bR e TR 223 = booktabs. array I longtabular, iy f—
™~ \hlinewd, —ZkFEA[LLH booktabs #ZfLH) \toprule. \midrule F#
\bottomrule, Ef]5 longtable REARIFHYEC A FH o ANSR M LB fiy LAY 1% AT
PAE#: @4 \hlinewd {(width)} #:.

BHERE DR BRI RN £ 11528 7 ARRR =200 L IRE. 15 AR
TR LGRS R NI 2o XM IR IR T AT AR S A (s I
AT ISTRX AR G A SRR RIS \footnote, FArLATRATAG A LML/ N
U, T HAs U s B B S B/ N DT B B, XA R A BE S
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F L1 BIROOHE . IR AR, IR ALERR R T P2 IR
M, BT LAZLE chapter ARFEAEFT T HHE 55— M A ERIAR . 1X4
bRl tHELE RS e

BaL

thuthesis.ins
thuthesis.dtx

ik

ISTEX 2235 504F, DocStrip®

A 1) — DIABAE X AT 2 o

BRI SCA

FERRECE o cls M1 cfg HRiTP > S0 AE A
2275 3k BIBTEX FE0C

2730k BIBTEX R0

ARG S EXE, W E SR .

thuthesis.cls
thuthesis.cfg
bst/numeric.bst
bst/author-year.bst
thuthesis.sty

@  FAEEMTE
O

132 EZHFHRE

PN ZAETANE T I PR IR RIR, BB X R ms LR R 4% H B TR - i
ORI & — FOANBE R T 3%, ISR ERAIE . ol DMESRAR R TR 5 1R, Heinse 1.2,

# 1.2 FREFEERH
First Half Second Half

X 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

East* 20.4 27.4 90 20.4

West™* 30.6 38.6 34.6 31.6
TE: EEskIE «TuuTaEss 4 T
*r IR
e TR

HEAh, 2 1.2 AR 75N E0RE: 1) JEid tabularx [ x| 37 JRSEEL
FAEE SO 2) Wik \diagbox fEFELERIME N A Lk

N T AEFATHG] 5 R SEBRE I, R A EAYIHgAE A\ — 2L Te R 37,
D K2 SRR HEL, SEEHEGCRA KA. 28— R HIAR AR % -
NFRHRTE . R 4k. EEWAINEKRE T .

FH, FARH, BEPERL A RIS st RN, siHE A B
AR, HAEN, BAEEBIEZ 0. FIRRIRIL, s/ TREL R, H: 2
FRABEE, FHARM RS, B, ERBME. ME LS, B T
AW "F TR, AREEB, Z0—H. wWhHE, FME, ARzt
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EALSER T, WA S, BAEL SGENAE, A, MEEH.
FEALIOKIIAL, AR, $RECC, Wik DI, wEHA, BN, BRI
L. bRt Bz, MHRLDEm K. weEH, BHRHLE. AH
HIANZEIR R, BRib e 75t THRIE T, 2 IR 7k EBHHVETL
b2, REAEE. BREAEL, N, BHARIGIRARE, SlSE. IRV SRS, H
k. R, LIAtREE, MHTA. SCRR, HLIEF0E. FEE005E. ki
HHN=Mrm. =16 Shiy 0% —— AR HAME

TESNIRRIFHECE — AR 1) ZFHBA KRR, AW DS HITESIR;
2) ZERIET R FER X FRMRIEFFHERARRE P MR A 1.3 & 1.4 /N
TOENEE, R LA 1S (s sk BRI 05 2.1.2.2 75,

R 13 IR K14 BAIFHET AR
111 222 111 222
222 333 222 333

SRR E R, RE it TaR 1o ARy, 55738, Mg, B
SIS HESL. RREMZE L, A% Rk <A, Rz, AJid
&, BRUNIES . ek, AR R e, WA WIER T, R
Jethiste LASKRPREE, HIONEMEIIZ %, KRMULEL, SiERMESE, & A8 1
Kif, BRAZG. A, AAPEURNIE , BB MREEBURES, NS K
RTINS, Wik sCERTHIH, fr@ I T T iARGEL R TR, AT Ss
i, PR A, TR, TIZREEE. BEEmEA. 25, B
FHYBOR, BRI W H#EZCRALRRE, WS Rk, ARYEFFMITRLIREL. 5
el SRR AET L JT, HFREIME L, JTRUEH . KSR,
HERAFAL, MR AT S H BRI, BRI, WrZER 1
K. BAEMRLIR, HEAEE, RETS, RO, A, X,
JEXSERDT, AL, WA AN RE D o, DU BT TH RS IR R
S, RO, Faid T2 70 Azt sHMAs k. SaRI0ER, ik
W, — W Tiee MM LUEEE. &SRR s el AN, #50Y
B R [HEERSCHN T8, ST LG,

AT BIEX HIFRAS DHREBCA G RIS 245k, AL HEEBINE, £
A, [FEIRERT DR SRARR 2 AR R KA . IFS R 1.6o

BRJG R ETIR. XARW. SRBMERR 7. £4E, PR, TR

No THH, HHRGEEHRA HITIE, LS, WARR. BRNFMEC
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#£ 15 IR

(@) 5B — 7k (b) 26 =~ 3KA%
111 222 111 222
222 333 222 333

#£ 1.6 E3EHR 2

Network Topology # of nodes # of clients Server
GT-ITM | Waxman Transit-Stub 600
2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni
Xue THUTHESIS
ABCDEF

S5, Atet. RS Zobi R, FERTERRE . REUOK, AL,
LRRIIBEPIHAR, NS, IRZGEHIE, HT 8485 AR ISR, ZER AR
M EITATE WP, BEIME =SEMR, R, SRRk, T e
BN BRI T, AR, LR AT I, RER, TR A 55
ZI, AN o FRRZ NS, LK, SiEAdem, FEask, 5
WK, WK H o BT A, BERFEN. —H, ZREFEDEEC BN
SPAESERL, HAEIMAE. WA, TN, AURAZE: R T3 LAY RE, 4
AU "8RS, R B2 B, MRS, Zeafe fi
FTIRME, KARRERE. R E N, MR semldhsr, R RE. BORE4ERRT
VHAE, RUBTERME. TEIRNER, EHRENZ . TR ERP A, A R T4
VI o

EAE 1R SOBRAOE R AFHE A~ > — 28 TRX/BTEX RYAHSCATR, Har—28EUR
REST, FR LR IRy, A S 2] A E0E R AR AT AT IR 21X
PRI, —ELDOREGE M Word S A0 B TR, LIOA BTEX Bt i ATt R %
R, BT A 2 AR A BB R OS AR B LA TR U HERC TR, 25 R s A9
LA, A

U AR SRR A SRS A B 0T, AR 2 HEX (] longtable 57 supertabular
AL, WEHOR longtable HET T HHRAYIEE, BT LAE K AT REMRT 28, 36 17 g2
longtable 1] &) 5L/ o
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1.7 SRR

Wikey W FP RES SERE TR REN
IR (s)  BME(s)  BfAEI(s)  AE () BFIA) () 3CfF (KB)

CG.A2 2305 0002  0.116 0.035 0.589 32491
CG.A4 1506  0.003  0.067 0.021 0351 18211
CG.A8 1338 0.004  0.072 0.023 0.210 9890
CG.B.2 867.45 0.002 0.864 0.232 3.256 228562
CG.B.4 501.61  0.003  0.438 0.136 2.075 123862
CG.B.8 384.65  0.004  0.457 0.108 1.235 63777
MG.A2 112.27 0.002 0.846 0.237 3.930 236473
MG.A4 59.84 0.003 0.442 0.128 2.070 123875
MG.A.8 3138 0.003 0476 0.114 1.041 60627
MG.B.2 52628 0002  0.821 0.238 4.176 236635
MG.B4 280.11 0.003 0.432 0.130 1.706 123793
MG.B.8 148.29 0.003 0.442 0.116 0.893 60600
LUA2 211654 0002  0.110 0.030 0.532 28754
LUA4 110250 0002  0.069 0.017 0.255 14915
LU.A.8 57447 0003  0.067 0.016 0.192 8655
LUB.2 9712.87 0.002 0.357 0.104 1.734 101975
LUB4 475780  0.003  0.190 0.056 0.808 53522
LUB.S 244405 0004 0222 0.057 0.548 30134

EP.A.2 123.81 0.002 0.010 0.003 0.074 1834

EP.A4 61.92 0.003 0.011 0.004 0.073 1743

EPA.8 31.06 0004  0.017 0.005 0.073 1661

EPB.2 49549  0.001  0.009 0.003 0.196 2011

EPB.4 247.69 0.002 0.012 0.004 0.122 1663

EP.B.8 126.74 0.003 0.017 0.005 0.083 1656
133 HE

IRAERERAFAE BB 1 A HEER S B, 5 a4 \captionx. X
MTQAELERIEH T, W2 ORI UARREC ISR "R XX, "B XX,
WE 5| A 5 AES AR AMEANE, Xt BIEX BLES-ay & SIARTHLI -

AT X R 2R 22 02 A B} [ 2 ) 2 SCBORHRI R o0 A 2R B A B o3 2 5L
JE SO ) A A BT 7 S SR AN R IS, — R R I A
\captions, ZHIMH CE, WA ATHMERIFE LI11 A 1111 GEHEX
MR 2 (TSR D) o

WRRIBELE B S, (EOUNMEEEHBUER SR, H AT A S .
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#1111 XE—"Fahdws, A Figure 1.111 XE&—"1F3hém5,
WAER G HH A AHIAERS I HRIE .
THUTHESIS et JE

WJE . BIAKRFEA—EZMSLER/NT, KT/ NIRRT 5
fe— T WA NEABT.

MeRge, T8 (773-819), AR (Bokurd) A%, AR H ey

%, W, AR - MEERUCER . SEadtREE SR SGes),

FFRREE

©  INPEKFIRE

@ JERNKREKZE AL

RIS RLE . B TR s, DO H T AR AR
B, RO, MO XA S BSOS N T RO TRk
TR, IO IX Iz s I A . TR IRE, T AT, AR TR E R
HESN a, EATIRERE RN T, BERRMCT . Mo k=] .

1.4 TEIEIfE
25 KRR — N A& FFIIE B A 26 1Y 2135 -
Wiz 1.1 AV, WX T s, 2 E Ak,

c = a*-b (1-1)
(a+b)a-D) (1-2)

TEDT, RARME, A4S H . SRHMECTH, REWE. SR, 718
HAEWREK, o (51H G IREITE F/4)

EX 11 FH: NETHRZE, HeFmE, THmzEA, ERE .

T B —E S [RIEEl B, RSO K dbi e, &l)L
[I%eE. WORM, B, sihEARILZ. BYVAE, WIEER, TIIES,
A mifEL?

B, BB IR, SeMIRIHPRE . FHBIAE L N, L1 R I3 XY - K
Wiy, RMEH, BILMEHEE L. TROT, VRN, VR, kUL
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W11 EE: [EH =AW AR SITCAETR? &
A2JFr

Z BRI L H A S, FrIAANTE ), SRS, BURAEM . K
a2y H, SRR, BERIZZ I, A8 S fE T, SRR, ORHOE . A
REER T, B AR

EE L RATHE. KAE H.

0(x,2) = 2= Y10X = YmnX"'Z"

=z — Mr~'x — My~m) xmgn

=% (1-3)
(=8¢, (1-4)
0= (&, (1-5)

R, FOHER . FUg LR, SRR ShaaH, NIZERR. J7LAER,
PR . W IXIAER . FERIRE, FEHEIY, B B2 LR, 2 LAUX,
HHET, —%—2, TEs, WEs L. SRR, WEsd. scLigm, b
LAFIRE. Sy, il oy e ZyRINARE, Gy NAE . 7RI a4, A Zh e
Ko WA ANZLE, AP AZ M. B, MK NRZIAR KN, 1M
JEAFH 2

B PR ELB R R

x=y+1 (mod m?) (1-6)
x=y+1 modm? (1-7)
x=y+1 (m? (1-8)

CGEED»: KREZIC, TG, 95K AT, MYimiP. KUIRL, ~
BERE R, BN LR . RZiERAE, iy, SRERM, JT5RIt. EHED,
JTERCT

CHRED: KT, B7UBEMRAR. E2M, HET. WEFHH, 7
Tt AHuZHz, EEM. RN, b, AR, KANGEd. oA
e, BAR A, L, KEARTVER.
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SIE L1 OWRIERY REEERRISIE

b b
/ { / [f(x>2g<y)2+f<y>2g<x>2]—2f<x>g(x>f(y>g(y>dx} dy

= /ab{g(y)zfabf2 +f(y)2/abg2_2f(y)g(y)/ab fg}dy

ATET T, SEENE. HETRE, SR EigHERK, Smn]
Ko BIEARIEX, M RERA. HEAHTIE, KFHE%. FaileH, WA
B BESNE, ¥ HACK. FRZEE, &HmER.

B 11 JUFEDE, HEEsik —R (B
y=1 (1-9a)
y=0 (1-9b)

EALE, FFE. A, 4. a2 A2tk i, Lk
B A, RUMES. 1P, FHims4, FiEZX. ZZXX, bz
(1o EEHTK AERTYIALS, AARNZ R, MULTE. i, HEE,
N, e, D%, 2k NikH, sykk, Ki&iE, EEER. MAE
B, HMFEH. MAEES, AlEER. MEEE. BITHEAE. AMRHETEA.
FEMIANT A7 -

ﬂ%w%ﬁwwWM$ Kz to AL, BAGET AR, Wl HAEL
Wt HEREOAEH. wAEMFR?

RELFZAGER], AR, WEER, Bt Bz LlipHrEER! 4
BEEMNGSUE S, BEMESART W2 WIS 247 bz, w4
ke

HENFATRZ . ARMEERZ A, MWTHEHT, S8BT 3k
WH: IR L, LA R — R CGEE AR O

HEIR 110 DUINERCEH) A RD AR bR R i A e s 1o

V,' =V —{qivj, X[ = Xi — giXj, Ui = Ui, fori # ], (1-10)

V= v, X; = x;, Uy + ) q;. (1-11)

[£3)
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A, BTN . FERET, AT . KHARE, RoE
o LS EY, M LY. B KD, BRIKR .

Bl L1 RICREXA T

Vﬂxﬁ—éAN&Qﬂ:O

Ajgj(x*) = 0’ .] = 19 25 L, P (1-12)

AJZO’ j:1a2"“’p

2>] 1.1: {554 Andrew S. Tanenbaum F{] W. Richard Stevens [ filr 5 &1E

&8 1.1:  Poincare Conjecture If in a closed three-dimensional space, any closed curves

can shrink to a point continuously, this space can be deformed to a sphere.
B 1.1: [AIEISE AR, 2R

TSI HERE 1.1 We? N b \label (] \ref RInf. 32 LHIBIH, ricl 1aT
o FREGHT ok, SRR HE . FJEICTH, P/NCHE. HUVER, ZEBUk:
ﬂi;&rﬁlﬁ*f' T +HIRRE, FH"\ K. S, 8 B8R
. BRYHHEIE . T AN AT, B R B TTRTIRATIE, — A4Sk
, TR /T R, ﬂ%@ﬁﬁo Il TER NG VS AN

3>
>
fu*

o

&nﬁg\#g_
m-+
ﬁﬂi
%%g
q

o

1.5 SE @k

98B SCRTTLARIEET \bibiten, BATLEIIK, FRIEH. SHH
LA LAH O RS S

AEIEE A BIBTEX, Al it%F 5| (thuthesis—-numeric.bst)
MWEEFM 51 (thuthesis-authoryear.bst) HR, EAFEERNSHE
SRR RIS ARG o BHIXAIF, KT 45H7 Knuth (1989);
Goosens et al. (1994); Groning et al. (2004), i iXLE Krasnogor (2004); [&] &, (2001);
PE[E] (1998), kT 2% :EHY Chafik El Idrissi et al. (1994); Mellinger et al. (1996); Shell
(2002), fifi 183 44/ i (2005); Jeyakumar (2004), 18 138 71 (2005); Zadok
(2001), FRifESCHE TEEE Std 1363-2000 (2000), £>i¥i£ 3 Kim et al. (2003); Kocher
et al. (1999), A4 Woo et al. (1995), -+ 3CHk 7#4E; Online Computer Library

Center, Inc.. " XS CHR B1E £ 55 (1800) WG Lang="zh" FBt, LMEHIT
10
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MRALH . A1, AR F 3Ok £ E R 55 (2006) HYSCHRFHFAZ 436, W
RAANIERHTT, B FEHMES bl 3.

ARMEARE EAR, BB RTLAXFE @PAIE, 2005), X PR E R

AT — 25225 SO BT AR AL, #5286 URL. TR, URL A%
FEIEFAFACWA T, X AT RE(E R P AR A O I AT ARME o AR, /]
LRRE AR A SO

\RequirePackage{hyperref}
— IR

\PassOptionsToPackage{hyphens} {url}
\RequirePackage{hyperref}

EAHE TR T LA T BE2RE A LIS url 5630,

1.6 AT
DU A s (1-13), H p(yx) NEK S p(x) ek 948 p(x) KIH—1k
%o

() = PEY) _ PEIIPG)
px) — px)

(1-13)
WM AT Z . TeX FBk happy. FfA— amsmath [ {i]:

detK(t = 1,11, ..., 1,) = Z(—l)'” ]_[ 1 ]_[(Dj + A1) det AVTIT) = 0. (1-14)

Ien iel Jel

AT R G5 3112 T AR 24 =CFREE, AT I3 IR AR AL 7, K
RALE A — R B amsmath [30R, JF2 BB A0 A s

b b
/ { / [f(x>2g<y>2+f<y>2g<x>2]—2f<x)g<x>f(y>g<y>dx} dy

- /ab{g(y)z/a” A+ 1) /a” 2 - 2f(y)e(y) /ab fg} dy
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HIUE T LR R RXA 2 PR -

max FOX, ¥ 55 5 Ym)
subject to:
G(x)<0
3 (Y, Y5, -+, Yyn,) solves problems (i = 1,2,---,m) (1-15)
H;?X Sl YLy Ym)

subject to:

gi(xa)’l’YZ,' o 7ym) < 0.

XGRS R 22 R B T EGEE T CAFE M HITRF
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21 HeEflF
8 1 BRgRAT 120 T DU A (1-13), X BT S — T

px,y) _ pXx|y)p(y)

) D

p(ylx) =

211 #£H

ARSI AT T2 B (40 pstricks, pgf 25), 524 P ke .
ANi15 pof ANgl, KR T Postscripto [ AMAATRZ X BTEX By GUI {EE T.H.,
4 XFig(jFig), WinFig, Tpx, Ipe, Dia, Inkscape, LaTeXPiX, jPicEdt, jaxdraw ZE2E,

21.2 1HE

SRFUMETE «BTRX 2¢ IR | XTI 1715 S A subcaption 7%
BLRT 15 B SO
2121 — 1AW

—IREIEHER R A AE BN T Z B AR NTE SR AR S 2SR P R L
BN E GRS R ALEDS R, X2 N TR [ AT REE 2 ). 40
REGREIEEFE S PR B, M float 264, BRI T [R] 24, thinlE 2.1,

TEZE

Tsinghua University
2.1 FIH] Xfig il /]

KPPl fERE, ERR, LT 2%, FIbmaAE: Emiaati: &
MJEREZ:: ZIMGRERE : JEIMIERERT . WAANK, AL MG, MTER.
HZAIET RN, Joia e SanER, St o T HRE, g
5 e EE, Jolb ol SO OE, JoilHEs SoRECE . JeEHAn 2

@® This is not a bug, but a feature of IXTX!
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FIEASYD . PIRGT R MM ERH: Zm 5008 OIEmE 81&: &
ERFT FZFmEEE: EiRmE R . BRTUETEAN, 2% MESH
Ko HAFLMAIGE G2 HATESM, mMHEINEEE, RZ A

— kY

2122 ZPEF

MR EOEHEMS, AP EIE I G, IBAH minipage B
parbox FtA] L. G, IE2H K 2.2, BEESMWA/NEL 23502 H 2.2 11K 2.2(b).
HEFH \subcaptionbox, KA LMEIE 2.2 IREEXSFFF IR PR, Hm] LLE
A subcaption ZZfIH] \subcaption (JfE minipage ', HiL[E]\caption) =
J& subfigure . subtable 2£35%, 4184 2.3, AEEHH \subfloat. \subfigure f]

ﬂ

(@ E—N/NEJE () FHA/NEIE, TERIXA KNG %
L MERAMIRCHE, Ba Bk
17
K22 & FEIEHKEFE (subcaptionbox 7~ )

TEZE;

(b) % =A/NETE, TFEIXAEIG L, sub-
(a) 5/ NET figure HH[F]—17 1Y 7 EIAE TR X 55
2.3 GG FEIZHKETY (subfigure 754

W FELAI . I, FTLUMEESO . N &, SHRETTEe
A, Hoyskth, 2Rz, APEar, HEDERESEFE, BMNmIhL;
A PEAR, HEERIRETE, BNz, EbEt, KRFAEFEZ B AEnE
P ORMICR TR KIC Y, L, 2 Frfit.
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The title of the English paper

Abstract: As one of the most widely used techniques in operations research, math-
ematical programming is defined as a means of maximizing a quantity known as bjective
function, subject to a set of constraints represented by equations and inequalities. Some
known subtopics of mathematical programming are linear programming, nonlinear pro-
gramming, multiobjective programming, goal programming, dynamic programming, and
multilevel programming!'.

It is impossible to cover in a single chapter every concept of mathematical program-
ming. This chapter introduces only the basic concepts and techniques of mathematical

programming such that readers gain an understanding of them throughout the book!>3l.

A.1  Single-Objective Programming

The general form of single-objective programming (SOP) is written as follows,

max f(x)
subject to: (123)

gi(x) <0, j=12---,p

which maximizes a real-valued function f of x = (xj,xs,---,x,) subject to a set of
constraints.
Definition A.1: In SOP, we call x a decision vector, and x;, x,, - - - , X, decision variables.

The function f is called the objective function. The set
S={xeR"|gi(x)<0,j=12---,p} (456)

is called the feasible set. An element x in S is called a feasible solution.
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Definition A.2: A feasible solution x* is called the optimal solution of SOP if and only
if

J(x) = f(x) (A-1)

for any feasible solution x.

One of the outstanding contributions to mathematical programming was known as
the Kuhn-Tucker conditionsA-2. In order to introduce them, let us give some definitions.
An inequality constraint g;(x) < 0 is said to be active at a point x* if g;(x*) = 0. A point
x* satisfying g;(x*) < 0 is said to be regular if the gradient vectors Vg;(x) of all active
constraints are linearly independent.

Let x* be a regular point of the constraints of SOP and assume that all the functions
f(x) and g;(x),j = 1,2,---, p are differentiable. If x* is a local optimal solution, then
there exist Lagrange multipliers A;, j = 1,2,---, p such that the following Kuhn-Tucker

conditions hold,

VI - 2 4,V (x7) = 0

/ljgj(x*) = O’ .] = 1’2’ Y 4 (A_Z)

If all the functions f(x) and g;(x),j = 1,2,---, p are convex and differentiable, and the
point x* satisfies the Kuhn-Tucker conditions (A-2), then it has been proved that the point

x* is a global optimal solution of SOP.

A.1.1 Linear Programming

If the functions f(x), g;(x),j = 1,2,---, p are all linear, then SOP is called a linear
programming.

The feasible set of linear is always convex. A point x is called an extreme point of
convex set S if x € § and x cannot be expressed as a convex combination of two points
in S. It has been shown that the optimal solution to linear programming corresponds to
an extreme point of its feasible set provided that the feasible set S is bounded. This fact
is the basis of the simplex algorithm which was developed by Dantzig as a very efficient

method for solving linear programming.
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Table 1 This is an example for manually numbered table, which would not appear in the list of
tables

Network Topology # of nodes # of clients Server
GT-ITM | Waxman Transit-Stub 600
2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni
Xue TuuTHESIS
ABCDEF

Roughly speaking, the simplex algorithm examines only the extreme points of the
feasible set, rather than all feasible points. At first, the simplex algorithm selects an
extreme point as the initial point. The successive extreme point is selected so as to
improve the objective function value. The procedure is repeated until no improvement in

objective function value can be made. The last extreme point is the optimal solution.

A.1.2 Nonlinear Programming

If at least one of the functions f(x), g;(x),j = 1,2,---, p is nonlinear, then SOP is
called a nonlinear programming.

A large number of classical optimization methods have been developed to treat
special-structural nonlinear programming based on the mathematical theory concerned

with analyzing the structure of problems.

A%+% 8044

TSINGHUA UNIVERSITY LIBRARY

Figure 1 This is an example for manually numbered figure, which would not appear in the list
of figures

Now we consider a nonlinear programming which is confronted solely with maxi-
mizing a real-valued function with domain R”. Whether derivatives are available or not,
the usual strategy is first to select a point in R" which is thought to be the most likely
place where the maximum exists. If there is no information available on which to base
such a selection, a point is chosen at random. From this first point an attempt is made to
construct a sequence of points, each of which yields an improved objective function value
over its predecessor. The next point to be added to the sequence is chosen by analyzing

the behavior of the function at the previous points. This construction continues until some
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termination criterion is met. Methods based upon this strategy are called ascent meth-
ods, which can be classified as direct methods, gradient methods, and Hessian methods
according to the information about the behavior of objective function f. Direct methods
require only that the function can be evaluated at each point. Gradient methods require
the evaluation of first derivatives of f. Hessian methods require the evaluation of second
derivatives. In fact, there is no superior method for all problems. The efficiency of a

method is very much dependent upon the objective function.

A.1.3 Integer Programming

Integer programming is a special mathematical programming in which all of the
variables are assumed to be only integer values. When there are not only integer variables
but also conventional continuous variables, we call it mixed integer programming. If all the
variables are assumed either O or 1, then the problem is termed a zero-one programming.
Although integer programming can be solved by an exhaustive enumeration theoretically,
it is impractical to solve realistically sized integer programming problems. The most
successful algorithm so far found to solve integer programming is called the branch-and-
bound enumeration developed by Balas (1965) and Dakin (1965). The other technique to
integer programming is the cutting plane method developed by Gomory (1959).

Uncertain Programming (BaoDing Liu, 2006.2)
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2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni
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