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Abstract

Abstract

This article presents TT, the thesis template for Tsinghua University, and

briefly introduces the usage.

The template has been verified by the academic administration of Tsinghua Uni-

versity. It fulfils the corresponding format requirements, and can generate either bach-

elor, master or doctor thesis easily. You can simply insert your informationand main

text into the right places in this example.

Generally, the abstract and the key words should be consistent with the Chinese

version.

Key words: TEX; LATEX; CJK; template; typesetting; thesis
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1 1Ù � English�IK

ù´ TT�«~©�§Ä�þCX
��¥¤k�ª���"ïÆ�

[3¦^���c§Ø
�Ö5TT^rÃþ6§ù�«~©���ÐUw

�w"

�PàÜ¯9ø®¶á�Á�7Lpú"1©

1.1 µ¡�'

µ¡�~f�ëw cover.tex"Ì�ÎÒLëw denation.tex§N¹Ú�<{{

©Oëw appendix01.texÚ resume.tex"p¡�·-Ñ�~{ü§�w=¬"2©

1.2 iN·-

�ç£1037-1101¤µ�y©Æ[!Öx["ifÇ§ÒÀ·Ø¬§w²w

ì£8áoA¤<"�æf"Wn?¬" m�Q?�Ü
	J§Ï�é�S�

#{¦	�§?É²Ï�§��²!M²!�²"�±��/�u�É0�@�

²"óm�?¿�Æ¬§QÑ�É²!L²�§(�rÜÿÖ"�q@¥¨²!

è²"���1�c¾k~²"Hy�J£©§"�Iæ3õ§Ü¡/n�0"3

�£þáuÎ
§��kU�6���¦"Ù©���l§²x��§�//y

l�[0��"Ù��#Íè§õ^§Ü'�§3²âLy�¡Õäº�"�ê

���U�N¬m;£§�IÚ£ö��¹�p"cmÍ���§é��ékK

�"5gâ�#»9~�6!5YNyÞ#Z�¥¢6D{$2"

·lò�1Ö!oÖ§�{oR!MÓ!ôý�!vª§UgM#¿"̂

)´TO«§kUýDû��"�é�!�Ìj!�	¿¡/yo[0"UxÆ§

1© ¸�£768-824¤§iò�§àHà�£8àH�{¤<§g¡g"�i§¡¸�i"r�«�£ÐÆ§

�m��lc?¬"Q?i	�¤§ÏþÕ��'¥D¸§@��ì{-"��0��Ý²½�Ü[

-Ü¹J§qÏþL�HÃ�§@�²e¤"�LuÜ¹J§k£©ú§�¡¸uÜ!̧ ©ú"́ /
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1 1Ù � English�IK

Æ©Ó§�U� 7%�"ØxÌÜ/ q0§@�/Øx±/q§���Ö�0¶

pÝµd/�¥kx§x¥k�0�²âEÅ"�©k5À·Ô86�"�Ö,

k5��¬�Ø©d6!5I�A�©6!5c»9D6!5�²» �d6�"x

,k5 7%�ã6!5Æ�ã6�"

´�U/O§�U�×U/��"�±*ßU©§:±	ß/n§´��_

²��"�©�ª§��k)�`"°í�Ô§iµ�C§́ ��< ��G"�

U/�q§�Ø�"�±��Ô§�LUe§�ØL"�1Ø6§WU�·§

�Øb"Sèí�;§�UO"��U/�zØL§¤�ÔØ¢§Ï�¼

����§� Ã�´ÃN"

kU/§,��Ô)è"JU/�mö§��Ô§�É�±ô¶ôöJ�§ô

öÔ�©)�"Ô)7�§�É�±�¶�ö��§Ô�5�"Ô5Ø�Ø��§

�É�±I¶IöØ ���"Ø 7kz§�É�±z"z7k¯å§�É�

±�¶�ö¯�"̄ 7k¤'§�É�±'¶'ö'�"'7k¤T�§�É�

±�T"ÔT,�kr§�É�±Á"

Á�§,�S§�É�±�¶�öÏ�"ÔØ�±ªÏ§�É�±Ä"Ô

Ø�±ªÄ§�É�±Ó<"�<Óö§Ô78è§�É�±�k"k�öØ�

±J§�É�±^"k�U^§7þ§�É�±þ"þ7k�§�É�±�"±

U�<ö§7k¯§�É�±�¶�ö¯�"

k¯���§�É�±�¶�ö��"Ô�,��*§�É�±*"�*

�k¤Ü§�É�±¶ÿ¶ÿöÜ�"ÔØ�±�Ü®§�É�±�¶�ö

»�"�»,�í§K¦°§�É�±�¶�ö��"ÔØ�±ª¦§�¡þ�

e§�É�±E"EKØ$°§�É�±Ã$"

kÃ$,��T§�É�±�T"ÔT,���§�É�± ¶ ö��"

Ø�KØ�Ä§�É�±�L"ÔØ�±ªL§�É�±u¶uö��"�7k

¤w§�É�±l¶löw�"

1.3 L���

1.3.1 Ä�L�

��¥'uL��÷�kn�µ booktabs!array Ú longtabular§·-
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k�� \hlinewd"n�L�±^ booktabs Jø� \toprule!\midrule Ú

\bottomrule"§�� longtableUéÐ��Ü¦^"XJL�'�{ü�{�

±��^·- hlinewd{xpt}��"

L 1.1 ��©�"XJL��IKé�§@o3L�¢Ú¥Ò¬éØ

{*§¤±�� chapter@�3c¡^¥)Ò���{á�IK"ù�

IK¬Ñy3¢Ú¥"

©�¶ £ã

thuthesis.ins LATEX SC©�§docstrip1©

thuthesis.dtx ¤k���Ñ3ùp¡ 2©"

thuthesis.cls ��a©�"

thuthesis.cfg ����©"clsÚ cfgdcü�©�)¤"

thubib.bst ë�©z Bibtex�ª©�"

thutils.sty ~^��Ú·-�3ùp§~�Ì©��Kú"

1© L�¥��5

2© 25��

Äk5w���{ü�L�"L 1.1�Þ
���Ì�©�9ÙõU"��

[5¿n�L¥�^�éA�·-"ù�~f�Ð«
XÛ3L�¥�(¦^

�5"du LATEX ��Ø|±3L�¥¦^ \footnote§¤±·�Ø�ØòL�

�3��¥§��ÐòL��°Ý������°Ý§ù��5wå5â�{

*"

1.3.2 E,L�

·�²~¬3L�e�I5êâ5§½öéL�p¡�^8?1)º"c

¡��5´�«Ø���{§XJ\ØU��5"@o���±3L��¡g

C�5º§'XL 1.2"

d	§L 1.2Ó��ü«
,	ü�õUµ1¤ÏL tabularx� |X|*Ð¢y

L�gÄ��¶2¤ÏL·- \backslashbox3LÞÜ©�\���"

2ÄN�¿ü����kü«�¹µ1¤�övk'X§�ü�Õá�2Ä

N¶2¤�öäáuÓ��2ÄN"éL�5`¿üL�Q�±�ã 1.3!ã 1.4

¦^���¸§��±Xã 1.5¦^fL�5�"ã�~fë�1 2.1.2.2!"
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L 1.2 E,L�«~ 1"
H

H
H

H
H

H
H

x

y First Half Second Half

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

5µêâ55TT¦^Ãþ6"

*µÀÜ

**µÜÜ

L 1.3 1��¿üfL�"

111 222

222 333

L 1.4 1��¿üfL�"

111 222

222 333

Ø�Ä@ LATEX �L�õUvk��¥�@or�§ØL��\v
@ý§

v
[�§@oÓ��±üÑ5�~E,�~¤��L�"�ëwL 1.6"

XJs�ü��L��Ý�L��§@oí�¦^ longtable½ö supertab-

ular÷�§��é longtable?1
�A���§¤±^å5�U{ü�
"L

1.7Ò´ longtable�{ü«~"

L 1.7 ¢�êâ"

ÿÁ§S �~$1 ÓÚ u�: ò£¡E ?§[£ u�:

�m (s) �m (s) �m (s) �m (s) �m (s) ©�£KB¤

CG.A.2 23.05 0.002 0.116 0.035 0.589 32491

CG.A.4 15.06 0.003 0.067 0.021 0.351 18211

CG.A.8 13.38 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

Ye�

L 1.5 ¿üfL�"

(a)1��fL�"

111 222

222 333

(b)1��fL�

111 222

222 333
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YL 1.7 IK

CG.B.8 384.65 0.004 0.457 0.108 1.235 63777

MG.A.2 112.27 0.002 0.846 0.237 3.930 236473

MG.A.4 59.84 0.003 0.442 0.128 2.070 123875

MG.A.8 31.38 0.003 0.476 0.114 1.041 60627

MG.B.2 526.28 0.002 0.821 0.238 4.176 236635

MG.B.4 280.11 0.003 0.432 0.130 1.706 123793

MG.B.8 148.29 0.003 0.442 0.116 0.893 60600

LU.A.2 2116.54 0.002 0.110 0.030 0.532 28754

LU.A.4 1102.50 0.002 0.069 0.017 0.255 14915

LU.A.8 574.47 0.003 0.067 0.016 0.192 8655

LU.B.2 9712.87 0.002 0.357 0.104 1.734 101975

LU.B.4 4757.80 0.003 0.190 0.056 0.808 53522

LU.B.8 2444.05 0.004 0.222 0.057 0.548 30134

EP.A.2 123.81 0.002 0.010 0.003 0.074 1834

EP.A.4 61.92 0.003 0.011 0.004 0.073 1743

EP.A.8 31.06 0.004 0.017 0.005 0.073 1661

EP.B.2 495.49 0.001 0.009 0.003 0.196 2011

EP.B.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

1.3.3 Ù§

k�ÓÆØ�4,�L�½öã¡Ñy3¢Úp¡§@o�¦^·-

\caption*{}§ù�·-Ø¬�L�?Ò§�Ò´Ñ5��kIK©iv

k/L XX0§/ã XX0§ÄK¢Úp¡SÒØëYÒw�ØÔØa§ù�´ LATEX

p(Ò·-%@�5K"

kù«I¦�õ´��ÓÆ�=©]��ÈÜ©§XJ\ú�N¹¥=©

�©¥�L�Úã¡w«¤/L0Ú/ã0éØ�N�{§��éÐ��{Ò´

^ \caption*§ëê�BgC�§'XØÅ5Ý�L 1.111Úã 1.111U÷vù

«AÏI�£�±ëwN¹Ü©¤"

XJ\�(�4§?Ò§�qØ�4§Ñy3¢Ú¥�{§@ÒgCww�

èU�Uj§·8cØ�����O\ù«,a·-"

��§�,�[Ø�½¬Õá¦^��§�´'u��¥��5�´k7�
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J�e"�we¡�~f"

7m�§ifþ£773-819¤§àÀ£8[L{¤< 1© §́ /�#Ñ�©Æ

[§óÆ[§Ó��´� �£U�["�¸��Ó��/��©$

Ä§¿¡¸7 2©"

1© ìÜ[LY�"

2© /yl�[�Ä� "

/�S¤�Ï�§�(;�§}	�â§è/o¿Fìî§�¬)�»�

î§¬Ø�)"7m�éù«�¬y¢4�Ø÷§¦È4ë\
�Ò©+�

�/[L�#0§¿¤�ù�$Ä�¥j<Ô"¦��Ø6�§�Â�r§>�


�(Ú(�Bx|Ã§3¦��éÜ�Àe§U��}
§7m��@�[²i

ê"

1.4 ½n�¸

��[ü«�e�«Úy²k'��¸µ

b� 1.1µ��Ü�e§Hºr�m¶�psKÄ§¦´�<5"

c = a2 − b2 (1-1)

= (a + b)(a − b) (1-2)

Z"�£§{¦qJ§�k8F",�lêZp§�QHÒ"8òÞô§�ã

zc��§XÛ�å�úº£Úg5Ú�hä�z��6¤

½Â 1.1µf�µ7�Z¦�I§¹¯&§!^O<§¦¬±�"8

L 1.6 E,L�«~ 2"

Network Topology # of nodes # of clients Server

GT-ITM
Waxman

Transit-Stub
600

2% 10% 50% Max. Connectivity

Inet-2.1 6000

Xue
Rui Ni

TT
ABCDEF
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1 1Ù � English�IK

L 1.111 ù´��ÃÄ?Ò§ØÑy

3¢Ú¥��L�"

TT

ÅaZ

Figure 1.111 ù´��ÃÄ?Ò§ØÑ

y3¢Ú¥��ã"

Z�1�½Â�¯m!��ÛÔ§��)k�NºUH/�V��§P¼

A£»Û"�W�§lO£§Ò¥�k°�å"�Ak�§§�p��§Zì3

È§�K�X�º

î´§N(�cJ�§�ë�Î²Ù"çµÙ
Ûö9§ì<V�º�"

U�ß§�&�§Á�ÿfè�è"Z¢��§�3�Ö<§́ yÛØ§5��£

?"

·K 1.1µQf�µ7ÆFn�Æ� �<*Ø§�º�*l�Ø&�º

DØS�º8

õoÕ{�·KB�ÙFÚêf§#O\�«§øø�³�§NN<½Ð§

··ý8F§µ���3§@*øjÁ§Þ�A�³§?uªd¯§%��Ol§

þ}Ìäe§g!ÀH{"

5º 1.1µUØógp§YØóg6"

ϕ(x, z) = z − γ10x − γmnxmzn

= z − Mr−1x − Mr−(m+n)xmzn

ζ0 = (ξ0)2, (1-3)

ζ1 = ξ0ξ1, (1-4)

ζ2 = (ξ1)2, (1-5)

U�/�§_%½°"�p±�§B� °"Ä·k~§fRä°"�±a

à§Ô±+©§38)°"3U¤�§3/¤/§Cz�°"��±X?§d�±

º�§F�$1§�»�Û§_�¤I§%�¤å"_��©§%�¤Ô"_±´

�§%±{U"́ K´�§{K´l"́ �Kk�§́ lKkõ"k�K�È§k

õK��"�ÈKp<��§��Kp<��"́ {§Ue°�n°¶Ue�

n�§¤ �Ù¥°"
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ún 1.1µü:m��ãål�á"

x ≡ y + 1 (modm2) (1-6)

x ≡ y + 1 modm2 (1-7)

x ≡ y + 1 (m2) (1-8)

5ß�6µ�._�§�Ô]©§DÚU"�1��§¬Ô6/"�²©ª§

8 �¤§�¦89±�U"_�Cz§��5·§�Ü�Ú§D|�"ÄÑé

Ô§�Iow"

5��6µU1è§�f±grØE"d9Õ^§�3e�"�92X§��

Ê�"ªF__§�E��"½�3�§?ÃÑ�"�93U§�<E�"}9k

¥§JØ�È�"̂ Ê§U�Ø��Ä�"  

Ún 1.1µ5cÚPà6́ ·�Ow�Äx¡"

∫ b

a

{

∫ b

a
[ f (x)2g(y)2 + f (y)2g(x)2] − 2 f (x)g(x) f (y)g(y) dx

}

dy

=

∫ b

a

{

g(y)2
∫ b

a
f 2 + f (y)2

∫ b

a
g2 − 2 f (y)g(y)

∫ b

a
f g
}

dy ([a])

1111§��)Ol"���{p§�3U�ã"�´{��§¬¡S

��"�ê��º§�j�H{"��F®�§��F®�"2�-xF§if

Ø��"g�-<P§���®�"ïíÕE�§ãå\ê�"

½n 1.1µ�·rÇö§��7Ä �)£Ç¤

y = 1 (1-9a)

y = 0 (1-9b)

���§�~�"¶�¶§�~¶"Ã¶U/�©¶k¶�Ô�1"�~Ã§�±

*Ù©¶~k§�±*Ùç"düö§ÓÑÉ¶§Ó¢�_"_�q_§̄ ©�

�"þõeY"Yõ|�ÔØ�§?¯<�¤�§�Au�"K�§�K�§

�KJ§5K#§�Kõ§õK¾"<{/§/{U§U{�§�{g,"�<ö

�§g�ö²"�<ökå§g�ör"�vöL"r1ök�"Ø�Ù¤öÈ"

kØ�öÆ"
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y² 1 ÿë�¡õaq�y�¬"Â)Þ?¬§ëØ��uki§~�|ì§�

�·[è§Æ�Ù7kÜ�"Â)��.º

Å±f�Ø��§�6Âr;ö§�OJè§Uÿ!ë�¬Ñ�Ù5ö.�

,Æ}ªº��z£´§Æ��Ù8ØÉu�¤��º�±Æf�1Ô��"Â

)��.º

ÆÏfk¤a°"�·L"Ã��2§*uÙ½§EkÙ�ç�ö�º�

·��µ/²Uf3þ§�±Ñ¸°�0 ¸�5xÂ
HS6

íØ 1.1µoA{�Ñ�5cÚPà6́ .þ�Ðw�Ðf�k��Äx¡"

Vi = vi − qiv j, Xi = xi − qix j, Ui = ui, for i , j; (1-10)

V j = v j, X j = x j, U ju j +
∑

i, j

qiui. (1-11)

__VÚ(§ÉÉàÇå"nn-�Ã§VVáÅý"ªFØ¤Ù§ñR"

X�"àÇ��f§��EAN"JJ�Ym§óóØ��"

~ 1.1µ�[5wù�~f"










































∇ f (x∗) −
p
∑

j=1
λ j∇g j(x∗) = 0

λ jg j(x∗) = 0, j = 1,2, · · · , p

λ j ≥ 0, j = 1,2, · · · , p.

(1-12)

öS 1.1µ��Ñ Andrew S. TanenbaumÚW. Richard Stevens�¤kÍ�"

ß� 1.1µ 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.

¯K 1.1µ£��´Ø£�§́ �¯K"

XÛÚ^½n 1.1Qº\þ label¦^ ref=�"
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1.5 ë�©z

�,ë�©z�±��� bibitem§�,¤:õÅ§�´Ð��§�«�ª

�±gC�¿U�"

���í�¦^ BIBTEX§�ª©�� thubib.bst§Ä�ÎÜÆ��ë�©

z�ª£X;|�Ú^�\�[ÿÁ¤"wwù�~f§'uÖ� [1–3]§�kù


 [4–6]§'u,�� [7–9]§a¬Ø© [10,11]§Æ¬Ø© [12,13]§¬ÆØ© [14]§Eâ�

w [15]"¥©ë�©z [16]AO\ lang=‘‘chinese’’iã§±B?1�A?n"

,	§ù� bsté¥©©z [17]�|±¿Ø´���{§XJkØX¿�/�§�

ÃÄ?U bbl©�"

k�ÿØ��þI§@o�±ù� [12]§ù��~�"

1.6 úª

��dúªXª (1-13)§Ù¥ p(y|x)���¶p(x)�k�¶©1 p(x)�8�

zÏf"

p(y|x) =
p(x, y)
p(x)

=
p(x|y)p(y)

p(x)
(1-13)

Ø©p¡úª�õ§TEX Ò� happy"2w�� amsmath�~fµ

detK(t = 1, t1, . . . , tn) =
∑

I∈n

(−1)|I|
∏

i∈I

ti
∏

j∈I

(D j + λ jt j) detA(λ)(I|I) = 0. (1-14)

c¡½n«~Ü©�Þ
éõúª�¸§�±`r~���¹ÑCX
§�

[3�úª��ÿ�½�ÐÐw amsmath�©�§¿ë���¥�^{µ

∫ b

a

{

∫ b

a
[ f (x)2g(y)2 + f (y)2g(x)2] − 2 f (x)g(x) f (y)g(y) dx

}

dy

=

∫ b

a

{

g(y)2
∫ b

a
f 2 + f (y)2

∫ b

a
g2 − 2 f (y)g(y)

∫ b

a
f g
}

dy ([b])
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Ù¢��±wwù�õ?5yµ










































































































max
x

F(x, y∗1, y
∗
2, · · · , y

∗
m)

subject to:

G(x) ≤ 0

(y∗1, y
∗
2, · · · , y

∗
m) solves problems (i = 1,2, · · · ,m)







































max
yi

fi(x, y1, y2, · · · , ym)

subject to:

gi(x, y1, y2, · · · , ym) ≤ 0.

(1-15)

ù
�5y�'�úªÑ5gu4�½P�5Ø(½5y6���"

1.7 »KÒ

¥©»KÒ���ü�i°R�Ø¥���§Ñ\{�����»KÒ´

ü�äm��á�£))¤§ùwå5ØÓÑ"¤±·½Â
��»KÒ�·-

\pozhehao§�wA�~fµ

• ù´�� »KÒ

(1) Ó���±ww

(2) ØÓ�L�¸�må

• wå5ù��Ð�


• »K ÒÒ`�ùp"

%@��L�¸þemåé�§��òÙ½Â� paralist¥�Ø �¸§

wå5�Ð�
"XJ�´Ø÷¿§gC��±N \itemsep�"paralist��±

�B��½I\��ª"
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1 2Ù ¥u<¬�ÚI

1 2Ù ¥u<¬�ÚI

2.1 Ù§~f

31 1Ù¥·�ÆS
��dúª (1-13)§ùp·�ES�eµ

p(y|x) =
p(x, y)
p(x)

=
p(x|y)p(y)

p(x)
(2-1)

2.1.1 ±ã

���Ø2ýkC1?Û±ã�£X pstricks�¤§��d\gC5û½"�

<ú� pgfØ�§Ø�6u ps"d	�kéõ�é LATEX � GUI�ãóä§X

XFig(jFig)§WinFig§Tpx§Ipe§Dia§Inkscape§LaTeXPiX§jPicEdt§jaxdraw��"

2.1.2 �ã

r�í�5LATEX 2ε�ã�H6�'ufã/�¦^[!�ëw subfig�`

²©�"

2.1.2.1 ��ã/

��ã/Ñ´?32Ä�¸¥"�¤±¡�2Ä´��ªü��Jã/�

 �Ø�½�©�¥� �éA 1©§ù�´f¦^ LATEX ÓÆ���¯K"X

J�r��½2Äã/� �§�¦^ float÷�§§Jø
 [H]ëê§'Xã

2.1"

Hello, Xfig!

LittleLeo

ã 2.1 |^ Xfig ±�ã"

1© This is a feature of LATEX, but not a bug!
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1 2Ù ¥u<¬�ÚI

Hello, Xfig!

LittleLeo

(a)1���ã/

Hello, Xfig!

LittleLeo

(b)1���ã/"XJIKé��{§

§¬gÄ�1§ù� captionÒ´ù�

�~f"

ã 2.2 �¹fã/��ã/"

�Æ��§3²²�§3�¬§3�u�õ"���k½¶½�U·¶·

�US¶S�UÄ¶Ä�U�"Ôk�"§̄ kª©"�¤k�§KC�

°"���²²�uUeö§k£ÙI¶�£ÙIö§kàÙ[¶�àÙ[ö§k

?Ù�¶�?Ù�ö§k�Ù%¶��Ù%ö§kªÙ¿¶�ªÙ¿ö§k�Ù

�¶��3�Ô"Ô����¶���¿ª¶¿ª�%�¶%���?¶

�?�[à¶[à�I£¶I£�Ue²"gUf±�ué<§�´�±

?���"Ù�Ï�£öÄ°"Ù¤þö�§Ù¤�öþ§��k��

5�Æ6

2.1.2.2 õ�ã/

XJõ�ã/�pÕá§¿Ø�^��ã/Oêì§@o^ minipage½ö

parboxÒ�±"ÄK§�ëwã 2.2§§�¹ü��ã§©O´ã 2.2aÚã 2.2b"

í�¦^ \subfloat§Ø�2^ \subfigureÚ \subtable"

��Æö7k�"�ö§¤±D�É�)¾�"<�)��ö§ØUÃ

¾º¾Øl�§Ù�¾�§ªØ)°")�Æc§Ùª���k�Æ§Æl�

�¶)�Æà§Ùª��½k�Æ§Æl��"Æ���§ÅT�Ùc�kà

)ßÆ��´�ÃBÃ�Ã�Ã�§��¤�§��¤��"

ö�����ØD�È°§�<�Ã¾�J°"���<§ÙÑ<��°§

g�l�¯è¶8�¯<§Ùe�<�½�°§·Æß�"́ ��Ã�§y

Ãy"�<�¤±��§y<�¤±�y§Ù�Ñßd�ºOÙf§J���§

ßÙ��§K·�è§¾è"*Öf��§Ç�ÖSÙéÖö§�Æ¤¢DÙ

�!)Ù¾ö�"éÖ�Ø�§¾�Ø)§½�è§½Øè§�Æ�¢§Æ�

�Ù²�"¼�!W�!zó�<Ø·��§¬�Å�x�/�0�/3f0��
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Hello, Xfig!

LittleLeo

ã 2.3 ¿ü1��ã"

Hello, Xfig!

LittleLeo

ã 2.4 ¿ü1��ã"

ö§K+à��"̄ �§K�µ*�*c�e�§��q�§ �Kv@§(�

KC�"½�����ØE§��°"¼�!W�!zó�<"ÆfØ¸§8Ù�

D�ØU9§Ù�%�Ì��<Ã~�"�f�;f!�f!��!PÔ";f�

ä§ÙpØ9�f"�f�µ/n<1§7k·�"0́ �3fØ7ØX�§�Ø7

pß3f"ª�kkà§â�k;ô§X´®"

XJ�r?Ò�ü�ã/¿ü§@o��Ò�~k^
µ

o¼f�§c�Ô§Ð�©!8²§²D�ÏS�§ØÕß�§Æß{"{W

ÙU1��§��`±��"

¸�£/¤
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[3] Gröning P, Nilsson L, Ruffieux P, et al. Encyclopedia of Nanoscience and Nanotechnology,

volume 1. American Scientific Publishers, 2004. 547–579.

[4] Krasnogor N. Towards robust memetic algorithms. In: Hart W, Krasnogor N, Smith J,

(eds.). Proceedings of Recent Advances in Memetic Algorithms. New York: Springer Berlin

Heidelberg, 2004. 185–207.

[5] õý. ôL�Y. <¬©ÆÑ��, 2001. 185–207.

[6] ��. �ÉD. �:x3¤,��÷,±©E,?.DPÑ©=u.ÉÇ:��<¬Ñ��,

1998. 65–69.

[7] Chafik El Idrissi M, Roney A, Frigon C, et al. Measurements of total kinetic-energy re-

leased to theN = 2 dissociation limit of H2 — evidence of the dissociation of very high

vibrational Rydberg states of H2 by doubly-excited states. Chemical Physics Letters, 1994,

224(10):260–266.

[8] Mellinger A, Vidal C R, Jungen C. Laser reduced fluorescence study of the carbon-

monoxide nd triplet Rydberg series-experimental results and multichannel quantum-defect

analysis. J. Chem. Phys., 1996, 104(5):8913–8921.

[9] Shell M. How to Use the IEEEtran LATEX Class. Journal of LATEX Class Files, 2002,

12(4):100–120.

[10] Âl+. Ø6N Ô�±È��[a¬Æ Ø©]. �®: 2»û�Æ, 2005.

[11] Jeyakumar A R. Metamori: A library for Incremental File Checkpointing[M]. Blacksburg:

Virgina Tech, June 21, 2004.

[12] âÚÿ. Ø6âà�nÜ£n[Æ¬Æ Ø©]. �®: �u�Æ, 2005.

[13] Zadok E. FiST: A System for Stackable File System Code Generation[D]. USA: Computer

Science Department, Columbia University, May, 2001.

[14] Kim S, Woo N, Yeom H Y, et al. Design and Implementation of Dynamic Process Manage-

ment for Grid-enabled MPICH. Proceedings of the 10th European PVM/MPI Users’ Group

Conference, Venice, Italy, 2003.

18



ë�©z

[15] Woo A, Bailey D, Yarrow M, et al. The NAS Parallel Benchmarks 2.0. Techni-

cal report, The Pennsylvania State University CiteSeer Archives, December 05, 1995.

http://www.nasa.org/.

[16] _��,�?�,Å�s, �. Ø4RR þ�XÚ�y¢¿Â. ù¢�,!, 1800,

224:260–266.

[17] ��,���,î�¸,�. É�pÃl\��°Ï. 1 N guìØê,ÜS,¥I,

2006.

19

http://www.nasa.org/


���(²

� �

�����Ú(²©�§a¬Æ¬Ø©"

¤±���±õ��
§ïÄ)���
"

a� TT§§��34·�Ø©���tg3
Nõ§4·�Ø©�

ª5�¤�
Nõ§·±gC�²�w��[µ̂ TT�.�Ø©§W�

:)

( ²

�<x(²µ¤¥��Æ Ø©§́ �<3����e§Õá?1ïÄó

�¤���¤J"¦·¤�§Ø©¥®²5²Ú^�SN	§�Æ Ø©�ïÄ

¤JØ�¹?Û¦<�kÍ���SN"é�Ø©¤�9�ïÄó��Ñ�z

�Ù¦�<Ú8N§þ®3©¥±²(�ªI²"

\ ¶µ F Ïµ

20



N¹ A 	©]��©

N¹ A 	©]��©

As one of the most widely used techniques in operations research,mathemati-

cal programming is defined as a means of maximizing a quantity known asobjec-

tive function, subject to a set of constraints represented by equations and inequalities.

Some known subtopics of mathematical programming are linear programming, nonlin-

ear programming, multiobjective programming, goal programming, dynamic program-

ming, and multilevel programming.

It is impossible to cover in a single chapter every concept of mathematical pro-

gramming. This chapter introduces only the basic concepts and techniques of mathe-

matical programming such that readers gain an understanding of them throughout the

book.

A.1 Single-Objective Programming

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



































max f (x)

subject to:

g j(x) ≤ 0, j = 1,2, · · · , p

(123)

which maximizes a real-valued functionf of x = (x1, x2, · · · , xn) subject to a set of

constraints.

Definition A.1µ In SOP, we callx a decision vector, andx1, x2, · · · , xn decision vari-

ables. The functionf is called the objective function. The set

S =
{

x ∈ <n
∣

∣

∣ g j(x) ≤ 0, j = 1,2, · · · , p
}

(456)

is called the feasible set. An elementx in S is called a feasible solution.
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Definition A.2µ A feasible solutionx∗ is called the optimal solution of SOP if and

only if

f (x∗) ≥ f (x) (A-1)

for any feasible solutionx.

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 defini-

tions. An inequality constraintg j(x) ≤ 0 is said to be active at a pointx∗ if g j(x∗) = 0.

A point x∗ satisfyingg j(x∗) ≤ 0 is said to be regular if the gradient vectors∇g j(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 j(x), j = 1,2, · · · , p are differentiable. Ifx∗ is a local optimal solution,

then there exist Lagrange multipliersλ j, j = 1,2, · · · , p such that the following Kuhn-

Tucker conditions hold,










































∇ f (x∗) −
p
∑

j=1
λ j∇g j(x∗) = 0

λ jg j(x∗) = 0, j = 1,2, · · · , p

λ j ≥ 0, j = 1,2, · · · , p.

(A-2)

If all the functionsf (x) andg j(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 j(x), j = 1,2, · · · , p are all linear, then SOP is called a

linear programming.

The feasible set of linear is always convex. A pointx is called an extreme point of

convex setS if x ∈ S andx 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 setS is bounded. This
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fact is the basis of thesimplex algorithm which was developed by Dantzig as a very

efficient method for solving linear programming.

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

Xue
Rui Ni

TT
ABCDEF

Roughly speaking, the simplex algorithm examines only the extreme points of the

feasible set, rather than all feasible points. At first, the simplex algorithmselects 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 functionsf (x), g j(x), j = 1,2, · · · , p is nonlinear, then SOP

is called anonlinear 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.

Hello, Xfig!

LittleLeo

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 max-

imizing a real-valued function with domain<n. Whether derivatives are available or

not, the usual strategy is first to select a point in<n which is thought to be the most
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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 objec-

tive function value over its predecessor. The next point to be added to thesequence

is chosen by analyzing the behavior of the function at the previous points. This con-

struction continues until some termination criterion is met. Methods based upon this

strategy are calledascent methods, which can be classified asdirect methods, gradi-

ent methods, andHessian methods according to the information about the behavior of

objective functionf . Direct methods require only that the function can be evaluated

at each point. Gradient methods require the evaluation of first derivatives off . Hes-

sian 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 vari-

ables but also conventional continuous variables, we call itmixed integer programming.

If all the variables are assumed either 0 or 1, then the problem is termed azero-one

programming. Although integer programming can be solved by anexhaustive enumer-

ation theoretically, it is impractical to solve realistically sized integer programming

problems. The most successful algorithm so far found to solve integer programming

is called thebranch-and-bound enumeration developed by Balas (1965) and Dakin

(1965). The other technique to integer programming is thecutting plane method devel-

oped by Gomory (1959).

Uncertain Programming (BaoDing Liu, 2006.2)
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p(y|x) =
p(x, y)
p(x)

=
p(x|y)p(y)

p(x)
(123)
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