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An Introduction to IATEX Thesis Template of

University of Chinese Academy of Sciences

Chao Lu (Computer Architecture)
Directed by Xu Zhiwei

An abstract of a dissertation is a summary and extraction of research work and contribu-
tions. 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.

Keywords: TgX; ISIEX; CJK; template; thesis
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$—E T English BFRER

X & ucasthesis FIZRFISCHY, JHEA BAERE TEMRPIrE SR E. BICKKEM
AT, BR T 3% Cucasthesis FI ), EARBISCHERIFREE —F -

INERAMIZIAG R KRG, ©
1.1 FHEHEX

B TS covertex. FEFFS5HKSE denation.tex, P NTE 170012
& appendix01.tex Fl resume.tex. HIIP) Ay 2 #AEH BH, —FHRa, @

1.2 FHhae

AR (1037-110D), dERICFR. BEK. 710, SHRBEL, BMEL (5)EN
D No T3 Fo AL MR B ARARES S ANRE, BRSO E22 Ak m R AR,
PUMGERA], AN RIS M. JE DMERE il ” R M . PRI AR AR,
WA BUNSE, B RALEB A 5 X E M BN IS S SR AR AR M
FARI B w8 . 5B, SRR “ =907 fEBUA FJE T IHE, {H4f olos s i 22
Ko HOUEFERE, AW, N “BERINKEK” 2—. HRHEHZME, SH5K T,
TEEARFBIN T AR A o A HOF Rt Re B AR, fR ARG E B ETIN. HIF
SR, X EARIRA R G « FREEM ) OKIA#CK « BRI ALHET

BABRAT R, MR, REFE, BhE BALR, HEX, mitaelE. ALF
MHE, ARAEZZB, 5FE. ER, RFHAR “ROE”, fv@sh, FLR, &
EHERAREL, #E K A7, KA “BBUATM, REILEA”, AN “iF
PHE, &PAERF HEREE, XA (RRLE) F. AeHah (SR Fit L
M) CRFILE L), (ATAER), (RMERF) F. 2idh (HRELR). (415
BY %¥.

7 5 R, WL Rz 8, U R, HUERME, ZR AR,
BigR%, MMmMEZ W . WA, BRAAL, TRAAHZER. §RMAMN, &
T, mBEAFTY, MEFKT, KA, FAAMAW, KB, AR, ZEHF
C, WMEEZ. WERMZHM AL, g Pm AR, BFERZEME, RMLTM
5 Ttk

O il (768-824), TR, WHEEH (S EE) N, BRIPEER, HAREER. T, RN
Jo/\ERE L. BAEMEGE S, B g e oS Th A, TN LA o R S AR R E VI TR A S, S B
RGP, T A s oL SRR R, SRR SCAY, WUHARER AL, #hacoy . REAE Esh ik, STt
ERREM. R R, HEEESA.

@ MWRIERBEAME? BEa?
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Bz, RER, MFZUR; ZREEBEL, UARTURE, HZ2UB. YT
BE, MFZUEA. SARE, YILEE, MZFZUKXE. BRETAURE, 8MF<
ik, BAMEEHR, #7&, MZFU%. BLBME, BT UM, UEHAL, V5F,
MEZ S, BEEH.

ARZRET &, WZZUKE. MEREA IR, W22 LA BiE R, A7
ANHE, W2z UKL AR LGS, W2 2 DR SRERAE. FRUaRTI, 22
DAES: B9,

1.3 FTBHEK

1.3.1 EARHK

FEB P56 T £ k& B 2546 = : booktabs. array A longtabular, @4 #H —1
\hlinewd. =23 7] LLH] booktabs #2 [ \toprule. \midrule Al \bottomrule.
‘BAITYE longtable #E1R & B BL & . a0 R R A& LR i & o] DL E#E H aw &
hlinewd{xpt} P

L1 B, RER PRI, BAEEERG PSR,

FITBLEAR chapter ARAFEAE AT o465 5 — MR AR AL X AR 2
FEZR G

Xt i

ucasthesis.ins  IATpX % %% 04, docstrip®

ucasthesis.dtx ~ FTA I —VI#{EIX B o

ucasthesis.cls AR

ucasthesis.cfg AR ACE o cls Fl cfg B AT A SCAEA K
ucasbib.bst  Z% ik Bibtex #£ L

ucastils.sty WP EAGASBEXE, iR E SRR,

®© R IEE
@ ®HER—AD

B JeRE A LR A . R 22 HIAS T AR A R DR R
LR P A RAX B T % o XA IR T WA AE R A Th B BE . BT BIRX
RYARLFRAEEETER \footnote, FTLARRMIAEANK EM AT, 1 H i
W& ) B8 BB /N T RS, XA R A S S
1.3.2 SAFERK

BANE T SAERKE T AR IR R, B 0 A% BT 2% H AT AR . AT T P B
R M, WRIRAER . AT ARG H CS3ER, i
x® 22,

gbah, 3 22 FINEER T HAMEAThAEE: 1 @it tabularx 1 | x| 3 ESLHLRME
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% —3 iy English [#R8

R 1.2 HAREKRG

First Half Second Half
X Ist Qtr 2nd Qtr 3rd Qtr 4th Qtr
East* 20.4 27.4 90 20.4
West** 30.6 38.6 34.6 31.6
VE: BdERIE (ucasthesis 1 FHF ).
*: JRIB
**: @%ﬂz

HEBOR: 2) did a4 \diagbox fEFR KN RAIEL .

N T EEATHIG] 7 E B SEPRE O, B AR BRI i A — 28 “ToRk” 30y, B
TR Z BRI HI, SEESCR AR, 55— I SRR R R Z: XIR
M. REAA. HERZNFERBT

FH, TRH, BERERLZAN . EEEESLEA . BENLREN, KEHA. A0F
WA, EAE PORAEMZ 0. WIRRIRL, fMHEIFEA R, B “2TRA
gy, WEEH.” REY], BRY, ERSRE. MELE, B Al
STUE, AleZk, ZMH. WHE, FOUFE, FIRMtEER. A5 EENR
T, wABTIEST, BAE, SEENRE, AN, HCK. A UK,
fift, REMC, WAl A, M. A, B e, TER
ot Mk, MHEFFLEM . WAEH, CHHIE. BEFMANRIEE, BXIiEl.
ML . JHRIETIM, & HTTUR. KEBRELR, Roviie. B, =, A
AEKIRER, SBUE . IRAFRUCON 2R, ARz AR, BUARBH, A
Ao SCRRE, WA RO, KEERN =, E="1%. SHhir_+HE.
— () WFAIME

AR I E — A MG L D ZEHRA KRR, AWML 2)
ZHERR TR AR SRRV HERBE T MR E 220 B 22 /N A,
BRI L N B 22 {7 ROk B B2 LA 22 1Y

R 13 B DIFHETERE R 14 FEAIHETRE

111 222 111 222

222 333 222 333

SRIGHUEMEM IR, Rr WA T 1. ALH, 738, HIBEA, BHIKER
P, PER BPREYINEL, A Jalk (=R, #RaZ, HlE, %5
KN EESE . ZaalifEam, AR, B AWRPIERITE, FHARE. g
BiYe, WORHIMEThS %, REULEL, SERMFESE, S BERFRA, AL . A
o AR DI, TEHAGE . SRR, FEANSU. RTINS, . K
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SHHIH, fP&EE. TR e TR, PTas, Al . B, W
TP, JIZ A& imiE. BEEME. 2%, EMMEECR, &Y. Az,
JEFE Rk, RAEFF TR IR AL 5V, BT, EE R . AL, oA,
FFRRITE R L, JeBEHE. REM, fSFEAF4, MRS, ooz sH: “2
FUHIRONE, #EEMW, W ER FERRE. 2EMRLLS, H SR, KEFs, Wit
Hom, wAEE, T RETR, XYL, M T, W ASRE L, DL R
Fo ! ARSI S AR TS A, RIRE, Mmd+24.7 oy Azt mEH
WoTF R, BORAENL, FREE, W TR MBS EMNE. SRR E . S
FEATEARN A, MCHRIE . “RpsR 7. IREERRCHON T35, ST ILE.

RL15 IR
() B ATERM (b) 8 ~ATHRM
111 222 111 222
222 333 222 333

ATTRIN BIEX RAR DI RE A MR AR A5 K, A REREWINE, L%
B A FRERT PR R AR B2 FFES RS . HSEK 72,
R 1.6 HARERIRG] 2

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

wJr T HIIR . AT SHLMERKT . £48, TR, WAHRN. LT
Fom, SHEEARA . JFUE, BERE, RAKRK. BEAGNFEIEGSE, A
P, WMEERAESE. EAME PEERRRAR, FREEEESELH. REOR, NEEEd. ekl FE AR,
UM, IRZGPAME, 7355857 pRil BRI, B IREEIE s, AT, WP,
B =5 R, RFRZ, TR T S, EPIET. hHEAN. BRGET, B
ARe BEVUTFHLETITIC. REM, THEEMSSEZT], TAMRERZ . HRZI
WNAEL, (oKAERE, SIEAGEM, FAER, SEKEE, UNK&H. BF#M, e
Katiif. —H, BREEBRL, HEREE LR, HEmA. EMHBE. TN,
ORI AR “BeH Tl EAREYE R, SAFIUM?” GG, XAE, REZ. #EE
o, WA A, Zman Qe PUTHME, KR . FFCER, MRSk, o
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S, USRI, BEREYE R 5 ME, BHrEig. ERmEk, FREmL. RS “4E
REHAE, AR SRS

AR A8 SORERGE fE 3 B AT 27 ) — 28 TRX/ISTRX MM GAIR, Hag—seRae )y,
BYRE L WYy, 50— HAE B e ik B2 LR AT W IR 2 XA [F) 7, —
B LUORES 2 H Word 2574 T B, DN ISTRX AR (1 RN Z 2R L, B AR &
[ERE P FE S R R 1 P BT WLAE R 3 O HERR T2, 45 RIS i A 2, e A3t

R EHRR I RAS K BB — 01, HAHEFE(S ] longtable 5% supertabular %
£, BT longtable #EAT T AR &, B AR S K nT GE ] B — L& . 3% 22 52 longtable
) ] L o

F 1.7 IR

Wiy IEFEf AP kmEs BRRE BRI REA
IFTE) (s)  EBSFIE] (s)  BSFIE) (s)  ESFIE] (s)  ESFTE] (s) SO (KB)D

CG.A2 23.05 0.002 0.116 0.035 0.589 32491
CG.A4 15.06 0.003 0.067 0.021 0.351 18211
CG.A8 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
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.A4 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.B4 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.A2 123.81 0.002 0.010 0.003 0.074 1834
EP.A4 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
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
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133 HE

AW FEEABEREASRE B IR B, B4
\caption*{}, ENMANSEREH T, HHE BRI A EPRESCF MR “R XX,
“BI XX, mINER G| BT A RS BAAAMEAZ, XM BIEX A a2 BN
F

A XN R 2 2 A B F 7 B GO BE R 70, i SR AR 545 B 5 o S SR S i
RAEFE  Wosp <& A B ARADIERWE, — MR MES 2 \caption*,
ZHBEFEE S, WIASFRAERER LI AE L1 A XM HE (fJUSE
St
x L1l ZXR—-ANFIms, NMHIER
TR B 5t )&

Figure 1.111 XEZ—NF3%wmS, HHUN
ERGIH A,

ucasthesis

WARIRIFAR L E RS, (O ELEE MIER SIS, e CE B RS —
B, 3R H RTANFT B ARG X ) K 4

B, BIRKFEA—E S MSLALT /NI, (R R TN IS 2 A L ER—TF.
HE T HE T

MIZRIG, FTE (773-819), MR (57kEFFED N, RERBHMSCHEE, ¥

FK, FINRE— M BUASCER . SR ILEME SBARE S0E8), AR .

® A K
@ MRNKKZHE AL,

EEl 2 LG, BEEA, BEEYE, L E, AR,
RAA . W0 Tex X P 2 BLSEAR AN, ABFUR SN T ERCCHUR I “ KRG H58 7,
HNIX—1Z B H RN AATTEE SRR, FTRRCEE, AR TR B AR R S R A
TEAATHIEC S AN T, SRR T, MR ez Nk N &l 5.

1.4 FEIRINE

2 RS — N B RANIE AT S A8 -

Big 1.1 FABRT, @RPFFI; BEREPH, HLEAR,
c = a*-b° (1-1)
= (a+b)(a-Db) (1-2)

TR, FORAE, /A5 H. RENETE, KRG SRIEL, TEEE
M, I GEED? (BIH (R IRETTE /)
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EX 1D F8: [EFkzHE, FnGE, TRAMEA, ERUN, |

THEE X R Y, RECESCATE? KRB, ZE L%
Fo NORE, BRI, b EARILL. BNAE, BWHRER, TWWES, R
%2

BV, BUSE NS FIKIE T2 . SHBARE LT [, 1L S XU . Rt g,
KMEL, Bl EE L. TN, NGB, IEHORI, RUTELAL.

W1l ¥Fe: [ E0 =428 —AHAERREF? EMARGREF? AR F7]

ZAFEFER A ! HH A S, FriEaANE)E, BRSNS, BRAEY], Fdard
AH, SETKE, MENRLE, BHEl, FERE, O, AemEM T,
EEEF N2 L
FRF LD AT Aam, KT AR

@(x,2) = 2= V10X = Y X"Z"

=z = Mr~tx = My

"= (&) (1-3)
(=8¢, (1-4)
= () (1-5)

RGP, grbER . PR, SURAIR. SIEAH, NIZEWR. TTRRE, )
A, HXER. £RKR, EHSIE, BHIR. SZUHE, HZLXW, HH
AT, R, WIERNY, WIER . SRR, MR . FLL S, shUAfIRE. S
W oy sn, G Z Mo ZrasE, S MAa . AR A, IR, Al A Bt
A, RGN . Hfa, MR NRZHER, RN, MshFH R,

NI 1.1 A EEERBIES R,

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

(SED: KERFZI6, TSR, 8K A Tmi, SPi. KUGEZ, SO
i, WNTEUMER . ¥EiEAAL, iV, PRE R, JiRlut. B Y, JTERCT

(RED: RATRE, BETUABAR. WEZM, A TE. WEH, EElt. &
H¥zhz, REEW. BEREN, #Ho4d. CEER, KAGWH. TEAME, fATTA
B ML, READNES.



rh R 18 2 018 S0 — v BRI RS e R 2 2 18 S0 IATRX AR FH 7= 491 ST A%

I 1.1 (FAeE ) REAREZANHSE A .

| { | L0000 + 10807 — 2/ ()0 F ) dx} dy

= [feor [ 7507 [ ¢-20000 [ re}ar

TP EATAT, SEAMNE. MEARE, SAERE. EEHEK, Smzef.
BRI, S SRR, A H CIE, KiH A%, FaiAaH, FrABR. 88
SNE, BHRCEK. FFIRZIEIE, 55

EIE 1.1 JukizX#, Rl —T%% ()
y=1 (1-9a)
y=0 (1-9b)

EhE, EFE. A4, EEA. BRRMZM: AL eE TG, A
Wy WA, UM, E, FEmT4, FiEZX. Z2XX, jpzil. k&
K. KERTIVTAS, MRNZAEE, SILTE, 4, FENE, EE, ol
B, Dz, WK, NyEHh, HUER, RiKE, EEER. MAER, BMEH. K
N&EGT, BM#ER. MEEE. mITHEAE. DREFTEA. SMATER.
IERR AR MRS BRMAERZ L., FAFRL, ERFETA L, WAL, ARAREZ
L, ErAohbb, FEBFR?
kAFZREE, HELRLE, BEBE, #&k, K2 EHPFEEER) RE2
MRGERES, EZREATRFTEHEMR? WAEFZIT 24, T4EBTFR?
ERFTABE. AXRDTEBEZE, MATHT, EAGTHENE-F? hR#MB:
“OARFAELE, TldmEs!” — A (EEAHF) O

HEIL 1.1 WSR-S0 (it R) RERERGFARGTHIRARGFHD H

V'i:V,'—quj, Xl' = Xi — {giXj, U,':I/t,', fOI'li], (1-10)

Vj:Vj, Xj:x]', Ujuj—i-Zq,-ui. (1—11)

i#]
HidaEd B, KRN &, Fa8ETF, LLFEVFTF. KEARE, MEEEANR.
TROE B, MHEEJLT. BE—KE, BKIKABIAE,
Bl 1.1 KERAZAH TS

Vf(x") - ZlegK x") =0

]_

Ajgi(x*) =0, j=12---,p (1-12)
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%— A English fI4RE

%431 1.1 #7445 Andrew S. Tanenbaum #= W. Richard Stevens #9 7 A F 4% o

548 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)EH 1.1 ®5ERTEE, RAFA,

AT 51 A EHE 22 WE? Nk label 6/ ref BDA]. ZEYIEH, PAEITTRIR. B
BT gk, GUKEER. FEKTER, WA GES. TV EE, RS . Kk
WeBE, TMeA—E, ThdaRE, BRAEK, EA08E, 8 LEREG. HNERT,
PR, AR, B R PO TTRNBATIEE, — 44 E . EWARH, it
O, JUHBER, XCKPlE R, B2, AR .

1.5 ENHSIA

ARG FEE CRBRE L\ chapterref &4 B S0 w7
O, FB22Em (BRI R 7720, M2,

1.6 SE Tk

ARSI LB S bibitem, SRR MR, HELFES], SHiErTAC
RN

AR 748 T BIBTEX, FEZUSCHF N ucasbib.bst, FEASF & 2218 105 2% SCHRkA% 3
(LR EG AR IEANED . HEEXMF, RTHRW[2?2?], EAXEP222],
KTFRER?222], MR [?2?], HERX[?2?], REXH[?], SUGET[? ?
1, BRI [2 1. FXSHLHR[? ] NI lang="2zh" FE, LMESATHNAE. 5
b, 3XAS bst R HISCSCHR [? ] BISCREHA R T AR, R E A RN, EFE
2 bbl S0

AEEARRE FhR, IR LOXFE [2 ], XA R EE,

1.7 3R
R AR (22), Hd p(yix) AER: p(x) RS 758k p(x) HA—LE T
X, X
pm”:ﬁ&?:ngw
WX ARMEZ, TeX #ifl happy. FE&H 4> amsmath {1

detK(t = 1,14, ..., ":Z ‘ﬂI[T i+ A1) det AO(TIT) = 0. (1-14)

Ien i€l Jjel
HI T E BRI 5% TARZ A A s, W LIS W WA LA & & 1, KRS
AR — € E I i F amsmath (193CRS,  FFZ BRI

(1-13)

‘va { j;” [F(x)%e(3)? + £()2e(x)?] - 2F (x)g(x) F()g(y) dx} o
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_ fab{g(y)2 fabﬂ + () fang ~2f(»)g(y) fabfg}dy

HIE ] LB E XA 2 JNR:
m)?XF(x,y’{,y;,"' s Ym)
subject to:
G(x) <0
(¥}, ¥5, -+, ¥5,) solves problems (i = 1,2,--- ,m) (1-13)
my?xﬁ(X,yby%  Vm)

subject to:

gi(x,y1,y2, -+ s ym) < 0.

XL R RIAR G A SRR B FXIEREE I CRRE R e

BRI B R A BN RIFEAR K, BIHOR H 5 e R paralist H 1 R 453085, Bk
B, R AR, B LU \itemsep M. paralist & 7] BLJ7 (#1145 &
PREEHIRE



BIEF PEARILME
21 HEHIF

EHFFEFEANZET T IUHEHHAK (22), RERIMIEA—T:

pOix) =2 (x,y) _ p(xly)p(y)
p(x) p(x)

(2-1)
211 %A

AREARA ISR AT A, (N pstricks, pof £5), EEHMHEHDKRE.

wiS pgf A, AW T Postscripte HLAMEF 1R 2415 BTEX ) GUIEEI T H, 0

XFig(jFig), WinFig, Tpx, Ipe, Dia, Inkscape, LaTeXPiX, jPicEdt, jaxdraw %545,
2.1.2 1HEE

SR FZUHERE (IBTRX 2:1d TR R ) | R T EIE AL FH 417575 2 subcaption 72411
LI E =P
2121 —1E#

— M B TR ARTE P S o 2 BT AR 8l 1 S A HERSCR BRI AL B A —
SE SIS AL BRSO, IX NI A ISTRX [R5 0] GE 8 20 0 1)@, G 52 5 i [4]
EFSETEALE, TG float 728, Bt 7 (5] %, wE 22,

Hello, Xfig!

LittleLeo

Kl 2.1 R Xfig il &

K238, fEHE, e8I, fEAbT 2%, MubmEAE: EMaEaest: e
BE%; HIMARERE: EIMERS. WAAKR, FEXM. JMprkE, MTER. 2%
WIE TR, SeinlE; SOaHER, SEFHEG UOFHXE, s, siH
S, SelbHoly; SIEHGE, JellidhE; SO EE, SR SUnERY. Yk
JEFAZA; RIEMEEW: S jE0 1 LIEmE RSB, SGBMmERFE: 555m)E EE:
ERmE R T BRTUETIEN, SEREUMES A, AT MARGE SR 2
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@ This is not a bug, but a feature of KTgX!
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As one of the most widely used techniques in operations research, mathematical program-
ming is defined as a means of maximizing a quantity known as objective function, subject to a
set of constraints represented by equations and inequalities. Some known subtopics of math-
ematical programming are linear programming, nonlinear programming, multiobjective pro-
gramming, goal programming, dynamic programming, and multilevel programming!!.

It is impossible to cover in a single chapter every concept of mathematical programming.
This chapter introduces only the basic concepts and techniques of mathematical programming
such that readers gain an understanding of them throughout the book[*3.

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 = (xi, xo, - - , X,,) subject to a set of constraints.

Definition A.1 In SOP, we call x a decision vector, and xi, X2, -+ , x,, decision variables. The

function f is called the objective function. The set

S:{xe%"

gi(x) <0, j=1,2,-.p| (456)

is called the feasible set. An element x in S is called a feasible solution.

Definition A.2 A feasible solution x* is called the optimal solution of SOP if and only if

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

for any feasible solution x.

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

independent.
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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. If x* is a local optimal solution, then there exist

Lagrange multipliers 4;, j = 1,2, - -, p such that the following Kuhn-Tucker conditions hold,
P
VA) - 3 AR () =0
=
Agi(x) =0, j=1,2---,p (A-2)
>0, j=12,---,p.

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 (??), 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 pro-
gramming.

The feasible set of linear is always convex. A point x is called an extreme point of convex
set § if x € § and x cannot be expressed as a convex combination of two points in §. 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.

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
Waxman
GT-ITM ) 600 .
Transit-Stub 2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni )
Xue ucasthesis
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.
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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 maximizing
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 termination criterion is met. Methods based upon this
strategy are called ascent methods, 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 con-
ventional continuous variables, we call it mixed integer programming. 1f all the variables are
assumed either 0 or 1, then the problem is termed a zero-one programming. Although inte-
ger 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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