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function fibl(n)
if n=0: return O
if n=1: return 1
return fibl(n—-1) + fibl(n-2)
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M n>18, T(n)=Tmn-1)+ T(n-2)+3

¥iZRE F,EEXRAMEE: BRIBIRENR T(n)=F,.

XRE—NHE: ZHESTN KA EMER Fibonacci (K KHE B —#
! T(n)XT n BRIEHHN, XE®RERT n W ERBDMBEZI, FHEBIRE,
HALH.

ik FAT L — AN S2 B 8 A 81 7 K U BH Fi 2R 1R) ) ) R AE B L . SR B Faooo
fibl B iEHAT T TQ00)KIEAERVE, Hh T(200)=Faygo =2"%. & 1 SEFRZE 1T W] 24
SRAK BT P A ) 3 S, A R L B i+ L2 NEC Earth Simulator, &[]
ISR R AR 40 A2 REAEE. EEX G L, fib1(200)8 D hEFER
22 8. X EURAE WRRATAA KI5, BAEBIAKBHZ R — N BB E R,
A gk k.

BHEMBEMHLHFTAR — BN ESHEE —BHLE 18 MAMW—FHHE
BRI IRF, XFIERE AR N EER EH#(Moore’s law). A T iX F i A B 1 K 3
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B, SiF fibl HEBERENITEN LB ESITHER. RITKB fibl(n)HIZ AT BT 6 IE
T 209 ~(1.6)", BT HE Fo MR ZELK F, & 1.6 . ToMMERERER, 8
WEZEEESFERAENK 1.6 5. HEOnRBRINEBAASENHEARGEHBITR
H Fioo» MAWEHTEH Fro, F—5F Fiooy BLHEEHE.: INESEZHEH -
Fibonacci ¥ ! X & B 2 ¥5 ¥ i (8] () SR & !

a2z, XMMBMNRARERARERH, BERAZLHE, SAKE. RIE®
i L SO HE NG ?

— AN EmMANE

HRMNAEFEM I 4 fibl HiES M2 18 B 0-1 8| T d— B fibl(n)
AR —ERBARE. FERXPERZIESETRERTMN!

— Ft 5E & B2 (4 DL U R BE A 7F 6 P (R S B R —— Fo Ry, Fpe BIME

function fibZ2{(n)
if n=0: return 0
create an array f[0...n]
f[0o] =0, f[1] =1
for i =2...n:
fli] = fli—=1] + f[li-2]

return f[n]
F,
F.

n-1 Fn—E
Elﬂ/ n— F 3

F; 3 n— Fﬂ.—4

AARRANA

Fu—ﬁ Fn—4 Fn—-:} -Fu—ﬁ Fn—4 Fn—ﬁ Fr:r—5 E:—ﬁ

B 0-1 fibl i@ R H A ENT KT E
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5 fibl Hik—H, BTXHEEEEEXHAT F,EX, FTUHERERE
M5 L. MAECHHATHEER? KABRHHFL T —NEMEBRE, FHEHBATT
n-1 K. Htk fib2 PRIFERBERBX T n REER. M fibl 35 Hnt A & E fib2
K2R E, RINEEHENEERETERRE. RERMNTETUETEZK
i 18] N +F 5L Fago, EZE R Fz{}ﬂ,ﬂgngu |

BRI EE LD AW RIEXHFE - MER: EHAEESLE-ZBRE.

BT 5
EESRHIERWRT, RN —EETHENERRAT R EERYE, 3HHI

AXERABENNAERI—AEE. RN T+2EHOEL. S, —I44
BENESEAEE -RINMEBELBLSHET: . BEAAFE. LEHHE. HREgR
F— HHERXEEARGEERFITXS, AEEiEh—EkEBHE.

HAEZHBATEIBL Fibonacei HiEBA, MO RMEREEN OB REIZ T . 4t
TR FROMIE RN, BMEEFERE M EARERSEN, KB/
75 AT LAA 32 A ik I RR I 3F SR 10 28 m A Fibonacci 3 K B K20 & 0.694n
7, BEE » BN, SZKEHRBHET 32, MAEE KT LS ARMEVERTBE W
WARBEFEMNBANTHRIAEERREE. RNFEEERELN FEEBTHER G
i, FHARENV &L,

EH 1 EPRAGFEBNEN o AF S HIEBR INE IR KA ERT a;
MREWENZ— TP ERBWINELE, X— A AEERM®, EAMERESKRE
—NECFAAL EBEAT . X, fibl FEEEEAT T OF, IRINIEERE, LR b A vk
ERB KA IELLL T nF,. RFEHE, fib2 MINEEERBIELT 2 SHREXT n
M2, JIREL fibl B 45 %t 20 . AT W IR AT T 808 17 1 8] 40 4 19 16 IE
HEFILEEHE LR RBEERER LA,

i A AR AT R AF L fib2 AP ? SEfr b, BHEREFEN. lHEHE 0.4.

0.3 K O&FF5

RBATRIF R AE T 592328 47 i [8) 43 47 D B B 3 K R 7T Ak 9 3000 47 45 3 I R

| ATEUHHMBEMREN IS HANEX XM EEN, RETRWSEE 8 TP Sissa H Moore I
o,
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B, TIXFARH A RS RMLHEEZ . MEMBEERNS RS, Y28K5
— AN AR HTAR T B AR A . W B0 4 AT SR N % TS M Ak

DA A 3 A Ok BOK R AE S OB AT I 1], XA 5 R — R WAL . MR SRR —
VR $5 2 T HE 91 1 I 160 2 BTG S AL FE 2%, 5 T B AR R T 408 A7 5 R I R £ 40
(R 47 S Wa o S B — KB AT R F RIS AT (IS 4T I 18] O AN 3k 22 53 ). T AR o 55 4
EEREMH KA W ERE MBS RE RIS, ERBEILER, St
BN B S — AN, TR, FRFEEN. S50 00 %)
SRR R BOAR AR E AT B . b TaXAN BN, FRATIIE SR R ot B vk 0 3 A 44 TR 3K
HEAT VB 77 2K AL B (KB AT I ), T R A R R O B N A o B

RN X R ESI R T 5 —Fab i AR . RIOIFA S LMAPER n 1, 5
BATT S’ + 4n + 3 RIERBAE, B AR ZZ O D OEKTT, ¥ 4n F13, £
ZJRCXLEIRBEAE n MM KK BT L L E), XTI AT A #2278 8
Wik, HENAL S Wl Ll EREEESLE, HEVSTEERM S 5 aRA
Sk BIH), BTLARAT H E B BIE AT M O(n’)GEVE K O n 3L ).

NI RAIE H K O S HIRHE L. BELEEMAMBRE i, WAEER
i AT I 6] 43 50k fin) R g(n)-

A fimAe g(n)¥) AN E S BB E L) R, WwRELE—ANFHK >0, RF fn)
Kc-gmp, MBEAMK ff=0@(ZXERFESHKGRERT 7).

f=0@HEMUF r<g. BREEXARTHEEENLTH “<”, FERRNELER
B oo MR, FHSS IR, Bl 100 = O(n). X —F $th foiF B A7 LL
Zug n LEBDEIER . B, BeEHNE RO TELS, RNABAERINHE
Lz PR, b AT T fi(n) = P REE SR, 15 —DHAT T L)
=2n + 20 WHAEEGE 0-2 FTR). MAFEEMR? ZBMRT n HBE. X4 n<Ss
I, R/ MG 2n 20 B K. 7E n<SHER T, BEEHE KA, KK
WERE RS, Kk £ E .
X—REETT AR K O FESREIR: f£,=00h), HH
£, (n) _2n+20
filn) A
ERXFAE n BERSL; BT, fi £0(h), BT HE fi(n)fa(n) =n*/(2n + 20)
MAEREER, REAFEREE . 8K OFSHE XK.

<22
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A 0-2 WA BT Ek Az AT B ) 3 4

fseidf 5o —ANHEE, ERATT filn) = n + 1 KEXRTME. B L EHG?
GRIENREFTEN, HEEABHARZRGURE - ITHB L. 2n+205 n+ 1 ZHM
ERMA, G M 2n+20 2 MHEKESFMILFERDMERKE. KT IREFE
SHPREETFE, MARNPTRBERARMEE -IHE, RMNEEMNMHE.
iEEMERK O FEREN, BRITE L= 0(H):

fi(n) _2n+20 <50
fi(n)  n+l

FE, BRE £=00), Xifc=1.
IEW O(H)EBTF<, BMBEIFETLLG T 25 E X5 =M=F+HLEF S5

f=Qg)E%E g = 0()
f=0@EW%RHE = 0(g)M = Q(g) R i AL .
EAARKE TR, HA=0)AE fH=Q ()R .

K OFF5ib TG AMNE @B R K REF L. LEHNT —PMERNRHE,
i 3n +4n+5, BRIOATHERH O(n) ¥k, A An)ERATREM M A, XA
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o, BAVER o), RS ZH P RHATARL, —RMAATZRHAL. LL
TR LN, #id 2SR, LU A5 E AT i E) K R R 7

. % ABTLLZEE: 14 ATLAE K P,

2. Ha>p i, i XA B, n° LE no

3. AL B AT WA M: 3" LW P’ (EHEXE 2.

4, A, FAEZHATELAENETA: »n X(ogn)’ . BE—H K, B, »° X/
n log n.

WAERMXF AT RZRBOER. WEANRMEEEHEIE SN EEAHIE
WORNER, B R 2N TikHEmET R, a2z —, iR R A s, 3
TR . HEWMBERA K O/RSHREEAL, BREALABPAFERFTEZLEILTLE
AT BEH] o

3] A

0.1 BETMEMEE, R f= 0@ B f=Q(g)RL & P [ I ik
SLOZH f= 0(g))-

f(n) g(n)
(a) n—100 n— 200
[b} ni,-’l HE,’_’-
(c} 100n+logn n+ (logn)?
(d) nlogn 10nlog 10n
(e) log2n log 3n
(f) 10logn log(n?)
(g) n'o nlog® n
(h) n?/logn n(log n)?
(i) n®! (logn)'®
(i)  (logmn)'os” n/logn
(k) /n (logn)?
[l} /2 Slﬁgzﬂ
{['Il] n2n 3n
[n} an 2n+l
(0) n! 2n

(p) [ng H]]ngn 7 (log, mn}*
{q] Z:!:l E'.k nk+!
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0.2 M¥cR—ANELEN, FHgm)=1+c+*+ ... +c"

() O(1), He<l,

(b) ®(n), Hc=1.

(€) O™, %> 1o

—PHL: EROFERNT, HJLMAMLEE B, JLAT 554 a7 L
WARE D ARBHKBEN, JLAMEEAMT AR KA, 4B REATR,
JUART 5% %5 1 0 m] LA ey 44 Ok 90 8%

0.3 Fibonacci # Fo,F1,Fa,... B F 9 H0 2 X

F{)=ﬂ, Fl=1- Fn: H—I+FII—Z

TEA KR h , BATIHREUE B 277 31 () 1 B R PR 3R, B R R A K 1 5

(a) EitHHNEER, K a=6it, F, =2°%,

(b) K —NE¥ <1, HEYn=0H F,<2 BT, FREGHEED.

(c) Kth c B K{H, 18 F,= Q™)KL

04 EEFE-MHEET 02 WHRHEH fiv2 HEFRMHEE, UKBSE A
Fibonacci #(? LLF 8 BARA &5 B 0iH.

BMNESHEREEPHNETHS, WEXF=FMF=F+FXNFUTF

i PEIE 51
R\ (o 1\ (F
(#)-C D))
FIFEHL,
EY (o 1\ (R _ (o 1\ (F
(=)= 6 )6 ) ()
bR A

()= 1) (%)

Rlt, WREBEHHF,, FEHE 22HEMERY X, B, BITH n KFE.
(a) UEBH 2 > 2x2 FEPREAFRIETE 2 4 RINEM 8 KTk,

HEITHH X", ZTEZ/DRERMERE?

(b) UEH] O(log m)IRFERE LB LLHHEE X7 (BR: FEHE X,
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gr b, BATETHPERTE b3 iIFHERBERKRE R R O(og n), T fib2
W FE Om)ik. MEAVERNRITH T 55— N8B ] 1) B 2
X—FHEHRRANEREE THEEPEE T RE, FRANREESNE: RN,
KB RGBT T ABAMERE. RITEMN, YR THERBENERNEE,
fib2 91517 i K AE R O(n?).
(c) UEBA fib3 HiEMI A PR & R —HEKEEHZ omfr.
(d) & Mm)RARMEAD n b I BAHRHE -FERESITHE, HEE Mn)
= O (N EEE R FFBEARIF TX— 4, APE— =N A B BT E ). iF 9

fib3 5 132 4T IRl A O(M(n)log n).
O YKL, (Wn: T IRFHEE, HRERAOBEKEN.
BANG L. fib3 BEE L fib2 HH, BMRTFRABET LA T On®) K Ek

A n A i HI AT, EAAXATREG? (BFEBESR 2 ZEFHH).
,:
(1-¢§)"

(e) 'EREUEHA fib3 FIXMIEATH M2 O(M(n)WG? BE X 1<a<2 W, H Mn)=

o, BAILGH — k8 Fibonacei FHI AR
] 1
- 2

1 (1++/5
V5

Fn = ﬁ
Mz AT LLFEH, BREHE F,, BTG — 85 4T B Rk, LA

AT n K. WBETXEHELEY, SELESHRME TSNS R4A
W HE . b b, A THERFKRE fib3 Al UAY B iH SR B n R B — e 3
B MABERT —@REEARB R, Beel A PR REGRR: B

2
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chapter 1

WA

AZWFEWEZ —RANFAGERN R ERTIER, HEBROEGREREIR
%, REEFELZ, XHAEELP+5HL:

o HT4M: BAEHFN, BERFRARETHRREEN.

o EHMRA: AEMFEN HEHERTIRI.

HFHRERERN. RELAMELUR, 2HRABRFHEFRINTHILH
2R EIMAHTERNSE S, BE, 4581k, SBER N KBRRITENFERN
it R B VR AL B o 2R FUR K.

Rifi, MTFH—ARE, ROBRAEBERA, ROTUREBIAH —THN
REXRNES AN, EAESBOE, HAWLEEFRRM RS ARFER NS
BHMER: —A+oEE TH - THNRERL. IHERFETEARANELET,
GHARRIET 445 HALREENEFEARORE.

ZE IR BEG A R T, BT T B U & AR U AR SR T
REE, RITENERNERFS, XE-AEENRA, Bh, AFAM, HiE
X A 7] B Ak A R A T 3K 2 e i) R

1.1 AAXFRK

1.1.1 %

2SNEEEBREANMUE, RIVELEERD, ROEEEMMF 2 MERE
WIXPEIEE. H4, RIMNAELERELRFAMENTHIE.
+ 3t i B F — AN AR P
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FEEEZAN—L A0, Fok 3 AH HAL,

oot Lk giie, BATAT AL AP R = AN O8O m, A R
e 9+9+9=27, ERMKE -PME. LiF b, XN HARRER T3
B RAFE TR S 6=2 WS (S R 1.1). LhangE 3%, 3 ¥
PR K AT RE R 3, B R 2 M.

R ¥ Fx
HE, KF 10 FEA 11745 RARMAETGHA 10 /~F48, U EF

10 ARPARBATHIEY —PREHBI GHFME, Kit 10, HERE, Bus
#F*.Maya AY KRt —F K FHF 20 o K AL ey 43 R (AR BT EAAERA X
AET, pERF208RATre). RAAASG T ENRA -SRI RATHR, X&
AR SR, _

T RADARBRERTHNZO, T2V LHF? EMNMEF — ka8 F,
A b AR, TARFHREXGKRE b-1; #ldo, E+RHGHERLT, 38 KF,
qirﬂ,gﬁ:égﬁ*_ﬂ.ﬁﬁ 999=10"-1. A b H A%, AT N, —£FE 1 log,(N+1)!
BT (TAEMAE logp NERK 2o st s k|, Bk RBE 1).

HRMAERKN, TAFOKFOEBALALEEHG TR DM—FrHske
RN, WEK a B EH b, A FTARL: logs N=(log, N)/( log, b). Ff A ¥
aARBETHORRKNBNEA D ARBEATHRAERZ, AXRZHE A
T log, b. EXOFFTT, ABETULERY, AN TRAEEA TG LB
A O(ogN). BEABMERBTEFTHATLRLIELEE), log NBPE log; N.

Witk 4 85 2, &&MgNﬁ*u%ﬁ%ﬁﬁﬂi&ﬁﬂﬁ#%ﬂﬁ*ﬁﬁ
VAT A JUASH)F:

lLIogNERRATRXI (AR F)I)N, 22238478 ey RFE.

2. H—7E, ETHAAX NI | FEZHATFREGRE. (B AN
W, EAKRBAEA TlogN1), RHEZ—ERFERA MM, LERAE—AHiEDth
HFRERMOUSHT M RGITFREARAZT. AF 6 G —%46-FHttk
—F A9, *

3.logN AL M ATH NG, (EHARK, £ logV+1) L. )

4.10g NFIMERIA NAF EHG A= SMRA. (AL, 7 logh1.)

S.logN#£Z&FFA 1.1, 1, BEREME-AFHERLIALS).
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BT 0 ] 5 0 000 2 BT 5 6 T — b e 9 A LUAE o7 50 Ay 35 0 ity 0AR o 19 O ke
FrEMB A, RIEMWRH WA B ARAT IEERE, MEREBEMETH, HiHLHg
AL, HPid XA RER S HE. BASENBMEFELE DB, o

B RAH 6L, FrUMEREE PR ERILLME =AM HMm. UTFHRHBT —
WU R B F 53 + 35,

A, 1

I 1

1 0 1

0 1 1 (35)
0 0 O

o I R

1
1
0

— T

1

A= AR R NS B, HEAXANE FRINCZ KRR, BA
AEE T . B EEE T2 ERRE.

EREWA R x Ay, AR EEX A, KRR £ 07 KB F R
f B 18] AR — EAE AR P 2B RVE . AR B 5% IZ 17 i 8] G R 75 B A A 1)
BB PTIER AR x A0y XD A A2 80, B0 Sl A e BT @ 6 i B ik 3

B x fly WA nfL—— AR RANK —BEHEHFEE n ROSBTHRIRBEL X
M, x My BIRIBZ A n+l L0, [R) I 120 1 45 A 00 0K B0 16 o S B 1) 2 A s
). M A IR SFIEFE AT A R R BB AR co+ ciny Hh eo fl o) BRFEH; #H
B2, HEBITH M RBREERN . KEHRL co fl o MAMKEAE, BRATK 21T
Hiksirei ) LA, B o).

MRCEL/RT T HAFEE, FEAETHECH, BaT—LRINEEH
JE e H e E AT .

REFAE-TERBFE? (XD AL W80 M &), x-F sk sm
e DRMREE: ATHHES 2 L KAOBFERN, SEGBRIEEZREAN, HiE
MER S RILF TR, WFERXLETIEMTEE n KEE. Hik, MMEHEEER
W R B LT R B A A !

—UE R E A RE S X LA W] SRR R R A RIEAT O(m)IRERIE? ZHEHIA N
EBEMTASKEPCRE, RESARB TW? EREMNE. B, RMNY
RATLAAE — R IR PR WA REEA I, HATRLE, e KE LSS JEILGE® A
M FREEN—RATRER 32 fL. HE, [EWMAZE)S 2780, &%
MHT, HHEMBEdFILFROCECERENA BT, RRXLEHATRES
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HILTHK, BREFEREFEALHEENNTR. E£RENTHEI LT XE
KEHmERREZR, —BBREMETRE. B, IRBIMNEEER —TH
&, BAMELRBEIN LS HHEIEGATERNELFTERETHARERRRATENX
M. IERbwk, RNEETEREENMCERE, B B B EERERE.
17 36 4 Sz Wt S IR AZ SR B T R RE A L R R R S B R B K

1.1.2 EMBRZE

BTFRBMNNFEHTITR. EDEFRMNFEAHIE xRy HEHNEER
AR QEPEAY—NEE, BAPHEIS R AL M y BEANLHTFTE, X
X EBTHNMEBERME, RESHEHEN. BeRMNBEMIEE 13211, £EH
AR it HER, x=1101,y=1011. FFEEBEHEHITWT:

1 1 0 1
x 1 1 1
1 1 0 1 1101 &L 1
1 1 0 1 1101 Febl 1, ABEE 1K
0 0 0 0 1101 Ll 0, AB#EIE2 K
+ 1 1 0 1 1101 LA 1, EBEEI K
1 00 0 1 1 1 1 143 14— F# T

StF RSk U, XALEMAEE, HAWMRCITRRAIPEEGR, &
LGATBEALAR O, BARk x X, ARABBEERT —ENRE. AINTEER
MR, EBRERRERUEEN—FHRETR, FHAPH—-RES, HETR 2
BAEFEE, GBRENBREREBRUEYE, HELERNEAN).

16 HiTRiX—FEBHLEMEHNE. RERMRAEENETHE.
ME x My A ik, MAKHE nfTHELGER, EMNHERERESR 2n fLEEF
ZEBTHA). HXETHINKNBNEE OF), RBAMBENT TR, HPHK
xS AN SO

O(n) +0(n) +--- + O(H)J
n—1 KNk
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AT, SRIEMIESATR AR 2 W ), HREMEERE LT AL B
F I AL PR BE) .

M Al Khwarizmi %3t 7 55 — R ek U, X P J5 vk 28 4 7 76 BR ¥ ) — 26 [/ R A
Ho XA EHIE x My #ETRIEZH, BENKBTEAR ESE R, &
HFEREUTFTLPR: BB -MHFRU2, EXER0NEESESH bR, &
ZERU 2 Z/EERTH 0.5), FMNEE - MEFNMGE. EEXENEE, S
BT RDE) 1o RS HERR S — AN B O O X R AT, R B R SR F o
TR Rk k.

BREWANHZEER EEZRRAE, HEYBRINFALBEIFANEE, —4 £
Bl ReE, —ANEIE SN REGEATIT R R MR, RIS R, EAILERE
EMEIRE—F! ER AT ERMMEO =A%, B8R 7 = 3k
B2 MRS 13RI, ARES LS, 11 BEHEAMEBRD SR
o MRS AKX 11 BRUL 2 MERE, BEESRERNFEME, LS —fFRR
BOH L "R x5 B . Al Khwarizmi $& H (€ 55 — Ff 36 32 5735 T 18 & + 3k ) f — 3k
il i 58 K &5 A !

X—HEAUHEBRERARMER. A TAH—, BOZHE=AK, &
Bl 1-1 Pros s BB, S HBESH T LU .

2(x-| ¥/2]) Sy R
x+2x-| ¥/2)) My hEER

ZSEIEHE? EIRRE RN SR EFN. R EZNENERERR
TR R AL T X BN, LUR R A M AL B T I 1 B (v=0).

ZHEMHATHEIIMA? & —E2E n WBRFHEXIE, RAESFKBEG
y BT, BALECE — @, M KIS HERAT T LU 8E: —KBRDL 2
KIBAECH S T A B ERAE): —Ra MR CHI B S — AL BE): — o’ 2 # 1
ATEBRE): WTRRER —RINE, B3EF Om)RALBRIE. BiEKE1THE A
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o(n’), HEr—ANHEIEMFA.

function multiply(x.y)

Input: Two n-bit integers x and y, where y>0
Qutput: Their product

if y=0: return O
z=multiply(x. |v/2])
if y is even:
return 2z
else:
return x+4 2z

B 1-1 & la Francais 3%k

GE A e BRBEALT n? YA R 1 2 AE R, R Oh TR T B N T KA e B
) n A S BRI, T4 YO B AR R B AT R e AR R M. R AR TF R,
R4 2 BRAVE R, AT 5S4 AT LU ) BB 47 !

BTFRBIMTEBREBEES. —NEHBRUS M EHy#£0, BRETER
— A BB g A, EBx=yg+r, A r<y. BIEE 1-2 P45 H T BRIA
EEARERA, RRE—F, SREITHABERARTETRE. FX-FXH
ST W38 1.8,

function divide(x,y)

Input: Two n—bit integers x and y, where y>1
Output: The quotient and remainder of x divided by y

if x=0: return (q.r) =(0,0)
(q.r) =divide(|x/2].y)
q=2-q, r=2-r

if x is odd: r=r+1
ifr=zy: r=r—-y, gq=q+1
return (q.r)

B 1-2 Bk

1.2 Az H

EEOMERNRELSIEHHERBREF K. MAEFF, SLR#HEL 24 4
i, RATRATCAIEN MEFHE 0; FUELEL 12408, RONTUEFM 1 A
M, XFEMLEARMNEKRTREHTE. AN, MTFRETHEHAAERA Y
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HrRfEms, HEwLENREREREE —EMEBEAN, tkin 3246, XE4L
g K, REEXIfT KZHNAT. |

MY TRMKEHA R EF — ZFHNAMEFLEN S, A& 48T 32 1/
KBHEODHEBAELERN, ik, XEHEHRX, HBREEHEFRM.

#2iz  (modular arithmetic)2 — B ELHEZRBHP HiE. BRI x B Nx
modulo NI ERE N A x BRU N KXE, BIBRMENR, B x=gN+rHO0 < r<n,
W xWNET ro ERATHSEZEAHN—NENHES: BMNEx S5y ENFRE
(congruent modulo), HHMNHENME NMFEH. WRUBERSRERAIX &1,
W4 F By s

x=y (mod N) <& N ¥ (x)

#ildm, 253=13 (mod 60), H& 253-13 2 60 HIfF¥. TN EREML Y, 253
PR 4 DB 13 380, SEHEESHPER AT LR A ¥, W 59=-1 (mod 60), T
AR . HBLEREER AT 594, MABWALLHEET—AE1 2.

HEBEEEN M AERAIMEESHEER A RNERREE — /N BiLe LI
i {0,1,. .. N-1}N, —HEFXANTUEN, BLEAEXETEE—BERS LK
FREHR AR B 1-3 Fr7R).

3
B 1-3 mMEESEH

HEZENS —MRBEEEESERALHEFTANER, HHBENRITERNI%
t#hr & (equivalence class), N EMXMERXE i +iN  keZ}, P iHEOF N-12Z
MEE. B, #3EHRA 3PS

- =9 -6 -3 0 3 6 9 .-

-+ =8 =5 =2 1 4 7 10 .-.
- =7 -4 -1 2 5 8 11 ---

A K AR — O R AT RS I R A R, M3 BN



20 HE®| R
X, 511 ZRAXHEG. EXFHERBEXT, MEMRERR T RIHEX:

-_—ﬁﬂ%ﬁ A
BiE #-43-—-:&.*'] *Fﬂ(twu s cnmplemant)‘l’ﬂ'fl] '3' m-feﬂtﬁ:#s _——Iﬁﬂl’i #}ﬁﬁ.'ﬁ'

ﬂﬂ%&ﬁﬁiﬁﬂﬁi @ﬁmfnﬁkﬁfﬁuﬂzﬂﬂznﬂﬁ$ %ir
00 38 A R R L T g :

r-Eﬂﬂz“dEmﬂﬁiﬁ&ﬁ#ﬂﬁﬁﬂﬁ*ﬁﬂﬁﬁ,HH&%&#%
dng -
"-ﬁﬁkmliﬂu“,ﬂﬁ#ﬁfiiaﬁk%xiriﬁﬁﬂﬁa ﬂ%
BERR, REERIM 1. AHKAIBETHHLL L,

(LK M, vh=it#l AR KB AT Rhe ik o Fik I EFRTER! ) |

A-—HEMENFXABHR - HHBEAT: EFE2 2 271 REANE
&#ﬂ&ﬂ%#ﬁ?ﬁ%% AR Hx = &ﬂ%ﬂirh$%ﬁﬁﬁﬁ%ﬁ,
Eﬁ%ﬁ%fqﬁ%ﬂir%%ﬁﬁ ﬁ#%#&*ﬁ&#ﬁﬁ##?uﬂﬂﬁﬁ
bR T A RAT, &ﬁ?%%&ﬁﬁﬁﬂﬂﬁﬁ o

BN WERA x=x"(mod A y =y’ (mod ML, W LT M RAL:
x +y=x'"+y'(mod M)A xy =x'y' (mod N).

(2 W3 B 1.9)% ] Ui W] Lk dEm, BEEALEARY), ELMUE - BHETX
(AL B, NG AL . XM BILHE 25 5, FERFLE 3 AP HEREXR
KA 4B 5E? ZE. 55K Z(25%3) mod 24, B E T 1x3 = 3 mod 24([X
% 25=1mod24), EFEUEF L3 K.

AL, EEEBEE S, MEMRETEE NS S, BRSNS BCERTIR K
S, Hedn:

x+(y+z) = (x+y)+z (mod N) gam
xy = yx (mod N) AT He pk
x(y+z) = xytyz (mod N) 43 B %

B ACHE A L B S R R B ST — RV AR ER, o] LUFEAR AT
EAIE B P ) R AL O NV AR A . X PR B KRB B
W KRB . Tl BB R 2 — AR R B



B1E WFNEZE 2

2% =2 =32=1=1 (mod 31)
1.2.1 Rk F05EE

BERENE My s 8 NG RMMN, RAOTLEZREMAME. BT x
Aoy #7E 0 B N-1 A EA, EMNMAKELE 0 3] 2WW-DRTEE M. mBMETT
N-1, BIMAFEMPAEM B2 N, SRS RERAEERKEBEN. NTTBEA
WHEREES —ngk, — KRR, MRERNREREASLSEIE 2N, 3170
)2 B AE BN R R B, B O(n), Hh n=TlogN] & NI R/DNEEHBHME,
BN E, BERMEH iz AR KA.

MATRER B Ay BRBENPSERMAR? RINTMARLHEBERNFTRE, RS
W v A5 L N P BRI B R K AT LUK B(V-1)2, BIXA BB S S 2n i1 K,
B4 log(N-1)° = 2log(N-1)<2n. A T R NI HER, RNBEKEBRLN,
B 242 B K A0k 09 1 5 B 1) B BR RS vk . T SR AR B — AN 5 B ) (1 R 4E

BRESHRENREFXAME, EHEHPNEREE D, RE - PMHFEIEEN D
WA —BRECH O MEN. HERERETE P HEEMGFEXFENNR, R
BMAXRTHEEMUT®. HEAEER, RERERELESER, BaemTblE
SEA B RN SE R, BE O(n’).

A TRUIERATE X FREERGER — RINEARET NI R TEE, RNET
KK AR R EEOERE iR, BEB ISR RKARE, CRBIEMSEITE.
DLERANEMESD, BEORBEREHENMZIRBEY, BRUNREH — &6,
o] D3k 3 2 et () 9 300k . i — RO R R — AR A F

122 HBHENER

ERNBEEITROEH ARG, @SBRI XHNAE, SGE x My, HHX
WNKE, HPNFEANK, X ESHaETFRMRMLI?

ZIEBHMNERFTEANABTEN, NMEHERES B SHAB ALK, Ri,
X MESERTRLXKEGS. MES x A1y BF 20 ik, ¥ wE\Eb R

(22)) 0, X7 100 ALK ! R, %y H 500 KK, HRELE
e 2

b T HRRAVL BT AT FRK, RATEE R A B I8 b 5 45 A7 B
NIES. MTIH BLFEAR: Sl R R L x HE N B4 R ST 0 B N. o R



2 gAEA#M®R

N5 T

xmod N - x>mod N —x mod N —...— ¥ mod N

HPaFmE89tk N/, BB RRENSGREAS AR HREFE T
. MRy A 500 P, BAVETERAT y-1=27° RPERAE | ZBEHKBH N
B ERE y A KD n T8 8K H .

FIEME, BRITTUUMMEL: Llx 8 NIFth, AW ESHETEHE N 8BE,
BATK1E 2

xmod N — x> mod N — x* mod N — x* mod N—...— x 1 mod N

Heh G — S ST EEE Olog? N), MX—K R E logy kFHEEH. 2T
K Xmod NER, BRME ERARKE x X EREPH—HoMHE, x HiX
HoBEREFNTF y I —BERRPOE D EF 1. Fl,

11001 10000 1 1
x:s 2 I_xoool_xz =x16.xs.xl

= X = X

XEE, — > % 00 B (A A B £ T K T !
function modexp(x.y, N)

Input: Two n—bit integers x and N, an integer exponent y
OQutput: xYmod N

if y=0: return 1
z = modexp(x, [¥/2], N)
if y is even:
return z mod N
else:
return x-z* mod N

A1-4 HENEHEH

BATT LUK X —HEBERRR—ME AR A 1-4 PEHKBHEE,
BUHHEENBETRXKXATUTARIES W

y () sy imgnt
x(2) A
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I HAE R B BT TR B A R (B W 1-1). B, BTIR R
EVEE x-25 BIRBUR A T HATRIA Wt KL F 2 R EM AR : x-25 = x-16 +
x-8+x-1. X FHHL, HAPKT x-2"k B T AW E X 9 504% (doubling) 3 4k . 17 45 WV
M, X TIREOZE, Hoh XNk E T AN E S 6OF .

L nhx, y N =ZBPRKBEKEFE RSN M TFREESR,
Wiz n WIBNERBLIL, MAEGSKEAPERUK Y o G THE N
EH, AR e, FHit R fET e on®).

1.2.3 Euclid X2 EHHZ

FATHE TR B FE R Bl A IS B# K Euclid 78 2000 ZERTRIFN . £
FERNRER o A b, LSRR H RE 5 [R] I 48 B T R B R B, BE T U A
K%

BB S WHISK Bt KA RBH AR X a F b4 HIATEFHE, REH
ENM AL BAHFE. i, 1035 =3%-5-23, 759 = 3-11-23, FiLLENMIME AL
RBOGZ 3-23 = 69, RiilAELE, RINERFHITHFOMMBOE L. Ba, 2
5 A7 76 o Ath 11 77 32 0K vF 87 88 K 2 RV B 0g 2

Euclid #¥ K 7 LT Ry i 5 4

Euclid of Alexandria
BC 325-265

: (©) Corbis
Euclid W 40X x vy R E¥HK, BHA x=y, A4 ged(x, y) = ged(x mod y, y).

UEW] . FARAEW] ER G5w R, RFUEW ged(x, y) = ged(x—y, y). HILE L, £
L AN W x Ry B 4 BT HE Y R 45 8 AR OT .



24 § & Mt

PLF £ % T ged(x, y) = ged(x-y, y)HIE B . (EfTRERE BEBR x 1y ROEEE —E ]
LA IR x-y, FTLAH ged(x, y) < ged(x—y, )L, [AIEE, fEATHERS BEER x—y A1 y KO
#— el LA x Al y, FRLLH ged(x, ) 2 ged(x—y, p)OL, MITRIE ged(x, y) =
ged(x—y, y)o

function Euclid(a.b)

Input: Two integers a and b with a=b=0
Qutput: ged(a.b)

if b=0: return a
return Euclid(b.a modb)

B 1-5 Euclid i3k P800 5 X o B B ik

BT Euclid # 05 B4, BRAITWTUSH - MR REBEE@E 1-5 Fiw),
B IF R A EBRIE. A TR ERETERN, RINTEET #ZH(a,
b)BE G UGB H A MR DN EER SR EFKEEFRAT, S8 (a, H)ZERT (b,
amod b), a M bIKFERET X, FWEFTHKE a, WDPZE amod b XE—F
EEME L.

51H 4R azb, AL amodb < a/2.

WFBH: FEERH b<a/2 T b>a/2 L. PR OL4 BZE T A B A om DL BE .
WME b<a/2, B2 KA amodb<b=<al2 R3; MR b>a/2, WALKFH amodb=a-b
<al2 . A

b a2 a al2 b a
v/ A/ /A 1] ] L I v/ /)
a mod b a mod b

XEWELT THIRELENEIEZRE, e M b ZXZHEISH, HELESARER
R ERE— S ANMKEELR 1. WWRENVHREE R o AL — 25 B,
WAmEL 20 WO AWA, MBBELREMG. THTERFHABEES —FH
f ] Bk ik R A, BT LA BOIE AT IR R O(n)

1.2.4 Euclid BZa9—f¥ R
%t Buclid By — AN/ R TR BREZT R CRDE.



F1E BFHEE

AT R, ﬁid%aﬂbﬂ‘]ﬁk“@ﬁi BAVE 2K K% BE 2 X
R AUIIE d BBk a F1 b BABK, N AHXRARERYT d afl b K2 K,
(HA & & e K. BAT R0 5 75 7T A F R B Ak e K~ I8, AT S o 0 A2 — Ff
R 5

S138 R d¥MRaF b, RINAGEEK xIy, %Fd= ax+byﬁi.i= M A —FE
A d= ged(a, b). ,

WEH]: S ARTRES T, dE a1 b FAKNE, FTUl dFEEAR
St a F b BB KA, B d<ged(a, ). H— 1, HT ged(a, b)) a F b 1Y)
ARE, FrLlEd— E ¥R ax + by =d, NI EEKE ged(a, b)<d. & L, d= ged(a, b).

Kk, MRERMGEBRIIFNEE x Ny, #18 d=ax + by L, MARMIB
H d=gecd(a, b). Flln, BATEE ged(13,4) =1, HAF 131 +4-(-3) =1 gL,
H 2 ) R EREHR T x M y: HFAMEB T, ged(a, b)AT AR AN EOIX AR 7 Lhr b
KARBERTUERIXFEMER. MH, Z¥ x My aJLlEd el FrYd B Euclid
WizXke, Z20HE 1-6.

function extended—Euclid(a.b)
Input: Two positive integers a and b with a=b=0
Qutput: Integers x,y,d such that d =ged(a.b) and ax+by=d

if b=0: return (1,0.a)
(x',v'.d) = extended—Euclid (b, a mod b)
return (y.x' — la/b]y'.d)

B 1-6 Euclid &M -1 Wped E

3118 M FEZEHEH$H oAb, #1AY A Euclid FETARFEH x, y# d,
1# ¥ ged(a, b) =d = ax +by R L.

EB: HAFHEWHKE, MRERAR TP XT x My NE2, ¥R
SEEENE . b, 2208 MNTFEH d=gcd(q, b)-

T 5 B R R RS, FEME SRR RIMERBAEKIEY . BEKE
b=0K40, BTLLEXT b B HUEAVE TR 1R T .

b =0 MEMEERBES HELEY. MEFHES b AEEERNE. HEHE
ged(a, b)2 i 1t i ] ged(b, @ mod b)Y EIH). A amod b <b, FrLAIATATLLKE IS
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AN HTX-BHAHERE, Fa4E: AHERFBA xAN y'£EIE/T:
gcd(b, a mod b) = bx' + (a mod b)y’

IR K (a mod bYW N (a— |a/b|b), BAVHK KB
d = ged(a, b)=gcd(b, a mod b) = bx' + (a mod b)y’

=bx'+(a~ |a/b|b)y'=ay'+b(x"-|alb|y"

Ml F d=ax+by, X x=y'H y=x"|alb|y"» TRIUEY T HEEH XN A (a, b)

HIE /M .
#: A T8 ged(25, 11), Euclid HiE¥ X F L 8.
25=2-11+3
N=3-3+2
3=1-2+1
2=2-140

(F—2H, BRKANBHRTHEERAEEXTHPE TUEE AR EE). A

£ ged(25, 11) = ged(11, 3) = ged(3, 2) = ged(2, 1) = ged(1, 0) = 1,
AT HRE] x My, %G 25x+ 11y =150, BATSCRR 1 s —PE3(1, 0)

For. RERFER L, BEHENEQ,D,3,2), (11,3)F R, BEHQRS IDER. B
PR
1=1-0
A THEUENQ, DER, BIMNMEBRKARBHELIENBRE —THEHOTH
#r: 0=2-2-1, NTnA3:
1=1-2-2-D=-1-2+3-1

e KA RSB AT ERRNA 1=3-1-2. i FEHH#:

1=-1-2433-1-2)=3.3-4-2
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gk R, AR 2=11-3-3M/M13=25-2-11, ¥BFf F=XLL:

1=3-3—-4(11-3-3)=—4-114+15-3=-4-11+15(25-2-11)=15-25-34-11
XEERSER T x My BiFSL: 15-25-34-11=1, Frllx=15 H y = -34.
1.2.5 1EBIRZE

E—BISEARS, M a+08WA T
W, FEMEISIAR S, FATAT LU — AR E X

EMEx A (F aBE NG —ANEFHEL, WREA ax = 1(mod N)A& L.,

EHNZETF, 226 - MPXFEM x WL LM EXELIA 1.23), BRIE
XEEM x bRiEH ale HE, MU THA—ELEFE! Flm, T 6 2H K,
DB AT EIARAFLEXEEM x, 73 2x = 1(mod 6)K L. TEIXFhAA]HE 1 1
e, aMINBIHEE, MNilamod Nt hEE, KA amodN=a-kN, HF kA
MK, BN, RINOTUHE, ged(a, B ax mod N, BN JE#H A ELE K
ax + kN B3R . Bl ged(a, N) > 1 Bf, ¥H axF 1 mod N, Aig x B AME, a
WALH BN ) FeiZi¥oc.

shE b, BLEWRE a AT HE— 5. 24 ged(a, N) =1 B (FRAIA a 1 N B
%), Y JE Buclid 85, ¥EABE x My, 8 ax+Ny=1, XEWKFH ax = 1(mod
N). iXHE, x AR ERMN a FT. ;

2. RERMNZETHE T, BERMEERH 117 mod 25. FIAYT &
Euclid &%, B8B83 15-25-34-11=1. FHE 25 RUMBFXAHL, BF-34-11=
1 mod 25. FiLl-34 =16 mod 25 4 11 mod 25 K 3EEW JT.

lVa, # a B4 FHRLLXA

WaREER S THEEHamod N, afA— M ENHREEA, HFHMRS a
ENEZk. wREEAHL, FLTAL O@)H AR, Bty & Euclid & K7 (&
BAFGES, nFT N,

XML TEREN N E. ST NESR, RONTURBRLUE N EEH
Br—— 1o HAb R B X B, SThr bt TR BR Y, BT A R i o LA B B i Tk
S0 1
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1.3  ZF M

BB PR A SR E RN, 8 D BUR e i R
AFE? RANVFAHET 200 1640 1) — P EH.

&' = 1(mod p).

Wl: @ SHEp TEKHAIFETBENES: BS=(1,2,...p1}. XBEH—
TERNEGIR: BEXLEHY a(B p) i &5 R A FAH 2 T XM BEAT — A1 8 00 HE 51 2
#o. B, X a=3,p=7HHMH:

| BHMSRRSEBRERME? T B
ﬁmm&,, 7. 17. 1942 79 R A ¥, 2 717-19- ?179:&1"&!&? MH}—-»’H&#
kﬁ&lﬁﬂt&iﬁ*&ﬁfw,ﬁﬁ#kiﬁﬁﬁﬁﬁ#ﬁ%@ﬂ m@
E— Ed&ﬂ?u#dﬁ&ﬁﬁ Hdo, BEHRTEMKIZE, GHRTALBH
BB AR A A @ﬁﬁxwaam&#xﬁﬁiiiwmtﬁﬁmf;“*ﬁ
WL —EBEHRT N NHAARAEE R LA RE—ARFATE,
NE—ARE. ﬁﬁ#%N#ﬁWu¢ﬂﬁN=KL&ﬁ£ LK LRANE
YR TRRBIE N,
#mm%m&kﬂiﬂ'ﬁﬁdﬁ#@ﬂ%ﬂ?ﬁﬁﬁﬁ&f—ﬁ;%ﬁﬁﬁ
i&ﬁﬁﬁ&#dﬁ&ﬁ e il SR -
| ﬁi,ﬁ*ﬂ+$$,%$ﬁ¢ﬁ&ﬁt&mﬂ RE
LB F A M RS M — AREA KK, 7B F AR
 ARELE, AAAFHRL, HEATATEREA, W
ﬁ#ﬁmﬁkﬁ#ﬂ,ﬁﬂiﬁﬁﬁhﬁkﬂ&k#ﬂ#ﬁﬂ_ W H)
REHEH (RMAEAE, R HRSH, EH G KELAEA
ARKE| E e — A B HK). '

kAT XA FAEH— P R. ANEBEF, RIIATH.
{1,2,...,6}=1{31mod7,3-2 mod 7,..., 3:6 mod 7}

¥ T
'.J"'
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1 1
2 2
3 3
4 4
5 D
6 6

SABESHAXAESHNAER TSR, 6! =3°6! (mod TV, A
ERIAELL 6!, #1533 3°= 1(mod 7), WMIFRE a=3. p=THHERTFRINMEFE
145 R .

MAELRANIPX —LRHET B a F p FHEE —BAHENR, 2 5= {1,2,....p-1}.
BRANVKAEH, {SHHITER U alipfa, GR¥EAME, HHEIFEZF. RN
HFEMNEE p-1IMTEEAN, Efl—E2 S —NHE7.

L i BEAFEN, ga-imodp BEAME, HAWMRE a-i=a-j(modp), HAMIL
FIBRLL a, ¥ i=j(mod p)Bir. EMMIEE, HAF a-i=0, WTHEHKL i=0.
(RATAT LUK PR o, HAMTERBE, « FF, RIS pER. )

BIMERAFHFI HiE KR RES S:

S={1,2,....p-1}={a-1modp,a-2modp,...,a-(p~1) mod p }
BATATLLEBES SRR AP EBRAATEMTE, HEE
(- =" (p-1)!(mod p)

75 i [ BB BL(p- DV IR Z Fr LR X FEfi, 2R AR E p W FEE, FrLi(p-1)!
5 p H#F), ©HMU.
ZEMHEMAT M EHFAERNNR T, DA — TN NETAIEN:

WL a BI{E a'=1mod N B R L?

Fermat #lis,
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HMBETHREDNEBEFARAM I BEEINERNRSLESLHS. ERAR
Y N AREHNSERE, FTUEXMELT, FERFERNEM. L£rtk, Xa
RS, A% N AT REREEEE 1 2% D /N AR (B0 @' = 1mod N). #14n, 341 =11-31
HAR—NES, RUANFAH 2= 1mod 341 7. RNLEF, BRINBHFEN TEH
N, aMKREZHEBEHBLFEETHR. URMNHELEHOBEESKBRE 1-7
PN, RIMNASRALFEBHRBHENMRARMNAFEONFE. T,
1-7 P A BEEIFATER a REAEMESHE, MEBALHM {1,... . N-1}F &
#—4\{5!@% do

function primality(N)

Input: Positive integer N
Qutput: yes/no

Pick a positive integer a < N at random
if a¥'=1 (mod N):

return yes
else:

return no

B 1-7 —AEHRWAEE

KT zEENRR, HAETEHR -MISKRERL. FE—RXBRAFINS
¥ N, #RA Carmichael 8, S A S NHEM o, NEHEIRDI K. M TiXE
¥, BAMGEEE R HEXLERILFEN, BERNE T #uE S £4e01(Z 1
1.3 ¥ H1 £ %t Carmichael B KB HEKMAR), Z87RA)E BB X KRB FE

7E A% 2 Carmichael HMH R T, RITWHEERNEBRE . £ARHN ERK
Wit R DPER, HAHEMER. H—HH, EFAR Carmichael HHI G H N, &t
aBFEERME, —EXLEETHRIWR; FORIMNEAHNSE L, ZHEEWRSE
tF a ZED—RE AT REBE, N ¥R DR,

Bl RN FEXRENEZEFHNG A ZlmodN, RLHFa<NHEY
— ¥ THIRAAL, N A& i LR,

EHH: ZEAEMa HFBH " £1 mod NBET. HED, MFAEKETX
?Nﬂﬂﬂ%wiﬁﬂ‘lﬁb{h’(ﬂﬂﬁ b¥'=1mod N 7)), BWH PN, a-b, &%
¥ -l i B R,



F1E BFHEE AN

(@ DY =g ¥ =" F1lmod N
#E.r ﬁfﬁ%ﬁﬂanb Mﬁ! 5&%%! fm—bm;ﬁﬁﬁﬂqr Eﬁﬁﬁ;ﬁﬁﬁﬂgn
xﬂaiz'—iﬁmﬂma,5&5%@&!&“&%#%%&9&5&—#:mﬂa-#a-;ﬂm,
Pa 3 R B LA a BR AT . |

#£451{1,2,....N-1}
b a-b
O---—---fF-——="°~ -0
o o]
e e o 5
o ~ "0
o---——-—-F-—=—-=—-- -0
@)
AL Sl

— M b a-b WAFTE, KU LT R DA KSR DR %D AR
L. IEE.
HE R 2 #% Carmichael 2, WAITLIAT LA F 4.
o MANEEY, MAXMHENR a<N, a'=1modN L.
o WMIBRNAREW, WA, a<NHFEREER Y, ELH FLHL =1
mod N.

M, B 17 FREERFUTHRER:

PrCY N AIEH, B 1-7 PHHEZEEM yes) =1
PrCA NAEEH, B 1-7 PRHEIERME yes) < 1/2




xKI), BPRENLA I 2 DA R B a 335 H3t 47 00K (B 1-8 FraR).
Pr(C4 N AR EHE, B 1-8 I E IR E yes) <1/2f

AL, H R ECR DR RO R R R, P HE R AW KR L E, REBAE
HEBRBERERE DK . X k=100 8, BUE a, MRS RUENEERE H
#7727, XE-AMRANEE: AL, E AR R T AR bR A B IE AT
HERNHHI LR LEE NG

function primality2(N)

Input: Positive integer N
Qutput: yes/no

Pick positive integers a;.a;,....,ak < N at random
if a¥'=1 (mod N) for all i=1.2...., k:

return yes
else:

return no

M1-8 —MMEHEERNGREN R &
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FEHBIBEN A

BMNREBSHBERENANENRALACEMBET .. dANERE MUK
BT, TRE-AMIEREHRORESES:, ZEHTEFEILEMNEK. BAIRBLEY
%, FFUBEHAER — DN XER EHR BB/ R — — DK n ALK EBFA
EX MR RYR nCElF ERKAR 1/(1In2") = 1.44/n). B L, 20 PSRBT
i RKaHE — N _EH!

Lagrange ZHEE 4 r(0)A <xEHHAHK. WA n(x)=x/(Inx), &L
R, '

m(x)
e (x/Inx)

R EREEE, MHLER— n{ﬁ&m#ﬁﬁﬁﬁﬁﬁfﬁﬁ

. Fﬁmﬁiﬁ_-—fhnﬁzﬁm;ﬁm

o Xt NHEATEYETIA.

o WMBEEEMIR, W N, FUEFU LT,

GEEAT L YPENEE TN, N REHEAEERELH U/n, BB N ER
A58 R . BT ER kT, RO H Un MRS L. ATFHEX,
Zid R On)IKIER G & E(Z W 1.34).

mmua=—+nmmtﬁ_%

rf”i ir: :Fl is J]l. T* wﬁ@; dﬁ 31_.; ‘"ﬁ i &f- .j _.
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n, Eiﬁmmﬂ#%#i% ﬂﬁi&?uﬁﬁﬁﬂﬁﬁﬁ ﬁ&%&@iﬂf}
73 15 *ﬁ*ama&ﬁﬁmﬂli i&:&—-ﬁﬂ-ﬁﬁnﬁu&##ﬁ g&# A MR
PEARME, KL, EXRANYT, CHARBKBEN, o= XERR, fﬁ§
ﬁﬁ&ﬁwﬁi& Srdeeh
HREATAS B, ﬁ*%#ﬁMthmu#% a*ﬁkﬁ%fﬁ
EARM IR, B R MR 5 —KAD Las Vegas Ik, T HRK e

Wk, A LR 6 1 R R RS AT B IR 4R 4. ﬁﬂiﬁﬂ#%ﬁﬁ%iﬁzf it i
GHARERFREALEONEASG 23 FM24%). iR
E4e ) 43t K 5 3 Eﬁi-&#ﬁhﬂ;lﬁ% Monte Carlo J #, ﬁ& 5.2 ﬁﬂw&
B AREFETMATH., MAREBEXE AT LORAEREZHAL, XH
E93FRFit#H. A, 4 £HRH —f-faﬁﬁﬁi% ¥ %(10.7 %)ﬁl#mﬂ&.-ﬁa
ﬂ#&m%m,ﬁ&&iﬁﬂﬁﬁ*&ﬁ——ﬂitﬂmmﬁxiﬁﬁ*;;%

l---‘ e Tt

AARATFEIRMTHERRE. __;ﬂmLﬁuu:;yww
EEEP I M 1.29. 1.34. 1.46. 2.24. 2.33. 5.35. 9.8, m#ﬁ?éﬁﬁ A

BEFXR, ROARLEN, PRAZEHB—FRENR? £4MHNEYT, &
T RATHEAT B WK B0 O BEFLE IR, AR B — MERARX PR, Pl A
HB a=2REHTHRIEM, a=2. 3. SH)FETEHIMRCH=EZHR, RN TH
PLBOK 3, Fermat JI13& H 4 O BESR, K bb 2 AiE W 5 ity 2 22 1 0 O BE 3R _EBR 1/2 /s
BE, WX RN A BN “ TWHERE”. ETX Wik, £PCH L
AE R RRAEER N JLEM KR

HARMARNPOEEMEL:. AHERMHNSERHTRERANRERTZ
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K? AIEX—HERMNEEFETHRRSUNIEFT LT 2BKMMBHREL. B—%
R, BERMNEAFTE K N<25%10°, Lla = 2 ARBEEHIR. £ N<
25x10° {76 Bl W AF7E K2 10° N E B, [T KZH 20 000 A& B0 o (o T E B
). Ek, e, Sl AN ABBERAN 20 000/10° = 2x10°. HEHES S
ERB B mMOEBI RN FFAEN PR LEALK), X—HEEEESRE
B A

s W
a% e Tk —
(=¥ a=2)
p/// f;&'f/}’? e g ﬁﬂﬁ 20 000 ¥
e WK 770~k 100 258
T 5 5 1 0 2 B 3 H <25 X 10° 4 EAIRY 5
1.4 HAF

BATH T —4 i i —— Rivest-Shamir-Adleman(RSA)% 5 H1 il , K F| FH AT &
WA PTG B B2 BT R R A, BB SRS R T R
Bg BRI EoEE . KB RAKT . EHEaR) #2550 X w8 a7 ## v 3L 4t 7]
(S B0 4y ) I A ] R4 2 B B R AR S 7

FEHFRMBRNN AT RTUELIU T =/AARZHEMIESNKAER: Alice M
Bob, Ahfi1ARER FHEATHAS, T Eve £ —/95Wr#, g /R 4 Jy A8 3 miE Al
ZREE R Bk, BE Alice MERIXEE x SHAMA Bob, 5B 2Tl
kg R (R MR, RARTANR? ). MEFERMER ex), K&
¢ Bob, i1 Bob 1 JHfib ) i % B d( )N BIME B BITHE: de(x)=x. XHHK
e(-) N d(-)HR AR X 15 B ) HE el B # oR 3L

Alice Fi! Bob 1.0 8§ Wi # Eve ¥ 28 K5 & e(x): i1, Eve ATRERMEE LK —
ANEEEE, BREMAEFRT, MERH ex)BRENTIEMBRE R 40)RTHEN FiEE
), XFE—K, Eve IMEFRIETHRE, L EiBEEMHF. -TZ, FiE e(x) A
ERBELHER, RELESFREMXT x ASHEE.
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Alice Bob
TR 0 —— z = d(e(x))

&r

Eve

JUAN T 42 AR, 5 75 2% AR 5 DL BT 18 10 5 S ML 1 A R Al - FERX AR RO PLEI T, Alice
1 Bob T4 WIHI, @& —ANEREILA, LLUE TR B XA 8% 65 40 By 7 38 {5 #E 1T
na#. Eve (NAR —AFYE, g2 lEEE - 2mFENELE, ELoELEN KR
b B G A

S#EHAPEIAE, 2 RSA XA A HNLE 8 B8 EMFLANE THI5. 246
I ARVF Alice HEE¥ 5 B K% 4 Bob, 1M KT HEHET . Bob 1% bR B ()2 A FF
(¥, Alice 7T A5 BhIX — 2 JF 19 b0 & oR BO0d £5 B 347 0 %, A S5 3015 B 807 .
N4 Bob &1l bR AR TFiX — B F48: B A Bob MiBEME R d(). 2HPLE
MBS AE T, Alice Ml Bob H il — e fj M iH &, 253 & 8 MG B&ET
PR F R — X R EHE T RS EH T AR . MR, WRAM
% R B, Eve BEARM S5 H, th b U HEAT 8 KB B0 I8 1 43 TR B B 33 20 R 1
X EREE RN TEAE D, Tt R EREGERXI VA S EXBLEMAE.
33X — o i M R AR AE AL A3 0 Web RIS RO AT RE, FI AT LA @MU 7E Internet
FHBEHEKSRELSLESHXHAT.

1.4.1 HPEWMF . —XR—EFEFBZEF AES

W Alice MEAA R AN EEMWAAGEEL Bob, HEid— N ME ek EE B

A7 TL A Ak B X dh o U R — A B A I IR
e: (ER) > (MEWER)

B AR, KA IN B R B 06 Z A VT 3 B —— B R U DT A AR AR AT I —
Rk S SR A — A AAE BB I B A5 R 2 ) B X [ R . n R B A A RR HOR R
TR d().

7E — K — % &9 4 (one-time pad)BL#I T, Alice f Bob FisE Wi, MAF T
E—ANHEE r, r 5 Alice (D RIZEMEEFR xWKE—F, HEIAL. M
i Alice (N3 R Bt & — N R EES, B e (x)=x®r: M¥EGERBKE—ALH
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Hy (R ES 2 x Rl AN FEE R R RS R, B, Wiy = 01110010, HA
5 B 11110000 3t 4 FL 9 40 B8 Ok LLF

e,(11110000)=11110000©01110010=10000010.

B e, A n BLALE B n BB A R BEE, SEBR bE R0 B LR e
A 5
e(e,(x))=(x®r)®r= x®(rdr)= x®0=x

HehgRG &% 0 ffrs. Mii, Bob W LI L — YRS A AH [ 0 0 & bR
kR H Alice RIELKRHER: d(y)=y®r.

T B AR — I — B ELS AN HI 24, Alice 1 Bob iZWITEH r B? B RIRM
B MBI BN R A, B BESHRETRRE, UEREEE
(AL BT EE R (0,1} AR MEETE, BALSE r B(O,1"RAEFENTRAOMELR
MM, SXEERIE, B Bve BIK T MERE R y=e(x), BMETXABIXT x XS K
AT B . AT B AR —F, {0 Eve 83K T IN#(E & y=10; 8 M b #E Wy th 41
LSBT BT A . Fitk r BrE TSR BUE M N T R 8615 & x BIAS R HUE :

00 1o

Dlﬂlx‘

10 —%—— 10
€01

11

T y

B bl Eve 4058 H015 B R AR S R IX P45 0. x MBTH Al REIVE R R M FR !

i — %k —EELESABUH 04 F AR MmO, VLRI GREE T E r EH
—RZERBAESR. FHE - AFEAN S - MERBITNERFTREERE,
FhtnE Eve W FTHAMEE x Rl z, 5B T xOr M z0r WL R, 20w LUl 5+
WA xOz R, XWRESEENGSE—FW, (HEBRRTHANEEX
MR FEAEHENFLNER, QUE—-MEREAE T —/MRKMN 0LR(E
W4 R A BN, 2SS BB R), A S —ANME BT AL E B K
R%. EHit, Alice Al Bob ILEMIBENLLL K E LA AMIMTERAIAERNK

!
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BEZ .
| Bk — EELE AR R AN RS ALE, {H R E /R B E e AR
R ATEN . EXTENESENEE, EF MR ERE, X’ —F#
e ELRE, BET 2001 FREEEEREEMEARARZRSINIE. AES 1
B—Fhas AL El: 7EXFHLEI T, Alice 1 Bob i 2 7 Eh JL i BEHLAL B Bl —
W, AREME, ZHEEROBELSERKERE, 2N DE, BHEN
128 fr(th A& Hh 192 frek 256 LrAIfEAL), EMLHIE X T — MM 128 ffi & F] 128
{7 7 &8 9 X [ B &t e, AES 5 e @5 SAHLHI 00 3 B IX B4 T X — X a) BRAS W] LA
SE, Bk, mREE - MHBKAGELR, RATLERG ST REBA 128 ALK H B
REMGE DR BWEH e #HATME.

AES LI R A IR A B =KNIEY, BEATURENE, ELES KA
T AE BB L — NN e )P REHERERFE x—BRAEHREAD
WA EERAZNBMER, MERRETMERHLZERALS » KIFAETRRE

—— 3.
142 RSA

SRR MR EBILEARFE, RSA FUHEZ—F AP EEE . £ AT EER
ATFRIE BRI A REEE, XA TFNE B AT LR bk ok i S S g5 . X
AT, SAANAEE AL RAATFHATFHH, UEA—REMh/MEE CHEN
R, 24 Alice FHZ [ Bob &% B x B, fb4E F Bob )2 FF & #AXF # BN .
i Bob 13 F 4th ) {7 % % G X 8 32 (1 B HEAT B %, LKA SRR xo Eve A LUBE
EHEE KL Bob IMFEWE, HEA HREREMERBET, B LENXE
EPSY X

RSA HLH 46 30 40 4K 8 T 208 AR . RATATLUKE Alice R i%4: Bob KN B FH
R NIBETS, KB NKOEEBHEIEALE NN RB. WD, iR
B MAEHEA {0,1,.. N-1} R0 e B, %3 ok BOR B % B B g . N BT 4
PERO B LB A 7 I 2 3 A B 1 0[] 1R 55 W 2

R MWARBAFRRAGEK pH g, H4 N=pg. HEES@-1)g1)EX
Bt e, AVATHMRARL:

1. B4 x> x*mod N £ & L £E4{0,1,...,.N-1} L& 3 &) B A,

2. B, EHABEmMGEBRM: A dH e Bp-1)(g-DRMEHE, T
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Fr A ) xe {0,1,...,.N-1}, H
(x*)’=x mod N

B—AMERERRABS x> x* mod N B — P AR x #TmFN S BT R,
EAmMETEEAEEREMAER. FTLl, WR Bob BW, )k AMK A FFEH, K
fbo AR TT U XA AR A RS MmN R . B oA E FRINME LR LW
(4T H) . Bob FHEH JENMKIRFEEY, FHE, Bob RATLIMERA RES
b mFEHE, MESERAFTRHEZIMOMEE X" #HTHE NSRS HA, Hps
WHE K d.

Bl A N=55=511. EEMERH =3, KL ged(e, (p-1)(g-1)) = ged(3,
40)=1. BEHRBM N d=3" mod 40 =27. WAEXN FIET#H & x mod 55, x MEH y
=x’mod 55, y B® K x =y mod 55. sk, WH x=13, B4 y=13"=52mod 55,
13 = 52 mod 55.

BETFR, iERMNBIF EEAER, HRE RSAVLHIK ZatE.

EH: RS x> x mod N BRAHR, WAL —ER—A W MBS ik,
ME2EEFHR 1, AR FIEAER 2 0], EHEIEHER 2, BRNEEE ¢
X FHEE-1)(g-DEBERTHR, XREN e 5p-1)(g-1)E £ . EHEH (x)=x mod
N, BAMNERZAFHHBREIED: HT ed=1mod (p-1)(g-1), FTLULFFLE k, 1E
BRATATLLK ed B 1+k(-1)(g- DR . MERMNIEBIHEFZ K EME

xed_x — xl+k{p—l}(q—]] - x

BREEOENESR. ERAMAREAXBREE, B e LN RS /DB IELT R/
pBRZEMMAA X' =1 mod p L), FIH, g tBBRBRZEME. XHEApH g
BHEH, FHERNRNE—EBRIZEM. ANTTH x“x=x""*"DED - x =0 (mod N)
AL, UEYE.

B o1-9 PR EMSH T RSA FLEHIKESESER. ZVHKMFER 5 A E: Alice
M Bob IR EMEBYI R . (HE 0 BE ZVLEE X Eve XM ERZL
G fey 2

RSA LA FEETUT —MNEABK:

X NedZBy=x"modN, BEHH xHR+ o EHEY.
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Bob 1% £ fth 1) 2 7 % B R IR % % 6 .
o FHIABEVIERMNARMPIAKEL p Hl g.
o MEIAFHEHEW,e), Hh N=pg, ez— 2n i KK, HE@-1)(g-1)
H#E., BHEHENTERE e=3, LA P E #8317 n & ¥ 1k .
o MR FERFR I, dRE e E(p-1)(g-DEEMF T, BT B Buclid LKA .
Alice A % [n) Bob &% B x.
o U3 F] Bob I FFHHIWN, e), HMFE N y=(x° mod N) & %4 Bob, i
F2 nl LUAE BB 48 B E 2 | BUth AT .
e Bob X #UWFI W BiITHE, MELHEFETHE )y mod N.
| & 1-9 RSA Bl

L EBRRESBEMN. Eve EAFH x KE, AWM ? BT EZR x AR
AEENAE, &t nT RRIUE#0 75 KM x°= y mod N R BAL, TMTX A A W7 il 7 B
TR ) R R BH . S - RERREZ AT HANEHEN, URENHET p M
g, RIGKH e B(p-1)(g-DIRIEMIWIT 4, T RATHE X EH R K T 7> 8% =2 F AR .
it B RAEEER S AMNIE, HERRE RSANH 2R A.

1.5 A #%5 &

BATCLBR B R B RT PRNAHRERAE. BIREER D FMEHHEM
M—FE R, XA, HEBRMAEREE. .

WM TN, BRNEESES —NFMEE KL 250 4 1P #ik KRB 3 {6
M F 2, XL 1P Hiht 7T RERE & 3 Web RS M AT EL A/ bt . AR ZRATI B I —
THXEMR, —AN P HhitaE 324, BEfRAT LM E—&8tBIRALE, &
W IP Mk R 4> BP9 A 8 AL X B, Bl4n 128.32.168.80 gt — A~ IP uhk). R
1B x4 1P Mk AFfE — A TP MUhE RS B4R, BN EBEIREHER
SR, (ARAXF R YR BAEET R ZBABTHE 27%=4x10° A E, ME]
PRI RO ETR. 5 —MEEFEMH MR, RFEMIX 250 4 1P Hubt,
B9 B4 1P Hhbk A B AEH R, PRt s 250, BMA P B BRLES . BEF
fE—Fh AR E A AT K, BB S HKFES RS 5K S Eok e f] .
NOREPRAE PRBE ) B R B AE R 7 HUF R Nz T A
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1.5.1 #II*x

LR IRATTHE M — AR R ROk B XL S R . RAOVEE 22 A AT B TP it &
A—ARikR “H4Z7. BEATLEEXAANAERE N 1B 250 ZEKEERMNMEE
e 33 A X 1) 36 R A 0 B ) . X R, MG R 2 1P sk R AT AR R B 5
%, BRBNIAEGR, RATEE I LR & X R Y 250 4 1P Hihk, K& H#H
PR T T A 5 44, AT FRATT R AT LA IX 2 1P bbb 77 A AE — A K/ R 250 I HA
h, FERIIXSEH 4 KR XL IP uak. MBREAN IPHMHERER - MHBELIR?
ERMEY. ZESWENTERN DR, BRIPAME T RCRX 5] 4 HX
A IP ik, R AMEEEEYS 250, AP BERELE, [H 5 A a6 R
IP b R X. B4, MBRABREHAIK IP it R TR 1514, WE
RS RARME, KHARNEERTNEEATFHREFA K. |

250 IPs ]
h -

7—-_'1‘” F—=ly

B3 R R ER=250

l

27 A 1P Mkt 47 £l 22 (6]

B2 B RRIZ TS EA 1P Mt RF— A3 20 ? HFl R B RER R IX A
. ERNAHBE T, R Ak P HbtBHEFFIRPHMTE, RIRKEKX
WA 250 HF R RRBRMNAMENBEIMEE). SEESE 1P ik x BB KR h(x),
[ Bt 1P Mtk x BNFEREZE SR P B h(x)PL B . AT AR, B H p A AL E b B2
— ARG, ER-AMER, HPEMERM B2 ENRRE 1P ik, fred
HIRA KRS A P F A LB E R 1P #hdk.

1.5.2 Bk &k

B O B T B TS . — AN S B BT S R 3B SR “BE LB (U
5 RS ¥ 2048 0 25 40 M 4 OO, ELE) B AR — A R B, Bt 2R < — BB (BLBE R



2 | X mie

1 RPAT Z R BT TR B ARG R). R, EFEBREFREIAOIAEES
RIMWERNAZBAFEER. ERMAME 79, BIIRIE —Frol EEAEK 1P
Moo o 4 8 £ I B, EP IP MubEMIB S — AN BE: h(128.32.168.80)=80. iXHt
BNFE—KETHn = 256 PHBAKE. FEXE—MHFHNBYEHET? KiF R
&, BoAZIP il & 5 — 4o B BUE 1 4 LB b b (n — A Bk 2 B AL ), WM
P EEXN N AT S+ S P UM E - MBS —
FIRBFRIHAFERE —Bm, MAXFFHREHEHARABTEMN, RESHH
HERBAPEWT IP kM HEm.

HEU ERAEIRBAESHETH 4 RS i RBATHER 250 4 IP #htk 7
Fifi N =27 % IP it AT REME i R WS A IIE, A XFEAN B R BRI R
U . i) SR R AT) v AR AR X 4 TP M kb B 4> A R B AT

RZ, B—HBIRBEA LRI EAREY, WATRRERE K EHELH xR
BE. BT —DES R 272 4 1P kB g AKX 250 M R4, MZEDSH—4
IP Huht (¥ H & B 2%2/250=2%%=16,000,000 ™88 T T 4 7 (4 5 42 (2 % LA 3) & o
RIARE, A “MPR” ). MRXAIP it P HFREREBNTEEZGH S IP #hhik,
A BATTHR B N BRI .

BR, BNEEEMEE LROBENE. UTFTRE—FEE. LRI EANETEF
BEFRIER — P EP RE. MERMEIEH, TiBAISOLHE 250 4 1P Hihk
B 43 A e, i PR R O 235 5 1 K 2 B 5 R BOW A & i X TP Hb ik A) K K R
M.

AT ERBER, BIMNFTEE XN HERAEEHLEBE S R B0 R EE: A
BRINKEEB TEHE MR, RINAFHMBLAMEBE RN 250, EEN n=257—
—ANEH BEERINNEEAN IP # x A — DT x=(xy,..., xq), WITLHTEEA
TLEMELEE n MAEMHBEHE —xNT IP bk, KL xHAm2ZN44E 0 3
255 2 MM BEB A E, BrLl 255 f n=257 Z MM DERBRA R4 KiEE.
RANTUEX—NERY b, FHUTHRK IP BB B — M EAE n G R: B
SE YA BE n(n=25T)RI 23, Blnsr HK 87, 23, 125 F1 4. MK IP Hu ik (xy,..., x4)
BRET A h(xy,..., x4)= (87x,+23 x,+125x3+4x4)mod 257. FL L, FEETUANH mod n &
SEX T —AMHF R

HTERUANERM a,..., a4 {0,1,...,n-1}, id a = (a1, az, a3, as)» HFENL h, K
R E TR
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4
ha[xl,.,.,x4)=2af x, mod n
i=]
RATHEY, MBRMAEBHEI LRI LR o, BA R BETREXTE
R %

MR 2 EAAE T RRE & IP A x=(x,,..., x9)F y=(31,..., ya). 2o R & ¥ a=(a),
dz, ds, ﬂ4)ﬁgﬁ.iuy\{0, 1, - n—l}‘i’l’z‘ﬁﬁbﬂl ﬁ]ﬂ:ﬁﬁ: ﬁﬁ”ﬂ;ﬁ‘Ti{)ﬁ.i

1
Pr (o1, X0)= a0s-ors Y} =

BEZ, EBRIIRE b, T, x My MEKBES x Ay 38 bEHLR 7 BT 5
LB EMRE. ZEHRETH TEEREIMPEARNRAMRE. FRWT: W
RRMNBEERINEPEE x, BERATHEBIRET x FEORBAR KD, &
MEAETFES xERTHNLZHRMOBEAMEE . RmdFRST LH 250 M HHE
T, MR — BT x AAHRNLZKMER 1/n=1/257. Bk, 5 xR T
() 51l 45 (W% T 5] 42 e — A B AL 326 5 06 #5051 R B b SR 55 BR ) AH (R A 20408 T ) S B2 3O H 2
250/257=1, XREHKFH x IEMBANPEARNT 2'.

B AE ik TR A1 ke IE BH AU R ) 1 5
EH: BT x=(x1,..., xa)F y=(y1,....ya ) EAA R, FrLX PN od — e fE L
HATFEER ARk—BE, RIS xitye. BT RBATEHFHBE Prihaxi,..., xa)=

harses ya)], HBRREEY " a-x=)" a-ymodn. Ti/FHTUE N

3
Zlai'(xl_yf)5a4'(y4_x4)m0'dn (1)
8 & AT oL B L EE B a=(a),a2,a3,a4) 3K 1% B B HLI%E BUHCS 26 80 B, B9 B RS - 34T
e RIEE a,a, Fl a3, REETHR, BELUTHE: K g EARQ)RILKBHRE
207 HWIHRMNSARWEBWEER c. MHT n BEH, LK ity (ax)X
FE B EBRE /I —¥x. B, ATHELR)E, NxdAPrms—
ANTE ay —EEBIFXN c-(a—xs) ' mod n, T aq KIEILEE n AT IIE. FEl as

1 SEHERT AR ES AN, DRNES, S AAHANINE, WRNSHMILER ¥ (i=1,...,250)
W1 HMES Y, %0, HE VEOMEHEL 1/n. X, Y=N+h+. +he RBRE x AT HFHNEORE
iM% H, METFHEMNEE, YRHEAREN Y B Yo M EEM M EMM, Ml Y e E%
B 250/n=250/257.
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FIEE R AKX RIEER 1/n, S
BAE L BRATEE — T BN A . BT 3RATE a1 ) B TS & 1 2 A R AE
BAT M T KB B8 S - — A BOF ROE BB — NS RE he TEABI,

H ={h,: a€ {0,....n-1}*)

R T e A% bR BUEK  BEHLEY A Hb B — AN 08 R B, AT BE L A3 B A g A
B HA ay,...,a4 BN EEITE n 81E. (MEFERHBOE, EXPHRR
PSS o] BB R B, BIER TP Mu sk R &5 — AR — > 8 A —#EH A B R 8,
#HmT ZEH. S48 hooonyM haooen). TMEBRBANE, ZRBEALFL
R

SFEERAARRGHKBER x =y, Bk T g Hin A3 2 8% x Fo p
Be At B — AT, A AABEH LK.

WX R EA R BER VBB R E. 52, HTFEERHOEAH
I, R RBBESLHE N E A RO, A B A O I R A v R R R
& Un. EWRBBRANTKE x M y MV B G B R/ — M HBAT RN R#BRER— AR
FhEk#l, X ARBIIENSR R, RINBEBKIEY, X —%KE%EMND
HEX L, BAISRESEERBRITFRHTEE.

MANFRIX e, B¥RE TEREN IP ut NG R, EEIEETZHNA.
HYVAEEEFRUTS®: 5k, BBARMK DB - EE, ZERLBE
FHEZRTPMPEEETIHERRK(REFEIENERELY, ERETRINEES E
HIRE, b, W THEBIREARBEMNAMER, BIARMBERNIK
FHETRBAMFME). BT R, BEFAEBRABEEEMRERE N=x", Bl
— AFAREBMNEENEBIMEALHEEEAERM, RIAFTEIFRB. RS
AEFEFATUMRY — MK THE 0 8EMN L TA, 1 H={h,: a€{0,....n- 1} }EI H—A
il FH #051 BR B -

5 A

1.1 i HTREMER =2, FE=ZD (L HMM, MEEHREAE
1.2 WEH: ERCHGIREOAKEDS RN N+ G B KA.
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Sb, X F A RKHIE, X B A R ) B3 L B B R4 4 2
13 —A deary BRIGXHEN — B, CHRATABRER d AT EY
EETA n DA d-ary ¥, HLIEE—FHQog n/log d). HHEEL H — kT i%
B ETfE R A B/ IR RS A g 2
1.4 {F®#g.
log(n!) = ®(nlogn)

HLoR: T WA I b5, Lo mi R s TS AL T I, BB nl 0 (n/2)").
1.5 REF—AJLAT RS, WRER 1.1/2.1/3.1/8.1/5,.. 2 %8,
2y - :

'Ill_

i=l I

SEfr b, NF—ADNKEE n, ARBERT n TR AT LA TR

i-ll—ﬁlnﬁ+;|/

i=1 ¢
HeIn 2 ERX H(log MK e=2.718...), yB—PEERHH 0.57721...
il B

Z%=@(lugn)
i=1

(r: ZEEHEAURIN LR, BRXPE -SRI EHEEN 2 K.
BHEHHTR, P E 0028 IEELRIEN 2.

1.6 UEHI: HHE/DERFREFTIRED 112 HHEHNHEZE S8, 458
{348 IF 4 .

1.7 HHEHEARESIEES L129E 1-1 FEAH), & o S HI R m
fr e m R, IENETNRZE /D IFHERNLE.

1.8 IEBIARSS 1.1.2 WA 1-2 R H & HBREEEGIERE, e, 4%
A& n A7 G B, S RIEATHE 2 o).

1.9 JF5E X x=y mod N(E N #53 x—y), iF B &4 #: 0
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x=x'modN, y=y modN=>x+y=xty mod N

HeAIE W & g 3R v B AH N HE )

1.10 iFBf: 8 a=b(mod NI H MER N, B4 a=b(mod M).

1.11 35 R 4'5°6-9924

1.12 2 (mod )L RZ2ED?

1.13 50 qm e YO EMATR 31 MHEHK?

1.14 A E8¥H p, BEBEWTHSE n/ Fibonacci L F,  p NE R . BHREK 2
—MATZERN T EE? Eax: EBMIE 04 KA. ) '

1.15 WEx M c FEWHENA SV ELRM, FHTEHAGENL: ¥ THEE
Bl a. b, MR ax=bxmodec, M a=5modc.

1.16 HETFAKES MK FEHEMETI o® mod ¢ ME TR FREEREREH A
—ERELH. SHB—FHE, UE—1Tb>10 M0 F, R ZBHzETLIE
o 5 /D i T ik B AR IS R

.17 LE®8E xMy HBEAH O WAE: RIMNTENE SHER, AR
ZERBE B =8, CoZaBrmmagEE: —fREEAEE, EdRT x
) y-1 EREEIETH:; B FMEBHEE, Ty B oHEHRFILIH.

bl 482 9 R SV BB AT W (A), B E AL 33 I BOR m A3 R HOAH 3 By 7 B B TR
A O(mn). |

1.18 FI B A 5 & H ged(210,588): — Fivid i Xt 5 A Btk 47 X ¥ o o S B
H—F il il Euclid HiEEH .

1.19 Fibonacci #(3 Fo, F\,... Bt BHRAER Foo= Fo+ Foyr Fo=0, F1=1 & X.
WEB: M TFHEER n=1, ged(Fper, Fa) = 1o

1.20 KRLAFHEHKTE: 20 mod 79+ 3 mod 62. 21 mod 91. 5 mod 23.

121 HELABEE, 48 1° WEREFRT? ER: 11°=1331)

1.22 WMRTFRWERSL, HEWHZ, &, FHEE: WR o 5HE b BIE
FFEEW TG, W b X HE o BAERAFEE T,

1.23 UF#: B abF 5 NERER — A FEEW T, BAaZRELTEME N
(# N).

1.24 WHR p BREK, MA{01,. . p -1} FAEZLANTE, HXE p" BEFE
¥ T ?

1.25 AwFREAR T, HH 2'Pmodl27. (RR: 127 2EEH)



BE BFNEE 4

1.26 17" WM BELD? BIR: EEBH 1427, RIMNIEFHALLLTEiE:
St FARMKEE pg, LLRAER a® 0(mod pg), HAR a? PV = 1(mod pg)B3r. )

1.27 FEWT RSAFWBRSE, H p=17, ¢g=23, N=391 LL & e=3(tn & 1-9 By
R)e REFHINPENZESZL? HE M=41 KMEHEZMTA?

1.28 fE—A4 RSAEHBARLD, p=7, ¢=11(HE 1-9 FxR). FKEBESXHAE
LACHEK RSA W RAK SERE d M e.

1.29 2 mIRBHEE{0,1,....m-1}. S FLULTFENBIEEK, HABENERT
2 A B RO, e R ESZDRALAL, DU Sk M R B ik B — 4N 3 iR %

(3)H={hahﬂz:ﬂ1,ﬂze[M]}r ﬁ;“F‘m:%—‘i\%%mﬁﬁ: Iﬁlﬂqiﬁi

hal,az (xl,x2)= ajx; + axx; mod m

VE T 1% oR B R AT R BR SR I L haya, 2 (M2 — [m], B% 28 H0KE [m] 1 — %)
BB A [m]P AR

b)) HS5@PHHRF—H, LE m=2" H2HE.

(c) HRLLTRE f [m]l=[m-11ES.

130 NEREFENHZERA n AL ZSEHI 8 x Ay HEN, HPEEHE I x
B AEHITEBA, REBHNNERE. SNMBIEBEBABREZRE, BEZEH 2n
fir k.

EXREB, BAKHFRT —Fhn A m b FH AN HE, ZHFEERT —#
o] it B AR O AT AR . A A S B BR 3K R (D] B X R BE BN [ B N B B el Y B K R
7, BORE T A HAS RS E.

AT PR m AL B RIBAEN, RNV EBRRERBE | fLE 4 005%
M i1 BLPEAE R REAAE . X T BB B IR R O(m) . $R T 2E AL A B =] 3% (i SRAR 2
THREZXTHBE, 7TLlRith wikipedia.com, BHEMAKXAZ)EBLL O(log m)
H) IR BE 56 Al DV #4E .

(a) B € 15 B AL 5T B (2] 2 3t 47 N #R 4E , Ud B @i el 6F A ¥ BE 8 O((log n)(log m))
FIE B, SERE n AN m AL 3 S B Nk .

(b) HX =4 m AL ZHBBAHME, Bl x+y+z, F7F— /DB 550 U SR
BAEHITH. RO EFTHMZERMESBIPAT, BATLLEIHEREFRELN
A EIBAR I s, CAEE o s RO i A7 AT DA ST T 30AR AT AT AR N . 1 B 4K
Yo B R T B — R . (R KA — PN BAREREHAL)
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(c) 8 4T {5 Bh T (b)sh /ML 15, Wit —MEREA O(log m)HIFEIRE, WHH
A n B kB R AR

1.31 XEMFEiTHREN! =1:2-3--N,

(a) WHRNZ—Anfr - HH%, N! BELMIKEZ DO RAERR)?

(b) BH—MIEN! WEE, F4ERNETRE.

132 —ATFEBHENBAIRRBETURRIK OB, Kb g,k BIEER,
HHE>1.

(a) B —AEREE, BU—MBHENIGA, BENEER-TFIH
Bt FEANFEE g, NTURTR ¢ HER. ZEENESTHEEZZD?

(b) WFBI: WR N=g"GtH Ng M kA EEL), WA, BLH kSlog N
S, BAN=1.

w)%m—¢ﬁﬁﬁ&,ﬁﬁ-%EEﬁNE@E—ﬁﬁu%ﬁﬁ%@ﬁﬁﬁﬂ

133 SH—AEXEE, WHEEA o L R x Ay BN AEE, BRE
¥ox Ry AN BBROR K. ZEENETREREED, BER HREBA?

134 AP 13.1%%, ROBUTER: BT nf - HWBFAH 1/ BF
¥, EHRY, BERBLER O o ZHHIHCA kR — AN ER. XX 4
w, RAMIES H™HEMIER.

Bl —MEERNET, MEE, SUBEp HRER. BPHTERRES
¢ﬁ,i%mﬂmﬁﬂﬁ%:ﬁ%l:%ﬁﬁwﬁﬁﬁﬁﬁiﬂTﬁﬁﬁ
S i(1-p) po HEE2: WR ERTPHIMBET KB, LY E=1+(1-p)E. )

1.35 Wilson EHIRH: —MPEHENEEHIHANA

(N-1)!=-1 (mod N)

(a) W p BEYH, WMTEBKHEx, HHKL Isx<p, M x xTHE p HIERA
Wi, XEERCP Rl 8 hE?

w}ﬁﬂﬂﬁ%ﬁﬁﬂ—&ﬁ,ﬁ%=ﬁ?ﬁﬁp.ﬁwnﬁﬂmmmﬁﬁg

(c) iEWl: MR N REEHK, WE-1)!#-1(mod N). (7K: HE d = gedN,
(N-1)D)- )

m)SﬂE¢EE$ﬁ.MMmEE%ﬂ%*¢ﬁ%ﬁ%ﬁﬁmﬁﬁ%#uﬁ
WA 4 BATIA b H 8 5 T B R AT ] AR e ?

136 FHIB. aABH, WR-AEHp#HL p =3 (mod 4), MWERMN=KNR
A p BRIER P AR ERESLH .
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(a) T8 p=3(mod 4). i (p+1)/4 & —NEH.

(b) MR a=x*(mod p), MEMNFRx R alp B — N FH ALY : R p = 3(mod
4), HEWMBR aFH—MTH p IFEHIR, Ba PV REXFER—NEHR.

1.37 T HEHESEHE.

(a) HIVE—5KEK, RPEFHE=F. B3N EMN0E 14 . 5P L
XUEH IEERRRE: D=5 PRXEHE S BEGHNLAE. ERRA T H4
RR?

(b) iEHI: WRp Mg BHENMARMERL, WX FEBEXG L, XPo<sj<
p UK O<k<gqg, fFEMH B O<i<pq, #18 i=jmodp M i=kmod g 3. (&
R: UEHITE 0 B pg WEE N, AFEFRIARKN i, BREHENG, L. )

(c) EX—HHEMEBTZHE ——XNXREP, BRESN i BRG, . EHTM@E
ARG, O E] i

i = {j-q-(¢" mod p) + k-p-( p"' mod ¢)} mod pg

d) BREFEOMCEOMNGRE EWALU EZHNHEG?

.38 HIB—NEERAEEH 3 B, W 562437487, BATH KT H#HRRE
BB, REHWHAGEEH 3 BRAITT . (5+6+2+4+3+7+4+4847=46, FTLLIR
BAREH: 3 BER).

HIT— RS 11 BB, WMLURE AT Ak BiZBEBTHESRRINERES
g FF 3 45 5 462 4> B — X5 (87,74,43,62,5), RGRXEHMM, AW HAEEH 11 £
BR(n RABR A, NEEHEE).

EFEAHN — DR 37 BRE? BREXBMNBELGWRFHE =108 —4
(487,437,562), RS54 IX e H A0, ] By IR0 BB 5 4 37 BER.

DEMBREHTEMAET 2 M S KER p. INEBERSEp #2,5 FE—T
BB or, FRITHE p BEAEBEER — N THB B n, BATRTLUR » B2 AR T H
+ B R GLH r-EHMWRAWIFEE RIS, REWKIXE rSTdAEin, FHH M
FEER# p BER.

(@ ¥Fp=13, B rBZEZL? T p=17HR?

(b) iEBH: r & p-1 B —ANHEF.

139 45 a, b, c MEH p, B —ANAELHAKANAHE, 5 a” modp.

1.40 AF T 402 x B 1 BN —AHEF P AR, B %L x’=1mod N, {8 x # +1



50 H & W& it

mod N, M4 N—EE&H. (B, 4°=1 mod 15, HRE 4F 1 mod 15; FL4 & 1
BISH—NEFEALEFTR.: )

1.41 —REH. BETFBHN. RNKaBRBENH AN RKRY, BRBFE
x,» 13 a=x>mod N 7.

(@ NN ATEH HaWBENK M EF - RKRBUEW {0, 1,...,N-1}
T AR x° = amod N,

(b) iFW: MENRE—AFER WEQOL.. N 1}FREND2 N ZRRE

(c) IE¥% a 1 N BURI IS, BEWAE x*= a mod N7E{0,1,.. . N-1}PHET 2
MNEIRE?

1.42 fE5E7E RSA BHESGNE 1-9 FFR)PAEHER N =pg, MMREH—
ANER p ENEE. XPE—3K, 7 “FH” RSAH, BE—IMEHRK e, —&H
B mmodp MBS KR m*mod po IEHX —FHNFEFRERAREN, ELSH—
AERMBBEEETELEREL. IREEENEBUNT: 45F p, e Ml m*mod p £
HEEBWAN, W mmodp. IEWEMEHIENEMRME, JoHHLETHME.

1.43 7F RSA AL ™, Alice IATFFEHW, e)fEMAFHATLIRE . BEL
BB d AN ODBIMEL T Bveo WFEHI: TR e = 3(—F % LKEE), A Eved]
PLA Rt N B B R

1.44 Alice b =A A A EE RSA FHRALGMHE . KA KK 2 &EH
5 51K (N;, e=3), i=1,2,3, 3% RSA ¥ MHLE, I FHEHLEEKEY p M q;, Ni =
pigie AL W] : TR Alice 178l i =N K #AR X T AHF Y » A —3EHIH B M(IEA RSA
AT INE), AR A— BRI T MO =4mEN S, Mok ar bLA X b RS
HEHRER M.

7 HAEEZRAMRIB 137 HEHTEEORR. )

1.45 RSA MI¥(F%4. FF— F7 RSA AHFEBRGE S, §MHPHE
ANFFBEEE P=(N, e)fl —MEEHZH d. TS LIBLEHAHE, 58 sign
verify. sign L —&H BN —NMREFHAIBA, BH 1 EHo. verify U
PL—AAFEHAWN,e), —NELoM—&HE MAMA, WMELHR LI sign o
BRAIREIHE MAAFEHWNW )N M FEEEHEAT sign I8, TLRHES
o), M verify &[] “true”; 7&WIE[E] “false”.

(@) BIMVAHATEHRFER?

(b) —4> RSA M FE LB sign(M, d)=M'(mod N), H dR—AREEH, N
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J X IS B 4 TR B B0 — 38 43 o AE W« AT 40T A FF N, e) 9N, BT BABAT verify((N,
e), M, M), BMBATIAT LARRAFE —~ NS4 R B EM R MR EFHOEMN . D H verify if
R RSB, AE I E R

(c) ERBEHCHK RSAMB N=pg, AFHEHe, URBREHY dIERT B
FATHSEHLSE i LR i B ESE p R g, HSRRATLAE — A 4 QBB T DL,
BL7E 30 0 1 % RSA BN MR F SR THEEL EXR THEEERE

A B, B BB BI[0, N-117E B R B, T LUBE R e e A, H OB

BRI, 4 H— NI L F BB 7 M2, - e B, SRR R — 3
FHATH 4, Wit LT AT m (mod N), A FAEH: (m) = my (mod N).

(d) Alice HEE —ME R, ZEEFERKRE LY Bob B FE L. ik EF Bob
1 RSA 2 FF &8 (17, 391). b 1 i% 4 A A 4 45 B ke b s o 6 3984 6L 2

1.46 W7X%, . FEIW 145 PRIZELZVLH .

(a) BLAUEWHFLR, ANTBREHERK. WFY: 0E Bob [& & i k2 sk i
R4 R HEAT 44, W Eve A LU FTIX — BT, M3 Alice RI£% Bob M{EMTHA.

(b) fBi5E Bob A/ W T, A4 4axt H5 44 44 F e ok BE AL SC A i 0 B A7 48
&0 (AT B — 4 BE LRI R 9 B —— BD—ANFE{1,..., N-1} 75 Bl 9 B L3 5 A 2 7
— EHERKEABRILAE), HR—F I, 8 Eve 7T LLET L Bob X LF
L2 BEHLAE 4 M AT 8 4, M3 Alice Ri%4 Bob I &
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WWHMWEﬁMT.Awnﬁmﬁﬂtamuw}wmfﬂﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁﬁ.
Fovditoy Y LRSS0 RE R G0 e SR R @ o "ﬂ.é&
W L [0 A R ,Lr CCRMRIE S s E% A2 wbh HAREE )
uﬁﬁw FHFWMN LD FUTES i BB DA RRERRR
Y REE R T 44§LLE§“T ETR T AT A Y bR AR mﬂiﬁiﬁ%
WEE ST R L B TE RO ] L 01 R 5 tm-w‘i*--
- 'ﬁi‘!*‘f;.h;f'i ek AL o, L e, ,_;_@lf:q_—ﬁ;m AL A el h'[um
AV bom) e = | ) L ROTEER B LA bown e s TRECRNE Tk AR IR &#
dofl (& T frur 5 @2V dod WA WKL ADN BT T Eﬁﬂmxmxh),
) P S S g AR R (108 mi%ﬁ’#ﬁ-ﬁ& A28
QTR A e BESE R 3P Y S B
R E | ak Rl o8 K0 T SURT BaA - RESE T Yol &ﬁ &)

B T dot 0 2 ol A HAR BT BRI T ov R BT SRNEE

S0 0 # 1 S Hk TS T e L T RS dofl R ),

PR A S EBG L, L H T W R S BR - ﬁm -3

BRI dofl 17V B (0 ovE UL B (AL BRTREERS —
H PN dof AYEHE anitA fﬁmﬂ " %mm@ R 2 R S

o 3V I ) e Hﬁﬂ"“m 1



chapter 2
o e B &

A RERR R EEEFEUT =4S B

1. BERESEI—HFRE, SN FREHSERERRAR, HE2LERRA
TERI R

2. 3B HK MR IX L F ) B

3. B F i Rk A Rie B E I, B3 R EBER#.

SHA SRR S PR R AR SR, AASTAFM TR R S 2 7 R AR A
EBHBELR, Y THELE MR ERERWE T THEMENEHT/E. X=
T T A 140 16 S0 B A0 8 1R 55 4 m LU & T 1A

HTHHMEBRE—DPEME SR, BIOEEE WM IX— BENRT BT R
%, DR —-MFMREEE ERURINEMFREFLHNRERHAR/S !

2.1 Fix
¥ 22 %K Carl Friedrich Gauss(1777-1855) ¥ £ BB XHE — MR : BARWFEHEMN
AN 8 T B E LA DY Wk SE Bk

(a + bi)(c + di) = ac — bd + (bc + ad)i

B e B S W AUAE i S R EHORIE TR ac, bd KA K (a+ b)(c +d), RN
A

bc+ad=(a+ b)(c+d)—ac—bd

% T Bk R B k-0 AHTT S, 4 T W 4 B 3 WP SR E A4
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SEME o 5 293X — /N 0 SO 4 3% ) b i AR T i, AR B 2R G R B3

Carl Friedrich Gauss
1777-1855

' FoCS T s © Corbis
ﬁ&{f]%ﬁﬁaﬁ%ﬁﬁfﬁﬂﬂﬁﬁﬁﬂmﬂﬂﬂﬁ&. AELABBEEHAHE. &
Ex My B n AL “HERER, ATET®R, AUBREn Z22HFAEL R
2 RO BRAIRAAR) . R x FLLy B —, RINVEXHEMNEHE — 2K
T BEABUR RSy A M AR /2 A B

x=| x X, |=2Mx, + x,

y=[ % Yo |=2"%y, 4+ %

Blan, R x=10110110( F5 2 ERE ZEE —H BB, WA x,=10115, xz
= 0110, [H x=1011,%X2*+ 0110, x Fl y KRB ATTATUE HLLFER:

xy = ("% + x) 2y + k) = 2" xov 4 22 (o vk + XeV) + Xedk

BAMNAFHELE “AFSHUNRELRGTE xy. HAPRNERIETELEN
A, Ll 2 MFWAOBREEFELENEEAHELTREABMEE). HBREERNH
ﬂf%ﬂl%ﬁ( ni2 Ar i3t B VL XL Yo~ XL YR~ XR YL~ XR VR: E{f]ﬁf-m&ﬁ&ﬁ
HA A EE . RICIRATH n AL 25 ) ek W X T X #/2 47— 2 i 3 A 3 (1Y
ATV - IE] R, BEAS IR AR AR A R AR T — ) T i, RIS AE O(n) I ]
HHBE AFSHUREXKE. & T(n)k EL n A7 = 2 5808 A B 3T K12 1T B
A], FAE 2] LT 3% HE

T(n) =4T(n/2) + O(n)

BATR IR R A BRI 2R HEU ) — T vk . eid, RATES H ERiBEHERK
ZATHRE: O(n®), E5 N FHEBRMEFERENZBITH AR B, BRARINEAT



B2 HEBHE S

—AFHREEE, BREEHESRTENBEE LM SR, BFLXMFTEER
fFERE?

Gauss UM RBRERBXFHARBEHIME. BAUTHE o FEUTFENK n/2 L
—HEEI B RE, BRWMATHER, MN=ZKHMER T x. vy xryr AR + x2)( 32
+yr)e BA xpyr+ xayr =(xp + xp)(yr + yr) ~ XL yr — xr yro WEWIHIEEHE 2-1 h &
W, Hgdt s rEAretm !

T(n) = 3T(n/2) + O(n).

R SE B ZE T RN R BB T Gauss HIX—/N B0 #8 8] T 8,
M4y 3, MEABRRKBASZET X~k BN AERNHERTH
Rt E T RGBE RS, &8 o).

%% AT B 6] AT DL ok 2 v s 5 VR R A ke A e . L BT B )3 UR A R
T—ARREH, WE 22 Fix. RMNAEEMIAMAINIOGEH. £8—BREH
MEERIABRRRS, FRBRABERE. £ og n)" B, FiH KRR
K1, MNmisEg b, Eik, SERNOEELR log.n. P XHEFE 33— BN HER
4 R = A E MO F R E— NTIZER S, WER kERE, 3£F 3N FiF
B, SRR a2k

function multiply(x, y)

Input: n-bit positive integers x and y
Output: Their product

if n=1: return xy

x,, Xs= leftmost [n/2], rightmost |n/2] bits of Xx
Yo. Ye= leftmost [n/2], rightmost |n/2] bits of y

P, =multiply(x.y)

P; =multiply (X, Vi)

Py =multiply (x, + Xe Vo + Vo)

return P, x 2"+ (Py —P; — P;) x 22 4+ P,

B 2-1 BXHHRNTEHIE

1 %k Lk, BHELNA
T(n) <3T(n/2+1)+0(n)

KRB W+ x) By +y) BT BE LA 2+ fLic. HTEFLHE, RONOWATRAMBESL, LS
1 38 #E 3 7E -0 B ST #3847 i 1) L5 56 R i 4 X Y B AT B ) R — B
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0 FREAS T )RR, B IC T ) B G T i) R A A R AR, AR RE AR LR
W 18] A SE . DR R AE B R SR BN & A9 J2 Ik 18 2 i & B T6) Dy

%0 (2—1) = (;)k x O(n).

(a)

[1{!110{}“] = (01100011

AN

1011 % 0110 | [0010 x 0011 | [ 1101 x 1001

(b)

EI\\ |
I /]E\\ ]

3t logn B

L

1] [
M 2-2 rinB¥RE. @QFTEERI> A= TRE: (b)EHKEK

ERERTUZ, B2 k=0R, TR Om). EMNEKE, % k=log
n i, BT AEFERT O(gmn), EHATLLE N O, o) (A1 3 B E G ? ), 7E
B TR R R R 2 00, AT AR (O FERE A O(n) B O om:3) 2 LT BN 4, 15— 2
WK BB TR 3/2. FIB— F % T JUAT G800 AR, AE R 0 LA B AL
FUAS S A % % K T B 3 A, T R O B AN R R T 2% 40 AR 300K R (B L ST
0.2). BRI B BB 4T N 3] | O(,p0e3), K% 4 O(n' ™).

o0 R % 1 Gauss f9/NEETS, 338 U BRE A0 G BE A AR F R, AR 4 S B T AR
4o EERBORAT 40" = RV, SRR SEIZ AT M E D B O(n). TESHRH
B, RS AR T A RO T3 T R 4 SR T 4 S BRI D B e
S 332 47 I ) s P K R



®2&E 56 B %k 57

—NERZ R T IR, W AT T ) AR, B 3
Bmprsbes 1 . AN TREHABBNE, 16 L08R 32 £F i — BF H e ik 4 4
WK — IR AR B AR, BT L T RE S 50 IR A MO0 A BOL B XA KRR, B
117 % 3 v A0 AT LLA% Bh &b B8 38 9 B 1 ol 72 ke 34T .

BeJa, BRIMAKER EE: RIOGEBMEEFS? FLIEY, FAEERME
FRIET I, CRTH MEER G W& Fourier B#e, HATKLE 2.6 15 if

2.2 #HIEX

PRFER R M B, B FEMRBEIA 2 R R, BREEIH
SR AE o N BB n/b 10F B, RIS FE O(n®)i 1] P K5 7 1 R B R & Ok, 3L op
av by d>0 22 ENEHFE WA RIEHIZED, a=3. b=2.d=1). iKY
B AT I B AT FT LB A 2 T(n) = aT([n/b )O3 . LLTF RATHE 4 HiX 2%
— OB HE M — A A, LU CUS 38 3557 0 ) B S i O 7 I B kAT K A

FEE? MR THEB a>0. b>1 LUK d=0, & T(n) = al([n/b]) + O )KL,

Ul

rO(n“') mEd > log, a
T(n)={0(n"logn) fnid=log,a
HO(nl"“*") wfd <log, a

U AXFE — A 52 Bk v DL R R AT AT 68 H B 1 Kk 2 300 v S s AT i )

EH: iR, HEBErZ2bHNTE. X—BEEASSIBKELER N
M AR EEMEEEZN—EE, b HEMNEEFES n HEBK, BALSHEIT b
(B n 5 (B R AE 2.2)—— X — BT RAVEHE [o/p | HREEANE .
_ BEFX, BRIMERR: FEES - EXRBHABNHET, FREMELLETF b 1#E
BRI/, MITTAEL T logyn N E K E % I J5 18 B AN O . log, n 18 4F 238 13 B 1
HWE. ZMBOEXETE o FFUMBE FELE—EE HATHE, 8470 8"
AR R /b (B WE 2-3). EiZER T TERER:

2 MFREARMEHEFE ST -RNOLEGR, AdBRINBHAFTEEN.
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L n

HWE /b

A /b’
W log,"

L o
Eﬁﬂhg& - "1%

2-3 HABEN a0 R B2 MWH a NN a/b KT F

B & &k A\ O(EHE)I8 N 2] log, n(B ™ X N 2 IR), &4 BEIK LK FER K —4
JLAT B8, BRI AWA a/b’s BATTA LAR 28 5 #h LA K-0 FRiER B R X — LT & H
KF(Z W 0.2), BESNUT=MIEMN:

1. AT 1.

XERERBRBRK, NTTERMTUNHALETRER, B o@Y.

2. AHKTF 1.

X B EBORBRI N, NSRRI LU RGERR, B O(n'®%):

logy, it
n*f E logy n _ 1'"Bb _ a]':’gb no_ a”% ni(logya) _ nlugbu
h4 {b]f'&h n}d



$2E HEHEE S

3. ABET 1.
iX Fh g 50T B BT A 1 O(logn) T ¥ % T O(n%).
Pl E=MERB TN T EEERERRH =M. iFE.

: 2 ot LT
i o - " o W
T e . SRS . %.-; gl

2.3 A FHAF

S —FIBOR AT HEF I ) A SR L RATE R T 4016 RKeE: K iZFI 5 PR oy
B AR AT HE, RERBEANERFTFIIRATE .

function mergesort(all...n])

Input: An array of numbers a[l...n]
Output: A sorted version of this array

ifn=1:
return merge(mergesort(all...|n/2]]),
mergesort(alln/2]+1...n]))

else:
return a

HESRET IEME merge THIRE, ZFENEREATEH. URGEHIF
FFOCR T FHESD)ECA x[1..A18 y[1...0], BATZEFBEENAERBEFR—IFF
A (1. kW7 ATULRALLFROM R IR WAz FE 1 Iu®EE x[1]8 y[1],
IXH R T HERE o z[ - ]9 3 4% 00 o0 B AT LR DU R A 33 H B9 5 iR A e .

function merge (x[1...k], y[1...1])

if k=0: return y[1...1]
ifl=0: return x[1...k]
if x[1] < yl[1]:
return x[1]omerge(x[2...k], ¥[1...1])
else: '
return y[l]omerge(x[1...k], y[2...1])
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A P o AR L E R E . % merge i FE 7B X% 0 A I B CAE &R R FFA
BCLGEWHTXFEMIATHE: merge IFRERMNBAZ MBI HELE), HIEN.S
BATHF(E] A Ok + ). B merge it 72 2 L E B ), mergesort i & 3B 4T I 8] 3§ A2

T(n) = 2T(n/2) + O(n),

& O(nlogn).

X [E] 3L #H P mergesort HiLR, AT KA LR TIEMES H L E Bt
7, TOAF 8 1E BB AU A B T R4 E RN A B IEFFdh . #5085 6 ]
BAEHA I, AR—P P cd. R— _cHAEIFB— 1A, KX
K. B 2-4PEH—1HTF.

function iterative-mergesort(all...n])
Input: elements a.a,...,a, to be sorted

Q=[] (empty queue)
for i=1 to n:
inject(Q, [a])
while |Q| > 1:
inject(Q,merge(eject(Q).eject(Q}))
return eject(Q)

MA: 10 2 5[3'[?]13 16

0] (2| [s] [8] [7] [18] [1] |6
PRIRSR)

2 10 3|5 7 (13 16
| 16713

1/2 3|5 671013

wa
o
[
=]

# 2-4 mergesort(& IHHEF )b & 3 8 E 0 W A
iR AR ES s T mergesort A LUETEMAMERALH. EEENZ, #
H—4“imah 7 A A )R T B —— 24 AT A 7S B B RN B AT S 3
W F —#igah . X gl af UE S — AN BAF R A 2, [A] iF A B s AN BA 3] 3k 68
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BUHRABABAT G, RELEGHREGERBEATIEE.
& MR T, AR inject [ AFIRHHEA —AITTHK, 1 eject MBAF kK
MU — A ou#E, FFRMXAITE.

HEFF 3% 89 nlogn B AT 57

#ﬁ#%TuﬁﬁHﬁﬁ*ﬁi B 2-5 PR ERT 24— &&ﬁﬁ#ﬁ %
P A ALK, a L HAREN TR T: SAKE af g R
ﬂ#ik,ﬁ%ﬁ%mmﬁ;%ﬂ,w&m#ah&ﬁﬁﬂﬁﬁxﬁ&ﬁT%.
RAHFABEMGEADNTH AL, I TFER 1,23 ZAKHBFAHFT X, &
BT EAAEHEFRMA. Hlo, #kmmmmpﬁﬁM£%ﬁﬂﬁﬁ$&L#ﬁ
BINRAH “2137,

321 231 312 132

A 2-5 —BAMHERF

S AR 6 I B (depth)—— FF AABHAR % 5 B ot ot 3 5 60 K 22 b 09 bR R K,
EA TR 3I— B ian i L AR R £EHNL.

AHBRBAEEEGFXEEAA, BATCTRARELFHARRRGER,
MEAE L L, Qnlogn) KBRS T n MUK GHA RLIH. |

ER T FEARS—AAEOAAE)RTHAE G EH, ST T E
e — AR F(1,2,.. .0} 055 . EFEE, 54 HF AR A A —Art T E G478 1
N, RARBE: R -AHZHMEFHRER, @Y ENERIAHITRAAE
HATHA M, k4t dimA i R EAN, G F n ALK OHIR
A onldt, ARXRRE VA sl At P A,

AMYEAL LREXTK: X2 K= xw,mﬁammﬂﬁi)%#m¢#



24 FHRFR

—HEFHAPHRE KPR GER: XAHEPE - FKFFW, F—FPFHI.
B, [45,1,10,30,25]01F 2 25, BALXFEHFTFFE, 25 RFETE. SF
FIRKERBEN, PR CERATHMER, KRB BB BEGNEEHD
I .

ZRETIHA —FI P o, &ENuREER NS BoREE %
BOEAE, o 00 BE R A R (. PR B A X — A, (E R 5 HOR IR
Bk, A—edX L, PHFEAANKE. RAPHERXNNEFH—R, 1T
B AR — &, BT A3 3068 3 51 S0 4 A 2 R B PR VIR A R R 2 98 . Bldm,
100 N 1 # R —FI A P ISR E 1, P HE R 1. HE, WwRX 100 M F
B — D RRBIEE 10000, HFHEHEMEEAZE 100 LA E, HPTHAERFAZE.

FRaAANBEOPIEEERE: AESEMNHEFIRR. XM AFENBRBEETER
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B O(nlogn), MBRMNIAMRFEHBITHEIREMEN. XHAFEBAEALARBART K,
Ry PR FET I, BRRPAFETHERERN—RIMNAFERIX n A
B P I, FEA IO I Bz 18] (4R X W -

5T T 3P T 33 VA A R, 0 SRS T 4R b ] AR b B — AR ) (53—
SIB BRI RSN R B —2, XTRSSAREURG— HEET, &
] LR AP R D BE B E SR K. ZERAMMBI 7o, %810 F 4R P 5 S
R A 2 3 #F 1)

ik % 4] B0
WA —FIBMEA S — ARk

Hith: A SPE kDR

B, 2 k=10, SHETR S WRATE, T4 k=|[s|/2 |0, EFHR S B

RFER A — RSN E

I RBREFENBEE —FWEHE. STEBLEOH v, BE S S
DTRHR=A: v /. 5 v HEERNBEOTRESEZMNUEE v K. 458X
—HEA S S, Sge B, WRES SWTFPR:

S: 1236|5121 |8 13|11]20|5)14]|]1

Brxtv=5, S#EaR=4H, 5N

Sp: 2141 S,: | 515 Sg: | 36|21 | 8|13 |11 |20

HRERCELNES D, FMESHEX=NFEPRE AN LHEHIT. WRR
MEEIFRES SHE 8 MLFE, RIMMMEE—CR S MWE 3 dE, BH
|SL|+]5,|=5, B selection(S,8) = selection(Sg,3). F — A, HEid L £ SiX T4
SHRERBZERMRDRER, BRIOTLARBRHFEHMEI RO TEARN THE P

selection (S, , k) mRk <|S,|
selection (S,k)=1{v MRS, |<k<|S,|+|S,]
selection (S, k —|S,|-|S,|) Rk >|S,|+]S,|

H S ATELRMER M AN R 2] S, S M Sps SEBr B, X —RI4d #8 AT URE Mk 17,
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LR AHEFIEAFZT WS ALIE 2.15). RERIMATULERDSEGER T
ELH#HTRERAT. WASERNBRETRGFEEZN TERE NS ZE DD
max {|S;|,|Sg|} (7T EL Ee X AN e KAE i /D).
AEFRER>REHECLLBEHERHEN 2SR, REATHUMEFE v X—2
KEBEMMATT . v HIZENZREHRTT, HFHENZRBEREMERERULA KX

N, ﬂﬁ%'f%ﬁ%l&l,mlz%rmu MBERMIEBHE X —EH, ZEENZTHE

W 3 A2
T(n) = T(n/2) + O(n)
IR E R tEm 8], BEBEREHB v BPI, X852 BRATH & H
Hir! Ht, EAER, BIKH —FHAEERTRE: NS PHEHLEE v.

BR & H
RER, ZHEENBITH KB TRNBEIERKN v. 552 7 68 H X H 1

fWHi: HTFRHENTE, RINVFEHKRY v RRBHAT B R TREERPITLEK).
XPEME, BRBMNAREHFEROBAUR DGR 1. XXM, EZATHETF,
BAVATREE R HM v =36, RIFEHB v =21, PIHLRHE. ZMREHILEER
FAT £ 2 5 ) KB S 3% o S0 B AT

n+(n-1)+ (n-2) +...+§ — @(nﬁ)

WEBECHIHRPHH). HE, XMHHELHAHBERLEEZBEK. FERDHIK
ARHRMNAE SO BREFE, B REVLERY v RIFREERA—7A =, A
i 4 8 v 3 AT I BA B O(n). 7E O(m)BlO(n*) LBl W, SR 25847 1) (A 2
ZbWR? ¥ iz, EEBEBEE THETREREIL.

HTEAETH v ERFR, BRIAMHEUTHE: R vEECSHER4AS
P42 —fr BN = B2E, BARMNMKKEFR v ZBIFH. RIWE v
X FpESL, RENERBHETE S H SRAOKDPEER S KPR TZ =M
EHPHEEW? ), NRELHAMBERFEREAN KA. FBHE, EFH
v BEFHILERIEAD: BABATHE —F o EZHETHNSZ NN =4’
Z [a] !

BER— N BEALEER v IREBEEHBESR 50%, RAERERE — 1 REBL
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v ZHl, BATFHBEERESONFRRAGFH vIR? UFERNENRBH —A
FE AL Hi A (5] B 1 2 W3 58 1.34):

513 AEHEPHERY, AR —KREBZAT, FPHEEH—ANLFEF 2 K.

W L ERNEF[IIERMZAT, MBERHOHBRE. LAEER, BNED
m Rk, MRB/RIER, RESER. 05283 R MR H K BEER 1/2),

ﬂﬂ%%iﬁﬁﬁﬁuEk.E=H%E,kﬁEﬁﬂEﬂuﬁ$,

B, fE-FEP KR 082G, 18R B K /K B % 45 0 3 3L 506 K/
M2 = 2 TmRRUKDA n B4 DA EEOPESTE, RAIT
LA7S 2 |

T(n) < T(3n/4) + O(n)

X T T R P e 4l S 0

AR n ) B B N B SEEAE AT I T) < (BLK/ R 3m/d (304 b M N i 35
VAIBAT i 18] )+ (R 41 /N8 o 55 HC R A K/ 3/4 LR BRAE BRI [A]), S0 A% 8
A MR BT P —— M T TS R, B af 8 3 2R .

HiZE XA T(n) = O(n), XEKE: S TAERBA, RIMEEFYTL
FEAE LGP X B IR (8] IF O A

Hiﬁ'w_u’ﬁmm+ f_i ‘ﬁ“} Lr* ﬁ‘r*‘* %m ﬁi‘@hﬂ.w.é

Lo 4 5 I
'r-= "(%,
Pt

5&5&1#%&#3 oh#a:f éﬁ 0 5 ~m, "hé% kﬁ&
ﬁﬁﬁﬁ§4ﬁﬁﬂﬁﬁﬁxwﬂ$ |

A, g;m,&ﬂwgg f&»HM‘ﬂP

ﬂmfiﬁ%&m&# E
TR matm;*-;ﬁ,_;,__ AR o7
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AR ﬁ&ﬁﬁﬁﬂiﬁ :fi A %: ‘ﬁ 2 ﬂ;z ,ﬁ, .g.t«,,f"f; x*.‘ﬁ *s* “’%ﬁ% -2‘ ,a,ﬁ‘if;—::

2.5 4EMEE

BEAS nxn MI5ERE X A Y BORELRE 5 — A nxn KR Z=XY, KPR, /)THL
T

Z,=) XY,
k=1
WTEEMM Y EEAAR, LK Z, BMER X KR TR YRS
AR, W 2-6 Bon

&
(1.7)

X Y z
2-6 AR

— M, XYHAET rx: ENEERERHETRE.

FEPARS N THEEREN —HETHEY o@)MEE: Bl —HEHH
RATTE, TEATENHEEE OmMHE. Y25 R K& —BE, ZEEHEA
HEFRAANBRERERENYE, EEAASIENT, ERETHEHAT, ®E
oA S 8 S AT . B, 448 E 2 K Volker Strassen 7E 1969 4 B A b R 3L
T— ﬂﬁﬁﬁmﬁ&w,ﬁmm@mﬁﬁﬁmmmxaﬁﬁT X b T B R
F 4310 BARM .

A5 [ SR v B B TR A 50 MO R 4> B — AR B T A, R Ok B TR BB B 4 BRI AT
T U H 4 MR, BATE X R Y #R45REA ni2xn/2 FHR, WFR:

*=le o} e &

T XA Y i TR L X TR AT R, TOXEMT RGN T REE M —
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TEMETEE N E 2.11).

XY = A B|E F B AE+BG AF+BH
|c D||G H| |CE+DG CF+DH

BATTH 5 96 SREWE P a4 BB » ME BE R R AR XY, WTLLSE 8 9 b it
S8 NHBA n/2 MH FEKIRE AE. BG. AF. BH. CE. DG. CF. DH, RE B
1T O(n™) B 1) B 9538 BEBI AT o 3% 4% ¥ B3 00 R 35 4T I 1) 996 2 DL F B 4R 6

T(n) = 8T(n/2) + O(n%).

RXHE—K, ZHENZBEITHEBERE o@’), SRS EE S 5, BEEM %
. RMA AR, ZEENRRLLRETUABIMSN, X8 ETF— LK
FARHEE TS . GREYW, XYFTUUGET 74 n2xn2 I FRIBEHHERE. RS
MaMEBERMMKE THROME A, FH8RMNBAEFEE, Strassen M £
LIRCIN-: g ol

B+P~B+E,  RtR
XY =
B+E  R+B-P-F

e
P, = A(F-H) Ps = (A+D) (E+H)
P, = (4A+tB)H Ps = (B-D) (G+H)
Py = (C+D)E P7=(4-C) (E+F)
P, = D(G-E)

W7 1) $ v 12 A7 B 1) 3 2
T(n) = TT(n/2) + O(n?).

@ 3 B i AT 4, 18 BB MB IR G O(n°% Y=o ).
2.6 i Fourier T it

BRI C G RAUE T 2 16 50 1 0% F T B 3O vk FO R B e i, M 1T 48 3 o
KfE. BRI T -MEHRZHER. BN JREHARAMNRHR 4 2d KETR,



68 H X # it

b .
(1+2x+3x) - 2+x+4x)=2+5x+ 12x" + 11x° + 12x".
B, W AGx) =ap+Fawx+ ... +ax®s, Bx)=bo+ bx+ ... +bx, AATH
PR C(x)=A(x)-B(x)=co+cix+ ...+ cgﬂnxzd, ZA PR

k
Cp = agb; +abg + ...+ ahy = Zaibk-i
i=0

(Y4 i>dit, a; M b #%TF 0). FIH LA IH o @ E O IKEAE, KHIi,
KA 2d+1 M ABEEO@E RN E . 1% 0 iEilk £ 0k A 18w R e ?

Sf b i ) B R 5 K 5] AR Fourier 84t . tRIE Fourier ZZH M A IAEF T —
— Lhr b, iRk EEN T — BN S A B (S NE FRPKETHES R
WZ). BT Fourier B #M A LR EM AL, LA TS KK EBAEZERT
JBARKS B, A RMNAEE BB HR M E. W RE R T #HIRE Fourier Z# ) H
Pk, FTLABKRLCAR RSy, HEEMEAN 2.6.4 1,

26.1 ZWMABH—MRTFE
TEVFR 2 T R R LA, RANF LB TSI N EEER.
MR —AMdREFAXMALEEE drl A TRE AW BRAL TR — 5 E .

R — AR R TR BRI —&EL”. BERITKETH
M4 —BETUHET EE - ROF RSN 2.63 7). RERNKOBOE, &M
Fal T E£HA A —MERRE. SEEEARM A x,... x0 RATBLZER LUE T LA
TR FEPREE M, Kifie —1 dﬁﬁiﬁiﬁfi(x)=ag+a1x+...+a‘p:d:

1. REERZE: 2K RE ao, ay,..., as

2. [ TARHE: A(xo), A(x1),..., A(xg) HIE

X PR R, B R E T B TR EE. BT A B(x)HI
COOMIIREH 2d, FrLlE AT E 2d+1 DNASFE 2 AL B HUME B e — € - R B X T 5
Bz Ab COORIE SRR R, R IE A M B()ME BN A . XFE, EERRIET,
% 1 2 e vk A2 L I TH) )

At B ETRMAELZARBEHAAZIR, BLEAEMA L IR K FRBARE
AR RE R ARRNEFELCAHBAZIOIANRLAE HAE—ZIRATHE
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LR LER T A NI — RJE, HHEAEAZ TR A AR, I
B AR R B TR AR R ER SRS Lh b B R B0 e 1
g -

ES (C. 73 Giadiis
20184 - AGQ)ACK),... KD

. HE(E

2-7 eyl T M N B B

Input: Coefficients of two polynomials, A(x) and B(x), of
degree d
OQutput: Their product C = A-B

Selection

Pick some points x;. x,....%,—;, where n=2d+1
Evaluation

Compute A(xp), A(x;),..., A(x,—1) and B(xq). B(x;)...., B(Xy-1)
Multiplication

Compute C(x) = Alx)B(xx) for all k=0,...,n-1
Interpolation

Recover C(x) =cp+C1X+ -+ Caax*@

E2-7 WX MR




£ T B R S RAT T X — R M E G, LU, 7 —
AMRENEE ERENE AR MROLE, FEEZHENRENT? BR, &
BB TR n UM T2 TR AR AL 7E 4R B P SE AR, AT (O L S A R

3 ERMMEAAMBS, EHANRBER WAL, A4, XLERY - MBULRD, RBEEORAR
R# kAR R CLE R R A AR . Bk — B, RO XM RIER: N5,
AR FTRAMNNENAARDEBHRASZHHBEERBBANHEE.




g2 HBHHEZE M

HBAHNERHTREUHESBOREMAR? £ MERPALTHE - d K
EHARNETEELR ORBIESE LB 2.29), FUE » R0 2 M BE
(¥ i 18] F S ED h ©(n?). £ T R BAT1H¥ F 2R #E Fourier BH(F M FFT)H XN H I T
B7 % 1 B R 4L A O(nlogn), R EX T xo,....0, BN ER —E WM ET, UERSAR
A EHARETEEREzRAE - HEELR, WREXEESSREIANRD
B, HAEW VA REERE.

26.2 HESERNDAZIZR

FTHEGBEER T OMERKENTET -1 NEMANHESRITHN 0 A
R WMRBATEFENANIERA BT, B

:tIﬂ, :i:xh*“v :txnﬂ‘l

MAEAD A@)F ACx)FENHHLEBRPSERRN-BLER, Bh xHEBKFE
H-x; KR KFEMFE .
HTHFHEFRX— A, RINFEH AR x K7 KB E LT, W

3+ 4x + 6x% + 257 + x*+ 10x° = (3 + 6x2 + x*) + x(4 + 2x* + 10x%)

FEINFEEHPHALELET LHBHER. F—KH,
A(x) = A(x*) + x A,(x%)

K A(ESEXESNAR T 4CO)BTHFRBHBAE, EMHHRK
PMFZEF n2-1 METRGERR, BE » 2BE). HE R tx, Ax)HTHEL
BT LLE A(-x)F B E

A(I!)z Ae (xi1}+xf‘4a ('Ilz)
A(_ l)=A¢ (xiz)—xiAo (x:'z)

BE 2, & n AR K S tx,..., £xun1 A, AR T E L AT DAL R EE n/2 A

PUAL ) AR A,(0) BT H T B KRB R A) KRB —F).
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W% W e

A(x) ]R3 : _ )
. Ny fE: —H:u —Iu +x1 -z -+ ATpp—1 Ty}
v v
A () A ()R 2
T ?I:(:]g%_]:_ E;JE_ ]ﬂ:ﬁ {E: Iu Ty v -T-E,r-z—i

W R, BN n B 5 ) B RN n2 IS F RS, 54
Fhn b — e 2R PR ) R ERAE . R BRATAT AR B IHER, BIVEBRE —A 006k
Wik, Haz 47 i [a) 5 e -

T(n) = 2T(n/2) + O(n),

LRGN, B HEE AT % O(nlog n), IE R RATHT M B
(B AR A7 2E— A L 3% — IE A O (B 05 FUE A F i TR . i
F—BKE, RIEE 2 AW A L 2,2, BEREAIE S T R R R IE 75

St I T 2 o T — A B 7 7 LB BERR R K 2 XA R T R T RE SE AR VA S5 ! BRE,
AT M

R BRAVE R, AR LT KR ? T EAX -, RATMEA
SEM CRMIE”. EHRANRKE, RIMNAA - AEMEO S XMEATRERE 1,
XHER T, €X—E2 EH—2, — 85 10EFR, Bti=%1.

EEEN L —BERTHE V=21 UEREHE1=4i, Hb i BEEET.
B R T AR AT, RATBAKAIVGEH n N ENES. RFECELKRT
TR B RALTH n RER, WSR2 =100 MEEMR.

V VYV
\4
NS

+1



2% HEHEHZE T3

P 2.8 410 MM — SR RSt T BRI B, B I 3 MR T
‘ﬁﬁﬁ{jn&ﬁﬁ: Eﬂﬁﬁlm £~ GJZ\ B m”_ls KL{JQZEZ“MG ﬁu%n%ﬁﬁr ;Fg‘
H& TR W&

"  EdT
o z=a+bi 00 B (a,b)kb I — A 1o
y WARKR: z W] LLZ IR B z=r(cosO+isinf)=re”, A
E (r,0)-
(2]

: sy | * K< fE(length)r=+a’ +b* -
« ff4 ¥ (angle)@ € [0,2x]: cosb=alr, sinf=b/r.
o @ 0] LU LA 27 18 S HEAT AL .

. E ﬁ | 1 i 5+ 5i

t BN EOREEEST
e /“m KA AT, fREHN:
(r1, 01)%(r2, 62)= (r1r2, 61162).
it FAE R 8 2=(r,0),
K o —z=(r,0+n), HWHN-1=(1, 7).
yd R 2 R AE A (B =1), B4 2"=(1,n6).

v
(ryry. 0 + ) 1

BT nRER

HFRR =11, -

| i REMN: FRTREOBEE z=(1,0), HF 0
B 2n/n MAEE(EE BB E n=16 FI1E ).

% n 2 HBEET

. %7 FE B2 OE S BT —(1,0)= (1,6+7)
« ZH BRI RELLITH n/2 IRR, A
o DA AHE 7 HE /Y AR

B 2-8 Hfr T i B AR % 0 K AR 2 4 v B ik i B AR O A




T4 W % W 2

S %R
E$?1ﬁﬁ"§l n KER FEBLT TTI n/2 e E B
i, AGRE ik, THE AL )T A (x)E
iRl
.
RLRE
IR AR HH 3
(n £ 2 F5E)
B 2-8 (&)

1. n MERBEI(—IE—FfO)HR, oY =-d.

2. X n ANEWRFEHE, BEBEAITH n/2 KR,

Rk, W a2 210%, RMNUXEHFHEBER, £EANBEERLE, BN
KK KBB AL TTH n/2" KA, HP k=0, 1. 2. 3, ... BMBHBK LK
B SWb ERBTA R, XRIET RIMNK 2B HIERS ERMIEIT(WHE 2-8
B JE— Mo Fin). BARRIKSEHE LR ARIE Fourier 22 #:(Z LA 2-9).

function FFT(A @)

Input: Coefficient representation of a polynomial A(x)
of degree <n-1, where n is a power of 2
w, an nth root of unity

Output: Value representation A(eY),..., Ale"™")

if w=1: return A(l)
express A(x) in the form A.(x?) + xA.(x?)
call FFT(Ae. @*) to evaluate A, at even powers of w
call FFT(A, »*) to evaluate A, at even powers of w
for j=0 to n-1:

compute A(w') = Ac(w?) + & As(@?)

return A(w?)...., A" 1)

2-9 43 Fourier (X HAER)



B2® NHEBHEHZE TS

2.6.3 fEE

MELBRMNEFHRE TH 2t RIOIGEERE T —Fh B & %R £ 05
B 2-7), EEEETIXE—RWE: 2O A LU LR RR 7 & s, —Fh L
ZHAMARBERR, H—MUEHAE kg e REERR.

17

R TR {d Emik
a0, al. ... a., A(Xg)s A(X))s .ov AlXpg)

T Em

i pEibZHAMERESR L, HERMNBEARENBZW T REERRE
MmN, B RBEREREEA L M H & 2 00 20R 2 700 P K
F % =

B &A1 T FFT, &% O(nlog n) B 8] 9 M 25 I0 X 1) R BUR R Al —
Y, XBERBAMTH n XKERA. 0. o .... &)

(1) =FFT( (A%, o

BEBRME - AEEE T NEHRBHRABRE—RFHHE. 2ARTHE, F
%k

(R¥ = lFFT( (), @)
H

IR T, A 2D R T8 SR LA — b d 1R R R e LA 1 O X R #:f&Bh T FFT &
HRRT, ZEXMEE FMER. AATHEMESBEWA FFT HEN o X
Bl 7., XERKGR -FTERMITE, HATEANGRE, SJBRACAZEEAR
MR R E AR 2 T eI, XFR I A RN RER. SUbR, RAIKEEE
BER O(nlog ) Z WX MBEE(Z LK 2-DNWETENT 25,

% R VE R REBE ROR
HTEHRRHARBEELE, LRNEFFUZIAPMRREZAPXR,

MRBEL TR Ax), HIXBUPNTFET n-1. AR B R RRZEYFT LA n N
MmmE, —MEBERESNORERS —FRREXNN N ERHSEERR.

B 2-10 PEFERERL M. ERERNIRE K, XL 'ER/ —4 Vandermonde
W, ZEMEAEREADRMER, X 4R ER BRI e BB AR X
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® ok &

‘,&“%Iﬂ ..... xn-liﬂiﬁiﬁ, ﬂ'} M%‘ETI-‘E&@D

[ A(Xﬂ) ] _1 Xo IS 1 xg_!- E g |
A(Il} 1 Xi I'lz " e Xit-] I,
_A(xn—]}_” _1 Xn—1 xrzg_1 e x:::;_ _ﬂn—]_
Al 2-10 HiFE

M FLEEE AR LRSS EEN AR BEE Rk, WHERERE
MAKRE. M5z, ME

tEidfdiE R MER, miEAdaRB LR M TH,

X i 25 190 2 H AE 00 [ 3R S 17 AT L 98 s T 2 T B R RO v TR I A R BK R
7h, ERAEW T ERMZATITIR —EBUARFHELEE — AT EEEE n 4
AR AR BETME i E— £k b, RNAECLAEEZET —ITAK, BTG
tH Z A K R #FK <. Vandermonde HFEIEH —Mgtk, KREMPEHEEEL KK
HRER S PR, B E O’ R A), i SR — A B A 39 R B U 7 B O(n”) Y
iR . SR, BENERARU M R REATRET BAAG IR, BRI EH LR
B K, D BAT FF — DR & 0 %% 1) 22 B3k 5 B8 L% B B il —— BRALITHI AR .

H1E & IRAO R IR
ELERBARIES, FFTH —NMEEMN n M B— Z AT RANTHKZ A £ A

& B A T—5 A nxn 5 A e

1 1 1 1 —  o’=1 M MMAT
m mz .. m?l--'l *__'_ m
w? Tk o (2 n=1) —  w?
Mﬂ {w’) =
1 w! w?/ e w'n—1)J — w
1 =D - == — "]




®2® B HEE T

Hb o BT~ n KRER, T n k2 M. R %0 MR e sa
RoR: KA E G, O T EATHEMFIFEERM 0 FF RN o*.

FLh M=M (o) ERIERH K MERBERTE LA EI 1, KRDEAEHR 01
RN B M kF. MERMNEINEH AN EENRES R, F2)LBERILEH
v MEPFI A RMEEEERZ@F LA XA AEHA)G. FHitk, MB35 EETLA
BH— NI RSG AP, 8% BAIFK 2 A Fourier Zk(Fourier basis). X —/~ [ &
FeLL M % T ¥ 1% m) B M br o 5k (3 3 42 45 5l ) i€ #% B Fourier ZE(H M B3 7 & & X)
T(ZWE 2-11). FHik, FFT & —/NEMEH, ™ E S LR — R e 2R
M B35 B 2 M S R PR R e e AR e 1 S ] e ¥ AR Bk, B Fourier #5748 # [l F5 #E
. YBOFHBREFEZSFMAHN, RINEMNF —REHX B2

REARX Mi(w)' = lM,,(m"}
H

o WREBAAMITHE —1 n RER, FHEEERE
ME— A SR —4 FFT 81k, REUe #H#7T w.

MELRNEFAMHFR - TFTHPHAY. BEEZL, UokAE &7, K
MPUE—HNEHERLEC'HHIRE. TER, CHPHEAIARE v = (up,--., up )M v =
(Vo,.-., Vu1) 1B B £8 FE 8 1F 55 T — /N LE B X 7 3R LLAX P A 1) B 1T N AH

u-v* =ugve* +ui*+ ... tupvaa*

Kbl 4k bric - A E. AFANAmEL TR BN, XARE
K MAPAEEIERZR, HEA 0.

AN, U M(0) ' B

£
fa f2

FFT

Iy

B 2-11 FFT #4ndE L b5 RGO A ARH A B P 8 x,x0.x) PR 8, £ e 22, #H A Fourier
BB WLERE M ()5 E, ESE ALLPR . B, x, 7mEfS
Bk 5 B £ M7 B

4 HBz=re®WHHHBER > =re™, —PARE-TEEMEERLEEN TN RETE)BR
R 3 3 0 R 8.
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RMFITHELUES RMT:
SIXR  4EM M5 e FH L E R
E: BUEME MPREERFEANSI AR B Lk HHENIAR, &

L+ d™+ &P+ .+ a"D0P,

ERFWRTAR— AL, TN 1, KA "D, AR, B
M, ERZEFA-")(1- "), WEEN 0— BT % =k i, LXK
w21, A EXFET n. iEE.

IEAH R AT LR &5 A — A

MM* = nl,

Hoh (MM*),; B4EBE MR i 5IRE j IMAREEmMELPRERERRAG? ). XK
BRE M= (/n) M, BOANTEBT —AMREAR! BEEMBNZA0E 28T
AMEEE? ERIIKE —F— MEG DN TER M PN TEALREH,
BE2, W', M M =M(o), FEHHEDREALAHFE.

MERMNBIB —FLU EROAR, FALAMAEFRRENTERE. RINTEHET
()% Wi A Fe:, 7F Fourier P M ITEHARERE T ALB L. Bk, RINELXKHR
B e 5 45 ¥ 3 Fourier 3& F O N T it #it # evaluation), R/GHME, BRELAFHEGER
M FEEGIN FRHRELR). MG RRERERAE, REENHENAER
RiE. EXFMEREZ A BMH KBV 8, ER FFT NEFEHRK.

2.6.4 '9iE Fourier TiR9AH

ENEZHAHMBHNENEECLSESELN T, REFILERNFHAFHN —TFibx
B 578 DL B G 4% o —— R Fourier ¥t .

BEMN FFT ®3%
FFT bA—A [ a = (do,....an ) I — N E ok, HP ol R 1, 0,6,..., o™

R n KER.FFTH AR a5 nXn BEME M(o)f T, B M,(0) (L)
AFTEAT FHAF TN 0 FibR O WnfadeiX —5 M5 & 5 AH R R A4
7 AR 2 MR RK M F) B R K F) R A R, 4y v R TR B e

BT A2 3K -



®2E S EE T

k W 2k 5 2h 41 o 2k ¥ 2k + 1
Ir ——t | i |
L] gy iy
[e31 g . [FE]
| Pk Lok .
ag %;-ﬁ: - wi e wd :
) a3 gy Eyy —2
jun -H.:JJL g — i+ ng-k wd “‘,2 I8 — T
[ ]
3 " 25k 2k | | @
: wiftr T wl :
LT | Ly —1 thy —1
M) “ L CTR S T

ZTXR, BRIOFA = -1 Mo =1 SHEMBEF LI 00 £ T RIMK. 5
ME22 LA ni2xn/2 BTN Map(@), K F AR THEBERR. FN, HEL -
MAET AN TFHEMERILFE M) R, REREN&H (158 AT # R AE M, (™)X R
TR A BIRLLT o fl-o 945 5. BB 2 1 FR AR 0 F i 1 -

ap (7§
a3 ag
BT | Mupz | [0 | 4w | Mup | |
3;1—2 1y — 1
ap @
as as
j + ﬂX? . J'l-f"fg - — wi JFFIHIIJ'Q -
Ay —2 [ﬂn—l
W52, M(w)5 W& (a,...,an )V TX WL 0 0 8, 77 LLBE Ak A
MBh n/2 F B My(0) 5 1 & (a0,a,..,0,0) I T UL R M,n(0?) 5
(a1,a3,....a, ). X— R BELRR T E 2-12 FRBEM FFT 8, HiEAT

i 18 & T(n) = 2T(n/2) + O(n) = O(nlog n).

R i® Fourier 33 &Y 19 SR 41
[2] ot 3% 471 2 8 < T Fourier Z#)iti6, AMERI: HiE Fourier 25 #&41 4R ¥ 4

HEETREAE, LRMNECEFHFHLPHIE. HATHFERILABHEWH, A
BATFRHAER “Ih587 (—FBEIELE ).

FFT a0 BT UUEER — MR K. B 2-13 BT — MR n i &
WAL Rl o 2 AR n/2 T R GEMWOR W, — SR, n2) B B ER S H):
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FFT”(ﬁ])\.* [/ 1 IR/ PR ﬁ“ﬂ Fu,...,.”‘n_l)

function FFT(a,w)

Input: An array a=(a.a,....d,-1), Tor n a power of 2
A primitive nth root of unity, o

Output: M,(w)a

if w=1: return a
(S, S14 0 - -, Snj2-1) = FFT((ap, @z, ..., ap_3), @?)
(85,870 Spja1) = FFT((a1, a3, ... ., A1), w?)
for j=0 to n/2-1:

rj =s;j+’s]

Fjsna = Sj — @’$]
return (rg,71,.... n_1)

B 2-12 & Fourier &% #t

B2-13h RN FEF AT URREL, LR EENLZILREL.
WE AR “FXEER FERRUS”. 2N R P & LI AR,
EWES A FHE T EHTAN. Eik, BAINE LR SFR I 8P A 5 5
77 FFT 2 &S B 2-9)F K LL TR AN 2

— Jeo
r,=8,tws;

Vions2 =5, —af’sj

@y — —

ay — —

T FF’TR!E Tj

r [
Oy -2

ly — — i

(g — —

: FF'TH‘;Q [ i+ n2 Tjtnr2
flp— 1 —

E 2-13 FFTHIGET B

BL b B A Ay A BT R R T 2-13 B — AR B,



B2® S5 HEE B

= FFT B — 35 H n=8 TRAN, BRIMINKBEE2KEF, B8 WE 2-14 Fix
MM, EERLLF A

LT n MR, A logi MR K, BAEWE n A AL I nlog n IREEAE.

2. WA LLUTREE M FHES: 0,4,2,6,1,5,3,7.

At 2 =ZF? BfZ—F, ZE@BAMTE, BAOTELAER T A £ 0K 5 H K
mINRE, REXNERTHRBERAR. RAFET —ERY, “EAHBE -4 LR
R AMMGEE, 52, NN SR rBEHAN 0 HE)T HEKETZ
¥, Jtistdes. AN —FAUBTHE, BB@aAY SR R NEE—
P REATHES, MG R, EERERT A S s T RS,
WH . BAR BT LA 3 H S st 000, 100, 010, 110, 001, 101, 011, 111,
5 3 # ) B R FHF: 000, 001, 010, 011, 100, 101, 110, 111 4L, HEMFNA
oA B oA R _

3. BN o M A2 RITEFEME — K12,

000 A(w®) 000

100 Aw?)  om
’< \/ A( 2)

010 w 010
2

st 'L""'j Alw?

0 . ,""" (w?)  on
001 . ?‘%’éq A(w?) 100
101 3 Aw®) 1m

<W/\
011 : EvS A(w®) 10
11 Alw" 1

6 7

B 2-14 {3 Fourier 3 #: Hi §§
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B R kB TR R RS RS AL HXARRE LA 2-14). AT
AW E R B &, —%& E4T0-4), —&F0-R). ATAEE-TRAT R
KR A(0Y), RER A k= %R BT 58 7 1K 32 1 N (M = 325 R OR B
LU EIA BT B — £ B . (BREBIINIX — ik, 8 H S 28 A KR 2%
g7 )

4. 7 a; Ml A2 BB L, F50H S8 0 2 jk mod 8.

HFo'=1, XBKERN o 0 8 H A" TTIRE a;0/*, DI 1% W B IE o
HTEHR Ax)KE,

5. BJ5, WER, FFT A& 5 AERMIHITIHERIE, B HERERMGF

P,




$28 56 N % 83
5 F

2.1 FHASBEBEHEMFEHE, MHEADFHEEE 10011011 A 10111010 4.

22 bW N TAEEMIEES n MER b, —EFE b NENBEEELE n,bn)
1196 Bl A -

23 22 WEMAT —FRBERAXWHE, ZHERKBTUTHEANE: 4
Brig A MmN MR HEZRCERIEN —MAR. 5 —F (R T %
BOTTERAW BB, AR HIEANBEH AR A b LLRAT B & 1%
X T(n) = 2T(n/2) + O(m) A Bl MR EX T HANE B e, FH O(n) <cn, HILH T(n)<2T(n/2)
+en OL. REMNAZK, BAITUBEILL T(n/2)R LR TR LR, R R
T(n/4), T(n/8)KFRM T(n)H EF, HKILEHE. RATHBEHK HIRE U — DA H &
) TG T7(1)=0(1)k K= T(n)) L7, 0 RATIELEZE B #8351 X A B 45 .

T(n) =2T(n/2) +cn
< 2[2T(n/4) + cn/2] + cn=4T(n/4) + 2cn

< 4[2T(n/8) +cn/4] + 2cn = 8T (n/8) + 3cn
< 8[2T(n/16) + cn/8) + 3cn = 16T (n/16) + 4cn

LN i R N
T(n) <2* T(n/2%+ken.

¥ k=logo n XN, A B T(n)<nT(1)+cnlog, n=0(nlog n).
(a) M, HESHIERENX T(n) = 3T(n/2) + OMMET AR . ZFHER TN
ISR &k NETRA A7 A THREIBREUER T(n), MiZHH 4 kB8 EmA R K k2
(b) FIRIKEHER T(n) = T(r-1) + 0(1), T IFREFRERIOXFHIBRAB
HEX ik . WREKE B Ak My g 2 _
2.4 BT EAE CLE =R Bk Al Bk
o Bk A K EUE B R 4 B B S AN T ) B, 3 0 M SR R X SR F L, AR
Ja 15 2 Pk WF 1) oA R 7 I A AR 6 0, 18 B0 IR i) Y A
o FILBIXFERMEMBEA n () R 8 : ol I KA 2 MR n-1 B9 F i) B,
IR J5 AE H AL [R) N K T i) R A
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o FIVE CHIAL N n M JE ) BRI 4 BB n/3 B9 9 AT R, 3 U R X
Mo A BB, ARG TE O(n’) B 18] PR K 1 1) A ) A 5 9

Wbl E S AEERNEITRE, LK-OfRieERR, BEEFEWANHIL?

2.5 KU TrE#ER, Fixdsiraflast—1 0 K.

(a) T(n) = 2T(n/3) + 1

(b) T(n) = 5T(n/4) + n

(c) T(n) =TT(n/7) + n

(d) T(n) =9T(n/3) + n’

(e) T(n) = 8T(n/2) + n’

(f) T(n) = 49T(n/25) + n’*logn

(g) T(n) = T(n-1) + 2

(h) T(n) = T(n-1) + n°, HPEE c=1

(i) T(n)=Tn-1) + ", HHE —FE c=1

() T(n) = 2T(n-1) + 1

(k) T(n) = T(Jn) + 1

2.6 —ANRYENAAE RS AR T E FT S K K R

b(t)
}

1/t;9eeseesscsss

_sssessssennes |
to

(a) MR ZREHBR .

(b) ZARGEXMMEE AR AL _

27 BRI n REBMAREZDL? 4 p RGN, T n KERBWEE
Z/07 X4 n REBHHE?

2.8 %] Fourier & #t.

(a) (1,0,0,0)f] FFT B4+ 4? AT ol ERED? {HAFFILI FFT, 5 18 2
(1,0,0,0)?
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(b) *+(1,0,0,00E%HE L—id.

2.9 ZHH FFT#fTZHIAMHTEZH .

(a) BEEEFA FFT X HEA MR x+1 M 2+ MR EE-AEEN 2 0F,
B AN BEAFEFIR FFT, EWARR, il FFT A3 &L KRR,

(b) ST RHEANAELTMR 1+x+2x° F 2+3x EH E—,

210 REME—R 4 XEBHR, #LE p(1)=2, p(2)=1 ,p(3)=0, p(4)=4 Hl p(5)=0.
WEOAURBERRERT.

211 B TAHBMNMEREHEREIZEESN 2.5 1), RAOKAE LUTERESRER
AL R XA YER nxn BRI,

S

H A4, B. Cs D\ E. F. G. H¥JR n2xn2 WTFH R, MTRKE XY AJLIE
AU FafREpEA:

xy_|4 B[E F|_[4E+BG AF+BH
|c D||G H| |CE+DG CF+DH
L ZRER

212 LUTFHEFLSAHEBLITO » MERB, L o) ARTE LT
¥)? SH—ANEER, HREZ. BAUBRE » £ 2 OF.

function f(n)
ifn>1:
print.line(“still going")
f(n/2)
f(n/2) _
213 B—AXHBFETASE 0 M THAR 2 MFIHAR, BRIATKE=
YHEH#EN. 2B, REREEn MR ANTENR _XHHIEHE-
(@) HREHEHE 3. SAM 7T ATAKFAR X, UkaH By, BsH
B . WHARMAERAHEEEB/BBEATAKIER - XHHHE, W B2
b) T T A n, HH— B, KA.
(c) HENIEH B, & 277,
214 BE—AETE n ALENEE, FEIPAPHEECRRERN, B
X TEABATHRA LK. SH—FEE, Ll O(nlog n)i ] BRI B F I



86 W Ok M i

FPAERTE.
215 AEIFERFIUFEPEN 2.4 77), —DNEEBRIER split Bk, ZiEL

— A SH—PMEHvAIEA, BSHGEIANTE: v/  NAITEHRBES,
FT v THERARPEASULL v K TEARMES. S —FE, Ut
i split 824, Bl ZBEAE KRB TEFTHAE.

216 B{BE—NEFTEHA A[-], KPiin P oRMBELE, HOHTFWSY, B
RIGEE Ao, n EARM. HH—NEE, U—NEH x B8, Ll O(og n)kt
RBBAFH— NI E, FEE ERTEN LRI E W R XM BELE).
(MREHZBANKELFTRRL, BUETUBREECHKER n, RREIFAM
HEXAMKBEMERRE, HHESRNEELHRARKEY, —BERATE AL L i>n, T
A R %R B H R 15 Boo. )

217 BE —TAFHA A[L,...,n], HFPFWTEEAMEA, EXWAREESHF
E—NMBARG, 8/ Alil=i. HH MU LESEMYBEE, BIT8E
A1 O(log n).

218 FEBUTHES: E—1MEFEA A1, 0P F RN EEHNTE x: %
EFWMRFHEER @ EHE, TLLE O(og n)itRIASERK. WEH: £EMNE
B ERE(EIE S M “A)<zG? 7 MR FK M EAMEE, 2% ERIT
Q(log n)iK #1E .

219 k-BEHEE. BER ENMEFE4, M 84PE5E n M E, B0
EEFREKMENESHINEMY—NEFEY, ZHARETH n P E.

(a) ATCAK A N A SKME: fFH 2.3 951 merge 2, RS HMHAIEKL, H5
BEAEAEH, BEBENAMRASH, F—HELTFX. ZHEMNEE R D
W2 EAXT LM n MRBEER.

(b) $XTARBIES, SH—FHEFRATHRBEEL

220 iEH]: EREBEA x(1,... 0] LLE O(n+M)E R AT HEF, HAP

M =max x, —-minx;,
i i

T MEBDKIWHR, HFTUAERER M ATER: RINAZEER, M4
Fr 8Lk i) Q(nlog n)BIBT ) F RAREH T M B /TS Wg ?

221 FEIBP . Gt S 0 — I I A AT 55 B2 BL— /> 5 000 30k MR+
— 40 WU BUA {x1,x2,..x0} SR EFFAE. PIFPLEBH AR R :



B2 HIEHZE 8

o I, TWAEH 4
o FEIM, RAEH 4,
(a) WEH]: PIEFETMELLT REORADE) pE:

2l

HTIFHBEME, TTUBRE » BHH. @B7: ESIEHLUTER: STFEERN
U, TREMES /D B RBEE K v, ZRBETHRKERELD . )
(b) iFEHH: FHEEFTMHELUTREBE DK uH:

Z(xf —1”)2

— A W 3 O Y o 5 — R v RAE I TAE R we R, B F ML
Z(J-:-—»uf)2 =2 (x—m) +n(u-m)

HHER: N RBCHE 4 MR, X TEE ufA8ENE (A
H bR & Al o BUE B/, TOHEBTE o, MNEBREBRK, BN W& &
MEEBEREIHEERZ . BN, o, 250NN EEENZL. 4OX—F
TR, BEANZ T FRAREN, Z—RKEFAGTHE, BAHTLOEN
12 G B R R RS, PO B 2 S P A T AU 0 B E P R BE . B, B R 8
WA R, EAF RIS F — AR BAE R MG FE AR R, HFES —PMHERASE

EMEER: p,, EFTHEUTREENN pHE:
max le - #l

(c) iEWl: u TTLATE O(m)B RNt EHR(BEESRE x;, 2%/, E/XTEN
() Fk 2 B R 4 T LA AE B AT I [R] N 52 )

222 BEFEAFFEIR, KDADHA m A n. HH—AHB, L O(log m + log
n)E AR HPIANFIREHERATFFIRFEIE kDT E.

223 WME—NEA A, )P EEEHEACEBHRRN, ZRAERIETH
—AETE. BE A, Bit—NMEREE, wEEBATETSE -1 ER
%, WRAE, BRHXANATE. ZHAPHARZEAA—EEFEEMT, mBEHZ E K
HEMF, TTLAMERI “A[12A[1S? ” MK, SHEARKE, ZBAPHTE



88 H % #it it

U — e i R 0 B (b T BB % 4 o 0 7 2 A R GIF SO Y2,
Hiw] LLAE H B a) 4 B & an R K a8 “ A[i]=4[1%? 7.

(a) 5 —AHiE, Ll O(nlog n)Bf (A SE A B ZE K . ($&n: K EA 4 00K
PN A Ay, B EF AP —FuE. ZELUTHRE: WRMET 4, M 4,
FEANELE, BESXNRHAPHECRARIBY? IAERZETEN, B
A UER —F e Tk )

(b) BB H— AR AIIE? @x: WFE S MRk

o MAFTHTERMEERMHAS, BE n/2XLHE

o XX ITEMEMT LIE: MBABNTEAR, WHEAMATLIEFF: WREAN

FE, WA e —A

WE: ZEh T EASEZE, BEBE T2 0%, WRAPEF —ITER
, WxecEPEH - ExE. )

224 FH24WHKEGTEDH — D REHFFROER B EERR .

(a) B HPREHFEER AN,

(b) EHI: HEANBALI KN K n B, S BN LT RIS AT I R & e(n?).

(c) UEBA: B MM A 17 I [A) 3 A2 LA T RO #E A

n—=l

T(n) EO(n)+lz (T()+T(n-i))
L

FEUE B %08 H#E 5 B ## 2 O(nlog n).

225 2.1 WRMGAHT —ANEE, € o WE AT 2 AL ZBEH A x H y
ke, H a=log,3. HAFKIZFZEA fastmultiply(x,y)-

(a) WATVEEI+HEH B 10"(—D 1 FEAE n AN Ok _—#HEL. LUTF

R B (BOE n 2 2 BIR):

function pwr2bin(n)
if n=1: return 1010,

glse:
z=777

return fastmultiply(z z)

BAEPRENAT A, RELHXTRES/TR AR SEAES, KRB B

HERX .
(b) BT R, RAVEEIAEE n(n £ 2 BR)RL+ BEH A x Fe Bk —HEHIE .
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N B SR T

function dec2bin(x)
if n=1: return binary|[x]
else:
split x into two decimal numbers x,, x; with n/2
digits each
return ???

X binary[- ]2 A HE, ARXRTESHH | LEHRN - H#EHRR. Fli,
binary[0]=0,, binary[1]=1,, binary[9]=1001,. B binary ] — P EREEFTE
O(DHif[E]. KEZEHRENM A, REAHXTHEBTHEABRHER, HK

2.26 F.Lake HEEHF MBI FZEXFE RN : ARIBMIMAERN, YnlaT
THRKEE, vHHE A n AL B T BRI S B A e A
FIRAR . 1% 10 T IE 0 Y 2

227 HFEAKTFHRE A BRGHFRB, B 44.

(a) UEWH: 5 IRFeik 2 LL 58 BT — A~ 2x2 FE R B F 7

(b) TREEBETH M mn NS, BHHE PR

“ff ] Strassen HiEF 18T, ANE T Strassen HiE W ME L n 1 5 )
BRI BT AR /2 B F R, RIMDAAERBR S PN n2 OFHEE, X
BRI F () R4 8. FIH Strassen FHIEXHBFE —FEE L2 HE, RAITLLE
AT &8 ZEIERNIETHER O(n'®)”

(c) Ehr b, MEMEFHHALEMEMEEES . iEWH: MR nxn FHEFEAT L
£ O ) NFT5, A4, BB nxn BHBET LLEE O(n°)F 8] Y A 3

2.28 Hadamard %5 Hy, H,, H,...5€ X W'F :

o Hyj& 1x1 B[]

o XtF k>0, Hi R 2°x2" fy%a pE

He_i| Hi
Hy = [Hk—l *"Hk—l:|
EH: MR v 2N KEHR n=2"K5ME, BaEE-MERRE Hy 77 LUE
i O(nlog M)IR¥EVERTB . MEFMESS5HHABALE D, FHXTEMNHELT

AR¥AE, whnE MRk SE, &R T LAAE B A7 B (8] AN 58 A
2.29 BERMNEEITHZHR p(x)=aotax+ax’+...vax" 76 x BALHI{H .
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(a) iF B 40 F @ S R0 A s SE R W BRI TR, HEEHER 2z, X% Homer
HEN .

Z = dy
for i=n—1 downto 0:

Z=2ZX 4+

(b) HAEM 4 BIBEAT T 2 DR INEREMPERE? 2HEH n HRE. &M
ERP)— AL, 85 —F MK Horner #E U B 4 ?

230 AW T Rk, LUBHEE H KT Fourier R (FT), LUE 7 ZH A Hl:

(a) ELE— M o, F8olIEATE 10 HETR"),0,0,..., o ERHRAGR 7).
BRI XA Mo, HiFWHore’+.. +0’=0. (ABHE, X TEEHEREY, BEFEE T
XHER B w. )

(b) FIH FT WEMRR, ERUTFFI0,1,1,1,52)8 7 K2 #; BIK %753
R B SR My o), HhHoll h@) PR e. EEERES, AR
AR 7E2H .

(c) BHIITIE FT e FWEM. i RUZEHEERERTFS. (R,
FEMEHEEBE TEH. )

(d) RERPMAFE FTH 7 HiE, BEANEIR 2 +x+] 1 oP+2x-1 A3,

231 7E1.2.3 %, RAIYHRT Euclid ik, ARHHEHAN EBHEHREXAE
B(ged): MRANBRXFEANBHMBKER. RERMNFE -METHRNBEKA
E3k:i 8= 87

(a) iF W1 LA #E ) R OF 56 1 -

(2gcd(a/2,b/2) Wia, bEFRER
ged(a,b)=14gcd(a,b/2) R ar A, bREHK
kgcd((a ~b)/2) WRa,bHRTH

(b) BH— AN EXRBIBRBERAEHTE.

(c) IR a 7 b #E n AL ZHEHIRE, B REHIEN Euclid HIEMLE, e
A2 GHEERHME, BT n THRAKBK, BRRERRBEELTARRE,
g E R B EAN K. )

232 HEAES, BRITERT—FoEEE, HXLTILATES:

B 3E A%t ) 8 (CLOSEST PAIR)
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A VBRI —4H A, {p1=(x1.1),-.., n=(Xns¥n) }
Wt BT X BNRBIFEA A pi#pp FEENZAKES

Y= + (=)

TE BT B pL X 18] 2R B /b
EEER, Bn 208, R, B A0 x B4 x EAHERB, y LR
i

Z R HEETT UM ELS R T

o KB —MEHx, WEUFREMEMF LM AL xi<xe, FBMAHLE x>x. 7N
Eul L, BITAERASRFEH, LA R.

o HAMIIK LA R FEBMBI AR IDXFHMN AN prg €L
PrgrER, XPX KIAIRIBE B 73 5K dy Fl dro i d AFEADEE PR NE,

o BETKRTHEBAEBELPIPWAMRPRAZAMBR/NABEREL 36/ MEE
IR LRSS R PRI SHBR, WXFHEAD SN x BE—ES x
MZEEABE d, WAL ZE FETE R xi<x—d B x>x+d 64, HHE LM
MRIEH y BB TFHF, BR—AF%.

o W7, BHZAERFHIE, XEBIME, AJ/IAHEEFERPIFLER 74820
RIBEE (AR —INEEMNNELER: JRFTHEMNABRZEERNN RS
B 7 A~ R AT EEED . ’%’Pum g s 72 7~ I /) BB B XF N ) 38 AT A5 % .

o BEMBIERMNRUTENATEREIEN—: (g} {orgr} (Pygul -

(@) ATHWIEFRFEMIEHNE, HAEFTECWHLUTHR: FE LENEE dxd

HIHEX AL AT LIEN L PR 444,
(b) W] EARFERIESHE. EVNPFTEEELBUTHER: YBEANSH L
PRI M R PR A SA R
(a) 5 LR ERHARE, iFf HEST A2 L TR
T(n)=2T(n/2)+O(nlog n)

i Z# X R O(nlog® ).

(d) EREBEZH L, FHETHEIRE O(mlog n)E ?

233 BE3I N mxn I A,B,C, TERIFRT AB=C. &8 Strassen &,

B0 F oL B2 AT DL X O(n™B 7 )R A $R 4 ST B L A S B — b B B 0 B L3O AE 5



92 wAX MR

i 6] 5 2% B R O(n)
(a) & v&RE—A n B, G4 RGBT A 05 1 Z RIER

R AR 1/2)F: R M E—PNEFWN nxn HEE, BA Pr(Mv=0]<1/2,

(b) iE#A: WR AB#C, W Pr[4Bv=Cv]<1/2, M A4 X ARAE T 5 AB=C KB
HLIR F 7 2 6 B ] S 24 BE 1 O(n*)?

2.34 £ 3SAT. 8.1 WP i¥gE X T 3SAT il Ml . iX BRI ATE H 3SAT )
BREEHR: AFERANRE M RAX— U4 TFaRR H— 4 EHK,
B ENAENEEBAETEEREN —MREE N ERRS true/false {H), EHE
N ARBIMEA true.

X e LA UL F 45 5k R 3 R i — 4> 3SAT M ER . ARARTEET n MER,
GABEL 1.2, 0 175, ARPHENTAREZERNRES ZRELIOUA.
it — AR VERT (R AL iR, SRARIXFE ) — A 3SAT [ SEHl .
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WLAEFPHAEBRRK LR BT AT B RES MR, %R EE
TEW N REA R —mm . B, FELAMMEEAHE. ZRES - MEREED
AREKM, WihE FHAKMERAGREMRMEIE, EX—AREFHFT, THER
BOFELOMBEO? MBRES BEThEXs, EENE HE ERET
S 5 AR A (1 B 3-1(a)), BB H KRB EXE R - RS RMA RGN,
SARELEHFKELEMHAKGR A, REEKFROEEABEAFRES. DL
XS BB ER 320)F M EN R4, BRINA-ATHARS —PMERK
(1 /3% Brazil. 11 8% Argentina), H — A X FHNTEHFHE . ZWEMB LR
MOAFTHEEFARNBFFNRAERGER, BEMEMITK. Bk, SHE0H HREE
#: REAELMEAITART —MEIE, FRASNFEIFENZ, KB 5N
T T HE R B

A AR A BRI EE - EKAOSE. RBOTEASR:
KEFEZHMAREME RN R, His2ERTREMBRABEETAE S &
] ME— ARET: MBEENFAERMETHITR, AKX TERGE XA N
RN HT. B EE R KE: EREATEER—T1HR, AT A E
ERERZEE FRAHR, MBEFFEAERMNE T ZAK W SMRRHHEITR, WX
B DR 1 2% R I ) AS BB B R 5 . AR T UR 0 5 R i R B T — R, )22
P R AR R gAY T oA KB T A 6

XS A B R R LR AR, W ERNAHP AT —3., RE
R ER DT ALREBIRERMETERMKEITELE. FEHRXERE X
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oh i K 0 45 B A 1 1) R PR ONER I, DU A A

W@, EA LA AT AR AW A)ES VAEBETUARANES ERE
Re fEEHEEGRE TP, V={1,2,3,.,13}, EQ&MAEH{1,2},{9,11} (7,13}
S, TiA xRy ZGE - FABRE xRy +BER”. X -TERE 4N
WXR, Bx My S+BRURBESE y M x T LBE, ROV EHESESES
B oe={x, y}. VEHEMEMARES, XHEMLYRERELREL.

Hi, EPREEXRFFRL R, FIRIA LA b KLk
K. M x By 2B FE—FTMA, (BIIEH e=(x,y)): y Bl xZHGFEE—%
B, (RAICH(p, %) SR, RV B EE AR N EH L& R
. HHEN—ANKMBEHRE G T RET Web PHAHENE. B HTHARER
DEIAE I b (AN 0, SR A w RIS v R — AR, U B oh AR R A 2
— & Wl (u, v). WL, ZEK A S T B LMZ VBT AR ! BE AR Web 355 4 (3%
BUHBEEERNBFHNHLEN . REZRBAORET S LA ETHE, H
A NFRIB IR, RAVBIRE S R I 8 458 (V8 24 W8 1015 B &0 B8 76 28 1 i 1)

PR H K .

(a)

B 3-1  (a)— 5 B LL A (b) iz i B ) I )
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B YRR

B LR — A BEEEERE R WRERHE =V DT v, v, U A0 8 B
=4 mn A, BEEPRRGHTIOEN

A 1 WMy Bl Z [FFE— il
o A

S F 76 ) B, PR A4 30 (u, vy SR XU B, BT L% B R SRR

X RFRERROBAEMNET: RBEFENMAREERLREHELE,
HRE-RAFV M RE. MZRRERGET, BEHEMELHE o@HZ N, HHE
P ARG HBLIAN, XFHEMETRE—FIRY.

. gmEmmsEEX? CiEL ey
AR EE AR, m;;ﬁﬂimﬁ*wﬁiﬁﬁwﬁ;n&%;ﬂ'*
ﬁ*&.ﬂ#&mﬁ¢miﬁ&ﬁ ﬁﬁ%ﬂifﬁ*ﬁﬁkﬁ m#%i&ﬁM-
— o (R B AR AL, #waﬁm*, Hlde, BAAIHRE), &7
ﬂﬁ#&mhdhwﬁﬁﬂ$ﬁtﬁ+ﬁ&Lmﬁﬁﬁkﬁﬁﬂﬁﬁi)ﬁf”"
#mﬂﬁmﬁi%#,QM#miﬂﬁﬂ ® % — AP L, B B[R | V)R,
AMABEIARY. ESNHEAERMERE T HOMMN, |E%4£LRMED
ﬁﬂ+&ﬁ&lﬂﬁk&%ﬁ$ﬁm#&ﬁw$£lﬁidmﬁk$&%ﬂﬁﬁﬂ

ﬂ&m#&ﬁﬂ# S
#M‘Mﬁ-*ﬁ—’f#ﬁﬁﬁﬂ#?ﬁﬂﬂgﬁ%ﬁ@pﬁ;
i&ﬁﬂ#&ﬁﬁam&?&_ﬁﬁﬁﬁ EABAXZH, Hk 3 E A Web
*F B 6 B F X #9 35 3 80 LA TR &, o R ARBRAE A A X
;&‘ﬂ' TB(lu“{sk)#ﬂﬁ W, HWERLERTA RS KM

i ﬁﬂm.ﬁ%amwm%ma:_
mx ﬁ%ﬁﬁg Hﬂ@jaﬂémmﬁa #BE,
o AR 4R *- AT Y ﬁ(‘Wﬂﬂd Wide Wlelbaﬂl'ﬁﬁ . #
ﬁ#kﬁﬁkﬁﬁ#ﬁi&wﬁ#*%ﬂﬁ&ﬁ#ﬁﬂ#&i ﬁ
Wuﬁmﬁlfﬂﬁ*ﬂﬁ&ﬂ%*&ﬁﬁ&ﬂ&@Mﬂ;'ﬁ’
ﬁﬁ%hﬁﬂiﬁﬁiﬁﬁﬁ%ﬂ”%ﬁﬁﬁﬁ%mﬁ A
" #heb 7 R (World Wide Web)#d 51 A # &, 4RI A L& 2R
f**ﬁﬁ&ﬁaﬁ& ##fﬁﬁﬁxﬂﬁ%ﬁk&

bl Tt s kel e i i it
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B—FhE R RO ER, HERAWNESEPOMEEKRLS . E8F T
WER, BABERMN— AT A TS o MEERICTE T AT o R 0] 35 8T A 4
FROATR A o B R BT B0 B TR A B0 36 2 (w, v) EEMTL v) . BT, A EH RS
SFNNEX —TEREPHER W MERMEFRERFALEXEHRITHERPSHIL K.
T RFHELRLERE, ZHEEHERENSAFERRE O(E). HEAAERXF
B, VARG RRAFELEERT, ERNZERIETZE A v D BER.
A 3ot 3 B AN T0 A 0 BT MEAR T At - R B, R A A% T B B B R E -k B
af. [, BRIVBRESER, XPMBHTNAHTAEHSTH AN REERTESREL
SEHK. FERUPE, HTERNBEMS, ZARFEREF —ERNXNRE: TS v
7Eu AT ERT LR HACATI L o 7E v WBERTP .

e T

EE—"" C G

©
e
O—
O—®
ALy T
i

b oo ]
|L
==

B 3-2 ME-ANESEE-EERMAL

32 AMBHEEHRLERE

3.2.1 EERE

WM AR E—FRE NRERTE, SHNREREENEN, RERRE
LR, NATHESERHENREGEE. ERBHROERRED T

pEBATH—ATRE, NETREHL, BFAHFLERSRATEAL?

BT ELFH BRI, AHENNAEEEBUTHER: S 4TFHE, ¥
HEUAERKRRR. RRAEDRGE T — AR T RE E T HIAHE
Ao DS BhIX —FEACHR 1, AT i) AT LA A A R R R R (B 3-2 TR
M— e E RS FF IR ETE, —BRE - MRV AMEATHA), EREY—
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LREMATHO)REERE. WREBRAE, GETREEASHAET, REMF
BREVMREPH —EiTHERE. BR, EFENRSHEEIH S AE BHTCR.

JIAHZLZLK, REHRERNFFRX - LHR/ETS THEEA. JLEFGENAZ
FEXRERRGTENMALRARE -RAPABN —XHE. BETLED AT HES
RAEERRE, BEREF. AATUEEFEIHEME, FERRMEES, &
LLANE R gg 2 BIE T & KBt AR 21 % £ 1 .

BATERE T EHL LB 22 740 48 0 N X PN EE A BB 2 Edr il e
MR S TFEATL, P —AMHREE, HRICZTARBTCLV . 5T BB
M4, BOFRIBIES R — AN R . Bk 40 48 1 1 ot R 3R O B A 3 A $ 4 —— FEq
LA B 3Kk — AN 31 00 %m0 O B T HE AR 3 1 i 2 8 3 TO0 05 N HE R ) 0[5 980 380 8% 48 45 i)
B 2% 0 R O B T HE R 1 3 3R AE) .
| EMNKEF R H AR, MEET B RS E — R

RICFAWHER)RER. BEMAEARBELER 3-3 FA . D previsit it #2
A postvisit it F2 & ATk 9, AT E 5 B0 R 29 — AN T A 8k ok U ) B R HEAT I A
JEERRE DT R B G — RV R ST, BRBRINREFTIEMNEH
B Hb .

procedure explore(G,v)

Input: G=(V,E) is a graph; veV

OQutput: visited(u) is set to true for all nodes u reachable
from v

visited(v) = true
previsit(v)
for each edge (v,u)eE:
if not visited(u): explore(u)
postvisit(v)

B 3-3 FHMNGETAHERMA TATR S

Hul, BAOTELEHERRE explore TREMIEMYE. ENHEEELARERMN
FIBEE Hbr, HAECRE#RITT —HBE—BHHTWAHMAETE. BHik, BEK
EASBEH T AL v AIAXE ., HETRERE v TERFEHAE? RNAGRAR
E¥E: R explore i BT TR TIET A u, MABRAIATLLEREMN v B u X

I SERNMANETEANRE -8, SNERERANSATFEOERNGRAE. XHHRT. et RMEK
RAAMENFCTE, Ch, y). DRFERORRZTAE, W H B E &L BN THEE
ERmAHmml: (xR, x).
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— &R, HBEF explore IBREZLBRE L LFVRLHEE IR, BEAN 2
HicwHiZBRE Lz NEREHRTA.

XM A z g, MBS wREHEG IR TR T FE:
H T explore IRV THA 2z, T w & z FAHBIA, #XE explore RS KRAM
Hw, HFUWHATE. ANTIBEABRIL, explore M IEFHERS T #A.

FERHME, UL XHEREAEENARPEXLEUHN, ELHELE
— R R, EERNASIEATIEEFH M EARRE R, #IW “XT
B k=0, NTHA v HRBZ 2T & KBEEK (—RBERX BT — N Aar TR 2
A AR T A5 3R 4E) J5 A B TR A8 g U R 7. AN R ZEHEAE 0L 802 B R Ak
S, EAGRTA v BRBETL. A, R -BELEE— AR v i
REEESH K RPFAER T A MBI RE, BANTHE v HABEEZ LT k+1 KBk
FRATA M T At H g H i — BRI RRMNEEVNSG ..

B 3-4 i) B T 87 A2 i B H) LiEAT explore S REME R, ZE BN A4 H XK,
— HEEE S AT A% — AT U 1 i R 3% R R BT R k. B RISE
SR MBELFE LERELNL, 8 4UMAAT —K explore I, WA
BEHERR—AGHHTAE. flin, Ma0R2ITNA B, RMFE—FUB—E, i EH
v i i, X &G B E A explore(E)id R E XKLL AHRT —BRM(—
AEEREEE), ATX SRR NG, B2k, BAENKRIE
BB X, BIREYR Y AERTA . BN EZ,

A 3-4 f£HE 3-2 F K E LEAT explore(A)f1 4 R
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322 REMEAHRE

explore id B2 R 2 M NN RGETHA B A TER — 8o X8, A TREEBK
PRy, RMNTEMLERDF KRG A K, EFIEIT explore iF 2. E 3-5
PEHAIOERR A RBRERE. EEHTXNLE, HINEEEEEED.

procedure dfs(G)

for all veV:
visited(v) = false

for all veV:
if not visited(v): explore(v)

B35 HEREEE

Sr#r DFS RJIEATI A Z A FETE R U T RELS®: AN A{XAH explore it
-k, ZERERAD TR HEAWERCHBE)OYES . 260 R — AT A K
dES, #HITTUTHER:

1. — S ERNEABEE—F I — TS M, LLR pre/postvisit ¥ 1E .

2. — X RBHATEITER, Uiz dEREHRENERIES N
7 84 U i f DX 4,

ST A, ZEHARNRERETERM. Hik, ROFEZEHTAERT
o FE KA TR EERE O(V). XTH]W2, ¥/ DFS dE+, §%
Aix, y) EEBRBRBRIK, — KR explore (x) B, —KETE explore (y) I
R . NTTEEANSE 2 KB EFERE O(E), Bt DL BER &8 R 813 17 1 ) 2
O(VHE), RHZBMAMBEMNEERE . XCTELAE TRMNEERRMOHRRB,
B A CR AR B i N TH BEHL A 9 A B T AR Y I A) FE B .

3-6 M THE—KETF RANAE LETHRERNEHENSE R, HP MR
KH T FBERM1E O 1E 2 AT A3 6 3E & — AN U5 8l 7 W) 3 4K 38 (4 97 T DA 5t 2 6% 1
LAREREF ). DFS KA EMEAR A T =X explore it 8, sSE RET A 4 1 C L,
BIGREDMS F L. DFS MBTERREERT =8K, 805 LURH T A 4.
CHMFAEANR. =8W—EHMT — 1 FM(forest).
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{a) ih)

B 3-6 (a—K&FH 1240 AKE (b)DFS 4 R &

3.23 ZEEREEME

—ALHEERAEEENLYENYELERN IR ZEFE —FTEBRE.
& 3-6 PBEEIEEEN, WA, HNMET A AMKZEAREREETE. HE,
ZEHEHEESEHN=AEBEXE, 2NN TULTHRAES:

{A,B.E,1J} {C,D,GHK,L} {F}

X R IRV EEBYE: F-AFEREAG—AFE, 3F B AT R Rk
FEE, EHEXE0, PERPHHMBTSMEEANE. % explore TEMN—
AEEMTR AT, ZAERERE & ZTANEETMH. DFS K53 7E 2
55 F explore IE 8 —k, BALSE A4 B — AN 87 02 E M A .

E, SEEREBEHTOFRHERTUAXRRE-TEHESTREEN, &
— B, WEAFATAA v IEE—NEH conum[v], T LABA 3% TR BT R B 8

WM. BT EEw T

procedure previsit(v)
ccnumf[v] = cc

Hrh cc EENMEN 0, 24 DFS it #2485 X 18 F explore B Xf & #EAT 0 1 #R1E .
3.24 BIFEMEFR

AT O LN IR B R SR sl ik JUAT SE A R ARAS,  {UOUAE Ze v B[R] P9 K
WA T EmEGHKEEEER. RMEEREHRONHZZE A EXE. HT



B3F A Mo ®m 101

FUIERMHEMNE, RINEEENEHIEIZHE LG8 XS TFEAATE, R
MR R T EEZFHFRAEQR R, — 28 T A 5856 8 V5 3 (B T previsit
HRYEZ, H—NEEFEFCGIN T postvisit)y AT s IR % . B 3-6 P& H
T TR B 7 X e B E S, B3R 24 A3 B 5 N IEAR R B IV 1R TR R
Io B2 AN FHH4RBEEFTA D.

A B 7 A B TR {5 B B B pre AT post B —Fh 5 i N SR B B, I GR
Ik Z0 B oy 1, B8P LLEUR 5 SBEAT I 1) 58 35 .

procedure previsit(v)

pre[v] = clock
clock = clock + 1

procedure postvisit(v)
post[v] = clock
clock = clock + 1

UL EREMEZEERRESEZIRHK. Fn, BFSNE 3-4 FRIL
Tt

MR N TFEESRE ufe v, [pre(u), post(u)]F=[pre(v), post(v)]# 4~ R 18] & 4
W&, BALA—ANEEH A,

AW ? B KX E [pre(u), post(u)ZEE TR A o FEHERR P A ) Bt . 10 HE
B E#HAEHNRE AR SA@BEAS HW.

33 AOBMNEEHRERE

3.3.1 ApyER

AR R RFETURBA A AT, AEEERERIAKHERETT M
kR AEEAL. B 3-7H5HT AT, URERTRFHFIITAHESTEREN.
BRATEM. .

AT EaAmEOEL, TESH2EARE, LR T RIER KT AR
HEEXR. A REEMOKR, HENTAMEERNE®R. R, Ta ERNEHEZ
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Gk F, GRH, Ritk, TifERXSATANHES. XHEFELENKE
S — 5 B A CETADMRTA, DECHTFTA.

ST EREER, RNEMGAERDZBHITS. EFRERFLT,
TEXNLM RS — A

Wi DFS # Ak B5E B 41 BG40 o

B2 DFSBRP N — M THAERRZHAN M ETFRAEENL.

5] i1 & DFS #% d A — /M TR AUHE ) FLAE 5B B

W UEARN— AT AERLERENGL, BARBRAKEENL: RELR
M—ATHAERE—APEZEWRIHNTHA(MREZ CEE MR L#IT T postvisit

#BRAE)RYIA .
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B 3-7HFEERER ML, FHEABBLIERZEED. EEESHLBE SN2
HAETARNERMAZHEBRXR, AR EE T LEEMN pre {E post 1H
hkB. HTRANEEEMREBRERE, LA o v — MEHERETMNNT
EERBEES, w¥vin, vERH explore() B H M AEN. XHEK
% A pre(u)< pre(v)< post(v)< post(u) & 37, B BLAE Bh P4~ 1k 22 1Y X (8] 2 & % #h ff B

I R

i v v [

FERTAMBEATAZEKXREMNKRE, BHATR « 2 vH—4)5#HS B
By RBuW— L. TBTAMNSLARTLETHE-FHEXRMN, FEARNRE
5 BB M pre A post HF A . LT REEX A (w, v)BIA R AT EERE B B4

EF34 i1 (u, v)RTRT PP/ G B AR
[ [ :| :| sl gyl
(7 (b 1! (4}
I R e
v u U i
| 1 [ —
v v (13 i

57 LA 1 7 g DA b3 A i 2 B K B ROk B A R L AR AE . BAIE AT 4
BEHFTREF B ARG ?

3.3.2 R FXHFE

EHEFH—ANFEE DY o=~~~ nwlEFHER. B3-745
HEEP RS — I, tin, B~E—~F—B. BAFRNERAITHEN . FLIEHRK
MIATAELER R ARIERPERYE, RESERTHT - REEMERRNT.
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HE AOBASA - ANMHYEAREEEAAR R IR FERNE -FER,

UEH): ZEAMPEMIIEMIAHN R R, v)B— KL, BAKFE - TEEZX
Bl RERERM PN v 3w KRR HIER .

Rk, xFFREEMIEHDT: MR —AEITEHE—DF v~ v,
ERZH P BV M BT A (BB pre HBKHTA)  MEETAA vio vi X
B EHAAE R A v ek, N ERILEN AN v ERERIHER. 155

(9, R, —vi(4 =0 B, BI Wi ve—vo) B — 4 M E T AU RIS M S0 SE ML,
B 522 S 34 [ «

1 R B SR WA dags, 7EBLSERMRAEZE. BT LU 0 M B2 3 R ik
ITREL, MEEXR. BRXRUANFERBXR. fll, BEEEESRRBEE
%, BRI P — AT % e R Z AT ABAE & R RS TF 0 A BB T 7248
ERZWEALER, CAECAERZE, HERAHEZ NS, mH%%).

SRR T, AT AE 5 B & BT RAT 42

(ay——=(c E
T
& ;3

3-8 HHEXREN T, E&H - DEA. P LUK YA 7T B8 K 2 4 r

Pl EiX 4TS5 2 R R AT R GEA A R EkERR . K, M0 RAE
— %, Y4ME% u RIS v IATIRZ G, Mo Bl v RFE L. 852, &
PAT—BES 28T, HBRZEFHNFTAEEFHELET M. MEAXKEFR, Bai
BT AEEREMHLABET : HARFEE - EHEFRATHF . B —J5H,
mBEZEE—NMHERERXRE, BIME IR EHATEEMEFIEIHEF), RE
RHEW AR —AEREF BERNEEFUTREANFFENMTAIERHFFEROTTA,
CLiwi 2 B P BT Rk &M, Bltn, E£E 3-8, —MSEKHFRE B. 4. D. C.
E. F, (BRERERD LM =1EEHKNFHFE?)

HaKBMAF R ERET gL ? ERBEHE: FFEOEHETHU. i, &
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procedure bfs(G,s)

Input: Graph G =(V,E), directed or undirected; vertex seV
Output: For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all ue V:
dist(u) =00

dist(s)=0
Q = [s] (queue containing just s)
while Q is not empty:
u=-eject(Q)
for all edges (uv) e E:
if dist(v) =o00:
inject(Q,v)
dist(v) =dist(u) +1

B 4-3 | HERERE

EREME
RINCZBLT ERERRNEAZE. A TRENZESITHIESRE, RN

FERNZEERBREHPIT T —AE. RIMNMPEMNFEEITAIRIER:

ST/ d=0. 1. 2. ... MYLHF IR, HEUTEMH4: OWDFFSsZ
FREENTFET d0OTAREREE TR, (2)H Ak I0 A R 2 #B 4 B E A oo;
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E [B]
B [] (B)
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VR AL St 18 A ) & B AR T R IR I 4R, A S WA BT B T A AT BV ] B A B .
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HEXEKRE DFS RESEE - FRKMITNBRIERE T A, Bl AFIEK
TR, FWE 4-1 i, WA AMERER ER2RIEK. I ERAeEEN T
AF R A ER AP HMTUSEEN T FEN VG RTE, ER-R—FER . BR
SERERERE, SKBENAERLEA S, Wi, TERERREXNABES DFS K
JLFE—F— HEHA - BFIERAA T k.
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RN L. R e=(u,v), BINANBBLKAE LN (u, v)EL L.

XM AN R BN RN T E A B e ATt aT BAAR 3R B[R] (FE 38 T 18] 2 4 i i TR) )
HESHEBRAEMMAE), NEMAMBRMNXOMBERA . Ehr b, FHRIE
FELHIBPKEIRBEAOHR, AERATE N B ZRFFERBNH .
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ATERMENXMER, ZEE4-7PE G G, [BE BFS BT G'F
MITI R s, WREBRGSHETHE —NRMNER. FEHYM 99 444, BFS #53# S-4 fl
S-B ZWRHEAT, HAMBPIUFELEATHETS. HiFEXHE -, it
BMNTUAEXE LW BITITH, MY EH2FBNEHRAE—HUBERAZ
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RIMETEVENRERNTBHPMB X —H. —MHEHAT AR AR, RE
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AR RT AR BAR R, EMNETARHAMNEAESTHE. B
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E-RNENL, EERSENZ, I BEREEREGE GO ELHITH,
V8 BT () X Y 3 B R () S e AR — AN R B, 2 W BRSBTS i TR
T oF B S B ) . BESCUEEA, A R B L0 A) AT AR 4 AR SF MG TF (A T I E HE SRR
M K), By BFS b5 WTRE S A B — L4812, B LUAH B T0 A B9 2R oK B34 i 18] ]
R RERNL. EAREFh, BBE AN, RARBE— KX EBHERERSE.
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W E .
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e EFLTHEEHERAMHBRANIL:
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* IR v AR EE R THu,v) B, WK e W ER T+H(u,v).

Dijkstra ®ix WeSEaTUUNH FAEMAKA I EBBEME. BT 725 M e
XA B UA,, BN LU E R Rk — S bR e . T SE B W e B AR — AR
MBS R —NRENFI(EFEE L HELI), ALY T P uRE R
RES, B ORA - TMHFREPBEGEAIARNRZ), ZBEWEGHILFUT
HE:

AN WESRBRMN—MFRTE.

N AR EMEE TR R

Mg oK. BEBERPHTE, FEBENESPBER. |

Mg HAERTEURG R cEREME —NBF) . (R 2 ALK
TRH R, ZREBLETRENEANIIHRIEREE . )

BRI ERE A R e M e, BEARAEEFRRNT - ERE B W KX
WiEg Ak, RINMB BT Dijkstra B (nE 4-8 Fiox).

7t Dijkstra HEM AR, dist(u)RR D T A » BE K S50 RN Z . oF KA
ZHAKRMRERRE. EF MBS — prev, RHAFMX TR v B—
BEEAR: AN Bl MEERZ L, BHR o HE o AN KK LK. BT prev
) IX G A R AT, RMTTLAAE ER T HEN B EERR, Eik prev BARXTE
KB EBREN—HRELR. HETBETH—M6TF, UREEREERR
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procedure dijkstra(G,L s)
Input: Graph G=(V,E), directed or undirected,;
positive edge lengths (l.:ee€ E}, vertex seV
Output: For all vertices u reachable from s, dist(u) is set
to the distance from 5 to u.

for all ue V:
dist(u) =00
previu} =nil

dist(s)=0

H = makequeue (V) (using dist-values as keys)
while H is not empty:
u=deletemin(H)
for all edges (uwv)eE:
if dist(v) = dist(u) +1(u v):
dist(v) =dist(u) +1(u v)
previv)=u
decreasekey(H, v)

B 4-8 Dijkstra % 5 8% 5 W %

D: oo
E: x

Qm>
s

=
I o

|M-¢"E

cw>

|

R~
[==I <. 1}

%]
1
I

QF >
[}

%l 4-9 Dijkstra 5 — B BETERE, FEUT A AEARH M. FNGEHT
R 19 2 /N TH AR dist {8 LA B et 45 A B Y Bt B i 12 19
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G LR, AT LUK Dijkstra HVER BN —A BFS, R &FEMEHNR
S BAFUEAR T # AUBAFY, LAEARE®S &5 & K BRI R E TR AL BT o XA M BE
B EEE, TUERNEE —MXTZEENA TEUREAFEER THENE
MINIH, Rifi, BF —FAKBET BFS N EEZBEMBOEIRME, LT RING
M3k T b 3 AT A R

442 F—#EE

LT 2 BB —f AR NEHRTA s FFREAT K, #F5AN A
ERKET KRB CMEBNBEERRNRKE. §RKEBEZRDTBUFET: SEmA
BIEMTA, REMAEZ SRR, EAFHEYE, 37 “CHKE” 28 s /1
AT THER T AMMAZFEOTANZRLE R ZSFENE s RITMTIA.
BRAVCET AN ve WER: W0 - % TR ?

ATEIEZEE, ZBWAR uw, ERBE v ZH, HFETNM s 3] v WEEHRE
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HTRMBEB/FAANKERRES, Hitu —EH vIEH s FiL, XK
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H4-10 CHIRENRENRIAT E

ERBESH T YRR MR RN BAE 4-10 FR): HPmH—4&
MET vIR? NZRXEY ERERNBEERE. XEEN, WREEA—FFEEN
BT RBR, YHBRS v I RZIBRSE s EERFENTHANBEHETE. K
M, BASRAIRI v: TR RZAXHE—ADTA, X o RNEEANZH,
ETR AR ) Ha)REED. 852, REYWECHBERBNITE ALY R
BR, RIXET BRERNBREER, ZHBMHEASIMAIMA RO T —AMWA.

BRIOEBRS—AF B ROEE, SEEEAIRELNTRERBEANT B
BScEl. R IRAE R E LT 350 0 R UAE RS M, % AR R R SR AT R
EEENEESENRSE D, NENHT SRR B S EREEMAZ X5 R $ T
BB, AR RNKEZWE L, EHFEFHFH. EUTRHRBSH,
distV)RRFGH v WANBE R LT BEBNKE: XT5 R FHACKINA, dist

BAE Ao

Initialize dist(s) to 0, other dist(-) values to oo
R={} (the “known region]|)
while R#V:
Pick the node v¢g R with smallest dist(:)
Add v to R
for all edges (v.z) e E:
if dist(z) = dist(v)+1lv,z):
dist(z) = dist(v) +1(v, z)

W R AE LR O A8 i JE Al _E 58 hn R 58 BA SR AE , 3 3L [E] B T B AT A& B Dijkstra
HiE(nE 4-8 FTR).

AT SHEEE R ES BT AL, RATRAIAES B S8 & IE % 1 U B
AR, LT _RHAR .
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TER X while TEHERMAKE, AUTREHL: DWFE-TE 4, /N s
B RPFIAVMAHESNTET 4 RANEGN s B RIFTEVMAKERKTET
di QM FEHENTHA u, dist)RA—FMN s B u KRB ENKE, ﬁﬂﬁ%féﬂﬂﬁ
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it B R EEmeE: M, WERH Ao EELSHE, Wl B #ER
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B, R TAS] 8 — AR B F I R S TR LR A—— o),
ﬁzﬁn:ﬁﬁ)ﬂ—nﬁ'*ﬁ B RS A R R A O((VIHEDloglV). A ETRE?
i’ﬁ:ﬂtﬂ-i"Eiﬂﬁﬁf&*«‘ﬁ‘ﬁtﬁﬁ)&;&ﬂﬁﬁﬁﬁkiﬂé@%),w.- ‘,

LAMARE R dRAHBH R Lot o kAt A A ':l ; ;'.iff‘
FRRE, KE0(V), FREAH W% O(VllogV), 5= AR BAR=A.
HEMEE, K PE=Q), FREGHE D OV, SHAGRR—MI. o5
LHEASF BB ST, B Kok AL mﬁ o g
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A AR, RAMERBCHSAN TG ELIR, ﬁ&ﬁﬁﬂﬂﬁA&#ﬂtﬁ
A R —, 484 Jok R AT AR T A RIEF MK 5 O()! «#ﬁﬁﬁ&w? ;m@g,
sELBLGRAHL), RNARBARKGIREALD O().
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452 4k

E-HBHTHART, TEREEE— IS -XHH, B_XHEE LD
WAEMBEMNER AN, FHELE-BEREABZNASHIAT—E. 5k &R
G — SRR T : WP R ANBELA P TETHERTANERE. Hit,
R, By A —ENERERDKNTE. B4-11@UPEHT —4MHTF.

AT insert BER, ¥ F L EETWHBIKHEEmBETHNALE), REik
TCERT, BT R—REBROEE, EREER, MRAFORELITSRRED,
M HFTESHLRXH AT, HEFZZLEES LE 4-11(b)-(d), HEIWFHHIFH

AR LT RBSERIF. TRAOXRBBEETHOEE, AP ETR 24T
fBt, B0 |log,n|. decreasekey #fE5 insert BR{EXELL, AFHRIE decreasekey
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e, tECLEMP, RMEBRMNEFiLeEAR S EERE “HWw” W,

Y E4T deletemin #4E B, B8R [BUHR Y AU B . REIR T 500 MY JT 38 A HE
Bz G, BUBR B E M R(ER R RN —T W AREG R E ), K
CETFRBLE. AT ‘Mg’ StBE-MEZRMUE, BEEHE, MRAZTA
MaE kT EET ATV A, WMESHBEE NN W AHRITER, HEH
%t FR (2 N E 4-11(e)-(g))» H 2 Br A 45 S0 2 E IR B MR BRI . deletemin
BeEFEVEET 18] 4 O(log n).

=AY REHPEBEEFEERARANE ST RERSIT. T8 XK
GilE B & —F ARG MR ST, WARETHA, 5 —7Pr R RmMN
72 B A7 B o 0 SR A AN AL IR AR E T N A E R AL 1.2
n. BAIGEB A S MERAH UM P EH ETHES, KERNFEEZETIRE -1
Figz. ER RN AR AL ER| j2), AANTHRELESNNA 2 M
2j+1(ZW.2] 8 4.16).

453 dif

dHES —HHERP, AR JFEFENAAREIANER, MANRE 2. X
1875 B 10 76 FE (L1 SR R A m AT )46 R K ©(logan)= ©((logn)/(logd)). MMl 7T %
] insert 3 /E tn i T ©(log d) 5 - A it , deletemin #4545 4 BT 318, HFERS 2 O(dlogy
mM(EBIEX RN AE? ).

AR A EREBRAES TS JHERN S . BREE, LR R R
LA E R [(G-1)/d], HT A A RALE N {(G-1D)d+2,...,min{n,(j-1)d+d+1} }(Z 0>
i 4.16).

4.6 SARNALYHBHREREZE

46.1 fais

Difkstra B3 FiLAREMIEAT, B — WA BEET: WRHA s BERTUNL v
T B A AL v B s TR AL T 240 A BT DUk S, X
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(b)
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B 4-11 (@A EFF 1040 cEN -0, PR TRE. O)-(DFARENR 7 mocESD
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B 4-12 WmEESEHEMIL, Dijkstra HiEAHEH

BT REXX —FHE e, A SN R AT AR R RN 7 BRI
B, HhEULERMA—ABREKER EEH MW Dijkstra FHik. HP P ARHER
B R HEES M dist MAEBRBEHBEEZNEFHEEMG. SNWHENZE R Ao,
2 EH R SUE B P — R A EATEAT

procedure update((u,v) € E)
dist(v) = min{dist(v), dist(u) + I(u, v)}

X EHERE X AL NEHAT v NEEAT AT « MM
E uv). EHERERFLUTFHRE:

1. DFRRA BRI EFIREERRET ABHAR vOER, B: JuZM
WA P v HBRERE LR BIEE AT, H dist(u)i E ¥R E R .

). EEBAERIET dist)WERESBA, NX—BX LU, ZRELELH
(safe). B b, LT dist K update HAEMIEIEH 2, ASHENHIEX
FEHEERKEW.

B, EEHRERERNERN:. CRARER, MRMEHABY, KA IERH
WP E . hF b, Dijkstra 59 7T LABE R S 34 & — /> update 3AEFFF. BAT
D&M, X SERERERFSNESERINBEAEER, BRRESHFELEN
3 42 P B1) 65 65 &b BE A A SO IS B ? b T TR St B X R R AE RSN X R &4 4
BERME R, iERADERE—ATRA , BEMN s 3 HEREREZ.

S

uq U us Uk

GBMARBREZEHEIV- FLCEmERLTREREAL? ). 0 RHRAT B EF#RAEFS
R UL TR (s,u1)~ (uy, u)~ (w2, uz)s ooon (tig, 1) (BRA b — e FEL)#HIT, B
LERBRANSE —4HF, X  WESSEFRBEE. ETHEEFREED
e FEAMEXEE, A, BEREHSETHRERANE=ERW,
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FAEFRIELZ K.

B B, WwRBEAIWEIFAMIENE ) BAEES, BA N W7 BE# 71 B IE
HIETSE 8 T IEBAE? LTRE—AMEEMNRRTE. SHMAa0d, 841
BB V-1 P X RE R A I ) 5 2 B O(|V]- |E|) i) it #2 4% % &7 Bellman-Ford # %,
WL 4-13 P e, B 4-14 HEBER — DN ET RG],

procedure shortest-paths(G.l, s)

Input: Directed graph G =(V,E);
edge lengths {l.:ee€ E} with no negative cycles;
vertex seV

Output:For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all ue V:
dist(u) =oc
prev(u) =nil

dist(s)=0
repeat |V|—1 times:
for all ec€E:
update(e)

Bl 4-13 Bellman-Ford B % NV A T — At P A B 30 6k 0 B 428 1) 1
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A 4-14 LBL—-~E# 3% %80 Bellman-Ford 8 i () L 8

KT Bellman-Ford HiZESLH A — N HE: WG ZENSE, FEREBERPHL
bR LR TIV-L, REBHAFEBRENEFRE. BEilt, N BRERBHEE
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AT S, DREERPREAHOBERE? ERMT.: SRIOEEHERMN s
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FE R, WASRERNE AR MAEE, — BLRNB AR, 3ZEN K H

de o R HVE L HFORBUMIN S M, SRR AT AR A AT K AR L AT update
stk AW D dist AT B, BRNFEE V-1 KERZEHFZHT K
et AR B AR E AN R Y HAUS X R — ISR A A dist F{E B D .
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fTVBR 76 3K 18 75 7 1) TC 55 BBl (dag) M0 1% 00 7, o ] £ 4% o I TR 1A A8 R S 90 o L B A
v B

WA R, RAVEBERT -ANEHRMEFS, PN RERBRED DT
§i . XFhE BAERRER EBERE T UL FHE:

75 dag BOAERE B4R eh, THT R 4k R PR 4 A 7 2R IR TOLGU B IR FH PR HE B9

B, AT T B R R, i oA s 18 R R AL (A 30 #h 3P ) A [ B 3A
BRI e JR A5 30 0 TR W 5 0 TV A5, 6 A 224 7 0 1) Tt % B AT SE T R AE . A
R AR 4-15 e .

R, BEERAERAMKRERFS. Fik, feRH, RATTOUEE &5
HHRIG R RPN REKER: AR EELRKE RN SER .
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procedure dag-shortest-paths(G,!.s)

Input: Dag G =(V,E);
edge lengths {l,:e€ E};, vertex seV

Output: For all vertices u reachable from s, dist(u) is set
to the distance from 5 to u.

for all ue V:
dist(u) =0
prev(u]l =nil

dist(s)=0
Linearize G :
for each ueV, in linearized order:
for all edges (uv)e E:
update(u, v)

M4-15 N FREFENRERERZE S
5] A

4.1 A Dijkstra BEFTEZ B, WK 4 FH.

(a) 2% —3kxH, CREEERTHFHENERIBTHOIE AR P MEE
B{E. | |
(b) EHEBELERNBREERLM.
42 FBHNALTRELE—BEL, AREXREH Bellman-Ford 5.
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43 [FEHE. BUtEFIWEIE—NEHE: U—PFEnE G=(V.E) I8N, WE
GHREEZH —NMHBAKXM - MAEAHERZEXHHR), FOKEN 4. HERIETH
6] B Z BT R O(V)-

B ERERRMANEMR R SEREHESER, RERBMFEENHEE
o 1 B A .

4.4 5 —Fh Al 76 G [ B AP R S B A K BE Ol ik, R ) B R A R K R 3
ALK,

MERBRECERERFBAD —%FBZ, Wl,w), WHZFEZSILE—SHiDRE®
H— M w B v . BREKER level[v]- level[w]+1, HF—ATH A H level 2
fR7E DFS # b, MBI AR MG EE . Bl EBAR R LIFRA BT i e 8k

o HAT—MHEEMERER, CFRTFANTHAK level 1H.

o WMYBP —&RL, WEENBIXNAPKAE, WRE LD

BEARED, WEHFLATEDNAKENZKE.

HiAH AN RPIRIEAU LHEHARBRIEBETER, FEH AR EM R
B (— BT SCFE AT LA T

45 BHEEESPHHEADATASAZBFENIE —FBEEBEE. 8L TFEFEH—
AN 1 I ) A9k

WA: LB G=(V.E), HNMKEHBMKE; TNmu. vEV

W MNuBvINARBREBRZREAE.

4.6 iFBA: X} F Dijkstra 51351 A RN K prev BA, & {u,prev[u]}( THAEB
M ueENE T — 8.

47 BE—AEHAE G=(VE), RPHREREGETUNR), UE—F
FERMTR sEV M—BRW T=(V,E), EcE. BH—4Hi&E, H TRERE G+
MT s HERBE — N BEREN .. ZEEIET IR N2 5%/ .

48 F. Lake BBEAMT —MESHALAmMEG, KWL s BT A + BREBHELH
Bk AEAPEAAUNNENE- P RBERAEE, FEFMAFLNRESNER,
G MNE LS A s 12T Dijkstra 5, BB 2ETH A ¢ BB H 2.

UHERBER? WRERM, EHZ; FN, 4H—MRH.

4.9 FREFN—NHEE, HFFARNIAHRN s Rl Fid: FRILZ 5
HEedt{EFMNIE. LA s EARI A, Dijkstra HFERETEH TAENHE? iE
I 458



138 & & #

4.10 LE—AHEHE G=(V,E), R HiAAENEBRMHET LA H), FHAER
HATAZ AN EERPRESH L. B, £ OKE)N B RIRHTTA «
A v 2z [a) ) B K ER AR .

411 £H—AHE, DLKEAENFRENEA, f@hEPREREFK
BAnRiZEELHKN, WEHZEASHNER). ZHENBITHEREFLT
A o(n).

4.12 W —NETNEN OV, EHEHRU FES:

MIN: —AEXEE G=(V,E); UMKE 1>0; —%ill e€EE

Mt SHA e MBREANMKE

4.13 AT, ENZEARELBAHE, LR E G=(V.E) ) ERA KRR
GEABEENK c.EEEBERMAMAT, MELAMMKEURE R, i2A L. BEEMNW
Hos BT o FE—ARE. BRHREMBEAEERR, EMWRELT RETH L
KHE, GMATHRE MM, HRTZ AR EAR EHEF MM, FHiik, &&
F 1) B 7% v B9 A5 45 1 (P9 AN 3R T 16D B R O A BRI BE N W R <L,

(a) ELEEREMFARBEREMENT, EREXRMN R AN s B ¢ ZFE
BHEE—FOITHE.

(b) BWIEI UL —WHFE, FENEN s RITE T MARDER. Sl
—AitiE S 2L EE R O((IV) + |EDlog| VDB B, HHEMN s IITE « TR RS RDMER .

4.14 BE—ABEBERNE G=(V.E), HPBFUMBERRES, UL
ERTA weV. B— MRS, REEE X TARKBEEE, &F—
ANB A B PR s X AR A 0 2 A T KL wo

415 REBPEAEHAE — HANNT - ITRERBKEAVTRSAREFXST
SAFRMBR. SH—ABRERER OV + |E)og VDI S, MRLAT iR E:

MIAN: LB G=(V,E): AMKE >0, BIHEA sEV

B, — AR RN usp[-]: M TEANATA o, HATE uspu] WENRE S
HUUM s Bl u fF7EME— IR E R . (375 usp[s] = true)

416 452 WHFHARTERAERATEFHEAET n MR ANTEE -XH, HPH
TR A BATH 1. 2. ... nKET],

(a) XEESA TN j AWM A, iEW, EZTARHRXTAE TR/, K
T A BIAE 2/ # 2j+1 (T REXETHREREDNTFT ).

(b) MR TEA d X, FEA TR TR AT IR R F AR fE X

= 2
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B 4-16 h &l T4 4 RS, 3T RE.Tarjan’ M8 B4, — 4
T —ANEA rh, ZEAFTFEIXFRFLUTRMNE R FBRAE:

procedure insert(h, x)
bubbleup(h, x.|h| + 1)

procedure decreasekey(h, x)
bubbleup (h, x, h™'(x))

function deletemin(h)
if |h=0:
return null
else:
x = h(l)
siftdown (h, h(jh]), 1)
return x

function makeheap(S)
h=-empty array of size |S]
for xe §:
h(lh| +1) =x
for i =|S5| downto 1:
siftdown (h, h(i), i)
return h

procedure bubbleup(h, x,i)
(place element x in position { of h, and let it bubble up)
p=1i/2]
while i #1 and key(h(p)) = key(x):
h(i)=h(p); i=p; p=1Ti/2]
hli) = x

procedure siftdown(h, x,i)
(place element x in position { of h, and let it sift down)
c =minchild(h,i)
while ¢ # 0 and key(h(c)) < key(x):
h(i) = hic); i =c¢; c=minchild(h,i)
hii) = x

function minchild(h, i)
(return the index of the smallest child of h(i))
if 2i > |A|:
return 0 (no children)
else:
return argmin{key(h(j)) : 2i < j < min{|h[,2i +1}}

B 4-16 —4r¥ EM#EE

1 #W: R.E.Tarjan B3 iE, #3885 M 5 R 8 N & (Date Structure and Network Algorithms), TNk 5 R A 3
4 & & (Society for Industrial and Applied Mathematics), 1983.
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o |h, BEIFAF LATATEHAE:
R BEIBHEPENTERNMLE.

AR EEL g N EEE  EARB AR

() WFHSLAEE n AN TEMESHMAHIT RN, makeheap METE O(n)
A . AR A M N A R4 ? (BR: SEiE B % 572 938 4T i 18] 5% 2 1
BLF 2 200 log(n/i)

(d) B ZMWAAEEESEHT ., FEMHIFLRHE?

417 BEEXHEN—/BE LIEfT Dijkstra Hik: UM EHEREY, HE
0,1, .. . WHTGHEA, Hb wE - ITHTENIEF. -

(a) if ¥ Dijkstra 5% #1217 I (8] 0] LLIS B O(W) V)] + |E]).

(b) iFHIFFLE S — PSS B, Hiz4T iR 24T OV + |E|)logW).

4.18 YWATIHRGEESEARANRERERZHES, AHKEHEAME), W&
FEANLPMEBREN, BEEN - AERESEE - FLBEPHEZ. FlI,
MBRAT AR Y, AR KERREWT R CITHRE, ERFEABNABET,
MIRT s BT + —EGERBMKAITHFE. NP E—RERHETAREEE
hEE RO, Bk, S TF—MEEREHET AR s, &XLUTE:

bestfu] = M s Bl u NS A B/ BEREHAREE .

ETEFRMETFH, LS. 4. B. C. D. E. F best{EZ AL 0, 1
1. 1. 2. 2. 3,

— A BL 1 B R
WA B G=(V,E): UMK 1>0; RETHA sEV.

Wit AHFTAT A u€VH best[u]{H
4.19 #HJSRBEMAEEE. EIntemetﬂ%HﬂfﬂﬁEF' A Mg - 7 AR SR,

EEEN, EHROS EhFEELER. X—EWRIHT - MESORERERE.
B A EBRTENLAEAKE{l: eeE}Z5, KMAERE MARE{ c,:
vEVY}. RERZX —FBEMNRANKE LA ANKER LR LA RN A(BEEBE
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) 3 m )BT RRAS o & H — AN EF R BUT i) R ) R 28 A

MN: BE G=(V,E); WKWK >0, THEEAE c,>0; IR sEV.,

Bl — DA cost[-], BN u, costfu]lZM s Bl u MIFTH B2 B
INRA (B B 2 B M B AR B e AS), S, BRI RO E SIS ik .

FHETEEME, cost[s] = cseo

420 —HBMTERTHETAES NZEH DA G=(V.E)t ik 5 # &
WM. A EPHRELEAOAGNT KA, ABA - ATHNEKE L. REFELEZ
ABMAPRE -FHHOAK, MFOLARBETHANIAREE T ZE. ALl
R AKOEAN BT RASHWKR— MR E. SIREPARKBENERAR 'c
E'BRF MMM KE. EAASFRHITH— AR E, BHRERRER T —
SN e'€EE, HBRAEAKBN GIHRTXFABZE, WMSENET s M2
] A BE B 1 BB K4 Ml 25 i — D R B H ik U ok B3k 1e) it .

421 BEBAHETUNATHRHLEME. £ o v v cn A n FAF
Mt M B, ¢y BRAEIT, oo RAEE, s RABEP. WTAEEHRMREM ¢,/ ¢
fFHE—MEE Fiji ERWEAEEATLLLL 1 NRAHKE T ¢ IR F;;%ﬁﬁqﬁfﬁ Cje iX
oI R A <], RAMEIRT AT, RUETL LG 1 AR
foci» REHERBRKET ¢, BHILLMEIET ¢, BEEATFKEMNRED o Mix
D F 1 AN ST (ZE BLED O SR ) A8 B A ) o

(a) 5 —ANEMEE, MU TRB.: S8 —49ILE r;, UEKHEMKEMN s
t, BB — M EAEMKETREFS, LUEETH &« BRELEBED . AT LR
Hir, BALERMALCERR IR -KE, Bl LE.

CHREAKEN, RBT WL FARSEMRMEREL. BRICRS WL
UL 1 ﬁE“’%ﬁUﬁ'ﬂicﬁx Cin oon Gy {i%ﬁ-ﬁ-r}n%“'?};_n&'rig.ﬁ}]" IX R
EMNTL M | ABpmme,, REESHABRETC . ¢ .. ¢, BE
MMM ST, Tk ERIBET C KRB | AR, RS A TR B T R 5
i R ENHE, EE - BEEEE, WERFREEA R aEE 2. |

b) S — AN EREE, RNETGFEXIHERNRERE. HOPHERE
Nk

422  BRARSAT A R . MR A SRR 3, BT LA — ALEE O 3T O
HRTAES MK . BESNEBOEREBREE: UinED K REHXK p XU
e as . R, MHEEED @ B0 j MEEMBRAHN ¢;>0. BHEERD|— KA K FH R
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e, FRKRESHRANEREK.
ATEANEHK, ZE—NHRAE G=(V.E), PR KARED, Eﬁﬁ’l\lﬁﬁ(%

MEFE—FIACKEE). X TFZEFHERE —47F C, WRGHRAERELERE XN
Z:u].cp.!
[;}H—'

S r e A—NEEFEBREAFMBERLE. —FHE r* NHTZEREEL 41
e BB - ADTRLE », RERRERRAKERRD.

ZEREBRER 0. HEFELGHB T —PME w; =rc; - pjo

(a) iEH: MRAFE-NHRFHNNE, Bar<re,

(b) UEH]: WMRBETHFAMARPIRNER™HRKAKT 0, Farr=.

() HH—TRBEFEE, U—PEROHE>0 Y@A, @WH—IH#ERF C,
R r(C)Zr*-c. RIEEFEMNIERYE, H oW HETHME, LUV, &M R = max;)
ce(Pile) RN .

r(C)=



chapter 5

- R

MERASZBEXREAWRROMR RO MEEENFAIE, REFRTAEME
HRESHITW. ATEXN THMEFEZ U, W Scrabble XAPFFHFAR, BEIfER
b BRI AT B ERATS), WMARRLLLERFFATRE, SRBTRMEA LA,

XEEUMITARRRBERT, MXFZHRAT —MAEFHRI W FEERE.
HOEEXRLLEEM AT ABENEKE, HT-FrEaEL_RESIERBE
BHRAZEBEW SR —A. BRI —J7 5 B4 % w60 i3 2 5 F 3 w]
RSB KHEEMER, HEXN THMMFEZES, EHTRERMLE. i, T
DA B /s A B A% (MST) el B AE 8 26 — A~ -F -

5.1 A& st

BB HEY AT AR ERNR— M. HRgERr b EmE, L
WEFRITEN, TRAFRFRTEOERE, RMNEENGEPEHEBLZ NG, {F
ARENY ABEEEGER —-ATMER), ATXFEEAE, BFEEFMBERET
H R mA, gHERAILHNE. B85, RMNTELENRERARED
—NEREBTFIH M ?

BR, BEMLEESATROTH. HAAERI, BRI PRI — KL
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£ BARARYY, 7 [ B AN RO H S A

MR1 BRAFHEZE—FALAR2ANEB L.

Bt AT &L b BN iR — N EE R E— XE L ERAR . 7
b, BATERGE - NEEFENMMBRE)NR, B &/ A& . %k 8K
R E LT .

wN: ERE G=(V,E); UNE w,.

With: B T=(V,E), WP E'CE, HHKE weight(N=) w, /.

ecE"

TR E PR T, BANERMKBRENR 16:

Ak, XIFARME—F BN, BERAREEE S 4 MST §?

511 —AMRLHAZE
Kruskal (1] 5N W BE R T — A2 B, JFRE LT RN E Pid#id
%‘-Eﬁiﬁ_b&iﬁ%ii&iﬁ‘Pﬁﬂ#’#ﬂ.i‘iﬁﬂﬂi%ﬁﬁi%éﬁ—*%.

W A E UL, X — B VRl T R M A R e BN E R . ZEARAE AR BLER K R
W, TREABEFELYTTANNERZNL. XE-MABMALELE, PEX

R SR A 0F B T B A A BB AR A
B 51 BonT AT, RN -AZHE G, & RO BUE R T 74K

(IR % BUE ) LR S — B wT), 73 3
B-C,C-D,B-D,C-F,D-F,E-F,A-D,A-B,C-E,A-C
AMEFH, WHFLEFEREIMN. BREB=44, B-D, WMRARKHMAKT

BAMHI. RHERNBFZ, ARk, BERNEE T MU 14 BIW,
1E A2 BATT BT 3K (0 Bz /N A B
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A, L @
() ‘!L (&)

B S-1 3EF Kruskal 55578 5 60 & /b 4 bt

e T8 L OO

AN EBALKGAE B, €Al A, a‘&kﬂﬁ.&ﬂﬁ ﬁa#ﬁ
¥ﬁﬁﬁ ﬁ]-ﬁu B e e e T

R 2 %£n¢$&ﬁﬁﬂm&ﬁm ST :ﬁ_ﬁfﬁﬁvﬂ#$

WE B4, A — e, RANEAE DR LR, ﬁk,i
My n AT EMRE TR, B ot T 45 A S — AR 56 A
(connected component). B & 4 ¢4 3 Ao, X i34 AR LA F. ﬁ*ﬁ?ﬁ%ﬁﬂ
WAMMERAA RN, BRBATEH DG nel LB, ERT HEARE
M.

AR, ﬁ*&ﬂmﬂ&mmﬁ'&MWuﬁiu#vﬁﬂh$ﬁ?#
iwﬁ&w#* FUGERHAHEL, %M&&&&&ﬁ#ﬂ#%ﬁﬁ,ﬁ#
(0 VS BB I, (u, v} 60 A RIE A IS S — ﬁ,a@&ﬁawﬁa
WA T 1. BE— A, E&#ﬁﬁ%ﬁ*&n—??#@ihai%§%
gihdad, —AART il o L -

CBEDRSERRET. L L

CHE3 ET— %ﬁﬁthcirm %ﬁiwuwﬁigﬂ’

%MRﬁﬁ%Giiﬂﬂ ﬁﬂﬁtﬁﬁ#?ﬁﬁﬁjpw:

E'CE. ﬁﬁﬁl,Giﬁﬂﬁ ﬁmaiﬁ‘ﬂgﬁzwrﬁbi.
BERERNAABR G HEE— AR, XANT—Fhutn,
&ﬂﬁﬁ,ﬁfﬁtﬂéﬁﬁﬁ amfuaaaﬂﬁxﬁmfgﬁﬁwiﬁ
A, ATAMG S — A8z o "
ﬂﬁ4.n¢mﬁmiw.gamg&xﬁtﬁ@v&mmﬁmm'

-&Nvlﬁtm+$£ﬁﬁ?ﬁi — &%, BAPRAEAERE, Rie
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HAELRE LA —ANRK, '
F—FE, PREBPHEEBRAY LAHELE— %%& mam%&ﬁﬁ 4o
Rix B2 AoE—e, M iZBEE LGB ARL ﬁ&ﬁ&tﬁ /r-*ﬁ &) A H

&312).

Kruskal 75 ¥ (6 1F B8 6 £ 5738 10 4 804 5% . 10 % T B 42 i Mbk 28 28 0 38 /S 2
W VE, 4 S0P AR AT LA S O R 0 O O B

51.2 4SEIMHRK

BEA TR R/ NERR, RIESEEIH T —2id, JF HiX 5% 4= E 5K
(#BFHA MST). F4, BAVZMATESET KT LUMARLE? LTSI ERS
TRATT 6 3 R R AR K B R T

HEME BRAEXAG(V,EYWEANARDARMNG—FYy. AXZE—FER
AScV, BB XPEALARSV-SHD, ZeABA S V-SHRERENHL,
M XU {e} 4. & %A MST &) —3 4,

BrigsrE, B—AN4 AES— 0N RIS, Bl EK S M V-S. LR
TR, SMEEMSE, £ XAESBERAFMAENZAR—MRABT S, x5 —
AMETF V-S)YX—HiF, 18 0 B 7 2% 4 ] 0 A R 4 M 0 B R TE W

ERITRFIN —FXEIA 4. B X READ MST TH— &84 Q53 38 n
e IFE TH, WESIEW. HHBEE e ART 7. BIVEIHE THH %
AL AN ESZ AR MST T, 8 T"E83& XU {e}.

e A To BT TRIERM, € THUREE FBRBIERE e AT IR,
W e MR —A . B, XKD NIZAETHIELERSE (S, V-SINE
o' (W 5-2 FiR). WHBKR, B3 I'=TU{e}-{e'}, RITHIEY TR, BHEEMR 1
W, HF /B W, % TREAN. AT T T HAEHRE, BaKEd
HEeb ()P 0T 2 AL 3 AT 4, TR 2.

Wyt — B, T'R—/ MST. HIEME5 THXERN:

weight(7")= weight(7)+w(e)- w(e’)

FERE e Fl BB B (S, V-S), HeRUEKDFHBEMERNME, Bt
H we)<we). M, weight(T) < weight(T). T & MST, i &R N



#2553 & 0> W E W

weight(T)=weight(T), I T2 MST.

B 5.2 TUl{e}. ¥ e(BE)MIMB TEEL)F=HET —15%. ZHE2LHF
Yo &R AR (S, V-SIih, Bh A e’

53 BRI R . KPR E e ?

(a) A ] :"C‘\ 3 (’E\]
E (D ——®)

(b) ——@ E A @ E
X MSTT:

€ ® B—o

* WOl
S: ) @J{

§ -1l

V-5

& 5.3 AEHFERMA.QNAERNE.O)FPHAEXF=414, B XBEET T LM MSTT.
(c) §={4, B, C, D}, — & BB FI(S, V-S)MBBAN e={D,E}. X U{}BBETLWN
f 5 — A~ MST T

5.1.3 Kruskal &%

BLZE AT AT LABRAF Kruskal BT . EE—SHEN ), A K& HALHM T
— AR, XABAEE EEEREER, SONANMAEREN. T &R
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B W

MR AR BN, Befanidh T T BT e BASERAH
B, EHRME T M V-T, B R EZH, M e 2 EL EF450HE R .

FH ARG B — B . FEiZEET, RIMNSREE - KLMABRE
FIE . i, FERES —FEIEL u-v B8 52 20 8 A R R E BS54
—HIEE T HFIA, PSR 8 S 9. AT 2 B O 5 H RE ST R ORE I B
YEWE ? ‘
BATR MR EEBN - EE. B0 BEMCE XN T R ERETHN
FTA WA . sy BT — M EER M.

makeset(x): & — MU EF x WL ES.

BAIABMESHER T A4, ARKERETHR -NMES.

find(x): x & THENEES?

RHWINT &4, H5ZHXEMATMEREIT S IF.

union(x, y): GHBET x My WES.

&M EE W E 5-4 Bros . Hop 33 2 V)IK makeset. 2|E|¥K find #1|V]-1 X union
Ak

procedure kruskal (G w)
Input: A connected undirected graph G = (K E) with edge weights w,
cutput: A minimum spanning three defined by the edges X

for all uel:
makeset (u)

X ={}
sort the edges E by weight
for all edges {u, v} € E, in increasing order of weight:

if find(w) # find(v):
add edge {u, v} to X
union{u, v)

B 5-4 Kruskal [ 5 /A4 b 5
514 —MATFHEBENBIBELEM

BETERHEH:

FREEN T —ERXRHAERMWE 5-5 Fia). BgS s N TEEFE
TLF. WREHAR EA®RME —ERNUF, HEENTAHBEET - PREH. KK
RS A~ RPAHEHF BARRANAOR. FRAOTEARB I ESHIARERELRS
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M4 7). SHALTEANR, WRALHEHERNZTERES.

T R, BANEEE 1M EFRGEE. MHAM S, AL A8
HFEHEMBEAHLTEENFHREE.

procedure makeset(x)

T(x)=x
rank(x) =0

function find(x)

while x#x(x): x=m(x)
return x

kﬁ; H
T 1
'x]é} Q_:/ jﬂ \Pf‘/

B 5.5 {CEES(B EYN{A, C,D,F, G HAH B

B, makeset & — N B BRI EEAE. 55— 71, find P57 0 45 £ K 2
PR, 3L BT 7 DR R i AR G R R E B . H T R R X B S B R AR = R AR
union $VESLBLN, B, 7EZERED, RATHN 2B AT & B R FF UK.

HIFFEAR SRR R, HRR W RR AR S — R ER
EHRMMM — N EFE: BEAEMESHRIHE Ao, BRATRZIL r 81 1
We, AR ? R B R T R R R E e, R — A i SR
B EBEAOROBENREOMOR. XX RIESESIHFONER, &N
UALSHIREHERREEMOEL. Ad, XERIMEAERTEHNORE, 0
RZUHBEMRASH— Nk, BRINHZBIEARLTFEAEH.

procedure union(x,y)
ry = find(x)
r, = find(y)
if ry=r,: return
if rank(ry) = rank(ry):
H“F] =Ty
else:
m(ry) = Ty
if rank(ry) =rank(ry): rank(ry) =rank(ry) +1
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Bl 5-6 B .
1T makeset(4), makeset(B), ..., makeset(G)/5:

4T union(4, D), union(B, E), union(C, F)J&:

® ® ® ®
] 1ol

#.4T union(C, G), union(E, A)f5:

AT union(B, G)J&:

® @ ©
B 56 4 MAMAENTRE. BB A R KGR

BBET, TANSEELIRAUZYANBOTFHOEE. SE®RE, 4
W — BB AREN, BETRKFRETRIBNE.

MR 1 ANEE x, rank(x)< rank(z (x)).

FAMBEEFEN k-1 RS HEREBE—ANSEN L HRT A, BERNE,
A] LLUE B (& B AT = AE¥).

ME2 E—RPEFAALAREY L 2ANTF A

SR AT LAY BRI A AEERY B R, BI—NFEN k T RE&
/& 2* T Fh(descendant). ET— W HTRMTRELEENMHAR, MERHEENR
AT AE, HEZNTFHAREARASBREECNHET . B —2H, FRI W
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AR AATEEWHAREN 7/, HERNETHERIAETEECEREZH 1M
Ak HtHL . B

ME3 wREAHnALE, WREHA n2"NFRAH kT A,

M B, W AR KRN log ne KL, BT A W& /NT T logn,
A4S & Bk 232 4T find A1 union [ 8] L FR .

EEEY:

T UL B, TR Kruskal Sk MEATRE, EFTHT
BT O(ENoglV)(ERE, loglE|=log|V])in EIL4H Tiz4T union A1 find #FH)
O(|E|log|V)). Bt HE K, MAREH —PSGEEHERER L E.

X - FUMERMNFABAINWLLCLHIFGN, HHSERE? RFWRITEL
() A B R 0 /N (L Bt OGE))), AT HEF BB 7E et i 1) &5 o, L ndr 2 Bt B
TE, BB HRE T ARSI, K N R B 458 b sod, R KR
Vi B I IR 7E log n HZERE B AT BT BRAK, #HRIFFEAENN. FFFE, X B0 E
) S T HoAth i & ST VA RV A A S R A B .

HE, EREAGEE union M find FIEAER ML log n EHEE? BHRE, HILH
BB TR, FHIEEHHARE MRENES. XENMFEREE
R TR, 768 H AP — Al BT ARABMAM, 150E KA K2
B3, ZHBR, BT EMRERTERE RIMNWET —4 4% union-find 23
LHIB A P B E—— 7E K find BR1E, UEER - R RIRH B E K BIW B
BE, AR XEBEHER, FHARRAMBRA@E 5-7 Fra). XFKRA
% 4% FE 48 10 5 B LA RS 4 N T find #AERO RG], RE R RIS R RN W B

function find(x)
if x#a(x): n(x)="Tfind(x(x))
return = (x)

X — /s /) A T A Sk 1 B b, T 22 b 2 B4 K 0 16 M BB R S T HE BR AT RO R 2 .
B, ST EE R e ik RINEENEZ VN ZHIR S
HIFF s, w4 — &%) find R union #AEHATME, H it HIFH R BRERT .
gEE R A A PSS R OQog n) T RER] T LU G L O(1).
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- '\-\x\-\. S -\_\-\--\—_\_
o ™~ PN T
P A P,-—n - ,a-"'lll-\ - . -,
kﬁuﬁ c \E B®) (¢ (E F K?:[_/
:L | 1 1} (‘|; -] Em il
D" F('.I (¢') H D G Y Y
foh
L" r'-l-ll /-L\
S '\J_Tj} K K

&5 d i
Dx HY)
B s5-7 BEESMER: 7 find(K)2 5 #AT find()

L ER RS AT UM A HE SR AR “TE” HET H#E A 38T 4K .
XA EF AN T LLF R4 T, Bl find #4E (R & 7K % 22 B 4 ) 0000 fic B 43 B P 356
il union WA XFEMHATHE. Hitk, BREEH A 2SI union #E~EEMERN, ©
HMRFH BT ZEAZ.

BT, FRYTANS, BEdRRESR, HEEASREAMASETE. HE,
NTFAEMMBEHTAR? FEI —BEAMAHWHEEZLIABY S, BAHTEE
HAERK, AHHEFZOUREET . XEKE, BIBEE%E, FFTANSEH
AoeRERT. BR, KN TANSEZCESNHREBRBIXT A FHAEE. A,
FIERE, STt 1 2 3 &R AT

WREnANTLE, WHHEMR 3, HEHMTEEKBN 0~logn. MK ZEEAN D
EEHR 5 A FHRXEICYAAXFER S, RIRBLESHER):

{1} {2}. {3,4}. {5,6,...,16}. {17,18,...,2'°=65536} . {65537,65538,...,2%°°%%},...

FAK B (k+1, k+2,...,2°, HPrh 2 8. REKREN log* n, HE
Xh: Hn I, ﬁf%ﬂrﬂih‘ﬁﬁaﬁf FRBRALER NTET | THRRERE.
#ltn: 1 F loglog log log 10001, ¥ log* 1000 =4. UL E&AIILFIHT 5 MK,
BRAE n=2%7°, FNXLERMLB T .

fE— RS find BtEd, SRBAIEFFTREKETRASAMER. ik, RIE
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o —FEE A EAFEREELAMEITRRER. 5%, BRINSENM TR —EH
BA “BIHEK", HHEAMEBEHAET 7 log* n. RERNKEHEY, A find #EE
T B O(log* n)#, SN — L&A1 K] b B A (8] o 1€ L6 B0 A1 B B [AKE el Y B BRI —— 18
AR E]—JG. Kk, m K find #E/ER S N B4 O(m log* n) M L% O(n log* n).

AR SE, HEMNTAARFAEN, BERBU EXE “F3 07, e KELD
BEET . WHREYARSERBT (k+1, k+2,...25%, B3 25, mrEms3, %
ZRT kWY E LIRA

41 .
2.t+] + 2k+2 +..5 z_k

I, %R AT IZXE AT SRS EREEEZ N nIt. EEBLSE log*n A
X1, BFERSITA T SARERENTET nlog* n.

M, KW find B E AR DR R R b AE T H AR . HERBEEN A
ARMBEE LWRERMEIEPREN AN SRERN RS, N EHEENA x
VRB T TFHRZ —: BAa)NSERFEXEHET x FHAEXE, HAWE
MHFEIMXE. HEZH log*r n M AR T —REHXENT AT ), KX
KA AL TEE OQog* M A . BT A— HRXENERESZTANE
2% [ £ — > X ] AN A O 48 B3 4% I 32 30 Ak B By 75 i 1A .

U E S REAHBRE, MW AxHBELBZHANME THE—FF find
BEPHIF L. PMEEOUELERLE: 84 x 2410, HRXERNFLE 2 DM
1. Wk, W x WEENT (1, k+2,...25 0, HEEHEESM 28w HRIFHER
EREZHEN—TEERXE. AARETHE P ZARNLET .

51.5 Prim 8%

ik FR AT B] 3 SN AR o 1 BT ok . B — e R SO R, R R TR BRAT,
1B OE A LT 20O BN SR A

X =]} (edges picked so far)

repeat until [X|=|V|]-1:
pick a set ScV for which X has no edges between § and V-3S§
let ec E be the minimum-weight edge between S and V-5

X = XUl|e}

Kruskal 53 — AN W4T K BT iE R Prim ik, £&8ET, BEiES Epr B
FiE X REMKRT —4FW, LT SEREZTHILAKES.
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MEER SPHAE SHTRZRIKMERAMA X(Z1E 5-8). BA)EHR, TAA
LIANA SEKMAREEUBRDINAMBEREFRERERBRT SHTA v B EFHRK:

cost(v) = minw(u,v)
ues

S V-5

B 5-8 Prim 8ik: AR XM T —8RW, SEHMRES

XL Z ik A B4R & Dijkstra k. L b, W AFENHABEE 5-9 o)
REER—BH, NANARETAEZAIHFAEAK®E. 7€ Prim 83T, &
BEATREERE STHARNREAMNNE, WA Dikstra FiEF, @BEANHER
AEEN AN TEREKAE. RIS, XRNMRERLIEFTHEL eNE2RE
A8 7 B i AT B ), T 2 B ) OUHR R TR S B9 AR Se R BA S SEBR .

procedure prim (G, w)

Input: A connected undirected graph G = (K E) with edge
weights w,

output: A minimum spanning tree defined by the array prev

for all uelV:

cost(u) = =

prev(u) =nil
pick any initial node u
Eﬂ'Etfﬂ'ﬂ] =10

H = makequeue (¥) (priority queue, using cost-values as keys)
while H is not empty:
v = deletemin (H)
for each {yz}je L£:
if cost(z)>wlv z):
cost(z)>wv 2)
previz) = v

B 5-9 4 Prim HEE - IMMUEE 6 M RAKE ERNETER. FEERPEW
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- T prev B4 5E B ik B 4415 2 19 MST 1.

e s A B ' D E | F
{ } 0/nil | oo/nil | ~o/nil | ~o/nil | sc/nil | oc/nil
5/A | 6/A | 4/A | so/nil | oc/nil
A, D 2/D | 2/D sc/nil | 4/D
A.D. B i /B oc/mil | 4/D
A.D,B.C 5/C | 3/C
A, D, B,CF 1/ F

B 5-9 Ti#f: Prim (/D ERME . JEE: Prim HEMSE, WA 475,
A Bf 25 T cost/prev {H I Fe k%, Ll B dg &5 [) MST

BOSEM— BENEE ~ A

amaﬁTﬂﬂiﬁﬂﬁﬁﬂkQWﬂiﬁ M?A@mﬁﬁ—ﬂﬁﬁ;am
# Kruskal #ﬁ*iﬁmniﬁ,ﬁ&ﬁ,ﬁrﬁ EHRRES AT AR, AAE
HERXT —AHH (5,5). XFi&— ﬁﬂﬁﬁﬁﬁ%ﬁA%?ﬂﬁﬂﬂﬁ%ﬁﬁﬁ
RAFAREL, %ﬂﬁ?ﬂmKn&ﬂ#%##&ﬁ&mhaﬁmxﬂﬂﬁﬂﬁ

iﬂ#?ﬁﬂ&ﬁ?ﬁﬁ J A — +ﬁﬁﬁtﬂ#$£wﬁmﬂm¢ﬁ%#ﬁﬁ
WAEES A U, KB (SSHARRXABAS T E. Sdksk, 5T

B G, ¥RALLB 00K R K +%Mi~du&“ *‘*ﬁ&mﬁ%¥#ﬂ“ G
ﬁﬁ#ﬁ.ﬁﬁ#&ﬂﬁ—ﬁ&iﬁ%k#i&ﬁdﬂéﬁ%y-;ﬁfﬂi"

EkeiE—NE, W a £ VAN H 3 4~:mw# ﬁﬁmmﬂiﬁwz
#mﬁﬁﬁ%ﬂﬁf$ﬂﬁ%#* mtﬂa&+w#ﬁ¢wnn3@;3;f
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LRARENDEFELTE TR HE). TR, £ Kruskal ik gz frigfad, £
A WBRE —FAUNBRRBAR DS EGBELES S

*

1 1

H‘*.z;?l“.?iiﬂ'—“-“ 3
3 nn-1)

n n-1 n-2

2
4

5.2 Huffman % #4

£ MP3 4IRS, mEE S H&mE A =25

1. GRS R, B ESEFUN —ADLEEITF sy osos . ospe BN,
LM 44100 KIS EFATREE, —A4 50 4 805022 w5k 7= A4 1 B 48 & 24
T=50x60x44 100=130M  (1M=1 000 000)'.

2. XL B BORAE(E AT | F 1k (quantize), BIR & AR HREDH
HZEMIENE. EATHEHESE T ALHWTEBEEE, BN E S B
I REFF 5 ESE 514 528 .. s ZHIBIZEH

3. MUTHZRBRBKEND THRFRFRET HB R,

PL b8 5 — 2 0ok B 3] Huffman %if%. A T MEIA/ER, BRI EME—A /NI
T, Hd 7% TF 130M, FHETFNE 4 NMNAEHE, 258k A By C. D. E
BEARBRUBRZFHHELCR FEXE-NMIKKNFERER? MBS RHERELE 2
PLE) PG, HEILL 00 £ 4, 01 Rk B, 10 R/R C, BAK 11 £ D. EHETK
LB 260Mb(1Mb B IM 7). EH LLIXELF s 7 g ?

hHTIRRE, BIMMXBHEENAHFTIE T EABHUE, SREAK S
M 4N FRAFEREHASE EHESR.

77 5
A 70 000 000
B 3 000 000
C 20 000 000
D 37 000 000

REGFHEFEMTRRKERG, HANUEH - MIRSHEHAKFRF 4, WA

| SEAR PR R W R A MO, PR AR 4G i BOE B A .
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RERIMRIr M2 THEAE LKA aFEIMEREETLHAMARE?

FHEXRTEREREKN —NERETREMS R —#ig. 4
m, & 4. B. C. D XN F(codeword)4 5l 4 {0, 01, 11, 001}, W% <= & 001
IR IFAE 444 AB LA D F L MulfE. ABEARXA NS, EHEF, BRI
W TR E, BT AN E AR I R A A B AT A

F—EMBMBEATLLRR D P2 - X . 5848 W8 SE T 33 A
BALRNRE2—EF 2/ MEERNK. LR PG LR TR — ey
o THAGF AR B ZMH T ARk E. REkE, ®mENAEEL, §—frX
T B 42 B —20, W R ST R N B R AN AL A 0, /A 1(B
W 5.29. ES-10 5 H T 4ANFRAB C,DH—FEAMBHFmG. EFX—%
W, MK TREE K. NTEMERALE, B -XHPIREFE, —ONAER
AHEANA, —ARBEANMCEEMBO R T, BRI EEIHTA: REW
M SN N AR, BB B, X TFRMAER
M FEIRF AR R (S EE 5.10 MmiE), w55 — 68 0K BB 2 A i) %
KRS 4a 50 213Mb, SR EEIL 17%.

T O C
A 1)
B 100
C 101
D 11

B [3] ¢ [20]

M 5-10 —ANEABRMIG. 7S WA 50 H K

F KSR, MREET n NTFRHOHREE fiv fiv ..ov S BAVZE AT
AR AR ? AR, ROMNTERIXE N, ALY
RN — AN B RS AT, ) I X o Y RE A A R R D A R KR B
Ak, BATE X

BH1R (cost)= Y/, - (3 § A~ S0 25 B o (TR HE)

i=1
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(— 5 T 00 G B K 1 g SLAE AR b0t R s B PR BE) -

Bl b 4R A R A S — R ARG R R ik o 4R SE I R BB, AT
T BAHE — 2 s SR AR AT 8 — A 79 38 5 2RO B b L BT A F 3T R R 2
Fl. oSS b, NN T RS R 2% MR ERBEES,
wRATH G T B, B2t — A AR KW AR H 1 HR . Bk, B E AN — @
B S M LA B —— R AT LLR R

B (0 AR R R AR R ALAE PR T B T R PR R BB BE

UL ERIS — MR ARG RRA, B BRME KB 7SR T R
e, -t B R A AT AR AR TP A B A I PO R B AR (T R
iy, BRHAT P A A EEER). mMRRRXEE, HEHASFRAAMEERR
b 5 5 A 0 0L B i A 7 e T 280 SR A5 8 e (I 2 T B R AN R R A )

BL7E AT AT LU — R g0 i R R B Bk, SR P BB R K
HIERE, B QR j, AR R A AR, R A KBE N fivfe ATET
Bk, AU EFERN A L. AAMERME —FMER, £-BFAMALN
B4 (D £ R LA SRR AR BRI A A i E— A EE n-l T
BE S 5K (fitfo)s fan Sfan ooon Sfo BOTREAT SUEOB BOAXAR

Ji Ja

1 F 3k 0 T M 24 T 3R b — 25 FF 2R BN R 1) ) — AN UL D BORR A . A
B, RATE £ AL NSRBEF SRR, RIaH fL A, HEFHEMBES . AR
7 v TT LA AR 56 92 BA B 4 4E (3 0. 4.4.1 % Dijkstra B3 H /) AT #E . W02RAE
W g SN 4.5.2 1), HEBATNFRIMY O log n).
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procedure Huffman(f)

Input: An array f[l---n] of frequencies
Output: An encoding tree with n leaves

let H be a priority queue of integers, ordered by f
for i=1 to n: insert(H,i)
for k=n+1 to 2n—1:

i=deletemin(H), j=deletemin(H)

create a node numbered kK with children i, ]

flkl = fli]l + flj]

insert(H, k) ,

5] %) 2 H A BT BERE I RATER 5-10 R4 40— T b &
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A RGOS mAEAET, NE i N EEAEILREA A mp(B& m B X).
HTE, BRXERFRELTFLRIGHE, L p AR 2 HEFHw 129,

Wit (R T 5.19)T 4e, % Abid A 5] P& 6y e dk kb 3 mp, log(/ p) . B st
ST ENFAEBRNEAMME, RBAEGIH KDL

ZP; lﬂg— "

i=1

CRARBIESAGE, RALFOSHMILKYG —FEE.
CORARB, AR FREES—TH LM ES S 172, BRABH

1 1
—log2+—log2=1
AR 5 ok

CARA KRR REFEET | AR, ﬁﬁkﬁ%&ﬁifr‘

ﬂﬂ%fﬁ#ﬁﬂﬁﬁ#fi*ﬁﬁiﬂﬁ#ﬁyﬂ!d _gf & fﬂj=

= ;.’". 1 I - - " 4 3 4 LA iy g ool i - ‘ '..-..'. l-..-... .- ..-. .-' ..

(G . - Zlog=+=log4=081" aiv il o o
F S _ i 4ﬂg?‘+ lag 031 i o

i#& ﬁi#&ﬁﬂﬂﬁfﬁ ﬁﬁ*ﬂﬁ&ﬁﬂ%ﬁﬁ*%lﬁ%ﬁﬁ ﬁfﬁ:_
#ﬂi’.{ﬁ. ﬂﬁ;:&m‘tﬁ{ﬁﬁlzﬂﬁﬁnﬂ FmKERW T RRT O S
AU LA — SR K ARLIMLSI8 519,

5.3 Horn 23

FAFHE BRI ARK TSGR, FLAT —ENEERERNELATD
. N5 2 XM —ANESHELE, Hom AR N RABHILSETHRBRT
B

Horn 2 3 b B 3L A {0t % R BU(E b true 5K false WA /RZER. Flw, ZBE x, y
Az ALK T A AT RE:

x= HETEETHEHR

y= BRKELEEN y
z= bR b 8 p A B L
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BT — AR x RERBTET(“IEx" )N —AXF. & Horn ARF, XTF
A5 5 () 40 LB I R TR RIA

LR, KN N EEE E CFMI(AND), £0% —A BB E 2T,
FIKMIEA S SN “WRLEMMFMER, WAMLHE. Fli.

(zAw)=u

FoRCmE PR L 8 HEREY, HMAREEKR LS A, BMA LRELEMN".
26 5 20 1 — AR AL B SRR M BIE TA), B “=x”, AXH “x WE”, RR.
AL R EERE.”

20 MiFEE TH. TASEEZAEELTFMEOR), B

(Hvvvy)

(BH “BNATEBELEEN” ).

BEEAHU EFATFARRNES, RNTFEAKBEFE D —BHE
B, B — 414578 BT A T 1) #5128 B (true/false) W {8 - i% fi# B¢ 8 %t #K 4 % Horn
23 2 B — A T s L TR A

e KRR R, WK TR RATHE R AR M7 . 2T A VR R AT & A
AR true, A E FANEEFTAOERR false. Kk, RATRAMTFHK
RS . MITH RN false G, — M E—ANHBILFHMAERER true, BH
true B TTIRMT ML AR AL . “ B AR AR X R LUE 3 A2 i 25 ifi— B
A MERR AR THLS, BRARERERASE THNRMEL.

AT, RATM R R RO i AR VR S B A TR A 3h):

Input: a Horn formula
Output: a satisfying assignment, if one exists

set all variables to false

while there is an implication that is not satisfied:
set the right-hand variable of the implication to true

if all pure negative clauses are satisfied:

return the assignment
else: return “formula is not satisfiable”

2k, *EATFHRAQRX

(WAYAZ) X, (XAZ) DW= ),= X(XAY)= w,(WVv XV Y),(Z)
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HA® x,py,z,w BIEA false. HEEBFEMT T a)x, BH x BN true. X
BT x=y, Wy BNEA true. Wk 8kEE.

ENHEAM AR EMMB? FEBWERF T —ABAE, X4 E #8480
MEEFRIAMAEL, e LRMERBMAN Hom 23—/ 0l i 2 R{E.
e, BMAGTEEY — &, BB REREAWSHEME. REMEE, BHHh
TATH “Fi” MERFTUTHIAZH:

R ZRYE A true, WEMNEEENHLBREPINIZN true.

Ft, wRFEED while BHEHRBNBMESEHLERAEEE T, AT
A7 70 Ho A 1 96 2 W AE T

Horn 22 L4 Prolog( “#Z W F ¥ it ”, B programming by logic)i& & ML .
ZEGEHmET M2 RMEEREX RN AITEMARTERE. Prolog i#
BRI NIZOERBMNOATHLEHEROEE. MH, X—HETUREMNES
AAKEHXKI SN B NER. BMiEENMH 2GS0 E 5.32)?

54 R4 EBE

5-11 PR R AR 4. AEFERMUOWY, TEAREEN AT
W EHFNER. XEFWHDTREMER:. —ERAERNERSLMRERB L, —
RMEE —MHRBE MR, N ZTUE 30 ERMUEHEBBE PR —FERL. I
24, BOTEBEL/DFTERNRE?

(a) (b)

| ]

o

B 5-11 (a)ll RE: (DA B A 30 HH N E
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S — A 76 4 T o . XA x, @ S R AE L 30 S HLVE T A A 4R
BES., B x MEREBRES “EBE” S, PHAAWE. TRBANEEEHREL,
FELOAKR S, A e =4 EH P .

EEFEOM

#WIN: TEHEB. EH Sy, ..., SwcB.

M. K —MoES S, FHIHHN B.

A PRk RS R

(FERAGE T, £4 B P CERRBE. XN MEALSRERME I H T
o O R

AWrEE. HB BHMTACEREEE:

HBROSABMBEELEHRKES S

XEREARMNAESEREN. LRAEF S W4T 4 H AT KA /N T . B
TATERE o BT PR, FAXHRESRZMOME. W5, et P&
Fo UKk Mgz —BAZF¥R. XREREXFTHNFREEN 4. FERZ,
SR b AEAE — AN BRI, R Z R0 R by e i, W AR E =R
WAl UUE BT A L. X RO EFIFAREN!

EEMR, ROHENMESBRRAMAERILEIFAER,

Wiz RBAnAAE, BEABRKBEZLOCSEANRS, NRSHEEAFER
B$ 64 kinnAESLL

B o, MRS WERE AR E BN TEERER no=n), BHTXLE
Flom R RRM A A ESES, Fik, Y - EHFEENMETHP n/k 4T
EWES. XEKE, LEBERES

i+l i”:_ﬂ=nx[l_lJ
k k

MW n,<no(1-1/k)'. #H—#, H
“HAERE x, 1-x<e*, 4 HALY x=0 BT 5 HAL”
(A E AN IE W 5-12 AT k),

n

2 InnfEl s “ARAE”, HLEHN e
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M 5-12 AL M ERNE

LS,
i
Eﬂﬂ%@—%]{%ﬁﬂk%mfm

WY =k Inn i, n =D T ne™ =1, HHEEHREHERNTET

ROHZEHMRE LB REZ L TRERE R EMANAR AR, H2
BT Inn. MFREFEHBA, X—HASEEEELT hn(ZRI- 534). B
IRRIX — Jge K B % 00O Sk R (R 7 . B SK X X HE M 45 R Y e H R K
A, (HESE EXPRERERFAFE. BRNCAMSG RE, EXETZM
S E RSB RAERNEREE 8 EMNEEQEMFEM)Z T, 7 CLERM
LA b () AN f 70 B A S /DB A R 1 25 T K ) B

] A

5.1 HEWMTHOHAE

(a) HENERMEANZEED?

(b) EIA LA B/ A R ?

(c) 7E3L FIZ4T Kruskal 5. AN MST MIBUT R EFR? X T8 K48
BN, & i nr S E 3G IE A A0 5
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(a) iB4T Prim B . Y FEEEN AN, BESHEHLFEHUTFHIM, AT R
A FFEE). i H cost 4 i) ) {EH 4% .

(b) Z4T Kruskal 8. BERMNEHTHREES, EHHE —PRBRKDE
HEHBEEHEBE R RMBPSEHE).

5.3 WHEANWMTFESE T — DL R REE:

WA —MEEOERE G

WE. BEATUMNGHBER &L, F G NARREL?

BT SEm M R 4872 O(IV)N - Tl fel 48 ?

54 FHMBEEANACE 2ATAKEREB AN EETSEFEER WHEDH n-k
&

55 XEEMNE G=(V,E), HANE w.20. BERMNCLEBHT GR—T&
MNERR, UERBHEAT AseV B HMAET ANRERS.

MEKFEABREMN L, B: FHRHANE w, =w.t1.

(a) BMEBRNSREZATG? MBEEET, SH—NHT, TUWHFIEHEAZR.

(b) BEBBLRETHG? MABHAT, AH—IH T, FUIFIEHAXAZE.

56 W G=(V, ER—AEME. iERNE GHRALHNEREAME, W HA
A AR ME— .

5.7 el 33k — N BB K AR A, B OB R KR A B ?

58 BE—NTMHHE G=(V, E). GPEE—IMEERTAs, SHHEENFA
B ERNIE, BEEAHE. BEFEELMTRE, 48 s REBRENS
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G RN BN ERW AL AEM —&iL? mMEATRE, SH—AFF, &FUEEH N
ft 4 ATl fE .

59 DATFRUAERXELE . X THEMEL, WEEAIEWNZGNRIER), Eask
H Bl (I REEIR). HPBEE 6=V, XK. WAREH, AEELHESEA
A &)

(a) & G AL V-1 ki, HFEM ——FEEH, WXFLLART GHER
B /N O .

b) HEGCHHFE—ANH, AL LERET GHME—HBEH e, N e A& T L7 MST.

(c) ek GPH—FBEL. W e b8 TFHA MST.

d) WREPHEELME—, WZihE TR MST.

() M e BT GHHEAN MST, MHELEEE GHENTHINEREL.

) ## GPRHFEHE —ITH, HEPAF G —=REL e, W e )@ T84 MST,

(g) Dijkstra 5% Bt 19 i &t K 2% A2 4% 4 5E J& — A~ MST.

(h) PRANYY 1) B 0t e B A58 0 i R S MST B9 —#E 43 o

(1) H“AFERNERGR, Prim SEUIRAE .

(G) WHER r>0, & X r-Bf A —FHNES DT r AR ERE)E GBS
—%HsH -, WGHHBMMSTHECE —%Hs 3 H) r-i52.

5100 W THEGH—/ MST. i€ GH—NEETHE H, iE¥ ThH 2 HI
KA MST #8847 .

511 ARG ERE{L}. .. {(8}IFH, KFS WL M REER T & ERE
grmRAE. K. RS EY; ﬂ%ﬁﬁﬂ?: T K G 5 B AR 4R 7 G 5B
K.

union(1,2). union(3,4). union(5,6). union(7,8).
union(1,4). union(6,7). union(4,5). find(1)

512 BREBINECSEAFHBERERFENNR FAHEETFRNSHELRT 2
EEBIEEH L H—AEn 1 I0E L H m union Fl find #: 1E 4 B 1 B 18] K Q(m log
n) ] B AE 751 .

513 BAH - NMEFTA4NFER A C. G, THEKFSH, HpHAFE00 H M
KA 31% 20%-~ 9%H1 40%, if 45 i H Huffman 43 .

514 BB THEa, b, c,d, e WHBBERTHIN 1/2. 1/4. 1/8. 1/16. 1/16.

(a) LA b4 F B Huffman [ 469 40 A3 & A4 ?
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(b) HFHZmMBEATF—AEE L EHEKEE 1000000 4 F 04, S
R HKERE DT

515 {R#C2# A Huffman HExT HIME DA fov fis LEIFE{a, b, ¢}
AT T WIS, S TFLUT RSN, HE M N TR LR LIER, BE,
MBZERATREABER, HUHEA.

(a) Code: {0, 10, 11}

(b) Code: {0, 1, 00}

(c) Code: {10, 01, 00}

5.16 iHiF % Huffman ISR AH W T HMR:

(a) HEXEANFHOHBMEBRET 2/5, WHEMNINHBFKE—EL 1.

(b) MAFAFROHRFMERET 173, WEEKEN 1 HHEF.

517 MFHAFEPHNN fis fon o /o B n MRS, TRBRKBFRAA?
W H— N HAERB T .

518 FTRAWMTRXFHREFEHRTHE RN ZEEECEPHRHRHME.

SH 183% | r 4.8% |y 1.6%
e 102% |d 35% |p 1.6%
t 77% | 1 34% | b 1.3%
a 68% | ¢ 26% | v 09%
0 59% | u 24% | k 06%
i 58% |m 2.1% | 02%
n 55% |w 19% [ x 02%
§ 51% | f 18% [q 0.1%
h 49% | g 1.7% |z 01%
(a) iX &£ 1) B Huffman g% 2T 472
(b) BN FRHAGEBEFHTESDA?
(c) fBBIRAIN LUk B 1 57 3L '
26 1
H=) plog—
i-0 Pi

BREXS N 5.3 WRTHKATE). BANZESHU EHNARERALR
N2 St A?

d) BRBFAANSREXEIXAEFROTR? BT FRELUAAE, £HH
WEYAGHBUERTEELAERTRERFR?
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519 M. B o MAREHOHIEBEESIHN pr1v P2y v Pro
(a) B p BR 2 WEABEBEW 12Y. XERZSAZEH—DPEKERD m(m
MAOMBMEFEN . EZFEAD, XNTHE 1Si<a, 3§ Fad HINARBE A
mp;. 5 iF B X 1% FF )4 B Huffman 4485, B4 ROKENR
3" mp, log—
i-1 i
(b) ZFIEEEEMNIA—HAHERE p, —EHE 2. T PRSI AE
HEBENERE, B W LK ER RS

< 1
;p;lﬂgp;-
EA2EAMESMCET n MMEBEDT, BEK? A X aBPE?
520 WHH MM TAESHEERBEREE: AW, AWMKESF
E—/ERILE BHFREBNT R —IRKAES.
521 ERBE G=(V,E)yWRBINE ERABLEN—NTHE, ZTFrEE5EPHA
B, B, B EPRARKBMER G L.
FEXNM T RESH - NMEROE .
WMA: BEEFEUNE w.HIEME G=(V, E)-

Bidl: —AMNRESLEECE, EHBNE)Y w, B

522 HHBANFET AT RS H— &N AEBRHEE:

HER L —ANT, Bk e RZATFHREL, NLEFEEENTAEE e R/
A B

(a) 5 UE B &P .

(b) U FEFM MSTH . MANEANLRE G=(V, E)CRASERKR), &
BEN {w.} o

sort the edges according to their weights
for each edge ec E, in decreasing order of w,.:
if e is part of a cycle of G:
G=G-e¢e (that is, remove e from G)

return G
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WL R IE R TE

() HERNE—F, HEFERNBREFERVEENL ¢ M. HEHEX
AR S et A Sk, UL IE®M .

(d) VAE|HZR, WHEZHESKEITrE,

523 LR —ARBEANENE G=(V, E), LLES5Z XN #—4 &/ A B
T=(V,E). % G THASERSA N . Wit H K LRI ecE IR EH w(e)B ¥ N
wie)o WEEAAEFIFEEANB/AM AR T, Wil EH T 79 21 35 19 B/ A B
HEFRT LA R 4 Fp AL, 40 B4A H AR P i IR) B SE R S

(a) e E'H w(e)>w(e).

(b) ez E'H. w(e)<w(e).

(c) ecE'H w(e) <w(e)-

(d) ecE'H. w(e) >w(e).

520 HANRBRINFHEBD —HEEHIERG “B” WERK. UTE -4
B+ .

N LE G=(V,E), UANE w.,, THRTHE UcV

. 8 USRS AR (TR AR AR Uh T RONEBRERE
F A%

(GRA—ERBDERM. )

g5 i k3ot % ) B ) S O(ENog VDI BEv: . (3R : ¥ U 9 RN B AR
Bee, =®MTHAT)

525 AR - HEE BB FUTFEANRMAE: increment(fH M 1)
reset(f 5 0). WIEBI, M—ABATN 0 Wit B HL, EEKEN n # increment
fil reset ¥ VEFE S E Bt A O(n). B, HPEANRIERTFHHEND O).

526 UTFRBREAZHATIH—ARNE. tF—AXEx, ..., x,» HE L&
i “x=x;" FIHFRLYRMEW “xx;” () A~ 5 5 2 TR . X 4 TR 7 R I I A2 7

Fitm, wF—HLK

X1=X2, X2=X3, X3=X4, X17X4

BELERMNELN. WAH—MERMEE, AWRT n MERE m MRES
A [e] B 396 A2 o

527 EBFIINE. BF n ANEEBMFE 4, dy, ..., dpy ROVTGEAWE
éﬁﬁ*ﬂ“?ﬁrﬂ@ G:(V} E)! ﬁtﬁ.ﬁiﬂqﬁﬁk dig dz, saey dnn &Eﬂr :E V:{Vh'lr-'z, ceey
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vatsr W v, IBEN die BAIRR(d), dy ...y d)A GRIEFF] . XBRER GHPAREEE
El [] & (LA &) — 7 5 28 P 3 0 B ) BR & R E RS M R 1Y R B3

(a) & —HBH d\, db, ds, dsy, 2 di<3 H di+dy+ds+td, HEE, H/AHF
1E LA(d,, db, ds, d) AEEFFIRIE .

(b) B d=dy=...=d, BFHEL(d), dy, ..., d) A EFFIKE G=(V, E). BRI1H

ZRAFE - TRFUZNERFIINE, H v BEEH v, vs, o, vy, EER

BRI GBI L B & AR E.

i RBAE G v FIBEAR v, va, o, Ve WHMIFE isisn UK ueV #
T%{V[, vi}s {H, vj} €E E‘{"’:'15 v__.r'}: {H, vi}EE“‘

ii. X G HTRH[/I N EZARAMHREFIOE G=V, E), 87 {v,
viteE’.

iii. WHILRAFE—TE, RASENEFIEERT v BBEHN v, v, ...

Va1 e

(c) FAGYPHEGR, R —1TUU dy, dyy ..., (DAL EFEFEFR)ARARKE L,
HTHMESGFAEUZAERIIPE. ZHENZIEITE » 82 02 88 A .

5.28 Alice MEX B —NES, AKFHEREBEH2ASM. BWWHE n 4
AT HEIEFE, Alice RIEMAIZ M ETHRIE T —MHEEXNRFIR. b H#HE
Rufg£MAZm, HRAMNLAFERBUTHA: EF2L, SPMAZLITLIERE
SAMEM S MAHHEMA .

R ELEHE — RN EE, Uan PMARFIREEHEEXFIR DB,
BMHBEMPEBREEALE, HETEZE nHEEHIBTHE.

529 HRFEERMNI—NEHNEREAITHHENFRHEE T XN A — 2555
¥, BEEAMARFHESARN THNITE. M— I EWERBRERDE, BEAD
WREE N H PR XBEREHER S A THRFERERRN) LA R R . B
WG {0, 101} AN REE/NE, K24 101 o] CARE 4528 1, 1 B4 O 7 JC 50 8 19 1% R
ANEE

WHIEH, —PMERADAMEINBHBITURFD -2 -XW, HPFPIHT A
Sre A cEME— XN, AHNH, %0 80 RS S a] BUIE i 88 R B %
HYARBEmERRAe LR A EMEFERD O, AH0E#EN1).

5.30 =ikl Huffman. Trimedia Disks A® F R T —% “=3FHl” W& . M
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FHEA R TETLE# O, 1|, 2 EAMAFAMEMARERAHOM NDZ—. ATH
HF R i E A, ESH —Ff ot 9 Huffman 895, scBxd B H BRATEE 43 A 4 A,
Foy s o R AR SHBRMFHIRES S . R EN SR L0, 1, 2 {5 AL
A BKERNLY, BAERNFEHARLMBFHHR, DRI RN EYE. &
Jei Vi UF B % ST iR ) IE R .

5.31 Huffman HiEMEA TR, HMMERRGEm N ZB A, MHRED
(7 ) 4 A AE 0 K . X — BB R FEE R T 9EE, Hh#E W 1. you. is. and. to. from
A e R VO ERAR K, 0 26480 velociraptor iX £ [ A= R A DU &L

SRITA a0, Hedn fire!s help!F run!, Z FrLls HARE N EAIES A,
ERMHAFAERERENDEHN.

MBS I A B, R RATE — AN B n AN R B H R SO, B BRIE] O B Y

BB S BA £, oy ooy fro FIBHERAT T58 i MR, HEHFRRIERENRN c.
O, WRRAMRB T - FENSKmMI, HH% i MREHBARKAN L, Wi

AR R Y £,
350 00 Al R B 8 PR A SR 0 T AT R D

532 —BREBUMHE » MEHMEHEE. BRERMNFLECLERTED
% B A B IR IR, B P TR AR S R Y £ er. TR, HFBIRUL, MW

BRI | BT RIS, W A BUEER RS ARG 1 A
T 22 A 5 18 4 11 25 5 e 1)

H

T=Z G i B B 55 f I ()
i=1
BN, e — AN A R B 5B B S R A 1 B R BT
533 HHWAWMAEH - AMPRTARKEGHSFHEXF B ERRE) AL
i 18] ¥ Horn 2 20 AT 6 2 iR B (S WL 5.3 )X HH L.
534 WEUBHAXNTEER 2 WEMEEY o, FE—RF 0T ¥R HEER
B(B W 5.4 1)L
i. EAEAEF A PILE.
i, RREHNAEHIES.
iii. MOHEREDLEIEN logn MES .
M IE B 32 AT #E 4 22 &5 1 i BL LG ) 2 B T
535 WEH—ANEH aAMTANENEEEZE n(n-DNA R K &7 #
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‘;;- E _'P : & 7 ;l__;r;

WY R . ;an}quy AT 0L 0y W ac e
A R SR R M e e T UL XA ST A SR R
werm e, o d lﬂ;ﬁ]‘ Rt VTN R TR EN RFER G s P {.?1;,1 71‘ R 3 I T §
oo B LT A 'i-'fl R AN CEmrY BGHEH S ARYTEBDH T8 i’ﬂﬂ%ﬁrﬁﬂ
- ﬂ%HJﬁﬁﬁ%Eﬁﬂ
< i tri'ai ST V0 B afh R0 WL i ‘;L-H_f}.{“ RKEHINT nenMul 182
mot cot cbns et cyoy L IEEBHE A HE N EBE <0 000 X R ST U8
LA D T G AT S e lmqh ofey AT bt BN N ORUR AL —
M A R e W iglad | louid 2] L[ AR
' S e E e s R HE AR
Wﬂumﬁ+ﬁ.H'M@wy%Jifuu4 %Hﬁﬂﬁ,ﬂmmﬁﬁﬁ |
SRR IR w L e N e IR AL AL IR R IR
gﬁnmu AR R RE R L SR MR R A T REESRm 308
5 1\1 o Bk S B TR
o Bib s BT R 013 AR N S SR EE b T P W
AE T B RO JF RS RY R e ’”‘:“‘“ W B E 'n%%flﬁ B—  SLe
GO, GUUE N W SHNE & SO UL NN B Ot iy 1| Bl (ke 1 IS CASTO R BT 180 B i g
"%féx[z B30 TR T R Y I TN L AT LR R AR e AR

WA E ML B WS RN

-

O e I N T A
1AL AP L&) Z =\

e ﬁlﬁﬁﬁﬁi'&fr—l”s"-a;ﬁ-"?m&'tlﬁ".‘lﬂ"iﬂi:ﬁ&*i'illﬁ'ﬁ'I“- H A AR
PEtoe QRN SRR s I R K R mNE se2
R = U e .'I'. @)W (A ']'T Do R avol L}H'IEHEH

DR EONE A R B o HETURE © ST kR bee
L RR(E b2 N8

I TR BB RAR

L HRME LY EENE b

SR Mugol B CHERGR i

D 3 Sk (o A T 0N AR b i g B S TR

oA AT AN TR R AT RT P R B 2E2



chapter 6
B & MK

B AT EY, BRICAF R T R RMEE R R —F m4 8.
FHRZEUL T OERFR—RTEMIAREENHHESUET BLNEE, X
TR RAE T EATIE 0 s s AT S A 2. WIRZETFIR, TRAT1Ke 8 1 7 b
ERMmA NAFEEAR, PRz AR AR MR . 3T i a0 N, X
PR IR AR R AE UL BB S T i R B R . AT E, XA EN
3 ot 2 PEBE A — e 2% E 4k,

6.1 EHFAAGAKBHRERZEH

TEA X B s i B2 AR 4 B — MRS, RIEERN T6 LR
B (dag) 1R Bl , 1A B2 A3 A 50 i TR o ] 13X — 45 18 70 3 25 0 R B A8 o B 0 67
TE L BRATTRe X Fe AT BT e AL .

dag B)—/AMJAF 2 A0 R SCTT AR TR R AL, B R S AT AR R A — &
HE& L, HESHAMNAHRFELEEL KT HE 6-1). KX T U X — &3 KR
BB HARWRK AL, BINFEBRWASBIHNENTAMERK RS, Ak, ik
RIMKEXDTHFEY S D W 6-1, BA DNAEMBRERLE A, i) B &K
C. B, HTRSEH DHBEMHEE, RAVTXLL K& E2ET HE:

dist(D)=min {dist(B)+1, dist(C)+3}

FEANT R RIMNWATUEHABHRAERL. MRARIILEE 6-1 PAAEE
AT BB F ST T A X 4 dist fH, WAL EME, SRMNFZEEAT LA vE, B
ROER/HTHHE dstFFHREHEE. B, ROTLUEBO FEFR, AF—

]
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gt RE VS BT A B A . A REWR

Ct@ O BB 1D )

B 6-1 —/ dag e H &ML M HEFR)

initialize all dist(:) values to =~

dist(s) =0

for each ve V\{s}. in linearized order:
dist(v) = ming,e{dist(u) + I(u, v)}

VR F SR TR — A {dist(u): ue V. RATME BT
B dist(s)(BAS N, HALN 0)FFIh. B FRIKKZE S Mk — 2 “B k" §9T i B—
— X T ) A 2 M A P R R B A S A A0 B B K R K R 5 —— 3 R B
EERBHA TR BT LACSME T ST T WS, RN ZT M 8RR
K.

X —AMGE A RRORE R, EEAT AL, ROFEXETRETE) TR A
MIREA BB T EORE, ZREE AN RKAEHER M. 48, %RKF
BEATRE R IR B R, KRBT N T dag B K BB WS, 8F, BRI
DL e v AR B L ch B AN, N T e X B ) S O o 0 LA N 1 AR I B 4
]

A RIR — A D AR AE R R B T SRR, LA i 1 R R B I
— AT, RIEEBEATIA, LU R SR K R AR R, R
HRFTA BT R, I 2 B B ) (R K 0 F B R . B A LRI T R
AT LR —4 dag, {H dag (U BABH B EBAELRBILESR. EXAMBEEH dag
b, WAMNFRIENO TR, QxR TAEAOKEXR, B mRRWRT
i B AZAKHR TR A RS, WS E)FE—%FB A3 Bk, i, 4#
WA BB AT RE—RHEE, XHAPERARERN.

BZEAT AR B — AN BB T T .
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6.2 ®Ki&E¥TFH7F

BKEMTFIINENRARE - DMEFEF ay ...y ae FTIETF, 2E
ML B3 p IR I — A 78, B a, a, ... a6  HF I<i<i<..<i<n.

WMBEFFHTHRFEE A EBREG, ML /B TFFEHN. BIOKE
FRERHEFIE —ADRKEEN 7. 226 K5%E, 75 5. 2. 8. 6. 3. 6,
o0, THIERKEHTFF &L 2. 3. 6. 9:

5 2 8 6 3 6 9
N N A
EXAG Frh, fikRraBMMPHMITERMBHE R, B, HTH
WAL B R R AR A R, RAAT AR AR REMEE SRR HAEASE
NTEE a B AP A i RE, W AR A AT RETE S B T 5 R
BHERAMTTE o o, RNHLE i< H a<a), WI0—53EE &R s
A w3, (W E 6-2),
EEE: (DB TXHEEING ), B i<, B G=(V,E)yR—1 dag; ()i 1/

FFI dag PIHIBR R Z M AFE—— XN X R . Bk, RATH BHRRAERER T F 4K dag
) K B AR !

7

DA AR R B B

for j=1,2,....n:
L(j) =1+ max{L(i) : (i, j) € E}
return max; L(j)

LR j AZAMERKESRE—XNTRKEN 77— HNKEFEK, ©
AR ES R 1, FAHHHZERRLd 0T RE0). SRR NSIThE
KA, ATUFED, AR MBEELRET j HEADITEN &, Bt LOMZET
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J AT E RIS N A L(e) P B R KN 1. T an SR B AT LRk j R, RATR FECLY)
AR N R, Bl 0. XHFE—K, ATFTERBTHAVTREMNBREE L, B%
EAVH KGR K L))
XE—NERR. A THREEFIREE, RINEXT —HFRBE{LY: 1)
Sn}o I TXETHERFNW TR, B e aesE &5+ 28e s K.

MAEFTABAG—FHAAR L THEREE: HTEE—ATFAM, &H
ABERMAT ST ESR(EHA PR L b7 T ABGMETRT, £
% F M

ERNKE T, BNTFRBRKRBRETO TR —MXEKXR:
L(H)=1+max{L(i): (i, )k},

B, ZEREZRMIFENNSHMERERBR M FRABHMEEX. Fa, X—
SWEELRZOMEE? HHRMNEEFEDE MFANE, TEHBKES N
S 3.5)E R, REHE GO BRIFEAEME, RELRRENE. ko,
§ LGHM BT IR S 7 N BE(BRIA B j i O E e, BT ASLAR A T E| R &t . i,
o1 R BTN BB AL R TR HESLE, BB ST RO R B £ h O(n?). B KE)
7530 1) 2 — b BOE R B ST A I T i

BiEEERAME, UEFHKABHNLEARERTRNERTFFIGKE, B
1% T A B MR B AR TSI A SIE? FL b, SRE 4 FRMHKAEHE DK
FH v, MM AT R RIS . 9 LOWRAR, BRIV prev()
Wit F TR, HEMNTFREEE ERIGEj AR A, FEHESRE, BiXxd

3R B AT 48 3 B K 1) B R RS




gem M AM Y 1T

W —ik ik M B H KR!
g
P SOt i T A e B
| i /\\ _.-—"7\ S50 i LT TR AR o
L) L L@ LD L2 L@ e
LD 5 LA L) e R s
i ) Lfll} f::.‘ e - A |
F A2 F L(n), #ﬁﬁ#‘?%&%-ﬁ&ﬁ ﬂ’ﬁs(ﬂtﬁﬂ-ﬂi#i#ﬂa? ) ﬁﬁ; :
:iﬁ»f-ﬂ%_ ’i‘?{?& o
R, &%ﬁﬂ-:&*ﬁﬁﬁﬁxﬁﬁﬁﬂiﬁ%" i*:ﬁfﬁ'f&#ﬁnﬁ-

ﬁ%ﬂﬂ&%ﬁﬁﬂﬂﬁﬂkﬁidﬁ%ﬂﬂ A BT L ML A R AR A
4 —F. pbde, mergesort AFAARN n ﬁﬁﬂﬁﬁ#ﬁﬁiﬁﬁiﬁﬁﬁﬁ&ﬁ’i‘ﬂﬁ
Hon/2 9 FHAFRY. wfﬁﬂﬁﬂﬁi%ﬁ#ﬁﬁkﬁii,&%ﬁ##ﬁﬁ
RAMALH B IE, KT AT OEHT EHRS RS AXAME. e
HLZTF, E%ﬂﬁﬁ&ﬂmﬂi*r*+ﬂﬂﬁ#ﬁ#ﬂﬁ—%ﬁm%ﬂﬁ
RA D — S F R —— 4o, LORMT L(-1). Bit, ZEAEPREFRA 2
FXEA, RATEABERRBBBNT. Fit, AFRSKT AL TLBA,
HAPHOSHRATFAMBER L LA FRS. AUZT, SR LERS
FEMARA TR XIMAERE T FIM, HFRIRT % 02 R RATRA KB,

6.3 SHEIED

LUPERETRBS MW RMNHFEH RN, ERFEACHARTERSZH
L . B4, XEHER “BEEML” B aBak?

XTFHEAFHBMESR, —MEANEREFENEAEDS KER LAHEXNF,
wE R, FBENMHELIRAREDM. B NERKAE, HFREE - DFRH
EHBEY —AFREH. B, xF SNOWY F SUNNY, B &FAS A 1% 7+ 75 3

S - N O W ¥ - 5 N O W - ¥
S U N N - X s U N - - N ¥
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L. 3 ftr: 5

Hep, “-7 foRx— “FR”; M, LB EHERAZESNFERES . X
F—FfxtF AR, HARM R LT AR/ G0 N7 BEAAHE 5 % . 1057 18§ 9% 8 BB
BREBHUANEHENEFSFHRaTEAGMHE M. AomEERTCLRI, Xt
SNOWY 1 SUNNY ii 5, AR AEIR B ML 3 BRI FT .

GEEEZUST AN, REETETUHEM IS N FERHREERD 5 —
NERFEMERPHREBRE—ORFEFHA. BHEBRULFHFHRARE. 260Kk,
ST L@l A F AR, ERERAF=ZREEIT: #HA U. F#H OON H
MEz w.

—BER T, MFHEALHFE, dTURAFAEIEE BN, H I E ik
i REFRBRAACMN B /) EF W W SZRIAEE TIHRES . CUT BRATR ¥ 6
o) 25 R K AR B X — 1) L

— MRS R A
i FH 3 25 BRI BEAT 100 JB K AR, B 2 b 0 ) B R e AT R LT R A ? N RATBY

51, F R B SE X0 AR MEETBTIR ()W 6.2 . T XANEERE, SRARA
T 480 FR) AR 3 PR e R S 0 11 T 3 A SR A

“ﬁgggmefiﬁgﬁﬁ7” :&me$7

AR, ﬁﬂﬁ*tﬁ*“ﬂﬂ a7, “wﬁﬁm»maﬁwgﬁ%wjﬁ,
BHAMATLERMONA. B 62 FH dag TR MR KR T B RALE
WA, Kb BATEMETARE, REMGT RARSE, €ﬁ$+
k&ﬁﬂiv?ﬁﬁﬁﬁ AT — wﬂ%mﬂuwaﬁ“* s
CRARANEA, ABETEOIA, ARAY, @ﬁﬁMLQMﬁ#iﬁ‘

BN HERIFIEREANFEEE x[1..m5 y[l..nlZ M REES. a4
ANEFIF R R ? MR, EUTEMREAN N ERESE L —HS. KEHFE T
X B AN F 7 B AT B (prefix)x[1...0)5  y[1.. 7106 % 48 05 B o fel 2 FRATT w7 ) LA
E(i, )(ZNH 6-3). X, RIMNMNBEEMBEFRRER T 5 E(m, n).
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el BT, BRNGEER EG, )DRAANBZEPHFRBHARENX. XKF
—FRMXT x[1...05 y[1.. /0 BEN FHEMELENG 2. BR, ZXNFPEEM
R F AT RE I T =Rt 2 —

x[i] - x[i]
1 17
- yU] il
PR T, ZAEERARMN R 1, RTRMEME x[1...i-1]8 y[1.. /)8 & H
SHFH R, XEMNTFRE EG-1,7)! FREMNEXST —PIP. B_FBERT,
P8R AR 1, T AR X FF x[1...00 8 y[1..j-11, B F XS — A FRME EG, j-1).
BE—MERT, RMEALRN 1(WR x[=v[DEALNR 0 R x[il=y[1), ¥ TFKFiA
B K E(i-1,j-1). — A&, RAVMIEC A B /DK T M B EG-1,/)-E(, j-1)H E(-1,j-1)
KFERN EG HT . BTFHEANNFAME=AFREZPE A RIEFHFERE, BEHEHE
B HBENZEFEFEHLXPHBRRE:
E(i, jy=min{1+ E(i-1, j), 1+ E(i, j-1), diff(i, j)+ E(i-1, j-1)}
Hd, BHERER, RIS AiffG, )24 x[=y[j]FE 0, FNE 1.
s K48, iH%8 EXPONENTIAL fl POLYNOMIAL B4 FE B, T8 E4, 3)
XN T A4 EXPO Ml POL. HEHEXNFHEBELA —FIL AU T =ZMENRZL—

0 - o
519 B
- L L

E ik, E(4, 3)=min{1+E(3, 3), 1+E(4, 2), 1+E(3, 2)}.

EXPONEN|TIAL

P OL YN|/OMI AL

E 6-3 T i@ E(7,5)

il F I EGHRBMRT — 4%k, WA 6-4. X TXETHE, K
WY I % S R AW ? S b, REARAE EG-1, j)s EG, j-1)M E(i-1, j-1) 8 RTE E>, j)
IR, EROBUTETLL. B, RATA LU R BME R KIHE R 1T,
RIG R B A AT RO — 17 . BEHR—TF, BRAEEB 5, REH
BAT W . XHR A RIELARNTBTENTEN L OROEN, FTAREHE2



180 ¥ % # i

KTk cSEFT .
(a) (b)
j=1 j n P OLYNOMMTIA AL
0 I 2 3 4 5 6 7 8 9 10
E|{1 1 2 3 4 5 6 7 8 9 10
X2 2 2 3 4 5 6 7 8 9 10
Pl 3 2 3 3 4 5 6 7 8 9 10
=1 ] Ofl4 3 2 3 4 5 5 6 7 8 9
: st N| 5 4 3 3 4 4 5 6 7T 8 9
E| 6 5 4 4 4 5 5 6 7 8 9
N| 7T 6 5 5 5 4 5 6 7 8 9
T &8 7 6 6 6 5 5 6 7 & 0
I|9 8 7 7 7 6 6 6 6 7 B8
m GOAL A _m 9 8 8 8 7 T T 7T 6 ‘.f
L|l{11 10 9 & 9 8 8 &8 8 7 6

6-4 (a)FME&. WG EG, H HER B EG-1,/)« EG, j-DHA E(-1, j-1).
(MIEHEFFHIHER BN RERR

AHTHENFRHEELXRBET, TUHBMNILFPFELERTHESF. KRTE
P EFREDEMRK “HBEHE”, BB THAHET. XEHELRL EO, )M
EC, 0), EMNHMBEFMRE. EQ, DR xHKERIOMKWE — T RE y MEr;j M
FHMOREER: B8R, XEHN . XK, EG 0)=i.

Zit, TUEHREFERNEERBEENT:

for i=0,1,2,...,m:

E(i,0) =1

for j=1,2,...,m:
E.j)=]

for i=1.2,..., m:

for j=12,....,n:
E(f,j)=min{EG -1, /)+1,E({,j— 1)+ LE(@E-1,j-1)+diff(i j)}
return E(m, n)
ZORETHESER, 8 TP RRBLAAREF#T. HERERI R
ToH B A AR, Rk RMETHES I REOHE, B) O(mn).

S FRIMEATRE 7, BREARNHBEBERN 6:
E X P O N EN - T I A L
- - P O L ¥Y N O M I A
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iR & /Y dag
FANEHRBREE A dag &0 REHABIMN ARSI A THE,

FHRTMETHBNFEEMFHLEFTAR. TR u, ..., w38 E v ERE “K$E
FiEB v AR ECLMET TS uy, ..., e B,

FESRBEEN BT, dag PRV AN T S, K&, Sk, MNTER
PR EG, ). HiBAEBRRBLAR, BWG-1, )G ) G Jj-D20 HHGE,
J-1)>3, HE 6-5). Ehrt, RMATUER—H, EALRTF—-EMNBE, TEX
GEEERTRT K dag PHIBREKRB! ATEBEX K, BRT2{G1,/-)20)):
*[i]=y [ (FE B ok AR ) P KBRS 0 4h, BATRFEHMFAOKEN 1.
GABIEE N EAEEMEA s={0, 05 r={m, n}Z AIKFEB . 10— 7T 88 i) B X6 B&
BWAT ARG EBINBRESF TR ER. EZEE L, | TRBEIHRFHER,
mARTEAN, TINAKBHRRELALLEAHRITE .

Bt 2 dag FHOWE, RMTUBBHBREN —RIOMEEH B, HPMH
A T RS B4 B R AR RS )

CE = =_2Z @32 0 Y XA

B 6-5 a4 dag, BARKREEN 6 MR
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1
:
:
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DNA AR ABE—NAARBRYEARA, ZLCLTARIME — LD %
A REPAEARAAREGACRAMR, EoEMNAhit TRE. RNOHL
Ed A AR, HERARMNERALLAA BT RLRT VL, ﬁtﬁ"
£, #ATH -ﬁ-%ﬂ*}(mmputannnal genamws)ﬁ#-—%ﬁiﬁﬁa&%&m -
AFAAMARG — kR M FE: i

1. aamimT—#ﬁﬁgﬁ,—+mhxﬂxamﬁ&&i%ﬂ#¢ﬂ¢ﬂ
i p B, Bitfo—ik ﬁ.h@#{mﬂ#ammﬂ&ﬂwm ﬂﬂﬁﬂﬂ{,_%{;f;ﬁ
MaSERMHE, e

F R — R G R 2 —, ﬁix—ﬁﬂwﬁ+$ﬁ¢mma&ﬁmkjﬁg
k. i%##ﬂw&a?#ﬂﬁ&#ﬁwﬁ#miﬂﬁ.*kﬁ%ﬁﬁﬂfﬁg
ﬁ.ﬁf,ﬂ- . R : e i:ff Eﬁ%?‘
CBRTARAESFHCLAR 4 4% (GenBank iﬁ&&ﬁﬁﬂ&’ﬁéi{? ]
4T 100, F Al EkEEK)P B RET. BNAMM R4S BLAST, B5
ﬂﬁh?ﬁ##*aw#kiwi&#wm.&&ﬁ#&&#ﬂ&ﬁ%iﬁﬂﬁﬂ-
#‘k#i-ﬁ- IR B AT R b

2. DNA mmwm##ﬁ qmmm#ﬁaﬁ-—&é ﬁfﬁm M@H&‘ﬁi
B. A—/ DNA +TRMMIFAAT LT HERAR, SNERMALHORE
ﬂiﬁﬁ?iﬂ*ﬁt#¢ﬁﬁﬁﬁﬁ*ﬁﬁi#kk#ﬁgﬁ%ﬁﬁhﬁfil
*ﬁﬁﬁﬁﬁ%ﬁi&i*ﬁﬁiﬁ R Jﬁg%%ﬁ{;;

ﬁ%dﬁ*éﬁﬂ-ﬁﬁiﬁlﬁiﬁ?ﬂﬁhk BNﬂm%ﬁ_:_;ﬁa__ 1:', %) €& 2001

ﬁﬂﬂ,ﬁﬂiﬁ%ﬂﬁﬁ&ﬁ&ii%#ﬁﬁ%iﬁi%:ih~
BAEREGTHT, RNAE—YRALEFH, T CRCNEA
EREREWH LN TP, TRABSRUBERARTHEGER IR,

6.4 FEPFEA

AT HT, BWAILKERA S KE, UETEESBHE, TREMAM
%E%ﬁ;@m”ﬂﬁﬂﬁ)\QLmﬁﬁ(Fiﬁﬁ, s EFR) X, RRMEDTE
BEMEs W, — A a F&, AINE wy, o owe W, e BROAEA
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A5 At 77 2 1) 0 (6 SR o 2

#lm, w=10, H
M & E B #t 1{&
1 6 $30
2 3 $14
3 4 $16
4 2 $9

B AR AR A . RGOSR S RERN, WBERNEFEE |
PRI | I 2 DR ACA M $48). RS, WBEEHYRBAE — (LA
PR EZE AT HM0R — M), BRI QEELYH | MWH 3R
$46).

FEE 8 B b RATHEE B, BL L IX PG/ AR A 1 ) T R A B % T R I D B
AR ARL, ST LU 0w it (7 13 KA. 24 W BB, X — % R R
AT UEZH. LEHTHAMBER log Wi ALK W RE, BElkELR
% T R B[] o

ZEIARE & e
UARMAZEIA(ZHRFMFY TSR BTG, MER —F, sh&RnE

BB, M FRE? ERRININGPMREE DR RE: EBERB /D

HEEGFHNAER w<w), &, FEBONDmMRGIM, ZEDM® 1,2, .../, ®

Fj<n). ATHEREWANTALBEYN, EBHEFE - LNIUER.
BMEREBAINAER. M, EX

K(w)=21 w 7] LL & 94 1) B /& 1 15 -

BMGEETHENIFHEERRRER? 2XFN, TR KN ERBEETY
fi, BHNAFAFBEE, WEE T Kw-w)RBR. faifi, xF3HeEi, Kw)
BLE T K(w-w)tvie BIOIAFEFR T RZMELE /, Fb T E2EA A M.

1 R ANE RS, A CER BEN “CPURME", X CHBEErE" TR
T“BH WA R4e A CPU KM ™. si#, HaTEE “CPUIRM " Ml “HFE” %%, H4a0E
Iz MR T o B L T A PR BE A ATk 3 ) 0 4 A
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K(w)= m?;x {K(w-w)+v;},

S R DR AR 00 AT ¢ AHIEEI T, B BRI
o 9 4

K(0)=0
for w=1 to W:

K(w) =max{K(w—w) + v, : wy < w)
return K(W)

UEXAMFHERNEZLAHEE PN KE W+ B — 4R BB o i &K
WS R O(n), TREWIERENR onw).

MZAi—F, XEEEE A dag. HRABEHUEE, BHESRB-ITMHREHER
H: RKECHFEANNBRRBMEREHLSRT I dag KR KER!

BRIANEERE

FERB_FEE, MRAFERMYBPZAIBEXSWAR? LA EEXKF
I R RSEERE THL. FELE, BERMNIET Kw-w,) K EBERKEAR
ATRETRAT AR, RARMNAMED & n REELERXNTWOMPHERAILT. A
W, BRINMHTEREATHENENL, FREGXTHHDHCEBEEHLTRER.
BRIVGIANB A28, 0sj<n:

Kw, j=THBEBEE w1, ...,/ FEBSIIKBE&ENE.

BAEW H AR 2K K(W, n).
TR K(w, DAE PO FRIBERERR? BREH: EARTEEFD S j LIKSF
BHEME, EAFATE:

K(W, j)=max {K(W—Wj, j' 1 )+1-':,", K(W, j'l)} m

(B —FE MY w<w i A &HN). BE]IEHR, K(w, j)& 7] LA T [ 8 K, j-1)
KRR .

FR, BEFEHE AN THHERE, HPF w1 T/ w1 5. B TFESS
NN T E R E, FUEX/ MREEZANERERTHFSME, HitEaE
PR —FER, Bl oOmWw). U TREENHR.
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Initialize all K(0,j)=0 and all K(w,0) =0
for j=1 to n:
for w=1 to W:
if wyw: Kw,j)=K(w,j—-1)
else: K(w,j)=max{K(w,j—-1). K(w—-w;, j—1)+uv;}
return K(W, n)

icfe

EHEAR T, &m$$—+mﬁ¢ﬁﬁ#fﬁkﬂﬁﬁéﬁ&ﬁrﬁﬁ&f
BN, ﬁi'bﬁf‘lﬁiﬂﬁﬂ:ﬂ{élﬁ a.&ﬂhk:&%ﬁﬁﬁitﬁﬁﬁ
ﬁ#ﬁﬂ%fﬁlﬁr—ﬂﬁiﬁﬁéimﬁﬁm ﬁ bk%%ﬁﬂﬁéﬁ:&%m&@
REANHAASE, ARARTAMRBESR? g

st F(BRA)H M, EEERA— "f‘ﬁf’li(hashtabla, J}ﬂ.:sﬂr)mii
St it ey KO % XA #0288 % 2 A 2 KoM, x&#x&iﬁﬁgfiﬁ

aé&ﬂ7ﬁu ﬁ%&ﬁ#&#ﬂﬂﬁﬁ# iﬁﬁﬁ#ﬁﬂu A

4 e
ﬂﬁc’fﬁ"d’h knapsack(w) Gt ; Vomidin ey f\ -._l_q,a.,_.::.;._.f }
3f w is in hash table: i'etui-n— H’ﬂ{w}*‘“‘ Sidde i e s'@.*%e:;.‘- G A

. K(w) = max{knapsack(w —w;) + v : HE sw} R e AT }fi
insert K(w) into hash table, H'ith key w A e N T

‘return K(w)

'a?ﬂlﬁrétiﬁxﬁw_#?ﬁni#iﬁﬁﬂﬁ%ﬁﬂﬁ#ﬁ #x
0. Wi, wT ik FAA@MBTHBRES, #xﬁﬁ§ﬁ&&ﬁ$&ﬁ
PR HTRRBAN S o9 R R RE Ty
Xﬁ.ﬁ#ﬂmTﬁ%&ﬁﬁﬁm#*ﬁﬁ.&N#Taiﬂﬁﬁﬂmh;g

ﬁﬂ; m:wm w,##_ 109 ﬁ&ﬁﬁ:, lﬂ#fﬁt;‘:ﬂr&k 100 (E :
KO EE L& LM, TRONESELAIMARSEHRZLEFR

6.5 M4 XAk

BSBIMIERUAEEERTRRE, 0k AxBxCxD, H &85 B 4 B 4K 02
50x20, 20x1, 1x10 Fl 10x100(W1 B 6-6). FETH S, BT IS AT,
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W REANWERXHBCEAWTE N T, AxB£Bx4), HEAHEEE, FHlin AXBX
CO)=(AXB)XC, HM, BEAELARMAFME LHAFEIR, BN TUBERBREAR
MaEFR. Ba, HPRER - LREBEFRE?

(a)

5o« M) MW=l 1 =10 100 = LM ol = 20 20 = 10 L0 s LMD

(c) (d)

Ix -

Ax (B xC) D (Ax (BxC))x D
] 100 = LTW) o= 1)

B 6-6 AxBxCxD=(Ax(BxC))xD

—A mxn WA FES —A nxp KEREAENR, AT EET mop WRH . HRX—2
X, FRATAT LA H—F LR A R B 7 5 AxBxCxD #1757 XA 4T -

G K 2K Rt
Ax((BxC)xD) 20-1-10+20-10-100+50-20-100 120,200
(Ax(BxC))xD 20-1-10+50-20-10+50-10-100 60,200
(AxB)x(CxD) 50-20-1+1-10-100+50-1-100 . 7,000

ML W, REXFHOARASSHBELETNAPNEREZR! HEH, KPR
iR AR DL T EC L LR T ANE S RN, BI U0OE F A B/ R R AR
F:, REAFBTHERENSGR,

Mo, BN EONMHERAPOATEXRFR? SERERNTEIHH
AyxAyx...xA,, FHEAERE RGBSR moxmy, mixma, ..., Mpyxmu. PNHERIR,
5N E 45 & B0 ER AT LLAR B AR M 7R 0 — /Nl = XU, o AN R B X R — A
MR, BHRABRERNRE, MMHARTARRPEIENESRAWE 6-7).
LR R RIERFN T ARMH - XH. FMPEET AT A, BHATRY
W REh n HIBEREGAIE 2.13). BRINHARFTRZAFAHIN, XHIFEE
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HHMERAEANEZRZ S, BAVEH KA ENR .

(a) ™ (b) fj\ (c) {D\
.-"/\-. -.‘:‘.\\ /{f . Y /
i ", r %, L
4 = 4 > ~ e
() (D) (A) ;}_;J\ (2 D)
LN . - )
Q0 © & ® ¢
i/ ~ !
— :,.__\ }_ o -
'?‘H;' (B) \B ’-.E:' [ED C)

B 6-7 (a) (AxB)xC)xD: (b) Ax((BxC)xD); (c) (Ax(BxC))xD

Me-TH - XWeTHRAN HBEER: MR —IWEEMRK, HLTHOLRBEER.
WAL H TN TR AR? ENTMEEN dixdux...x4; KRB, RAI1K
EAXMEXRENIT: T I1<i<j<n, X

C(f,j):H”ﬁ A,—XA;HK---XA; i) B AT -

XA ) SIS TP R Rk kB, Bl -i|. i=f X T & /NEF iR,
BB BRI R, HI C3G, )=0. XtTF j>i M %, ZERYNT Cy, j)H
BB AT iZW T E — o8 E S B ABARBA B, B 4ix.. x4, H
Agrrx..xA;, HA e EES F i M j ZE . XFE—RKEZ TR RN RETHE AR
FBRER N LA EE—REOMRN, B CG, k) +Clk+1, j)+my-mpemic BATTH
TR R R R B A N A o B ATk, EAS LR B E B

C(i,})=12.tm {C(I, k) +C(k+l,j)+m,-_1-m_¢—mj} 6
i<k<j

RAEAMLUERET ! LT s Rox 7 B E A

for i=1 to n: C(i,i)=0
for s=1 to n—-1:
fori=1 to n—s:
J=1+s
C(i, j) =min{C(i, k) + C(k+ 1, j) +myu_y -y -m; : i < k < j}
return C(1,n)

LEMIBTE FlRBHER T - —gRE, HAPESI R o® ENTERER
O(n). Bk, SHEEEBEE O@F).
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6.6 FKIIIKI2EM

AEZYIBRMNEDL dag PRREBRZWESIATHERMOES. TR, R
TR — A BRI BREREFE, HrHX 8T R EERE TN
T IX 2 ) B 1 .

REFERE
PR BTG SLH W R E RN, 2T . 4K 5K 2R A ALKk

MR B AR, Flin, £ NEGERES, BIRA0KERE 524 0] 5 He i A%
JEIR, M —FHBATRLEFELE HHLMmMER. HHERELE, BTN
BEDUTREEBERE - ANRBTATEMBERE ZRKRRABEE . XFEH RN
ZREBHTERGTAEEEMA. E6-8 B ixMBM~E, HPMNSHE THE
Mg LFENE&gL, ANEFE 2R A5HAUMMKAERE. RN %DEK
BEMEMETHCRRATESE, RIBABAEEXR K82,

BHe68 RK—&hsB / BHERLERLPHBE

BRAET A EG, HPGLEUBE - FHKECH u,v), HPuvhil
I A), FANSET s M DR —ANEEL RNEERMNsH &2 2k
FA M BREBS.

1 8% A — R 7 S0 Dijkstra 83, FHENX—FEFHERRE? B
M#A. 9 E, Dijkstra HEEPTFEABLABREEBOKE, REH FEMX
FHABEHM “BR7, MX—EENTFROLIHHENREXEEN,

EANBRR P, BLABERTHE, FAFEGEENERBAURENETS
AR, BB AR Z A B, S FEANTA v FE S i<k, RATE X dist(v,
DNAH s Bl v Bt i KN REEREE. BEMH disttv, 0Bk T X s &8 % 0 4h, B
0. TR, HMHEERARN:
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dist(v, iy= min_{dist(u, i-1)+ £(, v)}

u,v)ek

TR AL T E?

Fi 8 THl &< 8] A % 38 B% 1S

S RATY K AS A T A s D ¢ 22 18], T R BT A T A TA) () 5 A K AR B 7
—PNIMNERBERU AT AR S, B1T 4.6.1 TINBREMRBIEHD FREEE R
HI320) Vil . X FE R R G ST E R & O(VPE). At sk FIRATHE — MRS & 1k
¥, FBRETIHEMR A Floyd-Warshall 8%, HZTHER o).

NP HEERARAERERRH NS, EEELBGMN TR EE LRB? 7
KL ED, MEMEMIANEHR AR ERREHN, HAXBELELST
B I % ) O(V)E).

EMagmpFrZRAOBEEZEXIEN: BMNOE « 1 v AN BEE%KR
udwi2-DwDdv BEHEHI —EdEya— BARABITRA. BRALTFBRE
L IAET Y A, BRI LS B R G T WA A RE SR Rl v)
fFAE, WEBZ uvE KRBT, BT, RNEF Y T K E Y SES,
I A OLWE T BATT AT LA R — AP ) 4T A, 8RS 7 7 th 5 T AT 1 O 0
e, —HiXESYRAT VAR, WEIYHTA KT S E T LUE Y 2 E i o a3y
ROHBLR, AT B B T B A T A (R R B R AR

AR, ¥ VeI sasric {1, 2, ..., n}, 2 dist(i, j, k)R i 18 H {1,
2, ., kKMER PR G i B M BRERAKE. VIHRET, Y4 cEEERE M
RIS, dist(i, j, ) Z AR K, B Ko,

HERMNEPEYLEFMA—DFRATL N, SREFTAERE? BRITEE
NHAERYREN L jRELEEMEH kPR RASHBAFEHE MR, XEENESR
MIHEN: 3 REHT c RSB TEYANEEREREZLE F —IKCY
fta? AABRMNBEBEEAMANIR). MTENCLUHHESBT i MM eBjROERT
8 G 5 T A1) B B AR S

dist(i,k, k — 1)

dist(k,j, k — 1)

dist(i, 7,k — 1) J
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B, fFH kEEREAE i 0 jRIBE —£FHNKRE, BHMNY
dist(i, k, k-1)+ dist(k, j, k-1)< dist(i, j, k-1)

EREHL, WR A AW LR EF dist(q, j, HFI{E-.
BLF & Floyd-Warshall 5% AMEH, HBEBTHER O(V).

for i =1 to n:
for j=1 to n:
dist(i, j,0) = ¢
for all (i,j)eE:
dist(i, j.0) = €(i, j)
for k=1 to n:
for i=1 to n:
for j=1 to n:
dist(i, j,k) = min{dist(i,k, k—1)+dist(k, j,k—1), dist(i, j k—1)}

IR 1T 7 i8] R

—PRITEA SRR EBRM R KIHERT. AMWXZHE, BREF
M, BRI RAT ML, CUORUETE B K AT AE 88 BX Br B M 48 i — K
L EHBAMTREEONRET, REFTERE —NPRENT R KT, 60k
1T BB 1 B R OX =R & TR AT 9 78 3 B i) -

RABF 1. . nixid BrAERET, XPRAKNKZ A 1, id D=(dy) k3% & BB
BHBREERE. BINMYBHFEZRT—1TE 1 HAFEZLRR 1 MkiTELRE, ERK
EmARERNHETE X, BEKERE. B 69 —TEET 5 MEmiHF.
BRER M KPR BRERTIHES? Bk, MEAIHE -MRADEFER, EHR
FRAKERBERBHME. Ba, FAHHEBORBNEOSFAORERE ETHRBERTIE
4]

Bl6-9 MAMEBEERITHREKEND 10

XA ] B v E B R AR . L b, BRAT R B (TSP) & & 5 4 WA it
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Rz —. KBUX, AMI—HEEZABIZRE, HPhad T84 M8 KK
A/ R R ET . KARX— 2 80 R AR T 53R & 4% 0 28 5 97 8 1
WEERKHERE. EFTAEXT TSPRRHEES, BT AAMK — &2 HRATREL
EHEEZWA AR, ESEMNNMAUFRNEFHERX — .

Mo, KIE—A TSP HFEZ/DONEIE? B8, REELNELIFEREHTFRA
MREMI AT R BE, RERBFH P BRERN —%. A THFEG- )M, %5
BAKFEN OWHKIBTE . AT HER BN E, ShAMNR & LG H— M3
BREBEAIME, BRENMASTEZZ AT HE .

T TSP, 5N THEENRHAE? THBEBEREENHNSME, MHEEM
G W RERITRERYVIMES . BRBEMNEBEERMNET 1 HE, 22281
TILEYET, BEA TIET j. 9" RIX/N B4 MAT M & (R)E T EH Lt (5 8?2 A
MRTEMNIE j, NAEKRRET M BRIEENRBARTAER. RRODEEMS
HOEay e, UBRERSRE —MEIMT. X¥E, 7T —PHHEH
4 F ) R

XFREWET 1 7L Sc{1,2,...,n}, UK jeS,  CS,HDANHE 1 HELZSN
JREE SHFRETAREF 1 XK BEBEKE.

H1S>1 i, HTFBAEeARTRERENE 1 HAEME R, BRINEL CS, 1)=x.

WZE, RMABDETFRBERER CS, ). BIMNEMN 1B EHEEER, HE
(R R JRE ek T K R AR AN ERBME? EURARREN ieS, BHBHEBRK
BNZET 13 i MER, B CS-{}, i), MEBEE—fAKNKE dj. BRITTE
WP HEMRE i, WE:

C(S, j)= .n}i.“. C(S-{j}, D)+dj
iefiizf

BT 7 o S8 AR HE | S| K/ HEFU R . LUR R R B

C({1}.1) =0
for s=2 to n:
for all subsets Sc{1.2,....n} of size 5 and containing 1:

C(5,1)=0c
for all jes, j#1:
C(S, j) = min{C(S — {j}.i) +dy i € S, i # )
return min; C({1,.... n. jl +dp

HphREH2"n AN FHE, G RBEKRBZ2ELED. HEFEEEBRHIZE
17 i 1E] B O(n*2").



BO6FE = A A K 193

Mﬂﬂgfﬂ] Fodargpi i > Hoo B
3 1w%#ﬁﬂ.ﬂl#ﬂ-ﬁ?#%Hlﬂa‘kﬁ%ﬁ.f#%ﬂﬁﬂﬁ.é&dagiiﬁ"ﬂ‘# rﬁi‘
WHTF, CHFHA dag TRAHKT! ﬁ.m&%ﬁﬁ%.ﬂi&ﬂﬁmwﬁﬂwﬁﬁﬁ‘
PR E, SHHEATEGHAENAMMENGTE. XKEHHEALT, &&ﬁiﬁ
'Tf#ﬁ-ﬁ’ﬂ’ﬁﬁ'ﬂﬂ?'fi.ﬁ‘ R, dag P BEFAAFRBE T —K. i

2R, IHRRTFRL Vi ENAAR? £ dag *ilﬁ'&ﬂﬁ‘&ﬁ.&ﬂ-ﬂﬁé&*ﬁ
AT ¥, 45K, #!lﬁl#:ii‘:tﬁﬁ(-?ﬂ:ﬁ)ﬂ.#i%ib&ﬁﬁ»ﬁ-%ﬁ.wilﬁ.&ﬁ‘]‘iﬂ
g, ﬁ*ﬁiﬁ.‘fﬁ*ﬁ'&f‘ﬁ'ﬁ-&ﬁﬁ} BRABAAMN TEMEZTRAAGR,
ﬁiﬁ’@ﬂﬁk%f‘lﬂ&&ﬁd& ﬁ—ﬁ:ﬁtfﬁ-?ﬁ‘ﬁﬁﬁ:ﬁ-ﬁ%-ﬁ-? EIJH:. ‘E'fﬂﬁfé
mﬁa#Tuﬂ#ﬁ%iiﬂm i
e ‘Fi*ﬁf., Jﬁ‘:Fluyd-Warshall#?i:‘Fs '-'E'ﬁ‘-ﬂlﬁ-i'}'i' dlst(,,Hl)ﬁ‘J{E, ik
ﬁ)&—i-#ﬁ#iﬂ'éﬁ dist(i,j, )T . Bk, &mﬁﬂ;%ﬁﬂnxmﬂ&ﬁ&mtﬁﬁ
PR dist 4 Mw,ﬁ%ﬂt#m&kmﬁﬂ-#ﬁi ﬁ# dlst(: ;,km ﬁ.m%
& £ dist(i, j, k-2)8914.

(FERBHA, EHSARY, RMNBFAHE E— M a9 448, prev(, j),
AT Akd i3 ﬁ&iﬁ&&&rﬁ@ﬁﬁﬁ EHHE, REAMELA Y dist(, j, k)k
R, ESHEANFEEF, ENABTENFAaHTEHLRTR. ) ,
 BREHHLE 6 5 Mﬁmﬁs%rmeﬁ dag aaﬁ&&tﬁﬁmm#ﬁ&
ﬁi%%ﬂﬁ—"&"

6.7 R¥ayIRI K

THEESCVIRAE G=(V, EyT ) — A4, BIEXTFHPEERNDT A, 7
E P EAGFARKAMENL. B, B 6-10 PR AL, S} T —A 374,
(1,4, S}EIA 2, IR 2 4 F1 5 Z 5 — & idl o b b, % B8 b B K B9 7 4R 2 {2, 3, 6},

O
1 \2

~
/J\ )/\5!*'

B o6-10 iz, My EHE s, 3

(,-'—'
l'vF:\'
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AR I E LA B ECE &, MefT rg ) EL, T4 — A B s KRS
ERAEERAER. R, MR ZEGTFE A, FAERD, 68 ESE
L% ¥E I [R] SR AR o JL R B0 7 ) R B R R WE 7 FAEERE R BE AR, RATKRE,
— BT SR 0 BRI R E R G R T BLAR B AR M E S H AR B B

T 17
TRAUHENTHEE: BAEFEETSA r AR XN TTFTHIBENT

W, BT RBEENX AT iR
I(w)=u T & T W B KL EMEK

BATH B 2 H AR K I(r)-

BEMUBRMNPNBIRMHESERBELE, BREE, N TRMNOHE, ¥ AE
A LSRN ST RANR u, BRI T LA T WA B KB,
HE, T uMFEEET A w, IW)TH . ZWA I I)WE? X B K50 4P
Sl BAZEAT o MART u(E 6-11).

I(u)zmax{l+ > Iwy Y f(w)}.,

whuB T HTHh whufIE T

BR, EWTEAET u, WHAAMREE s W FHR(EZEL), HEPESP R
HEWABNZE o THANER(ELH): MWRBMTIERNEDE o, WIHF57 K0T 6E
J& T &4 .

F R B BRI TR AT . RN b A HER B, B R RIE AT I [A] BY %
R, B O(VHE]-

o

4 &

B 6-11  F(u)fE Ll w AR 0 T 4% op gt KSR 7 BRI AR o w JB T BRAS B T ST 4R
& B T Pk A ] B 1 0
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3] A

6.1 FIRSHHETFFIRM SPHBITRBRETFI. FEHRE, FSH
5, 15, -30, 10, -5, 40, 10,

M 15, -30, 10 B—ANHEFFF, S5, 15,40 AR, HH HE TN THEFHLE
YE B |) 9%

MA: BUEFIE o, ay, ..., ane

Hith: MEBRKAHEETFIKEdD OKTFFAKAA 0).

F L E#ElF, RERAFF 10, -5, 40, 10, FA 55,

BBx: XTFEAjel{l,2,....,n}, BEBEE ERNHEETFI. )

6.2 BEREHEETHE - KKBRITLLOXREAEA, —8E EIXH n BIR/E,
PERRE AN ERESMNN a<ar<...<a,. BT, BERBEXLREEFEE, JARED
HERTLEHBRE. BE —BRE @) Z2ENE R

AR T, BRERALUTHE 200 K82, AdHRBIRERPERFER, A
WAl EARFX AT, MBEBRRET x HE, MAKBKZE200-x)’HET. &
TFELRNFTE, UEBENETN —8RXZEIMEME D, Hah -1/
WM, ATe i EaERNERMERFY.

6.3 Yuckdonald 2 & i %5 % Quaint Valley MEABRBEEH —RFHEIE. n T
BERENEAL T — & HE& L, ENEBREESPBEREKKGERAFIA m, my, ..,
myo PR 2T

o T MIA FEZIBE L. FEALE i 8B LT B R A A pi

He i=1,2,...,n, pi=0.

o HAWERZE /LRI LER, Hd k AIEBE.

AN E T, TR B L R AR IR AR B B

6.4 LE/E n NEFMEHSR s[l..n]. ZFHFETERET EAERAAT
MHE, AR TEKALEHGHEIRTIANRARSHEART (B XFRHFHE
S 3R 483X FF : “itwasthebestoftimes...”). MEEF EEF R B FTER XA CHE.
e F R R A — A R R B dict(-), X THEBERFRFEH w,

true  witETEMR) A

dict{w)= { false iyl
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(a) W&t DA MRI L, AW s[- R 7 B8 T E b i & i 8 ] 41 i) 7 31
i ¥ il H dict X K F— AR MBS ], ZEE T E N ZAB T o).

(b) # s[-1i f A3 W 41 R, i 78 S50 b S N 1 B3R R )

6.5 MTHBERNE. F—M45 nfTHOBRE, HPEBIMRTFLELEHF - BH.
BATEH 2n M7, FTERRIEH TSP B/ BERBHR T LEEME T B
LT, LR ERFESNBREANE K. BE LR EHAREFRNS
A0, W R UE AR B P AN B F A g K 7 51 3R 5 AH AR (T BA X # 2 A 48)

(a) AIWTREAT AT REH BLA S BUCE B BB (A R IRIERAT), 3 A AR X
Ly

RPN AW BB P AT PR — D SRR R, AR ST R H
HM) . A FEH AQ<ksa) MM THE. SN 7R EHE LS EnE
o, EXWRTFHER ITRHER.

(b) FIHMHERMERKES, SH A O AEMBEE, EBEN
B i

6.6 METFTRBRIMNUTUEX=ZNFF a. b c AIHFEEIEE, LI ab=b, ba=c,
FH. WHER, XHEEXMRERERAHELSESREAHETHRE,

a b c
a b b a
b ¢ b a
¢ a c c

HEH — R E S, XA R B (b bbbbac)# AT R, LI
i 2 BT ESERARAFRESTEAIREE RN a. B, ¥ bbbbac,
TN iZ%H yes, B ((b(bb))(ba))c=a-

6.7 WHR—-DTFFIWNEMAMMNARZEEE —F, MFRZ HEISC. B, FH

A, C,G,T,G,T,C,A, A, A, A, T,C, G

HRZBEIX TR, ki A, C, G, C,AF A, A, A, A. EHH—DEE, XTH
ANHIFEF x[1...n], fE O(n*) W3R [B] 3L 8 4 [[] 32 F R 51 (B BE) o

6.8 HEFMFERE x=xixz... %0 B y=y1ys..90 BAIFERILBKIERT &1
KE. B, REKAOEH L EBNEFS i Hj, 7 xxo. X =y Yk e H
P W T 7E O(mn) it [8) ) SEBR 2 .
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6.9 REANFHRLEHEEITRUT MR FHE A WREERRE. BT i
ERZEH IR FR &, RN TRED n 8, BREHAAMERITHH,
WHELS n NRLAKE. BERERNES M FRESHRTER, BEKHS
FIRFF& % B AT e =g . Blin, R ELEAE 3 AALE 10 5% — 4N KE
020 By, HSCAEQLE 3 BEAT o FI S A R BN 20+17=37, T EEEAE 10 #
17 43 &1 7= £ 1 B A A 20+10=30.

HaEH—ANHERRFE, HTEET m AP EHKED » FRFE, 3T
B 58 BT A 41 B0 I BN AT .

6.10 AR, GEREB n Mk, LUK py, ..., pae[0, 1], B FHFEHE n ik
AL HG TR AN B ) B B8 T VA M AR AF AT & D AR R EROBER, M, 5B AN IE
A NKEEEN po ERILAH D Ok A EE?. XEBED, 1AEENR
B0 I i 0 3fe s #R BEAE O(1) N 58 Bl .

6.11 455 B NF 15 B x=xixp...x, M y=y1y2...yn BAIHERLBKILFE T H 1
KE. B, KBEXMOEBH k, FEAFEFS << .<i M ji<<..< #HE
X, XXy =Y, VoY, o B MATIE O(mn) i (8] ASEBLZ

6.12 HEFH ELEE n MHAKNBAE PG ESET AN x M y 8B15). P—
M =MF S PP (BRI AM W) n-3 F0FMGEHRR, Z#0% PR T n-2
MHEFER=/AF. =AHNIHRNARPITENAEHKEZN. FHH -1
mBMEE, kPR BN =AFT. GEx: B PRTAREHN L, ., 0 BRE
HAEE A0 s, SR FRid. X T 1<ig<sa, @ TRE AG, )HHEET
Ao i, L Ea RN Z AR, )

6.13 FEBWTHWHE. REFHRET —BHIM s, ..., s, WEELE, B
si T EA vie MERDMXETRER, SABXHARERWERKREN —K. IixX
M EREEERMEANMEREGEA GRS X EMB LA HERNFEN). Bt n A
1 4

(a) W& —A P F, 4845 58 JT 26 #0 Bo 5K S K 9T 400 3 e (B A B E B 8 1Y)
R K ) —5K), RF R TR A Bl AR .

(b) & —A OIS, FF ¥ 5 5 IF 6 B0 5 i B AR SR W %iﬁ%’ﬂﬁ"ﬁﬁ"ﬁh
ZHEEE AR o)W AT AT, R EBREREN, XA TFEIER
T 56 v SR 45 BN AT ZE O(1) P 80 B i % .

2 WL, BRTAIEFRWNEMEIESN, £F 1 O log’ MMk,
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6.14 AR BYE R B EF RE KD XxVXH Y25 FE8EO K5 EAR,
UAE—MEE nFRESMFFER. CRBIERR™M icll, n], TEKAD axb; I
ﬁﬁ%ﬁﬂ: Hﬁ?:ﬁﬂ@%ﬂ%ﬁ% Cjo {Eﬁ ai, b;ﬂl C.‘ﬁﬁﬂfﬁﬁo jﬁ._'ﬁjﬁﬂﬁ]
HHL, HMKRALUNAKFEEEFTABAE 28 . FHRHE—AMEE, BTFHREX
XY BB e e, AR, R —FhBTERRNE, ERRBZERSEE, B
ZAEE AR E N EE. REMNTFAESEMSRNAGEBEREESR, &7
DL AT 1 ek 4, REWEAS 4,

6.15 fxix 4, BHCALETR -7, FHERBEELERE nnE. 4 M
BEFHREAMES S, A, MmIMEFH S0O%MBMERBAEE -HHE., ECLEE
B itj e, ARMT ish, BIRET j5. EEH AN EMOEE, A
FUHT ABREKBHFOBE. BlW, MR i=n-1 H j=n-3, W 4 B&3KMHHBERH
7/8, WAERBEETFTRK = HLEPERIKMBE—HEAT.

6.16 HEHERE. EXNMEWMHKNER, $AFnEENEL 2, 2, ...,
gno BRI g BH-NPOLEMSEM v ERBENET I, j MHXERI A dy.
FEE, WEXBER 127 ZEAMERBHADI N dy F do. BHEEHE — 5%
g, NFKHRHE, i —#Ho0ERALS, FRLEEIRY, BIRREFEHAER
BRAESETHEAHZERK.

FHEEAHPHIEEE 0@ 2YHNETER. (BR: XERKESZMBBIKT
e A7 )

6.17 #EHELMRAEAE D AN x1, x2, ..., x, KIBET, BATHERKHHE v 7
EE. i, BRMNAERHE —HEEBEN vKEN. XAEMNEEATER: #
m, MREHEA S A 10 FHAHEME, WRMNTLLGEHE 15 ARG 12, HLH—
ANEEXHNF A O(nv) ) 30 75 30 R 5 9

BIN: X1, oo, Xp) Vo

W) . BEAS FEAE 20 5 xi, ..., xn BOHE M5 B4 2

6.18 FHIEBUI LEFTE LB B 6.1 —NER . EBHMEM X, x2, ..., x, I
Wi, HELBRAMEL Yy, HE, SFHEENEDEZ RARMEH—K! 224K,
MR TN 1,5, 10,20, WAL G 16=1+15 1 31=1+10+20, (HZ
¥ ¥ 56 B 40(H S 20 A HEH 6§ 1K),

BN : FE¥ x,x,....x; UEHS—PEHV.

M. REREIERTES NN x, x ., x, PRI M HEE — K, LBENE v,
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i 1% B T AT 2E O(nv) B 18] P K A 3% i) .

6.19 XEEF - NMEERABKEBECIE 6.17HKER.

BELBEZHWEAE x, x2, ..., x, WETR, RINVFEHEPED L A LN
ve B, BMTERIAE S c BHET, FHEEMEND v. XWATRERTLIEELZIRM:
Hlan, FOMEHK 5 10, k=6, WRERAVEATLL ¥k 55, (BEAFGE LB 65. iF 4 H LA
T a) B A Bh A R R

BIAN: X1, X2, ooy X3 k3 Vo

M. RERVREAAED A BEE D3 A x1, x2, ..., x, FIBE T BN HE V2

620 BME_-XHEEWM. BRRINCHMERNEFRITES S, BIOrKBFER
HELSE, #.

begin 5%
do 40%
else 8%
end 4%
if 10%
then 10%
while 23%

BMNHEH P XBREMEENMAEER, EARGER) LRXRBFER
FRIPFRXTETHPHIXRT, ANXDTHETFHBHXRT.

612 XTEEBFEITETXBEHNDS-REN
B 6-12 AMRE—ANFERH . Hd, SFEEARNSIXBREN, BETEH
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1T —IRHCB: Bl dm, A4 “while” B, HFEE K =4 £ “node”. “then” 1 “ while”.
HEBTRMNAGESG NS B AN A, RO UEE—AF AN S5
B, EHFENREMEYEERE. tbn, sfTAMEEBEN, ZHEK.

A =1(0.04)+2(0.40+0.10)+3(0.05+0.08+0.10+0.23)=2.42.,

R IX ¥, BRNMERWNZWE 6-12 AN, HALMH 2.18.

L LR AT 4525 s R b B

A n A B (3 HE B CA B CREAS 3 B B o, pay oy Do

frdh: AR B X IREK.

6.21 M G=(V, O — A" TNEEiE SE VIFE, WE: EPREELLEEL
AN & T S. B H W T ARSI — A2 ok i iE) i 50

WIA: LB T=(V, E).

Wt TR BN SRR

Blan, X TFHIR, nRER T @m0 {4, B, C, D, E, F, G} ¥ {4, C, D, F},
ABIE(C, E, F}. BT SEHM KDL 3, XNES (B, E, G}.

ECNFC

%“‘“@ @\w/@

6.22 EBLW FES S H— O(no)if 8 I H

BIN: n ME¥ ay, ay, ..., a, WFIR; FEH .

A EEFE{@l<isnyTHE, HPEBEAHENFET 2

(BN aBmEZEH—. )

6.23 —MNEFRGILEE n NMUFHRATHEB B . B i1 <i<<n) X N /Y
PLAE M BAT . M TRE TAERIRERN ri(RAMBEN 1-r). Kk, MEBMNEFTH

BrEca Al — a4, BNRA TR T/ERBEREN rirn.re AT HBTEUE,
BAVGIAPRERIICR, BXREGHLE M AR m NEIE. MBKIBTE mA 8 A R

KA (L—r)™ , KRR B T AR IR SE R OBER B 1—(1—n)™ . AT
ARG AT R E T [ A-—r)™) o RALE M 0MAD o WEHLE

SN BUE W B ¢, # 2 F¥H. )
ERERE r, ry ot B ey, oy o, o MITIE B, 1845 W76 TSV B A9 BEAT
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TU ARG ) RS (my, mo, ..., my), BAER KPR BEHLARUE R L0 AT FEE AT

6.24 ZhEMKEIMN 2R RE. HHANRESHA m oo 17 FF 5 26 % E
PE B 1 2 & B SRR 72— A nxm BIR A I S 32 75 O(mn) [ B 18] 0 22 [H]
ELFFN S, ErREERE ERBAZATMCLEITHRAERZN. Ba, W
A e 2> 7 18] 75 K W ?

(a) V7 158 W SR BRATT O A SR G 8 B 0 ) (0 AN 22 A AR B0 S 48 3R 4K PP 51), LG
ZOomMZE, HAEEESENZ, RPHFL ERAFRD Mo BT ERS.

(b) B B B AT IR Bt SR See A0 0 G 48 7 30 o VAU AT AN, i3 ) T R R B — A R R
I dag, H brAH R LA B T K5 50, 0)E (n, m)H) B R B& 42 . XA O =0 T AR 2 3K
EHELE, R, FERMNTFEMBE - Z 20T

EBRA D G B PR A F AW GOE I — BT AR AR X T XA &, dag 1 &
LB AR A5 — AP 18 W s (k, m/2). 5 Ut B ] 8 B VA 22 R [BX 4> k {HL .

(c) HE—Fhis AT K-

procedure find-path((0,0) — (n,m))

compute the value k above

find-path((0,0) — (k,m/2))

find-path((k,m/2) - (n,m))

concatenate these two paths, with k in the middle

UF B 5 3 ) B 3L 0] LLAEE O(mn) ) B [B1 R0 O(n) B 22 (8] R IE AT -
6.25 HEEW T =4 3-PARTITION)| 8. € ¥H ay, ..., a,, FIWTREALL
B, .., ) B A =AMESENTFELILK, F8

Zﬂf =Z“j = Z”t =%i”ﬁ |

iel jed kek i=1

i, MAN{1,2,3,4,4,5 8}, &R yes, AT LCLEHES N (1, 8}, {4, 5}, {2,
3,4 (FI#B KR 9). Wi —AH, MEMA{2,2 35, BHIER .

HR A =Z0RBP SR E, FZREXT n e B2 000 E A
BAT
6.26 FHIXF. FAOEFBEERRE, AT THRENE, —IFHNTERE
BROMERTSESZAHABMIER. BASZE R 2Z 8 KA LR R B e 1777 LU B X 5 5 #2
BoEl. AT EHRTERML, FRETFERI=(4,C,G TIEXNFHHE. &H
AN REFE(FEFHEHE)F AR x=ATGCC, y=TACGCA. x Fl y B]— Xt 55 & 5 ¥ © 1188 B 1)

201
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BE, REkLPHROFHFHTERP T, Hlw:

- A T - G C C
T A - C G C A

Hp: 7 FoR—A “BER”; BPRFTEFEHLAREERNY, BEIT5H50
BEXREEL N FREORXNFRH . NFHIMEET —ADSHDX(SH) PR IE
BEEX, P ESHEMITRIINNFZRAOER. 2561k 3, HaTFI2 Mt F 4
Ao EWTF:

o(=, )+é(4, A)+6(T, —)+d(=, C)+d(G, G)+4(C, C)+d(C, A).

HEH 1o ERUEE, UBANFERFS (1.0, y[1..m] L BRFEDHEER 6 X
M, IR [E S E B R . BEREATHE R O(mn).

6.27 WHZEREIKNNF. J& 6.26 FIXFHEHEEHTHABES DNA F5
AL AL DNA [H ) E R H EIHET DNA EHl P88, ZFEy2d
HENFH LR ELFEMELRIA, RILATRAN TS RBTEFE LK AR
Fb, BHPEZHSREBNTERNBEARBBRATZEBREB T, D
HBAEBXKAR BN P —MIEMFER. B, X FKER 10 NTROETAN %%
TKERN 1 MZEBRATRET K 105, MENZBMDTEE.

WEHEE 6.26, AEIX—XKKHABHEHNESRE, KPP TFKEN cHE
BREITE T A coterks co M ¢ A4 5E H B(co>c)-

6.28 JHEFFINNF. BEHENLT, ) DNA BBARLNER, UNasd —&EF
EREFHUMGERTHXE. HRIF—1EE&, UWFENZ/E x[1...1], y[1...m]
LB —NFDHEE 6 WA 6.26 KIES), #HHH x M y B FHFH x
v BZEREBRNHFRFIIFRENFHERTGHR . HEETHENZY O@mn).

629 ETFHE. BNERNNTEBNMEHADNA FIDH—NMFREH. X4
TREFAREE M “bi%k DNAY. @FTUFR N EEHEET EAHHE
FEFREB, MEMNERINKPBREFBRFS2EB. TR, E—NMHFHERAPIR
B EE R EMEMET .

BREMNFT —IFHEEF, RINEERAXPERFTLSENEFCERH).
RARMNARBRIEERAZAHEN FFI, HERMNTFESHH#FTHSLE— DK
HABRSCMMERBTHNMN(EEE, DX WA AL EREMUN, HEER
EEXR). RERINEEZAHBEBXEF B,
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4 x[1...n]4 DNA J#51]. ®ANFH LR LLRR K —D=ZTHU, i, wi), H
X[t A — B TAUE w, #ORILE KRB (FTRER — N REILE S ER A E N
givh i), XLEWFAEMLREAFFZEHE RN, HERINVEFRREIRFAE =4 —
TR, FHERFE -BAHEES)NAENSHONERX.

WU ] i M SE I DL B4 ;

6.30 ETEAVAFEUNEHH#MLM. RERMNFEN KRB FEZARYF A E
—¥rE A EHATHEY . WK RAL, BEE A, HNNOERFEFTLET
FREI={4,C, G, TYHKEN rMFRHE. RNFEAMHX —FEERXEY R
HEA 5L .

L RR AW, R WARRARBDR, BOELEHEN LR
FIHL 55, T ) R 43 B R s B b a4k (1 BE B0 b R R o 4 B k). Bl
RIMNTBTEIRWTER:

o —AN(I)BEALW, HpRM AL E RPN

o MTHANAAMNA, fiE —NKENLMFERFR, R AR H 5% KK

51 .

SFHAATRERW T, EHEENT A o EFREF s(w)est, RERET A EN

— b, X IHBEATS

SED= Y, ()5 s(v)F R A B ).

(u,v)eE(T)

FESEREHOHEFEFTHAERN. XERMNAFEIIH—DHES: BERA
SRS H, RANTGEEM AT AR o HE s(u). LTR—4 k=4 H n=5 K5 F:

ATTC AGTC CGCG AGGA ATCA



o (a) ZFERX NPT, 12 TR SR RN SRR R PR N 5 R SRR
M 26 T A B3 )RR AT A o W S e
d@ﬁﬁﬁﬁtﬁ'ﬁiﬂ'ﬁ’%ﬂﬁ%a (R ﬂﬁl’ﬁﬂ‘ﬂﬁ*ﬁ'ﬁ” H B Bk
KREFEBHIH—MUE. Yo G0 A WElonoL s g R E- H SN 111
; | -ﬁﬂféﬁﬁﬁhﬁﬂ%%ﬁﬁ
U@t AR S N o e S W M E R o ET 08
Sl o R A R RN« TRl SR B i U T ] e s
CHF L T T R RO R DN O D OHY 0 D =
| - B 3k
SRR TP AL L Rl AN AREE A LT R e SR e P
A L CGEIRE R AR E M -T'ir@%[:u:-:.m.%lrict?‘r'ii?r’f:r-ﬁrﬁfp.fr%ﬁ?*ﬁ-?13:1-1|=-l;m e BE O
' HEt T SERNE
PR PR A S o Jﬁi:ﬂﬁf,.:{- R
PR R B S T ord RN ,d AW EERMANR TR e
L&
DB @ T L ALRAR Cla(w)e LoD m L s AN A S L R e A R
st it A W W —

(N AR B (e Vo) \Z =) EHt
LETRY
CRSRResd A A e S IR 20t R SR MR
CEREE 2o L b=t D 50T N e RO T ITH A R SR o RERRE

N
)'/ L |r
v N
L . .
\ —
! Y
ll. ] 'll"
Y
/ \ / ;f \
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ZERR517Y

EANREWREZFEZ R RBEHULHRAEDEN: BEEE. BN E R
B BB TR IE MR W P A, RATSRRBOX B ()W R —
RE BT L A A (B i R A2 b AU 4R e W s B e MR, WA S B BT T
TRRAILAZBHMFEE): QEMAWELARKTREM P, RIEEDSE XRITFM

VERIARAE, %A R B .

HEMBIHER T — KEZHEMRAAE S, X AT % 1 I 451 2 20 &4 FAR
HHE AR AT AR ON ZeE sR 8. FEBR S A im b, 3R 1 ) 0 M R R B K
H T AFRER RS, UUFRIEILG RIS, Hdg a0 &40 —

A Jh T T AT B .

|
MRS R

L

e

———~4( 5

i

7.1 ZKHEHR EA

Rl

LM ES, BREGEE - MREES, RITOESEAHB FELREFEK
B, ERHL: () AXTRUETRMAEN THRIAEF QOFSEMEFLESR

B B KB &)
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Wk om e

7.1.1 Rfl. RiEASEXE

XX AEGTES=BF = —MEILEM™ S, 4 Pyramide =M ET
W, BF —MEBIFEEELE Pyramide Nuit(f8 K Nuit). IRATT 0 0 & X 7 B
FaEEFEEORMEZESMFEERS. B{iESRK4EP x, & Pyramide # x, & Nuit,
CHMArEFERFEAS, MEZAEHERESL, HH%6. RNEFEMHE x, M x,
FIE. SREF —LARFHERLIAHLHCER, RABNE x, x,=0). H4iL
MY FEXKXEHER G RIMNTRE, SHEE N 200 & Pyramide M 300 &
Nuit. A, MEBEITZ HEHRFAR &M, BREBEZEE 400 E(FH)TR Y. iR
B BRI EETEREMHA?

BATIHs % I8) B R R gt F B9 £ 1 B R

H 5 R ¥ max x,;+6x;
£ 3 & x,<200

x2<300

x,+x,<400

Xy, x220

KT Mo MEMTERENLT “H%FHEH—FER, EHEAEFERMEXT —
AP, WNTHNMNANEETEBSAZSHNES) TR FIELEOE 0. Hit,
Ul Bt Rl BRI ATATHES, BT EHMEARN(x, x)E&E, RETEAF
FHBESE, A —NOBARGEE 7-1).

(a) *? (b) "2

| f
) 400
/ RiXSHR-$1900
) 300
m :H'Dh_ﬂ-““_ -..-.__,_.___!..:]5{!.]
et o= 1200
100 i
el SR
0 100 200 300 o0 T 0 100 200 a0 o I

B 7-1 (@QZEERRBTTRE. )X TARGFEME c. BB x+6x=c X F fE % &£
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BT ERB ZZARFORER, UEGEFRE— BRENERK. WE
7-1, FWEA c BEEA T HE x+6x=c b, ZHEMFEN-1/6, FEHH L mEH
T —UeRFE c XM MM E L, BMRZ N “FHRAL”. 2 c N, X5 FE 2%
WA LT EATBE. BT HRRME c K, FEHEREIXEL ST X E8EAM
MR B, PR BRI AR SE Lo in) B0 A S AR R D & A7 T P A B e R O A
&b, WEFR, KN ZEXRSSZABETEARH AT, T B A
PR RMNARG BN, 2R, NRFELZHAERHAEAR, E5ZLRNE)E
TERBMATRAR TR, MRZARK —FiH. LI, BIEEHEREAHE K, A
FHF—EBEEES AR A

AT XER T R LI R, BRI PE - FEHMN . HE— 5
RBNWEAFE, ZX T PR AT 6E:

1. ZEHMEZAIT, R, ARZFHELE, SBHAERARATRESE
(7] b 3l 2 (T AT X 30k 2) . Bl

x<1, x=2

2. AR KA, FRETITXEES, HIFRHTREA2ERKE/DRE.
i
max xj+x»

I1,1220a

K i 22 M AL &
2% PRI (LPs) &R mT LA B 4l R ik SR R (7.6 TRE N AR A N 4) . X7 ik 1947

%= George Dantzig $2 1. M yl, SEMN—DTAHE, HWMERMNKE T
Al fE (0, 0), A7 & Hh T 3R A8 (H bx ok 2O 8 & 1A 8 TR (% T R 5 IR T e
AT — RO E), HFREBH. B —FHEETARTTAKRLTE, N—
AMBER T AR, HEBEBEANESANE. LTE—FTRER P

—BHBRABFEEEGHLE, RAREBE RS R, 5045050 A8 &L
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Horp x; T Luxe. PARRFFRT x M ox; BARFM, FEE KA TR
PREGIEREM x; FRBFR— =IO B REZE™ 400 &. I, HT Nuit
Al Luxe FEMFHMHRMAEE RS, THEN Luxe HEEFTEMLH =R xt&, N
MalHT —MEHEAR x+H3x3<600. XFE—kK, BANKEPHRINZ R EFK
Mg ? :
BLF 218 B5Ufa B St R K -
max x,+6x;+13x3
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x1+x+x3<400
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X1, X2, x320
W, MTEB - HTRT =%, §MEEFBEXT — 3D Fill, mEt
AZEAXN T FmE MK an. TSR T EMFEZEPREHE, B
AMEHEELE 7-2). T &E, REERE H 3L 8 A T &8 5 50 0 A F XX Y
nd, 7
ZEEY, R c X NTFm x,+6x2+13x5=c. 23 c e, % “FiEFHE” B
mEHESEBENLREBRTERRB)R T AFTHE), HEES5AT2EEAN
AT . F i S 0] 1T £ AR R e B0 AT R BD kB P R N Y B T L, L AR BR A (0, 300,
100), MLt &R =$3100.
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N, RBRIMFMTLUEESEN —H2 2, WASEELHATFE LM
TN N A& Aa, P AHEMBEFSCE T Eai T, FEafmT
ERES A TEAY . Hik, £ REMEEHNNAYS, RIMNEFEMES
i B R R B ] IE R ) SR A — R R, TR TAEXSRFEE
BERBAT LT .

A TXENRE, THRIMNKE - E4ERHF.
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o=5 i ™A MBEA =R M EE 3 .

hi, f=56 i A~ A TF 4R h BT S R AR R ) T A

seB i NAREFAMBELS, HP s50=0.

BEGH TR, ENRABEBWMPHE L wo Ml so WA 74 44).
MAERGARSESF. B, FFERNERMBMN ZLIERNK:

Wi, Xi, 01 i, fiy 820, i=1, ..., 12

8 AERBEEAE T IE W T 0 R BE & A 7™ 5B =

x=20w+o; (i=1, ..., 12)
5 AV T AR B R4k E—ak.

wi=withifi (i=1, ..., 12)
5 HEEANMBEE T VIR EFEN EA B A B ZHE (@R :

si=siatxid; (i=1, ..., 12)
A B i B £ BR ) -

0,<6w; (i=1, ..., 12)

B G, H bR R B SR A ) B b

min 2000w, +320) h +4003_ f,+8> 5, +180) o,

TR AN R BRI R AR %R BT A A EAR AR
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BT R, 16 8 sk 2 2 R ) B 1 B A 43 BB A0 AT B S0 2248 B ) S B
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il
A

12

a

13

10 8

R RF
B C
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xpctx'getx ctx’4c<8 [iZ(c, C)]

X4ptx'pctx"4c<6 [iZ1(a, b)]
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x'4ptxpctx’sc<13 [ (b, c)]
x'4g+x'gctx 40511 - [#(a, ¢)]
Xqptx'yp22 '
Xpctx'pc=2
xXqctx'yc22
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X4, X'48, Xpc, X'BC, X4C, X'4c20
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2R, iﬁ‘*ﬁ'Pﬂﬁ*"ﬁ‘%ﬂx#ﬂ‘ﬂﬁ&ﬂﬂ Qﬂﬁ’?‘?éﬂy- !ﬂ'itﬂ’ffl#

Z 4 P(x)ﬁﬂaﬁﬂi' Q{y) o B
P x - S e L
: }r ;II;\ ' '\.m‘} T!..r.\_ : -'!\:-.:I.F' g o ool L
X BltE e OMEME el EAE
ar "} I‘-I:-':'_';:’. I:: ¥

(BRGEZZERT, m:m P= "t&%ﬁw alm@J 0= “tﬁﬁmﬁm*
ﬁﬂaﬂiﬂiﬁAﬂﬁi\ )#%;gag;ﬁﬁﬁﬁﬁﬂaﬁaﬁgﬁmm&y hl'

BT ok mt:u " ﬂ*i&mﬂ-.ﬂi aw Bﬂﬁ Qb o R AL 12 D)
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714 ZMHMRIBOTE

B AT s RMATUER, —MFEMEERUE LEERARANE
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1. BT BB A2 5B K Ak ] Bl W RE 2 B /I 9] L 5
2. AWM AR EXBH AT RREASFN;
3. ZAREH AR, HEELEEMNETURFEERS.
DFRMEBAME, XERRBERA LP #B7T DUE S F 8K IH 4 EIRMEEH

. RERTTEMT:
1. BARRB ML R sRLA-1, ﬁﬁkﬁfﬂﬁ%ﬁ%%f]*ﬁfﬂﬂ(ﬁ%ﬁ@):

20. SIAFIIBH s, MEMEPRARGEROEW Y, ax, <HEEHER, Fu

n
Zﬂ!xj +s5=b
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Hep s MAAFLANRhER. WEBAERR, HR(x, ..., x,)HELBRYRAE
RARYGHNYEERED 520 8 FHEX LT .

2b. BEARXARBARERARBEAIRE: AR/ a=b EH —NAEK ax<b
M ax=b

3. BJE, MTAWEMNSHEE x:

o SIAFANIEMMEZR, x', x=0.

e AlxxENRx. XEAUHEHS x EHNEAREGPERBHRRE P,

XK, BdEXHFEMFHZR, T xRBEEMEEE. AR,
JiLP MAERAEE x WAl iTMEI T DL S A8 LP ME S x M xMENTITHR, RZ
o —F.

FTRXETH, RITURKEE LP(ARRBRKUERR/DRE, RKREAAF
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SRR L s WS ANRE RGN AR
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max x;+6x; min -x;-6x;
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x2<300 = X2+82,=300

x1+x2,<400 x1+x2+53=400
X1, X220 X1, X2, 81, 82, §320

5B, RMNBYIEHRE LP BA— R T4 E B AREXLHRE H 7k B K&
KE, WBFEFHHE. MARNEN, RFfEBTCERERR LP 8 5 %K.
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B 7-4(@)A MERR—TWEAmKEEMNE. I EHFL2FHX— M
HEA s AICR MERTRZNAN. BEFELTFESNER, FHEHSTS
BRRMEERFE. B 740)R7-H s B H—PR, SWERY TNMRM. ER
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FEOBGEHM ERREKRE, Bl BI({s, b, ¢} {a,d e HIARND 19.
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Bl F R B Z g 2 -

B 7-8 —AEOAMS. HdhmEAmAERS

SEfr B, BAIXEMERERAFTEMEMBER—%. A5EIRRNOEE
AERBMNNT RGN . HREERMNBE 74, mRHHA Al 3 Carol Fi &N 0.7
M, MR ERUMBET . S8R, KU FEREA 0T KPR

MR: wRITAFAGETAHAEYE, NaENOEEFINHRRARAOAE L H
., X— T hEEA8FE, BAELFRANRPRMNL AR ey FEE —N"
A RT.



224 W % # it

EXH—RK, ARARABFHREMEHERSE T RIE. HE, FARFAN
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B 1900 B & B A0 R AT BBl ! X BLIRVEEE T (0, 5, NIE T &R HERIER A
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ATRBERITHR, RIMNEEFTEHE - TN XERERFHRBM. €1, K
Wi X SR E R F 4 AL A yiv y2a M ys

e ik ¥ g
1 x15200
V2  x2<300
3 x1 +x2<400

BR, K&y, DAMRIFERE, TRHEEHRRLS QRS AHREILERM
MAFEAPLRUNEHEFBAFSH W RE). RI\HEX, RNEAIDMTLRK:

1 Hy3)x (2 +y3)x2<200y,+300y,+400y4

BRMNHELEAMEMS BIFR B x+6x, — B, EXHERAEREZLMER S
BMK— LR HEIRNTEE yitys=1 H yrtys;=6. EHt—FH1, MR yt+y; X
T1IERBAFUEHR, AAIHKBRN EFSEX. FHik, BRI/ W TFHE
FAW

V1> Y2, Y3 20
y+y 21 o M| x1+6x,<200y,+300y,+400y;

V,+y;26

SFUERAERA, AERIELSARMN y A, MO TR EBERER »
EEBE KT, Wy, v, y3)=0, 3, 6). HEXHNASREKBMNHOEEZLP K
B #E AR 200-5+300-3+400-6=4300, ERETTHRHBT . RININFEMN LANZ
BB, HERMNEBPRERAXPASFRLAER TR 200y,+300y,+400y; 1 5 /)
{8 o XA HF R — AN B 2P BRI 1R) R !

TR, FHREEH IR LP &R LR REE 7540 F KM F B #H LP:

min 200y,+300y,+400y;
yityszl
y2ty326

Y1, ya2, ¥320

MHE LA BB, X — X8 LP M Ar4T B R R BE 0 5 LP i B8 H A5 R BE R —

n R




226 H %L #

S Bk, R B A RE WS L 50 ) A X8 ) B LA R B AR R A, R
XN P A ) R ) — X RS B AR B R . BUR 2 AT T B T 6 A A -

B . (x), x2)=(100, 300);  XHHERPE: (1, y2, v3)=(0, 5, 1).

H A A7 e BE 2 1900, Ml 6t T % B 1 LP # & &R Hcu # 7-9).

AR, XHALHE - —DEEME T, T U ISR T LP B
AHmErE. R4k, HAERNBEAGILDORESEE P RERF: KRG, E
7] 8 P RE A AR AR, 5 ) B b A R 2R, A A R 2 R I A DR R
TEREBERRETZTERORE: B, XF LA IR i) 82 3R 5 1 A5 O 4k 2R 300 3
i ) A AR R BOR AR . LP X8 B S A R 7-10, B, (EE LP &
U — PR E. B 7-11 A2 EnSEr—BHER. XT2E, FE
ol B A Rt SR ) P AT — AN SRR, Wi 24 O G 3R v R T O 4 ) R
MERYEH AR . REBRER, SXEARUAKDR Y 2R, FHik%R
LR ik B T o] LR RRAE . A, FEBAS LP 2 18 0 fE A 4F — Fh 1) 88 B 0 R %
R, BPAFTE AR A=(a;), AT A5 43 30 %4 BT 5 fi] J80 A0 o 48 i) BB o (O 29 R R 8K

g i B T 47 T im) B A A (] AR S48 i) B T 4
T PRI — F R
-

MBIz ZER0

B 7-9 M#EEdt, MENENATTHARRTETROEMTATHE. MEEEE
HVFRATX — s 5w, 45 T AT AT — B R 6 SR AR

MR 7 v T AT, S 1 B 1 AE 2 B B A 2 R ) B A R B0 0 — A b
Fo RN, AR

MBEE: R AKX R B IFREMAA T, WA BE R B 7S
HMERR, FEL_FAF.

B LP O fe KU ie) LI, BRATT AT LUK FC T 45 i) B O /s 43 8 ) R (2 .
B 7.25). R, WU S 30 22 18] ) 3¢ 2R AT DA R 0 8 E FR A — ISEBIE . At R
T8Ny S BOR U SE BB T B KWL AT T, xF i FEAE Wt 2
T Al BTk A 5T T W
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lﬁ LP: }j"ﬁ LP:
max ¢! x min y' b
Ax ‘:_: b }FTA = cT
x>0 y=>0

B 7-10 HERE-mRERXERKR LP XM HE

JiL LP: X {8 LP:
max cyxy 4+ -k ey min byyy + - + bym
a4 Fagpr, <b foriel aj;jyi + -+ amiym =2 forje N
anTy + -+ @ipTy =b; foric E a1y + o+ A =c¢; forj g N
r; =0 forje N yi =0 foriel

BW7-11 BE—REANEERAY. KPE8F a MEBEHPPH NITER), URAXTER
FRUOAFRAES INEAEE Em=|I+HENABKARFM. MEEELET m D
AR, Ko A5 1R K386 R LK

227
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BABHHXEFRESHLIA128), 4XFHEFF R e
max x,% ' e

- Xt B A B {u, v} ’ﬁ’lxu—xvlsww 54 s
BRI, AR AR RN 5 o (427 8T fhR 7R mﬁﬁ
VIRE L 260 96 59 B RALL A R A wao T = e

7.5 XA F(HFR)

AEPIFZ TP MRS SRR R R RE B 3R, B, bR IRATE
Tol ‘A sk—uy ) —A7 #ER, EWMURWM TR XM £ R. B Row Al Column
ABLE, RN p, si(r-fak, p-BYJ], s-f)FEHE T80, RiGEBEES X
IV FR) AL 8 AT 2 oA, 3X B AN 6 A ) BB AR R Column 75 22 3 4145 Row I

Column
r p S
G = r 0 -1 1

p 1 0 -1
s | -1 1 0

Row

EHL E#ERR. R Row B EFEAMF AT, Column MEBILE, —&E
S AR ER . B Row 1] fE T ZRHUE N & ARH) K g: AL N —H
BA S, £ —BE P Row B x) FBERESE ri Ul x; BIBERIEHE p. DL x; FOBER
HE s, ZWEEAH R BERARRA x=(x), x2, x3), HPHoREHERBLEMA 1.

KAlth, ¥ Column HITE & KW IEA y=(r1, Y2, ¥3)o
TEWER AL —E1 4, Row Ml Column 2 HIEHE i M2 j FATSIRIREE N xpo

R, B 39T 3 S A A
> G, i % [Row % #4175 i H Column EHETH j1= ) G, xpye
i i J

Row A iZ{H & A1, i Column & B ZER . thIBELETREZNT“A

2 B —BHEAEROHWEE, KPR 0 SRS, XEEATRHRONREGENER, bk
E e T RIEC R AN -
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Sk—BY J1—A” WUEAR P IRB EFERW N ? R Row KH —Fh “5E2BEVL” KK
B x=(1/3, 1/3, 1/3). JWF Column &2 — A ZMIEFITE r, FEIA (A HZEE
BB — 2 13 HDO¥ A

Lordasd oo
3 3 3

# Column B REF p s b BRI FFNEGR. HTEERSRKEO), y2, 1)
BISEA R R AEFE v, p M s IR MBCOFYE), REHEWBMNZA 0. HHW TR
~rXNREH BB ZE®R:

gGﬁx‘yj=§:G‘f%yf=§yf[;Z%GEJ=§yIIG:U’

HApEEE - ANENWELET G ST MA R 0. Bk, i Row A58
2 BEHL” 1) 5K 8%, WX Column #efT473), Row I3 At 28 0. X KA, Column
AT REFR BB — MM E) AR L, Column B H b5 &2 {15 3 151 8 /) jék
iF). AHXTRiHL, #F Column tH RHUSE2BENLHIEE, IR\ FRIFFE 0, Hik
Row AT REF EARB EMAHEHZIA. WE 2, 4300 L 5 # 2 KB 58
SBEHLAT A, BEWEE AN 0. XLl R N B FER AR HREIE 7RI KT
“HR—BIJ]—A” HRALK.

WAL —MHEUARKTR, FERUTHHIGHR:

1. BH5EH Row Ef B AHEKE, A5 Column ik E FHE .

2. B H Column EA A LI SKIE, RJ5 Row P ik & KAk .

RATCEEE T W R B AR BB AR K ng, W TR —Fp g oL, P
AR (HEAT AN 0). BRERXAEEMNMGERT “AL—8 ) — "7 ¥R A5 A KK
PR . NEDN —BOAE, BIMASVZERHSE —F5HRNZX Column EHH,
B4 fh 3555 T #% 7 Row FYSE RS, DR bwl DA S EEAE R I #E . RFEH, 8 "
AT X Row B Al. Rilv, 2 ARBIRAFNRZ, ERHHRIFARIE: MR
HHEF T B AR EuE, MATAAT A S8 E A B 0 SR ES IF A B R A X 77 68 7E W AR P & !
Wit H, X —EEAM RIS B A LR 8 EREW, ZHAS
Xt 18 1 2 SF T H

i BAGE S AN HEXN RS LT R. EFE AR EERNGR. LT
AW ARIEAN, ﬂﬁ’ﬁ']ﬂﬂﬁﬁ]ﬁmﬁﬁﬁ%iﬁlﬁﬁﬁﬂﬁ*iﬂ@(ttﬁﬂ%ﬁ(e)\ th4:(s). 18
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() MR BL())R . ZAHEE G P HREMMIEXN N T Column(7E Atk 71 Row — &
BT BEiE AN)E KB EH.

m t
G =|e 3 -1
s | -2 1

B % Row 75 % ¥ K HUIE & & x=(1/2, 1/2), Column N iZ WM ? 1730 m ¥
SE 12 MK, MATEh  FFAERB KR 0. FH, Column XTI % & — D Eal
Wi y=(0, 1).

B, — B Row HSERE x=(x, x2)ME T » X Column 3 i & I8 8 X 55 # 4%
RHU BRI AR EAEETEY m XK 3x-2x BAEFETE 1 X
£ K -xi+xy, BAKBBAENGRIETEA. WIS, yHE—BESRBEOHELFHLL L
P AN Bl S S B ST AT I BT R, ORI RE EE BT AS R A S AT IR SE AR .

F ok, WR Row M J7E Column TN AT E A5 B B SKME, Wik 7T LAWY 2 Column
K1 30 28 32 AT 8 R min{3x,-2x2, -xi+xo} . TR, MK SR B — Fi Bl 0 4 ) S B x i BARY X

min{3x, —2x,,—x; + X, }
Column®t X xR R T3 X A4

XFER RS K IR Row SREFTMENIAT. THRMNEFIXHEL 14 LP

KL HPBAEBRK— &R, N TREKEEPH x, M x, LTFHRERSEIR:
max =
z=min{3x,-2x;, -x1+x;3} z<3x;-2x,

z5-x1+X3

ﬁ#(X], xi)r {Eﬁ

F & Row T EEFRENM z BRAK x M x20

max z
-3x;+2x;+z < 0
X=Xy +zZ < 0
X1+ X2 = 1
Xy, X2 > 0

SRR, @R Column £ E A A C KRS, WibLBMEEFE —PMRG Ky, U
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Wit Row M4 B 45 5 & i e /MR, H B

3y, — -2y, 2
RO, y2), max{ h = —2) +y1

Rowél oty 38 (it 46 57 4 3 £+
5 Rk LP Ut 2

/I

min w

W
o

3yt et

w

v
o

2y —y2 t
W

nty2 1
Y], ¥z = 0

EHBRMNAE —AEERH: bl EFA LP B e 7-11) ! B, ilr
RAEME, FEHEH Vo

ILTE R4 —F . itk —/ LP, Row(GEREB KA )AL Column H
B OfS oL R, MR E D VRSO i SR A% X LP, Column(G& 3K 5% /> & )t g
W7 T Row BRSO FH R 52 v ISt B FoRET BUKIR, fF NI ER
S ME — A 4T B B DL R R —— B4 7 3470 39 5 6 1 1 S W AR P B A SRR S U 1R DL
T, WU A AL NS . ek, VRO R R BT E EBRATRB] T,
HAE K 1/7, 4> B3 B F Row (1 &% AR VR & SR 8% (3/7, 4/7)F1 Column i B AR TR A SR I (2/7,
5/7).

AN B R A 5 M HE S BME R (AR R, UL LIRS, 1E 1% 4L i
b, MK BHAE H Al A B BB A s —— XA B K EEE, 21
ALty —. e RS E:

max myin Z Gxy; = myin max Z G,xy,
ij L

Il

if iji

KB AT A A AR E], K% R A MR T Row SE A MM My 3 5L,
1118 28 HE ) 2 7= 4 47 F) T Column [ 45 5, T 47 X R (¥ Column 5 1 47 SR )37 3%
113 B A 2 % Row 1 FIHT BL7E RATE B, 1F 0o 4 o X 5 KU A 38/ 23 1 B 4
AR, SHEAHEMHAREENGRERTELSMERT .
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7.6 F 4 HEE

SRR K NRES ANB T TRZIM NS, SR M0 0 SRk = A5 2% B0 sk 7 ik
i) — Ul AR B R . X IF & 34l Sk B AE 45

MBHZ IR B, PAFIEU - AERUERFRUR M RN ERRE DS
A RENF [ 56 8% K 5 AR £ 7T 47 21 (optimal feasible point):

let v be any vertex of the feasible region
while there is a neighbor v of v with better objective value:

set v=1

MTBRIMNGLGHE 2 EM3FRel(ZRE7-1 5H 7-2), R HEAShE
PIEMERE LA . HE, MRAE 2 NZERBIW: x, ..., x,)WE?

ERFA x RN, R A EGZERRER N N LHMEN » T
M, HHHBERE n f20 R"PRXTF x; MEHEFTEER)EXT R EH—i@
P, SHNMAEUAFRAMEXT —NFEE, JLA EIF LT3N T8 f6E—
MBI H . Bfa, SYEMRIK AT KB R b 2 AN A RA %R E X2k 2 8 j 32
£, B—AMETEA,

B2, EXFME-BROJLATRHMBD, T|ERRE RS R AR?

7.6.1 nEZEPHTNSFILE

B 7-12 [BI8 T RATHERT U 25 (0 — D) 7. FFA B 0] LLRIL, A 10 .6 4R
RENMBFRME—ICE. l: s 4 RRAKRD. @MOx R (FR & XH)
O R SE R A TN N T AROME@ ML EfE — A, B
AR —FEHKRMARZ TR

LLR 2 — AN K 5 0 2 X

BBFHRIFRO AT R, WRELAR—NEBAATEGHAFX, Lk
SASIF LA T AT, MAEAH—ATRE,

ME—E — P REEZLOANAER? AHEEnANTRN, WRERMRE—, WZE
DR BEa NRETRE BT, A, 8Bl MR TREERALER.
RARPEDLSH D HEATUELR LT T EOEEAE, K al L 2. B2,
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max a1+ 6xo + 1313
rp <200
To < 300
T, + T2 + 3 < 400
1o + 3xz < 600
1 >0
T9 =0
z3 >0

CACRCACECECEC)

M 7-12 i 7 AAFERE XML W&
HEAREAA G n MRFXFELY.
TR HR M B4R ERBE.
ERANAREASEOHAARFXNFYA n-1 AAAE, MEMNEZAHRE,

Blin, B 7-12 9, TS A M CHMPAENFHALTG, @), HIENRZ
A .

76.2 H%

R REA D, BAiBikT ESRW T RS

I RESAM T ARATRRARE, WBH).

2. JeEm M EES.

RAVEFEF, R LH0 AN E A WU ERTES MR E S TR IR
TH A ZE B AL, FATHE T A b 2 ek LB 3 B I !

e, iERMNEBFEIH 2R AR ORBE B, RERMNE R ——RE LP

I H—AEENOFN. FURFEIENNR, T HaUdaSHARMASEAFEL. B 712,
Tl BETH{®,0, @)X, HH{@, @, @)&E L. XL R R (degenerate), X Fiil
MEERAR MR, YWRNEBIAGFEXIEMT A, M fx Tt
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max fTI

Ax<b

x>0

HA x=(ey, ..., x ) APTE R ) M. BRI, USRI ATH
s, BEAHBER n MAFL {20, .., x,,Z0} R AEHREME— L. KRG
AR R L ERPNES . 5 1:

RS HNHITE R ¢<0.

WRFAR <0, MFEZFAR x=0, BRBATE A GE4E 2 A7 & E 4 1) H b5l .
2, WRAFEAD >0, W AT RER I, KO8 H T35 x; B9 o LLE R H 5
¥ K.

N, XS 2, BATAT LLE 1 KA N T >0 B x;, KT B B0 . FATHEH 3
WMKEZDWR? TUA—ABREEECXNYRE A s, LA, RAVIILCL“ 4
B MAR =0, ik x, K, HREADEK “Ra” B “M8". £k,
BATHXAE T B n NBRATER, SR BOE K A F BT

Gk, Bt AT ZAR B 4N R 2P R R -

max 2x;+5x;

2x1-x» < 4 @

x1+t2x;s < 9 @)
-x1;tx; < 3 ©)

x; 2 0 @

x2 = 0 ®

% i% ) B, PRl LR RUT R, A N T AR@ONG. FFRBat,
RAVBHA LK x,=0. BEAE x BEIMK, HERHEAAR-x+0<3 MEEH, FRE
fE xp=3 Bf 7L, R ERZAFEAER. FIRHAHARONMOGH .

X R BRATREE T AT R s Z o fi . (Han SRR TR u ZERI AW ?
TG p 27 b AE T AT DU o A bR A R Tl R R A BR (xy, L, x) BB B w [ “REMLE
AT AE AR w B8 B AR AR R . IXREF E X R EE T H PR3 » N
S THT B BE B (2 & M T AE SR )y, ey e TTIX n AP XAIEET u:
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FEI, SR u g — B R GRS aex<b, W—A
Ax B B BB

yi=bi - a;x

Hliy, W u AR AN HRE, —HE aNMHE, By @ XRTXT
AT xRS, FRE, ATl R, ¥ o R A y EERE. T2,
WA TR y EEE LP. XIS MR A b S48 i il B (E n s U U 28 2
MR, DA HE - AAR BB RAER THAT T EFERR. “EB8” 5K LP
LA F = Ak -

I A5 A%R y=0, MENNREEX v BASERE—NEHR)E A

2. u HE A y-Z R IE A

3. A RS K max cy+Cly, HH oo H u I EAREEME, R AR
i ) it .

fE P LB, TR LI B T RGeS A BE AN L B 7-13 S S IRATT M HT BB T
JEn T S BN AT .

T, MATREEROEXwE. EHATARLSEES, LHRREN
Fo 3 A A O ke, I SR R AR A 1) B R AR ARER b 0 B fufE . AN BT, RA
Ol R T ARt A R B . T, W R AT T AR 2 R ALY,
W) IL AL bR B LR BE T AT Lk gt ik AR R B, TRRINGHE
JCIE 1) WY E S AR X Fil— S Hg), HINAR - MEETHA R\
BB E (B 7.6.1 W HEE), X&LHKEARS, HIX—17 8% #K%KH b
PREM. Kk, AR ERAKEREIL.
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Y145 LP: LAME: (@,0}(EA).
max 2y + Hrs BAR{L: 0.
2y —a2 < 4 @ . MK x.
JVTns%i g WK, OBME. 7 x,=3 ik,
—r re < .
s 20 ® F @, 0} R HHAIR), y2):
P | @' yYi=x, y2:3+I1-.Ig
EEJEMK LP: LAMeE: {@,0}).
max 15+ Ty — Sy B Ar{f: 15,
m+w <7 QO Hah: WKy
Jﬁ“—‘“f =0 g @I, QWME. 7 y=1 £ 1L,
Y2 2
Y :_;. ] @ ﬁ]ﬁﬁ{@,@}ﬂﬁ.ﬁﬁﬂﬁéﬁ{zl,zzh
-ty = 3 ® Z]=3-3y1+2y25 Z2=Yy2
EEER LP: LAWTME: {@,8}).
max 22 — Iz — iz B #R4i: 22.
—%21+%22 < b @ B A c¢<0.
20 0 | R L MO, 08B R M, x)=(1, 4).
zg = 0 )]
%21—%2-‘! E 1 @
m1+g2 £ 4 @
o (@O
!-'1/
HONOR
{®.0O}
M
T2
- .
(@.0} (DG}
H 7-13 BRAFRENRELE
7.6.3 %2

RS, & - SEER R ERIWARR K.
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BT A :
WM R RATEHEF R —NRBBRT A ? €283 HxRpld, RIOSEMN

BRI, 2R LLX AR R A X R &t MRS IS T AW A F R AS
Ne H—N—KHK LP F, BMNAATREEBAEIE. ALEL, FR—AEBTN
R 0] R T A4 3 £ 4 — A~ LP I B Ai ik sk g !

KREBRMBWAMBIX— A, BMNMIEHFAH LP 480 5 a5 HEE K
(ZW7.1.47), BRI T BSR4

min ¢’'x, %2 Ax=b H x>0,

HARMGBRIEFRAFANAmDIES: WHR b<0, WA i %P FE TR
BA-1.

R IE AT T A — A #Fr#) LP:

o WM m PMFMALIEE 2),...,2,=0, HE m AFTERLE.

o HFz IMARE i NN

o L HIWHREBAK z)+z0+. . A4z, BB/ H-

XFXAHK LP, BB —NMRGTA, HXNFE e z=p HLET&E
A0 M. B IRATT AT LA B Al JE v ok 459 3 e AR

FEMRMIEN . R zytzo+. 4z, BIRMNER 0, WHBRATBIERBRFHE 2z
#HAo. HFH LPHX—mMATILATHE, RMNEATZEAAN 2, BIAHEHE LP K
—AEATHRRIBET A . RERATMAT L HEITRATRIET !

B, R ERBEMRERIERE? iERAE 4., 122848 2z, BB,
HRBAFERE T HARREAN 0. XENREREHEMREZEATITH: EEEIJLIME
FH 2z, FZ ZBREATATH . X802 B A e 3 T RS — 1~ LP B AATITHIE 2.

B

R 7-12 B mEAAT, TS BREBAG. LA L, XEKEERZE mE#ET
n=3 NEREWH IO, @, @, OYHWEXE. MEMAE, XERERIMEEE
M EE=AAEFANEEH{O, @, @}, {®, @, @}, {®, @, 3}, {®, @,
@NZ—, KMHIMLE TR, FAERMAEE -1, [[%{0,300,100}. X
BAARNEZUWEI R E: PARETREERE— NIRRT A, NMUBTZETANRE
WESILEHREMHR, M EEm#dE - PRGERE. FH, RERIMNESRLAE
%, B2 R%RNBGEWL, HEREBAR TR E —ANTUIBEE 55— AT A
PAfE 4k 81z fT, XFEBEXKARBEROPTIERTFR, EWEUENHNBRAR AR



238 Ok M it

S AR B A B AR O, (g A A 5, B EUR AR B R
A\ G PR 1 B4 -

BEMEREZ —RIA—AKD: B b SIAENHIOMHD S e EZRN
bite. MFaiRA, KHASHE LP AR, HEHARSEIX D S&ETE
WREEIAEFE . MJLAT AR, WK A S AU P Q,0,@,0 &AL T AN
RrEME. HaEIH AT S BASHE A 2 MM E AR SRR K A5 ?

Jo 5t 1%

£ MR LP 26 A0 S bR B Ml HUAT 38 K B (o SR B/ A ) L
W kAT RN R AFLEXFERN S, BaA R SR E . EREREA T AN S
B, RABESEEIBER - AARERFMA-DHFHOAERGE, FREETREYA
5 9 7 SR AR (H B 3 AT 05T 2 AR - IF FLIFSE bR — 18T R ) B A 2 1R
AT BEAL, BEZHKMBEEAFRRMEEABEREKR, Hio, JH
Bl kK 2 B O R T O

7.6.4 BARERIEITH E
4 T BB AT I TR ERE R 7 08— AN Y £ M AR

max ¢'x, /2 Ax<0 H x>0,

Heh it n ATEHAAFEETT m ARERAKR. BT HRATIEE D H IR
BT B AR R, B, iEIRATAG 19 UOEAR R B () FF 4R . BHATIHAA u.
BRI E X, TR n ARG A P A R B AT B E HA R S HIEERAF
) n-1 AAR%EX, R oBEZTEAR n-m A4 FB—— % 1B 3 W] A BR A0 AT BE DAY
B KAFEAEE

ARUGE, —HINENEEEEMRARARARE, EHRTEZHAEN
AT AU B SCAR Y . ESEAR AR R W R, R AT — R A RBEHED T,
HERK - MNEAERAITANGSE T RKBET » AR 50 B iy 7 PR A (e B IR AE 2 R
fﬁ‘iﬁfﬁ%’fﬁn?Z:%it%ﬂﬁﬁﬂi%%)ﬁﬁ%%?ﬁ%%@ﬂﬁﬂﬁﬁ‘ﬁﬁu%‘Jfﬁﬁﬂﬁfﬁ
¥ ¥ (Gaussian elimination)iX & B O(n’) i 1 [A] , N T B £% 45 R 3% AR K B (R] 24
O(mn*), SEERAARDAR.

N B R B U D et
$&ﬁ#ﬁﬁ&ﬂ,#iﬂif&&ﬁﬁﬂﬂﬁﬁ&ﬁﬁ,ﬁ)ﬁ&ﬁﬁﬁm

.'_l
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ﬂ:mw-ﬁ» mxﬂa mat ﬂ.i 01 % % O )&#:K:a#f :
;;;i]mﬁmﬂﬁ~ﬁfﬁﬂﬁﬁ%ﬁﬁ&ﬁﬁamﬁﬂ+aﬁﬂﬁiﬁ
4?9#:&#&##&#5 AAAR— *ﬂ*ﬁ., ﬂ(xh ,xa)*%

LEMR, EE —FHXFEEHHE, BET mn' BE SR mn, NTTER
B E A LR — A R S MR . W EMZ RV X T T A u B3R HE
Mti8(7.6.2 ¥)s RNGESE/EREREFNRD VLI TES LP BAHNN
O((m+n)n); HJE R 7E TR 4 H R A T 5 ik ACTE) J5 3 4 B AU AR /b e 2R —— )
A AAEABEHAX L.
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MELH nta(BEFRPEET —4£BKU 1+a, HESHR -1 M AKBREK
BADKEHN n-1). Wk HH Rudrata FF & 28 T TSP.

EZHAT, RIGIAT 1 Zie. B HBaE, TURAKNNHBIG
R: WRe=1, PHAHEEELIN1ELAN2, WHFEHNEBREWRL =ZMAAELRX,
Bi: 24, j, k AYTW, W ditdediGER: XN TR 1<a, b, c<2, #H at+tb=c)
X TSP ) — N EEREFLHMENRE, WHBE— **ﬁﬁﬁ%ﬁﬁfﬁfﬁh EE9
EHRMEEDR, ZETERTT LU S R K AF 8.

H—Hl, WRak—NMRRXEE, MWEER TSP EAFHL=AFAEKX, H
HARFHR—1TEENNER: BEAaKARAEDL 88, E2HAERAOKHED
A nta(ERATELAER KT »n KE). BRABZINBRAFHETRE! DRIES 9 =
FHERN, X—EEABEERWE, BRIE P=NP, &M% RN FELE AT
L= 7

f£= NP [a] §f > SAT
B 8-7h, RATY LY SAT HARXFZARMER W E . WERIN K A

HAKTER, R XERE— L ERAFR NP 0 B LLHZ 4 SAT.
R, RATKE L NETA NP RO LLISZ N SAT B — M4, FriRRy

F, 5% 7T i 2 o 5] B (CIRCUIT SAT, fRiFKHL#% SAT). ZEH & SAT 4, & E — (i R)

MgnE 8-13, S W 7.7 7)), HEI—ALL 5 BRI HEB AT LS 0HF [ ILHE

(dag):

5(AND)[THIE(OR) '] B H H 2.
ENOT)ITEHA 1.
CENM A IR E AN, $Ri2A false BY true.

o RAMMATIERAFHANL, bBridh “? 7 .

BJa, dag FI—PMIC AR A H 7.

g EXT AR AN — N RAE, AT BT LA An 2R 32 8 (] faslevtme“tmc)ﬁﬂﬁ
HEBRZHKFNHKE, AEEERHNTLEHEGRE. IEEABXTRERAR
(B A 1E . 2553k 6, B 8-13 7F true. false. true MR E(HELEZA)FRELZLE RN false.
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B 8-13 HLBE SAT M—4%EH

FREMSATHRBA NN FTHRERAE: &4 HRE, KREXEPFROIMAH—1
A ERE, FEARHITENES true, REREGXFHMMEAFE. 2K,
%f B 8-13 [ L ¥ K6 3R [7] (true, false, true), B4 A X 26 4H (M Zc 2 A4 ) B 4K B AP B R
ki, B 5 0 H R true.

Hi P4 SAT & SAT I — AN . AT HBX— A, AFER SAT rERKZ—
KEERRAEWBEEROTTHERE, XREHMKFAL: £1LTR, —45(AND)
BEBTE FAHBEAER, BAUXASRENBKASERAISEH. BMTAHRER
b FHROREE. HHEBAXFEAR-DRMKBMAN, BARKEE
(NOT). HHPAEEEMEMBAT].

MR —AF KT, B SAT thal LA 494 SAT. RATATLLEHEBET S
B 36 2 (F 40 (0 5 (AND)#R1E), BAK3: M PHENMTTER—NER g, HA
TR 7R B0 R BUR -

EREEHXEFARMELZETRNFTPENRR? MEALSR, R g £2—
BT, BAVEIE M FA(2)MEmEIH A true. BGHEN M SAT LHFEMR THAEH
8% SAT L ZaWERAMTHLRES BEOHIRER —— TN .
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q 4

g
o o) @) @
R ANCICHCICHNG

(g V h2) gV h) (4
(g Vi) @V ha) (g v
(W hy v ha) (g Vv hy WV ha)

T8 T wifal b f % SAT Y8 SAT, BLZELLIRAD 03] =2 TAE, UEW AT A &4
RN B GEIZ R SAT. B A2 — A NP R, BAITLAIR DI h 4 B 6B
SAT ) — A HZ . XFEEKBHEAE, FHARMIA 4 JLFE— T sm!

T 4, Mm-S mEel - NEROE, RINMLMAHX—H. #F
) F A B AE R A R A R e, BD . FAESRE C, Ll @l 1 il
REME S HEI N, HMWr S BN THM. Bsh, C W A W g i e ST 7 0K REER N
TUBRE S AGEH —dH e N, HRMNMBEZBEHKEXTINKEREM
2R FR ) A 2 01 KRB 1)

[ 7.7 TR, ARSI EAT U RIS -, HEATT#HH
FHRGTEREA. MEBKE@EAMERSOM@MA, BB TUTEHELYEE
I AT, EEEPIIHEEETMALER SO 0N . R 8 2 5 =X
A HE - PMERENEECEUN TFHER C: “S iIRBERNMEETN 1
Framtg sz @ RIm? 7 ), MZEREHMHNISH.

MeE—T, HEr B Al —ALp 1, BATTLIE 2 5K i ) A E— A
HOmsARD IR N, KAl SRR, WHBEZSEEA true 35 H
AR AR S K TR, BAiEd, LB ReBMANTHERMSE 4 8%
wfﬁﬁiﬂﬂﬁﬁﬁnhﬂﬁkﬁﬁn

-“*Qﬂx-mlﬁﬂ-fanm

~..| u,
"-I

h)
)

‘31&* ﬁ*#ﬂ&#mﬁ sar t&:;;_'_- KA
ﬁﬁ’!ﬁﬂiﬂ‘ﬁ*ﬁ P 5L 2 88 L ﬁz:#fw

.1733,:z+2‘;|¢*4.z2 -7xy i
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REALEBARI BRI X, y, 2? EEMEARBEE. Y, RAETEE,
RS AKG. M. TR WAL, RE TR, FELA! IHFGEM
WARAZRTHY.

F—ARTHRIFIA 1936 F 8 Alan M. Turing £ 3, S ER EEMHFAFH
FAEAO—LFE, 4 Turing REFFME, R LERAETiH ENAREEZT(F
FE, TAHER Turing HHFBERT SMegE L), fﬁli"‘f.-ﬁ'fl‘] Eﬁ*é'*]'b{ﬁ]#&
AWNFILAREET. ' _

BAH —ARAERERGBEETTFABRFARCH XN, KIZWAF
i, IABAWEALWED? XENMFRSDOFIM. PRERI AP TFHA
E, BRMPEHFSIARLSBRIKELEIE, TGHREFLEH t'cﬁninateé(p, x), BA—
TS HRFpAI AN LEHE xIXHAHBA, %ﬁ——&ﬂfﬂﬁﬁﬂﬁﬁ x

AR LEFRNTFETRA xRS p AT LWL,

-ﬁaﬁ&-ﬂ'ﬂkgﬁf‘i‘termmatas %"? ('ﬁﬂ%’rﬁ‘hﬁﬁi‘ﬂﬁﬁ:ﬁ‘ﬁ:'fﬁ-: KN &R
LB EN AMESHE, ANRARL—TRZIA BN “@ A LRMRENS"
GG, )

i, #—REFRE Rk, BAZHGEEZRATAA!

AFRAAMGIEN: BEARMNHAER —AN4F terminates(p, x). M EAMTAA
CRHE — Mo T HFF:

function paradox(z: file)
l: if terminates(z, z) goto 1

i % 2| paradox #9145 .5: B ﬁﬁ.%iéﬁii—%ﬁiéﬁ)—? z ¥A 8 ﬂ’ﬁﬂ?ﬁﬁhﬂ‘i‘
Rk, _
 BEELEART AHM. wREAMNKENEZAF KA A LA paradox, BB FIEL
paradox & EHR? X ANWETELALD? R85! ERRA—ABFR EANMXTH
AR AL H) R Sk R BT F R L, bR LA — Ak FI PR
R | e, |

MMEH—E, A LR EREFTRN—HFEZHFN, B AHFRTRER
THALSAHAHL, EXLALTREMT4R, AR, RNLE2LET LEH A
#&ﬂﬁﬁﬁ"f’ﬁgﬁ'ﬁif’ﬁﬁﬁ ARaGAIAEEHE N RFREEAER
RS ERAA BN FER” M RTARMAER X — P MR T MRS
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] &

8.1 ANt vs. 8. [BIMZ kAT i ) L

TSP

WA —NERERE:; WMAEMHED

M. &2 EHTHEKERBT b MRITER, WREZXEZBFE.

2 6] 0 ) B A0 Ak AR A B o B K A R AT £k B

TSP-OPT

Mt BRI B B

AE B SR TSP BE# 7F &5 T B 1] 9 K A%, W) TSP-OPT thfig.

8.2 MW&E vs. ik BiAE —AH K E+ BT Rudrata B4 1 19 % T 5 I fi) 2
B . % iE B AT LU B M3 — A 3K Rudrata B 42 (001 SR B R AE 1R, R B2 )R % U R
I A7

83 X% SAT MERXHEMN: A A TH@EANTFAMEILPXFRIER)
Bk R—ABREE ANATEN true LR E— WREABHEFE. EYF
% SAT & NP-5E 4 n) | .

8.4 EETH SAEEA#E 3 MEMENE. R %R B ZH CLIQUE-3.

(a) iF ¥ CLIQUE-3 J& T NP.

(b) % U8 LLF CLIQUE-3 NP-5¢ 4 ¥ [ il Wi 45 ][] & ?

A4 — B p SR NP-2A ., EMN RS —4 d CLIQUE-3 2| i)
W HY ., A —ATAEEAED 3R G UESH ¢ HARFZENSEA
A5, BARIEZ M RSN —ATRERA . A, B EBRMRE . XA
TR M IERYE, FEt, CLIQUE-3 & NP-5E2£ .

(c) 24 TH A 20 7% 1] v o) JB B s T TO0 A A et 3 B, RATIBRZ A VC-3, VC-3
T3R8 J& NP-554 1. i 880 LU F 2% F CLIQUE-3 NP-58 4 f ilf Wi 45 ] =) &L ?

# Wi i VC-3 B| CLIQUE-3 M FIHZA: 4 EE G=(V, E), HPTRAKEHAD
Bt 3, UR—AB%K b, BEERE, FMNHESHESZHIN-b, RATTEE — 4
%t #9 CLIQUE-3 L. FHE CcV R GH— A TABEHIHANARHNRV-CEG
HH. El GAH A REAET b T AEE L HNSEH - MEARDNTFIV-b
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FIHE . XUEB T IHLA R IE# M, ¥ CLIQUE-3 & NP-5E£ /.

(d) £5H CLIQUE-3 K1— o(|\V) ¥ .

8.5 iH4rHI4tH B 3D ULAC A Rudrata ¥F 3% 3 SAT 194 . (Bx: F—1
A B AT A GINZR B xy HE W& XA T A3 i /& Rudrata JR2& b #9585 7 /N T0 s
REBEHRIEMEXAERNTFH. )

8.6 FEAT4 SAT 3| 3SAT HHAKRRNIER, EREFANLFREELAR P
HBLP K, 3SAT i {598 & NP-E4 1.

(a) WWiF MR BE|AN L FEB/EZ HIA—K, W% W S 7E 2 00 I (a4 a2 .

(b) WHIEHIENE IR E P A R EHA R 4, o7 E W SRR NP-E2H.

8.7 FIB 3SAT HEH —MRHEE, HbHE FuHREaes=1X%, H
FNERBFHA =K. FuE ZRELEZ A BTG (Rx: A28
B, EMA4Fa, AWAZE, MERTREERFAPHRWALKE - FHE. F
21 730 iE W ZEAFE— LA, )

8.8 {TEN§HANT ASAT(EXACT 4SAT)H &, AN —HF4a), /N THHER
H 4N XFHITR, HEANMZEEZESNTAPHA—K. BRFEEKEHH#H 2K
E— MR ZMREFE. IEAREFK 4SAT 2 NP-5E2 MM,

8.9 {EMEfESE(HITTING SET)H &S, 4E —HES (S, S ..., S, HTHE b,
RMNHFHER—AIIAWN SHZHEMEAEL b ES H SR, IREXIHEMNES
WsLfrfE. BanEvl, BMNBEXNFHER i %L HNS=g.

i Uk B i A L2 NP-58 2/

8.10 A M AHEIE NP-E2M. LU TFEA RS, H@Edire g4
BEHEA NP-T2 W EMHE HHE R NP-T2H.

(a) TEIRM: SEFRMEIBMANERE GMH, Hi GREREIN HB—IT
EI(EPMER H PREETASAE, IBMNFEESZ RTHESELET AN LK,
ey G HE), HumER, REH V(G VH)KIAH KBS

(b) KR SEBR GHNEH g KPP —%FKN g KRARKE,

(c) B K SAT: HE— M CNF ARANEH ¢, kHEHPED g M TFAKNE
Tt {E - |
d) FAETHEH: @ 1" EAHEINEH oM b, KGHH aMT/A, FHEN
ZW&E>H b KA.

() L FHE: A " EMNBENEE af1 b, kK GPH a ML, FHEMN
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ZIEEH b KA.

() EEBEH. (ZREHETHNFLKN NP-E2FHE. )

(g) ATFEMLE: LEWD nXn HF, —NEEENE 4, —DEERTKERE ry
UL ETE b. BRATER—1BE G=({1, 2, ...,n}, E)YEMR: (HHPIFFLH LM HE
if by QTEAEERA AR KT i 0 j 208, FLE ry &R LA BRE. (R
BRFH d; R 1 R 2, b=n, FHEK ry=2. B—TFTXSRWNH LK NP-E2N
B?)

8.11 Rudrata (EEREBER, WA THIHEEFRANELLEA, LA
BRI — N HIE R — & K42 . il ¥ 15 Rudrata 42 (DIRECTED RUDRATA PATH)
fe] L 4y 5] VA 24 B fn R [ 1) B

(a) (£ [[])Rudrata %42 (RUDRATA PATH) i i .

(b) [ ) Rudrata (s, /)-8 42 i 8, B 1 Rudrata B 2 i) ME — A =] 2 8\ F §5 2
T AR B A i

8.12 k-E F ¥ (k-SPANNING TREE) Ja) 3 #2 1X #f ] :

BA: K& G=(V, E)

M G ANEERRE, L EY ARESARE A— R EZWAFE.

iFiE XS k22

(a) k-4 R A i) R — AN 4R R () B

(b) k-4 B 1] R NP-524 8. 375: B k=2 JFih, F8i& R 5 Rudrata ##
20 B K HR. )

8.13 HIWTLLF MG ufL &2 NP-524 R, WA/ LA AN AT#H. E£8D
HEg, ®MGE—ANERNE G=(V,E), LK:

(a) S LoV, K GH—MERR, FHRHARGBERE L

(b) WS LV, KR GH—ANERM, EHMHWAEEGFTRS L.

(c) ¥WritkEs LoV, K GH— N ERRM, FEHHNTRESETRSE L

(d) — N L KGR A ABAET kAN

() — MK k, K GH— M ABADT kAR .

) —ANEH Kk, KGN RBBEET kLK

GRR: BT —AN BB, UL EFTA K NP-58 4 P& T LUR R #E 89 05
EE . )

8.14 iFWItN FifBiE NP-5E42H: B — N EMNE G=(V, EyMEHRH k., X G
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AN kB AR AR kR BREENESREFAER.

8.15 AKaittH

iF B 40 F o] A2 NP-56 419

qMA: WANE G=(V,, ENDH Gy=(V,, E;): TH b.

Wt WATEES e M v, BNNEBRE, BEMEST2>HIET
2o b AN A, HEMB SRS EE—F.

8.16 HAIIFAEMRIT —WERLUARHFHES. FEMHHRATHERE, &N
FEREZHFEHEN, BREFEMBHEAEAREE —EN. RRA nP WA
RAEHMEGEH 1 8 n), BATUEEERMMEZEBARBEERRIAN 1 nXn
R, XERMANEFER—NLT 0.0 3 1.0 RIAEHME, HLh 0.0 EHEKF “AILL5E
EHHER”, 1.0 WEKRE “THAERECNBE—E”. LTFEXT 5 FeEHEE
& e 15

1 2 3 4 5
1 0.0 0.4 0.2 0.9 1.0
2 0.4 0.0 0.1 1.0 0.2
3 0.2 0.1 0.0 0.8 0.5
1 0.9 1.0 0.8 0.0 0.2
5 1.0 0.2 0.5 0.2 0.0

Her: B 2R3 6E2EES, T 1A S BE SRR, FE R ZHEMER
BxEM: HEMAR LSRR 0.0 ATRAT —EARERMENHE, M
HAGELZY —EMMmLm, HE#iTReE, FFHPARABEHE E A
WREEZ M. ek, MR E{1, 3, SIRAmEmMEA 0.2+1.040.5=1.7. BAIH
HIXAMER Al .

i S 3% (EXPERIMENTAL CUISINE) i) B

BiAN: AEMEREE A nXn IARERERE D; BNME p20

Wi FEAEEREAEDT p HEXHEHE.

{F B 4 5 2 S0 06 ) AR & I K N IR) P ET AR, W 3SAT thRE.

8.17 iEUFHIXS NP o f4E % o) BRI, FELEIZ4T I A7 0P iR i Bk,
Hehn ABMAKREE, pm)h— AN EZ I (R EHITRE).

8.18 iFil Hi# P=NP, ] RSA 1D (Z W. 1.4.2 ) it 76 2 01 =X B 18] Py 452 0 A .
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8.19 FiigRFEE XM, LA HEEGLT 2n), BHEPH n ATAH
BT —ANH, B ATANBE—&KAE “BE” FRERER, RERMET A
5@t —ATHAME. SE— I EMEK g NEBERFEERZER I EE 2e 1
TH AR S 7B . i E B % ] B2 NP-58 411 .

820 ZHE—ANEME G=(V, E)yF, EMK Dcv A— " HME, BEED veV
HEFDRKE D AW HANM. EHSRERNEP, AL —ANERNBE b, HIF
BREM— N AET b MR HE— R REFE . EWZ R EZ NP-EEH .

821 ZfbWifF. RBIFRHFEM LR FESNZERBET RERM, LA
WP AL R (KEN AN TH). REXTEMNELAENREEFI.

RATET CAK SRR Ny — AN 4L A ) B X T AT R A R x(DNA JF31), G20 (x) 8 3
BT A k-8 44 1 8 45 (multiset). 3§ A, T)IEH |x[-k+1 PITE.

FEAL A RXHEN: B DN KEIN AT RARMNEZHEE, K x F/0E)
B AZE.

(a) iFWI 4L @A LLH % % Rudrata B2 . (& #WE—NERE, 3
FAEAN AT — A k-, R a WG -1 ANFRE b BIAT k-1 NFRHEE, W
T a Fl b [E)G N — 230, )

) FL b, BF ANEHFHIAE: UFY %A B A L IH294 Euler B2 R E
(Rx: BN EFEFN-PDHRL. )

822 AR WS, KELSHIE. bW AN TF/S, £Fi 8 0ER
R PRI XENERRR T WERESRESLEERRGIR). BR,
— AR EN S ZE LK, mREEATT, RINFEREH LA
BN RER

=t B G=(V, E), TH# E'cE A —PMRMINES RIE: KELBERE /T
8" GEHR.

& 8 9L 4 & (FEEDBACK ARC SET, fij#k FAS)HfE: 4 EH [ & G=(V, Eyf
B p, KESAHEE b LU RBIIESE— NREIFHREFE.

(a) if #] FAS J& T NP.

i ot g TR A5 7 2% ) LA 29 4 FAS, AT LLiEB] FAS & NP-E2 . S — 1A
% % SC (G, b), BAIINTF M — FAS SEHI(G', b): R G=(V, E)YBE n NI
Vi, v MAE R — AN 2n AN TR wi, wils ..., Wa, wo' Bl n+2|E|1 L KF [ B G'=(V",
EY, HAPWiah:
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o MHTH I=1,2,...,n, Hw,w"e

o XfHEA(vi, v)eE, 1 (wi', w)Hl(w;', wi)o

(b) WM GREMER b MTSESE, W GHMEA b M RBINES.

(c) WEWI A G AN b I RBIES, W G HIMEABIL b (T 23 8 i
(7 4F GHIMAN b MBI ES, BEETEMNLHRT - HE% B3
AMEAERBEHEHMABEAB I FERBIMESNES. REHEY G L RAET I 55BN
Jei () e At gl A A AR AR W) A Tl s B R P AT . )

8.23 {E 4 H AHIAZ ) B& 42 (NODE-DISJOINT PATH) ) ik, HaA&E -1 E
) B . B AR S W sy, s, L, s BRSO R, B
SO [E BB b, L o BRRIE N “HIH. BAREXNEMW i=1,2,..., k XK
B s B 61 k70 58 B AHIAS B2 (B AS A2 2 41 [R5 B B%A2) o 1 UF B 3% i) 0 2
NP-5E 411 .

DL SR HE 6L B0 — 2R B 0 T 0 4 -

(i) H 3SAT U HZ).

(i) M THE m AT PN RK 3SAT AR, HH k=min ANHEAEK
o wFFREADNBER x GO DT (5, 1), FAFEHXT DT A) e 5IA—A mX
(8¢, te)o

(iii) XA 3SAT Fa), I 6 AMpE e, X FHIEFP 8 LT
AN HaEZxN, RANGEES MW AN TFEZCF R

(iv) EEFMA s Bl B RELEN PRV AREZRxETAPHIRAY),
M EREAfEELTIZY A BRkzs, BEREHL BB E LWLy Lk ?
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ARITENRT2 )= Y (WA Eo W I RO

feer TR G o0 A )T R R e

SHREE S MR GHEARM A RS YO RN (@)

&SR Ry & LOSONE Y O 1T R RS A 4 CUAB SO Pt (o)
ey e o RCH R R A BN & KEEE D R - 7 §)
e e o i e A nﬁﬁﬂﬁ~ﬁﬁ1uu¢H%Wfﬂ%h@¢
: | C LT UK Y R B IR R R A -

N B A R [ (HTAS Tlfill'ﬂ,r?.lﬂ-Elf}(‘lH}:‘H-%‘HSﬂ AR AT £S.8

CORDTER U RIRE L e BT SR R H A TR iR LB

Fe AL S A A LS T SR L T O A R
;ﬁwﬁm”mrﬁﬁﬂﬂﬁM%ﬁﬁ%%ﬂMM&M%ﬂﬁﬂ%imﬁﬁﬁﬁ
ES & i

T UG Ea B 3 ISR o R TR TRC I i S |

PO TAZE BT (D)
ORI AR A ek R A AL R I G HRT A w B0 @
Wit A et R oy )T Aty B B L
| | o5V es?)

WA Sl R A e A Fﬁjw££|hv‘nm
| O SR T Y N R HE GRS E AT R

AHEE S o B Y D T R R U P e e B ST (i)

CROY F WL BT I R R SRl Lo -"‘r'];"‘-"f.tﬁ:::ﬁfl‘“?b'r.?ﬁ‘ﬁ'-ﬁl’m
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NP-5 £ [a] & i) &b 32

BEERE - 1TE2RFEFEMNTMEASHHFA. EREEN I EBRNBUFHNE
KA R BEENRE. BITEHEAME?

FIZEME, BRENAOATRERBMNELAEPECEBRAETHTUNEN AL E
3 Bz — (B B R A ) . BN RR . BRI, 5. BI{EI,
B iX e BN H AT E(CEEFE M EPHEEANERFEA L HER),
FiRB Mk, BEE-ENEBRAHETG. REHFHRT, BURTFERENRERY
MU X EEN Bz ——— &, THEE R 3h A& A R B v B R R KA .

BER FXETEBASEE. B TAMNENRRAEFREROEZ, Hit
XA, KPR OoB e — SR ENENEEBEE RN ERREE
HEER DS H(—ANKE, SHREGHANZEEREERAPE. HXTS,
YRR A EML T RR M CE RS KE). R FTURKAFHRIEF”— NP-
SEA N . BREMEH AWR?

0] DUMAE B ) A NP-E 2 Fth. XEERTE - NMETHNIEHERL
8.3 ) ZOE 3| ILP 0 £ A1 & 8.10); F i W& — A4l i 3SAT F| ZOE e &
" . REXRGEAEEIDE, BMREXRDT, B2RBEEEFEHER: &
EREMH PR A IRE R, BERAFENTENAFTYRELNE, BHZE
BE-ANAEBEAHKM AT L

(HR, iF 87 A NP-524th, A S 4R M vk o) B . S5 THI Il B T IE PR 2
T— &t 4

XEFRAEMEE, ANXEEYRGZTEFEENTIENE REFANH K
fi. NP-EA&MHAR—K “FHT-iER”, HHRHER, ENRREEE TR -BRTRIK
FERE A .

7E 1) i) NP-se&tEiEmh, BaARERET —HEMMEFHFNE, ENFEEX
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MR B3 I SRR . BEEKE, SAT RS AR E NP- 2K, HXY
F HORN 2 R 1 SAT [ BL(SAT [a] B 7E 8 8 MK b L 61)), U39 AESE /B R A H
i ERMEER 5.3 ). K&, BEMNHATHBERAOEAH, MWXRZEZ NP-
554> 1) 1B ) b 37 4 1) BB, R AT LU B A A R 7 A AR R PR I 1R Y 34T KR (B
W, 6.7 7).

MM, XFEBEHABRETIT. #ln, RAIFE 3SAT @B NP-EEH; &
5 3 57 4 9] R AE N I A % NP-5E 4 ] /i, ?T"}"EIZEE{EH?E%B“TWHEFEJEE&E
BAENZXENE R KB E R REE. I, Wt R A TG L T B 2 i R

i 1 S ] o 2 1T A A 18 AN KR ?’*J?Eﬁ’}fiﬁH‘J%‘ﬁ“?‘é‘ﬁﬁﬁ(mtelhgent exponential

search), L1 (@] #i(backtracking)f14; L E . BREBRFEI FTXETEEHER
hEERE A, ERW B AN, BN kR e L H R 2R
BATHZE 9.1 Wit X BTGB,

®E, BATUERN NP-ZL2RBRMAAES N FERRE “HEAT” 1
B, B, 7F 5.4 B, BRNMEKAROHELBREBETE —IMHEAELENE &
log n fEM B EE. BUSHNEEERAVEUREE. 92 WHRMNEEFR, X TF
£ NP-EAMBERAREREEXHNEDE, MXERERB LREAFHETENS
WHE M —. NP 5244 E 10 7T AR S A U8 ik ob xd e 8 5 AR A 1) B AR L 7R
it X — & ) R R ST R «ﬂ’:”ﬁﬁiﬂ%ﬁf&ﬁﬁﬁﬁﬁ’—ﬁﬁﬁtﬂﬂﬁﬁ“ﬂ

& ¥ 75 & A0 8 1 BR il —— BR 3E P=NP.

AEWBE, BNERERFTE, —F X FiE47 e [ FE L2 B & A MR IE K
k. BBRERFEMREERE KB T REMEN, nzxNHAE S K EZ
PR, RO R R HE NS, RIEE 9.3 HHf

B g 3 vk I — s PR
9.1 FEEFFEHEER

9.1.1 [a]#

B9 0 S B2 T LU R 258, BN % 7T LU o 8 AR 10— 38 SR A B MR A 5 A
A 4T . B, & SAT H B — DL FA (Vi) WITHE x1=x=08{H A false)
B ZB AT LA HEBR . B R AF MR ERE, HRE KA A HFBRIX KA AT 1T 1758
SR, BRMNGEEFEETHNEERB RN —. XRE—NHIRMT
], 1B %A SE b RS R e e ?
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LLF 2 BEEm k. ZEBd—4H s p AR oK é(wx,y,z)
(wvxvyvz),iwvz),(xvy)(yvz)(zvw),(wvz)

B R R ATR 08 P8 BE A B — R MR . B SR, R RAE W B
HIE R, AWIA w:

e @

D PFIEA w=0 Fl w=1. BAT R BFH LM TR BEIH (R LEWL), B,
XA REAARE TN HERR. BT RSLHTHH. BMNITUEEEE
B, REAERANTHY Az —#ITRET. LA ¥

Lt o

XRBAVREIE. HHRME w=0, x=1 5FR (wvX)rFR, FHEHEHELILE, X
BRI T — KB R . RATEL WK E XA R, HAF TR HA
RITIRS LR RIAE.

W ROX AT R, ¥y ok AN RE A R, AR A e AT R kB

BT A, L F A8 B AT 2 A B AE I A R .

6 A5 K AT 2 M b, B A AN R AT DA — AN BB IR B A\ X R
F AN FAIRME . B, R w=0 Hx=0, WHEHELE wERX K TARKHL, T
ERE wllx WFAH, NINRLFHETARSHEMER. TE8T:
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(yv2),(3)(yvZz)
Hflds, & w=0 H x=1, HHFTF
0,(yvz)

HpEFa “() BAATMWL. FHik, Z#8EN DN TH>BERNT L,
#4 5 B 2 — /> SAT F 17

ULXERARNER TR, FHATFENEAUTENIEFEEST HIAMRE:
ERAEAN T E, UEABANTRHTEF. B TFERBFARGLETHHEER
PEAEES, MEXNNKREEBBENZ TN, HEERERFCSEDTFANT
W, RNEFREPFOEEHTREFATRSENTR. RIS TAHTTAH 1T
I F 4] (singleton), MELLH NGRS B L. (WRFEFRAN L _LHAAH
METFRE, SENEBREEFAMNTERBEN—AETRA, BAETRESR
IEREANATHERME). B 9-1 BRATEATE FHMMER.

wV;LV'e;Vz (wVE), (VY. (yVZE),(zvw), (WVZ) )

e

(wyvz ). @) (@ V). (wV7) ) (@ve).wv2). (2.3 )

\ z=10 \:1

(0.(yv2) ) (z V) () (v, ®.0 )

Eo-1 [F#HERSEATHIH

PEEmRL, EAWHEEFE-MRRIERE, ATRUFHEFRESHU
F=MEaHZ—.
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1. KW 7 I K f#

2. BIh: BT 7B —

3. ANHEE -

£E SAT 1, 24k ok 8 o B — A2 TR IR 1] R W, 248 7 A IR Bk 3,
HEWRE AR E. Kk, BT ELRR I LR

Start with some problem P,
Let S={P)}, the set of active subproblems
Repeat while & is nonempty:
choose a subproblem P €S and remove it from &

expand it into smaller subproblems P, P;,..., P,

For each P;:
If test(P,) succeeds: halt and announce this solution

If test(P;) fails: discard P

Otherwise: add P; to &
Announce that there is no solution

%t F SAT, BA_F 5 choose it #2 ¥k #% — 45 B ¥ () 74, expand 3% HUZ T A+ )
—ARENBEF S B EERES 0BT RT

# T IERIMY tests expand K1 choose it #2, [B1 3 AL il 4 AE 75 5K b +h 4E A 2 L
Y. RATTFTA 4400 SAT I [8] 90 52 35 2 1 2 A o 0 T ok 2 o 1) R P RO i o 1 98 )
BoAEERER: BE A 2SAT L6, MBREHFE-AATHLWME, Wgnrl
F R B ¥ 2B A RARBEE LT E 91!

9.1.2 HXER

)4 ) 5 F T LA SAT 33X BE 98 % il B B BepR b b . RAERW, R
1175 — A B Ak i) 8 —— 35 K A 1) 8 T LA AR R 9 A

FIRTHE —FE, RAOVEAE - LBHM, BNENMHARRTENSTHBE. /35
R B I (R R R B A ANE ? L5 U RATUIR 7 2 — A Bl Bl 38 7 i 1Y 4K
¥, MR ZAERMNOAEFAEAELERAMENERZ ATEE - THE,
RV LA LR BE T EARNCLBB M. BRRIFAT RO
Ao, 3 Eo i R R m T v . Bk, BRATTE T A A AR - — A
fib 8% PR JE v 5 R SR AR S8 AR
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Start with some problem P,
Let S={F,), the set of active subproblems
bestsofar = o
Repeat while & is nonempty:
choose a subproblem P €& and remove

it from &
expand it into smaller subproblems P, P, ..., Py

For each P;:
If P, is a complete solution: update bestsofar
else if lowerbound(P;) < bestsofar: add P, to &

return bestsofar

KE - T ZBIEAERATI SR R THER. XBSEE 1B G=(V, E), &
K d>0. MBI MBETNN a L TIAESSV R b —£MEKS, XBH S
BEMWA af b, BAVH ZHHMC KA =udlla, S, b]— FL L, BiZEEY £
[ A o A YY) F o] 875 2SR SE IR AT AR e, thED, — &k b Zit
TR V-SH a MEALFHIFRESE, WA, M TEREEN acV, BYIM W B A
W[a, {a}, a].

ERERFEENTE—FD, BIHENT DM (a, S, b1 — & F LG, x), H
FoxeV-S. B, RATILAT | V-SRI ERE, Kb HE—M8%SHEN]a, SU {x},
xR F ) B .

] A REHf S SE IR O TR AT B 2R [a, S, DI FTRE? MR B CEHIRL
BpmERNEE, BIOKELHP-—PMHEHIEHEN. RITEXKBLHBIrEET —
& V-SSR, ANt e b B V-SHH. Fik, HRNZELELFJLES L
BUE ¥ 0 .

1.a B V-SHIBRiH.

2.b B V-SERIA.

3. V-5 W B/ E R

(BEER A 22 YR AR ERMEETURERFZTR. B 9-2 22—
MRPIKETERE: BHEMNTTARRIXERIBERMBREZRBEH— 80K
ITRRER(BP: A A ABEN ANER). HEREXTNNEET 28 M40, A
&9 B R E B 71=5,040 4.




FI®E NP-mL£LEhE 299

(a)

(b)

Rt 11
B9-2 (a—TEERHPMKRTHRERR. OFXEARRM, NEEL.
HEFHHEFAIRMGA TR
9.2 iLAFE*

EERLAES, BE—MRELH I, RNERABREBE— X THILEX
B 1 5 Ak ) B AR AR R R B KRR, TN T TSP XA A 85 /1 Ak i) L 5 0 A )
Sk B /MUY . T EALH 1, RAE OPT)N H B AR AR 3T B (K B 718 (e 28 BAR
). HTFHELHEFNEEBASSXFHERARRER), RINER OPTOR &
—MMEEH.

5.4 %, RNBLEHNTIEUHEN—AEFL0 T K68 HAEHL
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Wik, XITHBERN n F5EE 1, BANEH T ZHEREHARESH — M HELRS
it OPT(Dlog n M EESEE . KT log n BN X BT E K RiF.
e, HRERMRMMEE. BRERNA N ZEEOEE 4, &
SESER 1, ARFBER ADKIMW. BRAOTEHEE 4 FEIELE & XK
&, = max A(])
7 OPT()

BAER, o B EERET AEBRAER THRERNKEE. Be, Xt

T30 NT HEAX B B K 1) Bt o] LUE R BB REIE g, KA FHiEamEK

EAELL 1, FRAT e B 2 %

T2, ZBRMNEX —4 NP-TEHBRMARER, —PSEOERREAIRT
oy RATREDRELEHIE 4. AERX—BRERERE AL ABR: WRRMNEAmiE
BRI A, NmARANBMNAOBRECFEZZRE? LRITKE - HENOHF.

921 HMaRA=
BT O L 50 18 T - 78 o 1) A8 2 NP-RERT .

=% EA) ]
wmAN: LME G=(V, E).
Mt SHAAMHEEMP TS FE Scv.

Hbr: |S|BA.

9-3 & — .
O I O
.' S . A
O & O O

o—O—8——O
9-3 o ff) B AR T A5 BR #k CHR v M R ) O R0 8
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TR AES N EAESEE MBS, mB s Eam, FHETLEETU
76 O(log n)B36 Rl P B 3 JL S A0 A . EL 4 1L 75 0 5 b 0 e F8E 080 78 0 TO0 A5 38 2
AT S B ST, desh, x4 e mmE, FA 200 58 I AT LA 78 2 100 5 200 B4k
R log n ST S 6 .

T 15 388 36 1) — AN S 4 0 30 B0 823 2 25 F UG AT (matching) B 4 #J X5 1 . 7 1 U Aic ik
B9 A5 AL R 2 S A AR A (B 9-4 FTR). MW B E KA LM R, [T
Mk B THRA, BALRMmSHEDRIMNKILBFNOTAEE, A, SERAES
R, REESMERSCEELARMTMG, EFERE TR,

VCRC R TR S S 2 AR 4% AMR? WEEU T AN EFEENSTL. B
CHEBRTABANMEZE L G HAXILEMEGATE)—H . Bl, SALE
AW T OPT W — AN F . BEEMRM R, BN ICE b r &L BRE — AR
FEATAER! RIXHFOTAERIDEUEER A XBSE, BARMNLHA
FEWZEERBHME OPT 4T ELE:, it 3 OPT N2 NP-52& 1.

(a) 6 O0—o0 O (b) o o0—o o (c)
C—0 O O Oo—0 O—0
O O O O O C—0O O
O O C—0 O—0 Oo—0

B 9-4 (a)— UL, (b)AF|EACRMRE, (o)L B KT 5

BT RRBRAEOECEE, EHERAT W & SEUTHRALE M+
iR EAES. WS BRE-ATABESE — WRARE, WEWE A [
HEMB LY ecE, TR MBARTRZEEKK, BA e BRTLULREEMABH .
RO TR ER. BEESEET 2MAT A A E—BES T RMNMEEF
Ti s 3 5 KRR 2 D O (M)

BT AH R ) T A A ot

Find a maximal matching MCE
Return S ={all endpoints of edges in M)

AN R B A B3k A R A O [ S 8 et s 0 R R A A i A T 4o P i !
BaE—TF, BMERMA M R BRI B, RANMEERE S MR E &
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KILA XMW, EREWT MR

[ HBBAHTERTAESEN TR,

2. AILIBAZ ARG — AT A B, BRI 1 A DUB % 0 5 & 56 09 AR
SR il

ik, XE— AR ENEELRN Fa<2,. FEE, FHEKRI -IMHLIE
% 100%%5E R (A AT T B 08 56 A, IE RS N T 100%) 8l F; &L BR
Fa=2.

9.2.2 W%

THEHBENKRERL W E. XA B, A ES — 500 (b SO SCH
BAREEEXEF)RFAEANH AT RRZEHEZAKREKAR, FEBEE
AR “m” ZEEX “BFE” &, EBEWNO T, BT B8R XA
AP SRR, HAMESTUHAK/LEMEERERE. &fF KMER, BB
BT Aok B T8 2 A AHBIE R R BRBIMNCEEX T XFENER,
I H A AT A2 0 0 00 BE &1

1. X EM x, y, dx,y)=0.

2. d(x, )=0 ¥ H{L ¥ x=y.

3. d(x, y)=d(y, x).

4. (ZMAFER)d(x, y)<dx, 2)+ d(z, )--

BRMNAFEEBE A AARMA, FXEHANERRDIHEX ERERE
.

k-3 3£ (k-CLUSTERING)
BIN: B X={x, ..., x,), BEREKL, ) BEk.
Mith: Kk MNEEC, ..., Cro :

Hir: BEREHR

max max d(x,,x,)

J o oxg.xeC;

BN
— AT SRS T ERBEFEPE n A A, BIEELH LA
s REEEeEE. XEHMNBEINEEREEZDE? B 9-5 & — T
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e
o
s

Bl 9-5 —SME S k=4 KRIUER

%R NP, EEHE A RERNEEHE. A BERERE L K
BAEARENDLE, RERFRSTE5ZBEENER N —H@EFEHLAE
5y, MTTHIHE kAT, B — DR, B Uk 5 A0SR F 0 1o B X
e T —A b RS B ol 4 B 2 B (A P 9-6 T 7R)-

Pick any point p, € X as the first cluster center
for i=2 to k:
Let u; be the point in X farthest from py,....
(i.e., that maximizes min;_;d(-, u))
Create k clusters: C;={all xe€ X whose closest center is pul

BRZEEHRE—NEERR S . 4, ETURIESRFBHERERERR
% h BAR MR P

DTFRXETX —AMMERE. S xeX AEE, .., miBRIENR@EAER, x £
RMNFEEFH T —AMAPOLE—MRRNTE L1 AP OLRANE), 2 rhx5
BHOREMPOARMER. FTRXTHEMNABLMERXRETLER EL
re HEAAER, XEREFNRENERLREEAN 2r.

{a) ®2 {h)

1@'. . @t

Y

B 9-6 (a)EiRsEEMEEMI4APLNA. O)RERAMEE
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HE rMERBROEBRMAAXRR? RNCLIEE T k1 DR, e Mo
x}, XEEZAIMERBEDLH rCIHAT? ). EBER kN REHUYZOLKX
e HRMEHRDBEIR —ANRES, HELERNZZEDH r.
W RE R LE, ZHEES A &SRR S RIMNBAEHE&EX
B, MEEFNEEFFERAT S -FMELZHERGH—F PTRIES, ZEQ
RELIER r EEEAN X RANEMNEELZEKNEREDN ro X—EHWANTHT
—AEAE, FNBEHTERAERK—-THEHERE F .
BEFEREOE, T %8 EWERA EFREUEE.

923 TSP

SHAARERE -EERNEMELEETHET FOEENAC, ERFEREE
HATEAEDREAER: MBS AMNRTRESHLSWRNERSER, WEE—AT
MHKEREIERR 1.5 FBANEE. TORMEFR —MILEERME—

e () R 1, JLEIEEE B A 2.

SERAULHEMEEREENER, RMNMEMERTHFERTELHUTHANS
W, 8BS RAR 0T A BRAT B R AR A A AR MK R (45 ) OPT B — N BLEF T 57).
Aot EZMBRMER, BFRERPERN.

REBEM - THPHXR. NBARRITHEEPEERMER &4, HET %
St AT AR EKE, ZHRER—NERN. Bk,

TSP 2% B 2 A >MST B .
e, BMEEN MST HiEH —A B ARITLE. WRRIMEEHEGEEFLH

W, MKHE MST WHERMTUBE —KGRFTAEBRTNEL RARTREY
R T AR IE—®. FlE N9, 204 MST, 000 xR 81T B 2 (3

F F K A5 U5 1) (K7
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B, ZHAMKERE N MSTROBPA, TR SLMIE)EEMixHk TSP
OEAW Vi DR

Xt RN EMSE R, BHRFE - SEASHEHKMT, HABEPHLEHED
ATRERE T ) T ANk — W, &R EEASERN. ATBIEX —H#, HfEHE
AL T Ce R T, EREBINBIFESP T A F R U A )BT B A

Wichita
(=]
Albuquerque 7 ulsa
{a) .
a +

1 Little
Amarillo >B Littl

Dallas (=}

g -
El Paso ~ -~
- =) Houston
O
San Antonio

HEAAERTRE, XA SERSENERKEER.

& TSP

HEMBERIVE MBI RS —EWE ARSI TSP LR ? XX A4 A & sk
ISR ERE .

BRI T i&MMZ 8.2 1 “Rudrata S #>TSP” FRATE 45 HE — A4 2O 1
W%, BEk G MR C>0, ¥ ER— TSP LW I(G, C), EHWHL:

(i) WH# G A —% Rudrata #4%, W OPTU(G, C))=n, H¥ nk GHHITHH L.

(ii) W3R G #® A Rudrata @42, W OPT((G, C))=n+C.

IX B A A TSP B9 — AN AR 2w BA#E B 11K 19 Rudrata Bg42 ! RAK4HY
i p
¥ B TSP ) — A IELSE v 4, oy MBI LE]. % ¢ Rudrata B 1% B)4E & 58
Bl G, ¥_TBH C=na,, BATRTLLER A TSP EH| I(G, C). fEix TSP Lig1T 4
SREA AR BTG, EEmE —&KERZ N a,OPTU(G, C)=na, K4k ;
ot F I EGD), HEMHMEBKEZE DR OPTU(G, O)>nay. HIt, AT AT LA K
H G RE A Rudrata (812! &S REW F:
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Given any graph G:
compute I(G.C) (with C =n.a4) and run algorithm A on it

if the resulting tour has length = ney:
conclude that G has a Rudrata path
else: conclude that G has no Rudrata path

iR G BREAA Rudrata B2 . 8T % (2 AR B B0 A &l
2, RAKEEERBZBERSLIA8.2).

BAICZ B T W R TSP A — /> % Wi 2 i 8] (9 4 LS, ) NP-58 2 i Rudrata
B EBRE A2 HANEZE. ik, BRIE P=NP, &N TSP AnREFFE R
2% B A ARSI

9.24 HEEM

AT B 5 8 10— AN I AL R A X — AN e KA ) R, % VA BT RESR R A R UE
BANEIREZIM: SEMAEe >0, EREXTRAMEN 1/6 K2 G0 F Pk
(6] — AN g D b B RAE (1-6 ) BT

ZREREERNE, RIES 6 TP YLRITRdE. A nMld, HER
R E S 518 w, ooy wo B vy, o, v (BB A IER X)), HizREBERANEL W HIHT 3
FHEHM RGN HAE.

% T %08, WATRAICHBE — AN BT A O(nw) K38 LRI ## . St
K KB F i, EAT LB E A oV, Kb v RYSMERBH. HE,
XEA LR ETNABARLEAK, Fh wH v &K, KBMARR
EE8 /3

RATKER—F OV, £ VRKEWHR T, WRBATR AR 04
T MM, SREHAR? ZFIRE, WR

v;=117 586 003, v,=738 493 291, v3=238 827 453

RINAGEREEFEHRES, BT 117, 738 Al 238, XIEARLE HEE KKK
AH, HEENER ERE
AT . R S p R E R, B RS A EE 0, RE:

Discard any item with weight = W
Let v, = max;V;
Rescale values U; = [V 5—]

max

Run the dynamic programming algorithm with values [U:)
Output the resulting choice of items
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BMEKBECHH2RERM. ¥, ATHNEMMEV BELH n/e, BTN
QIR REENN, EITREE O e)N.
MEBEENEHBEARERTENDRES S, KEMEN K. RAFENDH
B0 2 0k 45 S (B 2
Zﬁf=2{v[- " JEZ(V,- " —I}EK'- "

e EV ies 4y £V

ak,ﬁ¢m$MEMQﬁm%%@,mﬁﬁﬁﬁ,wmmﬁ¢ﬁmmﬁ%¢
weixak. EEAES, YAERSHNMEZDLH
ZvEEZﬁj-ﬂ“‘“ E(K'- ik —n]-svm“=K'—Evm-?:K'(l-£)

ies n &V n

max

—-n

9.25 EIEMEX

g — A NP-S2L MBI s, ®RA4IRETEMBETMUITE. WRA
AR, FRATT M HE T 2 R A WA L 7E £ 5 1) A i K78 B LR B T SR (RATT IR R X
W TSP 52/ T iXFEMAE ). ¢4 Tk, oL NP-584 o] 8 3R 40 F

o —MAALNT TSP, LiEME —THBMEEZLSH .

o —MATIREH —/NERLE, BMBPERE T BE/DRETHRR. e, k-

BELULKLE=ZAALERN TSP #H A XM B, (T X2 EENHBE
76 W HEE AR PR, (R ZW RS SEAEAE, XTEMNMIENRRT XA
R AR RERNRIE. )

o HETHREHKILBELIEMN NP-ELME, MEHELRAHRR, HHZMWMK

i} i) 3 AL B 3 1 8 22 b T MR BRI 0. R I R R IXHE .
o RS, A KME, MTRAHKHEEZE, LETKHAA logn.
A E & .

(— ARSI EHEMRE: U EERSEMATRE P=NP, WIRX—FTRA
W, FAMBEREBAEGEE, B AERERET P, (REFAR NP-5
4 1) £ &R v CLAE 2 T i ) A KA. )

EFIECEFEEERWREE — AR BFHRT, XBH%k, SHEENHE
R, £F— ks e SE B R E i T A BT A B B RE 1% O
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93 EFBEEFHRAT .

RAVAEE NP-ELMWM T —NRBETHANBEGEHRKEZMA Lal R
RERMRLTR). EE-AAWYKKILE, AHBESEN FRTH: 51D
oA . R BT, AHUARZ . XAHEERARBER, ETgENH
THEENBMRUATSE . E—DBAMLEES, EFEREZFN:

let s be any initial solution

while there is some solution s in the neighborhood of s
for which cost(s’) < cost(s): replace s by s’

return s

ERE— A, LETMBE A REE N ES ORI, XERIIENR#
WA TEMAE. SEEHERMNBFEMABMELHH, E-RMBRIT AR
R 2 — o AEBRATTE U LU AT 7Y ) L0 B B 2 .

9.3.1 EFEHEMIMKITE o) AR

BRRMNMOEFTE n METAHEZAEES, TRERA T —MREN0-1)1H K
TRREMRTNE. M TRITHET S, FROWERERMTAE?

BETS REAREEEARFRLBER DK EEANRBIEN. PIRBLEL
AT g DA — & ARG & A a2 ), B ERAT S 8B &I A [ K1 .
XL s 1 2-BUEAB W F: M s I BR P S IL R IS BN S B AR AT 19 2 Y
BEMES. UTRE-DRMILENH T

X[ ]

XERMEET M EXREFHEHEERERE. W R & ERA W K5 A AL
—— WS T (A AR A R B — AT, RN ERNTEER?
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AN, XEHEHRNBREABFEEOEE. BAGEBERE 06)T
JE, UL SRR . BE, RNAHEIRFEL DREN—FR
BAF 4 REROSC B, #A RS B 0K, R, EAARAT AT LR 2 5 i i E R R
) (¥ 28 % 12 By B AL 69 HEE B EREENMEEEL, HEAEETHMT
W HEAEfE LS B AP MM, B, TES AN RARERERKEMKN: H
fRY AL [ o) 30 602 S T A B Rk it SO 1R PR

cb———o—q—é

HT EHRIX— i, RAMN2RA—-FAEMNEZOMEES, il 3-dEdE, B
K& TRIMNATBERZHE = F0A F AR, 355U U] X 0 04818 2 AT B EK

HRE, CHk—-AREHEW, RESEHNRBEERT 0@¢)), BREREERE
M. WA, PHRTEFERBHRRK, ARBBRLZAKARDS. HTEBRX
— W, ROITEENAEART # 4-ENME, RFEEL. ML—XK, ERH
WERBBERRRERT — 0 FE: MEOXREREBREREREE, BE2BD
AL RIS R RRENRBBRES . B 2 A YRR TR b SRR
RIE

M 9-7 il T RMMRN—ANBTEs. B 9-8 B REMERG—NEAR
AMBERK A, P E R RERMBEOR SR, LR AT B3N #E
R RAE. N —ANFIER RO IF S, SR “ Tl M&kETss), HARE
— AR EAR



310 W % #&

(a)
Wichita
@
Tuls
Albuquerque 4 pqrill o

® Little

Dalles )

El Paso

(=) Houston

&
San Antonio

(b) L3

(ii)

B 9-7 (a)9 BEEMT. D)BMIBEFHNRBER, A I-BELE.

S = RRZER/I T B A RIRAT B R

— R, BERFATTHRBATHSNEBERE, SNTERSRESE
W2, HENERETFRNESNSESHE A BENEE, AT HIER SRR
WERGETEZN. FeRENRLORMML, WEXRARRNN—MEE, £
BERRI, BEEREEHNNAEE S SHERLAEARNEE —RNRNL.

iEBRATKRE N ZFHH T
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lf‘:{fr

SRR AL

El9-8 RF#MEE
9.3.2 BEAX4

Ml R BT ERELFANE, NMEARIEFOITEREES B, 5%,
ERSESP, RIMNYFILTEH—MEH, BriE Vo555 % mE.

B %1 43 1) &

WA BEEMUNERNLERE G=(V, E); L ae(0, 1/2].

Wit BIRERISN A4, BHA, SHHRELRLSNT oV,

Hir: 284, BNERE D,

Bo-9had 16 M TaE, HPBLUNRERN N ORI, BREBHRAN S
0. BERK T 4, B BB AR E M, 18 3 B/ a#H (MINIMUM CUT) &, B411%0
EMATEMBRG T ET SR KEZAE. R, RIEWEINXAER
& NP-#M. EXHFIFRBREEEN, 3 Te=1/2 HISEHIE L8 RB
KEER, HPRIMNEERA,BREFRATEHP —EHNT L. BRXFLLELRH
B e, BREREBRMASR, FEh— 8 B2 49 a8 AT Lk 843X —
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RIS E. RNEMIKEBRGRBERAENREFEHRE,
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BEHLIL S5 E S

b H14L (randomization) X R M R F R E LA RN . CEEA P HE:
EHE— BV PI G, Bl — AN E RIS, RE, MEEZAEER, BEHL%
E TP RMKE.

AFEFZ R ENN, B AE 8 RIELLE DA HERE B H f — B
. XK, TUEIZREZERABREEE — 8 RMAEHA R K BEHLHF
(random seed) A 5 £ 3% [A] i B B 4 A0 % . Q01 R 5 IR AT IR [B] — AN R IF B9 JR) 38 B A
KIMEE b p, WEE O(1/p) R EHIZAT P N % 0] LA B % 8 (3 0. 8 1.34).,

B 9-10 b P4 ) i —NECM U SEE], RS THEER. KdH

[ﬂﬂowm%mﬁg,@Eg?ﬁ%ﬁ%%ﬁﬁﬁ@ﬁ%ﬁﬁﬁﬁ~&%mmﬁ
A, EHAEXMMLE A IS A, BhlFRENAE, $XS@amRT 74.
A S AN RBRRE, K4 AR Y 2, FREE, HFO—ARAY 1, &
B, R IR BN R TT G, N — B B AL — A A B 48
MM R I L IEAT 4 KRR TT LU — M2 R B B, B, HEX— K
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B 9-10 Wl T, RBERNERETHBTRUENTEZOBRRIERE
. ATTHIIHIEMRWMIL. 2408 MBTR ., B2 R R AR X B R R AR
BELEEhwSHn, TENEELEAEHESR. XHHERLT, UURAEER/L
KR[BERARXHRKKHHR

2 Y ) LB 5 — AN IR R R B R I B R — SR AR SR R 0 R A s 3, A REW
ik e, et R P MIESIE. Hln, XE 9-10 hARLRZENBRRK, EFERE
EBAEXN. BIA—ANEEMET, HABAHEEFENLTREERLE:

let s be any starting solution
repeat
randomly choose a solution s’ in the neighborhood of s
if A=cost(s')—cost(s) is negative:
replace s by s
else:
replace s by s with probability e #/7.

MR THO, MWL ERERMNBBMRDHBER. HEUR TRX, WHAR
MR SBEWAMBEROBRE. Ba, THNRWTRER?

—AEGREYE TRHERK, REBHELD 0. XHE—K, BYWIHER
W4T H R EHK, MR E . BB R R, X [ 2 AT
AR, WEREE L HERRTE P ARMBREHREET. BE, DEEF/RKN,
R SR AR, B 9-11 X RS RKRE.

l Cost

9-11 HHLR -k
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WB KT EZB THEFPERBABRNE K. YRS RERETSTRER
RE, BYIFAENTHITHMEANARZARK . ARG ELH, BT WIiTmdtT
BAMWMIES) . RIGX—ZaMEANT R, BETBRT WA R,

ALV R K 4F Akt AEBE A U B RO AAH: BV R B M EVIKE HES), 5
MEEMAKNTEELEZM R L. i, HRE TR EGE Ao r e EE
HEREREORTS, XMNRAREFEEABKHEE. HEERZHERT, ©T
B EEXNEBIRANEE, I -RMEREEHN.

3] A

9.1 fRTE SAT Wik, RIMLZERE LGB/ FAMTFRH B(CNF 2
X)) HRMNETFHRAZTAPHENTZEHTRIT. HIEWHDREAK AR BN
BE5EBREADCEM TAEIE - — 2SAT 26, W) 5T 77 700 2 Wl , 1% (Y
Wb W] A % TR I R SR AR .

9.2 MM E A s HER Rudrata $4%2 W BSiHREIW . AT s8R
GHE, BREEXWMTILA:

(a) fta’—AF M2

(b) ey i & — N F Il B ?

(c) i fa] & H — A~ i) {0 2

R E RN AR AR .

9.3 HANESEMNBEI Mo EREE. HPrwyvads.

(a) HHasE—AF i) B ?

(b) G {a] 1% £ — /N 5 & H B ] L2

(c) I —AFin) & ?

d) BHMTREMHA?

WA BN TR RBEFSFRG? A

94 #E—NEXKME G=(V,E), XPEBNMNTRHNERAEL 4, F 5B WM&
R R B — AN AR 2 D Ok B KL SR 1/(d+ DS S 4

9.5 E/AARWMEBEMER. ZERMPOEELRE G=(V, BRI BT H 4% B (R
B DFES.

FI{Z 5.1 %, DFENERM rTi8m— & e 24— 4K, REMEMN
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B EMEE — % e'ze, ATHEE —ANFHEERM T AU TR T"HZERNA—KA
Zhi(e, e’), HHREAMTHLBE. |

(a) EUF BT — By L, RETHAT —RF4EE BRI, TR
ERAERW TR ES —FEOERN 75 FRABREHFES DRLREHR?

(b) IUFHI IR T2 MST, MFReEHE —RFLxHhk, FRERBRAIES
MR AR AENK. BaiER, WRERMERFIIA

T=T1]9T19T29”. %T;_-=T’

W) xt B 1 i<k, AW (Ti) S AU (TS
(c) T —A LB E & A [E 17 m B A AR RS8R H L.
Let T be any spanning tree of G
while there is an edge-swap (e.e) which reduces
cost(T):

T+«~T+e—¢
return T

HiFiZd B R R AERE —NE/NESR, R EEEHFELDRIENR?

9.6 TE&H /) Steiner # (MINIMUM STEINER TREE)jn] # # , i A G35 : B G=(V,
E), “EmX AR dy U AR EES ver. BiREKE
& VB . iz LA SR UAES V-V R R A

® O &
O O O
@ ® O

BERLPEEAI—NERRES R 922 WHBERMFE X). WwiEH, Wi
W AR L A HAVESRR P v BN S, W B Steiner 4 i) Bl 77 738
UL 2 R RS . (BRR: B R TSP ML RLEZE. )

9.7 TEXMABIBEE, AL —NEHE G=(V, E)yM —H& LKA 51,5, ...,
sieV. BFEREX E M —ANRDFE, FEBREERANZIEY 20K TARD
A .

(a) ilF B4 k=2 W} i% 1) B w] £E 2 01 R ) 3 K .

(b) X T k=3 Mt i, S — MBI FIEZ A 2 MWIEUHEZE.
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(c) EAZHAEER T I RFRREE.
9.8 K SAT REY, GE—HNTHA, RMNER-TRERBHLTREE K

T A K R AE
(a) VHE B SR % i) B 7E & S0 =K I 8] SR A, U] SAT R
(b) TR —AHFE Fb R KR

for each variable:
set its value to either 0 or 1 by flipping a coin

BEBMABLE m ANTH, LPBEANTHAELE ASCF . FIEF XA H R

) S 7R P 48 31 (0 W 43 A2 7 A0 B 30 S B A
= 1 m
S )25

fAaER, ERMEEEEKEN 2! FHMREANTAHEE AR, W%
i I L 6 A S R 141725 1)

(c) BREME ZFEM AN — M EMHEZEE? BT BMXKAHAGNZREED
M, DS ZZERFEEESHRERANRBLN TARUMENE. BRES
CEDNAEIESEOECE PR

9.9 fERKSEINES, HE—NEME G=(V, E), K 5&IL e FIBLEN w(e),
BMNFEK VB ARAES S V-S, FRANMESZHELNENERK.

JHEA SV, E XL wS) KT L(1SN {u, v}=1 M {u, viFIREZR. B8R,
$oe Ko HIR X N TV T FRPAE w SRR —1

xR W JR SR R

start with any S5CV

while there is a subset S"CV such that

(S'—SJU(S~5) =1 and w(5') > w(S) do:
set §=5

(a) iF BB A d K 1 1)l BB L LU 2R 2 IR LSV .

(b) &2 % I (8] HAiE G ?

9.10 WR - NEMBRFLEBEBEREMM, WRMNHKZAHBH . 6
9.5 PAANERDERMAEMEREFTIEZMERAN. LI, ekt o] i
AEEX P LRI — R R SRR

(a) VHUEH] TSP /Y 2-250 %8 J5) W8 18 R B AN J2 0 0 )
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(b) xf[2]-B A RBMRILEEL L LN, b o BT

(c) IEMI(n-1) KRB R EREHK .

(@ W A R—ARAEE, & A-BE(4-IMPROVEMENT) N i F ()48 % 7]
Bi. B AMEH x LB AM—ANs, K xB5 MU SRR ERERE LA
1E7E, M s BEAR). B, 78 TSP-titinl e, A4 @ Bh B B M — & iR AT
Pk, REWMERTEGEEIFNBRE, WRFEE, WRH XKL, 4iRZ: TSP-
B ) R NP-4 ) B, FREH, EAEG-Sokn SR, WIEWHER.

(e) BAMK—ARWHREFEAAF ZHAMBERRBIHPHEH ML EITHME
b A AR . 2EIkU, LLE TSP Mi(n-1)-HZERBEEFZERARA LK
AL, WEIEM, B3E P=NP, TSP FI4EAE % M AFERSE L HANRE
RO BB REEE.
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AN EEE). BEEERE T REFBEREA/ANAELSNBRES L HEATIE
#, IXNE-TETHEOTIFANARIAZR.
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