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B 5 Apple MacintoshflIBM PCi#t AWith. BATELEEIBHEIEHEMAN. IntelfJ486
DX2HA R AFIGOMHzIE B . 3247405 28 A4 # (Pentium) i FHEF R RBERAT,
ERRE S B SR R AR AT LAK I H 1% Tintel 486 DX2HJEEE. Bolf, 133MHzRIF
WERBEMOB KA. Pentium Proglntel 2y 5 KA L LRI AL EER: . 55 5P— 12 w] Alphatls
KA T EHAI00MHzE A0S . —/4 A BB ER/PHIAAR TR RREEA LY
BOUHEERTS, BRIMHENGREWREREEN. 19794, HABHFE G H Tohru
Moto Oka&li'g— % 5} & #2000 A M HHEHL T KRBT M. ZZRAKTR=EAVNAE
f14. HiHajime KaratsuSi G E—A/MIZRESHION R, HRARRFEATEILE,;
fHideo AisofiGME M MATREFRNER, HRARKREFEZNHBENLARSEE; b
Hazuhiro Fuchifi SE =N/ NMARRASEBIER, HIRARRFENTELNELBS. X
EANMAERSIERR THIRITS, FRTEFOkIC &AM RKITEIIBEERII, Xk
RIERENEER TN, AABFRIZELES EZRTENTEE, HEIBIEIOREST
- RBHREHMARITEIAS. EXKRAS L, AR TEALRTBEARNBRIMT, X
AR RIS Y RET TIZRUD. YEARTENEATGE, AFIHTENL
FEATBELHE. M TREHESEAASEEE, ZRHELDRAEMR. FRLRUHRENL
HE B ABRFERASMRESR. Rifi, SORTUATEEBEE, ARIESLE, BF. XF
MEGIRS, DIREMATEGNASR. EREARTENNEREWIETALHNG - HKE
HENARENRLAR. BEBMFEYTH—RIFEEAFRRACOT) R EEE LRI
BHL.

% EAH B EIEIES BAREENNAG . BXET0EN, WA HERE
HiE. BBEBROERWED, KB ABERARLUNITE. ,
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19724¢, Illiac IVEENASA AmestiRF.OBAELT, ZREMNFATANE—EHTIH
B R4E, EMNUELRRHMBIFETEN (T-ASC) FERRHMIAMH; 19744, %
#.05) (CDC) Wy —4 347V1Star-1007E Lawrence Livermore ¥ LB ERAFH; 19764,
Cray 2\ % — G H17H.Cray-17ELos AlamosE K LR EH AL .

EER BN EAMBROIFIZHIIIRE, BT THERARANITERED, mHHLE
fak &AM —RFIEMBAHBMEE. Hik, FEMERARLEEMORE, EREbBLEG
4T HMJLRE B ANITEN, HEFEREIARKERITEN. 20148044, K&
FI20 4 60FITOMEAR A PR AU AL B ¥ B H 1S LB TR E R E R EN AL . SRFER,
AR B B S AR RE M AR LERVR AR M EE . BRNERBRESIA TH IR ENGEREH
EitEA, AEEES EIFREALRISC (—F ZRkr 2L ) AR ITMPPRIH
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 Cray XMP4 (4 RbFE%, 128MFBA&IHHENL, EE{HiEE840MFLOPS) ;

o Cray-2 (256M¥, 440 %, " EMWBRIHEYL. W{EEE2GFLOPS) ;

o Cray-3 (164bH2%, 2GFBRIT R, ¥{HEBE16GFLOPS).

HoAth 782048 804E A A P AR B i B WL #5Eta-10, Fujitsu VP-200. Hitachi S-810F01BM
3090/400/VF, F20{-£0804E4%, 60FN704EfCRY & sALTE 25 L2 KB A T 804E R BI04 I
FH L.

B — e ENLETREN, BRAXKAENEMENAEKETRE. 2K
Goodyear% BIFISTARANFI-R A # - HEfE K #MC.mmp AL . THENBHE —ENHLEEL,
BRIGAEEBIR A, EbanBurroughs2 RIRIFH#ALE 2 (Scientific Processor, CSP).

BEFIAMEEAYEH  liac-IVRAHMANMLES. BH—HHHEHAKENLESE,
DenelcorfyHEP. E BRI EHLA FRISIRREFIALIE (ICL DAP). NASA Langleyff 2 du.0/)
HMRIEHLE . Lawrence Berkeley3t 2 S HIMIDAS. HiHHE T 2BeMICosmic Cube. fEMIK¥
RITRAC. R - #gb K #HICM*, I B2 K IZMOB. L BAGRFFNE B K2 Pringle,
NASA GoddardZsjill K47 ORI AT S (MPP) &%, o RALEILA (M
MPP. ICL DAP) FEE GBI EIRHE, KMHEEn Tma.
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Ak, ZAE. HHAAZEHEER. hTRREEHRFTREHRERNGARMY, %]
Fl—E A A4 IR K. BERE AL EREENEIREN, Rl mMFRI2M.
* AT Bk P — R EEMTEEIE T AN,

ABHE BN EXTEOFAFESE. WA TEHERERELFRTHHFTRE.
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H—REELN B THHATHEINE k. FEREINEHTHREIOESRHRS. it
BRI A0 RO RBIF T T AR A R ST I ARITHE.

1.1 #HTHEBX

HATTLAEA R BREH . Flan, R IO VEAHERE LR, BLX100ME
W FTEASY BREA 10 A RIRHLES . B Tix el fiTihdeT, RIFTHERBKRT. @ FEX
HATHRAE L AT R EALZAF BT A TH-FRBEEFIEER, BIOTLURETF—1E
wEFHAT. R LAY BE/DFES . XEFESFITLAHTHAT, HETEHERE
BIBRAER, HE-NTES, BE-NTFRFAXETFEFTLIGHIT, XREBTEH
B FAEASF. EMRFRFRFSBASTIED, XBIEDALIFH TS, ZFIFTR
g ) WA AT, E—NEmMBRLAAT S RE. RATTLUE B EREMIFTHT, XK
AR BT BE, —NREXHFTRAREAR. thin, BWAEER A fu B i, g
REFH CERE. XM RIERESITHERE:

1.3 A N A 20 2 o2k B

2.8 B I A Fn B An2% BA N A0S

3.EERMBEMNBTTAZER C .

R HFTIATEERE, WRAABRAELHF (LEL-1). BFEHTRFEFEIFTR
ARHER, AEEH SRR, ATRBEIEORIFT, BROLLTEAREEALH:

Fori=1tondo

xe—x+ 1
HITbE ‘
BFRHT

FRFSIT

ERgOHT

RIEFIAT

iﬁﬁﬁ&#ﬁ

-1 FTRER

fELEREEA, AEA x . XAERRERT 1 K, BEEE O MBI, xR

FTEAZEAF D, TLLAn AR B FIRZEO(DEII FIE R, FEXHFBLT . BATTLUERL S &
FEOER:
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For i = 1 to n do in parallel
x;<x;+ 1

End parallel

FEAREETEEA GRS, EATERP, Py, P (CHRE P AT x < x + 181E. TR
SCER R THE, HEOMRINSER . XFRBIFIFITHRNE 4 BH 7.
BEZETEAHNEY:
S<0
Fori=1tondo
S8 +x
EAH sk
S=x+x++x,
FEBZE R AN BERRI T, ETURAAENHATI &, £0(og n)itfiAl
TR BITFEEIBLHTENH T E. BRESHTEREL. ZEIET
Y~a' +b+c*
EXANEGH, BHUHE o, b, ¢, FHHEMEE Y B, 3 o, b, ¢ WHRATUA=ZAARE
BT, IRZERELAT. GH5LERIFTHEXR, RIVET—TXKEF— TFlynnfn
Handler& anfi 34 #-47 1+ BALEE T 40 KHT .

1.2 FHTitEN S %

0B M B EI0E B T AT RMFH R REWY, XERMHGTUHRETEN
AR . BEHITRERERT REES T/LFNESRERSH. BEZSRE RS
— N EAKERELFAFNHTIHEEREH, HEXENZANEFXR. RITETEE
BAEBKITAIFlynnsy 25, RN EBBGLR B WX Flynnsy 28R 2 J it 47 & IEAYHandler
(Erlangen)4y LA B Bofth— 265y 2,

1.2.1 Flynn4r2

EMALEHBLEHNEENARTE:

1. 84

2. Big.

SHEARTCERRE R ER 4T, BIBRTORS RN RENEENSE . Flynnfftd T
mFsr%. RbBHEWEERWETHE K
PL, BiE &g — &k A — A RIBERTHER ¢
Y. FlynnBRz A $45 4 % % 4% (Single
Instruction Single Data, SISD) %&#%4i. E1-287
T ASISDEERY — ] S >

#4543 %48 (Single Instruction Multiple % B
Data, SIMD) Z4RRE —&KELFEH A
RIS E BT HITRIE. XBAREBES E1-2 SISDIER
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BOR RIS TR BN E . B3R ASIMDER . thin, M—NMEAHENTH
#Bni:

Fori=1tondo

x,<x +1

r—ﬁﬁl

—— AhPE R  p—

Kig2

)

& — AbERAR2 -

r—— B3

— AbFRE3 >

E1-3 SIMDH#EE!

R EA USRS BATTIEEALEEP, P, -, P MBXELEER
SIMDik &4, BAMEBALHEBRATRAN “MEEM” Higsd. BMEES P 447
Flx, H3EMl. FLE HARAE ENWBERRTE4AHF . ESIMDER, HRMERY
otk R L5

1. RS B R

2. HEGEEERE.

EREHEEEENGE -ARALBESAZNNE. FHMCESZANEFRBTLE
NELE. XEE-4hBH, FEERGERA, B rCERSiRid Mg, ENALs
BETROIINGY (WFR. Erhks) #HrEs. BRONEFL3IHIHEXA .

A fkeE

ity AbPR 4% sz pUs it
1 2 3 4

Ei-4 HEFHEIEY
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Flynn i §#8 T % 45 4 % %42 (Multiple Instruction Single Data, MISD) &%, THeE¥M
BANBBEBTEN A RREAPLERIEER, Bafhilk, BRAIRHT X B REHT
B, EI1-SERIRER,

¢ e
> REFRE
+_ B42
ey
& | Sz E
r—-—— 41
La—> AbFE 2R3
E1-5 MISDiEEY

% 454 % %4% (Multiple Instruction Multiple Data, MIMD) A EEZLEBRERLE, &
BAENGEE, LML HAERSRAGENER . B LES AT ABIT R IREH 4 Xt
RRMPBIR RAEITRIE

S RFlynnf 5 22 M IHBHLE REBEASE, HAAELI YA HHENETE
sy, bhdn, WikgmBACEBHBRMIFTITEL, AREMEASESHZS], HAEN
REBHITAENHEERZE, HEHTRERS LTHRETE. HiTXEHRHAL
35 R AR SIMDI AL — Bt BB RS IATH— 14, HRAMIMDERMA S, &
IR EYI AL T — 2 Flynnsy . B FFlynnsy K06, 27 — 2R BdEH
Flynny % #47H BEBRBHOITHBEIARLEH. BT HAEEBHEN SFlynng X406,
B BN F R 5Flynngy R RAER 2. (R X 845y 3l B 6k Z Flynnsy Rt B H RN LR
e, EHAREMGFlynnsgy R—REg TR, £ TFELEE, BATBAH XA LEAN
MR, X FRhsy 24y B Erlangensy % ( fHErlangen-Numberg fJFriederich Alexander K2
Handler{2 it} ) #nhGiloifR tHAIGiloisy % .

1.2.2 Erlangen4$33 (Handler43%)

5Flynnff)5y %A, Erlangensy % R G- E T MR Z R0 K

1. BFEE|8 T (Program Control Unit, PCU) ;

2. BARE T (Arithmetic Logic Unit, ALU) ;

3. %A% (Elementary Logic Circuit, ELC).

B, —MIENRES %L APCU; BAPCUBHI 48 £ ALU; —AALURA
HBOREE S — R 2L AELCH K. w = (ELC/ALU) RILEBMFRE. EXNFXEL
di, —AHENHRERRRE-A=ZTH: ) = (k. d, w), HPRPCUM/N K, dB
(ELC/PCU) f{&, wi (ELC/ALU) f{E .. (R BHLER R LMRIEX =480 %
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f5il4n:
t(IBM 701) = (1, 1, 36);
t(Illiac IV) = (1, 64, 64);
t(c.mmp) = (16, 1, 16),
1.2.3 GiloigZ
Giloigy J K 88 T\ S0k

G=«(V,,.V, P, 5

Stk RER TR, KV BFRELE KUSE TR BN A REMHENEAET S
RIS, V,REREAN. REXHK ABUN hREWHENAEHSHES PERTRH
Hifth (EAMSEZN) WA A TRNE M RERRTENERNES SERITEIGRE
HIAREATTE . £ T FikiEA:, Giloisy XA H — MBS IR S BUEM A R EEHHI 2K .

i T Erlangen#IGiloiix %/ SFlynnsy X K IB B AT R M R 250, Hb—EX@K R H
{5y 2tk 7 £ BRI Flynnsy KPR, DMERFHIHHEIGREHORERHRE. HPREALH0
ZHwang-Briggsy JFfn1Duncansy 3.

1.2.4 Hwang-Brigg4r3

Hwang-Brigg 4y 26 & i id % Flynnsy 365847 4n F P9 B2 S5 2R

1. BR{EMISDAELRY;

2. BB R W SISDE RURS 4L H A FHERY: R — A ThREES AL 3 38 (SISD-S)FIH %
A ThREH - HIAL L 8% (SISD-M);

3. B ERASIMDE RS AL R A B A FHER: #iTF R (word-slice) RLERRIHLE
(SIMD-W) Fid474zfy (bit-slice) 4LEIIHLE (SIMD-B) ;

4. FOUE Sk FIMIMDAS ZURS 4L BUCH T A FRRY: B ENRA LR MIMD-L)fsk 3 &
EHAMHLE (MIMD-T),

Hwang-Brigglt s B H A AN TMEE H. EXHFRLT, SISD-MAKLLSISD-SE
EHtEEE. SR, *FSIMD-BAISIMD-WREEVE HIXHER — Rtk it . FefIAHwang-Briggsy

HH ik AT JLRPLE T4 2.
BIF (RIBHEABIEIATE, THINLSMIBEREN LI FHES:
STARAN : (SIMD-B)
Illiac IV : (SIMD-W)
PEPE : (SIMD-W)
MPP (Aerospace) : (SIMD-B)

B, {7 VLB R ERE T LALL F A HLES AP RELF . WRTLALLEZE.
1.2.5 Duncan43

Duncan{Flynngy 42 i T — S8kt . CMEAE KL n RALBBEMIMEDR LA NE
HATHHEHE LR RE B BURIFlynnsy R A PIONLRE . EEERBE X2 KK R EY
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B, HMmFlynnBX bR ER TR, DIRMERSHEANELNEZRENHTHA. B
1-64% tH 3 FDuncang iy 4r 2. FBH =%

1. [k R E5H;

2. MIMD;

3. MIMDZ .

& b ER 2R 5
GER FX-20) SIMD —-[
)5t

k5
— A

MIMD

——— R ETE

— MISD/SIMD

T BiRik

MIMDZE
— 1y

—— Bl
& 1-6 Duncan¥}Flynnsy 2Kyt

BHEREN ESEREWETELRR. R HIER G s RS EHIRE RS b
BHEBE. ZREREHEFE =ATFE. ENE:

1. M RACPEEE;

2. pkshBEF;

3. SIMDk R &EH).

SIMDk & 25 ¥ it — & 4y BAL B 83 BEF| FOAR KK A7 il AL BR €%

ERAAEE RGBSR AR S AN RK ST REIR A 1 BRI BRSO T R AL E
WEE. AFRAAMERELER: FEBRIAFEEMECESMAFIINFRNRLESR. EFFS
FFGRAMBELEE S, BESMARRENERRFECANSERESR S, MENFE
MR LR, XERERFETRANNGEER S, ERERKEILEKN, MELE
B AKELBENERE. BENMEOEBR BN (nCray-XMP/4FIETA-10) H4E104
REER I A KIINTE. WA RENREB XTSRS, BRKRHEMEREL
HEE S, EATLLAAMIMDS R4 . [ EACEFZHE T

e NIEEINTE M BALFRE: CDC Star 100, Cyber 203, Cyber 205, TI-ASC

e HUERFHFFRMEIISE: Cray-1, Cray-2, Cray-XMP/4, ETA-10, Fujitsu-200

BB SIS S BB HE. BBk H RIRHAAE, dEd
WNEBFSL, BERENG. 2RERE MM R ERMHEASEBRETRS, WERE
W A BUE BB M ORn i A b TR 55 (A IR 2 R AL A . I EDBE BT RO Bl & Warp
FiSaxpyfyMatrix, ERE-RHNE - K2R Bk R

SIMDAMEBERES) AbFRBEREFILR AXEEREITE (MEGLERAERERE) &itH.

CRTRZE20H L 60ER G M (nllliac-1V), FELAIYLSE RBurroughsfl& b B2 3%
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( Burroughs Scientific Processor, BSP), X XL ZHREB T F R K EFRENLESE, X
EBCEH RN (KER) ¥iE, HKEHLEMNI BI040, LBEEFIN—NBHEEHAR
PrAb 7 2% 4L BRI AD B B WM (464 x 64) . X KALHBPEFIBFRIE R M 2B
(Massively Parallel Processor, MPP), ffi#iLoral#)JMPP. ICL DAP. FPS 164/MAX. Goodyear
fJMasPar Models (MPP). Thinking MachineZ} T]fJConnection Machinef1SX-2fJSCS-40%¢,

HEREFELESE HEXCESESMERAEmEE, LA R IRISIMDE REH,
ix — &5 R R BE R B A N A T R BRI LR Z 1. BT LB 3R/
BRI T20HE50FEREH, HEHIHBNWREBENFPHITERBERFS LT
ZURBIE. KEBHAIHEBKFMHCES R AMBITRAR RN, LA
EFH—NLR (G251) #THRBE. ZLRNBFHG R W/REK FHParallel Element
Processing Ensemble (PEPE)fiLoralffjAssociative Processor (Aspro).

MIMD{E R4 MIMD Z &5 4R AT LAGE A A BUB ST NI HF S IR S 1L B ES
RHEMIMD i+ B L 3 #HACHE 28 KTEE BIE R A TR THIT. BRAMIMDE REH LRIEK
o i3k AR B AT o ok T I R 9 L i B U R B A 6 2R P RO BB AT R 2, (BT R LA S R
B AR ENR S BN, Bk, MIMDAREHM B WRES LEZS. BYTUIHERA
AFHEY: :

L EEHFE (FBRE)

2. A (RBAS).

HEHEHBLER (BBE) EHEAMIMDA REMTELES 2RI EFMHE. THKH
My A RSN AEREMERERE. EEEWNnERE NS, LBE. HiTFES.
M NS & RS RERER — A% L, mEREEREGHT, CESHEREEIER
KEHLE. BEAZOCEERFFA: Univac 1100/94, Cary-XMP, Alliant/8f1IBM
3090/400% .

NTRIEESAERE (BIBE) RBAMIMDAZREMEERIILLEE N AN AN
AT RAR. HRRTHEIRIEINGEIITE. 3. BERKE. 8K (HyperTree)
W (Hypernet) (ME1.3%). HASARLCHEEZANEEERFEIRN. KEHRLLEEE
IR EE B M RRAD AT et . MR A BB BB T4 DADO2. FHMEELIEK#HINon-
Von. Cosmic Cube. Ametec 2010& %1}, Intel/™ N84 it B L (Intel Personal Supercomputer ).
Ncube/10. Lawrence Snyderf) /] A B & B H- 471+ E #l (Configurable Highly Parallel
Computer, CHIP) F1Howard Siegelffy uJ %4> SIMD/MIMD %% (Partitionable SIMD/MIMD
System, Pasm) %,

EFMIMDERLEMMTR MIMD/SIMDIES . BUBHKAERLEK . HLHLMBEATRES 4k
B ZEAFlynnf £ IBAI o RERERE. Flam, FiraXegiAURaMIMDGE R &R
B HATHN £ 154 KB BB R I R BEVKBM. AW, EIHLA S TMIMDG R&MFIRIH
B, H, Xtk REHDEIEA “ETMIMDG RN ER" b, BRHEINSMIMD
RO R Rl A, ik B e SMIMDRY SR % AR

MIMD/SIMD# % £ #Ji% % T #55y MIMD{A 7 854497 LASIMDR 7 Rt A7E il . T EHA
AT HISIMDHT I LHHLFIR B AR . HERRTHSE LR R AR H
BAEETFENEA ALK . MIMD/SIMDAL&H I FADADO. Non-Van. PasmfiTexas®]
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FEHIPESIHE L (Texas Reconfigurable Array Computer, TRAC).

BARAK A L WEAR AR — BIRSNTERERTHBRIIITIES . Hilifss T
W E FEEAE R, MMiEREBRARSWEBRHEES. FEFESERH EHHE
. FEHACARSEWHEEINRFZFHITELERMES R LB RMENHTHE. —wF
ZWERFE T ENLE S 1 iEDataFlow Computer, MIT Tagged Token DataFlow architecturefil
LAU System,

B (XWKREDD) M IXABFKBAHRITHRR Y EMESNUBERYE B4
BAWITHHE S AERELN, SmIFiZES. HONETHEFHRENRANAK. &
BRBE VAR XA FRAEXASEAICES A . EHEFHOILRBRFEEETE S5
FTERENRIS FERMERFZENBILEER. PHINHFH Newcastle AL, b1~ T A4
Cellular Tree Machine. % fth Applicative Multiprocessing System%, _

HETALIERRRED] LI BREESEK S BB R R R S BHR IR TIE LS A — .
S.Y.Kung F20#£3804E R AR H TiX —#ED . X8R ThaIBEFIBIFA R, TTLAAFIA
BU/OW R LA B R SIS N ARG RER I R ENEREW. BEaTkahEs &R
ARG EZ A E T BRMSEARE . B2, BATRES A th AL 2% Al %
BEHNRSEFIFRR THERS KB EKE 2 RN B B RER. #F
HLAI A B 2 i ABS: 51| W AL B 28 Sh i (538 A T CF i Ul i BE S I A HEAS . Kung I\ G IR ATRE
PS5k FHBEFIAIEL A A EAMTY RBE. ERRORFRHMERNAHELISHA. 48
EM L k% . HitH4E Telecommunication, Royal SignalfiRader Establishment (3[E) #F&
T AT AL R 25 R 5 .

1.3 FITiHEEE

EMATEEMIZHERETHAHENARSHRITEM LAY, Xl 7T ARE.
REFAEFRYU TESTRAMIZHHTREOHEREY, AW BHAIANEED.

1.3.1 —XHER

fEix— A, BARBEALCEND - XMERER, XPE EH T ABERS T
A, (CXROERELRE2E) SNMEHHARR-A8E. ER—BRERETLUF
AT X RHERIA R A & £ 34 B (Directed Acyclic Graph, DAG) # %,

B iTERNM M. RATBHAE—NLOXSMEAH TR/ EERN X, =X
BRI A REFAF I AEMEMEE. B17RATX S8, BRERTROLE
5. PL7EFTLLTR B oAb TR 8 sk s N B R TR R DR YE. TAE — MR RHSCH, B4
AREY B E—AE @, 1), HhpRENEBBEE, RRBMAEREOME. BL1-7HH
W AC28R ETHEFNEFL, 2, 3, 4, 5, 617,

T R—A R B
W OE & X
SCH(1)=(1, 1) e L E 8% LT
SCH(2) = (2, 1) FEiE] 1Rb 2R 3 240 4T

SCH(3) = (3, 1) e iE] 1AL TR 28 34T
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(&%)
HOE & X
SCH4)=(4, 1) FERT 18] 140 B 28440 17
SCH(5)=(1,2) FERF [A] 240 £8 35 13047
SCH(6) = (2,2) TEISH ] 240 B8 3% 240,17
SCH(7) = (1, 3) TERFRI3ALER 28 1 B 4T

E1-7 AR

X HAA BN S C 2N LB B3N BAHRINZERT . AntTiRE2 "X
B e Rlog n, BRIk Fln/2/~ R0 28 48 nn AN B AU AE %5 RTLAZE Log nA~ SR AL IR iE] Y ST AX. -

XERETE = 0Flr = 1R RBER ., T HIME S FTLARIR $h47:

REFRER 1BATA, + Ay

REFR BR2HATAs + A

AEFR ERIBATAs + Ag

REFR B ABATA, + Aso

HAERNKBT (A +4,), (A+A), (A +A) M (A +A) BIE. T = 13 =20
wrRIAIRG N, T FIES FTLARIB AT

REFRZIBAT (A+A4) + (A +A);

REIRZ AT (A +A0) + (A +A4).

XBRERITREST (A +A+A+A) 1 (A + A+ A+ A,) WE. 12 = 28 = 3R9RTA]
FIGN, ERBIZH (A + A+ A +A) T (A + A+ A + A) HIBIES . BAMESFER
TRAFRHEEEHT:

{(A, + A) + (A, + A)} + {(As + Ag) + (A; + Ag)}

BEAHIANCESTH. EXHERT. EMTELRTUREL-8H A HIFRRR.
R E R EREENABEAFLAN. ERERTEETASAE. mELE
HINTEEn— 1A B R

w OAIARLIR B, X84 BARINED — SURHA 4B 1-9FT 7R . X B4 BATBT R

R SR R, AT R R R R
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B1-9 H3A-4bEEEE KA

1.3.2 PLEEE

WETHIT L, RARERARLSNLES. RIOVBEXEOREMT THEHFEHLE
5. ATHEIE, XEOHELFAAYHOERMER, XBEWUBRALERUFE LS,
FERg R, LA 8 Ed R R T AER:, A FAMRIE:

1. BB BB MR AEES, CHEESNAREMS. CESNBRFUARBA
0 A 1 EB A BOTE AR 28 s

2. AR LR R ADEE T R A K 8%

3. bR A HERAYEERESE, DERPREA LI, HERIPE—ITULESE
HTA, DAIESDAIE., BERATLLR ¥ & 4 8E e oY

4. RFEA G EARLE, LB TUEEN - ERBEXE B

5. E—ABHeh AN, E—AM0E R RIT RO

6. Qb 25 WT LA AE 88 (i Bof i) PR R 38 15 8 B A SRR AL BE RS

Y4 EM AR RSN, BAEERENTHNE:

1. M&&IRTH;

2. ARE;

3.MARCE.
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BRI MBAE, FEEMEA G AEHERENE. HERMNLAERE,
RIERHIER. ETUREENE. . &, 1hE%E.

WARR SR RS IR R AR B, MASAES b S [32]
fisrfi. BAREAMARE.

MHEE SHERCZCEZNSN, AR,

THEHEH AT RB—LEEBRENREET. BOMBRITHHRT

1.3.3 BIKHE (k-ILAHE)

B IAM R E L k-Sr . 0 L HHRRRBANLEE. - RRARAHLE
RS . 23 RRRAN LR E TS H R IE BB E M. 2-30 5 AT LA A
M RHgEE, BI4E PP, F P- P AN 1-SL 5 (RROPFOP,, PFIP: E$. #nE1-108R. —
A3-30F P — 34230 T R

L R ITah .

PP P,PF1P P PP,
ifi BB A4 T Y AR L
PE|P,
P E|P,
P3P,
P.E|P,
Po Py
P, Py
B1-10 2-3 5k
E-1TE T —A3-3 5 (BRTATLAZEE S A ERARIR) . B, k3005 A mTLUE 3Uh
(k= 1)-3r BT MR B E R T R . k- SL AT LARR kA £ 75 4

B1-11 3-3rh4
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DA 3bk-nr 75 th B R ARB IR M. — M-S R A2 A, BRI ik Hi%
PRI AT R BRI Y UYL AR, XA A — R ER. B, 3-
SR AT AL Hay BIERIR4000. 001, 010, 011, 100. 101, 110, 111, —f%, fF—
Fim (bibobs--by) BB G TR R (b8 b Rz, i=1,2, k)

b.bobsb,
bbybsb,

bbbs---b,

flan, fE3-3rAPkE, 0005100, 010f1001:%4E; 0015101, 011F1000:%#E; 0105110,
000F10113%4%; 1005000, 110F011013%4E; 1015001, 111F11003%H; 1105010, 10050111
EHE; 1115011, 101F1110E 8. XSEAER - 11D R H . k-2 B RRIERE, RAITATLL
ELEN a0 T R A

BT B EREAVAN N ARKGENE. CENEEESY SEAERE.

MiE2 FAVRa = (@a,a)fib = (bib, b)) 2 IAIKIHE B R anb 2 0] A G it HI6r A5

fign, S-S HEE, (11100)F(1101D) ZHREER3. X2&RAElF34 it Hlh 4
6. (11100)5(11000)484B, Mi(11000)5(11010)404F, (11010)X 5(11011)4A4%.

Q1100 —Crio00y—Crioy—Cior 5

1T B8 AT LAZE B i T A — A R AR B BB R, AR AT R(T100)2I(11011D)iY
1% X B IB] A3/ AL

FE—A6-3 ik, BRERMNBEAG RPLEREITEIP., FHHQT), = (011011), F1(43),, =
(101011),,

XA EEBRRA R AR . BrLL, FERA S AL R N BA VAT LA R P (71X B Py
12 X A28 i UC BC A BLRY R r i -

P, P, P,
(011011)  (111011)  (101011)

M3 E—NEAAN TR (b =2Y) &, BiR& % Elog, nA ALk E] A
M =T R B BT . XREB TR = 2 R& Hlog, n = k. FHE, ATHREEK
A2 8, B8 b flog, nFoRAlog n.
M4 Re(h)Mk-3r 5 RS . Bidh-Sr 75 hiB IR R, BTG TRBAGE:
e(k) =2e(k—-1) + 2!

B Aek-1), BA:
e(k) = 2(2e(k=2) + 2*7) + 2
=2 e(k=2) +2 - 2!
=2 e(k=3) +3 - 2
=21 e(1) + (k—1)2¢-
=214 (k=1)2 (e(1)=1)
= K2+t
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nn =28 Rk SL RN A, BA:
e(k) = k2¥' = (log n)n/2
X R Ak 3L RELB B
UV R T2 BN, Hnr-DR2F8. EX2EE, ERNTHEABEHESN, A—
Wi E BB —N AR AR A — AN B E AN, BXEBErn-D258 AL, X4 £
YEBRPITHRMRAN . (BRMPBEREHL LI E, REE0/log nfilh, ME—TTHEIHK
7 AR X T R log n N BRALRHE . K114 H TXARRIR, n(n-1)/2F(x/2) log nABFHIE.

F1-1 kAFHMTEEPEER

A Bn log n 522 B 930 Hin(n-1)/2 k-7 75 4k (38 $u(n/2) log n
2 1 1 1
4 2 6 4
8 3 28 12
16 4 120 32
32 5 496 80
64 6 2016 192
128 7 8128 448
1024 10 523776 5120

#1- 1 RWA T e BN S BALR TSRS . T mBRAIRREm b ik
g k-3 SRR NE T B AR T A REAE N TR PR B/DRITTE.
BEZBAFRTH:
aa,a, Ay
T4 S B AT R
BEGIN
small = g,
Fori=1ton-1do
If small > a; then
small = q,
endif
edfor
END ;
W TR EEOMMIN Al AR k-3 75 4 4% o AL BE 28 ok iR it — AN il 52 A
HO(log mFIEL:, MEAREFA:
MANERR BB RANEERE. AT HE, BEn =2 Fihta i TAERFPOL
i<n-DRIARNFEP . XEEL-1245H.
BHEE ERELANER (BHNE/NTHR) FHEEPS.
TSR ORIk L RR—H - D)L RE L, B8P 5P HEE. IEHREP..
REEREFIIMRFIP,(0<i<2), RCEBP, i a, Ma,. MUK, P HERaMa... BT
19 %P ALK a Fa,,,, HEE/MEfEarh. ERIBRZIE, B/MISHFE TEEAZH:

Ao Q;z" Ay
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F—En HFTERH

E1-12 HARE

EHRALIRE PP, Py ARG~ 1)- 3L 5 6 EEE AR, B/ MIBFEERAD.
BEREABKK, B/MITTRIGETRP. LIAELS, 10, 20, 9, 8, 7, 21F5X84TLH

B BB, Wl EAER-13a3E1-13gh &,

Po

b)

B 1-13
Q) BATEENWHIE b) P ALFRH PO < < )HBOSA T Ha.,, FHIFHD,
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}f-)w‘?

O
O

<)

oo
B e

<D§i8g

=
>
-

-—-q--
—

O -5
d)
Po Py
€)
Po Py
) @,
f)
Po
g
B1-13 (&)

o) MEALEEP, (0<i<3), $iTHtEa, = Min{a,, b}, HEFFRT ERITRIE
2ZJGWas a, a0, FI{E  d) LRI P, O <i< DAL RP ABK KA T #a..,
e) Xti=0,1, fEthita, = Min{a, b}RIEZ RILIRE LN
) B EP KK FIP, g)a,=Min{a, by}

ERBERFUER LR T

M ixk-CUBE-Min

| &A%E$PHE$%Wﬁ¢EQﬁ&ﬁm$a®O<nD BEn =2
W Kfla,.a, . a,, BB/NTEHEAE R
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BEGIN
.FOR d=k~11to0 1step ~1do
.m=24
.For i =0 to m—1 do in parallel
. Processor P,,,: Send data a,,, to processor P,

1
2
3
4
5. Processor P;: Receive data a,,, sent by processor p,,,, and store in the local memory as b,
6.a;,=Min {a, b}
7. end parallel
8. end for

END

M TEE Bl (F1~8%), WHEKMMIEEAEROK), BO0(log n). £ ERTEEF,
FABMESHHRMN— AR BB B —AHGRAE . EE AR [A) 5 R0 T 42V A I i) AH Lol
Mk, ik, ERBEEASAREGHIBE.

BETHRENRRAFHEPHINELHORE R, BAMNZENIREBXONEEN
w, HATEE, RNAHXENE.

1.3.4 MEME

KB BUANBSHERHFIRMRAER L. BL-148H T A "8ME. ZfMgh 4
MR SE R, KPR SHERE. ML, EE-EFIEELE*-D-FMBNEA
BAHRIROALEE B e AR ELE S -

E1-14 —HRk

1.3.5 &FHENG

£ FERNE SHERMOMER LML REHRQEICES. ERXB2ERINLESE
LA -SRI R S, BX4aNM SRR B TREE. BB NRBNBER2E
BHANFH A, REEE2LERY SELMEHERHES . ML, &FERS LR T
BEE. BI-15A MRS AN EFREME,
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E1-15 X/hA16H &7 Mk

1.3.6 EXEH

k-3L 5 R 2 CAPRIAAKOFI 2 (A I ER) 2B ANES, YARSHAT
AR ZHERFRE AR, —FA—4&OiE. BI-1AHT3- LN TESRE. L
REXBEAREMNELEENTEL: BRERERY, S8 FESNER. A HS,
BB, M T BRTLUE AT E . SAERS AHEHEA R E e E— 5]
ol BARR, XA S, BRI EREREc- 28 8. Lk = 3240, EiXHER
T, AAANE#H:
P,=(123) P,=(132) P,=(213)
P,=(23,1) P,=(3,12 P;=(321)

w165 A
Py=123
1,2,3
BIP,(1) = 1, Py(2) = 2F1P,(3) = 3.
P =123
1,32

HIP(1)=1,P,(2) =3F0P,(3) = 2.

MR- EMEEE - 164, BREGTCLRSAMTRELN: hTHRk-EHE,
ZEAMYR-1)-BEE. EF—AGD-BHES, A TARRCAMTEHBEIRA. &
RIS, S, -0 S Bk k-1)-BHE, FBiZ MBS0 B BFRIAS, (1 <i<OBTIA.
IS B TARGES2, 3, 4, KV BHERL SOTARGFEL 3, 4, kY BEHRH. (]
Mo, HAPE bR xE S RARIA. RIGEES, BATUA BRI RADMAGT S, &R T
il MANY—ABRTUED RSB~ BROE —ARBE— A EBEN, XH
AT ARIBHITE . DayFiTripathi(1991) ELEBHRE T k-3r i k- B MAEIMER., TRen [42]
TxFRIRIME RS,
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I k-sr bk k-B I
¥=%:¢ 2k k
i 3 k k-1
"z k 3/2(k-1)
Pg=(1,2,3)
Ps=(3,23) P;=(2,1,3)
P;=(2,3,1) Py4=(3,1,2)
Py=(13.2
E1-16 3-BRIEHE

Day#ITripathi(1992){2 T B b —FEEIRIMRHEFI B (Arrangement Graph), & RJE
BRI . ATES THAEEEEME. EEMNAKSFFESRNILEEEERG RE
H. EM—EHEELEHESIE. DayfTripathi(1993) 18t T tk- BFE B RA 82 T 7 HI 5
B, HiEH T-RBEROLAEEER. ’

1.4 PRAM#ERY

EHEMSE, (SRR ELYE %R EEERN. MAPRAM (Parallel Random
Access Machine) SR H , FFIFRLE RN S LR/ ANEEEIELLERAE. WEL-17F0R,
BRI FARBRY. BEACESETA AR ZET. B0 E SR
il (i%/5) AN GEREEEEE GRS LZEANFEI, NGRS, R HNBEE
it T B RELEP,:

1. R EP EEBEALRNESD;

2. AR P EKEMNL BN,

HEHE

pusztaal s #En
AEFEER2

E1-17 PRAMAEARY
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118577, A4 HYPRAMBIRUARLAFlynnsy 2 b ) SIMDBE AL T R T . {ARA 24
A IISISDAIMIMDAHL % A 8EHERR . ZEPRAMAE R ch | R4E £ AN ACEE 38 4 — /AN 15 il BT i/
BHRBIIGE D, TR ERARRE R

1. #3ti% 403 EPRAM (EREW);

2. # K ik# 3 EPRAM (CREW);

3. %38 3 & EPRAM (ERCW);

4. 3 %% % EPRAM (CRCW),

ke

a)

----------------------------------

b) <)

B’ 1-18
a) {bFBP, b) LHEBP EBBEALRNE
o) ALEREP, EBIEM L RAFEH iR

#3414 S PRAMBE B 5] —RBH I R o iF — VB B ¥ R — i B TiR/5, mARTS
A bR B 3t R — AT fif B TR %/ 5 . CREW PRAMES K 7 ¥ £ A A0 18 28 3 6] — FR i s T i
EiR AR H % E. ERCW PRAMBE A i3 R —FRATHEAE. CRCW PRAMAE &I
BB RMER, RFMFE—HHERTHERIEMFLS. A A LA RO EE 28 AR R —FF
BT R R AR, RAVBERANLCERBEET. R, ML AR 2% AR R — 77 fif
MR BHRE, S H SRR IT ZECE. B R EA =R T ik
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1. EZ B (Equality Conflict Resolution, ECR);

2. RIS (Priority Conflict Resolution, PCR );

3. & MR (Arbitrary Conflict Resolution, ACR),

AECRHEUL T, (LY RIALEE 38 %t |l — 17 AT S RN A —RER, ROVMBEFAED
MBS SRIENT). EPCRIVFIT, RESMCHEEZEFHMER. Y20 E[FM
— AR SREN, BARSRENNGERERS. FACRHERT, BMEEHE
SRIALHEG T, £ TEB AL .

MIMD#L H I RS HA B CHN A CES REET. BMCHESTENE
HOAMAFRHRL RN, HFRITENS2EAT. BMCEERE—-ITREZEA. MELH
BITRE P OHERNGERBI 2 RN, LES ZREEERAS S AL R B S &,
HEMIMD Z 4655 4 ' 48 AMIMDELR! . R 2R A4 484,

ERRIAMIFTEREWERXNENRE, XERENEREWHAREAT MER
MBHEN. IHEREBHATRNEREHETEBERE. B, REHTHIHEBERK
B ERMR, SHEBSELAFRER. Hik, RMARRFIHRESPRAMER, 7E4)
BTABHARERAKNPRAMMTIHERY 2, IEBRITRNMBEABPHESHGHE
ZRIE TS

PRAM

ECR | PCR ACR
CE¥) (fR5eh) (EF)

E1-19 PRAMAHRY

FITHENES SN
BANBERE LR AR EFSMiEL. RIEEDOEE:
Variable = expression
ERMFERETUHREHALERTFAL RS IFEOH M THR:
If cond then

s
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$2

Else

1
§$

s

Endif
X iEScondRBRBE WP WMREMAR, WhATs), 52005 BRBFTS" 55,000
ForflE ¥4 4n F #k&
For variable = s to e step h
5,

§

end for

XEET BT EEASTMENSs, s+h, s + 2h, -, BERITIERS,, 5., EFs+kh>e, HL7]
KR F & Whilefg 3R
While cond do
$

52

end while

RE&tkcond HE, BAMEREPATIEDs,, 5.+ FFor-in-ParalleiE R R 17847
LB AT LA BN TR RS R 4549
M.
For variable = 1 to n do in parallel
S

§

End parallel
n/ML R % b B — A R BITARIRIE 4 5., 5,00« ForiBmREfr BB FREE BRI T xR,
“12:
For x € § do in parallel
8y

5,

End par;zllel .
ElEEH, BACE R RNBTHENIESs, 5. KB, FBTHCESNSEES T
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HIAH
BEx, y, R ELRNFHI =%’
x=y+2z2
BRHTREE. BNCEERTITRE:
LR RyHINE, FREAv (v RIEEGESARAFHIER) ;
2 R RMMNE, REA, LRELESSHNFHIHEE) ;
3ovi=vi+v, (vRELESABNEIHER) ;
4. v NEB AR TR,
PABE SRR, 14— LB BT R R BV R iR & B fE.

1.5 —EHREx

% R AR AR 04 A(L:n) I MERIA /RS (AND) FIERRIE. JATBETR:
RESULT = A(1)*AAQ2)AA(3)A---NA(n)
—A~O(n)i} BB R AT R AT
BEGIN
RESULT = .TRUE.
Fori=1tondo
RESULT = RESULT*A()
End For
END
s RE B SEMEDR (ACR) (ERCW PRAMBUR . A(Lm)R&— A /AR, Befl 1L

RESULT = .FALSE., Y{F&—/MHAG)HFALSE, &0,

= TRUE.

B ZRESULT{E A4 B B i4h 5 TRUEE . RATEE S An i, HEEP M
£ BNERIERAONIE, FRERRET N FALSE.. RAG) = FALSE., 2B &P, SLRIES
A BRESULTH 5 A FALSE.. W TnA-SCE % 17847, HEULES AT LAE S W 52 .
WA £/AG)E K FALSE., A A% Kbt £ 5% RRESULTE A {6 FALSE.. X
ALLET R (ACR) RAbHE. MBFTHMWAGEE % TRUE., HPaidALESHE
EWRESULTE A ,- H4{E TRUE. R R

FA1E 4 151778 R FIACRFJERCR PRAMER! B 347 Rk

#i ;=Boolean-AND

W H/RBEHA:N)

WY A/RIERESULT

BEGIN
RESULT = TRUE
For i = 1 to n do in parallel If A(i) = FALSE.
then RESULT = .FALSE. endif
END
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FLEREED, OLBEBEOOMANERFAES. FTLUEH, RAZMHHFR S
MR KR (ECR, PCREACR) HHEM-—4, ERBEHRETIAREIERHLER.
fEERCW-ECREERI 3t [E] — [ i a0 T ik
$¥;%=Boolean-AND-1
BN AREAAN)
¥iH: 5 /RIERESULT
BEGIN
RESULT = FALSE.
For i = 1 to n do in parallel
RESULT = A(Y)
End Parallel
END

X Ea/ AR R — A IR EIEAG)E S ARESULTH ., B rh R RO R
ERCW-ACRKA! | WA EHRER. 4PRAME R ZERCW-ECRERIM bk BU# IE
Wi HRESULTIH .. i1 T A% iH8E7/EEREW PRAMAG R vh o0 [ — R BRI B «

HA ‘57 BER T TEE, FHik, OBk REHEN T 57 B M
B A ORHE , BB/ MEE, X2/ EEE B An A B 5 152/ SR I IR B
75" @fE, Wi, B3R ERENEBEER LRTE, B ER. B EREX
&4, fEO(og N ANBHEIEEER. Hitn, MEESAKANS), F—SRTTERME

MEEEP, : A()~A(HMAQ2) REHEZEP, : A(2) - AG)NA4)

REEEP, : AGG) —AGS)MA®6)  AMEREP, 1 A(4) ~ A(TIMA(®)

i, AIEEP, PAFAG) ~AQI-1DMR2D). EEEREFTLLE I T EADMRMGINAG) B
FEEER, FAMEE TR RN ERITE. SEEPMITADNRIFEAAD);
RRFE 2R P HIFAG) A FTEAAQR). XAETLLRTITBEADMQBRRELER. AEERS
Hix—R ik

$i%Boolean-AND-2

N A RIEA(L:N)

4 : RESULT
p = number of processors used.
BEGIN
p=ni2
While p > 0 do

For i = 1 to p do in parallel
A() = AQI-1)MA(20)
End Parallel
p=1[p2]
End while
RESULT
END
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Ln=8ft, HEERISITERME 20008, Kb fwhilelE R FEE L hiTlog nik, K
eI B 7 O ) 52 24 B A O(log n). fEEREW PRAMAR AL eh T E /2R BEES

E1-20 n=8Ft#JBoolean-AND-2E B:

1.6 F{TEERMERE

FiTREMMREEED TH=1HEIF:
LW ERE (REERE) ;

2. FEEMLER I CERBERE) ;
3. TR ERNLS R,

Bilan, BWAVELSHABOREZMERETR:

B OB BHiR R BRI RE PRAMEIH!
Boolean-AND o(l) O(n) ERCW
Boolean-AND-1 o(l) O(n) ERCW-ECR
Boolean-AND-2 O(log, n) O(n) EREW

AE LA FRAIE L ERRE LT
1. IR E K cFn,, BXFERIn>n, HT(n) <cfin), ABLT(n) = O(f(n);
2. BRI EENE B cRn, BXFARI>n, HTM) > cfin), BATHN) = &Af(n);
3. EEEIENE S, ¢, nfin, BRI, BT < ¢ fin); MEERH>, A
T(ny>c, fln), ARAT(n) = &(f(n)).
ANAnET(n) = O(f(n)), BT(n) = Afn)), BAT®) = 6fn). BEHRNHAToHHTHEZ
PEEER B ik bU (speedup) Fisc# (efficiency ).
IR RRE A OB R ITERMNEE, KRR REANT. RINA-1TE
AR R AT E Y, HERIERENT, GCEEEREP. BITEX
itk = T./T,
WER = T./PT,
fk b B A A A, RATSRIREF R E LS TAE SR ARITRE.
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Lhr b, RAERERAERMELLEERRX —ERK. AEREXAH], ERUEMALRSNER
FIAE,

FoABEmEEH T BV LEfT ARTFREERSE £, HTGBMEEREMNEER
EME 2. X — AT LA R B TR AT R B —RH & . B KB E Lk E R
fE b = 88 47T a3 AT AT ]

BT THIITRIBIM E XA 2F R XRERESRA LA R MERZE S, B
X g EL (relative speedup). SEBRNELL (real speedup). #a3%tfnid bk (absolute speedup).
WL 5eBr g bk (asymptotic real speedup) FNBFEAEXH @ EL (asymptotic relative speedup).
SahniFiThanvantri @ @t LR HRERE B FT T IR, B TRELNEL, HEL2
Z ik Sahni [1997] and Thanvantri,

AT ANELE xR AT E BT AT R A LR R AT R R TI
. Bk, AT AL FpA-AbER 2 AROLHLEE Sk n IR RS S 07 PR AH 3 nak b g S oA :

AR ER B AR ARROL A PRI (]
p/AREFE 38 PR EL ARR O 151 R8P [R]

AT RGHARRT E L H AR E N, BRI T BRI SAEAE EHA B. HXn
B RnFIpHI RS . BEEn, BATATLLE HLAp A — A AxHh, AR H0E LA 5 5h— A e Ardh
HoRE T N e 2R . X FTLAR T 2EAL TR 28 5% B 3 et o AR kR HERE . AR, hETLAEE
p, Bk —Asekrgh, AR AEEL A B Sh— A LAREE AR IR L f £ . X WTEAA T
)AL i > T AR RO AE . FIRDX BRh £, ROTATLUREAEX IR LRI BK AR, R
R kAt sk e, FIPARXTNEEEL . B/ VAR 03 b A X s b th T AR AR LAY 5

TRREL X —EE, HATHITE AR R AR Btk B TR SR TR ED
Bt A LA . ZEFRAT IR LA LR 3% E BB RIS RA . TR E A
BT A MBSt E ;. T LA, THEE—REEMFEHRSERRD. Bk,
S B PR 2R AT BT BVET I 1] 4 P ok ARk e AR R AT TR RO BRAT IR 1) o SR A9 B RO sk L gt 2
FRAmig bt

Relative Speedup (n,p) =

BT i BB AT LA RE R (LR A ]
Fp - A0 7R 2% R U (R R T (]
BATAT LR AT X INE b AR B A B i bl . Be/DsEheima bL . 3 SKhr ik b
LBy i e .
dxThnEL fEsE b, B BT BT E] 5 Btk R AT IR TE BRI R AT UL L
HIPATES A B BN EL . SRR SERR IR LLARAE . bR EIRATRA “KBR” EARSTREE
LR .

Real Speedup (n,p) =

JR R AL ER 2 AN BT BB AT A AR R (RIRE O [R)
PR IR ARIp/ - AL TR 25 AR U () R AT B i)

s3I EL Y R SCRT LAY R BB R e xt Ak bl B/ &L . P33 IR ELSE
ORI S hsha IR B A T R WLE A A . PO AEHATHRAL

Absolute Speedup (n, p) =
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RILLM R T S EIE AR LT B AREE T A 8 . L SGbr ik bb e S A
Asymptotic Real Speedup(n) = S(n)/P(n)

X FRHEF 2 ROELEE R EA A LI —RAEA BB, BATRAKSE L TH
B

AHEHXTIGEREL ik L FDET VT S BRI EL R R [B] A T T E AR, X ERAABRA
P Lisfr T REEER R R E.

RBAMELMELE BRTHETHEAGTRENSITEE 2N, E¥RMNEEmERE RS
HAMEENRA . FHE CRARELMELL (cost normalized speedup, CNS) #nT:

speedup (n, p)
HITRANIBA | BITRFKHEA

hTHBIRAHEMEL, BRNSEEMELLZI, BRHGTREMRERBITRE
WA . FTRENRABEFEEMRGENRE. SEZERTAERPHRAE. BRI
REARAEAZ., ATHNAR, BRBLELHANBTESARE . —EaXHH 7R,
A RAGELR/DRRREEL R . ROV IZAZEMEA (IRNLERER). BENESE
(BRERfCRA ) BRMEMITHRIKA (BIRRBEZRLGRNEA) B? BHob, HiTREENR
FIXHENAPRLERFREAR, ROBEMNAPPEERAEGRE. KRS HER
FeBEAE, BRIEMENRRERMEE (XEHTHRERETAKRE, MESTHRER
b BEE). ME, BIMRENERBSAERATCEITHEE . BERA TR K KA LR
FPRATIAMEIRA D BERE. BITRENRAEIGTHR RN MELARAS. B
o, —BAEERERANMELIRE, STRALRBRETEN . Rii, KREESTRANES
el R EE. KERSHTRZE . REXFHEAMELTERARRIIANER,
BhHTHEFTMBETRENRELLEERE, x—ERBAH T ZXM.

WE  HELMIMELL X REOERERE . ERIMELIACIE R Kprtb{E. mTR
FRAMIELEARRE, TUSIARMSER. stk —#, SR R %l 8z 7 Al R 1
AR R . B4R S mE AR .

BB A — AR TUZE SRR P 3R E . bhdn, FEEE E SO AIATRETHN T
¥ (work accomplished, wa) FHEFERI T/E (work expended, we) ZiEJHJLLIE. BATEX
waly “BedFH)” BT ERRERA T weIHTHATatE . A IF47 R0 B 8% A0 B sAnkb
BMENMpHTEB. BERALCESEAHENEE, BIE:

we = FATPRITIFIE] x s x p
wa = BAF I R ATHATH ] > s
wa _ BAFR B TR
we  px FEATRITRE

e L ETLERMELEEp. El, waweE T LB, M, MRwaE LA
FAFBEEERAMCEE FFTRERE T, MwaweZ TRzt A (BIMEXIELLERLLD) .

Boh—ANEMREBARMIERBAITIE (work wasted, wwHww = we-wa) RE L.
W LB B

CNS (n,p) =
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wa wa 1

we ww + wa 1 + ww/wa

Y RYE X EHTRE (AIFTREMF TR S) R, SRBHEREEM,
P b S B AR 25 B B S T PR AR, AL EE S BB MR, nak b 2B A ] R HL Y 3
fhifi Bt AT RGENT Y RO E PR EE R B MM, HiT RN
. AW BV, MRAGAEAERGHE RGHE (RIBHMETILEHE) Wy R (BN
) AN, MkHATRER AT R . BT RX TV REMFHANE, 52 Sunfy
XE

1.7 IhNgE

A FIFTHRSI AT R BLENE S L AEHH FHTHE. T8 HZFMARE
M, ATABNETENELRMR XS MEER, BIBASCIERETE. X
PRAMBIRIFA A T HEMTH. FH0HK S HERLHHPRAMBERE), EXPRAME
LM IR IR/ BRI OET G, M THRSHER, 4T RS AR E F X — 4
AT IT BRI R, AENET ZFMARM A% ECR. PCRAIACR, EiHE T RE
FEATEEMRERIRE, JErbE bR R MR T . N A LR BB ENEN, b
ST —EHTRBEARY.
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L1 ek A A CEETUI G TE, HEh T EADAGH:

1.2

1.3

1.4

1.5

1.6

10

a) u=2xf

1 10
b) mean=—1Y x,
10 Z '

% 1ok £ GEH I R

y=a,x"°’+ax’ +--+ax’ +a,x’ +ax+a,
BEATAMCEE VLG LIE, EHIZHRER S XRER.
BUE WML T A B H A PH—A 1A HRH - RBREX BB T H
BB Hfb 1 . BLRBERRA N &) 4 P
E—KERES b, 24058, 8400 BNFEREFRRHERE, &
BE/NIBSTERLBE R P, B /NBIEP A, B PRAEP. T, RREH. &
KEI B G — AP, , Hrbn =24 EHAHRFEIEH—AFHTRE,
ZBRKHAAR-1), T, BEARKHAT/NTET TR . Befd
AQ:n-DFFETFR L A hed, F13A ELEEP O<i<m)H. LESFPLEES—A
X, HRI— AR R EHO0(og n)MRERHBKX:A), HEEEPS. &
En =25,
M s — AL EREP, RS — N iiEa. &I/ AIEREAHO(g N
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ﬁfi‘;}%ﬁgﬂao, a;, -, ammyﬂﬂﬁo

1.7 2 RFRM? BHEEREL
1.8 2 Z&%HME? ERBEECAIT 2L EBRNEZEELD.
1.9 f} 2 & Barrel Shifter®M44? i mE 4 — %A 154 fifyBarrel Shifterf4g .

1.10

1.12
1.13
1.14

1.15
1.16
1.17

fREAR—/n x nfy L= MR . RFHBRAX = BRRIRGHENKEEG -1 T8
a.x, = b,{IfEx I8, REHELRARERLRE ., Kik¥Xi#E. HEHDAGH,
JREH YACEE S B A p <nit, EFERFEPFINEIAE D .
EARALCRENE L, ’it— AR ERBEAHOMM BT BRI < niE
BRI

ERRRESL )7 A H A AR X — il

H2REERMS? ENFEERAZMA?

E—Ak-3r ke, BH A = 20 TEOEA, KM oRi TO=E
P, h, IR AN FETE R BN B TR, RO PR A AL ER &
HeEm.

xR B ES RE IR AR IR 13

B3 IR R PR R 114,

B4 LI ML R AR IR L. 14



F2E T RBRES W

B SRR R EE MRV BB G BB TIRIERE R . SRS IIT R THNY
P REERRS . M EBIRE B EREA TR LA R BEER R THHIER &
RYED. ETHEEBEMNESE, BMA-BEZNFHTRERERTMOFTHRIEFAEESH.
ZETEN, MENBIREHEET TiHE. CARABKELBIRE TLABE 458,

BB RARLBIRTNES. BABLRTIR. B, TA%FENBRZAR KT

2.1 ¥EMFE

AR
A 1 2 3 4 5
S 85 90 60 52 71

53 42 96

ERENEIH RS H R, WML RS T AT MR R

a) HEtk;

b) A%l

HeAR B — s, Hor R A AL BRERTE — e 52
K. BE—AHALESATE. HEMERp = 5&
WP AN TTE, ENREER. MAFHTEER
A, BRTLMEAE ST, topghE 6.

IR BMNESA T ENSRAR (LE2-1) BT,
Rigtegmi . AR mA A TER R R
AN Fr:

T FESTACK-ADD(S(1:n), top,item)

BEGIN
IF top = n then
call STACK-FULL
ELSE
top « top+1
S(top) «~ item;
Endif

END

S(5)

15 |-— top

S4)

10

S(3)

40

S(2)

75

S(1)

65

&2-1

BSATCHE M HER

Rt BB RN AR R ., MERARCH, RARBEAENFTR. Kk,
fmdftop = n, RAVAMALBSTACK-FULL, BEesitfrit—SMtE. St TS
AT EMBRAE R, mfop = 0, RAMRERKRELET . EXFHR TR

HBRAE TR



F2F A AREEN 4

3 STACK-DEL(S(1:n), top,item)
BEGIN
IF top = 0 then
call STACK-EMPTY
else
item S(top)
top < top—1
Endif
END [60]

WA BTN TEETHE AR, EARERXWAITR. FEMPR, $HIE,
BB 0 4 T 7 1 S T A ) 3 B R

Ay (RE2-2) B—1N54A, TEAYEMERLKRIELS: (rear) B—WmEA, TR
BERFRIEA % (front) MBS —WEk4. ATEHERARFRTESLZH, @FEEERR
RABEABANE N . Y H N Yrear = frontht, HMREAFIRZER . ABAFIRTHEAFIMER T
ENSRMRAES . BIHRCHAREENSE].

¢top ¢ rear

FE2-2 BAS

2.2 HFEIIR

BIEF AR BIBRBE N EBTUFFINES, XEHBURER T (atom) gt
X HARRIIRIE. fa,, a0, o, BRIIRFHIE T, RIHEFIRBE (a1, a0, a,) BIER.
FIRFNE SR HET:

1. fE T HE 2 BA WF;

2. MR ABRFEE, —PNrERALIHAEZR.

AFR LB E T LLE T HRESR:

1. FIND(item) — R E L ER TEFIER T, FHAHKMAE;

2. INSERT(item) —7ESIFPHATLE (AEEREMLE) ;

3. DELETE(item) — M ENEH R (REHA) HIEL

BIEZLARBERTLUER SRR A WRGFERKTLEe fla 15k, Bla <a, a>a,
K&a=a, BRIVTTUELEFYIFE. FHFFIREMSFAEN, a<a, BFIE.

AT RPEAPHNRTERER-NFIR, ®IIRIEHETIR. RYPNSEHETIR
HERHRNEAAON), EPAOFEAETIRTEN M. XFFRHERBRTHATENR
AN, RHBHABBAAWO)), -, AN), HPBAEHUFIROESRBREEN. b, B
1% (A, B,C.D), (M,N,0) F1 (W,X,Y,Z), BMFIZAFRETATH. Tipxe [61]
5| 2 5l 4B A0:3,0:10).
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R2- AR T ERFIRM BB . BUE B AT F a0 T 00— /48 T 5] A6 S sk 4
FX=AHNR.

E - S I S
Fil#1 4 A B c D
H%2 3 M N
F#3 4 W X Y z
EZ 4
One 1
Two 5
Three 8

-1 “HWAMBEIR

fr ® % #® O
1 A 5
2 X 11
3 M 8
4 W 2
5 B 9
6 (] 0
7 D 0
8 N 6
9 o 7

10 z 0
11 Y 10
E
One 1
Two

Three

RE AR . XERAHERIIRKE ERIOMLE. —WEREFRIELELK
B LB BANK/D. BIIRIALSAECRENZR, FIRATLRG ERERGMA (R
E2-3). BERRERIMAETIRPEATLE. HLEMAFIRIES (A, B, C, D, E) Hilft—%
IR BIR I A E), mE2-4FR. ERERNERERSIHMLAKE.

4 W # &

One 1

Two 6

Three 9
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Beii
L2345 |67 |89 101
A{B|C|[DI(M[N|O|[W|[X|Y]|Z

B2-3 E8FIER

A|B C|ID{E[MIN|[O|IW[X |Y]|Z
I ]2 3 4 (5 6 7 8 9 (101112

F2-4 1L - FIRMEAERWTIER

B —ARIERAIRAIMER. ERANEAEEA hBAMRELREMRER . Fikfl
REMEFNRIRA B S A FIROEBELA T

BRIIROOIF TTUBRKRSHFIRBAERREERN S - REE&GR S5 L. HoT
ERMH A (node). — A TRBESHRBMEFNRD BT ARG, FIRMEH DA
fim. WMAA-TERGEHIFRSIREHOEE . ERASIRN AR, §ImeFrsEEsIR
g mR2- 1R,

HEHEORRAEM AR AR ZVE. WRERE—. BoMBE=AFIR, ROTULERE
2-5E AR . X — B RE MR L FRAONE,

ONE

—-——-»A ———bB -—»C —___>D 0
TWO

——————»M —~——->N T+ ojo

THREE
— W] X > Y| 4—»f Z| O

B2-5 =A-pEESIER
FAlh, XEFIRTUREERE. RNALUE—/FMEK R RIS LR, %
— [y 73 R PR AR AT 1 S i 25 B R/ DA RE A T R A7 22 1]
HEHIRERE LA -ANRUBNEA. mRESMFIRRSTHFN, MakTLlAx  [63]
HER. BEE2-6arh RMFIRT, HBEEFIRNFH RorwE2-6bFR.

1 2 3 5 5

2 8 10 12 15 | null

a)

[

b)

B 2-6
a) FI% b) BEIIER




44 F—Ip HiritHER

stoy @ F A BRSO AmMEE. FTEMititHER THIBENSERE. L
L5 P R T E IS 2 AR P AR, (BAERESIER P AICHRB A A ZE R E
W, UM RT3 A

@IRFIR ERAKA AR, BEN AN ETAREN, MEHRmE TR, XEHE
2-Tarh 5.

WiEER HENRIBERIIREREANEERE REE—FH B . b TEN B,
WA BB FAIES . WE & AN AR B, ERBELLINKHA#RLINK, &
MBI RAHe I SR R AEE s . BRI M B R M5 A an B 2-TO PR .

Q.IHE_’A ————p{ B —4 ] C —4 i D

a)

LEFT 0 A |nun| —|pt B o null g RIGHT

b)
B 27
a) EIEERESIER b) WAER

EBEEME, BMELLINKE, &8 -8E5I%R; MERLINKE, &F5—1TII%.
e AR R MBR A A AE S . BETLUFBRRIATRON R BREVIXALLH
AT A, BRTLAE I TR A e 4 R

RLINK(LLINK(X))=RLINK(X)

LLINK(RLINK(X))=LLINK(X)

X R R A R M B R R R T BT XA B . ERMEERF IR BERE AAATLL

HTHEA-NLEFERBON A, RNEELABH A REROTA. Ak, B
e RIABE IR MIE & WA, FORBRELBMAANT R, S -RATRIRARE
Bt, BRI,

23 EHE5#H

FH N B REENRRESH
— SR

2.3.1 W&HHIR

BiRVRERES, ERV<V FE, BRIORY, DE—AB, JHEAHG = (V, B). LV
WAEGH T &L BVRMTERNEGH L, ERAEGH L% BLEPRITTERABCHIZ.
BV ={abcdeft, E={(ab)bo)cdce)(adbd}, BG=(V,EyILIAE2-8FENR.

B, FAHIURLES AN MEHEL R
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Fe= (v, R—FKiL, HBlReEv, v, X8, Hv, vB&AMATIA. & (v, v) BRAK (self
edge). ifle, = (v, v)5e, = (v, vi)RA-F47i4 (parallel edge). RERKEITHRIERA B £
B (simple graph). TAERLFENERALRE, STUKRAARA. E—-EKNDEN
28, MARAARE (null graph). BALSZHEBENTSRARLE. STHAVERKY
BB BERAVEIE (degree). B2-8rpfR ARSI, HEPRTARIESBIA:

Ti a b c d e f

i3 2 3 3 3 1

N

a d of

E2-8 —AE

BT TR SRR A &4 5 (pendant vertex), FE2-8peh B . B H Anfims BIFE RN
AR ERLNEE, BITBRAEBHRATANERNSH. BTEFOERATAMHEKE,
HEBEN A &k

1. B AR TAE B 6 S Fe K 2m;

2. B R AR TREAABGET B,

ENESTLE FERPEDAMEHER, MWHRLAENE., — A& THANERE,
HEZEEEHAn(n- 240, —ABEESAFRATRERL, WHRHEAIZTL2B. —4MEH
ik (n(n-1)/2458) ME2BidAK,, K&EHn-1HENE. WE2-9fE2-10.

E2-9 BECH2RIENIA

iﬁiﬁ. %. ﬁi&c =(V, E)?%—_‘/[\féj—%E’ Vis Vo, Vi3, Voo, Vk?%GE’:J]’IJT){—:’;a JERY 5V,+1
(1 <i<k)*HEB. %EW?U*Fﬁﬁﬂﬂuﬂﬂ*d{ﬂﬂﬂiﬁﬁﬂvn Vas Vi, Vayooy Vi %Jlili (Walk)o viFR
%Jﬂ,ﬁ., vkﬂkﬂj%é‘o Eiﬁiﬁﬂ@ilqﬂﬂ‘ﬁ"éﬁﬁ—l:ﬁllfﬁﬁ E%lge.]’ @%vi=vjo ﬁﬂ%vn = Vi
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FRAMEE, BWFRAFEE. EFEED, HHATALHA K, WHRALHZ (path). 7
WEER, FERATUAMHE &, WHRAEB (cycleor circuit), kA Ui B — KA.

A PAANN

Ky

E2-10 —deseoE

EE2-11, abcdbefR—&BiHE, HEAR—%K, BAVRERLIA. abcdi—
% tHaFldHIik; cbephebd BERR—&M, MAR—FKEE; BO)EZHIAMK, Hik
ARBHE. abe, fga—A 8. EEPERERNPHBTULRLIRAE (chord). E2-111,
(b, NREBab.e,fg.al)—FK%,

f

E2-11 BFEER A

FEB BIEG=(V,DE—AE, VERVEITE, ERENTEAMREEDHAERNLREVH
WITRAALE:, MFREG = (V, EVAGHIT 8. E2-127FhbRafy T, FHEGHIEMMA TR
wFv 2 A REE, WHREGH®R AR, T EEdE, HBEANEATRRADLEL
(connected component), FHVRVIIFE, EZAAVHRBINEGHRALNES, W
WG = (V', EYRHVEBEHNEGH# S FB. E2-12db A RaESTHE; cfldy Bl
{MAHM%MHﬂM%%ﬁﬁ%EOﬁ¢¥@ﬂ%&ﬁﬁﬁm,M%%ﬂImioE%m¢
chnd2af b AARRE FE. BEA M TSR

1.BAGRcax%TH;

2. BPAE—TRERTUARALALNBAETTHE,;

3. B P AE—F A (u, VAT A A {0, v} § B 0% 5 FA;

4. “FHB” XEA ARG, ARG, HikH,
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1 2
3
5 4
a)
2
1
3
4
b)
1 2
3
5 4
) 4 d)
® 2-12

a) FG b) GHFE o) m{145}RHMFE d) Hm{234FHNTHE

BE GE—ABE, v.v, viz—&¥, Bv.ELRE2. (v, v)FI(v,, vi)FRAA0 Y (series
edge). FA—&KB., vIRBREZL(, v)FI(v,, vi)HHIKET Ry, WA %L &4
(merging of series edges ). #F(u, WR—FH, WM— IR w25 5 5u, vESHELE,
It BB GRR (u, v), MIFR AR H26TR SN . BAEG G, WREPH—AELL
M B —NESEHRAHHSCLOMAR () BEA2NTARNEASE, WREMRRAES.

= ARATEKRAA (clique), —MHMRABEMEMGAN FEUKAH XD
(maximal clique ), *tTFE2-13a, BE2-13b&H4HRAIHRKE .

B# FEG=(V, MG = (V, E), MEEVEVRIFE-S——BRE, E/RVHHIRN
ATRAMSHFTEESERAMBVHRHOTALHES, WHEHISERERAME. MRENERR
¥Ry, WAMTHR:

1. G HFE S BRI A;

2. 5 AH R H A58

3. X FEAERE, AHRENTA.

FEAEA KGR LSEERTES. FRELNERORELEZER T ER SRR —
A HRBRIFCIRE . XA EBRRA B 5.
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a)

B 2-13
a) G b) G KR

232 KiuBSHEHE

AN BRA R R R B —— B B RIS B R, BATER N SUSEAT IZMA.
Rohi B R Bk hi g HHAY, X —BEERRIE T AR R -Lar R .

MFEG = (V,E), —%iHEMNE&KLE T —ROFEERARAL N E. AR EE
SHEBKPIAE. Fan, AANTUERNELBKASHRBIAE. SHRKATHERARLE.
EE2-1 (RERE) $HRNEABRNEFNREGERBENE, Lt FHAKRLEE,

EBRMIEHAAE. ATEELAANALEE&KLBT K, TIRAMNYXZEES
HE—RLEE—ATAN, ELRABENXANTABAMSE S — &KL, HEXAFERENTLL
HEMA B . Wi, MIBKRIAERIE LA SUEW THRIERE.

£E2-2 LANREBHYBEETUAHSMARE = EVEU-UE, B&—ANEd—/A B AR,
B AHKRER,

— N FFBEN KB GRAERE, FRAREFE., —PEESHKREIT KA —LA8,
AHEVERA 40 T E B .

25223 SERSBEPAARAFRKANIEN, HBH—LA,

FIHERE2- 1R — BT 2B, TRRRR—TERGAKRE. el ll@dk
TR ER SR BECRAIEEED AKRIE. mREANTNANEREE, BAOTTLLA
ELERRNE. KLUk, TLLES THEF R ENTRA ok HE - T EER A —EA.

REWE —&AARERDENENTURRE—k, NHKEZE % %@ B (Hamiltonian
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circuit) o XA LR FERA LRI L. BRF PR 3E I B & OB T —k, WS B E
RIEEHENTART —&k. KE2WREHEERRKEE. mBERNEC, CEBRAE—TAKTR
R MCUCZRRBL A Y F S . F 8 EE SRR ST E &4 O EH2-1/M
ER2-245M . R, ERGHERETBNTELRMAREFRR. REX/HBEIF1E1859
AERE R B R William Rowan Hamiltond2 1, B EA A %Rk,

233 #

AEBEMEEERAR. TEHHSEREN.

1. GE—RE;

2. G A A A — R B

3. GRE@M A& A n A TR An-1510;

4. GEB/MERE;

5.GAEE AR TR In- 1534

- MHELCHERABEA. BOKESTIOOOEE . TR vE b T AR B KR
K ERAVE B SEHALRZ, HCHEVD).,

E(v) = Max{d(v,w)lu € V}

X HAu, VERNEIR R E. ERTH, BAR/NEOROT AR vE ult i &
S, —MREF AP0, B2-14ah A THRAENARBEOE., 3SHSHER/NIELE,
Hik @A A PO3FS5. PONEOCERAMNF 2. HhREREIKERARIALRZ.
T E2-14arh A EHIR, HAERR3, HRRES. NS E AT AEARNR. R —
A TSR ARAR,, BRI AR A A AR A .

2 6 9
1 3 5 10
8
4 7
T 123456789 10
RS 5434344554
a)
0 2
1 13
2 45
3 6,7,10
4 8.9

K 2-14
a) B E=3MEZ=51HK b) ARG
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Z B E2-14arh Brép bt . RIS E2EARR, BT EHHL LM E2-14b, EAHAER
B, BEATAANEBGXAEE X R ENE0R, SHRAASHTIARSIRGE T, SN
REAFEIE. PHRXFRAZ T ok,

FEE2- 14088 FE BB, 1RB3R2MBF. mBHAVETIR, ERARVHINERLS
MM R R e Ei+1 B, IHENTAKRDNET. aRERRNEKBEEL A
EHEE (REE) b+l

F2-14br I B 45, WAER TR TR, B2-ISERTRERXFR. AHEREE
AXGEXRZRMER . RIXT = (V, Z2—NDERE, HWAr, AT AEHPARENT(1:n) k%
N (n2TR%H):

MBI R, IBAPARENT() = iff W 3E;

mErERHR, IBAPARENT() =7,

& U
4 2
4
FHT,
10 5

14/

E2-15 BT —% T4
A5 FE X PARENT -1, E2-16/&7 T R PARENT# R

PARENT (i) 3 3 4 4 2

E2-16 B B HPARENTZ R
SR ERHERE-ATAESAERNE UKD =, ZXHETZNA TR
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R d . SR TEERELRTFHERT. ERBETASHELET, WKL 4
(right skewed) =i, R{UHbA @ L L4 = . E2-17FRAESFER - . ZEK
2-18F R X B EFORFAEM—TIRE, FIBA2MTIA, F2EHTA, $32458
AR, B REEW T EH:

824

a) oe— A XHE, FiEESHIAME;

b) HAMKARMWITE R KK B H2-1,

5
LA

E2-18 Sk

iE®: VFIGhELIEWa).

Mi=Oft, Sk’ IEFT.

REEBMHERIERH, BEEBEELA2ITA. HTHEBNEINITARLRT LMK
F. EREi+BEEZH2ANTA. BIEPE R fa) oL

b) FIIEBAE T an FIUBIE S R :

204 20 4 22 4o 261 = 26— ]

HEALH A2 TSRS = XK. B XRAT AT AR FRF%Y: R
H1, BIEMRATAALEBAILA2M3; Y- 1EMHARARTSE, FAESEHT
MEIBEMTABEEARS . F2-188H T —N3EME XM, HAESE T & TR %
5. THMZEM T X REASIEN.
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RE2S5 HTRALBFHRENB RGBT,

a) FiNTAE LT R2;

b) iR S L HTFR2+1;

c) ity F £[i/2].

WX, mRENELAEEERFRSTA, NWRAL L XK. E2-19af;
RATER X, E2- 190N R X R, ME2-19cHhEAZE XR. B X TN

W EESEN, FASEHEREERB XK —8. 8255 Fxe - XWMRKr. 2E—4

X, BARERAETIER, ALRw BRI R BEMER AR, BB v, BR
TR ER, XN AmRIEE KA (weighted path length), BilfnE2-20/, 64 &
#Rid.q.gprFf, MBI HAS, 10, 7, 3, 4f18. BAMEH M TR,

a)

€)

B 2-19
a) SEATX R b)Y H_XB o) FELXH
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F2-20 B K EE=95HTE

B 54 =3 Iw,
d 5 2 10

q 10 2 20

g 7 3 21

p 3 4 12

r 4 4 16

f 8 2 16
Tiw, 95

$Hhn /N B A RMARA, WiE—4RA B/ EKEN X HE— /1 H &
. BEHERURRMERFEHSHFHAFLMMA. B2-215H T LA Z XA R
TRE.

Iwh=65 ¢ 7 wh=62 ©

10 /<>\a
a b ¢ d
Ewili =60

E2-21 —XRREIE R E
TR G=(V.DRE/LEAMNNAE, BEGHATANEENERFET = (V, YR



54 B—p HfFiHERE

AGH) LR . E2-22aFdGH T EIGHIERI SR

2

E o —t
(=]
@

\

/

N
[$)]
<D

N
= —
(3]
-
[4,]
(=]
(0]
~I
[+ ]

d
B 2-22
a) /G b) THRT, o) ZWMT, d) XEHT,

B2-23arh, ab.c.deFfsy BIFROAIRE , Wl 2 AR B RO RBRER. RISERT
FEZLE TR, HRAAEE-23bF B RE LRI 2 MBI ERC L 2.
ERA A 2 HB R RRN AR A S 2R ERRIEL, WELMBURIEL, FikzE
(R A S RS RIR E L. BASARE /A iiht, B0 ME/h. f2—1



£2F Hro A HEEN S5

KrE, FERIIRXERAE-ANFBIRB . R/ABKER LR RE DR A LEHR
(minumum cost spanning tree) B &4 L HH. BN En M TAANEEBEGEE —/&n-14%&
BHIERT, Xn-150RAR . AERTHOBHRAE. mREGCEAERY, CHAGF £
S¥. EXEE T, BRITTUME -2 X FHRMEEAE TR, XEXEFROESRKRA
GHI ¥ 4 Ak, BE2-2545H TER2-24Fh Bror iU AS il B ) i 354k .

B’ 2-23
A WRFFENZEMER b AR AGETRER, SEAEHNI0+3+5+46+4=28
1 2 3

4
9 5 15 11
7 14
10 13
8 6 12

E2-24 FEBEG

3
2
1, 5 4
9
15 11

14 10 13
12

6

8

——

E2-25 GHIZ IR
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BRIEEGHEnANTA, mFEAMcAD K. GRIXERMAn-c MR m-—n + cF5%. A
T X E A& (rank) AL O 0, B R g B (nullity) A 5Z N 5. EBEI2-25ad, n= 15, m =
18, ¢ =3,

B=n-c=15-3=12
FHB =m-n+c=18-15+3=6

EERESEEE2METINEE. T EaBEmE, XBAhn-1, THEEIm-n+1. %

B BEG, TRIHEW, ek, nRiLaMETH, WEK 18, HIRXAEBHY
eb.b, -+ b,

XD, by, b, W, eRM—M%. XA/BERAEXLXE (fundamental cycle). SIH
m-n+INEAE. HEEOTEMOEKELE-4REBNE. RIZGE—1B, TREMNX
PR, e2—%K3%, ebb, b, REKEE. MBRIBITH R ZHETHIIESDLD, WEBIARFE
HIHER (BRA(T (0)}). T HB—&ieBAN AR H X BT (), i = 1.2, 1} T
SEMIXHEMT, TUBRTES FREBEAERSH . E2-26a. b, cHHTEGKRHAX

a)

-

-

1 >
— =
— L
% c)

a) G b) GRI—E3 M o) GBSk itk
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R, FESCHER P NG LR N He A B rh R R R MERR Y B A 4% . A BGHIEERA X i
WT AT, Hh—AaThS A2 ARKBEHEH, HABERHREETARINERA
B3t hal:opuliof- 4=

Befi1E X:

d(T,, T,) = AT R T.A & B B #r ki

= ETHMAETH B HE%E

MRS, d(T,, TR an F 8RR

1.d(T,, T,)>0HBd(T,,T)=0 (L HMNNT, =T,) ;

2.7, T,)=d(T,, T);

3. XM TFE—ARTTRTAIZEMT,, FEAT, T,)<d(T,, T)+d(T;, T).

B, AT, THOAREBLEMBRRFE L. RIXGREBE, TRCIIAXHMNES, H
THEAT AL, AIREGETREG, = (T, E), HHMNYAT, T) = I, TRIRATAT, T.2H
H—&iamiE. BGHRAEGHIHA (tree graph).

2.3.4 HE#HEHR

MEXTEHNRETERALBHFENE TR AT KAMTAREE, TESH
PRR DG i

L EEEEE (BFS);

2. REREME (DFS).

ATEGE, BERARCHN. REVELIA, BFSHvATFS. HR%vRGE, BB
E BV R BT A SRR R vive, - vee THRISEXETRSG, B 5 X L T0 A AH ABRY AR 4
RKTR, BEEXEBRERFA N AN R. EDFSEAST, dvaFwRiiFSvi
BT R, FifRSvASmARBEHREITA. ERERT, mREAR Sy SR
W R TR AL, B E IR Sy AHBERBERIMTR, EEXNERAEZBREEY, HF
HislR A SviBRITH A . 8B GHI S . E2-27a, b, cor B REG, EGRIBFS
R FIDFS X 5K .

a)
& 2-27
a) @G
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b)
a
.'. d c
; f
e
R
<)
E2-27 (&)

b) BES Yk c) DFS&Hiht
FEBFS ¥t rh, BERRGE, SKERTWE, LS —FNERNTAREAR —EE,
REEESR b XM REE S Tk B iR R— R .
235 #EiEH

XG = (V.ER—AE, vEV, GvERmV-{v}FHIE. mE2-28aFcfr. XG =
(VER—NEAN 3 XME, a € V. IREG-alf)sy L TkA, WFRadi & (articulation
point), FEEEE Y, MRERENRNFEEBAEE T, MITEARAW A . mE2-2828
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A, TAATRFEAW A . AEAEW AAE SRR AS2-42:88 (biconnected graph). fE{HE
B2 @M. 26 = (VEE—/ABE, u, vEGHIFE—2 XM HABRITL, SEVIIFE.
MR EMSE, u, vIETARMS X L, WRSRBu-va B4 (separator). #HAIEH, MASE
u-viy B, BARFELE KA AMNEIVIE . M Fu-vyrBE, EXARE Kb
u-vir B, MR bu-vr B, BAERDT AR u-v BERAZ u-ve B R,

%S, ={1234} S, ={1,24} S, ={24}

$.={2.4.8} Ss = {8} Ss= {5}
1 2 2
4 7
3
5 6
a)
1 2 8
7
3 T~~~

/

b)

N
@®

c)
B 2-28
a) @G b) BG4 c) BG-1

5,,5:,8,,5:, SKIS/EA EREG (fnp2-29) MyT-65y K. SRE—MR/NT-65r BE, R,
SFIS ML RAR /NSy HE . Ss = {8YRNS, = {SHREGHIFA-B/NT-62r BE -

BG = (VER—NEEE, SRVIFE. mRG-SETEER, WKRSEGH > &X. W
B FEESHTFES, STESBEE, WRSEW 2B E. BARDTABKAR/ BER
MBS BE. BABERTANAERYEOTAGEEE. ROER, SHENMAL
BAZTEALTHERATEEREEXENRLTAKATERE. EE, mRESH
WAL, MITAGEEER]. TAEEERIWERNTS S8 (separable graph). A Alsy B A
B2 A AR, 2 EERNTAGERESVR2. TAGEEEERNEERRA3-LER
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(triconnected graph). ¥k, Xt TF3-E@E, HRERM AR TABRELECEE/R
. R, E-3-ERREA2-EEN, 2R EN. AERAERD
SRR ERR AR (MEEFER). RASBITERMER:

1. 3RS FHERANAREY, v, QuiWvEVBALABAARES AR LB, £EH
&2-£ift5,

2. A S FHEAAR LY, v, QuiEVvES ALZFARPE R IGSH, £idR
&3-kifeg, '

3. B A S FAEHARN S, v, BufhvES AAkEARERBIHSEEN, £FEAR
k-i% g 9,

1 2 6
5
3 4 8
8
7/\ 10
B2-29 EG

E2-28aFn @ 2- 29 TR B RSB, BRE2-EEM. £ EC R2-ERN. B
230 AR —A3-HlE . WRIERTEGCHTANE/NE, NCHTREREEL L.

[87] 7 6

4
BE2-30 3-EdEHE
FEBEERIE—AEEX. (—MEEXRE-MOGEETE.) R, BiEX
2 EEXREMRALEEFE, mEEASREEN, WRA—A2-EEX. E2-31b5
HTE2-31al2- %@ K. 2@ BERA % (block). MREGHE Rk THE, W
FriZE % B (block graph). ME2-32afR Ak, M FAIRE RN EGH2-EEX:
1 iR EGRAEN A, NEH RN —2-EE%;



F2 ¥ HriHBESY 6]

2' H?ﬁ_‘/l\ﬁ)ﬁa e V’ AVhVZvVB?'svré}guiﬁ:“G—{a}Z:ﬁlﬁ}immﬁ%9 Gi i%ﬂ:\.m
BAV . U{a} R HIIBEG=1.23,,5).

2 3 7 10
8 9
4 5 6 1
a)
1
3/
2 3 3 7 10
\/ 8 99<]
8
4 5 6 1
b)
E 2-31

a) AGREHE{ETRRE2-EEE b) BGH2-EEX

12 13

/' Bg 10
B4 2 B, 5\. M at ;6
By

Bg
b)
2-32
a) B b) E2-32a)di5k MAYBCHE
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B A B ORI BRAR T A Blk-8 % (k> 2). B FTLLH ERIBlock-Cut J7 & bt #7
(BCHY). fil4an, ZER2-32arh BRIt E, EHA,

B, ={12},B,={234,5},B,={56,7},B,= {59}, B, = {5.8}

B, = {8,10}, B, = {10,11}, B, = {10,12,13}, B, = {4,14},

#pER2, 4, 5, 8, 10, BC-RMITAEMPMB AEE, NYRSABESEENM T,
g i — i AHE . E2-32b% H T B2-32af R Rtk ERIBCHY .
236 FWEEE

ETEEFTTLAR £/ Bk ER, E2-3348H THRG = (V.ERJLRER, Kb
V={abcdefgh}

E = {(a,b)(bc)(c,d)(d.a)(ef)fg)(g:h)(b.e)(a.e)(bf).(c.g)(d.h)}
h g
d c
a b

B2-33 [ —A B R ER

ROVBLBORE B FE LHBL - E, EREARFLELAHEE. RER, HARE
A B aRRE k. MR- EATLME P E b, FESERAMILBT M, WK
WEAA-F & B . E2-344 M T A FEEN LA ERE. wREEG = (V.ENTH RSBV M
Hoyviay,, #5EGHE—FUEERVE—A ARV TR, WREGCHHE. &
“HEASEFEKENE. mRVHE TSRS VRRA TS, ML TMERAT S
THE., e THEPmEVAnATR, VAT, WEAK,,. EE, K., SFEman T
Fimngll. B BFRERIEHTE (Kuratowski) EB T2 FAAE (E2-35) &4 lFiE.

L EFSATANERE (K ;

2. 2o " HEK,,.
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K,
5
4
éé§§ 1 2
K,
1 3
6
FE2-34 — e g E
3
4 1 a
2
2 b
5
1 3 c
Ks Ksa

B2-35 MRt

MR, ERfENAEEENR, MARAFEHE. WIMEEER, BETSEM
B, EREEEZR/ N EEE.

ZIEACEFHEG, BREE—TFELE GAAHEK). BGHFEy&E T XE. mE
2-36ffi78. RiR,, R vl V- o B GAEF 1 LBy XI5 X 3«

RASHBRE TEHER:

LAT—ARETFERRATARATFEG, LANHS—H2ATHA—FELAARNE;

2T ABETF & BARTUAKAFEH, LAEEHTHERTUARLF K,

3 ARBETFHBHTAEKARG; TAKARGHEARTFEE,

SR TR Im LK E & ] F 1 B GREF™ e m—n+2/ KiK. 2nB2-36, n=13, m=17,
P R R m—n+2 = 17-1342 = 6,

1 3
11

, R 10
Rs Ry K Rs| Rg

13

E2-36 A 64X A W 1 A
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[RIEHE TTIER . &Hn AN TR RImFDESER P EFRERBE: m<3n-6. xRN LEL
RISy . BERFERERE A EmEE XA &, HERRTFEE. BGRWFE
BT BEFEREGCH A EH RN AR BRAEH 5 RN £ R
RIBE . K TP B ERA B I, R E R P TR AN IIR b, MIFRIE - o B o oh T F
8. SRR E A, AR R PR A HE A0 T A 2 ) 38 00— S v i 2 AS PR S 1E
B, Wgksbel EmERM X ST+ @B (mop). PR A giZmopH.

237 RESHMIK

FERFHENBITAREEE. FEHEARCLHFR T3 BRI 3T AR M,
WAL F & (edge coloring). XMTHAMEITHEFRAMN LK E (vertex coloring). {EiX BHA]
RERMARE, HERILEARERTALE. MRAERRNHBPT A LEAEHHEA,
BRI B 8 4 .E % 3 & (perfect coloring ).

B2-37TF R ABGRERN ZMARMER 6. RINFERAEBHLAK/NEBNBAS
— A ERE. XERREFRAET R R E (perfect minimum coloring), /M ERIEH A
A &% (chromatic number).

w
R/\ , 8o
GR R=4
R Y= R
VAN
B

Y
R w
B Y
BN Y
w
R BK

4/

A}

W=g&

BK=Hf
BN = 25
V=¥&
P=#46
E2-37 EM=RERRE
TFEGFIHT - RNk
55 3] X ¢
1 K, n
2 # 2
3 Fin A 1
4 B ENE 2
5 AREENE 3
6 —ERE 2

e TERRAR. ﬁr/l‘rﬁ).fiﬂ’-JCﬁ:%Jr-élo MEAAGEERESRCHEME, NFREHCE
BEH. TARBKNRKAKRDR XD, BAANHAERADL. HTEH-Ar-BARE,
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BNTBEABE, Fikeas> k.

2.3.8 HiEZE
BG = (VEWEA R AZRIBEVRIDEV.. V.- V., BRIV BE—H. E2-3883HT
EGHIMAN AR EHES.
HEE] - HEE2
V,={1} V,= {12}
v, = {10} V.= {345}
V.= {289} V,={6,7.8}
V,={6,7} V.= {9,10}
V,={34,5}
5
e s
2 A
1 7
9
10

E2-38 HimEA{1.2}.{3,4,5}.{6,7.8}, {9, 10}y &

HBEEV, V. VI SRRSO NES S ZRBE/DOHABEEHRARIBLE. T
EG = (VO —ATREX, WmRXPHEMFHEATAEAME, WRX®R %, Mk
FRAAE % (stable set), M FE—AEXHHITAY, XUGVITRIMILE, MFRXR VI XM
2R TIRBBEAIRAMIERARK B IL.

X FE2-38, BA148Han T RIS E:

X, ={148,10} X,={1,1063} X.={84} X,={1,7,10}
HAX X 2RI . Bk RhRFA TR AR GRE, BPnEg—4TUA
ARRBGERE.

239 %M
BFR—AFHE, WEG=(V, EDMENT: TAEVEFRRFE——X . ¥ TVHE

BATIA, SEO0Y5 e AR {2,3,4,5,6}

FEAEZZEN, IRTHAHES. X P, P, P,

PP R AGHAFIH LA, - 8 10
%F = {P,,P,P,P,P}, xBP = 123 /\_

(123}, P,={23456}, P,={56}, P.= P, T o780

(6,789}, Py = {4,10}, FiIz3:EmAE2-39 5.6

Fﬁﬁ_\‘o E2‘39 F={P.,P1,P3,P4,P5}H€J§E
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2.3.10 ZH

BAvive vy yEE R B, EEEA A BRI TUAY. VB —F&BFRA % (chord).,
R ZBR—ATAE, ADI)Z SxHBHFATNANES, B—1H. BINOFE 24
(simplicial ), R B EE— K ERTIME AEBAE /5%, NIFRIZE A% B (chordal graph),
TRV oy v, RAZL £ WA ] (PEO) Bx £ &4 X (PES) (MHEMXYXFrA, M
ViV v RHEE R AR RAK) ). Flan, E2-4045H TZEGKR —/PEO., FEX/HEH,
VsV = AV v sy B, {vovit—MR/vever B, REA={1},B={1},C={12},D
={23},E={34},F={45},G={34,5}, H={5}., 2B FHEWKF={ABCDEFGH}, FiIj
ZE. mE2-40pR~, Hdv,=A,v,=B,v,=C,v,=D,vs=E,v.,=F,v,=G,v,=H,

E2-40 5% &PEO

ERME PR E. FE-NERMT, FHEF = {5.5,,.5.), AFBIVEIXUHA
A FHR: GREATIAMHSYECAHEIRA FRAEARTR. /E—1ZEG, HiE
— AR ERTHT A LR FGRRKEAES. THRAMEMT: HFGHE—TiNv, 588V
AR R T S S H TR — A TR, XS HRIRRAKEGH R A . Flm, %iEE2-41a
BRI EG, BEIFSEY ={1,2,34,56,789,10}, HAHHC ={123},C,={234},C,=
{156}, C. = {5,7}, Cs = {1,8,9}, C; = {8,9,10}. GHIFARAME2-41b57/R. ZEZHHAT#
B, MR BANKR. BIUROME. RSEMLRBEE. XTZREAMTHR:

Z¥2-6 FTHIREZFHY:

1.GR3#ZH;

2. GH —APEO;

3.GT#il T @ oyt Jaty s B 24T 2]

a. MAE— AR AB A TR, BRA—AEE;

b. 4 FZEH, ¥o—A#HGUEFRFT SHH—AHFBALL;

GHHE—ARIN S BEFHGH—AH,

.GABYTHRANTE;

G E—AN %G FRIERA AR, A& LEANTAMRGELIAL;
T.AREBARLSMENBCHE—ALAAFTHEZSA-141H.,
et B R BIEY BB AT R R & BB PRV PEO S XY i B2 K 4 BEPEO.

T A 14— 25 SR 1R S FIPEO#E

1. F RN R et % (LBFS)

2. Bk EHIEFE (MCS) ;

(= SV T
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3. Xtk tE (MEC) ;
4.5 X B KB BARR (MCC).

b)

B 2-41
a) 5% EG b) GRYEH#

TEEERA TR ZENPEOK N EEM.

X®2-7T % HAL Y WPEOM XLBFS. MCS. MEC, MCC# (£ #3GH TR £ A 5] & —APEO
W, BGR—/AEZER, LR B MM E % Om+n), ,

EEMIPEOR R KA R TRk XEE R, WX FPEOMMALESETHLEENR
BB, RMHITEEOTFRA RKREHEF THPEORf#H . Chandrasekharffilyengarfy i 1
FI RN sy & BIRG L BAINCH{TH %, Edenbrandtih iy TR H 4. MNaorfn
Schifferl|23 7 | FIPEO# AINCH: 178, DahlhausFiKarpinskith & B i r 4 H T R
NCHIFEE. XBEEBEEONHNTLESE . KleinfJBH: L, ECRCW PRAMEL A
HREOMAN LIRSS, mihfTitE 4 O0(og? n).

BE ZEANKERTEARHRAAREHRELLXMWZE. MonmafIWeil SH T T /L
KEFERTFROBEARZE. —FBORECEERTUSHES, WRAT LS BRTAR
MBEAEALTA, MHRAHEELE. —KBEWRIECCEERLNES, MKRAHLS; wR
BAUBRAAND, MEREeMNAIESRE . R IE R TS B R BRRD L & TR 5%
BRUVE . fEMonmafiWeiff IIARIES , WAL MK EZEARA RN BETLESR
MR, RIS AERERN. X Tk EA R AF:

1. HTAAEE (DVE) ;



68 F—Hp AT ERH

2. ERTAKE (UVE) ;

3. ERATAKE (RDVE) ;

4. ALK (DEA) ;

5. K@ (VER) ;

6. HHA L E (RDEE).

MonmaF(iWeiliF B ik 6 2 et ({9 4F — A B4 7T FRSE 24 e AR ARt sk o, ML AL ) T A

(97] TiAFIGHIHRIR. 4 TIRZRDVE, DietzfA i T—/ ghthit il B47 8%, A TiRSIUVA,
Gavril#s i T4 % FREFRMER, BFHEAOM). SchifferddH T — A Bebkitris gl
UVERER, ST A00mn). Xavierll# H TIRHIUVERINCHTES:.

REE —AE o EA s b X RN, MR R E B, TR R X 6 A
FH.

RE28 T EAGER FHE:

a.GR—ARKH A,

b. GA % 4 b K ] 8 X B ;

c. GR—AEZER, LM AXBATUMERIES; FFCHE—AT0.5x, L4xeilie XA
B EA,

E2-425 BIRAR T — A KB, EHE AR RS A RIETF A, SRRk 5 3
C ={abc}, C,={cdg}, C; = {ceg}, C,= {cfig}. BoothFiLuckerilf B T Fil # {7 5% 1151
— A K A B IR E H O(m+n). MA1SIA T BRIEPQ-# (WLE2-43) MSiBsEty. PQ-fHE—A
kA AR BIREY, &l FURERX A B A BN FT A TRty . PQ-REZARA
B, A SRR A

1wt F: PQ-WMIH MBS, EXFAEIRNE, R rERARAR.

2.P-% A P-YARNEEA, EECERNRTFIEARBRET.

3.0-% 4 QUARMNEYS, CELARABTHLAERKRER.

ZEFAPQ-WTAIT, MEIE A FENEREARTH, XSS EBTERT,
WBRTHTE4, FHiCAT=T.

1R 22 P-4 AU B TN

2. BEIQ- ¥ AR T HINT .

f
a)

K 2-42
a) XA EG
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RS
b @———I
ce ’ ]
o @
g \J
r—-——of
eo—t+—o
- c C, C C.
b)

o— Y L L
¢ C, C, c
c)

BE2-42 (££)

b) G M# <) G AL FF

&2-43 PQ-#

B, = RAREM*F. FFEAEFHT, HTAVLR (frontier) FH /¥, X
M FRTAVIFR. EHTFFF, HFae T, AN Yafibf Aklc, E157
HcEafi s LB LT hcRbRIE Lo T. migit, MavaR_H 7, X
HFHUVARGFRHE . IRTR—AFFR, MFRONTIER(7) = FRONTIER(ROOT(T)).
3t FPQ-WT, #A12 L CONSISTENT (T) = {FRONTIER(T"):T' € T}, HIfTHICONSISTENT
B HMPQ-W TR AT eI FFFIES . MASIUEH FTEHMER.

X129 4oRZAZ'ZPQO-#, % BI % CONSISTENT (Z) = CONSISTENT(Z)¥, Z=2Z',

BRIETRPQ-#, BMH FHREEACHIILE. CRCHTFHE, BoothfiLuekerih [ —
A-REDUCER ¥, {##2CONSISTENT (REDUCE(T,C") = {0 € CONSISTENT(T): CHITE 0
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HRESERY . b HBIEB TA E£%C,.C.. - CEZEMAREDUCER F O(p+ Y Lp) ik,
XHp = ICl, p, = ICJ, WCRELEG = (V. DMBRARGESL, V= (v v). BELEY, M
BAHREAC KR, mAEB2-0F 4, [ i BN IS4 HPQ-BHI A B IR, by
HFEREC, H3EAC, C., C, BEMMnKREDUCER Y. RAHNMEELRn, W&
TR AV A B 6 5 R s B L VR 77 TO0 AP B B R R 2. 43 L A AR K B 97 P
B TR R O(m+ny, B, RFIX 18] P BT FA A & 4T E L& O(m+n).

KleinfiReifixit T % —MizH—MREDUCE({C,, C,,---, C;}). X~z IRIN#5 T B
BHIEAC, THHPQ-HT. MbIHLAH T RS AT KBk, KHC WM.
FATRI BB R AOM), HATHHE HO(log ).

2311 EZBWETE

ScheinermanZl| @ T 38 B K MIKFAE. Mo T —Fpfgm sy AEZEE. B TH#Mm—4
PR AV, EvEY BOBESEGHRE, SHEK, vEvERvE—4BAEMHE. X Bk
NaH— E.

X210 FRXB A, SHRSUATREREHN:

i. FR#EE, BPFPBAE—ANEF TRALFP;

ii. LAY REXT, FRHIME;

iii. 42 R G AoGHAEFY, NHEL-NAG EF, #H/GHGRACHAFTH, GG, HA
LETUAL,

MRBCHE—NES FEHNE KM ENT AN RS T/ AR EMEAA 8, TR
GR % £%) (perfect),

—sEmX A E, UVE. ROVEFZEMEEEN, A HERIMTFESGHELHZA.

BE BEMZEAXERAEE. A iRNEENNEEER—ER T, (2
B J5 8 JUP [l 4 = A ST IR/ NVRLIROR T o

HEEAMEEREER X TEGHME—X T mafnb, R MaB| bl fiE 7 H ik B A MR
I RE, MFRGRBEZ X4 B, MBBNKELMME, WHRMaZIbH FHEES K (even
parity ). [EIREFTLAE X ¥ ¥k #9% (odd parity). fEEGH, X TEMMATRafb, tRa, b
RRFiA SHBAGHFENSEYE, NRGREAFER., HEM2-10, EflEXHEAEER
KH.

ESNE BB ZERYERE. E—- X RAEMERIKE. A, FLHELE
EEZELAREEE.

2.3.12 BEAY IR o B

BEEG = (V.E), HEMBWEMFHFLHBA SR — TRk, NMRAHER. MR
(u,v) € M, BATRBuFVEMPRLRN. MR- AREALEERS LT, WX T
FAM KR, DRBEZOLERIZEXESR, BG = (VERLAEMMRITER TEGHERT —
AMTAASMITETRA, MFRAZLER, MENYM = (n/2]i, MESERLE. HEENEL
BAURT, el 1E XMABRI A BRA LB & A (Cost of the matching). BATEIEBAIE
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FHEEAN (REK) KAREETER. KRAEAFL S RBERME. TASTEMHETE,
PLEE SEREHICES, Z23) R 5@ shAME AL,

WufiiManber LA SIA T IRE RIBHHET . %G = (V.ER—/AMIE, Ghsh T e
KAARRERANVBRROES. ITERBEITEMN—/EH. ErLihRENRAHR—%&D
HA.

REPREGHI—ABEILEL, RIPI = [n/2], MIFRBRILEPRET £Y. WMECEHFENTA
M, CERBEEAF-ATARLE. WRCEFBEANTIA, GHRATAYERERITA
HETICE. TEGHIBRICEL S, MRIEMTAREABRBELTIHEN, WA T HB LR,
WufIManber L2 0EB T T HRIX A5 .

3% HF-ALOQBESH-ANLTMLHTALIEITR,

EABR LR — A, BIMBEGE—NMTENRSER, ERE—-ATWANN &1t
B, B—fbXE—&AiREE. B &8R- KA (mAE, 8%, ER). #—F
BREBRMNBETELRAR -HLE, ERE—-8TENRN B cRM KR ZHRENTEE.
¥ For S S AR TN . T R A5 & B VA R .

BOHBBER %6 = (V.EOR—TMBE, PREGH—A5EXIKILA. BIIEATEE
Bz, PHEREIBTA A Z R A PRI R Afe . REF H/ A FOM) 52 52 3% T B (7] &
AR D fesb kA, BEHOMBTHATH A X FRAGE /NS LR, T —&H,
FEXH—NB/NRICR, CRABREZARFONE. AdHERAENEER (%
#5381 ) LA B R Be/UC B BT LATS Bl e /D FnBg IL AL .

BBKRBREE ZERCAPHBEKRAREPHENEAEES. BAR/NMIRKEEF
RIZEBRCERAIRDRXT LB TR, XA 08 R A3 FH (bottle-neck problem).
BANVRD AR E R ICAL HDP-C &, WufiManber @24 H T — 4~k B EIAUR # B/
B KDP-IUECHY B fT 5, HPUTR A0 log d log w), iX BARTTMABKE, wiRill
B AR BA . Xavier(1995)4 ) T R &/ KDP- ICELIY I AT Rk

2.3.13 ERFLDL

B GRS TR A v BE 85 R 55 MBI v B A i B/ 3, iohd(uyy). i RGR LA
duNFRMuEV I BRI IR B . THAVEISE & 2 SCHMVEIFTA TR Z /1, 12 hdM),
CiEe)

dv) = Z d(v,u)

G A B/ NEBNTI SR AGHE S (median). BMEF -AEFHIELDL, WREHEN
A BB EOLHLE.

B TTE TR AV 2 AR B &Y HAEVIEDH TV SR BA T, TRV 8, 98
BT A EICHBRRIE S HAE . I2HB0). BATLABE, TRV B ERT-vIE— o B
TAMEAKE. MBTHENTAHOENERBRE/NN, XHEHTARATHY <
(centroid). ¥TFHE—HT, HHLY—ATAAREOM, EEAMHEL.

KA. BOMBOELNATH£%XFIREEM (facility location) RyREH . Fi4n,
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BREBGHIMHR TR~ , BFREZMNEREE, BRRR AR EZRES. RE
FRATESE — Ak i — BrER e b By A AT H . an R BATERGH T OB AERIALE
BOIRTLAB AR AR AR . MRBNTRAR I —NATME N8, 2BHEE—4
WAEAESHEINH A, BABRNBHUSZRANED, TR 528/
SE TR, Slaterf@il#) XS, HHRREEMEENEN EMAREAN -5 E. iR
BORFAA LB
Ul B TR vE — R PHIBEE E S

d(v,P) = Min{d(v.u)/u € P}
B PR BLODHRE LA

e(P) = Max{d(v,P)/v € V}
HTAA B/ BLRUEP, mEAAHREOROLEREL TP, WPKAT %, BPIH
B AE LA

d(P) = Za’(v,P)

HBAB/NEBMBBRAGHH S (core). FNMIIMIZ/DACRAH T R RSO
NCH478E%.

2.3.14 4§

ZEEG = (V.E), DEGH—ATIRE. MREBE—NTAEDHHITNRELSDFHEATH
B, MHEDAEGHEHE. BIEDEHEG, HHRE2-44, CHFHNEHEHD, =
{147}, D,={15}.

1 2
4 3
5 6
7
E2-44 HBG

XEEFEARLBOMA. ZE-IAF, BHEINEE. WRIEFFHARXRE
8, BAVREEISjZAE—F00. mE2-44F0R, BRAARTINEE ZRIMARXA.
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R 2 RABHRE AT REEZPIT AR, ZHRNEELTISEEFNLE. XN E
AEMEABBEAEZREPOAARFOARXE, B0ER, Y FAESALEMHA,
ERAKBEVE - AFMERREL, Fix A& RABAE—MEHE,

TR, MREALELMERE, WRZA N EHE. SR/
R/ HIER AR D £, B/MEHIENTUS A SRSB4+ % (domination number).,
BIEEHNG -DRABLERE - EHE. MBREHELE 1B, WKRZAHEHE
(dominating cycle). Fflih, fmR—MEGIELTELK M), WHRZA%SL (M3r) #
H%. BG = (VEMBEHIRRIE XN — N R/NERs, EEBGHE IS TANES
BE— e,

DRE—ATURE. WRV-DRHE AN TRAvEE S DR E DA TTEML, WFRDAk-12% £
(X BARERER). RELZ—KiD, HikRdegree(x) > degree(y), MLBENBixRIzH]y, y
BiEsix, SREFIASEHINEBSE SR P BLHELE . ASICLARNERERA S L. i
mER, M TVH—AFED, WRCHIB -/ THAEDHEDL—ATHAMEEEB, NWHRDE 213
%. BG = (V.E)ydomaticR) 5> ZIBVHLX MRy, KB TELCHIEGIE. BG
fudomatic ¥4y, FTTEMEB KN EFRABEGHIdomatic$t. CockaynefilHedetnemi (1977) 5| A
HRR T X2 . Neeralagi (1988) X THEG = (V.EHE (18) =HI%, BRTAKED,
V-Dh g~ A TR SDHR I E—T A Z RBE B A4 (18) .

Slater, BangerfiBarkauskastffog T A& HAIHEA . X TEG = (V.EW—ATBUSED,
RV-DEWG— /TR SDH R — AT R A, NIJ%DIEEA&J"%J% Cockayne¥ A
(1988) HhBse T BRI Bz iR

2.3.15 EitHa—E@E

E—HRAIVYr BEIEHE— SR, 300 O d X EREr R,

1 BRI REE: REGHEKMTE.

2. BARGEE: KENGHK.

3. BAHRE: K4 EEIHEKE.

4. BNFIBER O Kif e ER B/ B

5. EM\EE: AERITEG G, HEGIGRGFM.

6. FEIRMINE: AEWAEG, G, KhoHTAKL TCMTAE, HKGRERASG
[l HHI % .

7. BAARFEDE: SGMNGERNE, BAGHGCHARMTLHFE. MRG"2—
A, EBCECHRBTCHBESTE, BMNKECRCGNGHIAXTHE, HEGMG', K
GG B E BRI ENAL A,

8. MREMaE: HW— T ERTAHEDIE.

0. fEHliaE: BE—AEG, KfMEHlE. SHE. EHE. EEEHE. EHHE.

10. ZEYOE: L4E—ANEG, HNGRETEE, MRCGEAEHN, KCHIERK. &
Il WAL RZ2-ERMN, WRAE, KCHI2-EBX.

1. EREE: fHE—I EG, KREKLA.

12. BRICE S8 : KE/ DA TR RBR %, ERBILRY, R/MEBNEANER
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75— R IL AL 7).

13. MKEEE: AHENES, RERERE. £, BRELKRHLE,

14, BuLHRBoL a8 A B DR X R — R B, Bl X 4R B B BT A T A3 O B
ZHBAN. BAEOR—B, EHE A E—FB R RAER Z 5.

15. BMERE: BCHRBELZREHEABNES, ERCHNE—ITHAME LK L.
R EACLSS N

16. RFEE: ERIHAREESTES, HTERGOWELZREEN. XA RGN E
R A AP AT LARS R SRR FRAT AN SR TR . & Fh & AR 71 PR A1 B 2R 9 TR M () R A SOk
TR ER.
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W3 FATEBETRE

ERTIHES, —/AN IR B RS M MR A SR R IR . SRR (L %R
At AR SRERNER . RN, KRR SR BIRE . EHFER, Bk
W RERZARRN., AENM RIS Z IR, £ B FEENRE, mRF
B2 BEHOM), ILRKMBIN AR — M FI B . (AR TR RS, nEh g
REHOM), FRAGEINDR —MFOE . WHAE 2B H0ogt n), Hrbkh B8/ E%E
BRALZHAS BOGEBNIHTEE, BRAUHRIFNEL. XWELETNCE, BTk
INCRIIFFATER:, RIVEAENBEEHIRTFE. MR- FIBIE I HTES,
W T DL A 24T BT — AN T BR B sk iR . BIBE R AR A B AT (TS T SR S AR, AT
AT LR O R TR . AEH B OO b T 48— A IR
3.1 ZXHHgitiFiE

TR D BERERNEE . —AENH T AR T UM B Hllog nl. 3%
AT LAZE AT BB IR T R XA . B AU, 3P4 X R fn NI 4.
FATRTLAAT R EA AT AL TR, HRE IR A BB 45 1. RIBHRENE R Lk, I
1E[log nlft (] P EIEAR T A XEEEBAEA AW,

NMERE FERIKEAERMNEE., ERMCES E, RREEEOmMIH.
FELLRAEEE WA E SRR KR ERE . BEn = 2. %4n = 8B, HERIE K
M, A

GroupI: A(1) AQB) A®GB) A
Group II: A(2) A(4) A(6) A(8)

BHESIANTE, Bk, Fn2/ MBS (LR CEmB). e, HNNEIETLL

R X4 BB AN, 5y BIFEEEAD), AQ2), AGFIAM@) . XE/EMI-1h A, FIHT

Al) AR A@) A AB) AB) AT AB)

E3-1 n=8/BRH
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EA ISR, RATEE3-2aE B3-2dh R Tix AT,
A()  AQQ) AQB) A4 AS) AGG)  A(D) A®B®)
51 17 42 34 85 11 19 54
FEE—r B, HETm R
A1) = A(1)+A(2) = 68
A2) - AG)+A(4) = 76
A(3) ~ A(5)+A(6) = 96
A(4) ~ A(T)+A(B) = 73
BE, WTi=1,4, #I70THERME:
AG) - AQi—-1)+A(2i)
SRIE, TEF BB, WdkfT:

A(D) < A(1)+A(2) = 144
AQ2) -~ AG)+A(4) = 169

Al AR AQ) AW AB) AB) A A®)

K 3-2
a) FARIE B BB
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B3-2 (k)
BB ) BME

HopbR, =1, 2it8:
A@) ~ AQ2i-1)+A(2i)
EFE=HE, R '
A(D) - A(1)+A(2) = 313
XA DGR T E TR L
HiESUM
WA K4A(ln),n=2
WY BAENSRERETADS
BEGIN
1.p=n/2
2. While p > 0 do
3.Fori=1 to p do in parallel
4. A(Q) = AQ2i-1) + A(2))
5. End parallel
6.p ={p/2]
7. End while
END
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BRESW pROCHEBOANE, FFEREHE 24 . pHIEE S Rwhile IR S B .
R, whilefEhEHlog ntk. B4, WEEBRAHERIR, WABHERE. Xk, HEZE
LAEEREW PRAMERI i FHO(m)/ANREEL 2SS, FHEO(log n)IH ] N FE 1K -

3.2 Z{EiEic

XR-MBAEBRIXIHE, HABRERUHTREEA BB . MR AN KEEELE,
WLt e LR ERE - EEE, HEGAE. E—-2HEANCEIFPRIERE A2,
B _BTE4, F=HA8, LKHE. §—PHLEAN—PHEEAKBHE.

B RFE BT LB R B KNGF. £—5, B0RERFBARMm:

P, Kx, + x,
P, kx, + x,

Pn/2 *xn—l + xn

PR +x,) + (6 +x)
PR + x) + (x5 + x3)

Pn/4 i('xn—ii + xn—Z) + (xn—l + xn)

% B — A LR S BN R — SRR . XRESLE R TLUE
log nfIRHIAI N BE £ B A Hn /M 5038 . TEA M “FIRHF” (ranking a list) &R % 5h—14
X 5 ERIBIF '

3.3 #EFtRLE

152 SR B R Rk B AR FRER IR IR A IR A 4. RBNRLIARE, EBTHH
RTFEBEOMRIM . Wi BEsEARHRBE T —FeTLIZEO(log )it iR MBI R BT .
BAVEE T A Bl e ok 5 BH:

SIRHFEE BERALD B XL RN A B E5I& . LINK(DER~R
AG)TFE—A M Fhx. LINKQ) = TR REBBEFIRPADRAGKTE—4. MRADLES
RIIBE—/ 8, IMALINKG) = 0. ZRHEADBEE MK Tir. —MRAHEZ LY
ChBAANES., BERNOBFE—NROHELAL, BBE-ANHEAKR2, Db, X
R — AR e, B33 THSNMRRIBERMGIT.

AG) A) A1) A) AR) A() A®) A()
21 ——+ 43 FQS + 187 +192 +201 +215 +270 0

E3-3 8ABRIBEIETIR

112
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F3- 1AM T E3-3h EEAFRAEA R R. ROHRBENEROHEGBRE. — 8T
RESMNCABIREH#FIE, BITHIEIAOM. HEHMT:

¥ % Sequential List

B\ - A(1:n), LINK (1:n), HEAD

#H: RANK (1:n)

BEGIN
p=HEAD
r=n
RANK@®p)=r
Repeat
p = LINK()
r=r-1
RANK(@p)=r
until LINK(p) is not equal to O
END
£3-1 WART
NEAD =3
i A LINK
93 4

192

21
187
270
201

43
215

00 -~ N L B W N -
o= O NN

113 Bl 10 B B b — A B . SIA— A B RNEXT(). FFRAMNEXT() =
LINK(), Wb, NEXTOF HEHERREADRBN Tin. BAET—%, &4
NEXT(i) = NEXT(NEXT(i))

BLZENEXT() %700 B 4200808 Fhr. M, £ T —HrB, NEXT()¥RRHE A4
Fhi, BINEXT()R e, Hik, % log nlf B, BAITLABLERRRIEE, i
REERHES . SRR TRENT:

3 ;%List Ranking

|\ A(l:n), LINK(1:n), HEAD

B RANK(1:n)

BEGIN

1. For i = 1 to n do in parallel
RANK (i) =1
NEXT (i) = LINK()
End Parallel
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2.For k=11to [log n] do
2a. For i = 1 to n do in parallel
If NEXT (i) is not zero
RANK (i) = RANK (i} + RANK(NEXT())
NEXT (i) = NEXT (NEXT(i))
Endif
End Parallel
Endfor
END

ExESE XEFFP, oANMLE BRI UEODASER LIE. $25HEO0(og n) 114
Ko 2P BEOMALIEREAOFIFFER L. FHik, HIHTHERMOMALEFL
R E B AHO(og n). #1HFLAFEREW PRAMBRICHL, 25 L7 LIFEREW PRAMEL
RH, FHHAEENIEERAHEREW PRAM, v

T AT CL TR FREREEN TSR, BRdRER3-4aE3-4ddsy

A(3) A(7) A(1) A(4) A(2) A(6) A(8) A(5)

}W [+ 93 [ 1e7] J—p192] o201 [J—b2s 20|

i 3 7 1 4 2 6 8 5
HEAD LINK 7 1 4 2 6 8 5 0
NEXT 7 1 4 2 6 8 5 0
RANK 1 1 T T T
2)
NEXT NEXT
AQ3) A7) A() A4) A@2) A(6) A(8) A(5)
21 43 93 187 192 201 21510] [ 270]0
i 3 7 1 4 2 6 8 5
H LINK 7 1 4 2 6 8 5 0
NEXT 1 4 2 6 8 5 0 0
RANK 2 2 2 2 2 2 2 1
b)
NEXT

A3) %

A1) A(2) A(6) A(8) A(5)
|21| | [a] [oa] | |7;7[ | [192]0 | [201]o] |27o|o|
K i 3 7 1 4 2 6 8 5
LINK 7 1 4 2 6 8 5 0
NEXT 2 6 8 5 0 0 0 0
RANK 4 4 4 4 4 3 2 1 115
<)
B 3-4

a2) BB b)Y B BB o BB
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A(3) A7) A(1) A(4) A2) A(6) A8)
2‘1 > 43 » 93 » 187 > 192 > 201 » 215
/ i 3 7 1 4 2 6 8 5
HEAD LINK 7 1 4 2 6 8 5 0
NEXT 0 0 0 0 0 0 0 0
RANK 8 7 6 5 4 3 2 1
d)
B34 (£E)
BB

3.4 Hrmia

Wik, —AFBHRILA TR, SREXETEEPR, KRGt PLmxE
FRERIAR, MTERBNMEHR. ARMBERFRZN TR, mRALDE—HH, &
{16253l g fa K FH O(m) A~ /b ER 8 £E OClog mEF I SRR BN, FERTHHMR T, Mokt
Al Rdx A A, B RRMA. FIRBERRIS . BANEW TIHTREE, WTLUH(/log n)
ARLEBEO(log mBHRAINTER . BHA, Asee, A, By Biunllog mAE, BA-EETog 84
TT#E. A THEE, RIMEE O/ og n)fllog nRBH. Btk = log nHr = nllog n. L, Hrk =
n=2, TEHHHSH:

R LN, VO Avr
ZH2: AgreiBiognezereeesemseriremreeniiniitninneeinenesian Az togn
T VT VU Asiogr
L VT W Aoy
ZAr: ApitognsiBi-tiogmaerseeiesremenieinississsinanes A, g n

EE—4, fAHlog n M TE, BitEr = nlog niM. BiNBE—ALE—TLEE,
B REE (nflog A GHEE . B0 E R BT log nMEHATTE. BE, B4 18E log n B
TEENMLEEE P, A7E0(log ) AIN BT EB S AR TENKRR, HEALXEB. AAERA
SEEB, By Bung e FIR3 AN B, FLLFIFAOM/log n)/-AEEE 2R FEO(log(n/log n))ibt [EI AT
=K. B40d3og(nog n)) = O(log n-loglog n) = O(log n). WHEEFIFO(n/log mT-4EH
% 7E0(log MR N SE Rk Fn, HL EEBERMEENRR RS . WREEXGHMT:

M %0ptimal-Sum

W BdA(:n)

W BATENMETERESUMA
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1. Fori=1 to n/log n do in parallel
2. Using the sequential method find the sum of A_ g r15 Ag-iiog ms™**Aiiog » and store the result
in variable B,

3. End parallel

4. Find the sum of B,, B,,---B n/log n and store in the variable SUM

5. End optimal sum

SxESH  LEMELS, F250ASBTREEEO0(log nbHRINER. BiLL, #1-3%
A LA O(n/log mA-KLB S £ O0(log M) RINSERL . F4BWTLLHEI VTR HTHEILE
O(log(n/log n))iitfa] N/EEREW PRAMELAY F5epk. Rk, EARRILEEREW PRAMER! TF|
FO(n/log m/~REE & AEOGog mEfEINFER . ZRER &K . RIA BN G2 Bikb
AT LA SRR BAHAL: )y p R B/ B K18 LS M RIEEE ML, "TLAfEEREW PRAM
B R R O(n/log n) /4L PR 2% 7EO(log m)I [A] N R IR X /1 1] R

3.5 ¥4

Mgz HiEYmE, BAEREs KR8, REHAKBTRE, BEaHXEF
HERE R BEENER. Wk, smiEza&wmrILE:

FE—%: RS KA WP P P, FERKE, BRIRES S S

X AFXEFRENSERBIHBRENER.

Ry H AT, BONE L RERRE S AT FBHEE. AR s 5 F F>EP,.P,,
- P, AKX E T RIENRR, RASHRCLBE. SRaiEH, Xo FRERIAIEE
BoME 2B S RAVER. XrILLEE & HIPIFRIEH.

a8  RALB(:n)E R L FRBH, kA <A,<---<A HB <B,<--
<B,, BRATBIEXENMEAGHE - THEHAC:2n), FHRC.KC,< < Cy. TNRA =
(1,59,12)H.B = (2,3,15,19), AHXHEIKATHRRC=(1,2,3,59,12,15,19). AT HE, i&n
= 2fin/log n = r, Hit—SBIZCH-EZRE. HA1ME T i & 178 TLAEO ()i E]
WAEHHHA.

# ;% Sequential Merge

BN BAATTEAALDFIB(1:n)

B C(1:2n), BC, < C,< <G,

l.LetA,, =B, ==

2.i=l;j=1k=1

3. While k< 2n do

4.1f A, < B, then
C.=A
=i+l

else
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end if
5. k=k+1
6. end while

7. End sequential merge

T ERACHE P AL Bir =nllog nNMA, Bk =log nATE, WTF:

HH1: AAAr e A,
H2: AL A Ay
L. VO, VRO Au
I A it tsze e eeeeesereee e eeereeeeeee s A,

BERMERB A EE), jQ), . j(r), HEH
JAORB KK TR, A >B,,
](2)7%%j(9"1_1:ﬁa A2k>Bj(2)

JINRB KB T AR, A.>By,
XS B AB(L:n) 2 Br ML, T

ZHL: BiBoeeeeeeeeeeeeeeeeeeeeeeeveeeeeaenns B,
L2 . SN ; O B
Hi: B iisBiineereeeeoreemenneeeieencninene B,
Hr: By, i Biiyizeeereeeriereeiieniiie e B,

RABRMNAUENTER: ARANFEIHANEAN K AR/ TREFTBEANE2.3, - A
AR . mBABANEIAMBEANEIHBMAI, WTLLARBACECLIREER
BIMHEFRACL) PRSI GAE . XX oA M. B, BIMHELEEALi<)
S RAARANEIATBRANEIH, MEERTAHFABANEHMBRANEA.

BAEIEAL X — TR

¥ xMerge

M| FAEFERAANFIB(:n), &En=2logn=k
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W AHFHEACA: 2n)

1. for i =1 to r do in parallel

2. Using binary search find the index

J(@@ = Max {t, such that A, > B,}
3. Using sequential method merge the two arrays
A((i-1)k + 1 : ik) and B(j(i-1) + 1 : j(i))

4. End parallel

S. end Merge

ATHOR FEAIEY:, REEYHHA = (1,5,15,18,19,21,23,24,27,29,30,31,32,37 42 49)F1B =
(2,3.4,13,15,19,20,22,28,29,38,41.4243.48,49), XBn=16=2%, logn=k=4, r =n/log n =4,
fBASy AN (r = 4).

A 1, 5,15, 18 | 19, 21, 23, 24 | 27, 29, 30, 31 | 32, 37, 42, 45
| #Fi %24 %34 a8

JOHITE 4y BIR(1) = 5, j(2) = 8, j(3) = 10Fj(4) = 15. EBEANHAEHME LR ZE—HEA
Han e

i ::SF:: Eoykic H3d Fag
A | 1,5,15, 18 |19, 21, 23, 24| 27, 29, 30, 31 32, 37, 42, 49
B 2,3,4,13, 15 19, 20, 22 28, 29 38, 41, 42, 43, 48, 49

WA R A B AATBY T 4ilt, A:
SYH 183 C(1:9) = (1.2,3,4,5,13,15,15,18)
SY2/BF]: C(10:16) = (19,19,20,21,22,23,24)
SP3BT C(17:22) = (27,28,29,29,30,31)
S4BT C(23:32) = (32,37,38,41 ,42,42,43 48,49 49)

Kk, BEEEHE4A:

C(1:32) = (12,3,4,5,13,15,15,18,19,19,20,21 ,22,23,24,27,28,29,29,30,31,32,37,38 41 ,42,42,
43,48,49 49)

WREN 25U S EBEEO(og mEtANSER. H35 TR ARG TH4
ARIBII TR . AWG-Dk+1:iEIA Nk BGG-D+Lj)RIR/MRm. IRFK/NZ/NT
RLETL, BLBHEMEISHTIAELRB L RAO(og n)BTRIB TR . MRBGU-D+1:6)H
JhKk Tk, RINSHAZMNBABEABTHEANMIBER, REkA. ik, F3FTLER
M % | FO0(og n)btiEl BIT5E . Xk, WHEPFTLAFEEREW PRAMER! ki O(n/log mM ik
H % £ O(log )it RINFEAL-
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3.6 NG

AR E T —EEENRTHE. A THORZ LRSS, RITIZH T — @88t
TR ZXRIEHHRRER T T XRIOEIRE R . BB TE MR A FabBR 7T LUK 15 &5
BOFHITRE. FI— RPN REELI 2N PA N, HAELSHHFHTT 58
WORRRE . oA/ 10 P 18] B A B Bl 3 53 T8 Z PRI sy R AT T R

BE

AKkl, S. G. (1989) The Design and Analysis of Parallel Algorithms, Prentice-Hall, Engle-
wood Cliffs, NJ.

Brassard, G and Brately, P. (1988) Algorithmics: Theory and Practice, Prentice-Hall,
Englewood Cliffs, NJ.

Dekel, E., Nassimi D., and Sahni, S. (1987) Parallel Matrix and Graph Algorithms,
Siam. J. Computing, 10, 657-675.

Joseph, J. A. (1992) An Introduction to Parallel Algorithms, Addison-Wesley, Reading,
MA.

Moitra, A. and Iyengar, S. S. (1987) Parallel Algorithms for Some Computational Prob-
lems in Advances in Computers, Academic Press, New York, pp. 93-153.

Quinn, M. J. (1987) Designing Efficient Algorithms for Parallel Computers, McGraw-
Hill, New York.

3

3.1 SEZHEEE b mIERS = {pupobss Py SHPEE OERREBRE XA K1Y
B/ SR . ERI Ao TiE 2 TR SR RIEa FUEE R B E MRl
REIFF.

3.2 ZE T HESHAKE S MAYE bk
L 2 B x X0, X
2. 3Kx, %0, X B D, HACED 20 Zane FoHI = Xkt 4, Hi > n/2+1;

3.3 Fiknl2, s;=z;
43t Fi>n/2, 5=z +2,/2.
FIA EmmEAR, - e AR SR EA RS .
33 RAN—AnxnB) =AM, BnB2HBTKRY . REARIEFF. LA HMNT

PYsk:
Az(Al 0]
| Ay A
£ LEERES, AAFIAERR (/2 x nl2)I5ERE. IBA A BRI :
A;lz{ A;,l‘ | 04]
-A A A A,

FIR BRI AE,, R — Ao fih Z R R T = AERERE.
3.4 AR—AK/NAnifi REA . BRINERE/MI TR, BHAOAE.
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a) i%it—/~CREW PRAM# R N3+ B &
b) % it —/~CRCW PRAMK®! TR 1T .

3.5 R&X(L:nyhR/NAnfISdE . SR TENERREEEATE (MRHE), Kbk
REBEARM TR, B1<k<i, x <x. #{H, TLUEXEHATE AL, #Hixit
— TR REHE N TENLEAITE.

3.6 ERRISBEARZH —NEEKRBEAALNNE/NLE, FRIEAOn/og n)/ AL &
FrIBt i) 52 2% BE A O(log n).

3.7 XFn=16, EHAEIEI6HPZIHHEEN -XHERS.
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AT RMITES
AR — B AR I, 0T B R 3T Bk A S

4.1 mBAR

i%a = (a,, -, a,)F1b = (by, by, -, bYRFAN B, BL2XHRATRENHABR A - b=ab +
@b, 4+ ab,, BATREMRIZIGEE R B HEA R EHARMIFTERE. X E5REATREIM
RIBEAML. WA EHallnl b nBAFELXENFE. o DEENERFENI-ITXE
o,
THMRSHR XMk
;%= Scalar Product
| Ball:n)fnb(1:n]
Wl WENEFETEEH
BEGIN
1. For i = 1 to n do in parallel
2.¢, = a*b,
3. End parallel
4.p=n/2
5. While p >0 do
6. For i = 1 to p do in parallel
1.c¢,=ctcy,
8. End parallel
9.p=1[p/?]
10. End while
END

EWESER, $B1-35FOMANEER, FEODMEMNTR. $4~ 10D BERARIK
i, Hit, ZR&TTLAEEREW PRAMEY FROMACEEHEO(log mif [INSERK. &
REEEE R, FIREIEIANNBOIMIEZEA, LEBATLAFIAO(/log n)4-iLb3
£1E0(log mBtEIMSER. XA RIBENTERE L RE. £T N, BIBOR—EAFHTH
EMEREIHTREEN R LR,

4.2 HEHRE

SRR — LB ENAERREREENAG. WRARm < nfY5ERE, Bin < pHIE
R, BRARLLITEENRRBC = AB, HHEBr Am = p. SERECRIEITMEFIMTEHNCG ),
el EBE AR T AR B RPN R 2. B
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CGij) = 2 a,b,

Bk T Fim:
3 ;%Matrix-Multiply
BN JEREATB

W FEBUEREC
BEGIN

1. For i = 1 to m do in parallel
2. For j = 1 to p do in parallel
3. Evaluate C(i j)
4. End Parallel
5. End Parallel
END

X BB LI T H—SHRE. CG HITERF/AMEMNR, EHTENIEN
B ksek. B ALER B HR R — A s NG 2 B T ) RARAG, k)* Bk, EVIE.
3.1 For k=1 to n do in Parallel

32 T(k) = A(i ,k)*B(k.j)

3.3 End parallel

34 p=n/2

3.5 Whilep>0do

3.6 For k = 1 to p do in Parallel
3.7 T(k) = T(2k-1) + T(2k)
38 End Parallel

39 p =[p2]

3.10 End while

3.11 C(iy) = T(1)

WREM LEOEOBRAQSHEAES. EE Y EXAC DBk, HETUHR, R
TE5 —E A X SIS BICG, DI . A< HbIbaRt 28 B T(1:n) 3 ISR R A AR SRADA MO &5 R o
{E5x—ihsy, B3.1-~335BHOMAMLERSE, FEOWMETE. $34-3.115MSUMBIAH
B, ElEROMALER, BEO(og n)RINtE. F35BRERBRENITEAEME,
B F O(mnp) /A~ A0 B0 55 1% B0 % OB ] S 2 B 5 OClog n). KSR, HATIBAJRERY, FOM)
AR % AL A 2 5 0log n). TEWELCG, 1), CG, 2),.CG, I BEAG j). BITA
R4 AR B 3 R HECA, 1), CG, 2),+.Cli, n), FISARIE R SFRRIAG, /). FrELEE
B3 EECREW PRAMME! . R RABIEI4HMTIRZEAR, TTLIFIHAOM log n)~4k
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B2 FEO(1og mFIIHIRI N SE R . T 18T — Y9 48 HH B (] -5 R — /1 SE A YD [l
4.3 #BsarFn
A ) An A BB . BRI i Sk
Pﬂﬂ=2AU)(1<i<m

AV ZXBHE TR E R I EE PSS (1<i<n). FIALEHEKEHAGM, REES
FPS(n), RMNFBEBUHELBINE M. B4-10R T30 = SHRMELL. SG HER RN
EHABE-IBRENT R TFE, RESQO, i) = A>); RiE, Bd¥EmFHSR2S(,
0. EFE A, BFS(1,1), 5(1,2), S(1,3)F18(1,4). EF_ABRE K, JRIO/FRESQ.D
S(2.2). EFE=100E, HATBESG.D). BN TEMN THE _EEO(og n)BFEINSERE, H
ha R AN KE. SENRFTRBERI-2aFER4-2dFER. BE, SCHEEN KA T
#Efn.

Aty A AQ) A4 AB)  AB) AT AB)

Bl4-1 BhESG, HE
SQ DR TR, S TEISM, BNBIAB—AERPS. BEHHo AL
PS(0,1), PS(0.,2),+,PS(0.n). sx&e&s RATLLE L@ 5 — XA MREIH 1) mi3 8. NSHIER
FPSEMTRIT:
MPS(3.,1) = SG,D)IF4, BEIT—&E:

S, J)s j=1
PS(i,j) = {PSG+L[j/2D) + 8G.J), jA#EH>1
PS(i+1, j/2), JAIES

BITHA SN TROBATRRL BRI T:

i 1 2 3 4 5 6 7 8

A(i) 23 38 40 73 91 39 48 63




Ei¥ BERFAE O

(@) (@ () (9 () (@) (@) ()

s(0.1) S02) S(03) S(04) S(05) S(0.6) S(0,7) S(0.8)
b)

S(0,1) S(0.2) S(0.3) S(04) S(0.5) S(0.6) S(0.7) $(0,8)
c)
B 42
a) MEEHEE b) BB o E_MTER
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23 38 40 73 91 39
d)

Bl4-2 (&)
d) 3 W B

SGHIELAEE AT ZE LB X HEE. xEB4-2dP . AUHEHS(HZE,
HiE LEAARETA EETERE ZXHBEIPS, j). XIEE4-3aF|E4-3dh . SHEE
BV RRISMRG . PSEESN T ARNTA N . ESG, HTHRIEEY, RES KA
AFEATIHBPSG L), PS(i2),+-. B, RILAKRILPS(, H#EF R RETBEPSG-1.2)f1PS(~1,
2+ B . FHELTEECREW PRAMMERS . T

¥ xPartial-Sum

WA BdA(Ln

B HorwmPsO, 1)

BEGIN (i denotes level number and p the number of nodes at that level.)

0. Copy A(i) to $(0, i) for 1 <i< n in parallel
l.p=n

.Fori=1to [log n] do

p=1[p/2]

Forj = 1 to p do in parallel

S(ij) =83-2,2j) + S(i—-1,25-1)

End Parallel

. End for

. PS([log n], 1) = S([log n], 1)

.h=1

. For i = [log n}-1 down to 0 do

O 00 ~1 N b B W

1
11. p=2p
12. For j = 1 to p do in parallel
13. Case
J=1: PS(ij) = $(iy)
j=even: PS(ij) = PS(i + 1,j/2)

=)
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Else: PS(ij) = PS(i + 1, [j/2]) + S(i j) 129
Endcase
14. End parallel
15. End for
END
BLEESHF FAOMANLESE, FOFFZEOONE; FHAOMALES, F2HBETY
EEO(log n)itE; FIAOMNLERRE, FI10LHEISHHFEONog n)bfial. Hik, FIH
O/ LS, LB ZBEAO0og n)e MPSGHIARFTLAEM, PSGHBHATEAT
PS(i-1,2j-DFIPS(-1, 2)R it Eid B . HLFEHRRRY, HEEITEFAFEIKS,
ATLAFICREW PRAMBS RIS i3 B ik

M| 43
DE—HB b) BTHE
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d)

E4-3 (8%)
OEZME I BEHR

44 —IHMRXEH
RS () T AR
()t
r) Lrl(n-r)
MAEREFHN - HXRLK:



FA4F HEHNTHAE 95

ﬁmaum:mﬁgﬁgmzﬁ%mmﬁa%Tﬁﬁ,mQﬁﬁC}
Coo
ClO Cll

CZO CZI CZZ
Cso C31 C32 C33
CAo C4| C42 C43 C44

WAL % R R E T
Cup C, C,, C;; Cu Cas
Co C, C, C, Cs,
Cy Ci C, Cs,
C;o C’41 C52 e
Cuw Cs .
Cso oo aes e .
MB W HBAPET, BWLEP=)=C..,, i>1, j30.

1 (n-1
i ()= (")+(00) - mOERPGH = Pt + PG=1jD). EPG-1) ERE RS

.
—&8, 5
P(i,j) = 1§;P<k,j -1
FeA 1B 240 FEAIPIE:

COO Cll CZZ C33 CM CSS
C 10 CZI C32 C43 C54
C20 C31 C42 C53

i~ 1
()R E T B — ARG EMEAE . EE PGO)=C_, = (10 ) =1, [kt

P(lj)=C,=1. W%, E—TME—FINFEMLENETA. BB EFIFH
BB AL, RERKHE-FINEEL N TFEL LRATE.

# ;% Binomial-Coeff

WA EREn

wat: s (7)1

BEGIN
1. Fori=1ton+ 1 do in Parallel
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LPED) =1

. End parallel

.Forj=1tondo

. Find the partial sums of the (j—1)th column entries using PARTIAL SUM algorithm and

wm AW N

store in jth column. That is,
P(i,j) = ZP(k,j— 1) wherei=1ton—j+l

6. End for
132 7. OUTPUT the result as P(n+1,0), P(n,1), P(n—1, 2),--,--
END
SRESH B -35TUHOMANMEHEBLEONERK. HOM)/MLEE, HSHELL
fEO(log mBFRINFER . BTRAT o MAEL, CREW PRAMEBRIATLISEHIZRE. HAERK
MIRBZHEE M TIE. BREn = 6RABENGA, BAPERALIERIENPEK. MIBHEAE
FA-1hg .

F4-1 UwE

0 1 2 3 4 5 6

1 1
2 1
3 1
4 1
5 1
133 6 {
7 1
IR, B —FI Ol By KA, MRA-2FR. 2SR AR 3BI%
N 6\ (6 (6 (6\ (6\ (6
4TI, TERA-TH, ET?HELB@%%ME%&T(O)\ (1) (2) (3) (4) (5)
*ﬂ(z)ﬂ'ﬂiﬁ%%ljjbl\ 6. 15. 20. 15. 6fnl,
£42 B—HEME
0 1 2 3 4 5 6
1 1 1
2 1 2
3 1 3
4 1 4
5 1 5
134 6 1 6
7 1
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R X

£t

“HhEmE

®4-3

10
15

ZHRmME

R4 B

15

10
20

10
20

10
15

10
15

F#4-5 BHEMERME

F4-6 FRHBEWE

15

10
20

10
15
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R4-7 BIEHE

0 1 2 3 4 5 6
1 1 1 I 1 1 1 I
2 1 2 3 4 5 6
3 1 3 6 10 15
4 1 4 10 20
5 1 5 15
6 i 6
7 1

4.5 JEEIAR/IMEBRE

AL An A BEIEH . [EEREW PRAME RSt , FlO(m) 408 8% FTLAEO(log )it i A
HEBATTENB/ME. FHAFBE W] LLECRCW PRAME R FHO(n) A AL 38 2 EO()I
AR (ZRHE3%E). EHNE/MAREBAIURENT: FEEE R, H1<i<j<n,
KA, Ay, A BUMYTTE ,

Mi= 1Ry = nbit, JEENE/MERELE ABA KB/ MR B R EE. FLx s
MeFHFMAE LR, T GEMCEEENE/NMEMREM. ZEKRHA =
(8,3,4,5,2,11,15,17,19,7,16,59,10,2,.8), —75 B NN B/ MEER4-SHFHEH.

F4-8 —EHEBIME

& H
i J O B /NE
3 8 452,11,15,17
12 19,7,16,5
5 11 2,11,15,17,19,7,16

p4

A TaksET kR, BOTEXAEANRIE, BHWANER D (prefix minima) 186 % &)
(suffix minima)., X% 4a .., .a.. XWiSE/NYEAP = . pp), Hpp, = min {a,.a,,
cra}. Bp REAFANTEDNE/ME. MM, FRE/NEXLAH—ATFHS = (51,5,.5.),
Hs REHBR RN TR PHER/ME.

ap:

s, = min{a,}
s, = min{a,_,.a.}
sy = min{a,_,.a,.,,a,}

s, = min{a,_..,""",a,}

MR FRESA HAA = (8,3,4,52,11), IBAHATRE/NGERE/N>BIAHP = (8,3,3,3,2,2)
S = (112222.2). #HTEMTENKAA (RiEn =24, A TRIEECEAR/MERE, &
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Nt — N En MM RS X B AHO0,1), 02), 03),, OnFEF; FT—EI

FRAMLD, (1,2), (1.3),, (1, n)FoR; B F—BHIFTARERIL, 22),, QudEzE. il
TR ATRRIS . XEE4- 4P R/,

@1 (02 (03 (04 (05 (06 (07 (08
B4-4 AR EPRICHI TS X

M4 RAERENBHALY. BREBR, FRIdAOHNTRERANE. RIER-SH
HHTAHTTEMBAA = 8,34,52,11L151)HFRIESE X H,

BAWNERY AvERER & A LV ARM TR RIS B/NRERE /. B, TR
A (2.2), LA (2,2) ARYARFREIMN TR (ALAAA) = (2,11,15,17). X —FRITAIE
B/NFEGR BN BIAP = 222,218 = (17,15,11.,2). BT A (2.2) BERHA:
P =(2222F1S = (17,15,11,2). HMFHONFEE-PRT . EHEFEPMSE? HELR
Tk BMA KRB BN HBDWPISEA . XEANTE LWHRRTEER. HE—BUHE
Vid, PRISEAERATE. WRAIRE-BHTA, ENERTFHO2-1), HHEFH0.2),
B R EA A,



_ P=83332222
§=17151122222,

H4-6 PHISEA

%x = min{A,.,A}, ABLAERTNT R (0B BRI PFIS AN T -
Py=A,,x
Soi = Ayx
LHEBERTINEE, TRGHONEZRTAHGR-12i-1), G&FAHGR-12). BEP., KR
T
Lo EEREANFURP o P s BEIP,
2. P, JE o W EA TR RPN S B — A R R R/MEEAR.
3t B2 R T LA R F T RO B ] 7SR B0
Bi1

% PR
P2 =(17444333)

P...=(108888.86.6)
%“"ﬂ;‘a mﬁ&ﬁ%ﬁﬁﬁf@ﬁ“’»
P, =(17444333 10,8,8,8,8,8.,6,6)
BE, ERXFP, AEBaNEE AN TEPNER/MIERY. EXE, siEPoNEE—1
TER3. FH, BN TEIOKHEmIn{10,3 gt 3B, LM, P10 THESFHIR.
55, BEP,, =(717444333 33333333),
Fi2

e
Ph-l,Zi—l = (7v794v4’49373’3)

P, ,=(10888221]1)
TEXRFI T, RITEAENNRAERE, B3
P.,=(17444333 10,8,8,8,2.2,1,1)

BLIE, FAxHIP,BIEEL MBI — BT B/MEERx, B3
P,=(17444333 333322110
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SRBUHSHI A WAL ME— BRI R0, BASHS, = (A,x), Hdx=Min{A,,, A}.
R, MFEER> YA, BREES. . FSo0. HEE, S S, BARERS, ShuS.
REESy . H x P, A S HB e — AN R b B/ MEB .

LA A GO RIS E R A PSE BB, 5 P B /ME R B AT LLE O I
AN RFABNSEE, B1<i<j<n. EEL XA AO0.)F10,/)H B
AL R(h L. HTFXANTHETLE, XWMUEOMMRINER. BN ERA
Sho1 2 NP, o FRITCRALA LAy A, B /MEm.

REX A BES,  2 P RLO DX PIRITER, yABAP 2T HO )X RAYTTE. Minx,y)
RITEA A AL ARE/ME. R ERIPHSES, I TLAZEO)E AN 52 578 Bl
PE/MEREE. fign, ZEE4-5HHHAE, BRE = 3f) =7, WAXHEANTTARHERA K
AT RART A UL, BALAZEREAE T SHOEASTA FY SE4AP. Efil&:

§=5433

P=2222
BASHA LI REINTTE, HIEAN3; mArhHp) = TRIHZEINMTHE, HiEH2. B
Hemin{3,2} HIfiE A2,

SHREMT AEBHAN:R), FHOM log n)MREEE, BATTLITEO(log n)RIETRINZE
Bk X AW R STIPEMIFE. YEkaitETEZE, MMERM<i <j<
n) W78 B PN B/ IME 2 1R () B =T LAZE O 18] PN SE B -

CENER/MEIMEAERENHASE. LN ATRASERA LHENTANEES (B
5.

B ik

Cole, R. and Vishkin, U. (1989) Faster Optimal Prefix Sums and List Ranking, Infor-
mation and Computing, 81(3), 344-352.

Kruskal, Rudolph C. L., and Snir, M. (1985) The Power of Parallel Prefix, IEEE Trans-
actions on Computers, C-34(10), 965-968.

Valiant, L. G., Skyum, S., Berkowitz, S., and Rackoff, C. (1983) Fast Parallel Com-
putation of Polynomials Using Few Processors, SIAM Journal of Computing, 12(4),

641-644.

B> 1]

4.1 BAOn-DAH—AHFREA. BE Thri, AORELERRKE L, Ko<k <
iBAKk) < AG). ERH—IEE, FIHOE)ALEEZEOE RN Rk — N HHT
EH AL LA

42 BAQO:n-1)h—AEENE . HRH—ANERERBIB M TR, HXdAGRER,
BB MR S Z4 B A 0log n). B iRiH—ANREZEO()RiEl P R gX AN R R B .

43 BEXH—AK/NAnlf RS . EHACRCW PRAMBRIEH —ANEE, EO) A
Mk BB Fhrk, ERX AR

4.4 EXFNYHFEAN KNy M EnfimPEd . rank(a:X) R BAXF/NTHE T ol T ENAN
¥, RAVE Leank(X: V) ABA (oo, Ffr, = rank(x 1) FRT—NMHTE
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ok B rank(X:Y),
4.5 WMEXRTE—ANH, HEACHFAGHHE, IBLEREASXTFRER: .

4.6

4.7

4.8

4.9

4.10

4.11

4.12

a) fECREW PRAMEIRY LRt — M EEAE —NMERERE T A RER. RiZHHHE
MR RER LD
b) fECRCW PRAMKLRY Likit— AN HILAE — B R & A RERE . kiR

MR RER LD
FRU— A BERERE A < mBVEREA N, HEIEROEZER EFRHOMm)A LB S
BRIV 2 B A O(1).

MR —NERERIX AU LT REAF, BAZERRMER T =AEKE. 821
HEREA, BROVBHMTERET AT =AM, H/ECREW PRAMER Eikit—/A &

FREAHOMRE.
SHEN An < nfIERE, RUF—AHERTAFAITENM. RORERE B fMLE
SERERE?

BA:n=1)% — DK/ AntI S . EEPKMEZERESEERM, KAG),
A(i+1), - ADIIFD, FH0<i<j<n—1. Hi=0Hj=n-11EH1E, BRIBIS AL B/
RANEE . HIRUE— A HE R A T RERYAVRIERITE B .

RALn)A—T8A, BUmAR—TBE, Kbm < n. BIFERILEAHBR
A BAAR FEA. Flan, BReA = (2,1,7,5,12052,7,1,1,8), B = (5,120,5.2), #f
LBAHAMTFHA . WRB=(1275), BLBARARNFHA.

a) fECREW PRAMELR! Lt — M HZRUESABRE G AR HARN A, Kt

H R HO(log n);

b) #t[El—AM[RIEEECRCW PRAMEL ! b iR it—A TR E:.

Bt — AR, WARBAAOR-D, REHAPLEZOHIAKE. G, 4n
RA=(123141213233), Bol1HB4ak, 2HH3K, 3Lk, &kiF—IF
TEE, BEHAO-DRAIEARA, R B A PrHIRK S
BAO:n-1)h—/A 54, BAMEIERAT HASRREHIBRNE. mREA
A=(1234,15171928,13), IBL1HIHASK, 22k, 3HHR2Kk, 4HI K.
BEAR LB B £ (51k), WIBABEA AL, HRIF— MRS R A



B A PR — e N, RNCS RS CEchi Rk E . BT A i,
B ). TR SRR B, R AR AT LA M A Imlf A o 5 v R e e B
=l R HARIINE B R

51 BhhcE

T = (VE &8 T Bl A A e, v By, v PRI E SRade v  FR
B, HETRECRE . T AEC FIVR el 51 A O 0 0 b e 3 R B 2 o
[l TELS | PR B S 2 RS- L B

RlS-1 - M

S5 MWEGHR

Yerlex (1l adwwi

i.3.l1

24
iI5TH

- i N Rl B —

3ol

#,11
Fil

o —
= AT - i
¥
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TATA A HRFR R ZREFREIE, Kb B
{<1, 2><2, 3><3, 2><2, 4><4, 5><5, 6><6, 5><5, 7><7, 5><5, 8><8, 9><9, 8><8, 10 ><10,
11><11, 10><10, 8><8, 5><5, 4><4, 2><2, 1>}

EXAFIRATLA R G4k R BR TR, B 4 & B (SuccessonRTHIFMMEL T EHZHN—4
REf. ERTLATEEME— A ERhi B . B =R B Bk B A 1) R =T LA YASE 2 3K F5 4K R 350 ()RS
JRARRBUE X BIETAAS, ETASHABMTAH4S, 6, 7TM8. MmRARBRINBEKALIE,
SR

Successor (<4, 5>)= <5, 6>
Successor (<6, 5>)= <5, 7>
Successor (<7, 5>)= <5, 8>
Successor (<8, 5>)= <5, 4>
—RIER T, REVE—ATR, uo, u, -, ue GV A, X BETAVEEH R,
[146] HA1H
Successor(<u,, v>) = <v, u>
Successor(<u,, v>) = <v, u>
Successor(<u,, v>) = <v, u;>

Successor(<u,_,, v>) = <v, u,_>

Successor(<u,,, v>) = <v, u>

% [RHA LSO It B B ARS8 FI R R R . ST ERIK <u, v>, FEO(L)B iR Py v]
LA <v, Ui o>> BICE T EHASKBAIBH BT REE S, FOMAILEE, $UTH R
40(1), FIEREW PRAM#E &Y e s8],

#%Euler Circuit

W\ BAEWHmissr B B SR T R R T

WY B <uv>H) 52K E i Successor(<u,v>)

1. For every arc <u, v>, do step 2 in parallel

2. Successor (<u, v>) = <v, w>, where w occurs next to u in the ordered list of vertices

adjacent to v. If u appears last in the list of vertices adjacent to v, then w is the first node
in the list
BMBZ’H T—ANEO)E A AR RIER S BB R 3. FIFBKKIE, FTLARRIF 2 A6
ROl TR R AT — AR R AR R TR AR R

5.2 4AHmiR

BRI - AR, TSR RR . —AB iR F LU SRR B B0k
For. ES-1hPIRAIMT, BRI UARTALUAKHIRERE, mES-2807R. & K
RKARBHEIIRKZ RN ARB, MES-2F R,
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BS5-2 LA iR R

52 WEXR
T 1 2 3 4 5 6 7 8 9 10 i
W 2 4 2 4 4 5 5 5 8 8 10

HAEEMFBTI RN R R RENCE RS, Ak, BATRAKRIE.

BENARBRERLE: BEPQ) =4 <2, DHIALE<L, 2> 280, Fp(l) = 2; <2, 3>HBE<S,
2> 700, FAp(2)=2; <4, 5>HBES, 4> 281, MHpGS)=4.

B, BNSAEBMETHRE - DIHALES N R 2. HE—RBUREL, K
PULRIATE RN, nR<u, voRIRIBF/NF<v, >R, WERE<u, v>IHBELERT, BfmA
p(v) =u. THE W AR MBIETHEE.

¥ ;%Rooting

]

1. AR E LHIBT

2. th a4k R BoE SLRITHIRKRRL 3R i

3. BEBR TR

W HTE—ATAY =, RHCHREE R HESEP()

1. Identify the last vertex v in the list of vertices adjacent to r and set successor (<u, r>) =0

2. Assign weight 1 to each arc <u, v>

3. Find the prefix sum of the weights of the arcs in the list given by the successor function

4. For each arc <u, v>, do the following in parallel: If the weight of <u, v> is less than the

weight of <v, u>, then set p(v) = u

5. End ROOTING

WRESF B -25TEOMEINGR; EISFALIEPHHMGHEMAEEL, A
O(n) AMRLFRE , $ATRTEIHO(log n); F4HHOMA LR, BATRIAAHO(D); HIEREL
RO/ Ab %8 B AR 6 0og n). BIFHITRSMAZLBITCREW PRAM HE,
B i% B % h $hfTCREW PRAMERAY,

53 EF%&S
AYAHKNBEEENS AN, EAEH (postorder traversal) #:8Ni J¥ s Ak T



RIITT ik CLr AR B THY J5 Py 15 A 22 30 A3 B r i) F- B0 i T 4L, e R rfr T
Befr. Blan. wmBES-3FRKIERRE, ARME, 2, SMSRINB T, XM RIEFEHEL
2,3,6,7,11,10,8,9,5,4,

E5-3 Bt

ERFRsf—/1a, CANERFRBIFFIFTARHEES . G, BS-3PTRGEF%
4. post (1) = 1; post (2) = 2; post (3) = 3; post (6) = 4; post (7) = 5; post (11) = 6; post (10) = 7;
post (8) = 8; post (9) = 9; post (5) = 10; post (4) =11 ( WLF5-3),

*5-3 BEFERS
v 1 2 3 4 5 6 7 8 9 10 11
post(v) 1 2 3 11 10 4 5 8 9 7 6

AR AT LA BRPL Bk . R EG, RBEHER<v, p()>83), BEBHTAv.
XA T E L R A

L3 FE—<u, v>, MRuRVIIRE, WX <u, v>BAEO; NRvELMIIGE, Wt
M<u, v>IEREL;

2. 3+ F MBI BM S 4k R B ERI SR, AT BT AT SRR 1

3.3 FEH—ATAAY, post(v)RI<v, p(v)>HI TR

4. BRHE RS An, HPnRRETHAE.

X FES-3FRMIR, FRIBARS-4AL. RS-4QMHKAR, REMAHM. Hik
T

i %xPostorder Numbering

B

1. ANE R BpDA EHILAr AR A RMT = (V, E)

2. TRy hi

W HFE—ATRy, FFRSpost()

1. For every arc <u, v> do in parallel

If u = p(v), assign the weight 0, else assign the weight 1 to the arc <u, v>. End Parallel
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2. Find the prefix sum of the list of weights specified by the successor function
3. For every vertex v do in parallel
post(v) = prefix sum of the arc <v, p(v)>
End parallel
4.p(r)=n
5. End Post order Numbering

R5-4 SRS IEAHITEM

BRhLB WHE GIE:il

{4,2) 0 0

(2,1) 0 0

(1.2) 1 1—post(l)=1
(2,4) 1 2-post (2) =2
(4,3) 0 2

(34 1 3-post(3) =3
(4,5) 0 3

(5.6) 0 3

(6,5) 1 4 post (6) = 4
(5.7) 0 4

(7,5) 1 S5-post(7)=5
(5.8) 0 5

(8,10 0 5

(10,11) 0 5

(11,10} 1 6—post (11)=6
(10,8} 1 7 - post (10) = 7
(8.5) 1 8~post(8)=8
(5.9 0 8

{9.5) 1 9-+post (9)=9
(54) 1 10— post (5) = 10

WREM REFANLEREHOM), IATHIEIHO0(0g n), HhiTCREW PRAMRA!,

54 RRITE

*FaE—TA, BRERAKTLLHGEF S SRk HE BRI el &R 2. TRy
B R B E T UV AR A FROTTAN K, Ek<pO), v>HIETER S <v.p(v)>ATFT S
M. Gian, B5-3FURIIR, RIBRISMOFIE, Bilmil<d, 5>M<5, 4>HRTERFN 5143
10, BEBTASKERABR10-3=7, HkRULASHRIIBAFHAETATHR GXTATA
£5, 6, 7, 8, 9, 10f111), <5, 8>F1<8, S>MIRTHFL HIASS, HM TSGR
H3 (5 FIATHAS, 10FA11).

55 MREHR

BB EECH0, WEKRE. H253W<py), v>it, pMR BB mYLd
W<y, pO)>H, vEIES PN ES 21, BRBRNAHEEm<p®), v>RKBERENL, 4
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&R <y, p>KIEREH -1, £ hRR R E SR PRATAEN, Level(m)BEENR
<p(v), v>RIRTERTN. RS-SFEREES-3F IR E TR ES.

*5-5 BH
BRHi#% B AR
(4,2) 1 1-level 2) =1
2,1) I 2-level (1) =2
(1,2) -1 1
(2,4) -1 0
{4.3) 1 I~ievel 3)=1
(3.4 -1 0
(4,5) 1 l~level (5) =1
{5.6) 1 2—Jevel (6) =2
(6.5) -1 1
(5.7) 1 2-level (7) =2
(1,5) -1 1
{5.,8) 1 2-~1level (8) =2
(8.10) 1 3-level (10) = 3
(10,11) 1 4~level (11) =4
(11,10 -1 3
(10.8) -1 2
(8,5) -1 1
(5,9 1 2-level (9) =2
(9.5 -1 1
(5.4) 1 2

56 R{EAHA%

EHRAITHARXR THBRMO—NMEEFEB LA AMNE. ECLARGERRTE, ATA
VEIriE F TSR VIR L . B EFEA TR ALY, BT ufivi 2 L3 e iR hufivit &
fEn#iat, HICHAHLCA (u, v), Biltn, ES-3FRMARBS, LCAQ2.6) = 4; LCA(6,10) = 5;
LCA (7,11)=5; LCA (8, 11) =8.

WTA G- —AFE AR, FA TR B AR A 3 e ufnv i B ARSI R ABA TH AL .
MR RHRR T 2L X BRIRA LA LRE. MRTR-ANTLIXM, HELTA
e, UMERTERFER. mEuFvERATANIRS, TAemvRRA LB ETED T
[T 7 e

1. ufivey BRI Bocfny. M AERIFRILE Gy, RIRLIEF A EFRHAAR
[RIE;

2. Fxfy N FE 5 TF AR i i— 1AL BGE Ab, b, by--b,

3. wHIvEY B AR 2 dE3H e 4RI Ab, b, by--b,., 100---0,

Bltn: u=47, v==61, ufvi ZHHETS HH

u=101111
v = 111101



EFS¥ H X 3 109

MEEIA e gufv) it IR, ARFMAMCBEESE A, Hiks = 47Fv = 61fIBIE
2\ HRAH Sl e sl SR 4110 000, B) LCA(47, 61) = 48,

—MERHHBREARELE AVTAHRK-RARKOREA LN L. FIARRK
P, BERKRLURAGEANMOKREE. XARKEEEEZLRA—-NHR. EXAFIERS,
AT A uk R <u, v>, MEFIROEHBMBREZRR. RIOTRXNMFIRARIE KA.
Gian, B5-348 A RRTIERR BE N A=(4,2,1,2,4,3,4,5,6,5,7,5,8,10,11, 10,8, 5,9,
5). BRPIEHAR—RIEA A

A = (ah aZ’“.’ am)
{EEB =(b,, b,,"+", bm)’ iZbe i/:l‘:wTFFm:ﬁaxE"JEﬁo 3’13:5-35?5%3"]1‘33‘, ﬁ
B=(,1,2,1,0,1,0,1,2,1,2,1,2,1,2,3,4,3,2,1,2,1)
H—%, BINDEXL BTN BERAINDNFOrG) . X FE—ITRY, I(VERIEERHATVE
B 7230 B IR ER . rODRISTESA AP vERA L MBI B4R . X T B5-35R, 1(v)
r(vyHES-648H.

£5-6 |(v)Far(v)RE

0 Sy 1 2 3 4 5 6 7 8 9 10 11
I(v) 3 2 6 1 8 9 11 13 19 14 15
r(v) 3 4 6 21 20 9 11 17 19 16 15

A=(4,2,1,2,4,3,4,5,6,5,7,5,8,10, 11, 10, 8,5,9,5,4)
B=(,1,2,1,0,1,0,1,2,1,2,1,2,3,4,3,2,1,2,1,0)

BN VIR hiE A RIBRRL B tH & . PATIRIEMR BB EY . ERITERE P H MRS
v, FIRBEDHBRMa = v, BFllevel(a.) + 1 = level(a,). HKflh, NY5RIFTELAV AR T
B EMBTAETAE, vAREBRREHIGE. mECLaviREIEVvIIGE, RASERHY.
Hik, FIARALEIMa = v, Ha. = vIOBGE. BILL, BALHAMG = v, HHXY
level(a)—-1 = level(a,)). & LFRR, TAIAF I FER:

Z55-1

1. 4R HKMA, a=vRABBAT VAR L L ER, % B R Slevel(a.) + 1 =level(a);

2.0, =vAKBAPVHIRE L A, BB Zlevella)-1 =level(a,.).

TR B RARERERERD, BRIOANTER:

Z5E5-2

1. ulvehfn sk, % B %I <(v) <r(u);

2. e RuAviiing Bv i tutiink, AMNfufov 2 R £e), ufevR A0 Xy, A
REE2ZrW) <l(v), £4rW) <.

Ay By R, BHLCAM, v) = u; HufvAHRE, BHARABHBRLCAMmY). hWE
HILCAGu ) HBIEuBvIIEE b MufvRHRM, Rh—BtE, BErw < iv), MLCA(LY)
i F B AL WIS B A2 W BLE v 2 AR R h . 3% 3040 OBK LB (UL 15 ] A w B viX 5
% TR AUREMER. R X o kb A B/ BEMTAZLCAmY). Ei
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BMNFITER:
Z3E5-3 4o Rr(u) <I(v), MRLLCAWu V)R LRr(u)2I(v)# X8 L EH 5 N EKGAE .,
LR, RNESB TEHES.

WELCA

WA

L B TICERANERHT

2. AT Hufy

Wi LCAwY)

1. Find the Euler path beginning from the root

2. In the Euler path, replace every arc (u, v) by vertex u and insert root at the beginning and
get the array A

. Find array B = (b, b,,"-*,b,,), where b, = level number of a,, the ith entry of A

. For every vertex x of T. Find I(x) and r(x), using the arrays A and B

CIf I(u) < I(v) < r(u), then set LCA(u, v) = u and return

CIFI(v) < I(u) < r(v), then set LCA(u, v) = v and return

Ifr(u) < I(v) set i = (r(u) and j = I(v), else set i = r(v) and j = I(u)

. Choose the index k that is minimum in {b, b,,,, b..,,"-* ,b;}

.LCA(u,v) =a,

End LCA

BRABESWN  RERDI BT AN BT RRE R A1), KiG)Fr(x) B FRIE R 4
o), XEWE ~ 45HPATEIBIAO00), S ~ THMITHHEAO); FE8P R TEHE /b
B, B BAmBLE, RKEBBR/DIEHELAON), EMEREFEELEIZLRAHOMN
log n), $#HATHTEIAO0g n). EHILCARBMEE HER MO log M) ELEERE, AT
I8 4 O(log n).

5.7 w4

B RS~ X, HIRERRERNESE A TNANES XN RLE S 3.
XRLAR B ERF SR E R, EHRNFTHERES:, TN RINFAREERARE
Forpf R . i, FEEQ*x+d*y) | 2+a), EANBEARFER M B RN ANES-4a iR X
. B—ANHBBART—NEE, B—MHFRART—TBEHEEK.

HTIHEXANFEBR, HRIFEH2*x, 4*yf2+afiRiEX (WES-4b) 5 REH2* M
axytnidse (RES-dc); BFE, 2*c+d*y#i2+abf (WES-4c). XH, FORMIR SIS ARG
SHFRERAMEHR. T WER, RIN5IAsHrake,

rakeiEM ZE_XWT = (V,E), BANBHARERNEF. RigvEAHN AELRR
. IEpVFERVIIIGE, sFRVIIILE. Jtvidrakeiz®E (ILES-5) BT

1. 4T AvEIp(v);

2. {EBs() ApWRIBEENZF .

O 00 93 N i bW
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(1)
) (&
) ()
000
(1) (1)
® &
(2 ()

b) c)
5-4
a) (2*x+4*y) / (2+a) b) KaEH o) Wkt

A\ e ™~ \
parent (p(v)) e AN \ parent (p(v)) SN
sibling (v)

rakeiZz B )G

sibling (v)
rakeiz B R
E5-5 rakeiz®&
BLE % Brake B BA T REM A M4 S RIIT. MRFHATURuRvRILF, MHufiviElb
W iTrake B B AR SR EL. R, M RuIDGERVINHACEE, FIR P fTrakeiz B AT HE
PEAihgE. T BT ER LR e i fTrakeiz H, MBI MBALHM TR, B
RS ST RS BEEi8IeAL, L, L, L. B0, 7EES-6affimiph
L =51L=8L=12;L,=13;L,=10
B LR LG ARSI, BIL, L, L, L. (ELMITTER, HEZEMMERAN  [156]
RMEKT, FURLART, RIMEZEFHTEMRakezE, RFEM b ITHEMrakeizH.
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fign, ES-6affrRBIBH, Lu = (L), Ly, L) = (5,12,10). fEL.F, SEREMIGERIABT, 12

IO ENMICRIN AT, BATE SRR 12R110fMrakeiz B, REHXSHrakeiz . X4

SR ES-THORMBRRAE . ES-TaRm B 10 S0R, EF1KERS, LEAH
L=(12,14,15,5,8,16,18,19)

L.=1(12,15,8,18)

B 5-6

a) rake; ZzBR[ b) rakesz BfF

FELNERS, 12, S8R ERKT, ISRAHK T, HEBINEEXT12, 8MISE 1T
rakeiZ2H, REE M 1S fTrakeiz®E (WE5-7a, biic). EBNESR, T —kEE#Trakeis
BT S ARG R R EF2KRERGD, LbhF4)THE:

' L=(14,5,16,19)
Loa = (14, 16)

B/ 57
a) B, FIk&E, L=(12,14,15,5,8,16,18,19), L., =(12, 15,8, 18)
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@ O® O

€)

Es-7 (&)
b) #12, 8, 18[FRHSErakeiB B G, X 15 rakeizE ¢) 15 FErakeidE G, BITE22RIEN,
L=(14,5,16, 19), L, =(14,16), #Z% T 16ffrakeia®, RG3EHF14MrakeizE
d) 3t 16/ Erake;aBIG, Faf14firakeia o) 14 ErakeZHF, £35
A, WAVEHAMEL = (5.19), L. =(5), *5ffrakeiz B
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(0 @
@ e g

) @

f)

Es-7  (8)
£) SsErakeid BG . B JE— &, L=(19), Lu=(19), #19ffirakeiz®
g) M 19fsErakeiz B, RIOBENESH N AR

XHEI6R AT, 14-EABT. Hit, RINHE16Mrakeiz®, RGH14frakeiz
(W.FE5-7c, dfte). EHE3RENRSF, L =(5,19), Lo = (5), BlIULXS5Mrakeiz® (R ES-Te
mf), ERF—wERP, L =(019), Lu = (19). X198 TrakeidzEfm, HIAFEF =T
M5 3R (ES-7g).

BNEED, FHEMLAEANLHE, idE—kENR, LhRTREE, Fikanikem
L n M A, RITBAF AT ANZELZXRILFEEO(og ik ER, B—KRERE
EWE, B—FRHOMANLEBHATO)E A . BRI 48 Bk SRR R E 2 8 2
O(MARLHREE , $hATHEIE A OClog n), $ITEREW PRAMMER! . BLIE 1148 Hbt oo e i Bk
HIHR -

# % Tree Contraction

B

L AR ZXHT, XE—EHFHARAERN&T

2. }EA TR VPV Fls(v)

Wl BRARBEABRI =N REER

1. Do the following log(n + 1) iterations

1.1 Number the leaf nodes from left to right, leaving the leftmost and the rightmost node.
Let L denote this ordered list of leaves, which are left children
1.2 Apply the rake operation concurrently on all the nodes of L, which are right children

2. End Tree Contraction

RERMNAAMUEREN A REZNEA—RBAREKNOHE  (arithmetic

expression evaluation ),

5.8 HARZEAMNITHE

RAEBE B —NERFERFTR XA (LES5-4). AHIRERIHREE
K, xAbottom-up it iT BRI HFBEHM A AHOM) . AHRIAKNKSER L, &
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O(log mEtiEI NI+ EFRARK, FALEERAHOM) . HTRHZEXMEvaA(T), RITHEH
FLAREE SR FRAR M Eval(u), B—F Sust B — A LB ., .-

MBuR AR, CROBRTRVEIW, Blvalw) = {p, val(v) + ¢.} * {p. val(w) + q.}, XH*
ERW S EHLES-8). Pitn, ZEMES- TR, RIERXMER(B*5+3)*
{(-2)*1420}=(43)*(18)=774.

TR, HE—AHARE, 9 = (1,0). Mxfviltrake TR, EBBRRHRINE
B ENE, O, SREARARBFNERSEM. ZEES- 10FRIR, BEETKu
MBER*, M AuEH A,

Bl e 4 fivilirake iz B, fscrake ZE G, BB mEAS-10bFRIE . wit{E Srakeiz
2 BRIXMEAER, HEC.. 4)ERTCE.q.)

{Pu. Q)

Es5-8 Hp,q) HAYH
(Pw: Q)

p(u)

(Pw: QW)
© w
b)

®.3) e a (1,20) M 5-10 T61

a) rake;Z W2 BB b) XV Rvill
E5-9 £, q) HI/NB rakeiZ BT R

Fl, 785 virake; 2 BRXEEF 4 8. RIVKEEp M., ERFERNETZRN.
fErake;Z B2 A0, W Aud EIGRIERTER TRk Ap. * val(W) + 4.,
Bp
pX*prctalr*@.*X+q)+q.
={p* @ c+q)*pr*X+{p**c+q)*q.+ 4}
R fErake BB E RATBRFRE—ME, WA THIER:
p.=p.* @ *c+q)*p.
g.=p.*@*c+q)*q.+4q.
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XA B P wIIXEE A2 20 .
REuE A +i25H, AT

pP.=p.*p.
g.=p.*(P.*ct+q)*q.+q.
FIR LEAAK, p Mg ATEOMMEIARE, KR HSGENMREESERTRER
FKIEXMETFOMALHEE, hATHEIAO(0g n), X BEnRRRERPBEHNIAN .
XA EEAES-11a~ gRAR. ES-11aRRERRER, XELTES-TahBiRAIH .
A THES5-7a~ girakeiz B, KAAFMY, "THFES-11a~g. HET AER T —KEMrake
BRAY R, BRIWERT, frakeREQ@, 9XET. E5 B, #HTLUURIERPIER
2925,

B 5-11
a) BAFER Aval(D) = {(10+12*(l4+l5))+5}+{(8+(16+18*19))*7}=2925E{JWT
b) 3412,8,18fFrakesiz )5 ) 315k frrakeiz BfG
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(1,0)

(18,24)

d)

(366,0)

(1,353) @

g

B5-11 (&%)
d) %16 fTrakeiBB/G ) HH14dhfTrake;z B G ) #HS5hfTFrakeiz B E
g) val(T) = {10+353} + {7*366} = 2925

5.9 FHEARREE

BNmERRELENEEE, TLBAERERK. REDIER, ROBARERK. B
5-128R A 124V R HIFRbk.

IERO) AR, KbV RvRIEMEIEL R . RS5-7ThRAEAES- 128 £ MR,

BAVHEE IR BRI R R T — AR, HRIRXANEZRRE N T RPRVE. HES
TRy, FEEEHATHERR() = parent(v). ARROVBER, WLHRRW)) = R(v). BHEIFEKA]
RERRMW) = Rv), FIER() = RR(v)). ZES5-13FRBIFRM, RS-SAWM T H—EBHIRG)

HIfE -



118 Fon BEYEZ
O ! O
OJORO (5)
) ) ()
BE5-12 FHHERMENRERR
F£5-7 BES-12F R HRHRAREA
v 1 2 3 4 5 6 7 8 9 10 11 12
R(v) 1 2 2 4 5 5 5 5 1 1 1 1

E5-13 SH3945 ARk
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®R5-8 MW5-13AT RRIFRM KR (20

R(v) R(v)

v m Brett 2 B B3 v mis BB My B2 BrEs3
1 1 1 1 1 21 15 12 4 I
2 2 2 2 2 22 15 12 4 1
3 1 1 1 1 23 17 13 6 "2
4 1 1 1 1 24 22 15 8 1
5 2 2 2 2 25 22 15 8 1
6 2 2 2 2 26 22 15 8 1
7 4 1 1 1 27 22 15 8 1
8 4 1 1 1 28 18 13 6 2
9 4 1 1 i 29 18 13 6 2
10 6 2 2 2 30 25 22 12 1
11 7 4 1 1 31 26 22 12 1
12 8 4 1 1 32 26 22 12 1
13 10 6 2 2 33 28 18 10 2
14 10 6 2 2 34 28 18 10 2
15 12 8 1 1 35 28 18 10 2
16 12 8 1 1 36 31 26 15 1
17 13 10 2 2 37 31 26 15 1
18 13 10 2 2 38 33 28 13 2
19 13 10 2 2 39 34 28 13 2
20 14 10 2 2

N *%Find-Root
|\ HEHAPARENT (1:n)RRHIFRM
W R(:n)
BEGIN
1. For i =i to n do in parallel
2. R() = PARENT (i)
3. while R(i) and R(R(i)) are not equal do
4. R(i) = RR(®)
5. Endwhile
6. End Parallel
END
WHRENT DRFIENCEBEAON). 3~ SEHForEHEL B log nlik, X
B FFEARER(v) = PARENT(v), BELR(EH SvEER A 1RV . HBITER(R(V)RIE
Bt, BERIMAE. DRIh i 50 B st R MR vk B (log ), X BARMRIEE. EREHRTA<,
R R A E R B A 0(log n). HBATHEISH, ARARERE, —FTRRGD, 512
RR()). M FHRAAFEM, ROMEATENEE, BUESREHFRIRRE, MHRBRIER
ARRRAE. RILXARZIITCREW PRAMEIR

5.10 ZiRAYSE
P ekt BRES R B — A BIF . BB HREE— RIS A SR Z ARG,
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BET =V, ORI AIRKERE, HHRABCERFRET.
MEVARBIR, PARENT(O)FERR P AVEIIOE; v = rZ#R, MPARENT() =r.
BMBRINTEA NS SEEIGENKEAINE, £ F—WE, FiAREFRA WK E
ELA2MBBRE, REMEGHIRRRERKEZZAH4GRBERE, $EINTER, NE
A EBIBA AR S S log 1 #RKE, XEARMAEE. BAHATEPATHXRE R,
PATHWZ MY mvEIRIIES, Eh—RFIMHSHAEE. EEINER, BRE
PATH (1) =(1,2,7)
PATH (7) = (7,9, 3)
B2
PATH (1)//PATH (7)=(1,2,7,9, 3)
WCS/ATEREAALRANEER, LUEE—FREKNE. BITEEX S —EEANCOH)
(#%:). B#¥HANC() = PARENT(v), #}# HPATH(v) = (v, PARENT(v)).
T—HME, FTmEAEERRMITETR R 7 R AR
PATH(v) = PATH(v)//PATH(ANC(v))

B HHANCHIE:
ANC(v) = ANC(ANC(v))

EHERATATUAREAARKESOMAE. EEVIANCOMBE LB, BINX kAR
M Bk
PATH(v) = PATH(v)//PATH(ANC(v))

At A, Rllog %, XATBRA MM SERNE, XHRAENYEE. TEA—
BT RAER ERTR. %IEES-14aBRIIRE, RIEIEE R4, AR ABRRRFORE K.
BT A48 BRI SR . B S-14b. ES-14c, E5-14d, ES-14esy BIFRLid 51,20
BSHIGE . %2W B S, PATH(1), PATH(2), PATH(3), PATH(4), PATH(5), PATH(6), PATH(9),
PATH(10)FIPATH(12)MK B 545 LB BRIGIE AR, BB EN TR RIANCRYE AR, BA1R
A AVER X RE; XE, vIBRANCOARBRX —&H. HOREWT:

M ixTree-Path
M 2 mEATHAVIIPARENTO)E RIHT = (V, E)
Wl xtEAv € VRJPATH()
BEGIN
1. For all v € V do in parallel
ANC(v) = PARENT(v)PATH(v) = (v, PARENT(v))
End Parallel
2. Repeat the following steps [log k] times where h is the height of the tree. If & is not
given its maximum value n~1 must be considered where n is number of vertices
2.1 For all v € V do in Parallel
2.2 If ANC(v) is not root
PATH(v) = PATH(V)//PATH(ANC(v))
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ANC(v) = ANC (ANC(v))
2.3 Endif
2.4 End Parallel
END Tree Path

a)
@
(8
PATH(1) PATH(2) PATH(3) PATH(4)
ANC(1)=2 ANC(2)=3 ANC(3)=3  ANC(4)=3

14444

PATH(S)  PATH(6)  PATH(7)  PATH@B)  PATH(9)
ANC(5)=12 ANC(6)=9 ANC(7)=5  ANC(8)=10 ANC(9)=12

g
(19 D, (13)

PATH(10)  PATH(1)  PATH(12)  PATH(13)
ANC(10)=12  ANC(11)=8 ANC(12}=3 ANC(13)<6

(19 (19
PATH(14)  PATH(15)
ANC(14)7  ANC(15)-6
b)

A 5-14
a) WT b) MK ERHT
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1111

PATH(1)  PATH(S)  PATH)  PATH(?) PATH(8)
ANC(1)=3  ANC(5)=3  ANC(6)=12 ANC(7)=12  ANC(8)=12

1144t

PATH(13)  PATH(14)  PATH(15)  PATH(@  PATH(10)  PATH(11)
ANC(13)0 ANC{14)=5 ANC(15)9  ANC(®)=3  ANC(10)=3 ANC(11)=10

® NG
(@) (@
®) (

PATH(6) PATH(7) PATH(®)
ANC(E)=3 ANC(7)=3 ANC(8)=3

PATH(11) PATH(13) PATH(14) PATH(15)
ANC(11)=3 ANC(13)=3 ANC(14)=3 ANC(15)=3
€)
Es5-14 (&)

o) BIMT By —oeis d) B2 ERA— &% o) B2 B — &R
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EANEHEBOMAMLTRE, BATHHAIRO(og ). B TANCH) X B Avii & K1l
M, Ht, ZEZEHITCREW PRAMEIRL,

511 WEH-XH

LR E A BB S R — B BEAPARENT, CHAH THAHMNEETR.

Rl E M, PARENT() = ufftI W 3%E; PR uf, PARENT() = u.

Fitn, BS-1SPRIIR, FS5-9OBHTHIEXR, BEXNRBLEWIFARRABLL
MR . RERMNEESRETE XM, RERTR_XWE, s8R HIMT.
AHTETHRAE, RIOVAL 2, nkFRTNA. N TFE—TA, EHERTHRERANERA KK
Hatn, RAEBEDHETFHE DR, B TREXR -XRBOHEOT: g TA,
iy I T, R < <iy <i. X,

INEZTFRL
HioysEm S I
LRV E T R

i BB R

E5-15 B R ERRERXR
&5-9 WHEXEK

THLAR R A L& S

B N R N R
NN N 00 00 O 00
—_
=
(= - - - NV R IR
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ERERES-16, X A3 —48HPARENT, LCHILDFIRCHILD& 5.

LCHILD()) = Z— X #thifi & F
171 RCHILD() = X HifIA#%F

EIS-16 B4 Xkt

B ABEER XA, RNCSFFRA B/MERNINEFHE AN ES . A
IMABRIMES, BAKTIHB/MER.
LCHILD(i) = i) B A B/ Matri &+
RCHILD() = B AT if B/ Mabredin i o
EERM, TEA: |
J» #nHj = min {k/parent(k) = i}

LCHILD() = {
0, IRAFFAETRBER IR

j, fmHj = min {k > i/parent(i) = parent(k)}
0, 2N R AF7 {E I 45 43 parent(i) = parent(k)

E5-17F 5 — AR R BN U5, #5-10£ 1 TPARENT,LCHILDFIRCHILD/A .
172 S T RKHLCHILDFRCHILDHIE , &80 8 R TUREFHFHET . X RGN (EHRLCHILD
FIRCHILDEYERZ Bk it . % HLCHILDFARCHILDHH TR T:
¥ EBinary-Tree
#\: PARENT(1:n)
##: LCHILD(1:n), RCHILD(1:n)

BEGIN
1. Arrange the nodes in a convenient order so that the evaluation can be done efficiently

RCHILD(i) = {

2.Fori =1 to n do in parallel
3. Find LCHILD(i) and RCHILD(i), using the formula given above
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4. End Parallel
END

ES5-17 BRFE ZXHETR

£5-10 WE. EBETHLHBEF

A PARENT(#) LCHILD() RCHILD()
1 7 2 3
2 1 8 5
3 7 0 0
4 8 0 6
5 1 0 9
6 8 0 0
7 7 1 0
8 2 4 0
9 1 0 0

EEMEEAOMA LS, iThEIAHO0(og n), HihfTCREW PRAMEIAL,
5.12 MAER

AHRMARK—AHOFERANERNFTEL. RTHTHAVRNERREMETH
AR TR BRKRAKE. B
dia(v) = Max {d(v.w),w € T}

X B d(vw) R R MBI W) SR8
Bk RARBER M TR R, BT X B R AR AR .
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RE5-4 BET=(V,ER—AH, u, vEATHHAMR S AR HE—ATREIEV, &
Max {d(i,u), d(i,v)} < d(u.v)
W& 89 €V, Adia(i) = Max {d(iw), d(iv)}. #AH, MKuBlv#st RTE 6% kB2 —,
BB R AT T e VAR R M . RERVRTRAEENTA, RITEIEY
d(ij) K Max {d(i,u), d(i,v)}
IR EXBL, RARTHERTA, FiLA%Rdia() = Max {d(i.u), div)} L. BLERIEH
d(i j) < Max {d(i,u), d(i v)}
fREwR MuB|vE B B ST, RIBRE, BA1ELGY) <dwy). BfA
d@.w) = d(v)—-d(v.w) < d(u,v)—-d(v,w)
<d(uw) + dv.w)—d(v,w)

=d(w,u)

K, FIA

d(.u) <d(u,v)
BN TATLAE A

dj,w) <d(ww)
BATRFI R PR e ok 52 BUIEFA:

d(iw) <d(w,u)

d(j.w) <d(wpy)

A
R MuBElvEIRE 5 BRIBRA — LA KT A, HEES
d(i,w) + d(w,u) = d(i,u)
d@iw) + dwy) =d(iv)
MEi—fMEE, A
d(ij) = d(i,w) + d(w, j)
<diw) +d(wu)

=d(i,u)

HE—MEE, &
d(i,j) = d@iw) + d(w, j)

<d(i,w) + d{w,v)

=d(i,v)
HH

d(ij) < Max {d(iu), d(i,v)}
w2

fRi% MuB|vOES 5 BRI B IRA A TR RE/—NEEE LEwWBERITA . &5
A
d', j) < d(j.w) < d(w.u)



ES¥ # X % 127

bslii}
d(i,j)=d@,j') +4dG'. )
<d(i,j') +d(w, u)
<d(i,j') +d(', w) + dw, u)
= d(i,u)
%A, WTLAIEBALG, j) <d(iv). BEIE
d(i, j) < Max {d(i,u), d(iv)}
2 PRI .
EIE5-5 METEA—AH, uRTH—ATRE, R FiE—# Rdia(w) = du k)M Sk, T
PH -5 R KB, APERECH-ALE,
M RETRUCHRGERR . HREZE b ERm, RE—-AHHA, BREY, wiT
BB, j RvAwWiBEA .
WA
B j Rk, BirERA

d(jv)<d(jk) 177
d(jw)<d(jk)
B
d(v.k) = d(v, )} + d(jk)
Cd
d(w k) = d(w ) + d(j k)
5]
d(vw) =d(jv) + d(i.w)
< Max {d(v k), d(wk)}
mi2

BEiARkHE, jJRAFURKAEL, A
d(v,j) <d(v,j)
n
dw, j) <d(w, j))
XHRBkI KA, E—FH
d(v,j,) <d(ji-k)
A
d(v,w) =d(v,j) +dw, )
<d(v,j) +dw,j)
<d(k,j) +dw,j)
= d(wk)
FA ML AL Bd(v,w) < d(v k). BETiFd(v,w) < Max {d(w k), d(v4)}.
mfER1FEE2, "TLEE
d(v,w) < Max {d(w k), d(v k)}
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Fy BEPEL

M EEA SRS B E AR

NE AT KRR BTA TR B2 Bk
¥ xDiameter

BN BIT=(V,E)

B dia(i),i€V

BEGIN

1.
2.

N

Choose an arbitrary vertex i € V and compute {d(i, j)/j €E V}
Find the maximum of the set {d(ij)/j € V} and the vertex u, such that d(i,u) is the

maximum. So, dia(i) = d(i,u)

. Compute {d(u, w)lw € V} .
. Choose the maximum of {d(u, w)/w € V} and find the vertex v € V, such that dia(u) =

du,.w)

5. Compute {d(v, )i € V}
6.
7
8

For each vertex j € V do in parallel
dia(j) = Max {d(u, j), d(v, j)}

. End parallel
END

HEEEHOM/Nog mA-ALHE e, PhATHTIE A Oog n).
5.13 EBhixsiE

BET = (V.EE—/4H, LE—KLAE T EXERE. Rdia(w) = du,y), MRV
AT U R ZANE, X Bdu R RAeBvRE LB AL EZM, daBruIER.
g, —AWATGEALE—-NBEE. i, ES-18FRIR, TAuf =4 Rx4Exyfn
zo M TFE—AE, TTLLEE I EBEAESSEMEN S EIE (transitive closure) RITHHEEA TR
ARBIRARE. %M ERANGESECAHOM), $ATHEIZH00g? n).

B5-18 ufI B4 Ex, yiz
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{823 FHF B, GhoshFiMaheswari (1992) CLZHFBY, A — AN B B 60 F T Auin
vZIial, BBABANTARBRAE SRS e, BE2v. FIHXAER, RO T-EBW
HiTHE .

HREXIAES:

P(u v)Z B B v i — ) — 5 %

D(u,v) = ufflvZ [a} I RE &

=P(u )31 B E F;

P(uv)NPx,y) P (u v)FIP(x y) 2 IR K 3%

RITHERARBERE, ISEREARENE. -/ RAL—FER, HEBAMER
KE. THAH-LHBER.

RE5-6 e RuFov R R TPufov®FLARE, R Puu)fePyy)dm R,

B BEPwu )Py V)RR (WES-19). ZEMuBlv g, Pay)@idPux), R
fasr#F, #BRPv)Fym, HNERE

D(x,u)) > D(x,y) + D(y,v,)
D(y,v,) 2 D(yx) + D(x,u,)

HXPWANAEN, 5§
D(x,y) <0

X

v Vi
y

B5-19 P, u)FP(v, v)AHR
X EREHFE, BAS - FONEEENRE. EHEPuu)FPE.v)LHEZ.
Hit —ATEA T G RIBARE B B ER HHOPTA EZRR, 180
RHE5-T MAEPuVART = (VEH—AERE, WHFE—TExEV, SAuRHIRE

ARE, REVEAXHBREAE.
iE: BEPUE—HR, xEVREE—TAA, yRBnME. BINAEIEH

D(x,y) = D(x,u)
£

D(x,y) = D(x,v)
MR, PO)FIPUVAEZRE, id
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P(x,y) N P(uy) = P(p.q)
PRPuHHITI A, Hli1E2
D(q,v) 2 D(q.y)
HAPuvRER, XEAyRMIEESE, A
D(q,y) > D(q.v)

KR

D(q.y) = D(q.v)
R A

D(x.y) = D(x,v)
BRI

MR EMMTHERP (), BEHEDCWFID(x.Y), ALK TH&E AT AR 40 E

R, SAYEKRER, FES-SHHTRARMLR. TERRNEGHRFOERTR:

L xRAEBINA;

2. yRARI BB

3. R YHI B AR /E;

4. Py )RTHIER.

MRCEKHPO.), Ba, HTE—TREV, ufJBESEH

ye { ¥, IERD(yu) > D(z,u)
z, &M
ATLAER LR BT EO(n/log m)A-4LEE R, $ATHT A HO(log n).
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B2}

5.1
52
53

54

55

5.6

57

58

59

B TR eI R RFR. BESMRE-NMERHEFIER. BT —F3kkE
BRI R D AR B3R 5 B 22 BUA BOAR rED B — A F R AT R F A B . iR —
AN HATEEEO(og mFH RN BB E/N T A VIR %5, FIFEREW PRAM #1Y,
BET = (VER -4, s)FTVIT—ARE, cNRRIE-IET. HEW
ME, & HATEERREA T AVIIIGE.

—AE R E PR K R MR A TRE PR K TE TS, AR
B, BERMAFRBBRERTFET . &it—1HEEO(og n)bfEINKEATH
KR RIRTFRS .

— AR, EATRAVEREWY), HTFEATARY, SOFRRLYARE TR
AT SRR ER. & —ARBEREANTHRVRISO).

SHFHAY, MREIEEVERBIN AR/ FRETF, WHRvARTHE.D. &
EnF R THI TR ARK . & — N EEEO(og n)itEINRTHIF L. Bk ITEREW
PRAMAZ Y,

BRTR—/HR, RATELR AR ESREEE/D. R T RERER—A
Ty, HIReEATOR, HBETEABR/IEE.

BRET = (VEEUr ARIEHRE, sizeWFRLAARKFRIOWMAN K. &kit—4
HiTE S Ksize(v),vE V,

BEX(1:n) = (%, X, x)R—FIAEHOBA . MR <), a <a;, WHR(a, a)RE LA
Ft. R —A T ESRARIX A SRR TR .

510 BETR—AHER, dFTEATAY, WERNBIZhdes(v). Bit—HATHZE

kR A T A vdes(v).



Form B H &

FEEXEAEERERARRME, BEFSHAEERELRERMER. flan—ygs
THREARZERARRZFTUUAERBRAR. ZERE. HLRE THER. kEitsh
FRBHBEAT AR R BEEM . HEITEUE, BREHRAGIKERR, BARES
BUEZRA. AMURT TAREREMERREE. BLLE, XTRRNENHFTRERENIRT
sy A A — A E R A BT RE .

6.1 HWHAERNE

FHEMNFZELERABIRHTESE. 8AZE—RAZNEAREE. LRIABHE
WMARENE. ZERREN, ROMBREEEEHERZRTPHREEEMC. REBM
ERHSERERR. TEPFFRMEH - MEE I RENE TR E.

61 BREG=(VER—ARHER, nfomp A AFEHGMEF LK, BHAER
ERIBnR AT, BEARBGHRMER, UV RIGEA

dGi) = 2“’”
i REARABERER L,
DR L
A(l’]) = {
0, i SR 4a48

B, 2. AGHRH T 5ikBAL0%E . EREIE.
% EEe-10E, TRIHNER A

0110100
1 011000
1100 00O
0100111
1 001010
0001101
0001010

TOLAS IR0 BE R 45 MRABAERE S T IUAT LR, Bd(1) = 3;d(2) =35 d(3) = 2; d(4) = 4, d(5) = 3;
d(6) =3; d(7) = 2. FHMIHTEERARKBNENTRRE.
3 xDegree
BN HMIEREA(LR, 1:n)
Wi EXd1n)
BEGIN
1. For i = 1 to n do in parallel
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2.d(i) = Y, 0 AGL))
3. End parallel
END 185

5
Ee6-1 EG

FEEERELS R kn N AR, ElRAOM/log )M bHE, $hATHHEIAO(og n). K
P Fr B A T O BE i AL B 3 B A O(nlog ), $hATHE IR B O(log ). TERSEL ~ 3B HATHH
7, FAEREW PRAM#R!. (LA FIEREWH AR SCBLX MRk .

LEXANEHEEAS, HRSEHER. BAERIMMHCEREN— M ERABRIEA.

—ANERAKREIE, YENYE-KHEELTENE - FAABTFLE K. KEE
BRW-TERKRE, YHNYEASFAFRENTR. FHithTRE -1 EEERKEL
B, AEAGRRRECRESHARENTA. TENEERE - TEARTEKAE., il
— A RBH, ARTUAVIIER B, Meu(v) = true; RZ, eu(v) = false. EXNBERIHA
TR vEB A eu(v) = true, MIIZERBKHIA .

JixEuler
WA: BG=(V.E)
M f/REREULERMIE
BEGIN
1. Find the degree of each of the vertex of G
2. For each vertex v of G do in parallel
3. If d(v) is odd
eu(v) = false
else
eu(v) = true
endif
4. End Parallel _
5. EULER = Boolean AND of all the eu(v)
END

FEBES, BISBTERS, $2-4SHANLEREHO0MN), BITRIEIHON). F
5 HITa M RIEMANDIZE, X —S M5 Z4 B i FPRAMMRE: 4R REREW PRAMEL
%, WEEOMNRLESE, HITRE%O0(og n); MRRERCW PRAMEIR!, NIFEOMN4E
M, BATREHON), XANMRENBNERERAOM)ANEEE, ST Odog n).



HATERENNHERETNAELETHE —TH. HEMBERFA, CRRAEEHE
G = (VEMTUL 8. HE-TRv, Y ACHHTChEvESHTAK. Fik, C&—
AH, GERYHCHHBAITRY, &Y  AV.w=IC-1, TARKERECREERE—1T
H. EE%d, de()FRCHETRVHHTA N . CE—AEHE X Edev) = ICI-1, B
b, BMRCELNTA, MCE—THL B CHRBANTARY, de(v) = k-1, A TRIFX
AMER, Kd=S, dev). dETCHBKMFR. FHRCR—AH AN Y = k(k-1). B
S —Rk
# i Clique-EW
BN :
1. FH4BAEREA
2. TAAEEC
. A /RIECLIQUE
BEGIN (Let k denote ICl)
1. For each vertex v € C do in Parallel
2. de(w)= Y Au,v)
3. End Parallel
4. d=Y _dc(v)
5.1f d = k(k~1) then
CLIQUE = True
else
CLIQUE = False
End if
END

Ex /A EHs, B1-35 A0 LIRS, $ATHEAO0(0g k); BAFHOMA4bE
%, PATHHE S O0og k). Kk, XANEH:RHAEREW PRAMAERUSLRADE SR K AH O, 1
7 A O(log k). fnEPRAMAEES RERCW, WIERLEBZHAHOR), iTHIEAOD).
BT
W% Clique-CW
PN\
1. BG = (V)i a4 REA
2. THAMC
8 A /RIECLIQUE
BEGIN
Let k be the number of vertices in C
1. CLIQUE = True
2. For each v, u € C such that v # « do in Parallel
3.If A(v, u) =0 then
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CLIQUE = False
End if
4. End Parallel
END

FEEN%S, HFCHE T Ay, BEIHGERBITREEAAWY) = 0. mEg [137]
Auy) =0, WA “false” {44 /RAERCLIQUE. iXB, & 1k—/4bH %ikE 5 ACLIQUE
MIE—/AGLE. EHESERMES, P e AT AR rh S R AL ke R . 2 EHIT A
EALMEOG)/ B E EROM RSB RT CHE—/H, X BORA FEAHT AN K.
REBRNHE RS R R — % EERYIFE.

6.2 FITEREEE
JEEk e % (Breadth-First Search) FIZEEE{L%i8%E (Depth-First Search) & ERIMH
BEENREER, BMUWARRE-TEREEERY. HAE—1THE, KHErERLE—

REBWEE. mE6-2PR, BANANERX. AR TFEHFITEERRLTREMNE
BX. FrAZEREMTLAR TEADEEZRBTEMETS %,

L. B AR A
2 BARIHR
1 8 9
; 11 188
2 3 4 5
7 10

Ee6-2 k@t

HaE s, GRNEAERETE=EAPH—A: (1) JTEREHEFE®ES); (2)
£ 14 (Transitive Closure) ; (3) THAUEE (Vertex Collapse). i ARIEH HNENE
AMSRAERE . ABSREEREAY ST 8 R B 24 W LA A B o 3 S (M) BB EL VT ULV 4E R [m) B SR
KR, M FREERXEEBRTUBFOER, BEMTREBTRATALTEREE. Hik,
BINBERAHBTER. MREEXMAKSHEERAERIEE - BRAEE, HbA 2838
AR ERFAEE.

6.21 "ER%ER®E (BFS)

EHIBFSE %k R — A TiA, Ehv, HREvE, BlHiRSvEENMRATN, REk
BE B 2RI A, Il AkEE T2, HEIRHAENTA. B, ZEmE6-SafiriE,
fEBFS M1 FF8S, Hieisll, RETIE2M3; mT4mSE52f3448, FilR4mms, #T
K6, BAE LT ASAMSHL, FHLliR 56T A, ETRIAT, RiEiHES
THIABRISEIO. AT THEAMIIH1THATBFS, THETE L.

WG = (VER—AE, x€V, HE—BEAHBHEOCKL [log n], HhnRTHAMNM. T0L
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ZaRLVAREIR, ERHAENTAMTFHREE &N TFRET2RENBRILE, B6-3FR—
AERTW0), TuHfTw?2). LEGHITFET = (VLEDE—AHBRE, mEMTEERNTA
uy € Vp, (uy) EE, EATCIME TR —E, B2 FTHIMHEAE, MFRTEABFSHE.
6-44iR TBFSKHE. BT, BABFSEHE, NFRTOA)AHGHIK-B, thiRkbk-BFSH. THE#&
1% A BFSHATIE. T(v0)LIviESR ELLEMBESBENETF. ¥ TT0.0hMNE—
AT, AXTWOEITEO)FTERTE,D). —i, ¥ FE— R &M<k [log n]ik,
MFTOh-DBEEENE—ATAL, &HTwk-DETE-Dh, NvEFESRGKR. FEm
ATEH: R RAE— T A VAIBFS X #BT(v, log n).

BN (3.6) RGH, Mh
T RABFSHE

AABFSHEMIB
A6-4 EMAABFSHFIERIR
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1 2
5
3 4
6
7
9 8
a)
: : ”\
2/\3 | /?[4\ /I\ /N
T(1,0) T(2,0) T(3,0) T(4,0)
5
T(5,0) T(6 0) T(7 0) T(8 0) T(9,0)
b)

mw

T(1,1)
T(2,1) T(31)7

Wﬁ X\
3
1 T(4,1) /%]\7\
T(5,1) 25' '8™9

8 T(6.1)
/\
8 9
T(7,1)
6

T(8,1) T(9,1)
c)

B 65
a) £MEG b) T(v,0),v=0,1,2, -9 c)T(v,1),v=1,2,---,9
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1(3,2)

N i%BFS
N EG=(V.E)
Bl WA LARIGHIBFS ST
BEGIN
1. For every vertex v € V do in Parallel
Find T(v, 0)
End Parallel
2.k=0
3. While k< [log n do
k=k+1
For every vertex v € V do in Parallel
For every vertex u at the lowest level of T(v, k—1) do in Parallel
Merge T(u, k—1) with T(v, k—1) such that v is the root of the resulting tree which is
denoted by T(v, k)
End Parallel
End Parallel
END

E6-5a - dEARR T LR Bk, AHBTk-DEITE .- DI FEAO(og n), FEH
whilefB3R £ fTlog nik , HLIXE LI TR A O0(0g? n). ERLEHHEWNMRENIITER,
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ALUEHA HRIEFEOMAN LS. HRBEEITFEZO)/ MLEE.
6.2.2 FIHBFSEREENT

BT, [log n))RLAvAMIIGHIBFS XM, Pu)FRT(, [108 1)) FuflysE. MRCAREE
BE, FABFSEEMNBHERRM 2 T, [lgn)BAREEGH X HRMBXHRK, T,
[log | MR R AVIIGHIER KRR . ARTMAER, IEBFSOATY, [logn]), mRCGARE
@, P UUE EMVAT BRI A k. ARV Ee, MEXPUu) =, Bifigz, 191

Pluv) = { BFS(v) vl 3E, R ukBFS(IITH A
’ w0, A

HHEARR, BATEFAN, 2,3, n, BXEBEERS
o, ANRP(, j) =
i, B

B EEEM, T o IRERAENS THE/ITA, BFINE/NNTCE. ZE
E6-6aFIE I IHIBFESH , BIE6-6b, 4EREP(, HFACU, HENT:

CG.J) ={

1 2 3 7
192
§ 6 4 8 9
a)
1
5 6 2 5 6 4 3
BFS(1) BFS(2) BFS(3) BFS(4)
5 6 7 8 9
_ 1
6 193
2 1 2 5 8 9 7 9 7 8
BFS(5) BFS(6) " BFS(7) BFS(8) BFS(9)
b)
& 6-6

a) BG b) B FIHBFSH
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~
Ll
w
N
~
oo

o

NO 00 I OV L bW N -~
8 88 —~838 —~
8§ 880 —8 8 po|wo
8 88 8 8 ww3ysy
8 8888 +~+133
88 B vl g ~u|lwm
§ 8808 8 |
22882828 88

oo § 8§ 8 8 8 8§

@}
—
(S
w
>
9
(=)}
~
oo

wowyl§ 388 g Y

o

O 00~ AW W N -
8 88wy g -
8 8 8 aawmg 8 o=
8 8888 &wig g
8 88 8 8 &~w3g g
838 awng g o~
8 383w g v~
o238 388 8 38 38

o238 8388 8 8

TiL . jRY 5y S BOR A RECHISE IR B /M. E6-6arh,

WgE: 1 2 3 4 5 6 7
H¥% 1 1 3 3 1 1 17

CREWHK A FET LR A HEMIFTEENT:
M ;xCC-BFS

WA\ BG=(V.E)

WU BRI B

BEGIN
1. Using ALGORITHM BFS construct the BFS trees BFS(v)

for each v € V in Parallel
2.For i =1 to n do in Parallel
For j =1 to n do in Parallel
If P(i, j) = = then
Ci,p==
else
Ci,p=i
End if
End Parallel
3. For j =1 to n do in parallel
Comp(j) = Min {C(, j),i=1,2,-n}

woo 28 8 8 8 8 38
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End Parallel
END
BFSEEME R RO S, ThiThEIAO0(og? n). F2H OIS,
T RIZHO() . BB/MERRELE R B A0, HhITHEIAOUog n), BiLL, EILFEON
ARLERES . PFTRHEICHO(log n). B, EARBHACREW PRAMERILEOM)NMLIESE.
HATEL A AHO(log? n).

6.2.3 fEBHIGER

HRIBEG = (V.ERIARSPEREA, B it RA + D ATLIEBIEE A aER, HidR=A+Dr,
TtE

Ry = { 1, FEGHIRl—5 % F, MRiLS/HEe
0, R
TS ORRAEBRG, J) = 1B/ MR . IR

| £CC-TRC
W\ ERHEREAG, )
W BATARSXE
BEGIN
1. Obtain the transitive closure matrix R from the adjacency matrix
2. For i =1 to n do in Parallel
Comp(i) = Min {j/R(i,j) =1}
End Parallel
END
WK 2 R T 6B MO 740 . 3 FCRCW PRAMMEY, HERFEEO() N4
%, JtHHHEHO(og ). #FCREW PRAMBE, HERBEO() LS, HBHHIAA
O(log* n), HIFH2HRBEOCIAEIE , JATHIFIHO0(og ), HELBHIHEE RER:

R ] ALEEF%
CRCW O(log n) on®)
CREW O(log? n) o(n®)

6.2.4 THAUWSR

19764, Hirschberg 38 M T sk B A0 %@ L TR AN EE: . MSHTLIAFAR -1
BT, BABEHERRENWEA, EE LEIREIE - oXA-TERAER. £
BIFW, EAFBFRHBEBERITlog ik EL#ME. BT IRHLIT ZSAR

1 B TAA LA BRI S AMSEA.

2. g A AR S BB bR S AR SR8 R HRARIE .

3. B FS BIRARE B R R — MR L
5w, B-ATRARBEGA, supO)FTiMEA, nhr()FR7iMRIER 5 FMSE R,

195
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FEREZMEIT:
BEGIN
1.Fori=1tondo
sup(i) = i;
2.For k =1 to [log n] do
2(a)Fori=1tondo
Compute the lowest numbered neighboring supernode and call it nbr(i). If i has no
neighboring supernode assign nbr(i) = sup(i)
end for
2(b) Fori=1tondo
Among all vertices whose supernode is i choose the vertex j
with minimum nbr(j) value .
Assign nbr(i) = nbr(j)
If there is no such vertex assign nbr(i) = sup(i)
sup(f) = nbr(i)
2(c) For p = 1 to [log n] do
Fori=1tondo
nbr(i) = nbr(nbr(i))
end for
end for
197 2(d) Fori=1tondo
sup(i) = Min {nbr(i), sup(nbr(i))}
end for
END

AR ERAEABEREA(L, ), Bt Esup(), HERAHTESH N XFBRIRS
BT A. BB RmE6-Ta~6-TefR, FTRAH-NEBMHTHEYE, TCREW
PRAMAEAY,
#|iECC-vC
W\ A4REREA(L:, 1:n]
198 B sup[linfE B £k B bsup(d) & B/ MO TR A Hifnsup() B T Bl —4r X

BEGIN
1. Fori=1 to n do in parallel
sup(i) =i
End Parallel

2.Fork =1 to [log n] do
2(a) For i = 1 to n do in parallel
nbr(i) = Min {sup(j)/A(i,j) =1 and 1<j<n}
If nbr(i) does not exist
nbr(i) = sup(i)
end if
end parallel
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2(b) For i = 1 to n do in Parallel
nbr(i) = Min {nbr(j)/sup(j) = i and nbr(j) = j}
If no such vertex j exists then
nbr(i) = sup(i)
end if
sup(i) = nbr(i)
End Parallel
2(c) For p =1 to [log n} do
For i = 1 to n do in Parallel
nbr(i) = nbr(nbr(i))
end parallel
end for
2(d) Fori=1tondo in parallel
sup(i) = Min {nbr1(@), sup(nbr(i))}
end parallel
END

4 7 5

2 3
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A} ]
4 . vy \
. ‘ \
7 5 \'6 8
<)

a) F4AE  b) Mifafbsup(i) =i ¢) R —&, nbr()
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~
o
(=]

e)

E6-7 (£k)
d) ER—k. nbr(i) =sup(®) e) X —iK, sup(d)

1A HOMA LS, BITHIEINO01). 2@)F20)FHOmMA- LRSS, KFEhITH E
HA0(log n). 2)FHEEOMANLIESE, ATHRIZHO(0g n). BITF2C)FEE hiTllog nlik,
%% 3 AL E B AHONY), TR IRIAHO(log” n).

HirschbergZs A (1979)iNiR3], 7ERHEE AERAREMER T, LA HITEREILHE
28, M AT LASR @ R 4R Hirschberg BELMIHERE. FRILATHRALE & B4 O(nln/log n]),
Bt O(log? n), H.ihf7SIMD-SM-RELEY,

Chin% A (1981,1982) % EF %A H UUH TIEML B A £, MifaiR & T Hirschberg B
Bt XEREE—RERGELAFAIEEESREANTAN KRS T. Bk, A
O(n[n/log n)AM40FR 2%, hfTHHEIAHO(0g? n), HWfTSIMD-SM-REER,

SavagefiiJa Ja (1981) it TRANH T EEEE, HP - NHEHNHEEE, 514
M E. Savage FiJa Ja MEEF|, hfTHirschberg BWHBHEH L EM(log nlRENR, HEIE
SFH KGR BHE RMEREAEIE. X, BkEFREERO(og n * min{log n.d/2}),
XEIRENER. %4d < 2log ot (FlHNRAEE), BLLLFEHELESR. ¥ THEE, Bk
EALFE BB O(n°/log n), PhITHHEAIRZO(og 1 log d).

LR HEEN, BEHA, KM ABSFIRTARHEBERE, XHERBD T HEN
RLFE S %, FtHirschberg B EBFHARASE T —AFHNEL, ZREEFTENLESGHA
O((m + n)log n), HATHAIRO(0g? n), X BEmiEIRILE.

NathffiMaheshwari (1982) 7E—/ANLb SRV LBkl X R, XM ERALHES
R4 B 28 34 8] — M AFAr B 347 3 R IR 1E . MMM E SR #EHirschberg F A (1979 Rk,
B A BIRERAR A, HARESHEEEN, W@ T ERME. XM E
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/AL, hATEHEIAO(log? n), Hh4TSIMD-SMELR!,

Shiloach1Vishkin (1982)% i T — MR M SIMD-SM-RW . {ta (i 14484 TC 11 i B AE
AERL, BEANTRAMENEROEE—/ 0% E. SHirschberg HikHR , 7B Kl
i BARAR ST ARAIN R Y. XAEHA A LBRBENRE, REEB/ MRS MREEEE,
iE TR A iR E R #4497 (hooking ). X{EEFE/ log? Ty —/ #log nfbEr. BEHHAME
BEmRE AR TR S UARIR, il Rlog nik, XHES—Mog: ntiflog nftE,

AwerbuchFIShiloach (1983) ##EShiloachfIVishkin (1982)F)45 REZ| T HFIH2mA- L H2 28,
AL IR A 0og n) B3 4TSIMD-SM-RW R i e gk BY 38 S Bk . Wyllie (1979)F i T sk
A3 THHOM + 2m)AN 5%, BHEHO0(log? n) BHITR HMIMD-TC-REERIFI R . Wik
ERIEEAHRNES. AR E5x LB E— KD TR Sy RBIE, ETAKERITAY.
BEOWEEERNEND, §ANHMTIFERE, BEODMEINERESR, IHEEITA
HE—-NEFANEFRR R, FIRARBy TEAK: AREMET. ATEEDHE—
ARETEAFE. X —A M EEH AT A TUAAE B R—A A, WEeh AR E T
J=4:0lG]:agvé: R

6.3 2-FiE¥Y

HFEBEGHTAY, WRGVREAFERN, NFRvAHGHIE .S (articulation point). ZNR
— A EBEN A, WERA2-AEE, Ho-8aR2- M, mEe-sbAR2-EEE, HASR—
AW (AR B—AWA). —AMRAIES2-EE FERAER2- 28 L. B6-8F=A2-ERE
%, fE6-8cHiT. BRE—AEM-EBELE - AFBMRANEE. 3T - TRy, F
Al Es, BERIIGVETREAN. HE—ATAv, MRERREN, NiXELE2-

a)

b)

& 6-8
a) 2-EE M b) IEIEEE c) E6-SbAR2-EE K



202

203

146  F=#% HEEYH%

BEGIN
For every v € V do in parallel
if G-v is connected
BCC(v) =0
else
BCC(v) =1
endif
end parallel
BCC(G) = Yy _ BCC(v)
If BCC(G) =0, then G is biconnected, otherwise not biconnected

END
HTRRGVRGERRE ., BATTUFMMN—FHRMCC-VCRE, SRNEZMT:
#;xBCC

| ALEREALR, in]
8 fi/RIEBCC. MR GR2-%EE, BCC=TRUE; KZ, BCC=FALSE
BEGIN
1.Fori =1 to ndo in parallel
1(a) Construct A, [ 1:n—1, 1:n—1} from A by deleting the ith row and the ith column
1(b) Using CC-VC algorithm verify whether A, represents a connected graph
1(¢) If it represents a connected graph assign B(i)) =0
else
B()=1
End if
End Parallel
2. 5= BG)
3.If $ = O then BCC = TRUE
else
BCC = FALSE
End if
END
SRES LISELRBEOM), BATHEIHO(); ACC-VCRBNRIIEEHKEE
O(m)AREFR % AL HFTHHA A O(log? n). E1HMn AT ATHAT, BHEIS{TFOM) LR
% H #0478 H0og? n). B2H{HBOMAREE, hiThE%0(og n). FHERHEBCCH
ELAEO(), PUFHIEIRHOog n). Bt ERIEE AT LUK R ERRA2-EE .

6.4 iR

FHRESRENAREEEA. FaEilms, SestE. ROATAREREN .,
Rtk FTE SR T 2 MW ERE, IHREX/ MNP ENEA. S50RRUE,
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AR/ ERENEN ZERIEEER, SHOIERMKRABRNR DR X LER

AN AR A B A B/ DA R . TS =R Bk Rk — A il 1R s B
W B /Nl A KR

1. Prim}

2. Kruskal 5 #:;

3. Sollin 5.

TEPrimJ5 ik, LHRAE RN A — Sk, FIBHkE—SHE RS cERG,
BENER/N, Kruskal 5L ETEANEER SRAR/N. FHHRIZZISollinR .

SollinfiE — A —#&HHACOSTHIA A

BuBIRE, mRuE—5KE
COST(u,v)=4 o, tnfu=v

o, IMRUVFE—FA

Sollin& ¥4 E B A T AB RIS, FHik, BERnTREAEEEANR, B TR
/D\ﬁ—“/l\m}ﬁ ’ iﬂiZn/l\*XﬁbTm, Ty, Tho E{l]gﬂ.fﬁ~H£§%
Fo=ATw, Ta, ", TnO}

M FE—AH, ROTERE/MEAEL W, v), EGXFARKIRY, Hu € To, vE Ty X
Uk S R E ORI, ATLAR R, ETF—RERPESE L ANH,

— i, EBiRERp,

F.={T, Ty, T.}

S FE—ART,, BOSBHEER/NEA L, v), EEMSTRMNFH €T, v E T,
FIRX 4o B BT 0T, BEFRMKICAF.. B ERFEKF. ES &6 L EANFHNR.
K&, MBRBAH AR, BREEXANTR, IMREBR/NEA R, BTH
% B e 4 — R R R R IR IR . BRI Bllog nkiE RBATRE T LA B B /MBI SCHE B .
FiSollin 5 ik # A H ik

3% Sollin

M FARAKACOSTuRAHEG=(V,E), XBu,vEV

Wit GHIB/hELA IR

BEGIN
Fo=(V,®)

.i=0

. While there is more than one tree in F; do

. For each tree T, in forest F; do in Parallel

_Choose the minimum weight edge (u, v) joining some vertex u in 7, to a vertex v in

W AW N -

some other tree T, in forest F,
. Form the forest F,,, by joining all 7, and T, of F, with the corresponding selected edges:
=i+l
. End Parallel
. End While

O 00 3 &
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FHBEEAA TR, ERERNEEEL - oL 2 H T ITHI. Savage Fa Ja(1981)
SHHTTEHAER: FRFPEILAR, BHBRIGEXRZRR,. A — M EIBEHNEAR®W)
FoRBFLul B — RPN, B HROOTHIS HiX MR . HiTthiTio T

8 ;xSollin-1

BN HBUERE W (e R RRIIMLEG = (V.E)

B GRIB/NEA SR

BEGIN

1. For each 4 € V do in parzliel
.ROOT() =i
. End parallel
. Over = False
. While not (over) do
. For each u € V do in parallel
.NEAR(#) = v such that ROOT(u) different from ROOT(v) and W(u, v) = Min
{Wuw)we V}
8. End parallel
9. For each component k of the forest F, do in parallel
10. Choose a vertex u such that W(u, NEAR(«)) is minimum overall vertices of &
11. End parallel
12. Combine the new edges and create the new forest F,,
13. For each vertex u € V do in parallel
14, Search ROOT (1)
15. If ROOT (1) = ROOT(v) for all u, v € V then over = true
16. End Parallel
17. End while

END

1 -3BRERRE, THOMMLEBLEODMEINTR. F—FERPRIFKF.E
EEHLRBEMFHR, Bk, #5- 1TSHERLHRTlog nk. BT EFEBEHTA,
FAAEHREEN, HREENERFIFINL. A r@8RER, BTSHITHES
O(log n). %6~ 8ERIFTIEI, FOMALE S BMATE A HO(og n). 9 ~ 1B RITIE
3, B10HFHOmARLEE AT NO(og n). K, %12~ 165 RFFATHER, 14~
15% FlJa Jafs H BRI BB BCHOM), ATHHEIAO(og? n). HkSollin ikt
oML, HATHATRHEIHO(og? n). BATHIPRAMAERIZCREW,

6.5 B EE

ZEMEREG = (V.E), B—4lxtp—MERRE, 830, DIREIL Aw,. REx
AR EV, w,=0, MBGHTFR—FKL, EXw, =, BEKERKXFRTHALORNE
A1, O AR BB R H B LA B/ K BE OGS SIS PR B K AV X AR B Y T A
MAFES (SAMEFES) FoR. AT BRERAERERENAFHG HIRK

~N N RN
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B 8. T BRI AR, RRA A TR TR 0 B )l

T8 X d,; i B R B K %

Py Fori B Bk B R A SE .

% EE6-9, ER LA T E A IR (v, ) kR

w a b ¢ d e f
a 0 20 12 o 5 o
b 20 0 5 o0 o0 o0
c 12 5 0 5 4 oo
d o o0 5 0 15 e
e 5 o 4 15 0 6
f o oo oo oo o 60
b 5 5 d
0 4 15

20
e
a

6

3

f

E6-9 mitiE
26 A T TR B i B PR T AV AERE o

d a b ¢ d e f

a 0 14 9 14 5 11
b 14 0 S5 10 9 15
c 9 5 0 5 4 10
d 14 10 5 0 9 15
e 5.9 4 9 0 6
f i 15 10 1S 6 O

TR ERTRE, RS anERER R . FARIIRMNT:

Path (a,b)=aech
Path (ac)=aec
Path (ad)y=aecd
Path (ae)=ae



150 Fo%zp BENES

Path (afy=aef

Path (b,c)=b ¢

Path (bd)=bcd

Path(be)=bce

Path (bf)=bcef

Path (cd)=cd

Path (ce)=ce

Path(cfi=cef

Path (de)=dce

Path (df)=dcef

Path(ef)=ef

M EERIBE AT CAK g — TR A G, DIIEP,. EEBEREHTAZBAT TEY
Floyd Warshall& . B4, &I1A:

wy, (i,J)EE
d; =1, (i,/))¢E
0,i=j
P, =i, XPrARIFI)

FEHAMBCERES R EZEAREE. BEREd, S ME] R SR B R KE]
MR ZFAE, fRd, 8K, R8T Es. FENERSRATLLAD ERE AT skk
f&1F . Floyd-Warshall®&ik4n F:

¥ %Floyd-Warshall

BN BIBUERE(W,)FoRi B

mﬂji %M(di/‘)ﬂ(l)u)

BEGIN
.For i =1 to n do in parallel

—

.For j =1 to n do in parallel
Ldy=wy
Py=i
. End parallel
. End parallel
.Fork=1tondo
. For each pair (i, j) where 0 < i, j<n and i, j # k do in parallel
Af d, > dy + d, then
d,=d, + d,
P,=P,
endif
10. End parallel
11. End for

O 0 N AN AW
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12. Output p and d matrices.
END

FHEBEEBAITCREW PRAMELR!, JLEAMBEAOMY), HiTHRIZGOM). Gayraudfi
Authir(199D) X & T 5% — A HATRBMWED, ERAPALE S HHITH R AHOW /p+np). £
MR d, ZETEMATOER. EESERS, EREWE)F(p,) W5 ifTHIE B b A K
I FRLMOD(G, k) . 87~ 11454

BEGIN

7.Fork=1tondo
8.Fori=1ton (i # k) do in parallel
9. LMOD(, k)
10. End parallel
11. End for
END

I RLMODZI T
B ELMOD(i,k)
BEGIN
Forj=1ton,j=iandj=kdoin parallel
if d; > d,; then
d,=d, +d,
P,=P,
end if
End Parallel
END

SE 30k

Samy, A. A., Arumugam, G., Devasahayam, M. P. and Xavier, C. (1991) Algorithms for
Intersection Graphs of Internally Disjoint Paths in Trees, Proceedings of National
Seminar on Theoretical Computer Science, IMSC, Madras, India, Report 115, pp.
169-178.

Berge, C. and Chatval, C. (1984) Topics on Perfect Graphs. Annals of Discrete Math-
ematics, 21.

Sekharan, N. C. (1985) New Characterizations and Algorithmic Studies on Chordal
Graphs and k-Trees, (M.Sc. (Engg.) Thesis), School of Automation, Indian Institute
of Science, Bangalore, India.

Sekharan, N. C. and Iyengar, S. S. (1988) NC Algorithms for Recognizing Chordal
Graphs and k-trees, IEEE Transactions on Computers, 37(10).

Ja Ja, J. (1992) Introduction to Parallel Algorithms, Addison-Wesley, Reading, MA.

Kelly, D. (1985) Comparability Graphs. In I. Rival, ed., Graphs and Order, D. Reidel,
pp- 3-40. (NATO ASI series C, v14.)

Klein, P. N. (1988) Efficient Parallel Algorithms for Chordal Graphs, Proc. 29th IEEE
symposium on foundation of Computer Section (1988) pp. 150-161.

Klein, P. N. (1988) Efficient Parallel Algorithms for Planar, Chordal and Interval



Graphs, TR 426 (Ph.D. thesis) Laboratory for Computer Science, MIT, Cambridge,
MA.

Kozen, D., Vazirani, U. V. and Vazirani, V. V. (1985) NC Algorithms for Comparabil-

ity Graphs, Interval Graphs and Unique Perfect Matchings. In Fifth Conference on
Foundations of Software Technology and Theoretical Computer Science, 496-503,
New York and Berlin, pp. 496-503. (Springer Lecture Notes in Computer Science,
206.)

Moitra, A. and Iyengar, S. S. (1987) Parallel Algorithms for Some Computational Prob-

lems, Advances in Computers 26, Academic Press, New York, pp. 93-153.

Manacher, G. K. (1992) Chord Free Path Problems on Interval Graphs, Computer Sci-

ence and Informatics, 22(2), 17-24.

Mohring, R. H. (1984) Algorithmic Aspects of Comparability Graphs and Interval

Graphs. In 1. Rival, ed., Graphs and Order, pp. 41-101, D. Reidel. (NATO ASI
series C. v. 147))

Xavier, C. and Arumugam, G. (1994) Algorithms for Parity Path Problems in Some

Classes of Graphs, Computer Science and Informatics, 24(4), 50-54.

Xavier, C. (1995) Sequential and Parallel Algorithms for Some Graph Theoretic Prob-

8

6.1

lems (Ph.D. thesis), Madurai Kamaraj University, India.

HHHEFE LT BE - EnATANA R EEEG = (V.E), ABATAvi:L
25, 1€ {12}, ERAE®wY) € E, #AIw) < I1v). &it—NHrHREHE
GHATIRIMET -

6.2 EE@GB%E%#ET?WW ={e, = (vp,v).: = (V,0)),0 008, = (Veer v} s Fﬁﬁa@ﬂ%ﬁ*[ﬂo

Wil i@ G £l . & T —A Rk R E GRIBKBLE -

6.3 G=(VER—/NTHE, BERAWEREA=2, IZIF¥H.

o WOTHG A B A — B EGHIG., Kb A BAEBRA2, FHkH I E b
O(log n), Fi FHERAESHO(EHV);

b. Gitik- s RES MBI R (1.2, kb B A B A0 BB, (55 R
S AT, B *c(g). FIfPBERGIA LA,

64 G = (V.ER—FFEELMEMAHBIRIR . BRI RIS R FAR I

(BHERB) (P}, ERETFHEENTARE—£B (AR FRER) KR, F
et 1B B B T AR B R S i B — SR BB ISR R . JnfTZEO(log myit iRI I P M B B I
BIERE ARy, R MERBIEAF.

6.5 BELET—AEMEG = (VER—AHED, EHFDW = D), HARHuviER

—AEEEP, B -NEROIHTERRFEEE Xk, FAESTERZ T AEK
— ST RSE

6.6 CAASFARIINA kX MAREG = (V.E): MM, MEFIRES, LHEFRS.

B — A AT R — R B — M AR, BB O0C0g ), KBV = n.
G F SRR 2 7

6.7 HE—NEMTIANEREBEG, Eit—MREEKKGHIFA Zikp, BAmE

6] Olog n), BiFAMIABRARRO((nem)log n), X EmiBH MM . RERANZE
BMFS. Al ARECRCW PRAMELRL,
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68 MTLMEG=(V.E), mEHFEAVII—-NRIZV=V, UV, EREFLE - TmAL
Vih, B—AumsEvab, WGERA ZHE. Rit— ARk 2K, A
#t R 4 O(log n).
o KRG ZHERH % .

6.9 MFEBLMEG = (VERBEATAY, WREMFISy, GRAER T, v AR
a iEM: vEB ALY R FA L1
b. kit — AN ERH TR RGHIFT AW A .

6.10 B%EG = (V.ER—AEEE, MTCHHKL&e, MRKZBXFDCHRTEET . W
FReB#f. B —AHATES KGN, RENEREN S - EEXE
P A4 B VTR :
ok MRGRI R H % .



FTE ZERINCR

R FATEL IR R R O(ogk n), F HETRIALE & B £, X HakiiA
IR/, kREEB, WHRZEERB FNCEE ., ARRNIFFZEMNCHEL. ZEERIEE LR
aERPEYBEEMA. MREANERZE, —SNPEL2REAF RSN ANRR. RIE
FREOBNETZE, ZEREAEEEN—ITEENTE. IPCERREXHE—FE, EW
BEAAMK/NETFRNAK. ZRETFLIREANA, KPaBEmiEtE. LIEESE.
HRFIH BN —/ R .

£H7-1 BG=(V.EHAZB, SAREGHE~MIH>ELFECH—AHE,

B Bu, vEEEG = (V.ERIBMA AT, SicAu, vIiR/bor B, RSN E
A—ATA, WSSH—ANHE; S0, B, yRSPAMEBUTA. BTFSEW/bhu, vir sk,
u, v, X, yRAEEMBRINEA TN, X5CREEFE, FHESHE—XTARMEE. SSH—
A

Ritk, BEBE—MR/AoBEBE—NH. &vv, v R EENE, v v 2R
FABITI A, AR/ BEREV AR A s, - v REL—ATA. WEE SR, H/ho8
EERT AV v, XBA<i<k, HEv, v, 2R, HitR/horEELRESE-TH.
XERIEFE.

7.1 ZEFIH

A TR HBERENED, ROBIALNES: mRufvEEGHIRARHEBITNA, i
G. = G-adj(u).

C.=GCHEEVHITX;

M,, = {x:x € adj(u) x5C,H I FLETH L AHLE}

ZEET-1afRNE, EB7-1b%RG,, B7-1cRRBETAVIIGCHI 5> X C s

M, FZR5C, B’JTl'iﬁ*ﬂ“BB’JadJ(u)#“B’JTﬁ}i% FEET-1adh, M, = {63}. M, ZMH/Du-vsy
BE., RIHMEAWTE

EHET-2 EG&&"IE éﬂ.{i %2}t FH—2x RAAAAH A Sufev, M RH,

LB FEIERASSIE 2 AT, BEIFRM. Bu-var B, HHIESmRM. &8 —X A4S
WA, MCGEH - NKEBLVHINLEE. BHAR, G-M, - (3BEC,, £—NEG-M,-{u}
PR AREC, H TR A EC AT AT, M2 EufiC FARRATA. 3, M 2GC
Wiu-vey . BIEIFSMBEM. &E M AHARTE, WGES M REZED AN TELE.

B RM, F A TSI, ofys M 5C AT A s, BEraaa, a5k
C. MBS M TSEH . Wuxraaa, asyule G EE /D AR TTILRE

RERMNFIFAEET-2. ¥GRZEABS R E—AH. BEeM ARH, WEes—xt
AHBRIT A, Hh i ERIHRaGRE - N REEDH4NTLZE. X5GEZEFE.
M, 2ZH.
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11 12

12

® W

u 4
(X ] $5
7 g v
8
9 10
a) b)
p 4
¢5
7 8
--— v 214
9 10

<)

B 7-1
a) @G b) BG, o C.=B&MG.HYX

Ritk, BedFE S0y, MJER, HBRECHEZE, WHFELE I
BBV, v v, Au=v, v =y, MMAE YY), AMAR—AH. X5x T ER—3F
ARG pe, v, M BTG, HILGRZA.

ATERR A ERTEEE, ¥ T8 AHBHMAL, v, BRINREREM 2GR
A, R FE W R HESNGHT A, v, MREFR—AH, BATLURHER: GRE
B, TUGAZ%M. Iyengar(1985)AHH T Tl RME L.

# ;£Chordal Test—Chandra & lyengar

wmAN: EG

Wl GEEAZEE



156 oy BEYAE

BEGIN
1. If G is a clique then output that G is chordal and terminate
2. For every pair of non adjacent vertices u, v do in Parallel
2a. H=G-ADJ(u)
2b. C = Component of H containing v
2. M=o
2d. For each x € ADJ(u) and y € H do in parallel
If (xy) EEthen M =M U {x}
End parallel
2e. If M is a clique return CHORDAL =1
3. End parallel
4. If for each pair of non adjacent vertices the value returned is 1 then
output that G is chordal
else
output that G is not chordal
end if
END
VIR ABRITH A R B O(n). o THLER X, BAFIAFRAHME D, %R
BT BFBOCAOM), WATHEAHO(log n). HE2dPFEALIELAOMN) . HILXANHIL
H TR EL R AOMY), HATHHAIHAO(og n). PRAMEERY W FHCREW . X/~ RIS 555 B 00 75
75 R R F B B — R A B 2 kB
k-Bf k- SLE —RIEE BRI LR, THSAHE BN —SER.
X AR A BT E RS SR, WIRRA LR
L WA TERA BB A A — R A B &, XA TR E B
2. M FE—k-H, WM—"FOTA, FEGESHPN—TEARNRATRAHEE, M
A Sk 1A T EMA.
T A1 HA- RO FFIEE B .
RT3 TEROARERFH:
1. G = (V.E)Zk-#%;
2.(a) GR&AEHN,;
(b) GEH —AKA, 21K (k+2)A;
©) H—AMDTREDHER—AKE,
3.(a) GR—ANz B
(b) 1El = kIVI-k(k+1)/2;
(c) GAAH—AkA, 2REHK+2)H,
4. () GRAEY,;
(b) IE1 = kIVI—-k(k+1)/2;
©) B—AMNIMESHEER—AKE,
FE IR A IEE H O
Chandraffllyengarfk-R¥IBIME I @k-HEINCR LKL T HEZEONCHZ, AR
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BIR, AR/ EE. BROFETHMELER.

2274 GR-ANTRZLLWNER, xEGP—/ %45 (simplicial vertex), H = (U,F) =
G-{x}, MaF-FHPT—2 T MARATR Su, v, RELOLAHAM b u-vHr EE,

B8 MRHE—AH, WEZHBBARKT. HAEBREHAZ—ANEH, wfivERATHELBH
WA, ulWAFTRERR S5xM4E, T, whvis A48, R, wfivihELH —ATA S48
s PRME T HE .

R

ARtk BEuSAHEE, vExHE, SEEAESEY U adj(x)-{u} B9k u-viyr 2
. CHCESHEFIvVIIG-SHEBRX, WC N C = @, FAxg—Raisi, %CHik
AT 58, AmCH BT A 5, XREAMRCHA MR 5udlsl, HH
AHrExARA, WEG-SHufiviSF —KBAHE. BRRNCLMECPEATH SH4E,
B CHMAET AR Sadj{x}—{u}—1"FEHE. BmufiviFER = (adj(x)-{u}) N
Ladj(C)r . Hit—%, MASBHRLENE —H—AWE Eadji{x} U {x}-{u} PRI u-vsy
B, R/ Du-vy BESEEx, MELEEadj(x) U {x}—{u}FE, EREERN ML
adj(x) U {x}—{u} P —B R /hu-vor BEER R K IR Ex. i &N L.

fER2

uFIVER AR B5xAH48, SRBE&Eadj{x} U {x}hik/bu-vir BE, CHCZ 5 S & ufivity
Wil %, XENECHKCHEAT A S, FEAE&Eadj{x} U 3P/ hu-viy 5%
adj(x) N adj(C)Fadj(x) N adj(C,), ENEAEHx, HRTERIEE TN 0E 2 85w,

TEFRAVE H % T h- BB RRE .

£327-5 BG=(V.E)YZk-H 1AL

a: # FGH & —F AR Lufev, BE- DM Du-vy &R, AFI M Pbu-vs E %

AR—AkA;

b: m = kn—k(k+1)/2,

i (LEH) WRGE—AH, WEkk-f. WRGHRRE—AH, WX FE—X AL
FITR Aufy, GHIRR/Vr s ERKE, Eilk—F A m = kn—k(k+1)/2,

(Fertt) &tFaTULSHGRZE, REBRIMREITHGHE —/KH, MARE Gk+2)F.
Hh, WBEGRE—AH, WEeRTREK+DHA. FLMBEGCAE—1H, AFCER K/
K, GBHERE—AKA. BALEEMGHITUAERTHAIERA. ARSI, 2, 3, 4/
HPEARESE k2R . BRETANTRETn-1HNHARHER X FbHBELSER. &
BT AR E &b A fTIHE, A TGREE, EGhHELA RN, £H =
(UF) = G-{x}, W={x} Uadj(x). FRIU =n-1, Wi<n-1, TN, GR—ANH. BEXE
m AR

wH

BEHREMN-DE, HER&tkafib, AAMRBRIE, HASHE2)H, A TGAR—1TH, &
Uh BLHE—ATRA SAHEE, Ei#t—%, FAR/heayrBE R GERadj), XHz € adj(x),
M TGl R &a, adix)bER&— kA, HEFEHECHELFE A, MASH K2R,

w2

HAR—AH, HGH, MTFEM—HAHPHTHRv: €V, FE—TR/DIEE, EL
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k. B A ATRER & EE— M hw-2 B, BrLAHIE R & fka. MRKHWIFEE, %5&
EGHE)IIE . BRIXyRGRBIMAZX A3 TG BT, yE5xi#48, B5adjkx)
PR —AEMEAE, Eit—, Ry B EBEEEadjP. mEladjx)l < ki Fladj()l
<k, WEGHFA—NTABUN TR/ Nx-ysr BE, X S5RIZFE. aRladjCo)Fladj(y)E
Wk, AIREIRUFE, Rififladjxl = ladjo) = k. Bk, HEm—k = k(n-1)-k(k+1)/24
W, BrUHW#R &b, mAgRIE, AAES*DH. BGHAER (k+2)H.
TERSHTREARANECRT b, FIEMIANZALLL T Chordal Test BLMNE .
¥ ixk-tree Test—Chandra and lyengar
BN 2 TERImFLHIEG
WY BGREAkR
BEGIN
1. If the equation m = kn—k(k+1)/2 does not have a positive integer root < n for k, G is not
a k tree, Terminate
End if
. Let k < n be a positive integer root of the above equation
. For every non adjacent unordered pair of vertices « and v of V do
.G, =G-ADJ(u)
C,, = the component of G, containing v

.M, = {x:x € ADJ(u) and x is adjacent to some vertex in C,,

- RV S S VO O

.If M,, induces a k-cliques in G then continue
else
G is not a k tree
terminate
End if
8. End for
9.G is a k tree
END

FEEENERESR T EEERR.

£HT-6 BGRk-HEHEMRY:

1.m = kn—k(k+1)/2;

2.3 FEAGYT A RAAREG TR S tufev, Hik T HM, 58 —ANH.

i (o) RESBEMEGCHN— MR/ uvr BE, Eit—%, EET-SHEKME
W, BEET-5, G,

(LEH) BIRGRLH, WEREm = kn—k(k+1)/2, HRER LR BYIERERE.
Eit—%, GRR—NH, RESIEFN LARIBESF -N/A T EREMR. BE, Raext
F— 3t ARSI T A, v, MUREKA, B2, FAME—-NR/rEskE, HibeEXRLr-H#,
X5RIZTE.

T EE T HEIER.

T RT-T Nikk-tree Test T ERARBGCRT Rk-H,
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k-tree TestH fTBIL A LAFRATOANCE . RATE THER.
EHT-8 AAaikikmeytagd, aEEATLREEHO0N), WAEE HO00ogn).,
Naor, NaorfliSchaffer® % Naor, NaorfiSchaffer (1989) ¥ EM B AT ZEHITE L
M5, Higit TR TFREN—SNCES. BRI TZERAHMNESHE . BITELEN
FERAETEENERERAEZNZERMEZ CHEE, NEALASHERERTINES LZE.
B—MEAREREE L, CRAHERCRCESE. BEPRIMTERATE--2%ids.
N() = 5vHSBII T A E S
G-v=V-{v}NiEFE;
mMEWCV, G-W=V-WHIiEFHE.
HATELE TH AT
1279 BG=(VELRR—AZRLARSCEIA ALy, LAHATFTHMRA: (G-v)
~N(v)#y— A58 £ 5N(v) 05 5 A3k T A8 AR 9 TR 5. 48 4R,
it ¥ BEG = (V.O)yR—A B, FE-ANTRvERw,.w, € Nv), FHEINTES(G-v)-

NOHI—AE B XALE, wow A4S (LET-2). B w %@ XMTAE, Hwowoflh

w AR, wovEIw BT — R EXTFINELZEE, BHRGAR—/1 %A,

w1 U1
v
w2 U2
N(V)

B7-2 BN

Rk, BEGAR—NZE, viv,, v R KEAL > 4WTLZEB. ZETRY,
Z‘EE(G_VI)—N(W)FP’ Vive, Ve L TR EE X L, vV BTNV AR ENBEG-v)-
N(v)W)ER XL, &ﬁﬁi@%vhvh'"’vbh v, 5v A 4R H e PRI .

HIBEET-9, ATRREGRERZE, RIMTURLEGCHELHFE—RvIlREHET-9
Ik, HFE—ATHAY, HRLHARBG-v)-NVEAR ERERZ. REXTNO)HE—
3 AABARRITI S (u, w), BRRRE AN EE X SufiwiBies. R FrEE X FERNIE,
RATFTLAB AR, GARZEA. HTREWT:

$i;£Chordal Test—Naor, Naor and Schaffer

|\ HERLEEG=(V.E)
Wl GRGAHZLE



222

160 £z HEYEA

BEGIN
1. (a) For each v € V do in parallel
(b) Find all the connected components of (G—v)~N(v) and Number them
(c) End parallel
2. (a) For every u, w € V do in parallel
(b) If (u, w) is not an edge but (v, u) and (v, w) are edges then select the pair(u, w)
(c) End parallel
3. (a) For each v € V do in parallel
(b) For each u € N(v) do in parallel
(c) Compute a sorted list of connected components computed in step 1b to which u is
adjacent
(d) End parallel
(¢) End parallel
4. (a) For every vertex v € V do in parallel
{b) For every pair of vertices u, w € N(v) such that («, w) is not adjacent do in parallel
(c) Verify if there is an entry in the list of connected components to which both 4 and w
are adjacent. If so, conclude G is not chordal
(d) End parallel
(e) End parallel
5. (a) If step 4c does not declare that G is not chordal for any pair (u, w) and v € V then
conclude that G is chordal
END

SRESH FISATLURMMAEEPIER LRI, HCREW PRAMER , FTAbH &
O(n?), HFTHHIAIAOU0g? n). TEFIEZHRBENTHF AR ITIT, B 12T LE S
o), PATRFIRIHO(log n). F2HME KERE T HRBIELEY, mREESERHTER.
F2H R RN

If (A(u, w) = 0 and A(v, «) = 1 and A(v, w) = 1) then select
the pair (u, w)
end if

XA REFEME A0, MR —AERMBIIRKER, B20)PHFTLEEOM), h
Frit i A 0log n) (miEEGH LRI K0 . Hik, F2HHTLEERAO0(mn), BbialA00og n).
$30FRA—LEE, PFIERERO(og? n); FE3(0b) ~ (RIFTER, EHHIITHREET
AV ES, REAFETAGERN2m, HLEITHTFENLCEERAO0mn), ITH E K
O(log* n). HEALFENLEEBAHOmMn), $ATHHEIHOog n): B—A=ZTTBACVLWER
vEufE4s, wEulkl A48, BEISHEH (uwBIREEXNRNE -0 X oR—11
FES . MEE AN, w), EBXFIRNSHKEHOmn). HTFEIAFIRPHE—INTHE
BEEyRn-2MEEE, —ANEEEHN W BRIER. SHRCEZEROMY). T =T
H (vauw), STECHFPLEEZEEC WS XFIRFFCHIT 8%, HEERIEXT
K. GnERHCUERHK1, TULERH0). HTFE-TEENY, SEHVFEVEAE-IT
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ERNZ o BAMMRT A G ST RN /RORZE . AB4E, BRI RIE.
5B, BADF e REBITHRORBE, HOMAMLHEE, IATHHE A O0og n). Kk,
ZHEIEAT R SR B BN Omn?), P ATRER AO0Uog? n), H4if7CREW PRAM # A/,

Naor, Naor #11 Schaffer (1980) X+ T F 4l [n) @i i% it TNCHiTEH::

1. 5 5z B R BT A oA

2. kARG,

3.k HsZE IR R,

4. KU 5% E Ry B AL &S

5.k ERR/NABES.

7.2 HEARRKH

HRUEBNKRE - RKZEORAERKENELR, —MZBZELATRAA. BEEX
M H (bi-clique).

MEEG = (VEIT AR EVII LA AN EAAMB, EFHAMBHFHAEEALH, &K
IIRGHME . B TA IR ZER K- BREZECGHFTAR KA. RVESREENIT /N (223
JLUPHZERARZERTE, it ERHAMBRHEMRKE, TEXNG MG X
RARPESTFEG,, WWH. F_EEIHETH, ARk RHMES LA ERENHR A
TNz

HFHEG = (V.E), HfiIBRIEMETERANRARH. V=AU BEEGHTRAH—A
K5y, WRIAFBJLPAHE. POSHIRGINGHI] u v
KHl, XBGEFHASHWE, PU AR —IHH
BAHGe. FTFAE—TAY € P, ILNy(v) = {wEQ:(v,w)
RPUQHHI—FilL}. FIEEHh, M FEEHRVEQ, id

No(v) = {wEP:(v w)RPUQHHI— 5813
£ 8RR (N () vEP) 7T A FAL A 3 7 AT HEFF Y
BI% T BRI T, v.€P. B4 N,0)CN,(), B
2 Ny(v,) EN,(v) . wy Wy
327-10 THRARLALS AKX EFES{N()VEP}
A

EH: RiF. BEu.vEP, R N,)TN, ()
B N,(WE N, (). XBREWEN(MEwEN(v). RIHEH,
wENEW,EN (). HFw, weEQ, ENRMBH. E7-3 BB
X FuveP, TR, WET-3. HEERw wAER, Hubw. TS, vEw A
4. HL, u-v-w-w,RFH—ALEE. X5CGREEFE. ERAIL.

$#7-1 BRC=CUCAEBRAG, MHiE—RKXE, RECNPECNOAEZE, B (224
CRAELNINWIxEC I E, CoRESNMIXECHEIR N,

3 xBiclique-MC

#N: BG, ACVH BCV

AUB=V,ANB=9®

Ni(u) Nq(v)
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=P,

zifo)
ﬁtﬂ: EHGPUQ?EEEB"JW%, Grug%Gm*&kBj
BEGIN

1. Compute {Ny(v):v € P}

2. Sort these sets with set inclusion and sort the vertices of P according to this order

3. Compute {N,(u):u € 0}

4. Sort these vertices with set inclusion and sort the vertices of Q according to this order

5. Find the vertices v, in the list P such that Ny(v,) is a proper superset of Ny(v,,,)

6. Each vertex v chosen in step 5 yields a different maximal clique Q,(v) U Qx(v). Q.(v) .
consists of v and every vertex of P with the same or larger neighbor set in Q. That is,

Q. (V) = {v} U {w: No(W)No(v)}
Given Q,(v), we can find Qv) by Corollary 7.11 we may also need to include the
cliques P and Q ,
7. Decide which maximal cliques of the biclique G,,, are maximal cliques in G

END

R ERBEENEREZA ., BROEERE-FUNRGETS. EX—-1ic5: R
vE&PU Q,uPy) = PRITSHEFFIR P BETR, EF No@Pv)EN,(v) . MHTilE Lk
T A TREAAFE . (0, BATHATE Lu(Q,v).

ZHET-11 BEACRG M—MHKXH, AL

1.CNP=d;

2.CNQ=#9d;

3. FAE—TRSEVEPUQ, CABuUPV)RESUQ,V),

UMCERGHMKXH.,

i A £ B Naor, Naorfl Schaffer(1989) %4 H & #7-11AJiF .

MRE LR ZRE, FTLABTHEZBI-Clique-MC HETH. TERHRHEXBI-Clique-MC
M. '

WHRESF E1-4BFRHOMANEEE, BATHIEIZHO0(0g n); BSH AR LHALE
#BAHTOWNE; F6FH, QMEPHIRE (prefix), QOMA/PREPHVEIE, 0:(ME
N)#EE, Eifid FE—4H00), A—CEERIITE R O00og n). X TFoWHhE—"
TE, RAVEHA— MR ERGHER, ERBITHIEINO(og n), LEEHAHOMmM + n).
HEuP, A, VIERCERFHOM), SBATHEAO0(og n). FIHETHFHTERILES
¥ AHOnY), $iyhtiRIAO0og n).

HRMNEL TR T RUARFARKEARERE, THERMERK—BRERKHRINCRE.

# ixMax-Cliques

WA BG=(V,E)

Wl Bk kHEFIE

BEGIN

1.Let V=AU B,
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where A N B = ® and |Al = |Bl (approx.)
2. Compute all the maximal cliques of G, and G, recursively
3. For every pair of maximal cliques P of G, and Q of G, compute all the maximal cliques
of G in the induced subgraph G, , which is a bi-clique
4. Eliminate duplicate cliques occurring in more than one bi-clique
END

AT Sk THA P TSRS E R, BifSrE 38Rk E A Odog n).

fE 5 — i T A B B ATRI A Bi-Clique-MCHR %, 2 2MRNEFEROMH A LH
%, RBHITRHEHO0g: ). WKITRZERRKEMROMNY LS, HTEHRATR A
O(log?® n),

HER—EFHE C. Xavier FA (1990) CEELTHABREARERLE. MBRMTHA 226
FHEXHE—ATE, CRBERED - FRONHTUA, XHABRERAYR L £8 (perfect).
WL ARENCERIL AN AL BRPVE ., MRMTHAFEIRE—FL, BULT
BERE LB, NIFRXEGBRER R (compact). WK ABERKERA R R
S BAHCVE., MRETHM, CVERRDEFPVEMNFE, HEADVERFE.

7.3 CVERIHE

HE X5, PVEIRUVE, PVERLRZERDVE, RDVERLZPVE, CVELRLZKX A
., B-AXKAERSRCVE. TEEIAHCVERLANFFHIE.

£27-12 FFHE-~ABCTEHARERFH,

a. GEMT T AT I ABEFHTAE;

b. GREBMT, P AL FHEFHRE;

c. HL—ABTHAVT) =C(G), ®FF={TIC(G)],v E V}RHTH LI KI5 %;

d. GReAK~eBCn>EAEHEF TR, €K -ehKFH—FileFE, RTEKR

BANTRENZLE; CRANANTRANE;

e. GR—A%H,

EHNEHERIREENLE].

BEGRE—/NCVHE, CRGH—/28H. i2G.=GlV.VUCIg4E B, 1<i<r, r22.

GrH7-1 WG)R—ARiLE, 1<ikr,

R RER, WGHRIEEM. mEIWG) >2, MARIEHAGCEFK -/EHENERT (227
M, X5GRE—\HREFIE.

#i%7-2 wREGHE—AEFEMARICVA, WEHGRCVA,

ER: BRE—-ANETFEG, 1<ikr, HRCVE. HEkE—GEHRARE. XRE®
-1, B AWGERME, HRGE—1HE, GRCVHE.

CVERHBINZE RARMT —ARMMERZEAFICVE. MRERCVE, B2
PAt g — A3 EERY.

FECV test

BN FAEARFIRFZRHIEG = (V.E)
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Wl wREGTE—-ACVA, Wit “No”, HUlkHEGH—ACVERT
BEGIN

1. If G is not a block graph, then output ‘No’

2. Find all clique of G. Let C,, C,, ---, C, be the cliques of G

3. Find the set {C,, Cy, -+, C,;} of cliques containing v,,

I<ikn

4. T =T(V,.E,), where V, is the set of all clique of G and
E,=®

S.Fori=1tondo

6.T=T(V, E), where V, = V, and

7.E,=E_UA{G,G;1<j<r-1}

8.If r,>1returnelse E, = E,_,

9. End for

END

7.4 HEEFIH

A RAEC. Xavier |IBMHFIUVE (BE) B—ANCHITEZ. RIMNRASHE
HBZ LA ERIRRE . T R B R F L.

¥£7-1 4oRGE—AUVA, vEGH—ATL, 5aATR v E RS BTN
$ BT th— &35,

¥ET-2 A—AREEY, MABATAREMHA LTS, GA8veyHR LRI
AbRAEGE, BAEk, RARSARL 4%, LY T4—WEv, 5a4vRAxA
HIMEER— & T,

WRGRUVHE, RIBEE7- 147 LUEH, A& T A VIR A HRH (union) S H — A X A B .
34 FGHE—ATHAY, RNTUHTRIIRSVRKANHRATRERE. R TEANR
A, BETHRARMAESREAE, RIOTUSHGTAUVEA. mAMNFE—-THAY, B4
CHAR AR HSRE A E, HROTOE B ABMPORERAR . ¥ TiXPQHE
T BITABAHEGHEAMERAX, MEFESHEFAR, EAUAIBGARUVA.
T4 B— L EAESFLA B RS, xRN TERRTRLHH; 74206FE
MBEEEES, BELTEESHARREA T RERNERESERE.

7.41 —EEXERX

RIOTERLHILALE, BEHEBRKE, BAHLLTHENHEAERKH. BREGR -4
WE, TREMHAKZT. MEASHRBATBCERGHE, BAMBN/NE cZRR P
FLFCHITRA -

mRaRGHTR, NCHRTEEHIEGHIARE, A

C.={C:CREGHHHa € C}

4G FRCHHERNHSFHNE. mRaMbRGHFH TR, C.,=C. UC, C,=C.N

C,. 1EC...HC., /i FiA HH I 3 H K E 5 BIIEG... MGa.
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ZEET-4FREG, CHEAC, = {abcd}, C, = {ed}, C, = {dfg}, C.={dgh},
C,= {s,h,r}, Cs= {h,r’l’}, C = {P,q}o

f : g
e G,
C. h p
d
Cs
o
a
c, Cs
c
b
b s r q
a) G
f g J
[+
C,
C. h r
Cc dé -
d h c
Cs
a b |
Ga [y r
G,
C| Cz Ca C‘ C. Cs Cs
T, *— ® ®
T
b) <)
& 7-4

a) B EIGIHERG. b) BGHMENERMT, o BGHMENHEMT,

C={C,.C,C,C,C;sCsC.}

H T AaXECH, EHEC, = {C\}. FHH, C, ={C}, C.={C}. dBEHHEC,.C,,C;M
Ccoh, HEC, = {C.C,,C;.C.}. %M, C.={C.}, C,={C}, C,={C;C}, C,={C..Cs.Ce},
C,={C,C, C.,={C,,C,C;,Cs,Cs.Cs}, Con= {C,} -

B RIEH A TFZEN—BEER, XEERERREEATRERRITH.

2713 BEGA—AZR, TRCHAR AT, WTHHE—AkAFRALFTGH—A
S EH,

A EcRTHIEH FTHRA, HHRES. BS54, C.C.CEXHEMA, WEE—1
HEAAEE BRI S, HEFED Aafb, EH

a€C,, jBat C, HifiKa €& Cy;
beC, Hb¢C, HMALEC.
BATEBIGH MaFI bl — KBRS BTCHI—ATH A . BIRP = a4, a4 RIE—FMa
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FIbEE, XHa=a,b=a. iBS,S SR G Ra.a,, a0 FRITHFH .
ids =8, U S, UV S, MSETHTH, cfloiBESD, HmTHMeBlo—RKEETa%
fESH, HitceS. XEREFEEN, ERcES. Hlta. €C. ATPREREN, KM
aBIbIHE LT C—A TR . XIEW T CorBafb, BBCRE—/4r8H.
BERITRIEA—- M FEHR, B THREERITHEG.
Z27-14 oRXGR—AUVE, U FCHE—RSa, GE—ARMEAE,
FEIEBXA B 2R, BV AETFREIIXAER. ZEET-SafRrIIZE, XTER
1] AN, sBRC ={abfg}, C={bfgh}, C:={bghk}, C.={fghd}, C;={frl}, C;={pi}.
X BeMATEC,C.CHCH, HEC, = {C.C,,C;,C}. BT-5bFRG,, PHBIE, G AR
—AXEE. FHit, RE\EEHET-14, GAR—ATUVHE.

232 a b) k
B 75
a) FIRRAEZHT-190935EG b) EG, TR iHH
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iE8A: &P, = C\,C,, ,C. RTHM P FHikal—4%&%, MG, =C U C,U---U C,.. GHIHA
&C.Co.Co BRIC,.Coo-Co, REWHEF, X TG, {E—TAL, G PREPHRAESEH
. BEebRGHE—THA, GHhEEPHBRHARTH —&KE, ICXFBHP, =ccrC.

mFb € G, P, N PAEZ, XHEATR—H, PP, REHHERAP, N PAEZE, P.N

Pb%Pa*ﬂPngq:%O ﬁf%‘]iﬂ!, Pa N P;,)%P,,H"J%E%, iEP,. N Pb= CiCis1" " Cirr» ﬁﬁ%%@@bm@

H"JIEEC,’, Ci+19'“ ,Cmo %Ga%—‘/l\lzjﬁ] E o

ERT- V4RGSR AL FZIEET-6a, BRIOAHSHIAC, = {abdef} C. = {abdeh},

C,={abdi},C,={abdefj},C,={ael}, Cs={alg}, Cos={efr}.

C; G c, C,

Cs C4 Cs CO C1
[ 2 *—o *—9 G,
Cs Cq Cs C; Co
o—eo G o—9o —o G
b)
&/ 7-6

a) WEAGARUVA b)G,G, FHKRIER

C,={C.C..C,.C;,C..Cs}
C,={C.C..Co}
C,={GC.C\.C,,C:}
C.={C,C,C,C,C;}
C,={C,C,,C}

C ={C.C}

C,={C}
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C ={C}
C.={C}
C= {C}
C={C}
& 7-6bi#£2G..,G,.G.,G..G,G X A Fx, EWHFCHEENTRAY, GRKIHE. KL
IEHEGARUVHE.
#i87-3 wRabRUVEAGCHBHEARLE, WG ,AERBH,
8 GR—XAE, C.R2C.HAUENIHAMHASHE. N, RIFeHE7-14, G2
X ] B
#i#£7-4 WwRGR—-AUVAE, a.a, - afkbkéhmE, G, ..2UVH,
B G o R R H,

7.42 WiEER

BN BRI BEEREMA RN . AE N —BREG, MHKleinBEEBITFGRETREEHE.
MAGCGARZLE, WGAREUVE. MmRAGREE, HMNFIHGHFANHA, HAXNGHE—4
Wifa, KHG,. HTFHE—1Tma, BIHTRIECRTRXAIE. RIFEHT-14, M TGCHY
B—THa, MRGCARKXEIE, WAMGCALUVE. mBRCEXEE, WK G.HIHH
FRUREMNPEEEDT. BETRhANStHlFrakn—&8%, mRC.C.. - .Co &K HE
GHIAMEMEHT ., TR KK .o o

idlana, - a} CHITAE, n B EcHANANE. BiEa a, - a XS BHEFES

n, 2n,? " 2n,

FRBAER 2 AMCRBIATILE, BA0H BHOERRABC, MR BRI LM
HREBREUVEA. —AEBBENITGC..., FHRIFERERUVE, J—NTEBEBEHGG.,., HH
WFERTRUVE, 5%, mTHfk

For i = 1 to n/2 do in parallel

Check whether G, .., is a UV graph

End parallel

Ln =80, XAGRMAET- IR, RS THR A TFTRINC-UVIG) R

HENC-UV(G)

BN EREREERG

WY GRETAUVHE
1: Check if G is chordal. If G is not chordal abort the algo rithm because G is not a UV graph

2: List the cliques of G and also list G, for every vertex a of G
3: Arrange the vertices of G as a,,a,,"*a,, such that
n,2n,2n, 2 2n,
Assignk,=n
Rename G, as G, for 1<i<n
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4.1 For j =1 to [log n] do

42k =k, /2

4.3 For i = 1 to k; do in parallel

4.4 PROCESS (2i-1, 2i)

PROCESS (i, j) is a procedure which takes the UV graphs G, and G, and checks
whether G, U G, = G,,; is a UV graph. If G, is a UV graph it returns the clique tree
representation 7T,,; of G,,;

4.5 If Gy is not a UV graph the fact is informed and the entire algorithm is aborted and
terminated because, in this case G is not a UV graph. If G, is a UV graph rename it
as G, for the next iteration

4.6 End parallel

4.7 Next j

5: Conclude that G is a UV graph
End NC-UV

Ga Gaz Gas Gas  Gas Ges Gar CGas
E7-7 n=8HMEETR

7.43 WAUVEMHA

&4 Bl 1% i+ E2 FPRECESS(/,). PRECESSG)AFRENC-UVH, EHFHAIUVEAGH
GitiTitE, FMEEMA CHERERT. T, RIiEG U GRTRUVA. MRGC U GRUV
M, WiEREEARER, FURHERE. RINMEESG U GRCHELEHNFFHA.
G/ HG, AR RGHE, RiN2
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C.‘ = G.E“Jlﬂﬁ,
Cj = Gjmﬁo

HmTG N GRGHESTE, BmtEUVE. G ¥, XEFiF5C N C HTEMR
HITH R AR SIS R A RS, B/aR BT N, RITREBT HE— /& r+
BT EEERIAEG U G RIER. & &4 N EiLPRECESS(,).

B AFPROCESS(, j)

BN BWAUVEG G, UL R ENHE R KRR R R T, T,

B 1.GUGREHUVAE

2. 4RG, U GZUVHE, #HiixEryAREL

1. For every C € C, N C, do in parallel

2. Let ¢, ¢, --c, be the nodes adjacent to ¢ in T, Such that ¢, € C, N C, (i< < 5)

3. Remove ¢ from T,. This removal causes a forest of s subtrees of 7,. Consider these trees as

subtrees with roots ¢, ¢,,"*+, ¢, respectively

4. End Parallel

5. Let R = set of subtrees (rooted) of T, left out after steps 1 to 4

6. For every element ST of R do the operation which where going ATTACH(ST, T,) explained

in step-7

7. ATTACH(ST, T) Let ¢' be the root of ST. We try to join ST to T, by creating an edge

between ¢' and a node ¢ of T, where C' N G, abort because G, N G; is not a UV graph

8. End for ‘

9. End PROCESS

A T4 7E F A ATTACH(ST, T)fE 4R EE . B 5050 — el gk it .

MHUVEREAR BEGRUVE, TRENHRETR, CRGH—AH, vECH—/THA.
HATH LRI W TSR,

TR AR TS WYGE, EBRTh MR Fvil—&ERAMA, SENTHRARUVEG
MR ER. FERTEMREXNMRIEE.

MP BB RTINS E CBRVIN— KB A, WCAZHRME. TERINBEC
TR S BAETH—&EVIES, cREMNTRITA. ZEUCHBNERRKT. BTH—4%
EVRIBE M, ocecicyC,,

1 _

BREATEERFO<IKL1IL<j<r), HF/C.NONC, 20, (C,NONC =D, XECIEA—
AsyEE, FCHC, R TFCHFmEM ERT-13), HERMNAEEFEETES RV
A, HETHRRUVEGHEARE R, WLUEY: MRRTHvIIBIIRA, Bac BHALT
McElc il b, Bac, BT NPl L.

Bz

a € (C;NONC,
be (C;NONC

H T Lidc, A Lidc), AR EF R e T MCElc Il k. %0,
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B FoE S clicfiALide, BAISRERBERMESc AL FMACEI R E. FILTAMEHE
EREFH L
ZIERT-8PRIEG. MWTAE, RERNMRESHT, 5B AH RF T A bR
. BAilA:
(C, N ONG, = {f};
(C. N ONC, = {d}.

a b e
c, C,
o]
f
G d
C, c C.

E7-8 AKHAMODIFY & L HIEG

R, FATARESGE AR, {355 B B T TR A bRIBR IR A .

W2

BEC, N OC, X, BI\syrEmEHC, C#EHIC,. BAEBNHTEMc X, HEc ke, [238
BT, B, SERIFEEHREEL, BECS5CHBNETEHAHS, X, BESMc LR
¢ HEZ B Ao T BE BB TAC. NC 20, #EEC,NC CC, xif, R
e B A BT, B4 AFNe. FEERARBRWETF. AFC.NCz®, C,NCCC,
Bl TR B e BLACIBT. XY C,, NC C O aEx . B, HTFciE— & Fcn,
BAFREA C.,, NC, CCHAL. IRE, Mo bFdbic,,, HETCRAMBZET. ZHRFEXHEN
cu i, BliMe bxfic,, HEECEAHBET. FTFEANEF e, RC.NC2d, HC,NC
TREEC, BIVEATEM EHic.,, REAREEEC B e WEF. XEACEHC,, &
TIRRE X R 5 R, BlfEc i FeBle, MBS L. XHUEH TR EBEMER LT
rh A v BR B

X ERT-9RIIUVE, XNEAE6AE, 454

Co={abdft, C.={bdfg}, C.={dfh}, C;={dfi}, C.={dij}, C;={fk}.

E7-9b% H TixANUVERERERT, RS, HNTFELRC..C.C.C\C.. REK
i1 Bk R TR L8, SRR TING B T 3% T afa B LAC AU /3.

HE, HHFLEHAC. C. C. CAForBEHCH—M, WCAFCHS—M. [,
C.. C,.. CArFHEBHACH—M, MCLATCHB—M. LRFEBAHREEL. Rnkilk (239
B, C,NCCCNC,, MMERTFHEEAC, C2C. BEMLMECEB ACKHET. Ak, C
UIRFC BN TR, XBECRCHES, BR, G, N C 2 0. Hifi, RENE
HCECHET, RSHIECHBI M E. BENE, CNCCC,. Hik, BRIMACLEE
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HCHBEERACHE S, REMCEERCHEECRACHET. BT-IEIGEMR. &
MEBREXASCERIB P, CRIMNBIEA, HHESHORMTRRZRUVEGHER .

Cs
b)

B 79
) {EE2HHIUVE b) GRIER o) ButrEH

WME3 XTHEHC, BECEHIC,. X5%B2RMU.
W4 BETAAEZEFEL 2, 3. ATAHBEREL WM TFEENFT (1<i<],
1€j<r), BAC>C,, BAC>C. Rifi, &i=1,j=rFET, BIEFC, >C. £,
Yi=1,j=It, C\>C. EXFHBT, REREEMFHIICC, -CCCr-C,, BFimA
XYH4B,B, BB, B,.,, XBB=C(1<i<]),B,;=C;(1£j<r),
AETMA TG EXXAFFFIETES, #e
BNC3B,NC2IB,NCI>--21B,NCl
BRI THE—XER <i<j<LriyB8, j, HBHACRELEB >B,. kB >B,>B;>
-+ > By, BAEFHIEVRIE Kcb.b, b,
HTAHE BGHR M IH AMNBRNOYR, By eXdMESchb, b £vHIEE, MEMT:
1. 25 cc .00 €€
2. Z#¥ficc e \ch, €
3. AL ch b bobobs, e biribiso
FHRIE, 21 FRESGHE, THRRZR—H. RITERIE, X TFUVEG, TREKARH
EABHER. Ak, FFE—NiQ<i<1+r), MEHTLEUE. BREDb=c, MRB.>B, Y
B.5b, BB —A B FoERE BT, ATLAGED B hb., . — BB 5b M— A8 FbH48, B
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VHREERD, HEEB AR ET. Bb b, AcHIFLEK. B, N B2 dFHEC
N B @, HILXEbE AHIZEF. Ak, X BNB,CC. RFY4B N B = O, &
1 BNB, , CCRBMESL. MBEAL, kb hcIF; BN, TAGEB SRR FHZIH.
BT LRitie, BAFMODIFYR#iRMT:
EEModify (G, T, C, v)
PN
1.UVHEG
2. GRYAW RRT
3. GHIHIC
4. CHITR S v
Wil THEHEESTHVRA SR ERNRA, MAXTUVEG, THRAHE DR
PR . A RTARESGH BOFT ZERABHE, WIE Bl R r TR @ s
1: Verify if ¢ is already an end node of the path of v in T. If true return T, else let the path of
vinTbe c ¢, ¢y c; ¢, cc\¢yp e -¢,. Consider T as a rooted tree with root ¢
2: Roreveryi € {1,2,3---[} and j € {1,2,---r} do the following in parallel
fCNONC, 2D
and (C,NCNC, 2 ®
then return with a message that T cannot be modified
3:IfC,NCCC,, then
3.1 For every child ¢,,, of ¢, do in parallel
32IfC,, N C, # ® then
33 1If (C.., N CH\C # @ then Proceed to step 4
ELSE
3.4 Delete the edge c,,.c, and create a new edge c,,,c so that ¢, is a new child of ¢
End if
End if
End parallel
3.5 Delete the edge c',c and create a new edge c',c; so that ¢, becomes a new child of ¢,
3.6 Return T successfully
End if
4:1f C,NCCC,,then
4.1 For every child C,,, of C, do in parallel
421 C,,, N C, # ® then
43 If (C,,, N C)\C # ® then Proceed to step 5
ELSE
4.4 Delete the edge c,.;c, and create a néw edge c,,,c so that c,,, becomes a new child of ¢
End if
End if
End parallel
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4.5 Delete the edge c,c and create a new edge c¢,c, so that ¢, becomes a new child of ¢,
4.6 Return T successfully
End if

5.1 Form duplicate copies of the cliques C, C,-CC, C,---C, with new names B,, B,, -
BB, B,., B, so that B, = C{1<i<I) and B,; = C;(1<j<r). Let the corresponding
nodes in T be denoted by b, b,,"**b,,, respectively

5.2 Sort the cliques such that

IB,NCl>B,NCl> - >IB,, NCl

5.3 Fori=1toland for j =1 to r do in parallel
Remove edges c,, and ¢, c;. Here C, means C. While removing keep log of the
operation because if we are not able to modify T as desired we have to return the
original T with failure message
End parallel
5.4 For i = 1 to [+r do in parallel
Create a new edge b,_,b; and reconstruct the tree 7. Assume the notation b, for C
End parallel
5.5 For i = 1 to 1+r do in parallel
5.6 For every child B of B, , do in parallel
5.7If BN B, # ® then
5.7.1 1f BN B_ CCthen
5.7.2 Remove edge bb,_, and create a new edge cb
5.7.2 ELSE
5.7.3 Report that T cannot be modified as desired undo the change done in steps 5.3 and
5.4 and return the original T without any modification
5.7.4 End if
End if
5.8 End parallel
5.9 End parallel
5.10 Return the modified tree T in success

BLZE RN 1E AR R FATTACH(ST,T), TERFPROCESS(HMBTHHEH TENRF.
IBG A mSTHIT AR RPARFNRHAE.

AWSTZRGsy N G. EWTH, STH—ATHASTNSTH—ATRARMEE, ST RS
TASTHITA Aic 4348, Bl WET)CC, WET)CC'. TimchAT A, ek fESTHITH A
cETHIT AcHRSE. R, MBRTHTARLBE WEDEC, BLRMNZEES AT,
HEHESTST A .

BN, = {c:cR_T. AR WET)CCY, NET hSTHRARENSAEA. A Emtie
Kic' € Nyo BT FE—AFRST, NodEZ., @dim—4&il (cc), STAIST AT RARSR
W NT ki, BoRETFWEDIE A TAMNKIEA. S FWEDHE AT AL
FHABRIEXA . HTFWEDRE—ATRA, WRT ARk, BLATHAARESSTRITHR



E7% EEHNCHE 175

BB, TN BTk, ATUHTRIERR RSB MTNAHITRe, R
RERIE, RILALSTENEE MM —&KFHE (cc) RKEBSTET. MRATAREECENAEANTH
AR, WLARHER: STARGT ME. HMG U GARUVE. FTEXMER BIRESTE
BT L.

#EFAttach(ST,T)
. Let G; be the graph induced by the union of cliques represented by the nodes of ST
.W(ST) =G, N G,
Ng=®
. For every node ¢ of T, do in parallel
If W(ST)CC then

7= N U {c}
End if

. End parallel

wn B W N -

. For every ¢ € N; do in parallel
. For every v € W(ST) do in parallel
.MODIFY(G, T, c,v)
If the procedure MODIFY returns with failure then exit
10. End parallel
11.In loop of steps 8 to 10, if the MODIFY is in failure for any one of the vertex v then

O 00 3 N

remove ¢ from Ny
12. End parallel
13. End parallel
14. If N, # ® then choose any node ¢ from Ny and make ¢
adjacent to ¢
Else
Abort the algorithm because we cannot attach ST to 7, and Hence G, U G, is not a UV
graph
15. End ATTACH
LEXA RS TRSTSTHE. 7ERFFPROCESSG)H . 6~ 85 5RIEN 5 —
ANFHST. Rifi, 3 TROFAETEFEIFTIT LRRE. HTHAELTHERNTHST,
FA TR EHITITAtachi@ . XHE, %6 ~ IFFORMEIHZE £ PhiT[log nlik.

7.44 ERUEMARE

A EHRATE S E 20 E R Lo rbt A B SR E R E.

X715 LANC-UVG)H %455 F, Gy o FAUVE, RLGLRRUVA,

s ATFUVERMMBRENRE, UVERA#REYE. UVENE - ESTELZ
UVHE, Gu\.MRUVAE. iEE.

% 87-16 4o RLENC-UV(G)H ikt $4.1 -~ 4.7% #§FOR-NEXTH 3R 4 47 [log nlok, HE
A B RATHST RAH FFiEE, MAGRUVA,
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8 MGG, .G, RRRNC-UV(O)REEILZ HHBAMNG, G, .G.,, ZECHITA
{ai.6: 0. EE—KPITEN, H2ANGCHERTE, - TEHRUVE. #8455
WTEARRB G —RERP, EHBG. . .NEFMLHEN, G.8HEG, FHHGRUVHE.

XET-17 LAZAPROCESS(G)NHETT ¥, XA NKREWSTET L, AAGRRUVA,

L8] ERFATTACH(ST.T)H, No@&STHIFA FRERISSRE R . ERFATTACHE
BEHNYNg = O, BATHMSTAGEST AHiE, XEREAGRIGET, H AERSTRENT
Re&+F, X8 WETCC., ke & BI—HRE WEST)C CHITIA, IBAELFEWST)
—A TR, ZRAECH . X, MRSTHcAE, BLuIBBRAETRHEAT. Fit,
TRERSTHC MHE, K WEST)CSC, . kL.

X27-18 AAZAMODIFYHE29 F, e REAMBESDTHFHE L TRERKSE., KN
A #TRRcRVARZNZ S, THRRUVAGHEAR,

iEH: BHT(C N ONC =, (C;NONC = @, ofilc, L T4 BACKHIRL, BifichiT Mc
Blouig £ BHik, BOTARESRHTER VIR SA, THARRUVEGHRAR .

THET-19 E35h FAS5THBREHAREKET, UETAREAUVEAGH A REMA.

w8 BRTIESH, F3S55455 -, Hil, XEBRNMXHFEISLIHE. XHHE45
FRIFKSL. EF3SHH, BliIAcEExHce,, HEc 5cHiB. XHSEHAERC\CHHY
. v € CNC, BLAXHKERFAET KM, HRFLFESRIEXN FC N CHIA,
Bript B &R UVH B & 4.

E3AL B RMNEMTHREESCHFIEESR W HIETF. Hit, ¥FC N CHPIMETRAD
KRERC., A, @dfEc B WETF, HTFCNC HFATA, BMR#ER.

X720 LAAAMODIFY®#HE573FF, wRBRWT, UTREAZDE, #FCRvY
Shsnk, BAMFCPHAME, TIRABREHMA,

i) HTLTESIM5 4, HEMF(1<i<i<NHBLB,. EXMFET, &k
B HETE 5B ARERB . MTROIAMEXNB. NEEEFB, £F5735FRAET.
BEvEBNB, BAVEB,B,B.,, X=EARAER—KBEP. IEE.

ZET-21 HENC-UVG)TERRFAMNUVAG,

) WRGARZEE, BIFEHFRIGARUVE. &, 3 FCGHTHRa, MRGC. AL
XiaE, BBAGARZUVE. mEMNTFCHE—TRae, G HREXAE, BLEMNZEMEC
IR . tRESETHMIE, MAGRRUVE (EHT-16). MRAEEERESE, £E4S
SRR, XHEE T, GRRUVE (EE7-17). ¥ FE—BAE, BEELKIES
¥, BAAEFISHEFRERY. EmXANREETERBAEUVE,

RE LR RE IAERMESIZEEOBAMCEETRE. EH7- 22580 T —
ATEE, XX ERESRIER A M.

X122 BRG=(V,E)R—A%ER, n AT oLAveIAAANK, MA

va =§Icl< m+n

iX EmAen oA A TG I KA TR S,
iEgf: EX—NMEMAVC), XBvEV,cEC, HlRE
0,véc

A.e)= {1 vEe
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X FGHE—/AHec, A
lel= ;A(v,c)

K, HFE—THHEVEV, F
n, = ZA(V,C)

HimA
;Icl= Z;A(V,C)= ;nv

XK Bl men | Rt mAIE.

R 327-23 AZAMODIFY3E#ATHE K O0(log n), KA B HKO(m+n),

ol MTAREFELANE, BB2SRRLEBEHOM, RIFHIHO);
FISTEIS LBO MRS, PAHFROD); EHSSH, B525 B, HF LTI
E10Cog n), LBBHAHOM log 7). H5.6~SSEHBIEOND), LBBEROM). H55~59
B R A, TLBEWERS6~58, S 6HFRIANB., BLHB BT, EESSHH

REW L REABIOR , FIESS - SOPRBRBBRA AR J'c! <mon (emr22),

Hii5.5 ~ 595 FELBEBAOm+n), PATHTIEAHO). FLAERFMODIFY $FEHhATH 1]
A0(log n), KB EHAHO(m+n). {EEE.

X 527-24 A2AATTACH(ST,D# % i f7H 8 O(log n), X F KA O((m+n)),

ikl 1, 2, 3PHFERIATRIE, F4~ 6B FAATREBIHO00), BB AHOM).
BN SICL IWESDIKIVI, Ft, RIBEET-22, B—KIHFTHITMODIFY LT O0(m+n)
ARLERRE . MIBEAT-23, F7 -~ BEAFRTHIEON0g n), LEFHAO(m+n)). FLUE
JF ATTACH M T ATh i O(log n), RLEE BB A O(m+n)’).

Z®7-25 A2 APROCESS(, )+ & et EoOdog* n), RXEEBRKHOmM n),

8 B~ 4B HEFERTHRBIOWN), BEEBHAHOM). BINICLKIEHREL & H(log nit
T, BN FRESHZE. Hik, RI\EE7-24, PROCESS(i ) FEBITHRIO0g? n), 4L
HEBEAOM n).

E7-26 ARUVEAHRHRNCY,

iE8): BIENC-UV(G)E1SF AKleinE %, KleinBE ik ENCH; $24F FKleinf[X &
EHES:; B35 AT EAO(og n), KCEIFBAO(n log n); FaLh, H43-~46
HHEHITHEIOGog? n), ERBCAHOMmM n*) CERLT-23, EIRT-24FEHT-25), F4.1-47
SForfE R EEMITlog nltk. HILIZE S BHNERERZBITHIEAHO(og® n), LEBFHEN
O(m*), H#hfFCREW PRAMERS,

Bk
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8.1 HITEE

A = Gy are e b — P B HiE R 0, < @ <oy, 10 ~PocEx. Fefiimh
MR TR e S < an b o s R S ) B e B S AT o P [ i
LM AR, Wi

HiESequential Search

BN L iR <0 s,

2, LAY
Wi TiikHa €<,
1. Set ey, = —=ignd o, =+
2, Foar k=4 o n'do
ooy s pand i <y, then retarn (k]
else cnmtino:
4, Ment &
5. BN

i 6 A e B MR T L. T TR R 00e. FERY
SHHE R T LITEO 0g R ] E AR R T
W iEBinary Search
WA 1 e <o <0 £ta,
2, ks
mﬂi: I".E‘-E_'ﬁli": ot
I gr= =, = +=
left= 1, righl=n
2 Whilz left < righl repeat
miil = [left = right]'2
Caso
v <l right = mud-—|
A= s rekarn Cueid)
a = a0 lefi = mid +1
End Case
3. End While |
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4. return (right)
5. END
ATER I BENTRE, HALRAA = (20.24,25,29,32,35,39.85) 461, i%x =22,
taiL: left = 1, right = 8 Hmid = 4;
LbEix = 22Ha.., = 29,
fx<da.. FHM, £right=mid-1=3,
AL left = 1, right = 3 Hmid = 2;
bb8ex = 22Fla,., = 24,
Hx <anee B, &right=mid-1=1,
1ER2: left=1,right = 1Hmid = 1;
bb#%x = 22fa,,, = 20,
Hx > an. HIE, &left = mid+1 =2,
BAaEKHleft = 2, right = 1.
While{§ ¥ left < right N2 & AHE,
B B While fEER4E 3, 3K Blright = 1,
R — A8, KAE TR A BIIES R ER - PR RNBITERE.

x=20 x =100
&R yi H 2 AW i v H
0 1 8 4 0 1 8 4
1 1 3 2 1 5 8 6
2 1 1 1 2 7 8 7
3 8 8 8

4 9 8
IR Bl R [E8

8.2 CREW PRAMEEI THIHITIER

252 FFCREW PRAMEERV L, a,<x < o, WBIFRIERCAX Br A WIKERR 317, BIACEE 28 Pt
fra,<x < afHtE; REFREP #HITa <x <af¥fE; CEBEPHITe <x<alHRfE; LULAH.
Bifa<x<a, LR EPILE RIS ALRERRESULTH ., BT

WA 1.54A=(a,a,a,,a), a,<a,<a,<<a,
2. {Ex
Y Result=k, a,<x<a,,
0:a,=-%,qa,, =+%
1: For k = 0 to n do in parallel
2. If a,< x and x < a,,, then
set RESULT = &
endif
3: End Parallel
4: END



F8F HFELEH 18]

SREMMT £ LANEES, FOBRAFEA I CEEFRMIIT. $2500 T
HEERO(). FEZEHRBOMANLIRE, TUEODRIMENTHE. BTHHAMRE K ta,
<a,<a, < <a,, RE—/ECEERBELLS RINLERESULTIE, FRUAERFLENEHR
. TAFEBPALCEEP HEMBa, JFFRIZBERLEN. HMCREW PRAMITRRE
PESACCE R

8.3 EZRIRHIFITRR

R ol K LA R B % B 2 A0RHE,  ERBIERREEOM AR . BIEHHAA =
(a,,ars a)Etia, < a, < a, < < a,. HE—Mx, LEREHHEDp. BAITEXN ZER
BT R

T syiagt, BB BEA TR, BANPRDTE ST, AR
R 5y Bip+ 14 JLE R/ MERI R L B R p AN, AT HERR, fEn =
(p+Dr. Hil, SEEHS e+ 14 TERE, 8—BBAEINTE.

Ialaz...a,l a,+1a,,2...a2,] Qpret ... Qn
Bl B2 B (p+1)

R =0%x=a,

=—1 Ha,<x

=+1 Y4x<a,

WMER = 0, LB EE*r. WEMFENIGR 20, WLEEHRLER.. = -1HR, = +1%&
PEEEKE:, McHEESEEN. EFBES ERER. EREEXSHMT:
$i;xParallel Search
WA 1. EHA= (. a,a,.a,)
2. [Ex
#Wil: ThrkHa<x<a.

1.p is the number of processor variable. If n < p then use the algorithm Search-CREW
algorithm and solve O(1) time
2. If n > p then without loss of generality assume that n = r(p+1) for an integer value r
3. For i =1 to p do in parallel
Case:
a,=xR =0
a,<xR=-1
a,>x:R =+1
End case
4. End Parallel
5. For i = 1 to p do in parallel
If R, =0 then
return (i * r)
End if
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6. End Parallel

7.SetR;,=-1andR,, =1

8.Fork=1top + 1 doin parallel

9.1If R, = +1 and R,_, = —1 then choose
the kth segment (ay.i,» Qu 11,7 -4,) and do the search operation recursively on this
segment
Endif

10. End Parallel

11. END

fE AR, ERT— RIS, FIRRBR I+ IR T8/
8.4 LAFMAERER

A = (anta, - a)R—MEAHTFOEEH . BE— AN Ex, BANMEEEK LR = <1
BOAM Thrk, MBI &MIUARTE, LR BIREEREn+1. LUT &R LRSI BT
%o

#ikUnsorted Search

M\ 1. EHA=(a,a,a,a,)

2. [Ax
8. ThrkHa =x. AUREHXHRIAEEE B+
1.k=0
2.Fork=1tondo
3.1If a, = x then exit for loop
4. Next k
5. return (k)
6. END

FEHRTHEN L, BRREETLUIEOM M RINSER. EFLAE L. $2 ~ 45 /for-
nextfEFR A LLES B I 1T IR 3R . MBRMEHOMAN LIRS, X AR THIE T LMEO(D)RIRY
8] N SR -

8.5 BAFH

AFA = (a,,a18, a)FB = (bibybs, bIYRFANE FHIBA, & HBAATMBE L B M
—AFBEAFBHI(m+m) N TLEBAFRA. B, A =(24,11,12,14,35,9599), B =
(6,7.9.25.26,31,42,85,87,102,105), & HFA 4 EEBMFEAC = (2,4,6,79,11,12,14,2526,
31,35,42,85,87,95,99,102,105).

B AHERED R PR, ERATEFRCYH. FMMBER, BARLLEEE
BAKHANE—ATE, BERARABNE L. Wi=1Hj= 1. BEFATROHE
PCHI FARid bk, Hoika b, FH/NMO—AFEAc. MBEREREHET - TR, BELTR
T PR
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BITHEMerge
BN KA B AmFInf B FF B AR
Bl SHFMAERFRLC= (., a0, C)
1.Seta,, =b,,, =+
2.8eti=1,j=1,k=1
3. While k <m+n do
4.1If a, < b, then
c,=a;and i = i+1
else
¢, =b;and j = j+1
endif
S.k=k+1
6. End while
7.END
LER S FEEFTLAEOm I RINE K. ERENESRITH. A& TR, KB
T B IS . RA = (a,,000:, a)FIB = (b,by by, bR BA, xR BITE
Srank(x:A) A BEHAT/NTE TR TE N . %A = (24,11,12,14359599), B =(6,7,9,25,26,
31,42,85,87,102,105), FLrank(6:A) =2, rank(7:A) =2, rank(9:4) =2, rank(25:4)=35.
B3t — % Mrank(B:A) A BEAL(r  roors o), Horbr = rank(b;:A). X LEIZ HAVBEHA
FB:
rank(B:A) = (2,2,2,5,5,5,6,6,6,8,8)
rank(B:B) = (1,2,34,5,6,7,8,9,10,11)
rank(A:B) = (0,0,3,3,3,6,9,9)
rank(A:A) =(1,2,34,5,6,7,8)

rank(x:A U B)RA U BRNTE TN TEN . Bk M4AMBRE AR ER, rank(x:A U
B) = rank(x:A)+rank(x:B) .

rank(A:A U B)=(1,2,3,4,5,6,7,8)+(0,0,3,3,3,69.9)
=(1,2,6,7.8,12,16,17)

rank(B:A U B) = rank(B:A)+rank(B:B)
=(222,556663838)+(1,23456,7,8.9,10,11)
=(34,59,10,11,13,14,15,18,19)
BIE
rank(A:A U B) = (1,2,6,7,8,12,16,17)
rank(B:A U B) = (3,4,59,10,11,13,14,15,18,19)

M LR HRA ST, TR E BT EERACH BRI E . firank(A:A U B),
W LA Hrank(agA U B) = 8, XERERGA U BHEN TENTFRE Ta. Filh, a &L
FAHFNRMACHIIESA M E. M, B Frank(a:A U B) = 12, aZRIEKC.. WRRA
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= rank(A:A U B) = (1,2,6,7.8,12,16,17), HBLHC(RA) = A, #BIEE:
C(l)=a, =2, CQ)=a,=4, C6)=a,=11
C(T)y=a,=12, C8)=as=14, C(12)=a,=35
C(l6)=a,=95, C(7)=a,=99
A RB =rank(B:A U B), IPLAC(RB) = B..
RB =rank (B:AU B) =(34,59,10,11,13,14,15,18,19). AWA
C3)=b=6, C4)=b,=17, C5)=b;=9
C9)=b,=25, CQA0)=b,=26, C(11)=b,=31
C(13)=b,=42, C(14)=b,=85, C(15)=b,=87
C(18) =b,, =102, C(19)=b, =105
Rk ERBR LT
# % Merging and Ranking
WA LLEHA=(a,a,,a,),a<a,<a,<<a,
2.¥HAB= (b, b, b)), b, <b,<by<<b,
B AHAIEEC = (C(1), CQ2), C3),-C(m+n)), C(1) < C(2) < C(3)-+:< C(m+n)
.Fori€ {1,2,--,m} and j € {1,2,---,n} do in parallel
. Find rank (a,:A) and Find rank (b,:B)
. Find rank (a;:B) and Find rank (b,:A)
. End parallel
. Denote rank (A:B) and rank (B:A) as explained earlier
. RA =rank (A:A) + rank (A:B)
. RB = rank (B:A) + rank (B:B)
.For i =1to m do in parallel
.C(RA) = A,
. End parallel

= R e Y O T

—
—_ o

.For i = 1to n do in parallel
.C(RB) =B,
. End parallel
14. END

BREST BTANBRARFHA, BRITFIUAZSBREEFHA—MEEEEO(og m)
Bt 1] 52 A sRrank (x:A). AE{UUH, skrank (x:B)FTLAZEO(log myBtRIASER. BTLL, %1 -4%
EROm+n)AMEE S, fE0(og mFtEIAZEK (RER>m). H8~ 10SELL ~ 13FHOMN)
AREER B LAEOI AN SR . FLLZE LT AOmem AL, £0(log ) AINTER .
2 -3 B R RIERE, MAMNSEELELEN. Hik, ERIETLIZECREW PRAM
R

8.6 WiAEH
ﬂu%ﬁéﬁ/l\gﬁj%ukﬁfg(apn,a,»z,"',ak)*u(a(mmm«n)’a(bz)mod(n)s'”,aj)l%ﬁ/'\—é-iﬂﬁaﬁu5 "'/]\i

— -
w N
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BEFR, B—ARIATRE, BABRIMKREAA = (a0,0,,0,,a, ) AR KATIGRA 7], B4,
FHIA = (22,27,39,48.42.40,3534,32,2524,18 8,57 1) —ATHFER . A T{ETFHEME, ¥
AT E o

k

N
4 151678911011 112(13(14(15
A(@) 122127 139({48 (42|40 |35(34|32125(24,18| 8 |5 | 7 |14

W | e

i [0 1]2

MR HABEX R E — A BB ELHES, IB25x R rTLAsy BumE sy — 3o ail  [258]
EFH, By il TR,

RA0:2n-1) K —RFFF. TefilE X:
L.=Min{a,a.,} 0Ki<n
R,=Max{a,a,} 0<i<n

R T LR

L. Ly Loy Ly Re— /N SURPES;

2. Ry, Royroe Ry R A SUBRES;

3. G—ALANFRETFR.

BT BBX— %, ZRANH A,

i a; a; i

0 25 32 8

1 27 25 9

2 39 24 10
3 48 18 11
4 42 8 12
5 40 5 13
6 35 7 14
7 34 14 15
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i L; R; i
0 25 32 8
1 25 27 9
2 24 39 10
3 18 48 11
4 8 42 12
5 5 40 13
6 7 35 14
7 14 34 15

LHERERERTAHFHRACAFRA. BODTLAE T T 815
1. %AQ:n-1)FBO:n- )R HANAFHA . EBHBRE, Bl(bob by, o) = (Breiibrrn
by.bybo)e BAEAO:n-DREBIE EFAIFF, BO:n-DZ B TEFS. BLBATTLAHBAHBY
BEHA, BlA(n:2n—1)=BO:n-1), Hlt, AO:2n—1)RZBUEF.
2. %4 =0,1,2, (n—1), BATIN T BIHRAE
a;, = Min{a,a..}
a.., = Max{a,a...}
ZHR P AT LA TR i IER5ER:
if a, > a,,, then interchange g, and a,,,
X RE, BARE:
(LoLisLyy =" Lyet) = (0,085, 8,-1)
(Ro.R R, R, 1) = (0nsat iz lanet)
Hifnf TR
1. A(0:n—1)A—BURFI;
2. A(n:2n-1) A —SAF7;
3.30<i < nfin<j < 2n-1, H—"a#B/PTFETFa. WAO-DIBE-ATRHNTEHFT
A(n:2n-1),
ETF EEMETR, FRAAO-DRAR2n- DT LIS R . XM, AQ0:2n-DIFH HE
JREAHEA. THIEXSHREER.
i %Bitonic-Merge
BN : AFF3A0:n—1)MB(0:n—1)
W AHAFFIAO0:2n-1)
1. Copy A(n:2n—1) = B(0:n—-1)
2. For i =0 to n—1 do in parallel
3.1If a, > a.,, then
Interchange a; and a,,,
Endif

4. End parallel
5. Do the above operations recursively on A(0:n—1) and A(n:2n—1) separately in parallel

and make them sorted sequence
6. End
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ERESM EE2-45, O/ MRBEETLUEOOMANER. B—5&k, RAMK
N, BrLL—3tFO(og n)id A% . ik, 7EEREW PRAME R, BB AILAEE O
Ab#E 2% - OUog n)WIRtia] 525K -

20k

Cole, R., Parallel Merge Sort, SIAM J. Computing, 17(4):770-785, 1988.
Knuth, D., Sorting and Searching, Addison-Wesley, Reading, MA 1973.

Kruskal, C., Searching, Merging and Sorting in Parallel Computation, /EEE Transac-
tions on Computers, C-32(10):942-946, 1983,

Shiloach, Y., and U. Vishkin, Finding the maximum merging, and sorting in a Parallel
Computation model, Journal of Algorithms, 2(1):85-102, 1981.
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HEFF— Mt S SR HE A T HER . SO R EOIERR Ry, - R AT HEF LR A 1T 5
1.2, nihE— A Ban, (EBM = 1.2, n-THky, <k BOL, FAHRCEIERREE. 0
RAR—NBH, WLAW< Ay KA BT —RIIBVEA, HFEERELAGE, T
A1 - 2

* fREH 10 0004 BENLIEA H XA R L R ARK . TA BRI EFHS, HEH

FAHEIRIEARSS. BLRBFRA “JR™ (togetherness) [AjRH .

s A EAFEBIRNIC K RAE AL R HF B T A LA S .

 UWRILEA SR X" 8E.

o RHLHIE f il T 8L 25 % AT THHEHLS T M 3 AR ETH R 2R

HEFRZTHERE HFFRENERERSMHEFRICREEMIEE. TEHHHORE
HerF i B by B AR AR

BT $1: 0]z ]

2. ICFHI A

3. FE—A Wl b B sk AT U

EHEHRLT, hOFARBERNKRELPREBEREMERE, ERERBEAUTRELEN
K. EHECUHTHR R 2, ERERBULA S THF R .

9.1 HRITHEFHEZX
FIEMEAILE, WREXITT 2B EE, XD ERITFRERITH.
9.1.1 ERHE
%i@ﬁkﬁ%ﬁmmﬁkﬁﬁ&o ﬁﬂ&xlrxl""rxni&'f?ﬂkﬁ’ ﬁﬂ%xf > X Wlﬁﬁéx.-fﬂxm s ﬁ
Hi=12,k, k=n,n-1,-2, HitbBERERNKEA:
142434 +(n-1) = n(n—1)/2 = O(n*)

FEWEEP, WRBENREMEFRES LR, BRiEFREERANTFRZ, MAT
LAMATIL. BRI BIE R
A, A A, A A, A Ap A
R, WELLRARA, RERARNA, AFA;, FF. mRMA4I-L2RE, B
LA E LA BIRA B

P()I Ao&A[ Pl.'Az&A3 P23A4&A5 P32A6&A7

B AEEBE A A RN, MRTFERETR . GBS PHTITERIE:
WRA, > Ay IBLRBAIA,L, . i = 0,123, ERBEEANGEEFIHTEST (K



FOF KA KL 189

IIFRAEOE ).
ETE—% (F15), A3ALESE KMo R W T:
A&A A&A A &A
P, P, P,

XHE, BAGES AL MAL,, IRAL > A, BBLRE. T—% (F25), B
Bl X — ik HBUFEOL AR M IL; T3P fE 1P %KLL
W AT EZEATLAER R AT
$i%:Bubble-Sort
M AWO:n—-1)
Wi AFBHAAOR-D)
1.Fork=0ton-2
2.If k is even then
(a) for i = 0 to (n/2)—1 do in parallel
(b) If A,, > A,,,, then interchange them
(c) End parallel
Else
(d) For i = 0 to (n/2)-2 do in parallel
(e) If A,.,, > A, then interchange them
(f) End parallel
Endif
3. Nextk
BRESH B - 3B EREORGTRER- 1K, BRI EROW. B2HH, 4
B BEMD2A BB THERESEEN)-14, FUBEOM MBS, REBTURY,
EREW PRAM i+ B #7202 el LA 2 ERAY.

9.1.2 HAHFF

MEBAE LA IERC2EHFIER, BaRIFHICRATUEA CHEFIILEHIE
Ul B, HFHETRIEE AE  BEHA A A, Fob
A KA A,1Kj<n
W5 B BAEARIA, 2 A A B BREAA, BERABIA AL <4, FEBERE
A RFI R = 2R BSIR, Mj=2,3,,n, BEEEHSRE, RALLERHT.
THEAFAHFRNSITRED:
¥ ;ikInsertion Sort
BEGIN
1.Forj=234,n
2.i=j-1,T=A
3.If T> A, goto step 6
4.A, =A;i=i-1
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5.1f i> 0 go to step 3
6.A,.=T
7. Next j

END

BRTFREMELZOM), BMXFH AR — PR S,

NEZRBANFENNE EREADRFEASEARE: (1) ARETFRIA A, AL,
RKHDMFETAREKRE; (i) ERENEEFBAA. £EFHER T, AfAZEKEME
TENLE. WmREH HEREA, LR Elog jLE. HAZMRBRAHE AR,
B EBINBARE L BT . mRRAFIREIRLEH, RARMA oA AT
#, B GER A ry iR A

9.1.3 SheliERHcHIF

IR — M BER AT LU TR HE R, AR 4 BRIHEFIRIA AT RELLO(n) b BRI IE KAL)
BARBBER . Shell FIOSHERM T —MFHIHEFDIR, #FRAER Y KTk,
@ E—TEES KL (0<h<n), REREENEOT AN ES, WTHUR:
£41={A A, A}
E£A2={A A A}

Ehh={AAA )
B-AESHAEERASFEETHT. REESKE/N, BEEMEOSE. R
INCOE AR A bk AT EEIEIE, BRSHHEF . XES%ESASA S <h
<h,<h =1, REZKW TR

# ;% Shellsort
l1.Fors=t,1t-1,-,3,2,1do
2.h=h,
3.Forj=h+1tondo
4.i=j-hT=A

5.1f A,<T then go to step 8
6.A.,.=A;i=i-h

7.1f i > 0 go to step 5

8. An=T

9. Nextj

10. Next s

SXEST THRZUBERN-E25:

L1, RN

2.8 Kh, h by by R =1

St BN A B 53 47 4 ST — 22 IRIR 51 AMB B AT e R AR R BLF (1R X IRARRIN, H A
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REFE W RE BT B K771

Hunt{U{X % THAS K, &RZRIHERRBIAOMN) . HEEEAHEFHOO) RN
BTE, OW)EREMANSHE. B THEE/NEN (m16), BEEAHTFRETHIHL,
‘ABERER = N163F BX A RIINZITShe IR . HANEFR T HER B H o8 T &SRS
L.

MBELEKh, by, by, By hay hJEs = 2.3, (R A VT BERRR,, RO KRSl 2 B ER
&, AFERRI A A fE/NTF O, PapernovfiStasevichfIBF LR B, R xts = 23,1, %
BR&MABER R, ABLShellBESTEAR. HHKh =27 (s=1.23,1) HEBEREMN, M
hy=2-1 (s=123,.) MAHLE.

Pratt{£ 19694 KB T *hx — WA dt . R PTEBN S KA R 2p3q LLEN/NITER, H
LA ER ] HON(log N . RAEENR ARSI T A REBOHEBE.

19714, HiHAE A% HIPeterson FIRusellXEFEShe I LI KT T KEAIKE. il
FHTHZESKNZRE. 2RESRAIES AR TR, & XREEREFND
KFEFIMEHIEE. — R TANS REESHEBIAARBESelIBEERAEK, &k =1,
h,,, =3h+1, BEF|h+2> nlt{s k.

9.1.4 HHF

EHRATE S —FEEES RIF R — 4 E 4B AREHBECRHEREMERED.
i F R R MR IER BB HIFR AL A7) (priority queve). REBIETEREMLENS, H
WL BLX R R R ARE R . BT aACIEREARKSE, RATE LB hirR
5, HERKEEAHEENEEAMBANASG. B —PRURRABTHFRINAEFEEX.
EREEAREEEREM RN RESS —B. RNEERGHAET ERWMREN
KRS

BRE -HEWEEOCATETHFYANE (MRFE) HELETXR. HE KR
HEROMRLE SRR B A . RITARRIEE TR, RS RBE BRI,

A TETRATURK, EHXYTAASHEBEL/DTFNA. X, BT AEEEK
INGOEHE. HEOTHREHNER, RIRESKAEESELHR. FHkTLLAT )
SRR B IR S SRS B AR E SRR ORI R R . AT, &
HRFMBRE: AEARE, nAMEE, BNTUAREBREEVRE LEREGHEN
R, EXEERT, BNTLEERS X, SWERNERNELHRREATE
X REIEREE .

BUIE % B AL F iIn A BB T B . — RIS R B BRI HIEREA L
AL . R ATLASE X — 31, IRABATTLAR Al B &k, BAEEEHEA -4
S E, RESSEEREEIFRE SRS . MO REE, LR H R
IR R, REBIZEEMEHREA. AN A. AN A%LE, HEBNT
T b —AN3 A b1k, 38 INSERT ik Tix —id BRI M4 .

TRINSERT ((A,n))
Jjen
i~[n/2]
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item = A(n)

while i > 0 and A({) < item do

A(j) = A(i)// move the parent down

Jei

i« [i/2] /I the parent of A(Y) is at A([i/2])
End while

A(j) = item // a place for A(n) is found

MR LR ESHM AL, INSERTHIB RIS, ERFIERLT, HBE— A
WA EROE, FAEEEHEMEE. ARFHENT, while RIRHIR BRI B Sk
Etb. A(Ln)dEIn/ 588 v ULE S D HE R T BESE — /1 (EI5E2 30,

fori<2tondo
Call INSERT (A,i)
End do

SREMAT  EINSERTH B, A4 g EE A BRREERI FEA. 58
BRI A EFE BRI T .

$F1<i< [logn+DIMIER2 “X B, REBELA2-NNA. H—NEFIBHNA, K
BUARY SRR B hi-1. KL FIINSERT S 2 4 BUHE I B SR UL T BB iRI L 2% BE A O(n log n).

— /A% FINSERTH) A A A LRI n MR A SR, 98 RE LB IRIHE I
B, BEOWTAROM log n). XFAE—NTFHOEIEARSIEE R KOHKESRZ. EYW
INSERTHIX AR E ¢, HHBAERAS HIEH.

BHN—A AR L BRI, BIHBIRRR SLtbn- 1REVINSERT IR A $h— 4
RS, XF@ERARADFRT2 X, FARH S SBRY SR RETHRAE
MEEKE ., £8 B, ZATREBATRATAENER. RS —-FERERYTAA
FRA MR R G R B T o i RADIJUSTRRR R AE 60 B i) TRt f7iX
— R ERNEN . X —REBRE I X R RTE TR Z R F#

TEEADJUST ((A, i, n))

I RIEAQ*DHFIAQ*+DZE XM 5A0E & EE—A R, 1<i<n, FREETN
nZ [a]*/

J=2%;
item ~ A(i)

while j<n do

If j < n and A(j) A(j+1) then
j=j+l

endif

If item > A(j) then
exit while

else

A/2)) = AQ)
j=2%
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endif

End while

A([j/2]) < item
END

BEANL:) PRI KE, BROTLLESHAADIUSTA K—/#. BESEHH A
S22, FHRMNTUEH AT AAMHADIUSTIE A F ., REEE LA, HI
WA A

1 EHEAPIFY

BEGIN
for i = [n/2] to 1 by step —1 do
call ADJUST (A,i,n)
Next i

END

BB D —FE N HEBLORDTHRF N AHEREE T TS, HERMN
4 A R REE St AT HE P RO R
It #EHeapsort((A, n))
call HEAPIFY
fori=nto 2 by step —1 do
t = A()
A(i) = A(1)
A(l)y=1t
call ADJUST (A,i-1)
Next i

SR AFEEHAHOMKHEAPIFY, ADJUSTH)E—&KIAMFTREREO(og mik#iE. Kk
BB TR A E 2 BEAO(n log n). HEEXMTFEHENER, BRTALMS, (N3 —LfH
T,

9.2 GHHAF

AIFATLE R A TFHEF. BEEEHE(n), MRABITFEE—NHEA, BLEH4

ROHFN; M Toth—#. Ba, BRITETUAHEL fn, BECHFRIESY .

e, FTTLAS 3 CHEF B A x, X, 0x, x,, B3 EHEF X X x X0,
TN 64 B BB R Bl TR 24715 B

xtp | x2 | x3 | xa | xs | x¢ | x7 | xg | X9 | X0 | Xu | Xi2 | Xi3 | X4 | *15 | X6
71| 81| 83 | 8 | 23| 19| 64 | 19| 36| 53 87 48 8 96 10 0

B 1T A FE:
é#xliﬂx29 ?5?']}’1 Y2
A HxFix,, BEly; y.
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%#x,s%[lxm ?5?”)’15 Yis
B3 FTEME:

i Y2 Y3 ya Y5 Y6 Y1 y8 Y9 Yio Yit Jyi2 yi3 yi4 Yis Y16
71 81 83 85 23 19 64 19 36 53 87 48 8 96 10 0

Bt AT A I

%#yl )’zﬂ]}ﬁ Vas ?%?‘J'xl Xy X3 Xy

A Hyu Yy yies FEX; X0 X5 X6
HOEF TERKS): 71, 81, 83, 85, 19, 23, 64, 36, 48, 53, 87, 0, 8, 10, 9.
HEEHAT A, BIEHA—AHERNEFES. 74 R A MIESET BT LSGE L itk
HESSE AR, b — S Mo OlE St . SRR ERER G EWTURZ (nx), (ex.), -
HEFHI T Eo RS (y), oye), o BeHERMHEERAFHA, HiEnRBREH
MEATEKBRTERERN, 11,2,22222 -, HiAHEROKRE Alog n. IRAH#K
YEFEATHAT, fECREW PRAMBIR!I T, BATATLLAEOog? n)flt il P 5 Bt -

9.3 HFM%

Knuth % BLi8i 25%ICPUR R FEHEF L. P 8B/t EE, Hik, ERFE
Fi & R S BB HE P DR A& . AW B ATTIRE B 2 A HE R (4 °T LA P A~ B it AT
HEF. XAER-1E4H.

X —>—] T |y Max {xy} X l —>— Min {x,y}
y —>— —>—Min {x.y} y—> [—>— Max {xy}
i EHE RS fal T HEF RS

B19-1 HAHEFML

0 R R VYA B X EATHERS . FTARE A AR — A BEHEF RIS . 0
9-2f17R.

> >
:;—>- te , fB‘"’\ )
TBS r+—X3
X2
—> ////)
:j+ TBZ tB4 > X1

FE9-2  3IOAN T RHAAT HEFATHE T BIES
FEE9-2/, xfoAEA N PRI BITHERF . R 59— E A HEF RIS B X Fix,



FO% HAHKEE 195

AT . BB AR TR AB T BRHMBEATHERNABRRBERNTE, &
fEx; BFIBR/MIBMMTTEMABAGHF; BAHME/NTRERUERB/PITHE, Wik
x; BB/ TR B RHR T E BT . FRMExFx,. B H AR (xoxa0x x0)
= CHEFRIBA.
WiBHFERMSE  WRAOR-DEWAKS, BLATLGIBGAEH—#Ee#iTH . =
A0:n- DR ERIBCAR SR, RATTLA%E T EARA T 850

Alo:"_1)

\"r2 )
Fn

(m. 0

A2
1%

L =Min{a,,a_ } 0< i<-;—

2

2

. n
R =Max{a,,a”,, }, 0< z<-2-
FEmENCLMATH, LIRS % AR R— N RAKS LLE - BB/ TEHETR.
IRLFIRSy IBEATHEF . jERAVR HCELSG T, BAEE B CHFES.
S A A TERIAB ST HEFRIRE (FBMERR), FRIERNAnEIBHHEF R
. IFfn LT ARERE . SUHERF B 45 B(n) WT ARG A B(n/2) 0 SR HEFF I 4% Fi— e 2 A HE
W4 i, SEHET B4 B EE9-3h 4.

X7 pm—— X7
Xg

Xg

X5 B(4)
R
X, 5
X3 X4
Xg o X3
X4 F———— X2

B4)
Xo X

B9-3  WiRHEF 45 B(8)
&% K
Ajtai, M., Komlos, J. and Szemeredi, E. (1983) Sorting in c log n Parallel Steps, Com- 212

binatorica, 3(1), 1-19.
Azar, Y. and Vishkum, U. (1987) Tight Comparison Bounds on the Complexity of Par-
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allel Sorting, SIAM Journal of Computing, 16(3), 458—-464.

Batcher, K. (1968) Sorting Networks and Their Applications, AFIPS Spring JOINT
Computing Conference, Atlantic City, NJ, pp. 307-314.

Bilardi and Nicolau, A. (1989) Adaptive Bitonic Sorting, SIAM J. Computing, 18(2),
216-228.

Cole, R. (1988) Parallel Merge Sort, SIAM J. Computing, 17(4), 770-785.
Knuth, D. (1973) Sorting and Searching, Addison-Wesley, Reading, MA.

&
9.1 UEBHEEIGAE S H R M —28 X Bt (unique crossover property ),
92 BXA—BH. WIHHFEEAK B, EBRIY B ENLE, LEN
B TTFHEXe XX, XIER
X, <x,i<k
x<x,j2k
9.3 iRiFtREHDF R LML IR A
9.4 mE X HAF4N TTERBAFEITHEFRIHETF S .
273 9.5 ERKER2MIAKSID, KEBEAHE X XEHERKEDE R EER LR RIEN
276 KB, .



101 f8niE
B T RAx = O, S BT R . TRA TRt TR — TR . P e

r=1g+ =1}

=1 T
1.3 = =1L2% s

M, FEC-A=0RN 2B i,
1011 AR

ey =00 WA RN E ey = A, ek b A8 a0 TR = O
Wb, G R e =2 =0, fHEERT M Sy = x A2 TR ENI0-THRER .

¥

1 VE
101 gy =r-3x42

el o AR TTE A = Iflr =1L A S AR B B2 = DR

T e ik, AFHE A L. i HE MR R,
AR e R e E Rt RS RE s K e £, R
¥|+|=|ﬁ'rl.:"

FEib{Eak = 0,020, HANECHRSFE ok, T 08 il et U S e o
TR, TaEnb LA
B AR = DEikfE

o ;T - Fh L
I o tedhd L ty = PRI

T o Mz 24, oy = =)
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(&%)
w9 FOB BRAKX
SELE R B S: X = (0 flx0) =20 )N (flxo)—fx1))
4 WALk it = (G flx) =X D) (Fx )~ fxe 1))
5 AUB S MRBZEFRAD) =0, FHEBHx = 0@), IAKRAK A, = D)

LR ARG ERNERITH. BIS—RIER o ERERIEPTLUA B — SN ER T,
10.1.2 Xqgi%k

FEHEAx) =0, aFbRFHAN A HAOFDOFSHE, MafEafibZidlfx) = 0F -,
Z BafnbE s m = (a+b)/2.

B FABEFSHK , tREAOFfm)WFSHR, BAfx) = OfEafim Z[HH —4H#.
X i) (a,m) R K BER (a ) —2K . InRAFmTFS AR, IBAAmFFOIIF SR . XHE
WAEmFb 2 [A].

X EEBATRAL X 8] (a,b) 5y BB BEAR R F X 18] (@ m)FI(m b)), T BLAES A — A X 1)
NAERGEE. MREEX—AR, BLEARMOXAKEGREBEL—F. SXIEKER/D
HImHE, ([EmBtaiAhR T RAR.

‘AL B x—REANSETEL. REXAMMEKEMPED, HAOFOITTHER
(Bif(a) x fib) < 0).

¥ ;%xBisection-SEQ
BEGIN
1. While la—bl > £ do
2.m = (a+b)/2
3. If la)fim) < O then
b=m
else
a=m
Endif
4. End While
5. Return (a+b)/2
END
X, cRERFEENKE. MmR1/2°<e/b-1</2"", EkBisection-SEQHWhile fFH
BE STk, FEOESRHTHIRBEZREFBAMR, FEMBICRCW PRAMEA,
BERMNBApMEESE, BAK El(ab)B RS ZpAFXIE, BAFXIALSE—10HE
%, ANEBANRELEEACHTFXERN, HEEFRREEXE @b, XHMTLAR
A AR EpE. Bk T:
#i % Bisection-PARALLEL-1
W\ SERBA ), FHEe
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S
EE

: R

. While lb—al > £ do
Xo=a

.For i =1 to p do in Parallel
. X, = Xo+i(b—a)/p

I f(x)f(x) < 0 then
a=x.,

b=x

. endif

. End Parallel

. End While

. root = (a+b)/2

12. End

EREST BIENES -6, SR I LRGSR XtafiolE . Hit, KX
EHEBERT R SREHPRAMBR, x WEMSHEI M CESHT, bEWHE+ITLHE
RAF, HEOEEARTIFRIRESME. X8, B TERIERE, FEMCRCW PRAMER,

10.2 ZERFEATIIRA

[
- QO

% Ak
a, 4, as ‘- 4
a, an Qpn Gy
A=
anl an2 an3 ot ann
TR TR

B EE—TRE TERBRU—AEE. MBREATRUESL, RITESMHR kR

W2 R —TRATTEREL - EE, RPN —TRE. BMRBER-IREA.
FAVEMR - R-kR,.

TH3: TS MERMREN, HIEHEMR --R.

SRR JE, TR A TR BRI FIRME R F R, B
3 EREATFIRMAR TS

i PEpg b))
FeLAk
2 FCRE
HERR

% g — 53 sk TR BT TR A T RIAERE:
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[a, a, a, coa,]
0 a, ay * Gy,
0 a, as, c Gy
[Al= "
0 a., a, a,,
ay 4y Ay ©
Ay Ay Gy Oy,
= a” cen
a 2 an3 an4 ann
ErifxE
a, 4, 4ap © a4,
a, Qap an © Gy,
as anp a4y * Gy,
lAl=
a, a4, Qa; (2™
T
BEirireHr
a;,
R, < R,-—R,
a,

MERMEEARST LERESR, Bla.ZTRET. FE, WRETMTER:

Ri <_Ri _gil—Rlsi=2939"”n
an

MLE—FI AL THEMAELEREAE. XETHAHEFEATHNERELW. &
ﬁ_tﬁﬂ'g@ﬁ&, aij/i\‘\)‘xhﬁzaij_(an/an)auo ﬂﬂﬂimaﬂ%ﬁ?y Qﬁfﬁﬂ"]ﬁl@ﬁﬂT

a, 4a, 4a; c Ay,
0 a, a, © Gy,
1Al= |-

0 a, a, a,,
Ay Qyn aun t Gy,
A3 Ay Ay © s,

=qy,| -

a, a3 a4, ™

BATHEBRERES EEER, FREREMTIR
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Ay Gy Oy,
|Al= a,a,,

an3 an4 ot arm

AR —/nx nf)5ERE, EdE—F, BIHEEE R (0-1) x (n-)I5ERE. BlIEEH#
— AL B (n~2) x (n—2)R95ER%

iiiﬁﬂﬂ,ﬂ&%%%&ﬁ&~¢“lmﬁﬁo%u,%Eﬁﬂﬁ%ﬁ%w=%mw
a,,.o

WEiEt RAA—BEER,

1.%i=234,-n, #f7i7%H:

R<R-2LR
an

EREFIX AL TR TERLRRT.
2.%i=34,n, FETTEHR:

a;
R <R - —R,
ay

{EHE XAk FEMTESEEE.
3.%ti=4,n, HTITER:

R <R - ‘c‘liRs
Qs

EHE=FIMAL TEHNTERDERE.
— R TS AL TEOTRERF, #TmTirii:
R,-<—R,-—Z—“Rk, i=k+l, k+2, -, n
Stk = 1,2,3,--,n-1, #7 LR%H, EREMEMAKTHORIECRBELT. &EFH
HIERERFTAI
Al = a,, a,,-a,,
TR Bk pTUASE B R AU AT AR L
ratio = a,/a,
Forj=1ton
a, = a,-ratio*a,
next j
A TiERFI sk FTEMTETRE, REX =k, nEE AT, TRHRIEW T
# ;%xSequential Pivotal Condensation
BN BEEEADN, Lin)
]l f7HIHE
1.Fork=1ton-1
2.Fori=k+1ton
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. ratio = a,/a,,
. Do the row operation R, ~ration * R,

3
4
5.nexti
6. next k
7

. Determinant a,;*a,*---*a,».
8. END
fE LR RTEBP, $2 - SPRIrEIRMESRELTI AL TEHMN TEERFT . AILER
i, ERFA SR AR IAMSLE, BT R R BT . BT RALE B R
ERBETRIICE, MULEANERFERR R ZIENPRAMER .. F45HTEHRA
LAE T i A for B3R 58 A :
41Forj=1ton
4.2 a, = a,~ratio*q,
4.3 nextj i
AT LA fn /N AS R AL B 28 A7 SE R
4.1 Forj =1 to n do in Parallel
42 a, = a;-ratio * q,
4.3 End Parallel
BTEEBEOMALHE, HAEO(og mAINHATER. TEMNIFTREEMT:
#i%Determinant
BN A(l:n, L:n)
#Wi: detd)
BEGIN
.Fork=1ton-1
. For i = k+1 to n do in parallel
. Tatio = a,/ay
.For j =1 to ndo in Parallel
. a; = a;~ratio * g,
. End Parallel
. End Parallel
. Next &
.det=a, *ay*-*a,,
END
#1 ~ S HERPATRE An-1. RILHERENOM). EH2 - THMES - FHMH
FHRERT, REEBOMOANLES. BF SRMBELML, FEOMMLES, BIE
O(log Mt AINSER. BT LR HTEEBEEOMNMLIER, EOmERINIEX.

10.3 Z&MHiEHE
S RA - BFRER A

O 0 N AN N R W N -
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Xy +ApX, +cF QX =G py

Ay X, +ApX;, +-+ Ay, X, =0y 5

a. X, +4,X, ++4a,X, =04,,,

S RAMMEREE LB —AEx X,

AR R T EAERE FoR:
(@, a, a; - a,]
Gy Qp Aayn ot Ay,
a, Gy dap o A,
hanl anZ an3 A ann ]

i AR RE AU i & # 4B (coefficient matrix ). i [A] &

(al.ml ]
A3 51

a3.n+l

a

n.a+l

k% s @ ¥ (right-hand-side vector)., fE—24¢BkiFIL T, FILIE KRB BANRE.

B

IR —AFERT AR TRIERT LN, R ARTEDAHT, Wl aes  [285]
(diagonal matrix ). {BEZZIEMERX fAER. BAREMAENT:

[q, 0 O -+ 0]
0 a, O 0
 ay, 0
] 0O 0 O a,,
LR ARAFHR TEE:
a,x, =Q,,,
ApXy = Ay 4y

.........

........
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XA T RRA AT LA BT A

(37 a; . a
xl = 2 b x2 ne! s "0y s
an ax a,,

B2
mRE—-NEREMN A%z ERETERREET, MRET=A4LM (lower triangular). 2
R FEBAERE A T = AR, IAEM TR

(g, O 0 - 0]
a a, 0 - 0
as 0
a, a, a,; a,,
A RAK:
apX, = A p

a,Xy + AypXy = Ay pp

a,x, + a,x, + -+ a,.X, = a,na
M%*’I\ﬁﬁﬁfﬁﬁxl = alﬂ+l/qll° Fthx )G, %ﬁﬁ)\%:ﬁ\ﬁﬁa A RTEAR B x,:
1

X, =Gy — Q0 X))

ax

EJ‘EHszlé, ﬁﬂ‘]ﬂ-lf')\}ﬂ—ﬁ‘ﬁmgﬁitﬂxs
Xy = l(as.ml - a3 X, —AnX;)
as
R, BAIATLLFREx x5, x,. EHEBIHERIERAT N &% (forward substitution
method) .

#i3

e REEME R —A L= fiERE. IBABRAA TEAEX:

apXx; + apx; ++ aLX, =

ApX, +:°t Ay X, = Gy 0

ApeXy = A pnt
BATTLAMB G — A HBRFE. BBE— R, BATTLAKHLGIE:

an,rul

X, =
arm

BEEFHAEO-DANHEkHY
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1
an-l,n—l

H&E*mxnﬁ Xa-15""" xk+l2}§ N ﬁﬂ‘]ﬁj‘-{xko
XA, BATTLARH BT A ¥ox. W5 i:8R1E® S 3 & (backward substitution).,

1031 WATHTH

X, = (an—l.rHl _an—l,nxn)

5 RA:
a,Xx, + ax, + '+ a,.x, =a,,,
X, + AyX; +o0 0+ Ay X, = Qg0
anlxl + aanZ +t amrxn = an.nH
AU T AR IR R R
[an @, s - a,] [x] [Giaa]
ay, Gy apn - Ayl | X Qs pn
Ay Ay Ayn o s, | | X a3 41
|Gt Gy Guy 0t annJ _an | Grnnt |
X bRV REEST EoCTHRERIIT RS, ATLAMGEA T IR
[a, a, a, - &,]
0 ap, an - a,
0 0 ay - a,
0 0 0 A |
XEE, BAEEATCAR R EH RGBT R, REHETEEAUT =DM
1. R4EREA;

2. BRI b = M

3. A a2k AT R g .

RA VOB TE F TSP XHEREL R K L = HERET Titie. %8 /EMFICREW PRAM
A, FREOMNMGCESE, BEOMBRINTERE. EREHEZET, s ARRERDL X, X
AT SEES, R

K MNEEENERTH. B—TxFROMALHEE, BEO(og mitHATHK. KW
W T 08 FTLATECREW PRAMAE R i FO(n)) 1AL 28 FFAE O(m)Bet TE] A 55 B

WAEET EHEHHETES . HEMTIETHTERE LM, BiHak. W
RaRFREERR LHMILED, BolkdBREFRIENBIHIRZIEAREST AN
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HEHEIR. ATEEX A, BRIOTTLHEZIRI A B AL TR EE. W
Ra LBEROTE, RIOTURREATNE 17, RiGgeE TR, b kMEERs>
#% I Ak (partial pivoting). 7ERTHE B LDETERMINANTMREEHHE TR, EEISMNE
2% 2 R FRATEE LTI AL TR A& E, DERIBAN TR, RERNERL
EHFEIA T, EOm)/AEE E, EEREATENERATLAEog(n—k+ i R N ERK .
FiLL, tnEAERHTN TR A S £ 7T, /ECREW PRAMBE i ZE RO LIS,
HAEO(n log m)it Al NSEHK .
SamehFIKuckLL £ $LH) Givens e ¥ SEFE 5y Mk AEMSB H T — 7R,

10.3.2 GivensiEi:

%E—AE WO AE SR BRI A <ne BEEFATMEATHATEIG-D
TEBRT, MBFITERBIES. A FEAEK:

* k% * 1
0 0 0 0 * * *
0 0 0 0 * * *
oo . [ T
{ . o e e
1
Fk5

289 FEEMER P FRIEFTTE. GivenslE kMR ER TRAGHNTHRAFTHTE.
F FIGivenshEsk ik, BATTLMEEREM A% 2 THITREAF. TEHRITKRE—TGCivens jE
L AR, BT HAER:

S I TRV | B
0 1 0 oo oo eer n 0
0

0

0O 0 O c s 0
0 0 O -S c 0
0O 0 O 1

T 1
Fixl Ei
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Zai‘ —, §= il . HPEGFRIEGivensie ¥ 4% (Givens rotation matrix ),

\/a,»,k +a \/a,-’;; +a;
T il 48 HAERE R BIGAR) — Lo R R .

£ 310-1

1.GR—/MNERES;

2.%4p=ifep=j, AGAPp9) =a,;

3.3tg <k, #HGA(i.q) = GA(.q)=0;

4.GAG, k) =0,

IER: ABKJL B AR T URIEGR ER M. fp=iHp=j, BLAGHEpITMEAIE
FESpiTHR . 2L fT RIESERE RGAR, HAHWARIE. KA 2Lq<kBt, a,=0Ha,=0,

forfr =

GA(]7k) = 2 gjtark

= 2 81 Cu
taf

= —sa, +ca;
=0
LB EEARIFFT, RATTLLR FGivensieh, {EHERE THRAGOMTENEAF. ¥
BB BN AGivensiEE REM Y ROT. EBAFEMEMETX, BATRTLAHAT R H
Givenshght, HEBH AL THEMTEANE. MREREEMTH AR THNFATEBERT,
BATATLARE L ket 1), (k+2),+, nfTFIE 1.2, KATHMA S, 2RIGHFATR AGivenshght .
BEGIN

For j = k+1 to n do in Parallel
(i is a number from 1 to & and distinct for each j.)

Apply Given’s rotation for ith and jth row
End parallel
END
FEMERRES AL TAMERETREERE. RITKSHTGivensEHEMNE L.

AP ERE:
A=(a) G=(gy

§ERE T BIGAD DG EREAR B T BT %8, TR TREAZf. RMNEKRGAH
o4t BAEAR RIS &P . Givenshgh: REUMIEREAR THITH:
Ay Qi Qi
Qi Qjppr” " A
Bl A B E R RIERE R BIGA, RERGANIXETRERRBT. HTCANEITA:
(GA), = Y gud , Fhr>k
[EI#E,
(GA)il = Egjqaq' ’ ﬁqqt> k
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W, dg—A13k, (GA)LF(GA), WTLAEOIF Rk o
THEAOEFBALR T Givenshgh:

1. For t = k to n do in Parallel

2.a,~-g,a,+g;a,

3.a,-g,a,+g,a,

4. End Parallel

MRAOMAN L, —3HTHIGivensiER /T LAMEO(DRRIN TR . —MEREAT A X Lk
Z FHITEFH AT LA F (n/ 21 R AT By GivensiE R R BURFT . FTLL, FHOW) A ALEFE—4
BEATRR A X AR TR ST R BF I R HO) . O LB S — A JERE AL 8 B T 3
5 IR R A/ O(n).

104 MEHTH

P E S RELBIR P BREEL. HERMNEX TER i=V-1, HAERTHRILS
WK, 4 ABIFHRX —BRELEPERKENH, wETERGREESE.,
1HRAR+1F0-1. FEEH, 1F=AE8. #7780, efnMH, BH2EH
0,00, 1, BRI KB, Kb ofRA$ERIR. WERAS KH:
" =cos&%—+isin2—}’a—t

n n
Mn =30, MR =N RO

2:I'm ., 2:1'=m
® = cos 3 +1sin

=c0s120° +1isin120°

-1 .3

=—+1—
2 2

.. 2°2'm
+isin

2 2:2'm
w’ = cos
3

4 . . 4m
=COS— +1sin—
3 3
= c0s240° + i sin 240°

-8B
2 2
@’ =cos2n+isin2mn

=1
B33k B AR A
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Ui, 1RIPYA BALAR 5 5il 4

2 . . 2m T .. T
w=cosT+1sm—=cos—+1sm—=1
w’ =cosm+isinm=-1
s 3 .. 3m
@’ =cos— +1isin— = —i
@' =cos2m+isin2n =1

R, i,-1.-ifl &4k Bfil. &Whnx ndE5BE, FTRI5IMARIL S JIMOBIR-1, H
W(ij) = o, XBoRmnik 42 RAR.

BA:
WO0.0) = =1
WO, = =1
W0,2)= =1
B,
WO,)=1,j=0,12,n1
Wi 0)=1,i=0,12,n-1
W(1,1) = o
W12 = o
W(13) = &
SEREWERRINT:
1 1 1 1 1 e e 1
1 w (,02 w3 w" ...... w 1
1 o o o Wb e e ™"
1 o™ @™ o e e P

1 1 1 1 1
1 wl w2 w] wn—l
1 o o o o
BE
X =[x, XXy
BnfEE. MEXOBEEEHEHhREY = WX, 294
&

Bin=3BRAEAHEN 0 =-1/2+(3/2)i, 0 =-1/2-(3/2)i o’ =1, HEWH
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ik

Ie] B XE) {8 L IR 45 0l

B

R

1L XEr {6 B O A 46 0%y -

¥

[
p—

SN
S

SN
g

X,

Yo=x+x +x;
2
Y =x,+wx, +0°x,

Y, = x, + 0’x, + @,

.

X=|-1
0-
v

Y=\|Y
Y;.

,=x,+x+x,=1-1+0=0
Y, = x, +x, + 0°x,
=l-w

Y, = X, + 0’x, + @,

=l-w’

=l+=+—i
2 2
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PR] e ) B X P e B2 6y -

BERANR U — A FF T Bk KA & M XM Bt . HEn, ATUFATES X

BomiE.

y=|2-
2

_+_.
2

2

V3
2
3

—i
i

w* =coszﬂ+i sin—2]—m— k=0,12,-,n-1

n n

FIRnA B B HATIH B, MEREWHITTEAPNGE ST, Bl
Wi j) = 0!, 0<ij<n-1

Rk, AR, WAEREWEE AT LUEO)E M ARtk . BN E#fn < nfi
BEWS R RXORER. MERBHOERRE, ERBEFEOMANLERSE, RTHEA

O(log n). HATRIZEIT:
#xFourier
] X(0:n-1)

: Y(0:n-1)

. For k = 0 to n—1 in parallel

i
EE

. w* = cos 2ntk/n + i sin 25tk/n

. End parallel

.For i =0 to n—1 do in parallel
. For j = 0 to n—1 do in parallel
Wi = o’

. End parallel

. End parallel

O 0 N3 N AW N —

. For i = 0 to n—1 do in parallel
10. Yi= E o W3, j)*x;
11. End parallel

EREEPEI0SRKMES, BEOM/MLEE, RTHIANO0(og n). Hit EERRK

FEEOM/AMCES, BRIPITEEAO(og n).

MEHTHRERHTHE  AHRILI S8 (divide-and-conquer) FATHE, B
e — i A AT LR B AL B 38 Sk R 8 s BVELRE TR 1 hOlog m), SEZRERBA

O(n log n).

B B B R A RO R IR b, SRV e = IEEREE T RCRE

fef. FEFIHMTARR, BREWEE. 2in =48,
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1 1 1
W e 1l o 0 o
lw 1 @
lw o
Yn = 8it,
11 1 1 1 1 1 1]
1o o o v o oo
lw 0 w 1 o o of
low' 0 o 0 o o o
=o' 1o 1 0 1o
1w’ 0 o o o o o
1o o' o 1 0o o
_1w7 0 0 0o o o)
HERETAH A = -10%R, A
1 1 1 1 1 1 1 1]
l o o o -1-0 -0 -0’
1w o0 o 1 o o o
1 0 -0 o -1-0 o -o
1 - 1 -11 -1 1 -1
I ~w o0 -0 -1 0o -0 o
1l 0o° o o 1 0 o o
1

EE:

1. 4B R0 <i<n—11, W@ )= W(3i2j) 0<j<n2);
2. MihAK AL i<n—1/F, W(@i,j)=-W(2)0<j<n/2).
HEY=WX, EHEMTHSR:

1. 44 8% A0 <i<n-1Hf,

n/2-1

yi = /ZW(i’j)(xj + Xjnr2)

2. MihA¥HEO<i<n—1Kt,

yi= Z W, 7)(X; = Xjunr2)

B AR n/ 20k B ER, BIn 2R BAR A 070t 0, XBEREBRALHRLIK

n~1, £&i=2t, 0<t<n/2,

n/2-1

y, = ZW(i,j)*(x, +x;,+n/2)
J

ni2-1

= Zw"' *(x, +x,+n/2)
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AT H

R A0 [] B A (8 L AR

¥a =(0*)’ *(x;+x;,+n/2)

ni2-1

Yo = Z(wz)" *(x; +x;, +n/2)
£

A
Y,
Y,
Y.

[ Xo + X,z ]

Xy + Xpy20

X; + Xpn2

Xz + Xy

Fllih, MiRABAFBEROi<n-10F, 4i=2m+1, 0<1<n/2, WLAHEFH:

X FH

R 40T 1) B A (8 BLIH-2F

HHEE TERMEEYE#R

n/2-1

Y= 2(0)2)” *wj(xj +'xj+nl2)
£

Xo + X512
W (X, = Xn201)
wz(xz = Xu242)

O (X)) + X

e 2
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fn

Y

Y,

Y,

Y.,
Xo

RATTLA B E | 7 |0 et

Xt

Yo

N

V-1
Ln =20, &

R EM AT AR
Xo + X
o -xl]
T A i Bon gk n B F B AR A R E TR
H xEfficient-FOURIER

BN x0:1)
M YO:n-1)
1.If n =2 then

Xo + X
[yo} = [ ° ] and exit

M Xo — X

2. Recursively evaluate the Fourier transform of the vector

[ X0 + Xa2 )
Xy + Xo00 Y,
Y,
301 and store as | Y,
X+ Xjnn Y;-z
| Xnr2-1 ¥ Koo |

3. Recursively evaluate the Fourier transform of the vector
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Xo + Xpr2

W(X, ~ X301 %0/2)
1241 12 x

Y,

and store as | Y;

wz(xl — Xoi201)

) A
xj +-xj+n/2

_wn/z-l(-xnlz-l + X, )‘

4. Output the vector Y(0:n—1)

SRESW LERZME2S SIS RBULMSIH, WTLIFTHT. EMEBRER—
An#E T By AR A n 28k m R, BLUGERE ST, BB TREROM log n) ML,
A7} Al A O(log n). EREW PRAMIS RS AT UL S B SE HLi% .

BE, BATBRE—NHHBEEAMBEH SR,

10.5 ZWMAFEE
% [Enik £ Aa(x)

ax)=a,+ax+ ax*+-+ax"
BEa, 20 (FUHn-1KREHA).
&% F BTk E5 BAnFImE FEA~ £ AT .
a(x) =a,+ ax + ax* +--+ ax"
b(x)=by+ bx + bx* ++--+ b, x" 302

FeRa()b)Rm+n)R ZTA., Kax)b(x) = c(x) = ¢o +€,X + CX* +++*+ CpurX™"s
X H

Co = ayb,

¢, =ah, + ab,

c,=ab, + ab, + ab,

¢ = aohs + a\b, + ab, + asb,

k

¢ = 2 ab,
£

KEOk< men, JEEME L > nit, a,=0; %4j>mhit, b=0. WRAXTMARK
BERRAE, S—ic T Amn MEEBHAFFTIHE, S—HRNEEAGEE, BiT
BHE 2 OUlog k). B TFAIEKIE hm+n, LR BFEIFBEO(men))NMEHEE, BiTHAA
O(log(m+n)).

#;%ST-POLY-MUL

| \: A(0:n) and B(0:m)
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Bl CO:m+n)
BEGIN
1. Assign A(n+1:n+m) =0
2. Assign B(m+1:n4m) =0
3. For k = 0 to m+n do in parallel

4. Evaluate c, = z o b,
5. End parallel

@ EH AT DA BO T ERA 2 AR E, (URELE FBCHO((mm)log(m+n)),
frit 1R HOlog(m+n)). i%#E R7 5 ik B HHEREW PRAMAEIAY v L) p Thith L BLIZ Bk .
FMAFEFYRNE TEBRMNCLXITR T HA CRARN RN BNAZEEN THRE L.
303]  a()Fb(x)5r BlRnkFImk £, 4> B Ha(0:n)Fb[0:m]KFIR. BNE 20T KT
HI#%, Hn+m < N<2(n+m), [REa[n+1:N—-1] = b[m+1:N-1] = 0, FHE A1+ E I BaFfnbR)
B HEMH Y = WallZ = Wb, ’
iR AR E T ESR:
Loy =a(w),0<i<N-1;
2.7z,=b(w),0<i<N-1,
idu = (uout oo u,.), XBu, = yzo fRRku = We, Hric = [coe, 0], Wu(o) =
a(0)b(w). FTLIEHMRBcHHE, MeREHRNaE5bMFR, BRI ETmn N TTRAILE
TERBR L TR )R R
#M;EEFFICIENT-POLY-MUL
B]IN: alO:n], b[0:m]
W c[0:m+n)
1. Let N be the integer which is power of 2 such that (m+n) < N< 2(m+n)
. Assign a[n+1:N} = b[m+1:N] =0
. Compute the Fourier transform of a, Y = Wa using the efficient algorithm
. Compute the Fourier transform of b, Z = Wb using the efficient algorithm
.Fori =1 to N do in parallel
U=V
. End parallel
. Evaluate the inverse Fourier transform of u. i.e determine the vector ¢ such that u = Wc

O 00 N N U b W N

. c[0:m+n] is the coefficient vector of the product polynomial c(x)

m
Z
o

T B A BT BB B B HOYOW log N), thATEFIRIHO(og ). [El#E,
304] R EHHEEBRBEON log NALEE, HITHEIMAO0log N). B TNRIER, RITAE
mTEe:
MR a)Fbx) S HEKRFImK Z2HR, EIHRBEEHERc(x) = a(0)b(x)TH
O((m+mlog(m+n))/MRLHE 28 H-47ALH,, By AR A A O(log (m+n)).
%% " LAEMIEREW PRAM HRS ] 3% b St BLix A~ 5% .
#al0:n], b[0:nIRBEAN R, a5 X R Haxb, FEXL AHEE[0:m+n], XH
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c[O:mAn)a 5bR K ZHAMER, Helmintl) = 0. BERBEEZHHA. FANHZTRX
BRUHENERES LRGN E L EHRE.

10.6 HEEEXRH
&5 B # 24 (Gauss-Jordan) JF7C85 77 LA St &40 R4 338
[a, a, a; - a,]
Ay Ayp Ay - Gy,
A= Ay Az Ay o Gy,
|G Qn2 Qo " a. |
% EaERE
(l 0 0 - 07
010--0
. 00t1-.--0
ATA=
LO 00 1
BARA, B
[a, a, a; -~ a,] [1 0 0 - OW
Ay Qp Gy - Gy 010 -0
Ay Apnp Ay 0 Gy, 0010

|31 G2 A,y - Ay 008O0:.- IJ

TEASY- 94 %ESREDOERAT R BN, FERTERATHA4mER,
=3

10 0--07 [ |
0100
0010

0001 {

A& A B RE HAY . ZEBBEUTILY:

1 RASEREA;

2. AGBAEREICAB, JREAt 4 BA BAIRE;

3. MAVEFT A ek B At BIE R TS i, B RAML Y B DIRE
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BABT BRI BAREMEE RO T &N, HANESFERNT:
M EZMATRIX-INVERSE

WA HEFEA(L:R, 1:0)

W EREA(:n, 1:n)

BEGIN
1. Assign A™' = identity matrix
2. Fork=1ton

3.Fori=1tonbuti#kdo in parallel
4. do row operation for the matrices A and A~
R~ R—(aya,)R,
5. End parallel
6. Next k
END

EERBEESD, BIZTLUHOMIN LR KkAT, FABKEN00). B4SHITER
HHOMAEERE, hITRHEIHO(1), HILE3 ~ S5 B AR RN O(n) 4 AL BE 88 K 047 .
EHEEEAHOMNLES, BATRIESHO(n). *TLAHACREW PRAM HRISLH.

ERAMERENY

ZIEM T T=/FE, AFERL, XEnk20RFEK.
[a, O O --- 0]
a, a, 0 --- 0
ay Gy 4, - 0

Ap Gy Gy " Ay |
FAERE S A FERE, B4 FAEFERIB A (n/2) x (n/2).

[ 4]
A A,

HTARIES A, WA, ABRIESTFH. BATE RIHEA! f4;.

A 0 Al 0 L, 0 =]
[AZ A,] SATAAN A L0 L] T

HieH

Al 0
Al =
[—A;‘AZA." A;‘]
g LAk, KIEPEARSE A 5 LA T ILE:
L THEAT A HIE;
2. ﬁ”ﬁAzAl—l;
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3. HHE-ATAA.

A THRAARME, BITRARIEEN. £8-KETRAR, EREOBE—h ",
Wi 2R IAE Rlog n. EE—FHRMNELERMB/NERGY, BEHBME?, 345
R B/NERER TR, BEELNHER I < nEREERAHTEREZOR)/NNbHE,
B FIAOR Rl 5 0(log n), H FICREW PRAMMR!SE S,

AR AT (n)FowRKnby M BE R R AT BSOS TRE |, WA

T(n) = 2T(n/2) + 30(log n)
= 2{2T(n/4) + 30(log n)} + 30(log n)

RABEA R HA, TLURBT() = Olog? n). BTG ERFFTHEFOR)MEESE, HiTHH
k0(log? n),

¥ X Triangular-Matrix-Inverse

BN FT=/R%EKEA(:®R, 1:n)

MY A1, L:n)
0
1. Split A as A=[:: A3]

2. Evaluate recursively A™' and A3
3. Evaluate A,A7!
4. Evaluate —A;'A,A;}’

5. A [ A 0 ]
A AAT A
6. return A™
10.7 Toeplitz4EFE

REZED - KEBOERE, ENL2FHIAE g%&t@mﬁm Hr, X AR R AU g
Toeplitz$E 1 . AW BA 1% 1K= M ToeplitzdERE M B . %I T AERE:

(A, G Qs - G G ]
a, 4., a,, a4 G
a,, a, a,, a4 4

Qroy Qons Qapeg 0 Gy Ay

LA EREE Q- A RITTE, EREWER AT &4
AGj) = AGi+1, j+1)  ij=12,n-1
BRI e B 5% . ROTFTLAR —A 2028 19 17 &R AR kn x nfJToeplitzfEE:, B[
BA

A = [a09al’azvu. 7a2n—2]T



220 FOEy KM K E

LLF Ay Toeplitza i i — A5 F-

29 13 8 9 5
15 29 13 8 9
1 15 29 13 8

-1 1 15 29 13
-11 -1 1 15 29
308 X —A~5 x SfToeplitz4Hf%E , ] F I B[5,9.8,13,29,15,1,-1,1113k %R . Toeplitz4EP& %k

FREEHIREM F R IR AR TR, ZE-BRNEREAO:R-1,0:n-DFIF &x = (ox, X))
A EBEMEREERITEAT:
¥ ZMatrix-Vector-Product
BN AO:n—1,0:n—1), x(0:n—1)
¥ The product Ax denoted by the vector Y(0:n—1)
1. For i = 0 to n—1 do in parallel
2.y = 27;‘, ax;
3. End parallel
FEOEBEREOMANEEE, HITHIEAO0og n). ToeplitzXE P4 &% Tk 4 B vT LLKL
SRELR BN K. BEAR—n x nfiToeplitzERE, CMATURFRA—ANME, iCHFA
ioloh- &%) .
a = [a,,a,,a;,""* a5}
ZIL10-2 L Ra = [aa)ds s, =nB Toeplitz 5 BRAS @) F AT, x = (XX, X, ) R—
¥, feRafexty K Zy=ax, NE

Y2n-2
e fEToeplitzfEBEAH , FhfT Rt &;c HIBEERBC=Ax, 7

Ci = Qpn-XoHQpon X1t +AK,

BEEBEL, A
Visno1 = Qpan 1 XoFQpen X F QX
iEEE.
309 M LEERES, ToeplitzdEfE 5N BMRRETHRARMENER, Hiln, HRMNEWT
EH.

% 3910-3 nxnBToeplitzde % Bnth &) ¥ ¥ KA R EHRE R HO(nlog n), #ATHIE
# O(log n),
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T=fToeplitzdE Bt
% 18 R = fhToeplitz4EfE

[aqp, 0O O --- 07
a a 0 -0
a a a - 0
_an-l A,y Ap3 " ‘10d
Toeplitz& R vl LA EHE —Flas.a,.a,, a, E—FR . BATFIHSEEARKAR S, #
A%y Bk
A O
i)

FEXFE R ATEER, HAPART = fToeplitziEfE, AR ToeplitzJHfE.
FIAT = AEEmEnErR, A
S PV
SATAAT AT
BRBRMESE P EARME (LR T =MMToeplitzifif%), ARToeplitz T = f%H
B, ARBAME 7. KHAVE, FiHEAALANE 5. IANSERRNT.
e = (100,--0)7, HEIHEA", AHA'WE—F; REIHREAA ), X £ Toeplitzfi
FEFIMRAIER; REHEA (AA'e). HEEYE, BINA
AT'AAT'e = AT'(Af(Al'e))
N ;xTria-Toeplitz

WA A[O:n-1]
Ml A'[0:n-1]
1. Divide the matrix A into the form A A]}

. Evaluate A;' recursively
.Lete=11,0,0,0---17
. Evaluate (A;'e)
. Evaluate A (A;'e)
. Evaluate A7'(A,(A;'e)
AT [0:n/2-1] = (Aj'e)
LA [n/2:n—-1] = AT'(AfAT'e))
END
L EEE D, EMEANESE—KEAARATRE, HELERTOlog MBHE.
%4, 5, 6% M kit B Toeplitz HREfn—/- R EMFB, K v LAFIFIEREW PRAM Rk

0 2 N U A WD
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B, XTELABHEAOM log n), PITHIEHO(0g n). X#E, {FEO(og MBS KitHE
T =fAToeplitz4ERE )% , FIFAEREW PRAM AL FAEE K A0 log n), $ATHEH
O(log® n).

10.8 =3faAEAH
SR E s, S hRAEYERA FENER:

a,x; + a,x, = b,
A, X, + QX + ApX; = b,
A3y + AyXs + A3Xy = by
ApXs + auXx, + asxs = b,

an—l,n—2'xn—2 + an—l,n—lxn—l + an—llf‘n = bn—l

an}l—lxn—l + amrxn = bn

—iH, FINHBREMTEX:
a X+ ax + QX = by,

XBl<i<n, Mi=1i=nbf, FEIAGHH. TERIDEE—1n=6MIFF:

3x,+2x,=1

X +2x,+4x;=3

12x, + 3x;, + 2x,= 8

Tx;—3x,+ 12x;,=2

2x, + Sx;+ x, =4

Xs—Xs= 12

X8, FRATUREKERRA:

3200 0 0\ (x
12400 0((x
0123 2 0 0] |x
007-3120]{{x,

0002 5 1|]x
0000 1 -1)1{x/) 12

EE, RBEENETTRAUREM AERE AGL, SHEMERTHZS AR,
EAER A BARA = A 5.

AN OO W

10.8.1 BEHTHEITE

K—A=XHAFBANR, RIEETUARARBHHTEBEETZACE. MTEE—
i RE—AT=faxk, BfRFHZZ-AT=fAxE, RAEAADNREKRE. FIHR
Tk = A RANRLMT: :
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# £ Tridiagonal-G
BN a(lin, L:n), b(1:n)
B x(1:n)
1. Use Gauss elimination method to reduce the matrix a into an upper triangular matrix

2. Use Back substitution method now to solve the system

BRENMT HTE—TEE. FEMEN0M. BikBISHEMENOR), FH
T RO, BRASFHR T IEELLBHEAROMR), FIFICREW PRAMEE , %
OMA MRS . PATFHHEAHOM).

BT A ARSI, BREESRE PN SEEA BT, Lk
$. WK EATREMEGT4FI0TEE, FERES TR, TEES kR A%
o R S

10.8.2 FEBHAL*E

B AT BH Y KB LS BT KB T A BANS &. TERNS
H—ME 164K i =3t A H BANGIT. BERNE B A x0x, X6 HEEI6AK
MBE6THRA, BIMARERE-SEREREZH, YXERHREHEXE, IMHE4A
#ior BN T RASF R4

FHBRAL

AREB xx00,00 X

FERA: S8ARMBAISH G ERE;

FHRH2:

p 1L A A ARLLI

HERA: S8MRMBAISHM G ERA.

WX TR P LARBCR AR, BATTLABRIFERS BARIMx X%, X

AT RGN TFHBEAMME, BRI AHR%N, IRELEERASHES FHREA19K
BN EHNROBOENRHRA, Sl BRI -ITUER22I KM
W HRA, HATEOL)NKE. 313

THRMNE MR THELIE. fEHE4A

bx +cx,=r,
ax, + b, + Cxs =1,
ax, + byx;+cx,=r;
ax; + bx,+cxs=r,

ax._, +bx,+cx., =r

an—lxn—Z + bn—l'xn—l + Cll—lxn = rn—l
ax, +bx,=r,
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Al AR IR B
bx +cx,=r,
ax._, +bx+cx, =r,
(i=23,(n-1))
ax,,+bx,=r,

MR FEAVREMETTx, = 0.x,., =0, WIFA:

ax_,+bx +cx, =r,

XH1<ikn,
Ri-INHR, FNHE, Bi+INHRS A
a X, + b X, +c Xxi=r.
ax,_ +bx,+cx, =r

X+ b X + CuXiy = 1y
ME-ITHE, #:
X = flxxi,)

X, fRxHx RIRE.
R, AFi+INHER:
Xy = 8(Xi Xin)
XH, g xR
Bx Fx, RABENHREP, WIHBIX T x, x A58,
HEXE B RK Ha, b, c.. BT Ar. 5IAMITX., =0,x,.,=0,
lIp=)

ax,_, +bx, +cx,=r, 1<i<n,
Hp

ax,,+bx +cxs=r,
axe+ bx, + cxya=r,
ax, + by + cxs=r,4
ax,+bx,+cxs=r,
agxs + boxs + cox; =15
agX, + bxs + Coxs =1
axs+bx,+cxg=r,
AyXe + DXy + CyX 1o =75

i@ﬁ&ﬁ&ﬁﬁﬁﬁiﬁﬁ\%ﬁﬂﬁo B35, -&Hx, x, X5, xR G R4, B

FHRAL. HE24.6, B, x, X, oA RN B ERA, FHEBH2. TR
FHRE41 FhHRAH2
ax +bx +cxs=r, AxXy+ byxy + Cx, =1,

ax, +bx, +cx; =r, ax,+bx. +cx;=r,
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ax; + b+ cox, =15 Ay + bexo + cxg = 1

B 2R B T ESM S BHNKE.
dx, +x,=2 @)
4x, + 11x,-5x,= 7 (ii) - [B15
2x, + 14x,-6x,= 13 (iii)
5x,+18x,=24  (iv)
XEANA AR, I KRME. HHEGO, BERABRGPRGHERRE (1) HxiE.
FRg (i) A
Ax, + 11x,-5x, =7
1
11

X, = (7-4x, + 5x,)

CRANE (), A

4x, +1—11—(7—4x, +5x;)=2

ap
5 15
X Xy = —
11 11 11
Bp
40x, +5x, =15
WATLAER,
8x, +x,=3 (V)
xR A BOFHRTEN.
MHB (i) hRedEx, AFB (i) #RBx, BEomofRA (i) &, AIRHLTE
(ii). Bp

Hﬂ (1) x, = (2-x,)/4
B (iii) x, = (13-2x, + 6x,)/14
:ﬁxlﬁxlﬁ)\ (ii) FP > ﬁﬁﬁ&
(2-x,)+1lx, —%(13—2)&?2 +6x,)="17
10x, -2x, =9 (vi) 316
MHE (i) FesEx, AHR (iv) PREx, oA (i) + ,
—24x, + 547x, = 651 (vii)
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BHRE (iv) dixA (i) kR, 8
-10x, + 282x, =271 (viii)
HR (v) #n (vii) SR FARAL KR (vi) i (viil) WRFHRAL.

TFhHR4! T HE4H2
8x,+x,=3 10x,—2x, =9
~24x, + 547x; = 651 ~10x, + 282x, = 271
FHEBAHBARSHERNREEEANFE, FERTLA S B & 5 B .
T H 4! TH 2
- | it
) 10
6 x, =1
Xy ==
5

XA EH, B3R RARR.

i

_9 _ _6 _
X1 =35 X2 =9 xX3=3 x3=1

<

LEBHEEAHTEE. HOONMERBE G BAS S FHERE, SATH AR R
W xFHBEA%SE FRNSITER, SRASHAROBRETA FHE4HEFOog n)
%. FkEHRHTHRTHIERZOOog n), LHEFHHOM), HFCREW PRAM BEEELIL,

S5 LW
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&
101 ZEAEMRIT LR
Y =B,;
Y,=AY.  +B.(2<i<n)
XHA, BRELENm <~ miERE. &it—/ TR 2 A O0og n log mBIFITH Bk
LLERFF A Y o
102 §FBH: &/ n x n T = fToeplitz4ER5 A6 3 Br 3 RO KERE (5 & T~ = fiToeplitzH [
10.3 i&it—ANEH A & 24 B A O0(log m)RYE i+ E R A T = fToeplitz4EREHI T B

104 FEAERERIToeplitzZiPE 4 e 5 & — - Toeplitz4B8REMD ? HHH— AN HERITEHRA
Toeplitz fERIF IR .



FUE o 58y

HRIEMERTHRENR, ELFHRENRESTRY S X, BEHBELSESME.
AT, RIOED—SEBENRE SR HHEERNFTREE. 5%, BNAHEE
AENEE EENBS—RMs.

11.1 %
%E%{Egﬁf(-’v)a E;‘I}?‘\xO»xl’xz,"'Jn&b*ﬁﬁﬂg%&{ﬁ%}ﬁbﬁ7ﬂ’""ﬁo

& X0 X X2 Xn-1 Xn
S8 So fi )2 Sn Sn
ZEMTRBRE

f(-xi +h)=f(x,)+&f'(x,-)+Lh—2f"(x,»)+--~

h . h .
fin =f(X.)+ﬁf (x,)+Ef (x)+--

LBriEE /N, PEUAR, Bl
S =L+
XHfRR ), B

FIREAARTHATRES o f o foe FTEZWT:
¥ % Differentiation
WA x(0:n), f(0O:n), k
W f(0:n-1)
BEGIN
1. For i = 0 to n—1 do in parallel
2.f =)k
3. End parallel
END

WREMT FEAEEMTREIHO0), EBEKAHOM), HACREW PRAMER, Ji
RIEBIERVER, X&EF N
WBEPIFES
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KoL TS L. FHEREYS.
FF—re%, SHEFSHMAR, xELHERA—/IAR:
C_ f;u _ﬁ-l

f=
FREHIFEN . MR EaRh S, BNAHTH—EAK:
1

f = hz{f ~2f+ 1.

fo= g U, - 20£,+ 61, +4f, - f..}

12h2
f= —{—f.-_l +3f=3fu + £}

f' =

S+ 2= 2L+ £

fi = _{f 2 -4f. +6fi —4fi+1 +.ﬁw2}
FAEEXESEAR, RESRIHHMTREIRITESN 34
1.2 s

BREUC)ZRRX Ty @&, ERETEH—&ids:
o Ut m S35
Usty® S5
< USExim S5
U, %ty e 40
© Ut m S50
Uty w24
H#?‘pﬂﬁ BAITLAZXIESU,,, U, —BERT, KREHEHALEY:

Yier = Yi
h

1SS SSES

yi=

FA EERAKKKU., Uy

U(x,..,y) - U(xi,y)

Ux (xl 9)71') = h

XBh = x.—x.
£ EEARD, EEIyRERE. R, URRH

U(x, ,}’m) -U(xy)
k

X Bk = Yin1™Yio
FATBERTLAFIHZ AP .Oa

_ dim T Vi
2h
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B3 THEEXTUMUKFREX
- U(Xm ’y.') - U(xi—l ’y.‘)

U.(x,y,
(x:,y) 7
U(xi ,ym) - U(xi s Yioi )
Uv XisYi) =
(x5 )1) T
ARipEN, FmiuNraXeiRzoah:
U.,, MGJL (11.1)
Uw=ﬂﬁ¥i (11.2)
Um=5ﬂﬁ%i (11.3)
UW=Zﬂﬁﬂﬂ (11.4)

ESHENRSEARZA, FAPRWE 5 H A XHARFNR.
B AEGKY), ERISAMEI-UEL-257R.

B11-1 —HER
(Xi1,Yj01) (Xt Yier) (X1, Yin1)
(X1 Yi) xY) (XiiY)
(Xi1,Yi1) % Yi1) (Xi1,Yi1)

E11-2 BigpiAa
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TEERIMMSUHAK. HITEELATR, U R RV MRS MAXKA1.3)E:

Uvi+ J = Uvi— J
UX)’U = ] ’th =
HREHAARALY), 3
U.. = Uu»l.j+l - Ui&].j—l
yitl,j 2k
U _ Ui—l\/+l - Ui—l,j—l
vi-lg

2k
R B FRHIEER, oI

1
U, = m(um,ju +U 0~ Ui - Ui-l,j+l)

B11-3a BB BRI LA AR, B, A EARAT ArEMN, BE5IE
A, ERLIRk, ALY, BATTULRHM TR AR

Um,, - 2U.J + Ui—l.j

Ur.u' =
ij ‘ h
U _ U..m = 2U:j + Ul‘j—l
wij = kz
=1, 4+ i+1, j+1

1, 1 i+1, -1

E11-3 U, MmitEEzR

EULEED, FRAFRERU. + U,. RIUEEIRH VU, FFRZAUNEELHF
&, VHrhis ¥ ik H T (Laplacian operator). 323
vViUu=U,+U,

FIURU U, OME, ROTUABE VU RHAK. ERr=k #:
VZU:‘/ = hl_z(Um,/ + Ui.j+l + Ui—l.j + Ui,j—l - 4Uij) (115)

s T Rl Em RS, RATALAKE V UEQS, 204HME.
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Y/X 1.0 1.5 20 | 25

1.0 12 15 15 16
1.5 13 14 16 19
2.0 21 23 27 35
25 31 34 37 38

VU, KA K E R E 11-4, B8 b PO 30 i (B AR NP o 2 D E R4

1
VZU.)' = h_z(Um,j +U u+U ;U —-4Uy)

Ui U, UM,;

U.,ju

E1l-4 pEHHET

VU,=15+23+13+16-4x14=11
ViU, =15+27+ 14+ 19-4x 16 =11
BATT LT EEE TR, (1<i<m,1<j<n). HEBRAKXTA, AR L
LBHITHHE,
#ixlLaplace
8] Ul0:m,0:n]
B vV ULim-1,in-1]
1. For i = | to m—1 do in parallel
2. For j = i to n—1 do in parallel
3. Calculate V*U,, using the formula
4. End parallel
5. End parallel
325 EREHLELEESHONm), BEHENO). AARM, U.,HEATHE VU,
RN BWELE V... Hib, BERFRIEPRAMER, HICREW PRAMERRELHL.
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11.3 FEf4

A E Ry = A E e, ﬁ-!frr-llr:,ﬂ.:ld.réaﬁﬁrﬁﬁ.u'-_j.rﬁlﬂi.n = = hATH
Lo del ) 0 £
St A A AT BUTHS T T sy BAa, o, i k- e SR A

LB — I Flal 4 Fib
2

arca =
el
J__""} [xhic -%I'J'{H'I-l- STa=h

WHLEES D o A AFRREEE . (TYMEER AR, EShRIEH S ERE . &
ATt
AElR E IR = ﬁlE-lfs,‘i'f,_.'Ex]Ll:, W EE - R R b SRS o BB AT 1 B
i S R AT
P B A g oAl R e T

Hehy, —x, = (b—a¥n = Fidaisna) [RE11-5). =0 aveE G, o R EGEF.

a ]
l 226]
s i b T X, Hy
[BE1-5 [ aa s a3
o=
¥iH
iy E X Wy XM, Iﬁ-‘l

Bi1-6 @iz

_[ Fie)dn = % (Flxea i)+ Flad

]
= LA+ M+ Bi))

J-u_ir'i:}d;. Jﬂn Fixudx
I r:|
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X1 X7 Xn
:I f(x)dx+Jl +...+j f(x)dx
*0 X Xn -1

h
= 5 G0 +f0)+ 5 () +fGx) -

h
+ 5 G-+ )}

WEIN-6FR. EROBE LM T:
# *Integral-Trapezoidal
BIN: EESx),a,b,n
W : Integral = f*f(x)dx
1. h=(b—a)/n
2. For i =0 to n—i do in parallel

3.x,=a+ih

4. Integral(i) = g{f(x") + f(x, +h)}

327 5. End parallel
6. Evaluate integral = Z "™ integral (i)

FBL-SERTRBEROM), HATHEIHON). B6HKMSHEEHA T EEM ], FrEgm
BB N0, PATBHEIHOog n). TEH2 - SHPABFEIMAFHANLEE, FHEkIFR iR
ERLTH, MHRKGEREFL LT, FEFCREW PRAME RISk 528,

AT HRNFXABE, BOBE—EELAR. Hd, 821350 8.

FEEBUIAKXN:

L2 fOodx = g(f (x)+4f(x, +h)+ f(x, +2h)

A TUWERS, KiEla, bl 55 K20 HEHFIX 8 .
h = (b-a)/2n
x; = a+ih
FEBAE R AFERIBEMTER NI BB
$ % Integral-Simpson
BN A%, a.b,n (Kdnbias)
Wi By fiAxdx
1. h=(b~a)2n
2. Foreachi € {0,2,4,6,8-(n—2)} do in parallel
3 x,=a+ih
4. Integral (i) = h/3 {f(x,) + 4f(x; + k) + f(x, + h)}
5. End parallel
6. Evaluate Integral = ¥ Integral (i), where sum is taken over all i € {0, 2, 4,--(n-2)}
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R 5 P H BT AR RS EOAO0(n), SRHITE R AO0(log n), H M TCREW
PRAMEL RS LB

11.4 $HE

EAERBAx), LARHEAE Sxs, X1, X, X, SRTER BB A x0), fx), flxy), -, x)e RXAIE T xo,
X, X, X, HAOERA 328
I 50 BRU BB (), fx), fixa), -+ ) R RAOWDBILAME , X PP PR A6,

Bt 1a] (BF) 0| 10 | 32 | 128
mE(CC) 15| 20 | 30 50

ERFORAEM BRI RN AR EE. FHRMHEEARIST, SEERB20CH, Bl
108p; M8 EEATI30CH, HRE32EY; YR ERFISOCK, BHalR1288). BAVEAHAZ
241t i) 100FSI UG BE . B 24x = 1008 100)KI{E -

ol *o X X2 X3
(e inl) 0 10 32 128
((JELE) fO fl f2 f3
11.4.1 SHEmME
Berox BT fo fRAFHIERIE, SRA Trofilx, 2 FAOEE — . BB R
H K fx)o
ZIERYRH
f(x) = f(x 0)+f( ) (x, = x,) 4+

X 7% e B hi A,
f; = fo + fl(xo)(xl _xo)

ﬁﬁﬁ f’(xo)=(f; -fo)/(xu _xo)+"'
xR BB BA:

fx)y= A 0>+f( Xo)

('xl -xo)+
% e B R pRI, W
f(x)=ﬁ) +f‘(x0)(x—xo)=f;)+

B (e=xo)/(x,~x) = p, WIA:

(fi — Jo)x - x)

(xl - xo)

fx)=fi+(fi-fp
=(-p)f +pf,
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Lﬁﬂ@ﬁﬁﬁ?%}ﬁ'&ﬁﬁfa\io rFx5x 218, p—NEfRo%, Bipi#ig: 0<p<1,
R/ DExx, fif, BEx, fOFRM. HEKp = 0—x)/(x,—x), BRFEMA) = (1-p)

fot pfi, KHAx). Blan, HEanTEE:

X 7 19
fi 15 35
& K fEA10).
X B
X =17, x, =19
fo=15, fi=35
330 =10
WA
p = (x=x)/(x,—x,) = (10-7)/(19-7) = 0.25
1-p=0.75
f10) = (1-p)fy + pf, =20
1.42 —RiEHE

Bex xo xR =A R AR
XXy = X=X, = h
fr—l:ﬁgﬁui%*ﬁ[i#‘)l%ﬁﬁo x%ﬁ:“:xigmelﬁ]E’J)ﬁw

% DR
Fx) = f(x)+f"‘)( xi>+1{23‘2<x—xi)2+--~

REBAT =30, 7 BA TEHR T RAE f )RS ).
Ju=Ju f

fx)=

f"(xi) = ;IT(fi-l —2f: +f;+1)
1

_pz)f;+P( ;p)f

i+l

f(x)=
X B p=(-x)h, BIVRIEA=R&GEA X,
11.4.3 HEPBFHE
B R E— A K A ENER CAR (KRR LHEE).

i-1

=P L

x{& X0 Xt X2 ... Xp

fola fo f f2 .o [fa
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bR A E Sxo . x %0, X AR B AN, BRITZEME —NXFrInk L HASx), HiRE
fx) = f(25).

%L
P.(x)= (x=x)x=x)(x-x,_)x=x,,)(x-x%,)
(%, —x,)(x, = X)X =X ) = X )X - X,)
P(x)= 0 ifi=k
K '{1 ifi=k

XHk=0,12,n, BAHBAT LT
fx) = foPo(x) + fip (%) ++-+ f,P(X)
fx)=f0<ig<n)
EAARKRAEES BELNX.
Wikt nREBESANE, AFHESCHEDH.
HEA: x5, X,
MRS E: fi. forreo o /i
TR R B AEy HIIESAY). £ THESRTRLERRAY). BiEHHERZMT:
8 #Lagrange
BN x(1:n), (l:n), y
:
.Fork=1ton
P.=1
.Fori=1tondo

it
EE

Ifi=kgotostep 6
. Po= PF(y—x)/(x—x)
.next i
. next k
.f£,.=0
.Fori=1tondo 332

10.f,=f, + P.f.

11. next i

12. END

MR EEAGEE  EEEEOE - THHEPO <K<, BALUH. &

A PIEMIEBEO(og nitiEl, AEBHAHOM), 3 HEREW PRAM ARSI, 9~ 11
BiFES E, BEEOMA GRS, HTHIAIBLRO(og n). BitkRlH A7 KM EH
i 4 0(log n), ALEBEAOM).

8% Wk

Actions, F. S. (1970) Numerical Methods That Work, Harper and Row, New York.
Andrew, L. (1985) Elementary Partial Differential Equations with Boundary Value

O 00~ AN W B W N -
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Problems, Saunders College Publishing, Philadelphia.

Chandy, K. M., and Taylor, S. (1992) An Introduction to Parallel Programming, Jones
and Bartlette, Boston.

Cooley, J. W., and Turkey, J. W. (1965) An Algorithm for the Machine Calculations of
Complex Fourier Series, Mathematics of Computations, 19, 297-301.
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¥
11.1 FiMonte Carloiki%it— /AN Bk, KMaF|bl) E BB 5y .
11.2 RZEoki&it— kB WE L.
11.3 24t E? KEHTENE.

114 FH—ANHTER, Ff@b)sfn KRR IR OAR K NaBIbR BB .
115 &it—/ it . AEsdkR =N



P28 sy H B

121 BRHEAR
IR TR H R

jxl =f(x»)’)

PG EA: Ay (x) = Yoo FiXo, X1, X0, xﬁﬂxm =x+h, By = yx). HATHELE., Fl
B33 — ) R FR A A0 4 12) 4
ME$HR B

2

h o .
Yia =y,+ﬁy, +E)’f +e
MAdEE /N, RRTLABEEA, ElA
Y =Y+ by’
BiEy =fixy), B EX, WE:
Yir = Yi + hf;

X 8 fRR ).

BBk BOEREAREAX, BTySE, FERAKRBAKFRKGy, Hly = yothf;
Ry REREL AR AT KRy, By, = y+ifi. EEXNERE, BIHEKALKEY Yoy v.. H
LA Eitiga s, RAHERNABRTH, BEIFTHLRATEN. R, M TFoE®E, 7
FEF2HERAGBEAENESTE. TERRNSERES R,

122 wRSHE
By REAER, MEBUGY)RUMxyHR SRR R R 542, fili:

U, +U, +x*sinxU, = " cos’(xy)

RiRE TR Wi 5B EER SEONERA RS FRON. ERES, =B
gy FBRABRBREN R RO B E. EF2ENIETEHLEBIRE R RN
F BRI .

ZFriRtEs H RN —BRIEXA:

AU.+BU,+CU,,=F

XEFRxyUUUR RS

RIBABCHIE, LRBBER S AMT ZFRE:
ARB—4AC <0, FEFRA W B F4L;
IMRB-4AC =0, HERFAM 742
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WRB-4AC> 0, HREFRARE F A2,
— SRR MmN T R R

1 HEHHE U,~aU,=0 A=-a,B=0,C=0,
B~4AC = 4a*> 0,

B 7Y

2 Al kU, =U, A=k B=0,C=0,
B-4AC=0,

PR

3 LR TR 97F U,+U.=0 A=1,B=0,C=1,
B-4AC = -4 <0,

1B Y
4 E(ELAYSR 22 U,+ Us=F(xy) il R

A THGRXA %, ERAHE T EARIAZHHm R, SRR AR
1. 2fu =4fo + fo =1+ XA -Y")
2. (I, 1=y £, =+ X)ff,, x>0,0<y<]
3. (1-x)U, +2yU,, +U,, =0
Bk, ZEHE
2fu—4fxy+fyy=(1+x2)(1—yz)

XHA=2, B=-4, C=1, B-4AC=16-8=8 > 0. HILEREN HE.
HEZEE_NHE

@I Of 1=y fut £ = A+ XS,

X EAMBA RSB 2y RS, A =x74,B= \1-y',C =1, B—4AC = 1-y'~x%
BH x4y > 1, FEREMBARY; Y+ =1, HFEEMHEMN; Ycs’ <1, FRENH
RIE,
A THEIANAHBREEFAINR, BB EZHTEm AR,
BEO <y <1, KB FyihfnESy = 120, ERCENE, HEENAR); FE8A
Rship, HEEMARN; ER0EE, HREMYRMN.

ZEEABFRA-U, + 29U, + U, =0, XBA=1-x2,B =2y, C=1, B-4AC =
A0+y—1), %x? + y-1 < ORF, HERRBEIA; Y2 +y-1 =08, FEZMHRT; X4
x+y'—-1> 0/, HERENMRK.

12.3 A E

B LMt ERRES SR, B
CU.=U,

ﬁ“]&%%lz:i&[anaz] x [bubz“jqﬁg_h‘ltjj‘i% ° :l%‘[al ,az]ﬁ’ﬁim/l\ﬁﬁf?ﬁ'ﬂ%ﬁz I‘Ej s [blva]ﬁﬁE
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nMHERFEE. 4

x;, = a+ih, y, = b+jk

MEE
gy A
X

E12-1 XKk GBI

xH
h_az—al k= b, - b
m n
mE12-2F R, AHERN, idfE
Uij = U(x.-,)’,-)
RINBERU,, HF1<<i<ml1 <j<n
b,
(x4, ¥2)
Y, ¥ 3
(x1| y‘)
v, — 4
Yo (X0, Yo)
b,
X, X, X,

a,

B12-2 "R
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12.3.1 B ECRBENY HE)

338 BENY TR
CU,.=U,
RSy 23, 15
U =(1=20U, +r(U,,, +U.,,)

Her=ckinre ERFERFRAAEFTH AKX, WEI2-3F7R.

i,j+1

=1, ij i+1,]

r 1=2r r

B12-3 RERE
Bl KARWEEA SR HRU, = 120U, BFER=02, k=02, x€[0,1], yE[0,1].

ij#1

1 i i1

1 2 1

F12-4 WEFAK

U,=1/20U,
KB =120, WERKMER: ‘
U(x,0) = 14x2
x%=0,h=02,y,=0,k=0.2
r=ck/ih*=1/4
Ui =(1=20U; +r(U._,; +U.,,)
=1/2U; + /14U, ; +U..;)
N

Ui_jd = 1/4(2Uu + Ui_|J + Ui&l‘j)

340 R AR E12-4F 7. fExkh B Ay B1hx = 0,0.2,04,06,08,1.0. eyl EE RS
Wy =0,02,04,06,0.8,1.0. MiEmEI2-58R.
R EHDBEEUGE0) =1 +x2, BATTLLIEy = 0 LBTA RIE.
Uyo=U00)=1 Us,,=U0.60)=136
Uo,=U@020)=104 U,=U08,0) =164
Uy, =U(0.40)=1.16 Uy, =U(1.0,0)=2
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0.8

06

04

02

0.2 0.4 0.6 0.8 1.0

B12-5 ViR 5m#

FIFXESHE, HERRERAR

ETi+%:U|,1s Uz,ly UJ.Iv UA,lO
®U,, (WHE12-62):

kU, (RLE12-6b):

kU, (LB 12-6¢):

*Uu (RE12-6d):

Uo'o = 1

Ui.jq»l = 1/4[Ul—l,j + 2Uij + Um,j]

U, = 1/a{Uyy + 2U,, + U,,}
= 1/4{1 + 2(1.04)+1.16}
=1.06

U,y = 1/A{U,, + 2U,, + Uy}
= 1/4{1.04 + 2(1.16)+1.36}
=1.18

U, = 1/4{U,, + 2U,, + U,}
= 1/4{1.16 + 2(1.36)+1.64}
=138

Usy = V/A{U;p + 22U + Use}
= 1/4{1.16 + 2(1.36)+1.64) +2}
=1.66

a)

B 12-6
ay U MHE
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Uz,
U1'0= 1.04 U2_0= 1.16 U3‘o=1.36
1 2 1
b)
Uss
Ug'o =1.16 Ug'o =136 U4_o =1.64
1 2 1
c)
Uz
Ug'o =1.36 U4'o =164 U5.0= 2
1 2 1
d)
E12-6 (%)

b) U, MHE © UJ,IH{JH'E d) UA,lB"JH“g

KHU,G=1234))F, BAIRKU.G=273).
KU, (WE12-7a):
U,, = 1/4{U,, + 2U,, + U,;}
= 1/4{1.06 + 2(1.18)+1.38}
=12
KU, (RE12-Tb):
U,, = 1/4{U,, + 2U;, + Uy}
1/4{1.18 + 2(1.38)+1.66}

=14
Uz
U1'1 = 106 Uz" = 118 U3’1 = 138
1 2 1
a)
B 12-7

a) U MitHE
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Uz
U2’1 =1.18 U3'1 =138 U4'1 =1.66
1 2 1
b)
B 12-7 (88)
b) Uy M)+ H
TSR E S RNRE

CU,=U,
y(x.b)) = f(x)
Ula.y) = 8:(»)

Ula,.y) = g(y)
¥ ixHeat Flow
1. Define f(x), g.(¥), 8A¥)
2.Read a,,a,,b,,b,,¢c,m,n
3.k =(a,-a\)im, k = (b,~b,)/n
4.r=ckih?
S.xp=a,y,=b, U= flx)
ROMA:
6.Fori=1tom
T.x,=Xx+ ih
8. Uiy =flx)
9. nexti
10.Forj=1ton
1.y =y, + jk
12. Up; = 8:(3)
13. U, = g1y)
14. next j
BRBERANK
15.Forj=1ton
16. For i =0 to m—2
17. Ui,= (1—2T)U,-J + "(U.--u + Ui+lj)
18. next i
19. next j

BB ERNFTER

EREBTESET, BB EISMIofEAR T LT T
6. For i = 1 to m do in parallel
7.x,=x+ ih

8. Uip=fix)
9. End parallel
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4, F0BHE 145 W ATLFFT I T
10. For j = 1 to n do in parallel
1l.y,=y, + jk
12. Uw = gn()’,)

13. Uy, = 8:(3)
14. End parallel

END

REFEAXMARNEISE AT, dTHAERF TR, BmE7STHTHE. §
165 FIE 18 B
16. For i = 0 to m—2 in Parallel
17. U0 = (120U + r(U,; + U, )
18. End parallel

ERFBRES, KE+BRNUVERAIE/BENUE, NUVER /M- SRTHED,
3 155 Bforf& 3R A v 3 171E

£ LEtiRT, $6~9FMEI0~ 14%%%‘]%&')&]:&%%&750%)?110('1) BT ]2
H0(1). 15 - 205 F LR E B HO0(m), BATHE%O0M).

12.3.2 Laasonenit(RRY HIE)
Laasoneni:i %t U, AN F A3

MeErh iR (AESHR), FRAXSAK, THE:
iU, +U, }-(1+2r)U, = o

i~

XHBr=ckin’
XA N RFRALaasonenik . MAMFAEMWME, U,B5, WA LEHAKTFHRXTU,,
Uy ISR EGBRA. Bl REHBRA, "I/HU,, U, -E.

Bl kg bR
20U, = U U(x0) = 1+x2, 0<x<0.6
U,y) = 1(y > 0), U(0.6,y) = 1.36(y > 0)
h=02, k=02
BEMFHEH
Uy=-LU,,
20
X8
c=—, k=02, h=02

Tt 200004) 4
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., LaasonenZY#E %

if ij-1

1 3
Z(Ui—l.j + U|+1.j) - E’U“ =-U,
’p ‘
Ui~l,j - 6U:/ + Um,j = "'4Ui,j—1

%1 B 12-8F RN B, IvEx =0flx = 1 LR SESHAT (BER).
S xh_E RO S E T R B U(x0) = 1 + X HHRBEL.

10 5

08 4

06 3

04 2

02 1

0 1 2 3
0.0 0.2 0.4 0.6

B12-8 Wk

U,,=U0.20)=1.04

U,, = U(0.40)=1.16

U,,=U(0.6,0) =136
ThH

Uy,;=1,j=0,12,

Uy, =136,j=0,12,-

BAERERBEHEN. ANATLROUE. £EEHARS, Ri=1,j=1, T

(RE12-9):
U,,—6U,, + Uy = -4U,,

1 - 1
1, i i+,
-4
i1

E12-9 LaasonenZ#;
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-2 141 —if2
2 1= 2
=1 ij i+1)]

K 12-10 Crank Nickolson#:
£ EEAANS, Wi=2,j=1, WF:
U|,1—6U2,1 + U3,| = _4U2‘o
XEU, =1,U,,=136,U,=1.04, U,, = 1.16 | LN HREH:

-6U,, + U,, =5.16
U,,-6U,,=-6

RMRILFA/: U, = -1.056, U,, = 1.176,
FFE, BLGy) = (1,2),(y) = 2,2), 7B EXTU MU MEBRESBA. @3 RKiETH
U U, ME. EEU EEBATREBU, U, (> 2)M1E.

12.3.3 Crank Nickolsonjk

*Eﬁﬁﬁﬁf’r#f’%, ﬁﬂ']ﬁr(Uiﬂj_2Uij + Ui—l.i) = U:j+l_Ui,/'°

R #ELaasonendk, IR R+ DRAEG), WH:
r(Ui+u+1_2Ui,i+1 + Ui—lj+l) = Uiju-Ui,,'

ERFRAEDNESE TR RELENTESE, WEA:

r
';'(Um.j - 2Ul_[ + Ui-l,j) + E(Um.j - 2Ui,j + Ui—l.jﬂ) = (Ui.j+l - U.j)

r r
'2_(U,'_1J + Uiq.l_j) + (1 - r)Ui,j = E(Un’—l,ju + Ui+l,j¢l) + (1 + r)Ui,jH

& %5 3 U Crank Nickolsonik . Flix /AR LAH K — 1~ ER B B4
EHENRESHRS, EHAKX

LA k. AKX

AL B % Laasonen AR, FIFHFEHER A, LA FICrank Nicholsonds. TATAILARU,, U.)s
U, BRHEU,.. U,G=0100THIE, FIRX=FMEEMEE EME, "TLURHE+
B LFiE. ERx=MBEHERA LY. BEHEAHU.LHEXAKX, HeRALLAHAE
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Fi+1 B ERMUMBRAE RN, @R RARN, BITTESNERE S BHH KB ES+1
B LU, Eik, BB AE X 54, mLaasonenHICrank NicholsonghFRA & X 7 ik .

1234 =ZBESE

=AM AR
U,.-U, -1

Vi=="%

T ERCU, =U,, FRHXNMAK, A&
ﬂc_
h2

XA ANRFRARichardson D K. EEXANARPEHEE 1B ELANE, RERRE/EM

wi-12/){E. HmRichardson AR RE—NZE £ 5k,

Z ERichardson 2y 7\,

{Ui—l,j - 2U.J + Ui+l,j} = Ui,j+| - Ui.

J-1

Ui.j+l = Ui.j—l + 2r{Ui—l‘j - 2U:j + Um,j}

BMAWTU,RMRSXRAREFXALUGBE,
U, - U, ;U,.,j,l

23

U,.=U +2r{U,;-U,,-U,. +U,;}

A+2)U,,, =Q-2U,, +2r{U,_,, + U, ;}
T, + o U

XA A RHR K Dufort-Frankelik . {£#&Richardson FiDufort-Frankel &1 2 8.2 5 ¥ .
TEBEME—EERRBAER TR

cu,=U,
FiDufort-Frankelz: K ##, REMKHCL2EH:
U(x,b) = fx)
Ula,.y) = &)
U(a,,y) = 8y)
i F-Dufort-Frankelgh & = B34y, HEHEU, (= 12,28, BROFEMEU,, UK
. AEEedkU, NE. BEEaT:

3i;£Dufort-Frankel
1. define fix)
2. define g,(x)
3. define g,(x)

4.read a,,a,, b, b,,m,n,c
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5.h=(a,~a)Im, k = (b,—b)/n
6.r=ckih
T.%0= a5 Yo = by; Uno = 8:(¥o); Usp = fixo)
FHBU K PE
8. Fori=1tom
9.x,=x,+1ih
349 10. U, = fix)
11. nexti

FRFBEMEHRUHREU, U,/
12.Forj=1ton
13.y.=y, + jk
14.Uy; = 8.(y)

15. U,; = 8Ay)
16. nextj

MREREHREU.:
17.Fori=1tom-1
18. U,y = (1-2n)U,p + r(Uop + Uiy
19. next {

J& B Dufort-Frankelik:
20.Forj=1ton-1
21.Fori=1tom-1
22, Uim = ((1_27))Uu—|
23. Next i

" 24.Nextj

END

Dufort-FrankeliZRIH4TH HHFTHEEP, F8~ 1IPWLIF T, F12~ 165 0L
i, Him%ES ~ 16 R LAS 4:

8. For j = 1 to n do in parallel

+ C2ri(1 + 2r){Uy; + Ui}

9.x,=x,+ ih
10. Uy = f(x)
11. End parallel
12. For j = 1 to n do in parallel
13.y, =y, + jk
14. Uy, = £:(3)
15. Un; = 8:9))
16. End parallel

350 #17 - 19 MEEFE TRV ME, hTELE Ty

17. For i = 1 to m—1 1 do in parallel
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18. Uipi = (1-2N) Uiy + r{U.1s + Unio}
19. End parallel

Dufort-Frankel g i UfE 55 B FEj— 1 BRER U EU ... E225 0 LT/, HEE20
S HforiE A RERE BT TIEA) . 20~ 25BMUUEFH B M:

20.Forj=1ton-1
21.Fori=11tom-1 do in parallel
22. U, = ((A=-20)/(A+2r)U oy + Q2ri(L + 2r)){U + Usy b
23. End parallel
24, Next j
25. Stop
END

EHATERIED, B8~ 115, H12~ 168, H17 ~ 19BFARIEEE B 51H00m). O().
O(m), $hATHFEAHO). #20 ~ 265 5 FIRIALE 2 B AO(m), $ATHEAHOMm). 522551
U KHEU,.. BTx—SRIFTENE, ERHCREW PRAMERDRIH, Hibix—RIEXH
CREW PRAMEL#RY,

B 3Lk
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ARATLA BA ML R PisE Rk, SR B EA-1FURBIFHR K.
T —AEaN N EHIR, KERAn/2, HREA2MIEMNE.

o}

4
BA-1 RRE

1.8 ZIRRILK

TESRR W A SRR, R EAERE R34, - HIENE, MEFEFAMNE. Flm,
— AR RS EEA- 2R A .
EXAFF, WA ARIEA0, 1,2, 3, -, 2*-1). BFEN RERR— B A
JiER, K
j=i+3(mod 2
il 4n:
145 E;
3FN6IEHE;
SH8iER;
THI10iE 88
OFN12iEH;



Fy T HEE 253

11FN03EH;
1402354 .

0 1

9 8
EA-2 B AH3RIRIR 4

— A BE AR EBA- 3R A H . X AT LUEE ESRAR B p g B R R B A
i sl ANi+4(mod )HHE.

15 1

13

12

1

? 8

BA-3 FEAMMEIR ML
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1.9 Barrel Shifter f4&

Barrel Shifter 4% & @it 76 308 W Fh 38 A LA T 4RSI i 182158 B
AT AERSREEAHBARGN A J 8. INRMASEEEA2, 4, 8,
16, B s, fifn, ZEA164 2 MRIEHN0, 1, 2, 3, -, ISHWHARHRK. K
i, HAEODAEIMISER; HAMI450MER N2, FHkHA0E2M14E; T 84Fm12
354]  SORBEESH4, HLY A054MI12:%4; OS2 aME R S8, EILENZAMERE. HILE
Barrel Shifter &, 3 H053 41, 2, 4, 8, 12, 14FISHERSE. ALH, HAI15HA2,
3, 5,9, 13, I5HMOEER:. XA 4R,

0
15 !

13

12

n

9 s

EA-4 £ 1543 fifBarrel Shifter® 4% (R4 H T HOfIIAYER)

1.12 I HEERER

itk B R EA T AR, BREE T REERG-CCO). filmm, %
R A-SH A A3 S . B3-S S R A N AR E3-TR, REE T30 ik

HIR(3-CCC). MEA-6FR.

BA-5 3-30itk
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BA-6 3-30FHEHER

1.13 BEEM%

BRMEU—ATAEDRON A, JESIER G R ERER. WmEA-THR. BREM
HMERA2, XE5WRNINBEX.

BA-T BEME
$IE
34D RA1A mn MEE B FTARN B R— . BERAOFREAORE AR,
MBAGKE, WLMTHER) > i, AGHAE. RABN TR ERAOTRAR .

#M % Smallest Index_CRCW
N R AL
W EAK)AERE/D ik
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1. Copy A(1:n) to B(1:n)
2. For i = 1 to n do in parallel
3. if B(i) = true then
Forj=i+1to nin parallel
B(j) = false
End parailel
4. End parallel
S.Fori=1tok
6. if a(i) = true
return(k)
7. End parallel
8. END

BREST FISBEONNLES, BEHEN00)., $2~ S BEOMALHEE,
WM R0(), 55~ THBEOMALEE, BUTHIEN 0(1). E3HHRIB() = falseBE
K EHRIE. FNEIZESETZERNCRCW PRAMER. 7ECRCW PRAMMRH, FEOMA &

B2, BATEHAISHO(D).

3.7 Yn = 160, BHAAQ:16)#E5r Hlog nM4 .

1
A(1:4)

#2 43 4

A(5:8) A(9:12) A(13:16)

EE—AN, BMCESASTHRKB/ME, REAHGTHAKR. mEA-8HR.

9 () () (=)

¢

ol D R
g o & 0o

EA-8 BRI &/IMA
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®AE ' 357

43 RELTE— K count(l:n), Hrh
Count(i) =1,A() > X
=0, &
B ECount A TEN, HBBAL:)H A FXHTEI K. BHWT:
# ;%xGreater Count
WA A(l:n), X
Wil K= KTXHTETE
1.For i =1 to n do in parallel
2.if A(J)> X then 358
count(i) =1
else
count(i)=0
endif
3. End parallel
4. Find the sum of the count (1:n) array and store the values in k
5. return
6. END

BRAES B -3SFEOMANLES, WFHEN00). FiFRRMAL, Wik
FEOMMEES, PITFHEHO0(og n). XF:, HWREEEEOM)NLESR, RATH HH
O(log n).

4.5 M REFREL

MN: A(l:n, I:n)

W ARTAHXFRIERE

1. For i = 1 to n do in parallel
2. For j =1 to i do in parallel
3. If A(ij) and A(j,i) are not equal then conclude that A is not symmetric
Abort the loop
endif
. End parallel
. End parallel
. Conclude that A is Symmetric if the loop was not aborted in step 3 455
7. END 2

SHREH ZBEECRCW PRAMBE T, EEOMANGES, HRIZREAOD).

AN



E

51

FoPAREN AR R BTG, 5HELEMTD .

A

Absolute speedup (Zaxtnidkl), 52
Algebraic equations (X3¢ R), 277

Alpha (Alphafb@figs), 4

ALU (ALU), 3

Arithmetic expression (B AZILNX), 160-162
Arithmetic logic unit (EAZHEHIT), 3
Arrangement graph ($EFIE), 43

Array (1), 59

Array processor (FEFIRLE), 16
Articulation point (Hf /), 85

Artificial intelligence ( A L%8E), 4
Assignment statement (WR{Hi547), 45, 46
Associative memory processor ( #EXTEfEbERES ), 27
Asymptotic speed up (#LHNEL ), 53
Atoms (JET), 61

B

Backward substitution ([ J5{EZ:), 287
Barrel shifter network (Barrel Shifter {£%), 57, 354
BC-tree (BCH}), 88
BFS (BFS), 83, 188
Bi-clique (XH), 223 .
Biconnected graph (2-%iE K ), 86
Binary tree ( =X Ft)
complete (524H3), 75
definition (E X ). 29
model ($#%), 74, 108
Binomial co-efficient ( ZIX &%), 131
Biconnected components (2-i&ifi ¥ ), 201
Bi-partite graph ( “F5H ), 90
Bisection method (¥43#k), 278
Block (&), 87
Block-cut vertex tree (Block-cut [R5 #), 88
Block graph (@), 87
Boolean AND (#i/RY), 47-50
Branch (4y#%), 103
Branch weight (4r#4 &), 103

Breadth first search (J BE{LE#%E), 83
Bubble sort ( B#HEFE). 263

C

CDC-Cyber (CDC-Cyber), 15

Center (0>}, 72, 103

Central path (F.08%), 103

Centroid (Jg.L»), 103

Chandra algorithm (Chandra®{%), 216
Character recognition ( F#FiR%), 6
Children (#¥), 73

Chord’s methad (3% ), 278

Chordal ring network (3IRRI%), 58, 353
Chordal graph (35 ), 94, 213
Chromatic number (f.3), 92

Chromatic polynomial (f&£%.), 92, 93
Circle graph (), 101

Circuit integration (B HBIE), 4

Circular arc graph ( E3LE), 101

Circular list ({E35%), 64
Circuit-Hamiltonian (3% GHE), 71
Clique (FA), 69, 93

Clique algoritbm (%), 187

Cligue covering (%), 93

Coloring (3fa), 92

Complete binary tree (£ =X#H), 75
Complete domination ( 7Z£&:$2%]), 105
Component (4y3% ), 68

Computing time (i ERtial ), 50
Connected component (iE3fi¥% ), 68, 191
Connected graph (i%i@@E), 71
Connectivity (GE@ELE), 85

Connectivity algorithm (il EHL), 188
Continuous list (E£ZEF|E), 63
Contraction of tree (i), 155

Control unit (#E#l#.5C), 3

Core (#.0»), 103

Cost normalized speed up ( KA E/LELL), 53
Crank Nickolson method (Crank Nickolsongk ), 347
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Cray XMP (Cray XMP), 4, 15

CRCW (CRCW), 43

CREW (CREW), 43

Cube connected cycles (3775 hEH#ER), 355
CV graph (CV &), 227

Cycle (H),. 66

DAG (DAG), 29

Data dependency (##E#x4), 11
Data structure ( $$E£EHy), 59

DE graph (DE &), 97

Decomposability ( s[4 f#tk), 11
Definite integrals (®#4>), 326
Degree (&), 66

Degree algorithms ( EEH#:), 184

Depth first search (ZEREMNEiE%). 83
Descendents of a vertex (TRAE L), 151
Determinant ({35), 278

DFS (DFS), 83, 188, 191

Diagonal matrix (& fER), 285
Diameter ( §42), 72, 175

Differential equations (%4> 5 #), 335
Differentiation-partial ( fgf#4y). 321
Differentiation (#%4y), 319-321
Directed acyclic graph (& RCHE), 29
Distributed processing (5> fis b ), 14
Divide and conquer (47&), 116
Domatic number (domatic ), 105
Dominating set (¥3H(%), 104

Doubly linked list (W5« ). 64

Dufort Frankel method (Dufort Frankelgk), 349

Duncan’s taxonomy {Duncansy#), 25
DV graph (DVH), 97

E

Eccentricity (Z.O08), 72

Ed Roberts (Ed Roberts), 4

Edge coloring (if1Z6i), 92

Edge set (Gh%), 66
Efficiency( %), 51, 54

Efficient domination (&), 105
Elliptic equations (B 5 #2), 336
Equations ( 5%#&), 277

ERCW (ERCW), 43

EREW (EREW), 43

Erlangen (Erlangen), 20, 23
Eta (Eta), 10, 15
Euler (Bkhi),
formula (BRHEIAX), 335
graph (BRHiFE), 70
graph algorithm (EkHiBEIEH:), 186
line (BkhipdE), 70,
tour (BRHiFFIF), 145
walk (BRHiH]%E), 70
Expert system (EX &%), 6

F

False position (iXfi#%), 278
Finite graph (HPRE), 66
First generation computer (—fCIHEHL), 4

Floyd-Warshall algorithm (Floyd-Warshall®#;), 209

Flynn’s classification (Flynnsy2), 20
For-loop (Forfg3f), 46, 47

Forest (%K), 78

Forward substitution ( [A[{{f%),. 287
Fourier tranforms ( {# HHE#), 292
Frontier (GA5t). 97

Fujitsu (E-+#), 15

Full binary tree (F_-X ), 75
Furthest neighbors .( L 4B/E ), 179

G

Gauss climination ( #F#ricik), 287, 312
Gemoetric interpretation ( JL{T#EFE), 277-278
Giloi taxonomy (Giloisy ), 24
Givens rotation (Givens Jg#5), 289
Graph (&)
biconnected graph (2-7E @A), 86
bipartite ( 2B ), 90
chordal (%), 94
circle (&), 101
circular-arc (EJKAE), 101
connected (GE@EE), 71
distance hereditary (FERIEER ), 101
Euler (BkHif), 70
Hamiltonian (M 45A), 71
interval ([X{EI@&), 97
k-connected (k-iE;EME), 87
Kuratowski graphs (ER{CHIEE), 90
mop (#RASNe[EwE), 92
outerplanner ($ha[*EHE), 92
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planner (#he]F-fHE ), 88
regular (TFRIE), 66
separable (n[5rEiA]), 86
triconnected (3-i%dME), 87
algorithms (&), 184
unicursal { —%H), 71

Growing by doubling ( {4 ), 112

H

Hajime Karatsu (Hajime Karatsu), 4
Hamiltonian (P4 #: 1 )

circuit (M3&4E), 71

graph (&), 70, 71
Handler (Handler), 20, 23
Hazuhiro Fuchi (Hazuhiro Fuchi), §
Heapsort (HEHEFF). 266-269
Heat flow equation (#f&FHR), 336, 343
Hideo Aiso (Hideo Aiso), 5

High performance computer (FH:AEIHEHL), 14

Hitachi ( Hir), 15
Homeomorphism ([FE), 69
HP superchip (HPHI%.L R ), 5

Hwang-Brigg’s taxonomy (Hwang-Briggsy3£), 24

Hyperbolic equations (M dhiH#), 336
Hypercube (487 htk), 33

IBM 3090/400/VF (IBM 3090/400/VF), 15
ICOT (ICOT), 5

If structure (If&5g), 46

Ifliac iv (Illiac iv), 15

Image processing ( EI{&ALHE), 6-7
Independent domination (¥37#3%l), 105
Independent set (-7 HE), 94

Index { F4r). 62

Induced subgraph {55+ ), 68
Infinite graph ( ERRE), 66

Infix (%), 60

Inherently sequential (PN7ESHFT), 13
Initial value problem (¥){E[RIE), 335
Input unit (#|ARIT), 3

Insertion sort (fEAHEF), 264-265
Integrals ($24y), 326

Integrals-definite (Z#14r), 326

Intel (Intel), 5

Intelligent machine (&HEHLE), 6, 9
Interval graph (X IRIE), 97
Interpolation
Lagrange’s (hitgBAH$R{A), 331
linear (£&M:4H{A). 329
quadratic ( “7&#E({E ), 330
Intersection graph (ZH), 94

Inverse of matrix (ZEREMIE), 305
Isolated vertex (FRrA5), 66
Isomorphism ([R]#]), 69

Iyengar’s algorithm (Iyengar®i;), 216

K

k-connected graph (k-&:EE ), 87
k-star graph (k-BEHE), 41

k-tree (k-B), 216

k-cubes (k-3LKfk), 33

Key board (f##t), 3

Koneigsberg bridge ( ZFRBiE L#F), 70
Kruskal’s algorithm (Kruskal®#:), 204
Kuratowski graphs ( EEhifEi%E), 90

L

Laasonen method (Laasoneng:), 344
Lagrange’s interpolation ( Hi#s8H H#{&). 331
Laplace equation (hi ¥hifiHE), 336
Laplacian (i ¥Hi#iBF), 325
LBFS (FHuMiUF) EREHRE). 96
LCA (BEAM#KHE), 151
Left child ( £#%F)., 75
Level number ( %), 73
Level of a vertex (A E¥), 151
Levels of parallelism (HfTMER), 18
Linear equations (£:¥E% &), 284
Linear interpolation (&35 ), 330
Linked list (5#%1%), 61
List (#1]%)

circular {E¥), 64

doubly linked (W [mEEE), 64

linked (5%§E), 64

list (%#%), 59

ranking (#EfF), 113
Loosely coupled (£ 88&), 27

Lowest common ancestor ( &fEAIM %), 151-154

M

Magnetic disk (@#E), 3
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Magnetic tapes (H#5), 3
Manber Udi (Manber Udi), 102
Matching (L&), 101
Matrix (%)
inverse (WrdEFE), 305
multiplication (4HPEFH:), 124
toeplitz ( ToeplitziEf4 ), 308
triangular ( —HERE), 306
Maximum matching (#APCEl). 101
MCC (MCC), 96
MCS (MCS), 96
MEC (MEC), 96
Median (&.»), 103
Medical diagnosis (BEf7iZMr), 6, 9
Memory unit (fEf5¥IC), 3
Mergesort (& 3FHERF), 266-270
Merging (& 3)
bitonic (XWid), 258-260
ranking (¥k& ), 255-257
Mesh network ( R M%%), 40
Message broadcasting ({587 # ), 57
Metal oxide (Z&BELY). 5
Micro processor ({%b#ZE), 4
MIMD (MIMD), 22
Minimal dominating set (H¢/NMZHIE), 105
Minimal separator (i}/>EE4E), 86
Minimum coloring ( g/hjuf), 92
Minimum cost spanning tree ( B/hRATHH), 78
Minimum dominating set (g/MTHIS), 105
Mop graph (& AShe[Ei@A), 92
Mostech (Mostech), 5
Motorola (EEFEPHE), S
MPP (MPP), 25
Multi computer ( £it&#H), 14
Multi processor ( HAL-FERE), 14

N

Naor algorithm (Naor® k), 220
NC algorithm (NC §%), 213
Network ( B]4%)

barrel shifter {barrel shifter), 354

chord ring (5%36), 353

model (BERY), 32

ring (FRR%5), 352

sorting (#k/F), 270-272

star (RF). 356

Newton-Raphson (4-¥i-hispf&H ), 278
Non-planar graph (Ae[ERE), 90
Null graph (F &), 66

- Nullity (F#%), 78

o)

Odd-even reduction method ( Z7{829{t.i%), 313-317
Outerplanar graph (ShA[EEHHE ), 92
Output unit (%iH#¥TT), 3

P

Paper tapes (45%45), 3
Parabolic equation ({5 ), 336, 337
Paradigms (¥£4%), 108
Parallel computers { 4TI+ 8#HL), 10
Parallel edge (Ef7i1), 66
Parent {|3), 73, 75
Parity graph (Z-{RHA ), 101
Partial differential equations (R4 5 ®&), 321, 336
Partial sums (#4rF1), 125
Partitioning ( ®l4r), 117
Path (%), 66

length (B&¥:), 76

matching (B UCA), 102

root (§), 165-168

graph (¥&HH), 97

graph recognition (BXEIRY), 228
Pattern recognition (BERiRH), 6-7
PC (PC), 4
Pendant vertex (&) %66
Pentium Pro (Pentium Mo), 4
PEO (PEO), 94
PEPE (PEPE), 25
Perfect coloring (IE# %), 92
Perfect elimination scheme (SZ¥{HERA), 94
Performance metrics (#ERER &), 50
Personal computer (4~ AiHE#HL), 4
Pipe lining (&%), 13
Pivotal condensation (EFICIA%#)), 281
Planar graph (%[ “EHE &), 88
Plotters (£2E{L), 3
Pointer jumping (#5&t#k%s), 112
Poisson equation ({A#H 1), 336
Polynomial multiplication ( WA ), 302
Post order numbering ( J5/F445), 148
Postfix (f5#i), 60
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PQ-tree (PQKY), 98

PRAM (PRAMHI®), 43

Prefix (fiij£%). 60

Prefix minima ( RfZ%ke/)v), 135
Preorder numbering (@[/¥4d%5 ). 179
Prim’s algorithm (Prim#®74;), 204
Printer (4TEN#L), 3

Punched cards (%fL£h), 3
Pyramid network (&7 M%), 41

Q

Quadratic interpolation ( Z27k#E{H ), 331
Queue (BAF]), 59

Radius (4:42), 72

Rake operation (Rakeiz®), 156
Range minima (JEH N E/MAE), 134
Rank (#:), 78

Ranking (¥, HE/¥F), 255-257

RDE graph (47#47101328 1), 97
RDYV graph (4 #4710] Sigg ). 97
Real speed up (SLBrfmtt), 52
Recognition algorithm (iH#IE ), 106
Recognition of k-tree (k-F%|%1), 217
Reduction machines (Hi£94L), 28
Region ([X4%), 90

Regular falsi (if{s#k). 278

Regular graph (ENIE ), 66

Relative speedup (#4fmiKEL), 52
Richardson’s formula ( Richardsgn2ysX,), 348
Right child (&#%F). 75

Ring network (¥f4RM), 57, 352
RISC (RISC), 15

Root (#), 73

Root finding (K#), 162-165

Rooted tree (FHHiIM), 73
Rooting a tree (ZAHAd), 147

S

Scalability { o[ ¥ fgt:), 55
Scalar product (P9f1), 123
Schaffer’s algorithm (SchafferBk), 220
Schmidt method ( Be%¥rk ). 338
Searching (%)

binary ( 14), 251

CREW PRAM (CREW PRAMAEAI)Y, 252
more data ( F % 5i%). 253
sequential ( Hf7), 251
unsorted (AHEFNT), 255
Secant method (#[#zk), 278
Second generation computer (4 _{i+EHL), 4
Self edge (#5), 66
Separable graph (@[ 4y 25 M), 86
Separator (4rBi#), 86
Sequential computer { HITiHEHL). 10
Shared memory model (FLEFRESSHIA), 22
Shell’s sort (ShellH{EfF), 265
Shifter network ( Shifter W%k ), 354
Shortest path problem (%8RI ), 206
Simple algorithm (R #EH), 47, 123
Simple graph (fE#HKE ), 66
Simplicial vertex (B4R &E ), 94
Simpson (F¥EZF), 328
Skewed binary tree (£} X #f), 74
Slater (Slater), 103
Sollin’s algorithm (Sollin® k), 204
Sorting (HE/F), 262
bubble (&), 263
heap (4t), 266-269
insertion (¥HA ), 264-265
merge (& 7). 269-270
sequential (#1T), 262
shell (shell), 265
networks ( pI4%), 270-272
Spanning forest ( X#FEHk), 78
Spanning tree (3ZiER), 77, 204
Speech recognition (iE#FiRH), 6, 8
Speed up ( fikEL), S1
asymptotic ( #FyL kL), 53
absolute (ZaxthniELL), 52
real (EBRimigEL), 52
relative (HXTINEEEL). 52
Stack (HEf%), 59
Star graph (B EHE), 41
Star network (B ), 356
STARAN (STARAN), 25
STMD (STMD), 20
STSD (STSD), 20
Subgraph (&), 68
induced (IESTHE), 68°
Subtree (T-H), 73
Successive approximation (FRiELH:), 278
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Suffix minima { [ & /»). 135
Summation (K1), 108

Sun Wu (Sun Wu), 102

Symmetric matrix ( MBREERE), 359
Synchronous ([El#), 25

Systolic arrays (fkzhREFI), 26

T

Taxonomy (432), 20
Taylor’s series (F¥HE ). 319

Third generation computer (3 =CIHHEHL), 4

TI-ASC (TI-ASC), 15

Tightly coupled (¥%#4 ), 27

Toeplitz matrix (ToeplitziERE), 308
Tohru Moto Oka ( Tohru Moto Oka), 4
Topology of network (W& 3iRTh), 32

Transitive closure matrix ({§38Ff1f4ERE), 196

Trapezoidal rule (#JEZ:M), 327
Tree (B), 65, 71

algorithms (B{W#), 145

contraction (B¥cHE), 155

conversion (f%5{t), 168

graph (M), 83

rooting (KHIR), 147

rooted (FHiRk), 73
Triangular matrix ( = fH4ERE), 286, 306
Triconnected graph (3-EEME), 87
Tridiagonal system ( =3t R4), 311

U

Udi Manber (Udi Manber), 102
UE graph (UE &), 97
Unicursal graph (—%2®&), 71
UV graph (UV &), 97, 228

\'

Vector processor ( [a] EALFERS ), 26

Vertex coloring (TRASE), 92

Vertex connectivity (JR/AEHEE), 86
Vertex expansion (TS &), 100
Vertex set (THA%), 66

VLSI (VLSI), 4

Von-Mises formula ( Von-Mises2AR,), 278
Von Neumann (% - ifk8), 3

W

Walk (@), 66

Warshall’s algorithm (Warshall® ), 209
Wave equation (&), 336

Wether forecasting ( K HiHk). 6, 8
Weighted path length (LR EKE). 76
While-loop ( While{§3f), 46

Wu Sun (Wu Sun), 102

ZMOB (ZMOB), 16
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