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Asin iy 3l 138 pellaall Lehiay Sy (0 Jaghaidl daed o flia Y dilaYl N 558
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.JJ‘A,.A q U.I! C.“.l.a J< d.a.a_,.: ‘\511:- Goa (hypercube)

b S hal Call AL BN (3G e Gand fh LS B pua Py 30 Py slaa g
et Gt s =3 S (pstaidl Cpalladdl Ay i aill (2-1) dgeadl A piage lay
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Multiple Instruction stream, Multiple Data stream (MIMD)
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3% i 4a8a Ban g (a4 Agange Clagled Aludus pSad Ciad llae S Jany SIMD g
a3 g Allise (g Ailisia 38 30 Plaoa Jady ik iy o At el Lngen clatlaad)
Ol e S8y axd claladdl o (ing

s Jag p s s 93 (DA (e SIMD e ga (4 LS cilalladdl o cNLGN! Jan
o multiprocessor ——; 38 jisall 3 SI A ¢ im Al MIMD Gl ga o pas oYLl
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eV A S DA e LISl (el G pad LS ¢ SM MIMD
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o 383 390 ple 35 Cosy L S5 Gor (A 38500 D oa Loy of (Y L 3 ABY1 e
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Leldana b o3y o ag

Al Sy SIMD casd ga it Jiay 530 (Y1 Dabadaly @bl cigicatl Jia oSy
MIMD (sl sa Cigiast (5%

SIMD cuud
Yl 48l SIMD Gasd o SM SIMD s sa
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SM SIMD cusul 5
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sl 450l sl dai Oa SN T e ol s il
:lallad) amia CRAY-XMP g 3-2-1

PR3 any g AS i iha 5 SI3 Ay gl Aylad Aelad Cilalles Ay f 0 CRAY-XMP lea o5Sa
[MB.H,1998].SIMD _adl (5 3 sl g MIMD alall (g 3l 530

:CRAY-XMP jgal dalad L8-1
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b oY ey 380 o Gangy ccladladl s CVLY) 5 Aiage Jala s o
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Js—ta ¢ 3 (268 435 456)\gelliind 4liy S ana (e Lol 45 k5810 s 2
AN Ao Baly) gy alal Ledane ABS STy Allae S L)) denie 64 bits A JS
381l
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:ieled Als CRAY-XMP sl -2

o (61 2 A gl Akt (4% elad Cilagtes Leled 1 Jlen 4tiay CRAY-XMP Slea el
ptand Jady (39 Jadl D5 i oSy« paradie Jale Lgie JS il 3y peaie Cilagal Cilagladl
alad ahiall 83y 5 puall o gally Jaill 0y 3 Laxic 5 Jao 381 e dae o Al a5 Cun pludd
Leladl Cladaill padind . ilolu 530 g ling Lngicad o (e a2 1 By K 3 Jasl ge  j33

Ak 64 A JS Jah ¢ RS 64 (pe Leta S S0 Lelad D

cra i sSe Jlead (1S5 1985 plo i el 35 CRAY 33¢al Ol of 4 5,LEY1 a5 Laay
=3 108 1997 J3 e 0 phally Guolall i 3 5ea¥ 038 s gk o3 e a0 S Jiay L allas
33 3l Cagulall iy disigst b 20 ALY Zpiagiad @) el cilial 5S 0
Uisa 375 3535 Jansy tallaa 256 o pulall 1] 15 5p&0 45y Jasy 531 SGI-CRAYT3E
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@ paiiuall g gl 13 e BB (e Aol YT ga g dbuiaiy g Baadp8 Al ddee e 190
Raduzn lla QT $1Stae Alens 3580l aebiad (V) ey USan (5 9Samn poall 138 i L i
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rchadlaal) fasia Al dadad 4-2-1

ALYl A fed s A 2 g0 3 Akl dda Lao[HELR,1998], [KBag,1997]
C,,U_-.nmNﬂL,LJmd@,.wwuup@umag,#,um,
Rl il gl alien of 3 ARl € Ll i dule ok Haa 0 sladd 8y 50
skt 13 o ) 8 plle Ayl L0y e 2 il B8l o (he a2 g Lt L i
wm&mwaayuub,hqhwﬁuhdLa.ww).ds_,a_,tuh_,uu

gl Uil iy (Slaall pla) 3.8 5

6 35 il 305 ~1

iy S il LMlaiasly o giten g 3Lalll (lany Gy yuty (531 ) sl o ggda gria gt o (S
w5l luad ks el g8

g sial) luall aly i ~2

M mall Agaal S Sl o shadll Laa ola iy clSal of s a5 [MIQu,1994]
i ) of s a3l Lparl (5 (55l aaadl bl Gl aiacd
JSlpg « speed  up Apluadl Jiluall Ja de jusaly) e Jpmandl sa (5 ) il caluall Al
s Jad glladd a3l i A datlen Clany Wuad 550 1Y 4 Al o v o Wiy ey
bl 8 LAt ) il s Aallaall any Jeat Aidal a38 5 ¢ gmidy Slana
g 3
e 38 gie A Aallaall Clia y Slo gans (3o paadl lln Gl dallas (o3 agatlt ) 5 LEY L
Sar Wy bl (8 Apagee SV Baa gl A gulall ball il Sl 238y Adall s Sl
Aallaall Clas g 230 aa (Sl o elal pany A
330 (o 3aTua (gl sl ciluall et Glubdl La ball el gSally el of ALY 5 il
Adlad A Adall Cl Sy el pa (A o Glaly OISl Al olaaay Aasi se gl
Ay 3 gaal
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Ayl ey g ) sl luall golsicd m3gas gl (b ety Sal G g el Gl 13
Ky Ly G Lkl a3 psen o eV o 1YLy (g Al Glual

53 aall gile £dge e Siad of (e S() e K e i aan Al
s 53 5ia) uaall ile ziges o hua gl o8 el « T(n)=0(S(n)7) L) 4ilK
& S()=O(T()°) AolSa S iy 5 o A A 1 (Sl f % T'() Auta Al
isall dafs cuf & A dyc

rdgaly A8 gl 7 3aill g 43 il Clluaad) -3

o3 o8 el sl Ay B Giasa duali AT o (5 el Gle Aol A pane A
iy o LS opllaall Al Al et} ad o gmali jll G payy ¢ imperative dnels il

Uany iiad o (e gilaia Aga y (e y -l LN 5l o adial lgaadi Sliaad Cudad)
838 Al oS 1Y i Alia geali yll Jaghadh

soa s 172 Wall oo g piies Pk galing 91 paad (e (o siame o gualiy 231
For i=1 until n do
For j=1until n do
Begin
c(ij)=0;
For k=1 until n do
c(ig) = c(iyj) + a(ik) * blk,j)
end;
GLliy Lgas Aaslell 4 ghiaall puolic 331 CaSy galisd 345 L Q3 A < shadl G O
et Ladh

1 o(L1)=0;
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2 o(1,1) = c(1,1)+a(,1)* b(1,1);

3 c(1,1) = c(1,1)+a(1,2) * b(2,1);

4 (1,2~ 0;

5 o(1,2) = c(1,2) +a(1,1) * b(1,2);

6 c(1,2) = c(1,2) +a(1,2) * b(2,2);

7 o2,1)~0;

8  c2,1)—c2,)+a(2,1)* b(1,1);

9 ¢(2,1)~ c(2,1) +a(2,2) * b(1,2);

10 ¢(2,2)—0;

11 ¢(2,2) ~ c(2,2) +a(2,1) * b(1,2);

12 ¢(2,2) ~ c(2,2) +a(2,2) * b(2,2);

ety Abulall JC5 My ATL (3lely il (any o pealipd Bias oA gl
Lag 3 sl

Ot e T g Lmge 20y S il adilie ) () usly o (S abind) of s

J as LS 10(1,1) peaind et B g Vo €(2,2) eaid colusn Liay 48 graial g (30
S (2,1) 5 ¢(1,2) Sy ©(2,2) 5 c(1,1) wabiad b Loty ol UDEAY ollia
S8 Y1 3l L Radial Anuad plbead jigh el s e dlly 530 e Lt (Sa

1 Aalal i Aada o I e 530

‘
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O ghuae L alisd (00 i gl (6-1) L
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Pn) K8y n—s AN g8 dgaj ) al 3 3y gthal clallaadl 2 550 paad e s Jal e
M e adey s g Clalladd 20 (58 Gual) pany A

ACCOUNT OF COST iils e : B8 3-3-2

Ol G sbeall G gen Juals L o (g 53 A3a 5 55 Al Gy
Laitiad) Coladladdl s2e X 3450 (e ) = A4S

e Oa 8 lalleddl U G elen JS2 shinal o ghaid ae g b 4K ¢ (g Al cilalyy
i o ghdll ae 35 lallaall ppen of Ciy gl gy Al Tl
saiid) o ghadll ae pals b oY) 2ad 4 A i S Alall S5 W1 1Y
taiay O(N) — Logd ey (@ A3 (A 5 I A0 Aua S od B (i n ana Al Jaf e
c(n)=p(n).t(n)

rtlya 3l gad) QS (s B 5AY pnlen 35a s JueWH g 38 o (Say
A sl 02a g Aihaiall Juail 9 (ra 88 e panaS T asad sall (g x5 o oS
A5 padly (Al y Aol < o ) Ay e gl y b gana 3l AN Jlanioly
il Janiod B 408 33l (e 132 3 piua addd 4y chips @Bl o5 a8 sl
33— gall adll (6 fine 3aay A o iyl sie gk sl 30 DL ddlaiad) il
il b Ul oty CLN 3 Gl A Aualall bl aal o a0 oLl asiunal
o) —Sas 44 very large scale integration (VLSI) faa s pol) Guliia 2 A (g 3 siall
Jaii o} oo 30l8 38N o6 G, Tom? 33 i 48l Slo Uy i Gikia 44 51 (3 sila psie 5
(S8 (5 e caula ol A Y 030 Jia (e w3l addind o Sy Slallaall (e 2

A0 ulead p5505 Lo Ll VEST 3 (ubiie 830 sl a3 ) sal) ass die
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processor area gllaall Jlaa .1
wire length <Ll Jeh .2
period of the circuit 3_jall 4w .3

14y 3] giall e ) 53 asanai 42

e Jyasdl Lma 300l 30 9y Wy Aygm 48 pn Alae (A 33 550 Dga ) 03 mpansts Ales
Aot i Al Bl e sl lia of LS L Ay jead A 3 33 e e 4a
25 At Sl Clbaad S ) g llia o1y o Ledad A giaa A0S D 2y 3 ie ilaa ) S 44
[IF0s,1994], [JeHk-1997], .AJsfai il it s i e Jpmaall

[BrCMal_1992], [JHK1,1990]

353 3 gy Tobulull Aaa 3 55T Cre eilly g8 Ay sial Cse s AN gkl asdd K20
@5 (Y Juabell pa Jgadl 13a g A3l Zpa 580 e Jgeamal | il y Alicadl i ylas
Sl il 3 a3 Alae Wi ol ol ey Aumisi B 3 3y ) fin s Ll iy
A3 e A sa Sl St Adle dipk da gy Y iy Allad 43 e Sla )0 e Jgeanl)

sl 395kl oda (rany (i ymiuy i sall 13gd Jeaiad Ll @lia oS0 slaae Al

o Clallaall daaly a3l y iladladd 2ae g Aol @l Sa g oM o S () ol Lash e yias
58 e PT 4P 3 H 5T 1y las

:Divide et impera ganaiill g asaidl .1
= oy el pany (Sly g g i e e lune Y Aol ol e LEY 030 2ia3
B ga ilae o Wladl 45300 asd Sy fan Alad 25k Ay o Jplad apanty a5 alef

ALY Uladd o (e Jpeaall L ha gandy 6350 lo a5 Aluee

Ganly H(D) anad 00 Malliy 0 Gl 50 e dpdban sl (53 5 Jall 2080 Zpeaitly U

Ll T(n)
rdea S a (1=1,2,.r i) Ti(n/r) 5 Hn/r) oS8y 0 pedds peis 220 1 oS8
& axs o Al Ja) Tyl 4,3 5l Y b Ho(n)  Te() oSl o 4 n s
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T(n) £ max (Ty(n/r) , To(n/r) ..., Tdn/r) Y+T(n) ...(1)

H(n) < max (H)(n/r) +H,(n/r) + ... +H{(n/r) ,H(n)) ...(2)
b ol fadal e (1) AW b

+ Jilesdd 4D

i 050 Jiladd Jad Lexie () Jaall il Zalal
toRal Gfidal o (2) Bl 2

Y WAEL B IC N RTT IO LR SL FRFLY PORPE I D S P NG T AL Y
Jhardware bl <l Sl

e ol L glhaddl sleadl G e 30l o4 Adeall @l KAl o Aa3ll 40SY
Al Aliall a1 Jad e Jpanll 3l sbiadly 456 5ad Jibaad

3 (1) O o (53 20 A S (o g gluie 28 50l lasall e o ol il e
ok LS (2)
T(n) < T () + T(n) ..(3)
H(n) < max (rH(n/r) ,Hc(n)) . (4)
D/r a8 A 3850 lsdd T a HO/E) 5 T(W) G

o Ll Jumat 0 43 5l ae 3 a8 ila ol (e 3ala 4 (B 1 (pe ClDlall 038y

:Vectorization 4aiall alaiiu 4y k.

s AN Gl e Jasd A @il il Zy Al Jilas (pe A3 o34 ag
SIMD C..'U.au.“ griwlagmlnu M| T Y .(QL!‘,MJ Ql.‘.a:un) 4anall C..\U.a.nc.a
Agaie it A8 N ) ALYl 550 (e dade o Jandl cbial e 0% Letie duals

wvector iterations Clgadiad < j) S5 .

plasdids T Cum AARA Adas Jaad o Jad (g 009 5875 Traub 2l o3 puia gy ol
L 138A o 3 3 shall Ay )l Sl 6y Hlal Leta 35 5 el bl a3 ga
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o0 JSAN, Ahte 2 ghan gualic ciluaad A ylasll Akl 3l 13y

Xy=ap .
xi=ai—(bici/xi_1) 2<i<n

rgagle Ak 3y 40N S o duass of oS Sae
Xi(o)=al

0 =, - (bc; / x,")
JSD ) o Laxie
32 0:un X0 g ledll S g i of oS0 4 (g deled b Sl 03 085 of oSy
ay dadll 523X pladll g suaie K (G20) Y1 5skal b ad 2 LS
Al XD 3§ ) jeaiall (5 gay L300 5 4l3) 3
ai— (b /xa¥)=a—(bici/a) i=12,...,n
S o i T ke 138y lae aady ol XD 3 ealiadl JS Jasd o] o B

:Recursive doubling 459 slaill ddeladl .4

Ol (1= 1-2) JS8Y A Gyl ) e (e sl ) Jygas e il a
(28] A ) Jgail 4l 4 4SOl o Jgeandl (o LiSay 138y (- 1-2) K80 e
cgas 2l (2 Za 0) J a4 4 s e (e e 5)) o

@)

/ \ /O< \O
/ \ / o/o\o ©
VANVARVAN /O\ s
VRN
/O\ ©
O O
Ay e i Ap o Gl o (1-2) 088 hi adad day o -+ (1-2)Jsan

=3 T o (- 1-2) JSaN 3 bl Sl Gae o Jaad n=8 Jal o JS80 130
3o (e 1-2)
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1(4-2)Jka
A0l T a0 3al8, L K puna s Jad gen=2F Sua x" B Gl 23l

Begin
S € X;
for i< 1 until n-1 do
S ¢ s¥x;
end.

22 WS (hi Gae ) Abad 2ind Ao 4 B sad 038 ce il ladl Gl of Jaadls
(F2-2) 08 i laa e el

NN Ayl o5y laadl S0 U

Begin
S - X;
for i<~ 1 until k do
s < s*s;
end.

gy b o) 30 Aan sa (2 —2) JSA b e el Gl (e Jians M

* *
O .
Y8 SEEVAN A ©
Q O « A& ©
Ox §o 04 >o O* X0 Ox *O Az
« A4 ©
g 0O
(«-2-2) Jsan (-2-2) Jsa

(r2-2) JSBH uingyy A a3 A X1 kil Gl Jal a luas oy (F2-2) S i gy
Bassy e o) el Ty X° et o Ja 0 o o
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JSAD 8 a2l sl Sl y bl Ol cpn e i i) el il ol
ol A a3 pal 0 pa libaal) cpp 4D ClS 13 L Wl oy Yy ¢ (1-1-2)
ol Laddel dlla 3 U Le sl Sy Y alludd Guld Jle tadtiie! Ala id L

Alluall 3o Jlaty Al 3l Ao liad) Guy B ) Jeo s of Wiy Svie Spa 5 a0

i Ot o 3 Ganadaly apdll (e Lals Ala o A gbal ebad) o Hd o oS
) Po Alaall o iny 05905 138 5X™ * x™? 0l (g 4l x” Aaill o (i iy (0 —2-2) S
diclowadl Gl el S8y pon * X e Gl P * Pa o Jiag o S (X" clusal

() AmilSs Ablul dga 5 550 Cpo o2y ) S0 3y ) n Ba) g (e Jpmandl (o A sla
S(n) < S(n-r) + f{n)

N 33 Fie A fln) 5 bt S
:Reducing the number of processor clalleall ate (aidds .5

A0y Ay 3 e Ape ) gh Jlanialy S8 Clallaal s Gali) Sha¥l pany (b oS0 Cua
lnd o (it gl 13 a5 S (5 iy ol Jule Laud s 3650 (503 30k
o L G ity el O(n) Jarinds O(log 1) Aty 4l 356 4 e Jue i sd
o 525y iy Al 2K 1] L Al a3 5 8 g Abus Bpa 3 02 Jued
Ay (gd AN BN e 33ms a5 O(1/log 1) Agflad Ll 3y 3 giall a3 530
o ceaa i b L 3y 43ay ¢ (1) Lty 4iay O(n/log n) lalaall axe 3 O(log n)
i Wwn/log n LY papesily sl 43yl L8 LS N paall e Alidd pus
Asa g uall Jlanidy 3 sie pellae A g 28 3 Alliia JS s Bixic ¢ Jog 1 poas
S 1/log n 3 45508 Pluad (e U8 da Jeas 1 (log 0 ga Llad) 38 50 Abuded
380 330 G5 et f gt Bixie n/log 1 a5 om AN Al

F0m)

e n/log n ae O (log (n/log n)) = O (log n)
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:nr.aagkd,;!&.‘pnnh‘nuh@mmu!;,_,uoi%l.t;ds@,
P, =k Ppy + Py .. (5)
telsla 055 ¢ g gl s oa P 3850 Aln k (1583 o oSaypp Alasad o (5) DD (w3

5P o €0 4 im0 . K Y 250 e e a3 3wy 03 oS e

Hap(n) s Tap(n) — Sii Ap &) sia 4ga 353 —1
Ta(n) ( Shbead e 2id) A ga A Abudess sa 3 ) 53 ~2

1 — 333 3 Al f{n) Cua Tap(n) Hap(n) = Ta(n) f(n) o ol

Oasiody g a3 530 (o (o 138 5 1/E() ANy (s A A3 530 Blled (]
o pladll (a3 3) Al

t ok WS g(n) il!au;:_)zﬁ_,a:.mduﬁqm,

Q()=gn)<n .l
Tap(g(n)) Hap(g(n)) = Ta(n) -2

tah b e Jeaniy (5) ADN (4 g(n) — k Jasd

P(n) = g(n) Pugm) T Pem) ...(6)

ool LS Pa s oSas 4 335 (6) 4D (s

A Lgags Jlasiuly 3 e gtz Posgeny I -1
- Ap A3 51 Ape5 ) g3 Janiindly Pyiry I -2
DML Jdaat H* 5 T* o it A* 5200 453 fe 450 0d 6l 2} 128 Jilas

T*(n) = Tay(g(n) + Ta(n/g(n)))
H*(n) = max { Hap(g(n)), g(n) }
rg(n) Slo Apdad) Adul cobed aiy LadO(1) (2 A* d3llad (8 Mxie

g(n) = O(Hay(g(n)))
Tas(g(n)) = O(Tap(g(n)))
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1da ) gb BeliS 5-2

Oa)s Adaadl Slady Jasid A clallaall 22 o jun g Loty By 03 B f 501 i pas
1ghad e dadd) e s €0 Jaadl Ja of [WaCDaK], [TLCP,1993] , [JHro,1997]
35S Lgd A il 2o Aulee i les 3L ims (gl calad o 1588 il of oSy
A1 amy clliann 3a3 S L Y (sl ilibanl) Ay s piall Cililae o anis 1 glana
ooyl e o Unf Zandd cillee S 4l tn e anilly o sed e gland

:(5-2) ke

STy A6 iy o5k 2 ag Lbd Yol Alas Jag 438 o480 53 Gouss a3l ss 3l
Aghvaae I a (1), b D A8 shiaay (B)gen JUY) D pican 4y cdid A gkl Slileall 2ey
« (Sin (g pabindl Afl ga d3a) Bacbise

tdubual (385 Gouss(n,(a; ), (1D)Aees0l 05 paim li Leds

fori=1 tondo
i< i
smax - 0
for j=1 tondo
smax < max(smax, |a;|)

end for
5; ¥ smax
end for
step2:
fork=1 to n-1do
rmax+0
fori=k to n do
r | agu/sil
if (r> rmax) then
rmax ¢+ r
jei
end if
end for
li Hlk
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for i=k+1 ton do

xmult‘-au,k/ Ak k
i xmult
for j=k+1 ton do
it ay j-(xmult)ay;
end for
end for
end for

1 20] 4GS Cuaad s Lady

Gt ot (ay v guiba 1 2 cina 100 g Ao 1 il (5 gaad) puaial) Lo Gallly 1] 3 9hadd B
PRI JEF VS RESUNR JPPER ROLIPPPURIN JUF WEURNZ | IV:) PR P M R N
b 1y N1 ciiadl ol Aiay oy 3 Adealt 030 g Lo (30 il ULy et
« ok S

o ans st O b (s aima s aalia) 3lisk Blae 1] 20 Lol oy nad coluca Ui 13
ol a4 Lzl 13 Ade n(n-1) e Zagillh Juaad ySallaa caay sl n-1 olla
155038 Jal G & gllaa dylee 17 (0 Al ofd

18 ey jbadl agee 8 oSl o i e Y I sl o fas L1 5 shaall Jie 4,000 5 pkead
-13J1=5J‘¢30'}‘5~Jm

cpir 1y Dbl ge dlead o Liallaa &5 p sy iy uiae (n-1)7 callain 2 3 plail o 1
13 gandl

:@Gouscdﬁ,bum,mguwmiﬁud‘gnwwm oyl

n’+(n-1Hn-2)"+. .. +4+3427=n/6(n+1)(2n+1)-1~n’/3
03 Y sais el A b Al glad llaad 2 of JaaY
:(1-2)dg k5 1-5-2

Slo i ciida 13 A58 3ad [ gtadll Gankat ae egle Cala G ad pailatiall aiall Gadall of
2ty X Jal i dally (Rasdy ) Aisk ddes 0¥/3 — Ly i Jad n*0 Dl 4 sinas
A sl il Abee 0
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wJui_@JLMJ%QYJMMJ;MQJJh@jjﬁ Sagh oY) 4l
pmsen a (e Gl oy cllaall a3a Jal eyt S A0ULAN 20l L Cua oy
58 dall o Jeant @l | Ableddl GaX; fae Lax Jalad

CREW il Jo Jitd daaas 3 y0n page 405kl 4y 3] siall 235 51 a3 [SeGA-1989]
i) A0 i n* (1) Adgisas & 45 5e Wil (a5 pllea 40— SM SIMD
B R bi -l \.q:ﬁ Ja )y SIMD GAUSS JORDAN c-‘_):_..‘ls

:SIMD GAUSS JORDAN (A,b,x) ¢iaYl 2-5-2

stepl:
for j=1 ton do

for i=1 to n do in parallel
for k=j to n+1 do in paraliel
if (i #j) then
ag+ ax — (a;/a)ax
end if
end for
end for
end for

step2:
for i=1 to n do in parallel

X; * 20413
end for

ajj sel il pliny Lavie lldy daly pellen o SV 82000l Bl 51 Cillans ransy of jalfl o Jaadls

aaly obag 535
A B Claa =

o Wil .t(n)=0(n) <l .16 ta 355 2 s4kally ¢ culd ey oS50 o il 1 5kl
iy ladl < ghaall sse Y Jes A8SH 03 (o g 2 )Y e (C(n)=O(n*) i P(n)=O(n®)
S 2 03 o el y Aldl o Ll Y Gagan Gosle a0 580 Llaludll dge ) sall

2<x<2.5 ua O(N*) »» Ax=b bl c¥olael Aleal duludlh Jall
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149 giall g Abudedl) cibaa 5 030 e 43 Nie 6-2

e Joa i3s3 Rl 3 cilaa ) sad) (iaS ais [RaRz-1993] , [JeHK,1997]

A eyl A 5 Lagay a3l 03] D A AN (6 Laga g 4 gm0 L Aipea

Bga 3 gAY (8 i dna ) Aagall JAE B 5 A ofise i L of a1 oS Aeaiiuad]
B aga)gal oo Juail A

333 Laaie Al 12 3 5 Ae A 53 (Sas Slhlanall ppad A0S A5 pa taS B30 2ag
aaall i S iilans dalles Jaf (e dne 3l sad Allad 20a0 (8 2l pal 024 2 Clikaadd paa
ogia 3l Eal Gim e cafiaadlsd oo Ala By ans of eVl any (3 oS Y

A iy Apa 3 pad) Allad Adpmal (a3 el i Jaguy Gy i (S L)) plina
A dg 5 g IS 1Y Lo T sen peall 5 0 (058 58 1 00 L S a3 0
A lie g5 g gD S A e pannt L e I Gniky Lea gleent5 gl

cgta sl aiall od a0 A e gl e ey ) a0

:(1-2) g w

D s—b L sad dalead il J i s3a) ( Alee Jay Aesdied) clalled 3o o iy
C=t*P: o C Aua)lpal QK of Baay ot o Gpa )l sall 245 (e ) asias

C=tF1 450y Ll 3450 () (5 gk a0 2Ky aal y clallaal e bl 411 (3
LGS A Al a0 o AgBal AAII 2y 5 LA o8 ey

Of kel 3 030 3)=O(1)

:(2-2) dagii =

i3 LA 50 i il et ey A3 A R 43 By i Ty D 5 g 13
T P PO RECPSONTEC I IV R S
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Al AR 453 gia Aaaj )l sd £l A palia 1-6-2

O—als O(n) & N paas lage Slady LN 203 540 2in a3 0S8 [ASSZ,1998]
Lee S cilaniaaall Clallaall 22 28 O(log 1) s 3pe ) 530 03] (53 siall el A
3 oh AGlSH 8 Ny Loal g Clily ale iy
Ahd A6l 4pa ) ga e Jgaally A0 caud 2D 238 Cost = nO(log n) = O(nlog n)
ol iy n/logn Y Clalleddl s aliy f O(1) 250 (a3 paiad W 2 gyl aal slas
0(n) f=x: O(log n) pa nflog n 3 oyl 23U
il pealie 3o Agha Alaluah Alad calS 138 .y juaic fog n 3ab plles JS o84
Lglily juabic e K o o3l (e Adulid Llae Jaiuse mllaa n/log nowll (e S e
Al R0 530 3 n/logn 3 clalladd of I dilz) LO(log n) oa) b log n
b el 35530 e nflog n S e (Ali )

log(n/log n)= log n — log(log n)=0(log n)

23tk sy (1/log n)O(log n) = O(n) : 44 4l y O(log n) ;& b sk JS A i asay
(ToY0q .43 i) sdll yalsd 7-2

Ay P giall daa ) gl A lple Jyeaadl (A 2y dala ailiad lla

N by e ad G dasitudl Cladiedd 22 & (Jo¥) Lualsd rclaliedd sue ]
rol leda 3y 35 A AlLad) pan g

26 lalledd of i gt o ol 5k e Ad 20 e el 58 f g P()

Q_,ﬁdﬂ..l\&.euﬂj.n_liqi_»gsrﬁd;‘Q..Lalsc;ﬂ..,ladtc:h}.o.
Pn)=n" ; 0<x<1 :ghgthjnqiigngLb,lJT@TUagpﬁdP(n)

sl Claadl g ole UK Clusll 8 radaptive disie 008 o G P(n) -«

280y 58 Jlea ok o oS Lo ad Gl Bplun 5 8 ) Zlins als S

gl Rapse ey sA0 a3 €Y1 sl 03a s U5 Mina (IS Laa s

n i e s Aud Al Lo cladledd e clia a0 pasiusy Ll
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.. 12
Hwﬁﬂb-kﬁgrﬁﬂ%%@fﬁoﬁmqﬂblogn,n Jie
le gl (Bl had Clallead 2o ge (ST S SIS Al B A

g gal Gaalal

sl gy f ol Al fgud 345 0 ) b 2580 Rpuslsd c il a2

PP ETA R WSTR[ ER TSt o J et
A pal s sal (585 f pead a4l ellily Bl Clbeed) g 8
tmt (2 ALl Al Ba 53 Juel O e Sy g ol gassal (D
i

A le o La padd & n s i tadaptive 4aSie ()6 g amtn) —o
G o S Uaxinadd Clallaall 200 L‘_,lSL.ISLAI::ﬁ'ﬁQAJUAa'L\.uA.MJJ!_,:
sy2ad e gane (133 P(1) a (pSe) canliia JS2 5 1) O o)
p(n) -

@"'MJ\JMUL:AJJ‘PU.\GJM\J&.&}\PI : i 3
C(n) = (n) x p(n)
uui,_utqau,xmwumumuhu,ﬂwnﬂnuwuuaqm,
A Jundly o oS B P gl Ape 3t 580 AT (rass Al Jad
Laie ali IS8y Satne Juad) pans by biana (335 ke Al e g sal gL}
uaymwmgwui_muvu\m&,hupu”,,wuuutu,s.
055 Laie LLa cabiaa a1 oSy Ay Sad e ead Bk o Adld abii e e fags

o;._kg_h)_m.lu‘had_,n‘“)pun& Waﬁ‘dggj_,ugnhubomlu_))\,ﬂ\
ey bsh sS g3sall ¢ Y sUanal (ol 430
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cars Jad 4y sla b)) 55
clallaall 3adatia 3 gal Jo Jiluwal
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(400 Faa3 ) 53) s Com PN (on BT s 1-3

o () 23l Jgeasll (S Y EREW SM SIMD zdsaill b 4 J¥) duail 3 G5 &
paie Clalleasae 158 o gogpal e (5S 388 Gl aay 2aly o baa Cpaflaal 5 SIN a8 5a
A8 S 5 SIN e (pne alga 815 gdaa e Slily

5 alal i clalled) paan o Lo clily geaie 8 Y Ulal gl 8 4T ey
s ) Lagan LohS (e Allaxind Jaf e

EREW zisai o 52a) g5 shi b 1 lad oSay Y dglend o3gd Allaill slSladl o peaal ol (0
a Rage puiings Vol psii agad o3a 3y el ) pumy o BSlad) @l Jol e gl
e e olaYl

:(1-3) JYa

18 .2k (sl e e il of gy Qe JB 1 e il T e Ll (S0
EREW SM SIMD g3 sal (30 csulan o Gl 138 8 X Je Cpna sl o0 S L f
Jai) ¢ clalledd ppen o pesiall 134 25 Y zlias Baie « N <n Cua e N pa

P1,P2, Pri— Slallaall

tsh W asi 53 BROUDCASTING ol ja! Jlastiualy yiill dlee o5

prduyxiap -4
Al o pa,ps &Ll p,py gl il -5
A o Ps,Pe.P7.Ps &S Pi,P2,P3pa gl il -6

.Ja

Ha e OS b clalled 2 el Cum X o Clalleal gpen (st i Aglaall 038 5
;‘_:ULH}A&:GM«:;L;J\;J@...:.J oaid ishd log n kD Alaadl o3a Oiq.'l.l._lbua
(5 58 0 D sl (b Gmae peaial 134 (S0 A0 345 D Lo Aial b cyna
Broadcasting il ddee @5k oo EREW caula o 23s 5204040 301 3 4ilec 3lSlaa
o N ldsh A digias 392y el o)) 14 ya it BROUDCAST sl ol L (Al
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o D Slagina p (S8 o Y Veloiuugg 400 84S )0 4 giaaal 020 (1S5 Cun ¢ 3 S
Al — W e Slalled

{(J43 4303 43) BROUDCAST(D,N,A) £ 2% duaj s

1Py llad - 15 ghall
D b dail | 8 -1
Py — dalall 5_SI0 8 338 =2
A(1) b oS -3
(log N-1) 3 (i=0) - 128 ghaall
") A (=2'+1) o
Py glladd -
AG-2Y) b Raid T3 ~1
P} — il 5 S 3 L3 3a =2
AG) b S -3

Void BROADCAST(D,N,A)
{
stepl: processor P1

(1) readsthevalueinD
(ii) stores it in its own memory , and
(i) writeitin A(1);

Step2: for 1i=0,i<log N-1, i++)
for (j=2'1,j <2™!, j++) in parallel
processor P;
(ij reads the value in A(j-2),

(i) stores it in its own memory , and
(iii) writes it in A(j);
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1 5 6 Yl O(n) (0 (b L 2k 1 ) gpelanall cibn (S
SEQUENTIAL SUMS(X,S) : 1 a¥} dsajisd -1
Sp ¢ X, :1 3 4kadll

Awn-1 Ji=1 Jal o 12 5 4hal

S €= Siy + X;

Void SEQUENTIAL SUMS(X,S)

{

stepl: So ¢ Xo ;

step2: for(i=1,i1<n,itt)
Si € S+t X 3

}

(Jad Bl 5l 5 yhi Q(n) Y rtias G 3 U0 130 Raml pa 3 sy

Jpanl LiSey 4l Al ddee Jlad (o o8 Lyte S clalleasie a5 Lasie uall e
Lui PARALLEL -SUMS elayb b oty o oud OS0 S={80,51,.0,80.1} duddl e
ook

PARALLEL SUMS(X,S) : iy} 4aa i sd -2

@A e Min-l LY i=0 Jsf e i1 34kl
Si ¢ X;

35 ((Tog n)-1) Y j=0 Jal e 12 3 4lasd
$I Sl Min-1 3i=2) 0al o

S; ¢ Si-2" +8;

Void PARALLEL SUMS(X,S)

{

stepl: for (i=0,i <n, i++) in parallel
S; < Xi;

step2: for =0,j <logn, j++)
for (i=2', i <n, i++) in parallel
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Void ALLSUMS(a,,a;,..,an)
{
for (=0,j <=log N-1, j++)
for (i=2+1,1<=N, i++)
processor P;

(i) obtains a; from p;.zj through shared memory , and
(i) replaces a; with a; /'+a; ;

}

g e J Ay — 359 N=8 Jal e (4-3) 28 3 ALLSUMS ¢iaYl dae puiayi
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ety Gl (gle X={XoX1yXa1} —) 40U asalaad Giua oS0y - m=n'"" oSy JalS
ol b e galiel af s Uyl 4830 PoPryerPat (@b lallad (835 1 b LS mxm (Sad

Si o Pi s A ) A1 455 Ladie 3 X (e P (s T

1) ghad EOB e Aaay ) gl allw

raliall 2 gaalaal canati Sy g A o Sl gpan (b daad @ 1 Ao 35kaD i
el ol (5 sine Al sinne o llaa S G 1 dubd (K2 sl S

VR SPRF F VS RV ROV IEYPW [ ST 17 SO\ LUF FYVPOUREECRET. L AP g
pan o Kl hul i i) pllad) clygias Gl Coa 380 e bl e
(i) e L) k hadl (8 Cladtadd

o gl Sl ina I 45 3a i MESH PREFIX SUMS e150iS (b Lo Gaj Jsal (Jans
. 0<k<m-1 K] 05j£m-1 :t;l;t‘.hukj—-_lj .)_,n:.“_’k_)]nun

:MESH PREFIX SUMS(X,S) ! o} &34} 53

¢35 e Mim-1 I k=0 Jal e 11 35kad
wm-1 J =l ol o
Uy < ukj+ U j-1
aim-1 J k=1 dal e 12 5 4haad
Uk m1 € Um-1 + Uk1met
I Jo Sim-l J k=1 Jal oe 13 55kl
W0 L j=m-2 Jal o

Uyj €= Uyj + up. ,me-1

Void MESH PREFIX SUMS(X,S)
{
stepl: for (k=0 , k <m, k++) in parallel

80

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



for(=1,j<m,j++)
Uyj € Wyt Uk s
step2: for (k=1 ,k<m, k++)
Uk m-1 ¢ Wgmer T Ukdmet 5
step3: for (k=1 ,k <m, k++) in parallel
for (]=rn-2 ’ j>=0 ? j")

Uy €= W+ Uy mer s

}

o M1 dgaed (3 odadd e kel b o 0 8 Uy m 3 seball i ad badl
cyalfl ol (e sy sary ol e ) discay pellas (S0 3 gaadl L pella)

AGAN o i asalaadl daaj ) sa Julad 6-4-3

o p)=n clalladl 3 of Ly ¢ t(n)=0(n"?) cfa clily O(m) ey b 553 K o
At cud a g c(n)=O@*?) :4iky

| :( 4-3)Jka

iy J (K2 i b L MESH PREFIX SUMS ¢la¥l da guiasivs 1=16 (3
A= it X Fo b Xy 1 il (59l oa g Slalledd 28l L ey I

Xo X1 X2 X3
X4 Xs X6 X7
X3 Xg X10 X1
X12 X13 X4 X1s

(1) Jpsad 8 Tl il o lalaal 53 L
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Xo Agy Ap | Ap
X4 Ais | A | Ag
X3 Ag | Asio | Asn
Xz | A | Anu | Anis
(<) dsaad 3 i 1 8 ghaddl 2ag ol s
Xo Ag Ap Ags
X4 Ays A Ag7
Xg Ag | Asw | Aous
X2 | A | Anu | Aoss
(—) Jsad (8 a8 2 5 ghaill dag il 53
Xo Ag Ap | Ao
Asy | Aos | Ax | Awm
Ags Ap | Aco | Aon
Apiz | Aoz | Aocus | Aois

(3) daxadl (B 0253 5 ghaddl dg ol i
MESH PREFIX SUMS el jal Jlesiuly a3t c_._u\a.aﬂ b i) (7-3) Jean

W melad claal - N<n cua N2 x N2 cladled) o 3%8 Ll o} 031 (g il
Al Lpmalae coumngy Uit X ga eaie /N gllan O (3 X={X0,X1yersXn1} Akl
Lavie i}y 3 5aa) 3gaj)sa die MESH PREFIX SUMS G el Y das of cfa
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Jaaad eloa¥l 32y 0 X 0 2 sl 0 N e g 55m pellnm S o ams oTon i
i 4hd cugl 4lKH o3 of By « O(N) + O(n*?) K,y O@N) + O(n'?) L)
N= O(nm) 1058

p gl i gh g Alududal) Sl Al 7-4-3

s WS Ll ety n o oSlysaaly A lo kit 35 A0 Jlel (e Ao ganae Ll o540
J el i Dl 23a3 Laxie L g (8 haady D 358 of 38U (K + T = {ofupensfinct)
v G datlesy Tas of I8 Aless

fb Wi dae JSy dad

i Apdlas 50 ]
LeDa (e Jead 3 o iy d oleh 330 -2

ad Jyal e gy dadis a sasy oW T G JleW dis 4y Jlee¥ J g G
o A Baay i Jac JS S 1Y e o Caulie

5 ey {toty,entnr} aliaddl 230 U {odipdna) oo 1 L (S 1Y 4 Golladdy
c Jueil o3l e Jyin 2 g ded {do, et} eleai!

cui iy Jlaet 48 55 Jleel Jgaa (o) oS 13 Ly 13 GladYl Jaudl 138 0o LY oSy
s JueW) 48 85 Juael Jyin dlad Al Jal i€y Gl Llee oLl e il o e
oo el il 5 e s Y o Llee Jptal 138 IS 1Y Lud aniy oLl il 3 Soa
A ALYE Y] g a8 Sl

WS N ey b 83 JlaeYl a5l O(n log n) Agme) 2l ) sall ada grliad
Al 5 58 8 oy of e Bee 8 K1Y Led s O(n) 4

o o)) Clalled) oSy gl Jlails Gaula o Jasd A3 e Aselsa (Y1 aa gia
rod ol el o S o T G A e Jlae Y o Aggadll Sal e (giaiie y Po,P1sesPacl

eoalS dpad el i o i st e Uie s sing Py el oSy - do S dy S . S dyy
.TREE SEQUENCING
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‘TREE SEQUENCING(J,answer) #aY) 4.jj s -1

to,t1seestned = 505815009801 A2l aalaall couad :1 3 gladll

12 3 4hall

DY a8 ]y 3 e e Bvie 5 <y IS 1 op; 3850 gellaad -1

Vi 5 B i Juf Mo faad g gl S e JRal S 1Y 2ol plledd) -2
T d-u_)‘-i

3a g ANSWET (A auis aie "pad 9o (palgl S G Jial GIS 1Y 2 000 pdlad -3
sl Jel Jsix 203 V" answer @ aad V) 5" Jee Juael Jpa

Void TREE SEQUENCING(J,answer)
{

stepl: compute Sg,S1,..,5.1 » the prefix sums of to,ty,..,t0
step2: (i) leaf processor p;
if (si<=d;)
send " yes " to parent ;
else
send " no " to parent ;
(ii) intermediate processor
if (inputs from both children are " yes ")
send " yes " to parent ;
else
send " no " to parent ;
(ili) root processor
if (inputs from both children are " yes ")
answer « " feasible schedule exists" ;
else
answer < " no feasible schedule ";

(5-3)
:Q‘Li SUA -{do,dl,..,dn-]} = {3,5,7,9} K} {tﬂstlr-stn-l } — {1’2,3’4} L:_‘3.:3 n=4 US.J
{50,815-050-1} = {1,4,7,11}

Allaall 03¢ ae Juael Jpa 200 Jiligs; >d; 953 <dy 951 Sd) 359 < dp 2 Ll
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:TREE SEQUENCING ¢} aY) 43 4 Jdas -2

35 G pSaill S ad a3 diey Adee O(logn ) i 2 1 Ghskall e NS Clw
a0 3y Fo lallaall i JuueB Al G 8l Gaglhadd a3l NE (e dua ) sad
(1) Ay el il Al

:THE KNAPSACK PROBLEM gkl dyia {llua 8-4-3

[MLFi,1981}, [WShi,1979] , [DFGP,1982}

1Sl B3a 1 e Ao ganay W abiel (155 dea pabiod Laly el L 3ea0 Alad 028 3
Sy 33 3ala OS5 dadi g LS {Wig, Wi,y Wit} 2 s o Lo 34 Vs A={ a0,a1,01201)
s Al Bl ez e jadl sedall Apfia (8 Ly 1Y) <{po,P1yesPrr)} i— Bl o gand
dga At pa el sl (A Ciglladly L Zip; (oA RSl 32U fi Ve 07 <1 Saw,

iCung Leia ol el S o pally el

W slaty ¥ sasaall o gull il o5 -1
S ba ) Al skl sl -2

3303 Jal O Boss Ay Wo,Wieee s Wot, W, Po,D1sesPit tishine cinge 26 201 L)

4 Sl
n-1
Q“igozixm
tOullEll Gl Al anadd Ly

0<z<1:cli s .1

n-4

YZixwsW 2
i=0

OSars 251 day il sy eV 2l Q ad p Z = {20,2),0,Z01} b g4 BV JD
oS 13+ Wi ol 3 e JS8 A 5 piaal o s il 1Y Jad 3 Jie Lo Juaas o
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adh Lo o 3a 2310 W) 3ol 2als Mvie elal) dgfa e Asal ¢ 5l G5 pnas A0 s
50 A O(n Tog n) b dgses 4 LA deall 13 il « il Gy (b dmaisiy
By S g3 53al g 3 gal gaan ganil O(n) de) DS 35 0my A 3091

G5 la o Sand {Z0Z15Zn} B! Adall slad) 253 e Tayss OV sl
+ POsP1sesPacl (3 s¥) lalladdl o (g fing Lot Justie

ccnall patliia JS A pe 3 sal of Alleaal (3 AaY) Al a5 W g Jal G i Sty
o AP; 4, pdlead (5 Sy ¢ P/WoZ PY/WL 2 L. 2 Pt/ Wit toh sh AN (g
TREE KNAPSACK ¢l alS b L d5a ) 530 chaed . Wy pi 5 W (e

:TREE KNAPSACK s a2y 4 sd ~1

t1 3 glaall
W0, W1peesWiel == 50:S150-55ne1 0kl asalaall camal canad - -1
it P s JS 150 e din-l Y=l dal g -2
:2 3 ghadll
)l e dn-d o1 =0 Jal e
Zi¢1 pa e 5<W IS
Zi—(W-si)/w; s 3aie (510 S W) 5 (5> W) oS i ) o

.Zie— 0Ny

Void TREE KNAPSACK(A,W.Z)
{
Stepl: (1.1) compute Sg,51,.,5n.1 , the prefix sums of wo,wy,..,Wp.1

(1.2) for (i=1 , i <n, i++) in parallel
P; computes s;.y;
Step2: for (i=0, i <n, i++) in parallel

if (si<W)
Z; «] ’

else if ((Si > W) && (Si-] < W))
Zi~(W-si1)/W;

else
7,4+ 0;
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bl WS el a6 el Cliaa oSy ad 1aadis

oy (U () e3ad sz X prsay (i) Jad P Ay plae S <1
oy o Aaill hujyy 4y Oa Oleal ol AN pany Jaieg pmllea S8 -2
AQ 5o 13y dly (e Laalili A0 A0 pany siadl plladd -3

3 6-3) e

{po,p[,.-,pn_i} = {100,135,26,20} K] {WOSWIQ"’wn-l} = {5’9,2’4} g n= 4 C)S:!l
(8 S W 38, S W o Ly {50,50,00080.1) = {15,14,16,20} :¢) 203 43ay . W=15
2y =0 il 53> W 1 sl y 2, = (15-14)/2 = 0.5 :lil 55> W slad y 2= 2,=1

: D Aya da s a1 -2

03 T (ajy pSaly WS L Mgl e 54hd O(1) 5 Olog n) = 2 5 1 plighall plias
Lt aflT IS8 331y oWy el 52 s Jal e Liase 3l a3l 345520
QA1) 58 G Vay

AGAY o el dyia Ll Jois -3

St 380 Al Al o5 W 13 lliy Q(n) Liaj S e s el Jolad o G
Jad b 2 (gt (Suh sty (5 3 ] lal 0S5 Ll w38 (b 4d GBS OV i
wda oy ABSY s

o1 aY) (b islhia o LS 150 gl Abdeial JuacYly el Aia Blaca 3 J50 of (g s
-8 Je TREESEQUENCING » TREE KNAPSACK

e n'? x n'? Sl qada Lt S 1Y

O(n'?) a3 3l Lo juaie 0y A Aldu 55 o S -1
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O(n'?) s 108 e Ugpans Ol Coel a¥! o0 S Sans oSy 2

o el Apiag AL el (ilae ga 09 3R Gl KD a3d of ey U
g al) a3 530 Jlanindls casllaad a0 e g sl 1384 t(n) = O(@'?)

3 cpn3 5l gy con bl ol AN 0a 5 () = O(n?) 1225 S p(n) =n o Ly
Lhaba oatad Jal < O(n log n)

Calledd (e 2300 132 3805 of oy N < logln :ua NY2 x N2 2gsd i of o) (o i
n Jal gelog’n < n®® o Ly .O(n log n) Ahd 2l yeale n — Aalu G55 o oS
4G N x N7 agud e cuad o ¢S paie 0 — Al B0l apaladd) (8 2068 8
e da i GlaSaB A0l o) Gluay i Al Gsandd Gidead ol .O(n) 4t
o0 A8 Gle B 088 oilud da oSa ad e ey ekl duda y Aduiddl Jlaed)

cotadlaal

1AS fidia 5813 ) cladlaall Sasatia 8 3¢ Ay sia <l ) ) sd 5-3

pay (b aldl iyl anmiy ¢ Ll donedd hadd e gmgn b Lad gl
ziall dal e L aad il Al on ey ¢ L L3 Ay Aduladl Jglad cilie s
oad galy Ledad aaliadl day 380 auas LS ¢ lgde pamy B Ldlad G 5hy cand sall dili)
oy g Asia 3 Ll g Lgiabid 2l ol Lgia S0 Sllas (yim jai g g ¢ Llind ¢ iy ) Al
G Ay ol al S LS AL pd o ela A g gl AR ey SO pa

g lai JS (g Ll Jgemsll Jlas

on a6 el A Aluda i LAY Allis 2500 Bl e oithae 2abia Ao
o i (3ias Allual 038 (a3 3y e dga 3 sh ad Jlats cleanly cllall oo il
on Coiabiia grasl) geadl Alisay o ye (5ol Wla 385 & ay dypppuadl pal a2y Y
s Cladadl o 6 madll Ja3) 20 AGED Bl aal Ay (B 20 dlubuie 85T @l
o e anad o) Y Logae il caf sy pals JS2) el ot Uacaie @l giaal g 45
Cing Eyag pB JS3 el Cigla (559wl (e Tadi Y UL eanll Aline Jaxtiad cilipdaal

Aatll Audaal e VLAY A sl
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H JL.-}KY‘ :Utu.n 1-5-3
1l Alladd o cibia ) A0 ppanaty ilas G Ll 53 (5 fin

@ Sea¥l K puaiad aan Cglladdly 1<k<n Cua K egmna 3y gpale 11 (e S dlulu 2al
] e s Al 038 G/ S

dad o Us Lty ebiaallly sl agle (& ikl e ) 3 ALl 038 o peda il
pasaiag S fule 5 S10 SIMD z3sall (e cand o Ao Aladd 03a Jad 453 3l A i
Sab AaDle a1 el of (a Biail lellas B oy CilanY1 cpo Faie 2 Cany g ) g3

Ja3 Cua [comparison problems/ 43 jliall Jilue o5 JPlsa de gane ) Ulisad 034 i
Adse dlilu (B jealill Ge grd g 3 A3l 31k oo sale ilaad) o2

Al Gy i aalad ady
:Linear Order il i ili-1
tolS 13 iy 13 Ul L 5 0S8 Led A degana pualie oo Jyi

@ Gsub Jib e ghya JobBumaicliA gabsa umae ¢l dal e L1
€ Guma e Gaubyb Gaua K13 alic yb ya pelic DB Qi 2

o g nd e pane AT e (laa L JS Gaaall 31 e de gana o 33 JBaS
Aghi cafl 5 8 Olo sanall 3gh A Ay

:Rank (45 ,40) 48,0-2

35, s L 55 K e gane ) i W ealic S=(51,55,0,80) Aulliia Ll oS 1Y
(1 +( i b (D S i pealindl 2x)) 1550 Ly S (e §j suainl

3 b 035, 5={8,-3,2,-5,6,0} Jal (ja t4ia,

<G S 1Y Ry 1Y 5 e s; s =5 S 1Y ke
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:Selection Laiyi-3

mka.-.U_,hL:.hﬁ_ﬁL_Emcwuﬁ u)aLu:S{s,,sz,,sn}dhuLu.ﬂuLSla\

2 43050 e seainll 8={8,-3,2,-5,6,0} : iz gand (55515 5

Ky eaind dag Jal e 1S Y i Wiy ¢ e Ji 3 LS Aaanad

1A ) ga Y de gana 2aly

:g‘urg.iﬁ:md_;io,

(the ceiling of 1) r gsu o 1 (a0 S pman 20 il Y 305717
(the floor of r) r ‘5’1'”5-’“5"-)"‘*“@“"-‘”)951“-‘!_}0‘4 e

F3.17=4,13.91=3,13.04="3.0"=3 ol &Nl

:Complexity adaili-4

e k=1, kmn, k=n/2 1 a s A g U e oK LAY Alae 4 Aals o8 SO0 ol
Ual AW I8 e S b 58y el jaliad o Gy of 2080, I8 oillal
cuuaily (4 slue o) a0 jidl palial Chas o Moy § Ty 5 @ sSie 2N
Oflal of bl cluall 35 8 Y e ol gl ey (4 Rpgbae o) ane sl AW
st k=1, k=n Jal e w580 Aad g k=n/2 Wadl e Jall (8 Jeud AgtBy 0
o 033 50 (OGS ) sl jeaiad) 4d Bisd L guaie dasiuly JO jesiall Gasis

.:idcml_,ﬂw, OBEL O ElaNS ol y Jola 2a e Y asli (1 <k <n) Al Jal e W
‘.b.l.lﬂ_’ 1 MJ‘.C-_, 4.]‘.;& C..M.AA _)Lua\ll duu L_)_lﬁ S—"{S(‘),S(z)’ ,S(n)} i....ua ‘LI.:JA S <ails
S uﬁjhﬁl}ﬂﬁﬂuu‘uﬁﬁywoh‘JoJLaq!S(k)uhd‘yaﬂtM
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ook o gaes dal o st Al Ja kit JS80 Hagup ksl jeaial) il b (pa g
=13 08 ol Jal e ey duala saal g Ula Jal e kit

o e 8 panii o Wl iy K Staall) il ad e 4f ai kol oo S ety
Alaad Jal 2y sllaadl A0 <l yladd aad oY) 2l Y Baghy 138 3aal g5 e SRV e S
- Qn) A SRR A3 e dga 3 ga Y A sa aad o Gl Q(n)

: AGAY) Al tedaal L0 Y 30 1-1-5-3

oo o Jad Loyl o daV Aldal e il lda¥ e dlla
EREW uudsa o bl 2503 1 sl (o 3f il 200 s Ll LS Bl a5 pa
lelaatudiy Al 4uajdsal a9ay o gis Z)sad daaj)ad o S0, SM SIMD

e als

343 SEQUENTIAL SELECT L ol ja} JS3 o a5 Guajfsad pans b Lad
Ase ) ) 530 areail (divide and conquer approach) ad (38 iyl Jasind a Laaysha

£ ok A gl (e A ge S A+ K praneall 20ty S ALdidd 4 el el A0 )
aiad iy a aing 138y K ial) jeatedl aat ead JLia¥l e Lila S slic (e 2
Al ik

e pgaaa 5 Q Sy ISE =1 i 323 13885 S Aluldd aaa o Ja IS] g ey
e il BT a3 (ilad e GaY aa

SEQUENTIAL SELECT (S, k) #1_a¥ 443495 ~1
s_,st,uk_,.‘m\xi_,sa,a:.JL«m|S|<Q¢,Ls131— 11 3 yhas

ISV e puae Q (san lete IS A 3a Adiia [S)/Q U S sl Y, -
eia S g dauagl) peaiad 3n g Al DLl pa S iy - 12 55kl

¥ eaiad m gy boses SEQUENTIAL SELECT ol st e fid = 3 5 kil
(2o5bad b coa g A [SHQ e gasdd (3 il gl (30
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m o k¥l pealid 030 S5 5 S, 5 S; A odlulae D6 A -
v e m o 58V m Ayl

el oyl osid [S; @kJmaJ‘h_,gJuag]hm Sz k o813 -
S; K ddl yaid 2oy Loyls SEQUENTIAL SELECT

om el e Sy 2K Q813 Y, -

sawd day Lojss SEQUENTIAL SELECT ol oYl ef Yiy -

-85 8 (K- [Si] - 1Sz} Laaal!

Void SEQUENTIAL SELECT (S, k)
{
stepl: if  (|S|<Q ) sort S and return the kth element directly ;

else subdivide S into [S|/Q subsequences of Q elements each (with
up to Q-1 lefiover elements) ;

step2: sort each subsequence and determine its median ;
step3: call SEQUENTIAL SELECT recursively to find m , the median of
the |S}/Q medians found in step2 ;
step4: creat three subsequences S; , S;, and S; of elements of S smaller
than, equal to, and larger than m, respectively ;
stepS: if (jS;|2 k) /* the kth element of S must be in S, */
call SEQUENTIAL SELECT recursively to find the kth
element of S,
else if (IS|+S;| 2 K)
returnm ;
else  call SEQUENTIAL SELECT recursively to find the (k
- 1S4] - [S2|)th element of 8,;
}
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oy B Al Japay 3B ay samy Bk Al Gl (Say all g B 05l S
oAl sk dling x Ak el jueial Ted ik 5 S I YU x oSy oY)

.S Alubiiad (b puale JYS k aual jeail sale) s Jad

SEQUENTIAL SELECT #l_aY! 43358 Julad ~2
54biy 3 b t(n) :SEQUENTIAL SELECT 31 52 3% (e Jidad o3 pia jaias

o S pnis ks ) Tt i 32k 1y [S<Q Laxie S Gy i Q f Ll 21 3 ghild

€1 Lo s Jal ey a8 e
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2 Lol Jal e con a5 gkadd oda Jal (e dalind (53 e 30 o6 Y

H/Q) s bl 03355 53y 38 13 [SYQ e cilaus sia L 13 3 ghdl
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S8 1S12Q 58 ualiall (e 26 @l [SYQ  sualic i hsidl a4 m o Ltk iS5 5 ghdl)
@ 1385 Q suabiah (0 de ganal Jaunsial Lusii (g [S/Q  seslic e S+ A Ayslua 4 4t
Al dglan o Lesa 581 QU2 058 yaliadl (e 23 s Led

oS 038 o Gseadl e S (B (QF2) X (IS}/2Q) =S4 158 yalial (o 2 o iny 130
193] S 3[S)4 1 ls At ity [Sy] <3ISV4 ¢ Jaly m d Lsbas S m e

4 S 4 W i SEQUENTIAL SELECT o s (sa5taall sle il o355 kil a2a i
S3 dc ganall apad a5 o wallaly (5o gl elo i) o iag 138y jhuall suaiad e Sy (A
1380 43y 30/4 L‘;‘ ¢ (S3[S|/4)abany Ll o2 2y S

o (a3 SEQUENTIAL SELECT el ol 3 ghaall sda 4 ga4ldl clenayl ol
(31/4)
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b 1y e n (B Aghd Al
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U835 55l luadl gy ole S8 cluall L iP(n) ga Bpei il Gass o oy o
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- pi gdmal 52204 §; A0 Al .2
il e 3|S] M Ji=1 Jal e i2 B ghadll
o ¢ TISI/27 aiadl ¢ my; Jas ) eaiall e e S Juany .1
sl Jal o bl 23SV o)) gedin) [Baadd 4850 A% yena
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050 CDlulutia EDE I S Abisdl 5 14 5 ghadd)
L={si€S:si<m}

E={si€S:si=m}
G={si€S:si>m}

PARALLEL SELECT (LK) ¢ljay! (o5 e [L{> k oS 13 25 5 glail
m _uaind aof bae [LHE| >k oS 13 Y],
PARALLEL o)l ,edid Y,
.SELECT (G.,K-[L|E))

Void PARALLEL SELECT(S,k)

{
Stepl: if(|S|<4)
p; uses at most five comparasions to return the kth element ;

else
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(i) S is subdivided into |S| ™ subsequences S; of length [S* each,
where 1<i</S| ", and
(i) Subsequences S; is assigned to processor p; ;

Step2: for (i=1, i<=|8]| "™ ,i++) in parallel

{

(2.1) /* p; obtains the median m;, i.e., the f|S/2'th element, of its
associated subsequence */

SEQUENTIAL SELECT(S;, "Si/2");
(2.2) p;stores m;in M;;
}

Step3: /* the procedure is called recursively to obtain the median m of M
*/

PARALLEL SELECT (M, M|/2?);
Step4: the sequence S is subdivided into three subsequences:

L={si€S:si<m},
E={si€S:si=m},and
G={si€S:si>m}.
Steps:  if(L|>k)
PARALLEL SELECT (LX) ;
else if (LIHE| > k)
return m;

else
PARALLEL SELECT (G,K-|L}-E|);

: PARALLEL SELECT(S,K) #1,a¥! &sajjss dalas
it(n) — Jiad 0 dal e el a Yl 4aliag (31 a3l e i JmallS

93 3 S AWakaddl A ol gl Y skl o3 Slat) allae S zliay 1 8 ghdd
Jlanindy Clallaall ayen A tal Say Clpash oa K Aad 3y S| e s 4S b
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Void SEQUENTIAL MERGE (A,B,C)
{
stepl: (1.1) i1
(1.2) j~1
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if (a;< bj)
() ce—a
(i) iei+l
else
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(i)  jejtl
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toal Gl el Sl e

SEQUENTIAL MERGING &l nyl  ~1

b Lad 4a 523 53 BINARY SEARCH ¢l oyl -2

o) ALaYL o e JS8 Agisa JaeYl e S=(51,82,83,,5n) Aududall ol ayl 13 asly

-

«X d,;.u

¥l X =5 1 WIS S sy saial k T ol oYl ey Wi S (Y a0 X il 1Y
S b 4l Cua aus 358 gl e BINARY SEARCH ¢l jaY! ading . siall Zod of 2!
c...lm.au‘ _,I;‘_):.Yiq.‘:\.g_,ul.i’h;uwﬂaj dh}aS Oa paic ¢ X u:u:'..uuarﬁ&_)a
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sealiall 2 maay ca Ade od i Lols oo AASLY, a8 0 LAY Salie
celoaW et SV e saady 45 R mgy 1 ) 0 4l

:BINARY SEARCH (S, x, k) 4} ss —4

m <« (i+h)/2

baex=s, oS iy
ke m
i« h+l

hem-1 bae x<s, IS13 Y

i—m+l Y,

Void BINARY SEARCH (S, x, k)

{
stepl: (1.1)i«1;
(1.2)hen;
(1.3) k «0;
step2: while (i <=h)
{
2.)m« L (i+hy2);
2.2)if (x=su)
Dk« m;
(ii)i«— h+l;
else if (x <s,,)
h «m-1;
else
im+l ;
}
}
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e il el sal! ol et 3550 S A ety 22800 28 A jualiad 2 of Ll
J a1 Ty 3 B O(log n)

148 e 35S0 candla ol 00 ) e e Daa 303 U Y 2

: CREW MERGE (A , B, C) 4uj) 45 -5

Okl e L) 85 Ahliia N ) ALLAd o pudias Cyn A 0o gesie No1 22t ¥
Ao sty A" ga seaie Nel 3l (o 62D 4500 Al oS5 o6 IS
Hlas JS3 B (4 paaie N-1 e B' 48320

o 85 08 Gl Cum V(v va Vs Vana) S e dudidia 3 BY 5 A e L
A M Ll ey ) Uil pud 4y B J A b desmge 40 B J A" G0 e
BJA
G55 B g sty 5 A Gaaaly 68850 R sualio € b Jyy pllae S ey B
By a3 el fay S e S B (sa 2al gy A G 38y o pmainl] gl
Al g1 ) G 4 giaae
ot L) 385 Aubuia N ) Al ol audins Cam A (34 gucie N-1 aan ] 21 3 ghadll
Haig A' A e N1 0 ol e AN 48300 Aluduiall oSy )@ JS8 Jskd
[ b LS5 ghall o3 3% o Blaa JS0 B (g0 i N-1 g B' 45320 abuliiial
sl e s N-1 LY i=1 Jal oa

ai+— Ay -1 :0s b a2y pp pledd

b bign -2

O aallsy Cum V={vi,va,V3,.,Vana} SIS0 (e dlubiia (@ B 5 A" et ] 12 3 ghadd)
el i Al ALduid) pud ey B § A A daige 4ay B S A 0 paie eSS
[ o LS 3400 oy B A a3l Sdl
sl S dis N-1 3 =1 dal pa-d
saisd 33y S B' e BINARY SEARCH sl pYl Jasiow p; glladd =
ai<bj Jiej sauall
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Vi & (5,LA) Wt 3gape | KN -
Vienag = (@',1L,A) Yy
gl e 35 N-1 ) i1 dal e =2

Saa¥l puasall 2ay (S A" Jle BINARY SEARCH #f_jaY! Jaian Py il -1
bi<aj:blSj
Vigj1 = (b'1,B) baie 35290 j K1Y -

ViN-1 ¢ (b’isisB) Y!J
oo aly 3 A (o 2a s 8 5a0 GlLEA) sualie € iy gllae S gay ] 33 5 bl
Gaaad & Vol el Ty (S e JSI B (g dalgy A e 2ady cupeainll el 505 B
o MU0 5 phaill 03 345 A5 3l ) 53 (ye d g (g Gy

Q(1) «(L,1) -1
eIl e dis N Y i=2 Jal e -2
i el haie vy=(a' k,A) S 1Y
LS j Jauadl yealadl 2y (81 B e BINARY SEARCH ¢l Yl Jasiaa (V)
b;>aly 1 A
Q() « k [l ) (2)
1pi gdlaall Wiy
LS j sial guaiall 333 (1A Lle BINARY SEARCH ¢l o) Jasiiy (3)
a;> by 1 G
Q(i) < Gx[ sml ) (4)

I e s N i=1 dal pa-3
ofludidie zad Q1) = (x,y) s SEQUENTIAL MERGING ¢l oY) Jasiuy p;  gllal
goasall (g 128 C ligias (b padl Ao pungigby — oAy — lagsaaly 0885e

tis el iy g XHy-1

3A 00 JS b vy (B seaie JaY gty o Sl peaie aaly -1
{i<N-1Lx)B
(i=Nlac)B J A b iie paic gl aagnV -2
Void CREW MERGE (A, B, ()
{
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Stepl: for (i=1, i <N, i++) in parallel
Processor p; determines a'; and b'; from
(1.1) 2 airn
(1.2) b < bizi

Step2: (2.1) for (i=1, i <N, i++) in parallel
{
(i)  processor p;uses BINARY SEARCH on B' to find the
smallest j such that a'; < b;;
(i) if (j exists)
Visj1 — (@51LA) 3

else
VitN-1 ¢— (a'isisA) s
}
(2.2) for (i=1, i <N, i++) in parallel
{
(i) processor p; uses BINARY SEARCH on A’ to
find the smallest j such that b'; < a';;
(i) if (j exists)
Vitj1 € (b‘i,i’B) ’
else
Vien-1 < (b'1,B) 5
}

Step3:  (3.1)Q(1) « (1,1)
(3.2) for (i=2 , i <= N, i++) in parallel
if (vao=(a'wk,A) ) processor p;

{
(i) uses BINARY SEARCH on B to find the smallest j such that b;

>a'y;

() Q) [rnl,j);
}
else processor p;

(i) uses BINARY SEARCH on A to find the smallest j such that 3
> bk
() QG Gkl ¥nl);
}
(3.3) for (i=2 , i <= N, i++) in parallel
processor p; uses SEQUENTIAL MERGING and Q(i)
= (x,y) to merge two subsequences one beginning at a,
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and the other at b, and places the result of the merge

on array C beginning at position x+y-1 . the merge

continues until

(i) an element larger than or equal to the first
component of vy; is encountered in each of A
and B (wheni<N-1)

(ii) no elements are left in either A or B (when i =

N);
seaada -6

led 3020 B (e by suale ga A o 3 peaie D5jlie ol 1Y Al B 4 -]
) b 3 o oaSa OIS Gaa 50080 1B S asie amhy o dpul Sy saall
o 4Lyl BINARY SEARCH ¢l jaY! padtisy Laxic alabsidll gel il cilles 8 =2
Aluliall i o R Gt N5 Clallaall 838 o JS 4

: CREW MERGE (A, B, C) i) s Julas -7
: b LS 3 shis 5 sk CREW MERGE ¢! o) Jlaias

AN o S Oilaluie Gluay 5350 e Jasd Al Cilalladdl e mlles JS agis 2 1 5 ghadld)
SZuls ey k@ 3 ghadll 024 ld

N-1 Jshs dlliad BINARY SEARCH dﬁ_)\.lggigh:o..;ut‘as‘,m sia s 2 st
. O(log N) ¢y 38l 130 g 3avaa 5 Jlons ¢ giia lga S

0% Ua) Y Lo Gllm 2-3 5ehally aian e oo il 1-3 55hall 3 5 ghill
I C mid Cun yeaic 2N-2 o 5505 V o Y 3 3-3 55hil Jiast .O(log )
Caay alied) paad 13ay ([e/n]+ {8/ 1) 3 g s oalicl paa pa 3850 Aluliia 2N-1
e [1/m] il axie B e by L jeaie (sgba A (e 8 Lo eale D S 13
[5/n] ualiad ailiia (K205 by gobas o radd Liad o (301 gsba J 1) o hes

i s o il Lad by st of i) by sttt el 4
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s a0l iy C o Aol COUbiil o (0 ey e S gy 3 54k
J i 1383 C e Baaly A8 3n Alubidia gy 53 py le W 2( [+ sm]) g s
Toud iy O((r+s) / N) oo e e 3 SEQUENTIAL MERGING ! oY)
ol Bk oo May e Al 2B e Hn 2N f Wy r=5=n Lic Y

2elllily 3 3 ksl o glhadl

t(2n) = O(n/N) + log n
1323 43 p(20) =N J Lol
¢(2n) =p(2n) x t(2n) = O(n + N log n)

N < n/log n Laxie Lleail 2005 440 4K
:EREW zigalll o zasl 4-2-5-3

b Aalnd) sel i) clle o CREW gisall Jo 53 sl gaall ol o) i Ul S
EREW SM  Guda 8 adlea N o daall Gy ol ja) slag) Gaminy 43 shia (e 2usal
ahsa (e daly pllaa oSS (g Bed 30 A glae (5 ey Y s g2l e 23 al) 134y SIMD
oda (Jia 225 Lalla g 330aiall 36 il Cillee lSladd 48 jha Moy oA alad Lide Le 03 SIA0 8 2al
Glilae e dga) sd gl plo S0 g) (53 il graall dpa )it of B LS slSlad
gl 3Slaall Aalay g 13 « EREW g3 sail 5813 b 3ol cllae JS oLy (520000 561 B

Allad 4303 ) 531

33 Kaad Y Cae it AT b anl 5 000 alge e ded il Cilills paen piil of Jaads
BROADCAST ol_ay} slasaud o (sal 2ali e P2t Toud AN o Ay 2is) (g
p233u0 o 559 pually Gl 580 giga (e B2l el e f 3 Liad caulia 2 G
o adas Slallead Ao gaza (e BpaSad Ao i Glegara 3 i o) Y Clalled guan
Slady Ak Moy psii Gl 850 A2 yane JS) aaly plga ¢ Ailisa adlgal 22l Jga

: /&0 MULTIPLE BROADCAST ¢l a1 ddaud g1 (Stal

S pellea N o EREW £330 o Gga )t sad) 038 51Slae Jal e (A8 0040 5 030 3 a8 sa
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JM@uaﬁM(2N-1)uJ!éyMw3)S|.\n r_a.ai.\k:}_:&g‘.\,\n q’(}i‘*‘hqzl JN=2q
Ls_,.‘mq'{'l3_)_&&.“03&&&J.ﬁ)JN&@LﬁEMJﬁ@QGiJ@GéJAMJL}.&
N=16 Jal c1a (13-3)K30 3 sediy LS s2ic 2N-1 (ja 42 sanay

S s

5

AR AR AR KR

TDﬂS Tbols T)on T:»ls DH9 D20 D+ Tmz D23 D24 ‘{I»zs D+26 D27 Tmzs D+29 TMO

PI Pl P} Pl. PI Pll Pll Plﬁ

aiall Bley dal (e 3 S agdas (13-3) s

e 4ild i e 4 D asdd IS 1Y A Al 5SS Gl a8 e b a) e B
L DX padly bl GlaD dle K8y o I50 Ll D42 5 DAL L il
G5l Gl DH2XH2 y DH2X+]

o Ak g Bvie 3 S0 6 d(i) W adge o0 1ok of L lla (8 3 Py el o sl
Ol copite Gk e B (D) i (A 5l 56y () + (N-1) + (i-1) @i
:Pl_‘u;lghu

0 Uatsa 98 3Py il 4 oy (530 52l Ml o5 a3 53 (B) s somndd ~ 1
Une 503 Py il Ll oy (30 5502l el 58l 380 630 (i) sl Loc)) -2
oy Sy (i) —s Auciall 502 (b guiagh o383 el grliny Py o Joals ((N-1) + (iv1)

(i) + N-1) + (i-1) il 5 _SI30 adga gy Leall
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1L L B dalad o LY Ay 2l D et e g Sl ol Bt
adh cpusd Jab e A iggld s iy (g ) D (5 stae IS AP llndd iy 1 L
[(] oS8y oals sesy 3 pdise 30 Gish oo gy G add (o) aaly (5 i
o i dal e el GlAY slosiul desy AlaY o3 (b9 Axdgay ol e Sioaty o gl a2
Gl Jady 63 el (g (Bia s bul Y il ae i oS (1 13) V1 oY)
(log N)-1 (s sunadl (e o Orallas doay (i Bglaall o3 Sty G alge clla laegd
Taged Alaye lagy (il o) els siad 3 A05aad Aal L clallad) gpee of i
on sl A1 Gl paen (T in 58I gilse sond did (N Vs i D A ca

: Jals MULTIPLE BROADCAST of2¥! 4303 55 (1680 ey lafiadd

: MULTIPLE BROADCAST(d(1),d(2),..,d(N)) 42353 ~1

ts s e 3N I i=1 Jal e il 3 5kad
[loc(i) ad sad y level(i) s siuad 33Ls p; gl ]
level(i)«<0 0 Al T (5 snall (3 paia 1-1
loc(i) < N#i-2  NH-2 daili gigall b g 2-1
d(i)+Hoc(i) adsal A [i] & 3-1
33 (log N)-2 o v=0 Jal (sa 12 5 5kead
s s e N =1 Jal e 1-2
[0 b oW B oy (g sl O (g pi il ]
(loc(i)-1)/2 4aill (floor) s yaal! JeY 220 X (8 o 1-1-2
Xe— (loc(i)-1)/2
thae level(i=v 5 o loci) o<1y 2-1-2
loc(i) Ax aa (i)
d(iyHoc(i) aisad A [i] 3= (ii)
level(i) b level(iytl aua (iii)
sl e N B i=1 daf ga2-2
[LiSan i3 oIS 1Y 4yl (b (Ao P13 (s O (P i nd ]
o TGN ans dat ¢ [i] S lo Gisnaa (g 5y ¥ d(i)x IS 13
loc(i) A X gaa (i)
d(i)tloc()2 [il v (i)
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level(i) g level(i)yt] gua (iii)
;31 0 3 v=(log N )-1 Jaf (e 13 5 ghal
gl e N Ji=l Jdal ga1-3
el Ipifiatd Jid () Wy Jisigg ol y e TR g ket o1

X (loc(i)-1)2 1-1-3

ye= (loc(i)x2)+1 2-1-3

e level(i)=0 534 loc(i) oS 13 3-1-3
d(i)yx b gaa | (i)

d(i)+oc(i) alsed A d(i)yx <l fiae 28) (1)

level(i) oiSe level(i)-1 aa (iii)

loc(i) Ay aaa tladie {i] (5 sy d(i)+y adsad (S 1Y (iv)

loc(i) A yt+] aa ¥y

g e N Ji=l] Jal (e 2-3
[ ont Gind Y Waaes Jisiyg oaly c0n |y iaml o1 Ay el ]
dlaxe level(iJ=v o ) toc(i) S W
d(ifx cugaa i@ (D)
d(i)+loc(i) adsall b d(i}tx <bpae il (i)
level(i) oS level(i)-1 aa  (iid)
loc(i) By poo tlaxie [i] g sina d(iy adsd OIS (iV)

loc(i) b y+1 ga ¥

Void MULTIPLE BROADCAST(d(1),d(2),..,d(N))

{

Stepl: for (i=1 , 1 <= N, i++) in parallel
// p; initializes level(i) and loc(i)

{

1.1 level(i) «— 0

1.2 loc(i) «— N+i-2

1.3 store [i] in location d(i)+Hoc(i)

}
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Step2: for (v=0, v <= (log N)-2, v++4)
{
(2.1) for (i=1,i<=N, i++) in parallel
// piat a left child advnces up its tree
{  (2.1.1) x| (loc(i)-1)/2]
(2.1.2) if (loc(i) is odd and level(i)=v)
{ (i} loc(i) «x
(ii) store [i] in location d(i)+loc(i)
(iii) level(i) « level(i) +1
}
}
(2.2) for (i=1,i<=N,i++)in parallel
// p;at a right child advances up its tree if possible
if (d(iY+x does not already contain a marker [j} for some 15j<N)
{
(i) loc(i) «x
(ii) store [i] in location d(i)+loc(i)
(iii) level(i) « level(i) +1
}
}
Step3: for (v=(log N )}-1 ,v>=0, v--)
{
(3.1) for(i=1,i<=N,i+t)in parallel
// p; at a left child reads from its parent and then moves down the //tree
{ |
(3.1.1) x| (loc(i)-1)/2]
(3.1.2) y— (2 xloc(i)) + 1
(3.1.3) if (loc(i) is odd and level(i)=v)

{
(i) read the contents of d(i)+x

(if)  write the contents of d(i)+x in location d(i)+loc(i)
(iii) level (i) « level (i) -1
(iv) if (location d(i)+y contains [i])
loc(i) <y
else
loc(i) <y +1
h
)
(3.2) for(i=1,i<=N,it+t)in parallel
// p;at a right child reads from its parent and then moves down the //tree
{

if (loc(i) is even and level(i)=v)
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(v) read the contents of d(i)+x
(vi) write the contents of d(i)+x in location d(i)+loc(i)

(vii) level (1) « level (i)~ 1
(viii) if (location d(i)+y contains [1})
loc(i) «y
else
loc(i) «y+1

}

Oe OS  F Al (el an Al cillee S g alls o) et A (1) sekal o Bl
Ga) ki Jall e 352 ohghall 4 (Ladlid) A3, (5 Fal) sxebuall il
.O(log N) s» MULTIPLE BROADCAST ¢! ja30 sl (e ol 43e 3 O(log N)

:(8-3)Jta

J CREW L) 5ia a3 g3 Slaliea o 2anlh (P4 slaee daad (3 o iily N=16 oS3
SN A D adge e Q 338 36l il U3 Py,Py,P3, Py Py, P11, P14, P16 cilallaal
MULTIPLE psis EREW cula Gl o sacdd sl il e St L
D i gdlge synd b Aims Sfiun il clalled) pis ¢y BROADCAST
o850 iy ey Aitinal latlaall el ey ¢ 14-3 S b 6 LS (1)ashaad Pla
ek (3)6 skl ks 358 a8l a fiany ¢ 143 JSAY 3 (2)5 sl Ales b 58I
15-3 Jsal i
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Py 1
1ir

PN N

DN o b
(b dadbdndhdhdudh

P P,

MULTIPLE BROADCAST ¢/ oy} 3 (2) 5kl a3 5 8130 &y fina (14-3) 20

Q/
A RAARA
N R AT ANTE ASHAN

MULTIPLE BROADCAST o/ aY¥! g i 58130 <l s (15-3) S0
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¢55 .EREW SM SIMD g3l e gasll Lliadl il 2iySiag 435 fie dpa) foi aminn
C 3408 ududa i B={by,by,..bc} 5 A = {a1,82,.85) 08 e Oflududa ga 33a ) 530
Tl g3y I SN Sts iyn pP2,ePy igliaa N pasiudy Lae st 45 30 = {€1,C2,0Crvs)
oy gy -O((n/N)tlog N log n) ey Sa A fead ME =5 =n :lae Ja¥

LGl ye Oftbbutie (g Jaa ¥ Ao b ol e} b 08 daa 530

soiiga Oiludedial o ) puaial) o) a3 0 63 -3

A'B C)Sﬂ} r,S Z 1 :":"'P Bz{bl;bb":bl‘}.’ A = {alaaZs"’aS} L-J;:"'.ﬁ.)“ L.J'.m""‘]‘"l‘ L"*ﬂ L.)Sé“
wiy ¢ AB A m/2 g bl juasiall oS8« ByA god 0o &8 m =5 el she dluliia
Al b i s (a),by) Z ) Ay st o2

m/2 -1 sl e Wi LS by da, W i by 3, W 8 AB sl -1
Lm/2]) seoliad) e Ll audd

W osSaby cld bae il saa, G810 -2

2 o o Jud B pae (i)

8, 5w § S B i i i (il

U 0sSa8, Cld baie g s by S 1Y aglia JS0

cm s a3l i Az gl fi lasie 2 5 1 By aaly g oe S8 Ml g1y -3
sl 4 Xy alal

S Mz b lay sx (b AN AB A Ju ¥ a3l (@pby)—r e

:OS 14 AB i hu ¥ g, of Jaady
x+y-19 m21-1 5 a> by W (i)
m-(xty-1)=lm2] 5 a<by S (iD)
AB ahugit by (a Yy
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:(9-3)Juia
A < 255 o AB Ll ) kel  B={1,489) 4, A={2,5,7,10} oS
1251 Giealal sy cplaed cune Ll aa s

5 s f sl B (b saic 8 4 Sa (m0) = (5.4)
5 gsby i S B i e jad 4 8 Cia (arby)=(58) *

(5,4) 8 Ja gV 2 930 Cld ALY

Usye JS 3m3y Jal e 8 o 53 Tow_ SEQUENCE MEDIAN el Yl b Lad Ll
B A Je XK G AN e uabiall (rang At A JiD

JS Ay 8 Al a8 il e AV (Sl e B 3 A (4 salad 3l ng g na — e
Lna/2] sinar2] on s o Y w s U s

o iUl a8 a3 L A sabiall e b @ Jaw gVl che JS A lie o5 1 JUNS Aa ye JS oy
e (B) A i (bnal) S saliall s bsic a2 b S 1Y ¢ I e B yA ga S
e i (B) A i w (LS sl il cfia <b S 1Y i s al B 0o 280
o o sy Allde B G o b aaly geais By s Glead o3 SE AL
Al 21y e s ssia Ao gana (e a1 3iay ladie itV

JS 0 pdine Juaniad 5k cp A2 a8 <) L (A gealiall o SV a3 el jat Juduy
. B ,ilowp ,highg 5 A 4 low, highy roilubuid) o

: Tow_ SEQUENCE MEDIAN(A,B,x,y) s!,a¥! &) 55 —4

Void Tow_ SEQUENCE MEDIAN(A,B,x,y)
Stepl: (1.1) lowse—1

(1.2) lowg «1

(1.3) highg -1

(1.4) highg «s
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(1.5) nper
(1.6) ng+s
Step2: while (ns>1) && (np>1))
{
(2.1) u« lowa+[ (higha-lows-1)/2]
(2.2) v < lowy+[ (highp- lowp-1)/2]
(2.3) we—min{ na/21 | ng2])
(24) np—nA—W
(2.5) npe—ng—w
(2.6) if(a,2b,)
{ (1) highs < highy—w

(ii) lowp « lowg + w

}
else
{ (i) low, < low, +w
(i1) highp < highp-w
}
}
Step3: return as x and y the idices of the pair from {a,.;,a,,2841}% {b..

1:0v,bv41} satisfying properties 1-3 of median pair.

o Y (aoby) bl £930 A 3 Tow_ SEQUENCE MEDIAN 6 jaY! of Jaadls
) C _,_')31

126

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



:(9-3)
A u.‘! (UL sA g S wAB ‘.,-i-hu_,‘f‘ U‘ Jaadls ¢ B={1,4,8,9} y) A={2,5,7,10} oSl
1251 el liiay cdace W g

5 @sbw o yiud B g saic 58 4 Cua (a,b)=(5,4) *
5 st o JSIB i saie jad g8 8 Cus (22,b3)=(5,8) *

A(5,4) s sVl 53 ol S

Uaye S gy Jalje 4 sy U Tow_ SEQUENCE MEDIAN ¢l b Led Ll
B s A He S e L8ULY Ga jualindl (any il 4 Ji

JS Ay (A AU aF el e (A Nl e B g A saliall xdng s np — e
Lnp/2) sLnar2] o lad saa¥l I Wy Al e

b 2B a8 a3l Al jealiall e b g @ Jau ) e S A lia g5 2 JEIS A e S S
oF (B) A (b (Laall) HSY) sualiadd i ladic a2 b S 1Y ¢ (Il (e B 5 A 0o S
e 325 (B) A W (LSY) saaad) sualindl cfia <b oS 1Y 4d 5 3 Lea Ga LAELY
G o saty Al (3 A0 a8 L saly pale iy O Aead ada ) Sm ALEL
Aot yall 71y MY (10 5 pskan de gama o dau gV 20y Ladie oY)

JS cpsdige Jlanind 35k cp A2liall a8 cll 5 e (A0 jualiall co SISV 038 ol Yl dudduay
. B i lowg highg 4 A 8 low, highy :Ofladuiadl o

: Tow_ SEQUENCE MEDIAN(A,B,x,y) sioa}) 4343065 —4
Veid Tow_ SEQUENCE MEDIAN(A,B,x.y)
Stepl:  (1.1) lowa« 1
(1.2) lowp « 1
(1.3) highs —r
(1.4) highg « s
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:Tow_ SEQUENCE MEDIAN s a¥! 414} 6a Jalai -5
oY OELA (e sl Jeas 2 3hal b % 0SB Uy 3 1 ofkall b

o33 (34 il Tow  SEQUENCE MEDIAN el oyt ¢ ¢1,€; < 2l Jal e it
Jad s 8 O(log n) s s34 c1te;, log (min{r,s})

128

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Elad) Gany 1y A galall Ao M Aala A0S (L) Jamy b sy
s 30 Al Y T ylaig a ) el il aad asls 0 dy el
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il fidal y el

L flasleadl & 9 4 e vaadl & il 138 35 i) Gl )l a0 Al jo )
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Gt (30855 Adae pral yr (M AT 1 028 (o8 Aadiall Dilsa ) 550} Aea S
s 535 o Sy 1 il pan] e Apadly Jilisa (o Leiakss P&
e

iz ye5 5 el 53300 Lkl o gge Wyl (30 S Joail) i Uiy @
JE2 iy 1S (e LS ¢ L Sl g b 2y 5 Loty
lall 3w pany Uaaay 5 (53 s—tall oluaall 4yl ciluld
N O

PO PEQ LS WPRVES P PR V5 P L PPN g S oL U L WO
A3l aanty Ledidad Gaplia g Lgaranal Cibyi

A3y 53 e S8 Leda s lsay Al Jilse ST Suaill 3 Liedd
oani s aakit s Ll Las gy ¢ lalleall 5a300e 3 30a) (o Slae¥L
aebnd LedS Lgla Saall Jiliall aan 30k ) 4 ) glall il 5t A
dzdl Jytay f) cilagien o Jpandl & 300 sidll e ) il
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o S paay Clalledl) (yapadis jy i laa g LS Sl 4l i,
ol OS% A 3 siall sl gall Ly Jaall

sl man g b Jeadll 1 A Lales i () Q) rans @
Y Bt dall Y Jgeash e Jilig el Sy (o Jlsall pana 30l )
Gillog Jall Sua Jgmsr oy el (g Binl dna s sl of
il ey Jilis (M sam

s ilua gil) g Cila 8l

Ae b QS e Gy ol ga) o A Aallae ofall 2l )6 Lexe
—i5 Lgiallaa g 4 g AS Lphass Jglay ding A a5 Lage 4 illaal
Sl B b ek e o Wtadlae (e (S a1 Jilall (gany
o Sl aday 3 eV Awiil Ay W Jladdl g3 g A Conpal
spa_,‘zqa;«bl.aﬁmgjﬂaga,ﬂbahﬁdgﬁkwaﬁ
kil 138 ey led Jola o) s Ldallaad 4 Jlacad) & Gdald) Y
i sill g Cila il ymny a5 )5 po (5 )

53 g3l o sb L Jilisall A8 dnns ga g Aale dud 53 o) yaf il 0
apandl Ll Sy 493 siall 8 3623 e Jalall 31 5k pgd
Sl Jad dpulaal cba 5 52
el ol dga s e Ldallee Gaad g daldll AL of W cpiied
Aladl oda 7 5kiy Clalleall Clileall §f Clagall panads b (e85
Aastia Gl ela) (e Y g ilalleall anadal) 33¢aY) 8 L
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o 3300 e gl ) Judl e Jemsd a Jlaall 138
)

g Ay 3 gidl g3l AN Ll iy asalie e BN £ sl o
Y o sl Jal Aol clpe il Al ki o B ey gs
Aoy g il el A L e Ma Gy

ol Eoadl Alliue el A il gleal) Jis A o (5
g 3—nge Aty sa ol i Agliall Jluall Do pall A el
i Sl ) )l sd op Caall g L 0 4 Beadl) auliall Gy dcbud)
o ohai g Lediaeld g Lgtadlae

g gl Ma g b b A3 el cilae 3 sAd ol o3 La S (e s
& ondead) ofialdl AU Lol e e i i L LS ¢ dale gl
Jlnall 8 ol pus Cinll Aniad Cacigall y oialall S so ) 3y Sl 128
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Account of cost
Adaptive
Bit complexity
Broadcasting
Chips
Circuit width
Concurrent |
Constant nodes
Compilers
Counting Steps
Cube Connection
Depth
Deterministic
Efficiency
Exclusive
Feasibility
Imperative
Input nodes
Interpretation
Linear Arraay

Lower and upper bounds
Mutltiple Instruction stream, Multiple Data stream (MIMD)

Jaall se
(Aan ) smedal
Aka 35
Liladl g Loall 5 gaalt

(3 by Alulu - amia Slaglat Adis) MIMD o 52

Multiple Instruction stream, Single Data stream (MISD)

(33ke ililyy b — 3aamte Silaglad Abud) MISD G 5o

Multitasking
Operation nodes
Output nodes

Parallel time
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Partial ordering graph el Qi i ol

Perfect shfifle connection Al dabsll oLy
Period of the circuit il g
Prefix sums L asaland

Processor area il Jlas
Quality e g
Shared memory S nha s SI3

Single Instruction stream, Multiple Data stream (MIMD)
(5aantia il Al — 30 jie Cilagdes ALuls) SIMD cud 5o
Single Instruction stream, Single Data stream(SISD)
(33ske il s (33 jke laglad Aludis ) SISD sl g

Speed up de yall 3245
String processors i Glalles
R-block shared memory ablie B dauia 48 Sl 5 SN
Recursive doubling i gLl e liaall
Reducing the number of processor Clallaall 2o yiaad
Routing steps S Y I R RV RCAN R AP
Running time KTH A RV
Tow-Dimensional Array Al A8 A4 ghace
Tree Conection Jlai¥} 5y
Vector iterations Oleadall & ) S5
Vectorization 4pdall plasid A sk
Vector machines ieladl e
Very large scale integration (VLSI) fan a0 anall (pulsia
Wire length Sl Jeha
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cJghaall g AN Aald

daial) pd ana Ja 3
13 | N=6 Jal g it 3835|  1-1
14 Jal e (4508) gl A0 &b ghoaw cL 35| 271

m=4
15 d=4 Jal (e 4 et eV Q5| 31
16 N=8 Jal oo 2 Akbiae oLl 35| 4-1
17 N=8 Jal (e A eVl 2838 |  5-1
24 O gaaa o1y gmalindl S0 s A Gl 671
25 S essge|  7-1
26 Clalladl ciladaal aai|  8-1
29 Sl 8 ¢ gara bn | 9-1
33 Lo A g0 sae o adiad Aapy Akia 53 cau|  10-1
D(a)=6 s Z(ay=15
35 daalgduls alsf | 11-1
38 Ui n A Ba| 121
49 Aghi 2@ dasu gw| -H1-2
49 Rady e o) died A Olp | e 172
S0 agiad Zayy X o Gl s Jad g e | 272
S0 agis Aoy X ks Gl dad g e G| o272
dady e )

63-62 BROADCAST ¢la}! plea 2iml jasias 83| 1-3
65 ot Juaily caula o G| 2-3
67 38l Jlaatiualy pualicB (e dluluia 4 Cadl ) 33
74 Ea N=8 Jal (o ALLSUMS &) oYt Joc puings| 473

Aj=atart.ta
75 iyl diclaall dald pebadSut|  5-3
77 claledl 350 e 2000 ol i | 673
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82 MESH ¢l o) Jlasinls £l paaladll s eiagy| 73
PREFIX SUMS
104 PARALLEL SELECT el a¥! dee Gaskss|  8-3
103 OJial pleal = say Jaa g | 9-3
104 O Gilulie mell Aucld 4S8 magy | 10-3
105 n=4 oiluluidl paa Jal e e iSa|  11-3
106 (nn) perass|  12-3
117 aaiall Meyt Jal Gas S pdan|  13-3
122 el aY) b (2) sshall 25 S Clygiaal  14-3
MULTIPLE BROADCAST
122 MULTIPLE ¢l oY} 4 35810 clysina|  15-3
BROADCAST
dadall 93,) Ny Jeual A,
16 N=8 Jal ‘e 2ad dabida 2820 VLN 1-1
17 oo slatal clalledt A L8l LN (JAGD ey 2-1

N=8 K] q=3 Can, 430023 S lal 48l
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Litasteall A psieplall da o Jult csef At 3 e (aila
(Lagaa ss9 &y 3Lgsall Zalleall sylyay slon) zo)sing
Cuadad) o5 s Al Jae)

Cabsidd) o ala ) gisal MEul) Gyl
Gl A ala gisal) AS Ll

el Aganas iy s

b A Y iy ¢ A ) B 52a)y Aage a S} 360 e Jatal Ui s 8 (o
321l Aquel A diniy yel Fiad 3TN g algall Ap00a0 el o Cilalledd 3asendll 5 362 Y)
(Aaa) 5aT) clagdedll (o Al i o Sya il e cladatll 305 4y sl ped (o plead
Gty plm o (e esd Ji) bl (e Aluda dllia g 5shi S (A ik g sl A~
RLL PP
teand gall e tl_,‘ﬁ Ay o e o) ki [SeGA-1989]
(53 sia iy Al 33 jia e’ Aludus ) SISD sl 2 Y 4 -1
Single Instruction stream, Single Data stream (SISD)
(53ke iy A — 333050 o k) MISD capd g 2l =2
Mutltiple Instruction stream, Single Data stream (MISD)
(313050 il ks — 33 jia gl ALl SIMD and g 1 -3
Single Instruction stream, Multiple Data stream (SIMD)
(333x5a ity Audas = 3230050 Ciladad W) MIMD s 5 4
Multiple Instruction stream, Multiple Data stream (MIMD)
0S5 of at il e SIMD g 53 (e sl n oty Ledas (3 Aalgd Jluadl alina
S Sa it ULl s Jal e luall DS Lpazany e Jhait e 5536 cilalladd
1S 52 830 Gk oo e Jua) (s Laaland sopfioe i il Gy Jleas¥! 13 (Binis
LAY ASd Gask o Al
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: Shared-Memory 4s jidu 3 813 (SM) SIMD i g

(PRAM) 3 5ti (5 sl (g2 gnind sl 410y L 2200 038 o33 [SeGA-1989)]
(the Parallel Random-Access Machine)
oda ol gad D i of Sy ¢ 3520 5 S0 (DA Plany Legdli Jua! clalan 33 Lt
iz 4ai 313D aga J Ugemsd o atledd u 360 cath 5,30 By Re i i ]
el LS ety e300
1- Exclusive-Read, Exclusive-Write (EREW) SM SIMD Computers.
2- Concurrent-Read, Exclusive-Write (CREW) SM SIMD Computers.

3- Exclusive-Read, Concurrent-Write (ERCW) SM SIMD Computers.
4~ Concurrent-Read, Concurrent-Write (CRCW) SM SIMD Computers.

re¥lall 4l SIMD asd g

A % A8 A 580 paga et b S 0 pe pigal o Jpanl LK [SeGA-1989]
Slg) anly b Jea o 7o) B2ad K0y a6 oladY) A ey Jsia CilaTledd) a7 95 S
(AT gllae o il i 1 AT el i) Ol pellan oo ST Oty W a5

:SIMD s sad Abaatl Al

ol Lo Loia o g SV ASABN Slanly i

:Linear Array agai 4 gias—1

N=6 Jal 0e (1-1) S8 sedy WS 2l 3m g 4 ghae JS&) pllaa N ey Jiad (Say
Clallas e IS woladV (A8 Sl Jad D& (e Py 9 Pig 4slaar Bipe Py lladd La
caaly slae Jaid <l Py g Py slassall s 430

P Py P P, Py Ps

N=6 Jal e 4dad 303 (1-1) J&&
:Tow-Dimensional Array sl 4435 4bghas -2
el LS m =N Cya mxm 2 gias b pdlee N o 0 55 200 450 300 e Juaas
m=4 Jal ;e (2-1)Js20
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asend o3, 0 1 2 3

el fi ¥
Pos Pox Poy Pas)
0
1 Pag Pan Pua Pon
2 Pag Pon Ppa, Pey
3 Pao Poy Pon Psy

(A82) 2l 3518 4 gy LD 3833 27108
m=4 Jal ;s
:Tree Connection Juadyl 5 jad =3
ek LS (5 giun d Al 3yl o3a (Jiay dalh 4800 5yl JS0 ASA0 038 (A SlaTlaall (S5
d=4 Jal 0 (1-3) Jsan

3 sl
Find P
P P 2.5 s
Py Py Py 15 sl
Pa
S P P P Py Pn P Pu Pis [P |

d=4 Jal (e 3y pd oL 4S5 (3-1) S8
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:Perfect shuffle connection 4alil 4kt aNLal) —4
(N=2"): 2 J5.8 (& N Cun 5 jisia Po,Py,Py,..,Pry dlee N i 084
ya Py s P; Jayyp sla¥1 iy Jod 240 Al cNLNH 3 3
21 Jal e 0<=1<=N/2 -1,

2i+1-N  dalge NR2<=I<=N-1 ,
N=8 Jal e (4-1) 80 ekl LS

=8 Jal (e 440 Adabia eVl 302 (4-1) J<&

:Cube Connection 4aumsill eyl -5

g Q s S Po,PyPo,. Prop igliae N 0 o8y q>=1 Gians Jal 0 N=27 (f (s i
costas (o)) gllae JS Juay 4sle Jeaas (hypercube) P

A 5gay K2 W sa Po;PisensPr— woeily =3 Jal oo b L 2880 S5 (5 5

Pooo Poot Paio Pony Pis Py Pue Pin

N=8 Jal (e e eyl 4505 5~1 (&4
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Ol s aaal Las a3y JSal of 5 3 st luaad) iy sl 3 [MIQu, 1994]
Cuan i oy 30 Gpaal 38 5 A aal g bl el 2l ol aall dpanl S
Al L aadd s ey 33 e Jpemall gt 53 A Claad d 50 st ) ol
craidi g 3L dana Allas Jad glladd e ¥ ol S0 Aadlea aay Wil 85314 ¢ speed up

(g5l uall B O ) il g Aladd sy JusS il o2a

a8 1) g dlall g A3 sial) bl

:‘.,.a‘.'g_)lﬁjm G::_,.m iy ad

1) (3l diia y (Say [MJQu,1994]
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Al Jgeagll Jaf e 4K 32 Y -7
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aey () Slaay ) 43 siad Sl shall 3 e 3 sal (e dsthadd Ll ladd U
Adladl paa b S Alasiund]l ilalloal

;Agakaial) <

caula S o LS 43 se T 8 2lie¥) ol ad o (MIQu,1994] , [JJAT,1992]
e Jmant LK Sl Jaghai g Lpalidadl jualiadl (g CoaSlal (5 903 309 SIS0 I o (e siucaa
ke mis—all 13 Jaxy Ag KN N a (gilaia 7350 (o duilasal g ¢ (5550
) piia b (pe Ao el ASIAY Clagladl gaan Joad ¢ SUAT (e Aadusy S Jilosa
o mar ¢ il Lo A1 et Al 6 (A eg gy RSN CULAT (e Abida (B 53a )
ZHAY (5 e b o idaall 345 ¢f Layy cinterpretation (as ) sueish lo adiad Aladud
(s&m Lty [bit cost LN A | on LS o8 Aihia 3 o Asa) foi 0o aad Lexic 434
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140 5} giall Aga ) oA iy 3

doals AndD Ase 9 0a Lede 8 50D () Cllaad (e Ao pana Lol 3 5l Baj ) 20 s
Saae ENVLAY A0S e Lo Lad el Joliy Ly

3 iy b Al (5 gl Capulad (8 Rl Ay ) zilel i S0 o oa
g sial Cand gad £l gl G Lol o Skamy 5V Juail

14y gl e gid Jutas

a4 ) ) Chaaipad Jiad 21 [SeGA-1989] , [AnJe-1974] , [GSAG-1994]
Al gl 8 lellasial o Uillad (5305 WAREE 4Ky Lo g (ging 130 5 a3 ) 30 3200
D iy sk @ cyny Aarihadll Clalleal 2y 3450 cpa 5 AN el g Lld SN
(TeYoq Running time 343l o) N
o A iny el g e i Gl Al Ja I8 ay g0 03818 (63 a0 g
Lt a0 0 Akall ) Led Ta A0 Aaalll 3o dpe ) 5a0 e gl
clalleal s LG
Cyn Allae o b Dgllad clallaal 2o g8 33 il B Y T ol 8 padl (D Sl
ezt gadl Qg gl g 61580 a0 i Ll
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A Ll cfd S Al S5 11y ol phadd de ai 38 Clallad) agen of el i s
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14y 3 shal) lia 3 ) 53l ppenal
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:Reducing the number of processor clalled) s (addt .10
dalp s ey 45 e Apa )y gd Jlaatuly €l Clatladdl sie Galid Gl any i oSa i
| ot Gele Aaud g9 3450 )

1dsa ) ) gd BolS

(e 7 Ll a3 J g3 G f 301 i yus [WaCDaK] , [TLCP-1993] , [JHro-1997]
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e Al Ja claey g D ie g8 s ) a0 Jidas iy [RaRZ-1993] , [JeHk-1997]
il i) OS5 Lagay 3pe ) 550 diTiw A0 AW (S5 Laga t b g0 4 Jpeadd 5 L
3303 A0 8 Lgasis Ayna sl dagall T B 5 A Gisa ) en Lol ¢ G 1ol deaiiuadd)
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Abstract

Multitasking:
Multitasking is the ability of the computation system to executing more than one
task in the same time.
The algorithm in the multiprocessor computers is built on the multitasking and
the simultaneous executing.
[SeGA-1989] Multitasking programming depends on the understanding of the
method of executing instructions on data. A stream of instructions (the
algorithm) tells the computer what to do at each step. A stream of data (the input
of the algorithm) is affected by these instructions.
We can distinguish among four classes of computers:

1. SISD Computers: single instruction stream , single data stream

2. MISD Computers: Multiple instruction stream , single data stream

3. SIMD Computers: single instruction stream , Multiple data stream

4. MIMD Computers: Multiple instruction stream , multiple data stream

SIMD Computers:
In the most interesting problems that we wish to solve on an SIMD Computers ,
it is desirable for the processors to be able to communicate among themselves
during the computation in order to exchange data or intermediate results. This
can be achieved in two ways , giving rise to two subclasses : SIMD computers
where communication is through a shared memory and those where it is done
via an interconnection network.
Shared- Memory (SM) SIMD Computers:
[SeGA-1989] This class is also known in the literature as the Parallel Random —
Access Machine (PRAM) model.
During the execution of a parallel algorithm the N processors gain access to the
shared memory. However , the class of shared- memory SIMD computers can be
further divided into four subclasses, according to whether two or more
processors can gain access to the same memory location simultaneously:

1. Exclusive- Read , Exclusive- Write (EREW)SM SIMD Computers.

2. Concurrent- Read , Exclusive- Write (CREW)SM SIMD Computers.

3. Exclusive - Read , Concurrent - Write (ERCW)SM SIMD Computers.

4. Concurrent- Read , Concurrent - Write (CRCW)SM SIMD Computers.

Interconnection- Network SIMD Computers:

[SeGA-1989] This model is more powerful than the R-block shared memory , as
it allows instantaneous communication between any pair of processors. Several
pairs can thus communicate simultaneously (provided, of course, no more than
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one processor attempts to send data to or expects to receive data from another

processor).

Simple Networks For SIMD Computers:

The most popular of these networks are briefly outlined in what follows:
(i) Linear Array:
The simplest way to interconnect N processors is in the form of a one-
dimensional array , as shown in Fig. 1.1 for N=6. Here , processor P; is
linked to its two neighbors p;.; and p;) through a two-way communication
line. Each of the end processors , namely, p; and py , has only one neighbor.

P; P, P; P, Py Ps

Figure 1.1 Linear array connection

(ii) Two-Dimensional Array:
A two-dimensional network is obtained by arranging the N processors into an
mxm array, where m=N"?, as shown in Fig 1.2 for m=4.

Column 1 , 3
number
Row number
Pus Poy Pon Puy

0
1 Pum Pun Pan Puy
2 Pao Poy Pus Pay
3 Pog Pay Pon Puy

Figure 1.2 Two- dimensional array (or mesh) connection
(iii) Tree Connection:

In this network , the processors form a complete binary tree. Such a tree has
d levels , as shown in Fig. 1.3 .
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P; P

PR N

Ps
P Pig Py Py Py
Figure 1.3 Tree Connection

7

L

feaves Py . , s

(iv) Perfect Shuffle Connection:
Let N processors po,ps,---,pn.1 be available where N is a power of 2. In the
perfect shuffle interconnection a one- way line links pi to pj , where :
{ 2i for 0<i<N/2-1,
j=

2i+1-N for N/2 <€ 1< N-1,
as shown in Fig. 1.4 for N=8.

Po f--9 B Py =1 P Py p--1 P P, -1 Py

Figure 1.4 Perfect Shuffle Connection

(v) Cube Connection:
Assume that N= 29 for some q 2 1 and let N processors be available
Po,Pi»-sPx-1 - A g-dimensional cube (or hypercube) is obtained by connecting
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each processor to q neighbors. This is illustrated in Fig. 1.5 for g=3 . The
indices of pq,ps,...p7 are given in binary notation.

Pooo Po Powe Pan Pioo Pin Pre P

| B

Figure 1.5 Cube Connection for N=8

Thesis of Parallel Computation:

[MJQu,1994] It is well known that space and time are the two most important
resources characterizing the complexity of sequential computation. Time is still
important in parallel computations: the main reason for studying parallel
computation is the attempt to "speed up" the solution of computational
problems, and with more processing units available the time needed to solve a
given problem will be less. This fact points at processing units as the second
main requirement for parailel computation.

Parallel Computations and Algorithmic Models:
The Algorithmic Model:
[MJQu,1994] The model is described by the following rules:

1- at any instant , any number of processors can be used;

2- every processor can execute any operation (arithmetical or logical) in a

unit of time;

3- data access is at no cost;

4- communication among processors is at no cost.
The crucial resources needed by the model are the number of parallel steps
(number of time units) and the number of processors used , as a function of
problem size.

Boolean Circuits:

[MJQu,1994] , [JJAJ,1992] The ordinary computers are parallel machines. Each
computer is , in fact, made of electronic circuits with millions of switching
elements and transmission lines operating in parallel. Boolean circuits are a
logic model of electronic circuits.

The model works on problems represented by sequences of bits. All information
entering and exiting a real computer is encoded in a sequences represent data
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with some sort of structure, the meaning of a sequence depends on
interpretation.

Since operations are executed at the bit level, when an algorithm is expressed as
a Boolean circuit its cost is called bit cost ( while its complexity is called bit
complexity).

This is a measure of parallel cost. In a sense, the above characteristics make the
study of the complexity of parallel computations.

The Parallel Algorithm: -

The parallel algorithm defines as a set of operations that each of it execut it's
sequential algorithm and they are able to communicate among them selves by
interconnection network.

A parallel algorithm is a solution method for a given problem destined to be
performed on a parallel computer. In order to properly design such algorithms,
one needs to have a clear understanding of the model of computation underlying
the parallel computer.

Analyzing Parallel Algorithms:
[SeGA-1989] , [AnJe-1974] , [GSAG-1994] The analyzing parallel algorithms
determines how good an algorithm is, how fast, how expensive to run, and how
efficient it is in its use of the available resources. It is usually evaluated using
the following criteria: running time, number of processors used, and cost.
1- Running Time:
This is defined as the time taken by the algorithm to solve a problem on a
parallel computer, that is, the time elapsed from the moment the algorithm
starts to the moment it terminates.
2- Number of processors:
The second most important criterion in evaluating a parallel algorithm is the
number of processors it requires to solve a problem . it costs money to
purchase, maintain, and run computers.
3- Cost:
The cost of a parallel algorithm is defined as the product of the previous two
measures; hence
Cost = Paralle] running time x Number of processors used
In other words , cost equals the number of steps executed collectively by all
processors in solving a problem in the worst case. This definition assumes
that all processors execute the same number of steps. If this is not the case,
then cost is an upper bound on the total number of steps executed.

Designing Parallel Algorithms:
[[Fos-1994] , [JeHk-1997} , [BrCMal-1992] , [JHKi-1990] The most natural
approach to developing parallel algorithms is to start from a sequential
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algorithm, then to identify the independent steps, and finally to obtain a parallel
version,
This simple conversion from sequential to parallel often produces algorithms
with a low degree of parallelism. Hence there arises the problem of determining
strategies for obtaining efficient parallel algorithms. There is no general method
for the best parallelization of a given problem. However, there are techniques
that are successfully used in different problems. We will introduce a few widely
applicable methods.
1- Divide et impera:
It consists of dividing the problem into subproblems of the same kind but of
lesser size and then rearranging the solutions. This technique is sometimes
very efficient. In fact, it allows us to express problems in terms of
independent subproblems. These in turn can be solved in parallel, and their
solution to the original problem.
2- Vectorization:
Vectorization is a technique that, starting from the analysis of a problem,
produces algorithms working on data structures well suited for vector
computations (typically vectors and matrices).
3- Vector iterations:
The method of vector iterations has been introduced by Traub and others for
solving tridiagonal linear systems. Starting from a direct sequential method, a
parallel iterative method is built.
4- Recursive doubling:
Recursive doubling consists of turning a computation graph such as the one
shown in figure 2.1(a) into the graph shown in figure 2.1(b). it enables us to
obtain a graph with logarithmic depth from a graph with linear depth.

@)

/ \ /o< o
/ \ / - /O\O O
NIV v
7N\
o O
VAN
O O
(b) logarithmic depth graph (a) linear depth graph
Figure 2.1
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Reducing the number of processors:

Sometimes it is possible to reduce the order of magnitude of the number of
processors used by a parallel algorithm by increasing the execution time by a
constant factor.

The Algorithm Cost:
[WaCDaK} , [TLCP-1993] , [JHro-1997]The cost is defined as the product of

the number of processors used in the algorithm and the running time of the
algorithm.

The Comparison Of The Parallel Algorithms With The Sequential
Algorithms:

[RaRz-1993] , [JeHk-1997] The analysis of the algorithms declares in the
comparison of the algorithms that dissolve the same problem. For any machine
and for any programming language:

Let us assume that we have two algorithms A and B. the two algorithms are
executed the same problem. We want to know that the algorithm A is better than
the algorithm B.

Parallel Algorithms To Solve Some Problems On Multiprocessors
Computers:

Broadcast Algorithm:

Let D be a location in memory holding a datum that all N processors need at a
given moment auring the execution of an algorithm. This is a special case of the
more general multiple-read situation and can be simulated on an EREW

computer by broadcasting process. We gave this process formally as procedure
BROADCAST.

The Supervision Of The Termination:

Sometimes we need to know whether the processors are done its work or not. A
location F holding a Boolean value can be set aside in the shared memory to
signal that one of the processors has terminated and, consequently, that all other
processors should terminate their work. Initially , F is set to false when a
processor terminate it's work it sets F to true. At every step of the work all
processors check F to see if it is true and stop if this is the case. When we work
on the EREW model this process log N steps are needed to broadcast the value
of F each time the processors need it. This lead to increase the running time. In
the CREW SM SIMD computer, since concurrent-read operations are allowed, it
takes one step for all processors to read F and this decrease the running time.
Finally we note that sometimes more than one processor terminate its work in
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the same time and hence more than one processor may need to report success at
the same time. This means that two or more processors will attempt to write into
location F simultaneously, a situation that can only be handled by a CREW SM
SIMD computer.

Searching On A Tree:
{GC.0,1993], [KMJIm,1982] , [CSJJ,1981] Searching is one of the most

fundamental operations in the field of computing. It is used in any application
where we need to find out whether an element belongs to a list or, more
generally, retrieve from a file information associated with that element. In its
most basic form the searching problem is stated as follows: Given a sequence S
= { s1,82,..,5} Of integers and an integer X, it is required to determine whether x
= g, for some sy in S.
In sequential computing , the problem is solved by scanning the sequence S and
comparing x with its successive elements until either an integer equal to x is
found or the sequence is exhausted without success. A tree- connected SIMD
computer with n leaves is available for searching a file of n records. Each leaf of
the tree stores one record of the file to be searched. The root is in charge of
receiving input from the outside world and passing a copy of it to each of its two
children . it is also responsible for producing output received from its two
children to outside world. As for the intermediate nodes, each of these is capable
of:
1- receiving one input from its parent, making two copies of it, and sending
one copy to each of its two children ; and
2- receiving two inputs from its children, combining them, end passing the
result to its parent.

Input/output
O p tpu
root

Intermediate

Figure 3.2 Tree-connected computer for searching
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Parallel Algorithms Applications:
In this section it is shown some of decision and optimization problems
applications that used efficient parallel algorithms such as computing prefix
sums. We use the problems of job sequencing with deadlines which is decision
problem and knapsack problem which is optimization one.
In the two problems there are an algorithm on parallel computer with tree-
connection and each of them used computing prefix sums. Since it is shown
several computer models.

- SEQUENTIAL SUMS (for the sequential case).

- PARALLEL SUMS (for multiprocessor computer).

- ALLSUMS (for computing all sums)

- Prefix sums of a tree

- Prefix sums of mesh

Job Sequencing with deadline:

A set of n jobs J = {jo,j1,--4Jn1} 1S given to be processed on a single machine. The
machine can execute one job at a time , and when it is assigned a job, it must
complete it before the next job can be processed. With each job j; is associated:
(i) a processing t; and

(ii) a deadline d; by which it must be completed.

A schedule is a permutation of the jobs in J that determines the order of their
execution . a schedule is said to be feasible if each job finishes by its deadline.
The question is: Given n jobs {jo.j1,.-4ja-1} With processing time {to,t1,..,to.1} and
deadlines {dy,di,..,dn1} , does a feasible schedule exist? It turns out that this
question can be answered in the affirmative if and only if any schedule where
the jobs are executed in nondecreasing order of deadlines is feasible. Therefore ,
to solve the problem, it suffices to arrange the jobs in order of nondecreasing
deadlines and test whether this yields a feasible schedule. In case it does , we
know that the answer to the question is yes, otherwise the answer is no.
sequentially ,this algorithm requires O(n log n) time to sort the jobs and then
O(n) time to test whether each job can be completed by its deadline.

The Knapsack Problem:
[MLFi,1981], [WShi,1979] , [DFGP,1982]We are given a knapsack that

can carry a maximum weight of W and a set n objects A={ao,as,..,2,.1} Whose
respective weights are {Wo,W1,..,Wy.1} associated with each object is a profit, the

set of profits being denoted by {po,p1,..,Pa-1}. If we place in the knapsack a
function z; of the object whose weight is w; , where 0 < z; < 1, then a profit of
zip; is gained. Our purpose is to fill the knapsack with objects (or fractions
thereof) such that
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(i) the total weight of the total weight of the selected objects does not
exceed W and

(i) the total profit gained is large as possible. We have dissolved this
problem on parallel computer with tree- connection and on a mesh-
connection parallel computer.

Parallel Algorithm On Multiprocessors Computer With Shared
Memory:

Our study begins by showing some famous problems and enclose their
definitions and its sequential and parallel algorithms for several models of
computer and its connection-models. Since, it is shown an analysis of each
algorithm for study its efficiency and its time cost with some examples.

We will have two problems of comparison problems. The first is known as the
selection problem. It rises in many applications in computer science and
statistics. The second is that of merging. Which belongs to comparison
problems. In computer science, merging arises in a variety of contexts including
database applications in particular and the file management in general. Many of
these applications , of course, involve the merging of nonnumeric data.
Furthermore, it is often necessary once the merging is complete to delete
duplicate entries from the resulting sequence.

Selection Problem:

QOur study of parallel algorithm design and analysis take in the following
problem:

Given a sequence S of n elements and an integer k, where 1S k < n, it is
required to determine the k th smallest element in S. this is known as the
selection problem. It arises in many applications in computer science and
statistics. Our purpose is to present a parallel algorithm for solving this problem
on the shared-memory SIMD model. The algorithm will be designed to meet a
number of goals, and our analysis will then confirm that these goals have indeed
been met. This problem belongs to family of problems known as comparison
problems. These problems are usually solved by comparing pairs of elements of
an input sequence. We start in this section by the selection problem formally and
deriving a lower bound on the number of steps required for solving it on a
sequential computer. This translates into a lower bound on the cost of any
parallel algorithm for selection. An optimal sequential algorithm is presented.
Our design goals are stated in the form of properties generally desirable in any
parallel algorithm. Since, there are the parallel selection algorithm and its
analysis.
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Merging problem:
This problem belongs to a class of problems known as comparison problems. It
is defined as follows :
let A={ag,a,..,3n.1} and B={by,b,,..,.b,1} be two sequences of numbers sorted in
non decreasing order ; it is required to merge A and B, that is, to form a third
sequence C = {Co,C1,-.,Crs} » also sorted in nondecreasing order, such that each ¢;
in C belongs to either A or B and each a; and b; appears exactly once in C.
A Network For Merging:
We saw that special-purpose parallel architectures can be obtained in any one of
the following ways:

(i) using specialized processors together with a conventional

interconnection network,
(i) using a custom-designed interconnection network to link standard
processors, or

(iii) using a combination of (i) and (ii).

We shall take the third of these approaches.
Merging will be accomplished by a collection of very simple processors
communicating through a special-purpose network. This special-purpose parallel
architecture is known as an (r,s)-merging network. All the processors to be used
are identical and are called comparators. As illustrated by Fig 3.9.

« Smallerof x and y

y ————* — Largerofxand y

Figure 3.9 comparator

The only operation a comparator is capable of perfoming is to compare the
values of its two inputs and then place the smaller and larger of the two on its
top and bottom output lines, respectively.

We begin by describing a special-purpose parallel architecture for merging. A
parallel algorithm for the CREW SM SIMD model is presented that is adaptive
and cost optimal. Since the algorithm invokes a sequential procedure for
merging , that procedure is also described. It is shown how the concurrent- read
operations can be removed from the parallel algorithm by simulating it on an
EREW computer. Finally, an adaptive and optimal algorithm for the EREW SM
SIMD model is presented whose running time is smaller than that of the
simulation. The algorithm is based on a sequential procedure for finding the
median of two sorted sequences also described.
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The Results:

- The study of the parallel algorithms this new subclass of the informatics
subclasses is a difficult problem in the actual time especially because
there isn't acceptable machines that allow off compiler the given
algorithms in this study to have practical programs and when we
execution it on factual problems we materialize the pith of the results that
possibly we access it.

- We have explained in the first chapter the intension of the multiprocessors
systems and their definition, classification, and the study of how their
connection. As we have introduced results and ideas about the theory of
parallel computation, with some models of parallel computation.

- We have studied in the second chapter the parallel algorithms and their
kinds, properties, design techniques, analysis measures, and cost
limitation.

- We have introduced in the third chapter a crucial problems and their
parallel algorithms on multiprocessors computers. The parallel algorithms
help in recurrence more information and best solution in decreasing the
cost of the problems. This problems give liberally to illustration the touch
of the parallelism in increasing the size of problems that can solve and
decreasing the optimal solution that is the algorithm of supervision of the
termination reports an early access to the solution, thus, conducts to
dzcreasing the running time.

The Proposals And The Recommendations:

- I suggest proceeding gross study for all the problems in the parallel
system, and understanding the methods of parallel computers and their
connection networks for allocation the suitable algorithms for solve this
problems.

- Essential proceeding profound studies for destination the processes to the
processors to have the best results from the parallel programming.

- Developing the ancient algorithms to solve the problems that there are not
gross solution for them.

- Putting a through study for the transport of the information problem and
search for algorithms that allow in treatment, change, and developing
them.
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CPorml::divary{ CVBArray<int>
{

LVariant Ti ;
CVariant Tj ;
CVariant TN ;
"BYTE TM = 0;
CVBArray<int>TA {CVBBounds (S50 ),
CVeriant vbOKOniy ;

B

&ar, int &d, int

CVBBounds (}) H

Args iSa jase");

/2 + 1;

MsgBox (" i dl s3>00");

2;

&%)

for (Ti=0; Ti<=(CVariant)(d - 1}; Ti++)

T = 0;
TN = d;
if {d==2017) {
MsgBox ("Y
return;
}
if ( ¥ == 0 & ar |{
MsgBox ("Y
return;
}
™ =d % 2;
if { TM == 1} {
™ = d
if { ar { TM) == )|
return;
}
else {
d=d /
if { X <ar {(d) ) {
TA { Tj) = ar

Tj = T3 + (CvVariant} (1);
}

divary ( TempLocn ( TA), d, X);

: }
else if ( X == ar { d)

{ Ti);

{

MsgBox (" aisall 54>44");

return;

}

else if { X »>ar {d)y )

{

for (Ti=d + 1; Ti<=TN; Ti++) {

TA ( Ti) = ar

Tj = Tj + (CVariant) {1};
}
divary { TempLocn { TA), d, X);

}

( Ti}:
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else {
MsgBox (" paied! 322"}

return;
}
}
}
else {
d=d/ 2;
if ({ X < ar { 4) )} {
for {7i=0; Ti<=(CVariant) (d - 1); Ti++t)
TA { Tj) = ar ( Ti):

T4 = Tj + {CVariant) (1);
1
divary { TemplLocn ( TA}, d, X);
}
else if { X ==ar (d) ) {
MsgBox (" jaiadl >4>5.0");

}

else if { X >ar {(d) ) {
for (Ti=d + 1; Ti<=TN; Ti++) {
TA ( Tj) = ar ( Ti}:

Ti = T + (CVariant) {(1);
i

divary { TemplLocn { TA}, d, X):

alse {
MsgBox (" _uaiedl o5s>pa");
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