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PRAM with some hardware details shown.
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Number Network Bicection Node Local
Network namels) of nodes diameter  width degree links?
1D mesh (linear array) k k—1 1 2 Yes
1D torus (ring, loop) k k72 2 2 Yes
2D Mesh K 2k—2 k 4 Yes
2D torus (k-ary 2-cube)  &° k 2k 4 Yes!
3D mesh & 3k-3 K 6 Yes
3D torus (k-ary 3-cube) & 3472 2K 6 Yes!
Pyramid (42 —-1)/3  2log, k 2k 9 No
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Hypercube 2/ / 241 / No
Cube-connected cycles 27/ 217 241 3 No
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! With folded layout
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: (DATA BRODCASTING) W sala jLii) 8, ¥

Jla 3 (U500 sl 21y ealali 4g 023318 4y Sl 8313 LAIH) One_To_All JL&SH <l ¢ s ol v/
: shal a8l EREW PRAM
L eS A W sl il 4 P s Hla ) \)L“gaew)ssaeiu;d\ b ) ealdiad b
Making P Copies of B[0] by Recursive Doubling

fork=0to |_Iogzp-|— 1 Pj,0<j<p,do fork=0to |—Iog2p_|— 1 do
Copy B[j] into B[j+ 2] for j=0to , p-1 do
endfor Copy Pj, BIj] into Bj + 2]
endfor
endfor
P: la aJ&j\J‘)g: Alaxs B: Sl PUSTIEN

sl Y"u’i‘,‘)@t\gﬁ\lﬁaﬁub&@_i\u\bﬁd‘)r&gb‘)&ﬁzpllUPO‘}\ASAJ‘,..:::J}‘}\J#\Y Lg\)\aéu;wd.;:d&

Js) Al 5a 5 o0 alad) A3 Ka EREW Jae 50 la ool il " AEE o
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via recursive doubling.

Py 421, (B[0]) 255 Llia Py (K=0) ey sSU (52 8 Jglala ja 0 23 8 e oaaliia (38 o) Sl ;248 ) shailes
() oy A).L. 5038 e P2 4 aul (B[O]) ot 055) 48 (B[1]) 253 Jlaie 5 P15 03 S e

K j P; B[j] B[j+2"]
0 0 PO B[O] B[1]
0 1 P1 B[1] B[2]
0 2 P2 B[2] B[3]
0 3 P3 B[3] B[4]
0 4 P4 B[4] B[5]
0 5 P5 B[5] B[6]
0 6 P6 B[6] B[7]
0 7 P7 B[7] B[8]
0 8 P8 B[8] B[9]
0 9 P9 B[9] B[10]
0 10 P10 B[10] B[11]
0 11 P11
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P3 421, (B[1]) 25 ,lie P1 503 S s P, 43 )5 (B[0]) 253 Ul Py (K=1) sl S (3 8 50 ala po 53 (sinas
(o ¥ G &) L sea S i

K j P; B[j] B[j+2"]
1 0 PO B[O] B[2]
1 1 P1 B[1] B[3]
1 2 P2 B[2] B[4]
1 3 P3 B[3] B[5]
1 4 P4 B[4] B[6]
1 5 P5 B[5] B[7]
1 6 P6 B[6] B[8]
1 7 P7 B[7] B[9]
1 8 P8 B[8] B[10]
1 9 P9 B[9] B[11]
1 10 P10
1 11 P11
(ol ¥ 3 pl8) (K=2) oy Aln e
K j P; B[j] B[j+2"]
2 0 PO B[O] B[4]
2 1 P1 B[1] B[5]
2 2 P2 B[2] B[6]
2 3 P3 B[3] B[7]
2 4 P4 B[4] B[8]
2 5 P5 B[5] B[9]
2 6 P6 B[6] B[10]
2 7 P7 B[7] B[11]
2 8 P8
2 9 P9
2 10 P10
2 11 P11
(ol A Gy 8) 1(K=3) plen 4l s
K j P; B[j] B[j+2"]
3 0 PO B[O] B[8]
3 1 P1 B[1] B[9]
3 2 P2 B[2] B[10]
3 3 P3 B[3] B[11]
3 4 P4
3 5 P5
3 6 P6
3 7 P7
3 8 P8
3 9 P9
3 10 P10
3 11 P11
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D " AEE S M il Y Ghig) 4 EREW PRAM Jie 3 W o)y JLED) 4S8y 3 gags ) 650 v/
tCal 028 o g ) Aty S (58 JSE Y ad ) shie 4y

Pi write the data value into B[0]
s:=1

while s<p Pj, 0<j<min(s, p -s),do
Copy BJj] into B[j + s]

§s:=2s

endwhile

Pj, 0 <j < p, read the data value in B[]

while s<p do
for j=0to min(s, p—s)-1 do
Copy Pj, B[j] into B[j + s]
s =125
endfor
endwhile

2L e (P) W o33y dasieagana ) W (S s = A Jidb 44 (S<P) L)&é}é(ﬂﬁ)ﬁ\ By

Al 0 039 381 () 43 5l K3 gl (S ) Qliia) dida 4 min((S, p-S) o< 5 s
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Fig. 5.3 EREW PRAM data broadcasting

withniit readiindant ~rAanuvina
VVILI INVAWAL I N NAAT INAGAT T L VV?I ll_\=1-

(< ) Gy 8) 1(S=1) J) i R

i P; Min(S,P-S) B[j] B[j+S]

1 0 PO Min(1,12-1)=1 B[O] B[1]

(ol Y (g al8) 2(S=2) ps2 (i R

S j P; Min(S,P-S) B[j] B[j+S]

2 0 PO  Min(2,12-2)=2 B[O] B[2]

2 1 P1  Min(2,12-2)=2 B[1] B[3]

(ol ¥ s p8) (S=4) o 2 K

S i P; Min(S,P-S) B[j] B[j+S]

4 0 PO  Min(4,12-4)=4 B[O] B[4]

4 1 P1  Min(4,12-4)=4 B[1] B[5]

4 2 P2  Min(4,12-4)=4 B[2] B[6]

4 3 P3  Min(4,12-4)=4 B[3] B[7]
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(Sl A iy o8) 1(S=8) plen L2 R

S j P,  Min(S,P-S) B[j] B[j+S]
8 0 PO Min(8,12-8)=4 B[O] B[8]
8 1 P1  Min(8,12-8)=4 B[1] B[9]
8 2 P2 Min(8,12-8)=4 B[2] B[10]
8 3 P3  Min(8,12-8)=4 B[3] B[11]
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fork=1top-1Processorj0<j<p,do
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» 4
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Processor j, 0 <j < p, write 0 into R[j] Ay (o 0213155 a2l 4di) 4 da g ye 4S R 4l i

for k =1 to p — 1 Processor j, 0 <j <p, do 5ol J AR Y L o3l 5 50 se pshar G 03 8 (o0 s

l:=(j+k) mod p 5 (S5 sS Cdle ) 23S anli aa 15 § 4 3ol ]

if S[I] < Sljlor S[I]=S[jland I <j Ol (o) 7) Ad 53y 03 315 4 ap (5 )y )y saa 0

then R[j] := R[j] + 1 83 e S5 2l G (R) 4, 41 a1 354
endif

endfor oaddia ) a3y 8 Asi ) R 4l i sty S aladl )

Processor j, 0 <j < p, write S [j] into S[R[j]] il ea S

L oij\d‘)..g daxi - P
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_i\...u\J};}AS)AAS::J.'\J'\A#)AM\A‘L)L)Q)A@EJ:R[i]

Yo



(P=4) 1 o)l ¥ 53 la 02l (5 ks i ye (513 (358 ) S 5 e Cansy sl 1 Jlia
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0 7 0 0

1 12 1 0

2 | 2 2 | 0

3 12 3 0
K j t(+ImodP Pj S[j1 - Sl Rl/]
1 0 1 PO 7 12 0
11 2 P1 12 2 !
1 2 3 P2 2 12 0
K j L=*kmodP Pj Sl SI R[j]
2 0 2 PO 7 2 1
1 3 P1 12 12 1
2 2 0 P2 27 -
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K j L=*kmodP Pi Sl Sl RIj1
3 1 0 P1 12 7 2
3 3 2 P3 12 2 3

Processor j, 0 <j < p, write S [j] into S[R[j]]
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Fig. 5.7 Parallel prefix computation using a divide-and-conquer scheme.

0:n-2
0:n-1

YA



(42535 clla) Parallel Orefix G 4 4 5 s oy 580 v/
358 il e ju U aiS e adin/2 B Y 49, Ll 5 alasxilasybn S clls gyl o
2 g (oo S il el 50 g 0% A1 g tan i3 8 slend )y 5 s s sleds ).

A e B S e T e e AT e T
A ALgOT ithm
Xog X4 X5 Xo X o1
< < - [
h 4 v I
|
|
|
|
|
w - w - -
Paraiiei prefix
computation on n/2
cdd-indexed inputs
24 R o« = . ® - &
NG I O I NG I NG I N NG B o PN TN TN ]
{ =)z e Yo Yo Ya ) " e Yo e e )
N A AL L L LS N AL L L S
T T T T T T T T T T
v v v v v v v v v w v
O:0 C:2 O:11-2

: (Ranking the Elements of a Linked List) g Coudd Sg palis gl 45, 0.0
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Fig. 5.10 PRAM data structures representing a linked list and the ranking
results.
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L aS Gl (gl eala laidla (il Next (siw (s) sine 45 250 o« next s info Osie ¥ Jald (4,3\)]) .98 22l ylaidlis
P E s 53K cao LI E 254359 JSE 0 A 35 (s D) 2 e oLl K0 3514305585 5,9 JSE 4 4
(G F ooy Jlaialas 53 A 355 Next o) sine 18 23l (o ¥ il (51513 00l Glaiala

D el (e (558 001y laiali ) saldind b PRAM L2 (Rank) (22 4 o) S gl 4o s

PRAM list ranking algorithm (via pointer jumping)

Processor j, 0 <j < p, do {initialize the partial ranks}

if next[j ]=j

then ranklj] :=

else rankl[j] :=

endif

while rank[next[head]] #0 Processor J, 0<j<p, do
ranklj] := rank[j] + rank [next|j]]
next|j] := next[next[j]]

endwhile
s o oK e
RANK 1 (e 4als) lie Rank 401 1l (368 o5 ) SV I Caand i)
0 1
1 1
2 1
3 0
4 1
5 1 Dbl sl A While Caend ) SS (bl (e
Dds) lsa
rank[jl:=rank[jl+rank[next[j]] < ke laug Rank _wid: <all
RANK
2
1
2
0
2
2




o)

Next[j]:=Next[Next[j]] <_le businext w1

info Next
A 1[5
B 3 -
c 0
D 3 .
E 3
el
e DS
rank[j]:=rank[j]+rank[next[j]] < ke b Rank s : <l
RANK
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Parallel rank-based selection algorithm PRAMselect(S, k, p)
1.ifIS1<4
then sort S and return the kth smallest element of S
else broadcast IS to all p processors
divide S into p subsequences S(j ) of size IS | /p
Processor j, 0 <j < p, compute the median 7j : = select (S(j), IS(j )I/2)
endif
2. m = PRAMselect (T, ITI/2, p) {find the median of the medians in parallel}
3. Broadcast m to all processors and create 3 subsequences
L: Elements of S that are <m
E: Elements of S that are =m
G: Elements of S that are > m
4.ifILI =2k
then return PRAMselect (L, k, p)
elseif ILI + |E| > k
then return m
else return PRAMselect (G, k - IL | - |E, p)
endif

(A SELECTION-BASED SORTING ALGORITHM) i) sbisa g s jbw e gy &0 7Y

Parallel selection-based sorting algorithm PRAMselectionsort(S, p)
1. if IS| < k then return quicksort (S)
2.fori=1tok-1do
mi := PRAMselect (S, i ISl/k, p)
{for notational convenience, let mo := -0 ;mk := + }
endfor
3.fori=0tok-1do
make the sublist 7 (i) from elements of S that are between mi and mi+1
endfor
4.fori=1to k /2 do in parallel
PRAMselectionsort (T (i), 2p/k)
{p/(k/2) processors are used for each of the k/2 subproblems}
endfor
5.fori=k/2 + 1 to k do in parallel
PRAMselectionsort(T (i), 2p/k)
Endfor
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2.fori=1to 3 do
mi := PRAMselect (S, i 25/4, 5)
{for notational convenience, let mo := —o ; mk := 400 }

Endfor
i=1 ——> 1*25/4 = 6 m,= PRAMselect (S,6, 5) = 2
i=2 ——> 2*25/4 = 13 m,= PRAMselect (S,13, 5) = 4
i=3 ———> 3*25/4 = 19 ms= PRAMselect (S,19, 5) = 6

;ﬁﬁwdgﬁuﬁswﬁj\‘qbsg\jaﬂa.gdumé,\kdla_ul__‘wmom_oo 3 My i= +0©0 o)) gt 4S

3.fori=0tok-1do
make the sublist 7 (i) from elements of S that are between mi and mi+1
endfor

i=0 —> To={0,0,1,1,1,2} mys mg o yalic
i=1 —> T:={2,3,3,4,4,4,4} m,5 my On salic
i=2 —> T,={5,5,5,5,5,6} m3s m, (m ralic
i=3 —> T:={6,6,7,7,8,9} m,s m; (n palic
T:----- 2l------ 4l----- 6l------

T:0011121233444415555561667789

Jaxiala o pp 248 2pddn 500 8 el al Gsdae sana ) Pl sl S e ) KU 0 5 F o Gab Jls
(335 (o0 oS L 523 3l

4. fori=1tok /2 do in parallel
PRAMselectionsort (T (i), 2p/k)
{p/(k/2) processors are used for each of the k/2 subproblems}
endfor
5.fori=k/2 + 1 to k do in parallel
PRAMselectionsort(T (i), 2p/k)
Endfor
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