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Abstract

In this paper, a systolic array for polyadic-nonserial DP problms is designed, the performance is
analyzed and the efficient operating method is proposed. The algorithm is transformed to remove
the broadcasting and global communication paths in the data dependece step by step. The trans-
formed algorithm is mapping to the systolic array using the method proposed by D. I. Moldovan.
The designed array is homogenous, has the processing elements of (n+1)/2 and 2n computation time
(n is the size of problm). In case of being many problms to process, the efficiency of array can be
upward by inputing the problms successively. The interval between the initiations of two successive

problem instances is [n/2{+1 and the speed-up is about 4. The processor utilizations of each case
are calculated.
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Algorithm for polyadic-nonserial DP Problm
Input: a string of the initial values CO;, ISi=n—1
Output: C;,
begin

for i=1 t6 n—1 do
Ciin < CO,
for d=2 to n—1 do
for i=1 to n—d do
begin
je d+i
C.,<0
for k=i+1 to j—1 do
Cise glhciw, cxs) )
end

end
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Parallel Algorithm for Polyadic-nonserial DP Problm

begin
for all 1=2iSn—1 do in parallel
Crinie COy
all for
for all 1=i<j=n do in parallel
Cu,e0

for all i<k<j do in parallel
Ci, < g(h(Cik, Cis) )

all for
all for
end
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The dependence graph of polyadic-non-
serial DP (n=6).

Fig. 1.
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Algorithm with the constant fan-in and fan-out
begin
for all 1=i<j=n do in parallel
Ciy €0
if j—i=1 then
Ci g € COy
else
for all i=k=j do in parallel
if k=) then
a1,k Ciaky Cigk € Cipk-1
else
B4,k B4,-1k
end if
if i=k then
bk € Crsx
else
by sk € biss
end if
if k=[(i+j}/2] then
S g(h (a1 buw)
hs (84,510 5% bises—x) )
else
if [(i+j)/21<k<j then
Cisk € 8 (Ci..,,k—x. h, (al.J,k. bl.J‘k) .
ha (8,500 5-xs by sses—x) )
end if
end if
all for
end if
all for

end
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Algorithm with the constant fan-in,fan-out and localized path
begin
for all 1=i=jSn do in parallel
Ciyu €0
if j—i=1 then
Cipk & CO;
else
for all [(i+j)/2]=k=j do in parallel
if j=k then
a1, Ciioier €10k € Ciungy Crsk € Chpk o1
else
81k -1k, €k T @bkt
if [(i+1)/2]=k then
if eve,:(j*i) then
dis © im0 bk S e
else
disk S dismixi, b S by
end if if
Cuak <8 (B bisn) he(di sk, €10
else
disk ¢ digork-1, bisk ©bigyg
Cok <& (Crm-1, hr (B, Bus) s he (A s, €10) )
end if
end if
all for
end if
all for

end
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Systolic Algorithm for Polyadic-Nonserial
begin
for all 1=y<x=n do in parallel

if x—y=1 then
Cx,xt € €Oy

end if

for all [3z/2]=t=2z do in parallel
if 2z=t then

x5 ¢ Cxyxt-1s €xat < Cxxeens Cxon ¢~ 0

else

At T aAx-uxt-1, €xt T €xaert

if t=[3z/2] then
if even(z) then

dxowt € Bx- it 1 bxoxt € €xomney

else
Ay du- 1,312, byt = bayire-z
end if
x4 & (hi{8x3t bxwt) s he (A, €x,38) )
else

dx 3t € dxo 1 3t-20 Byt < bioyern-z
Cxo3t B (Cxmemrs Mi (x5, bs)
he (dxses €x51) )
end if
end if
all for
all for

end
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222] 27l wte} Stk o) e, 072
ch, 229 m2ol A m37z EAske Melr|at 53
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if mly,y, ;=0 then mly,< 1 else mly,+ 0 end if
if Flxy=1 and F24,=1 then
Input initial values (z=1)
Fleye 0, F2x5< 0, m2x5= 1, m3x,< 1
alse
if mly,=1 then
if m255,,=1 then
Even of Condition1, m2xy< 1, Fgxye 1
else m2yx,< 0 end if
else
if m2x,y.,=1 then
Fle,< 1
else
if Flxy=1 then
Odd of Condition 2, Fley=0, Fgxy< 1,
m2yy <1
else m2,,¢ 0 end if
end if
end if
if F25,=1 then
Condition 3, F2x,< 0, Fgey<0,m3,,<1
else
m3,,¢< 0
if m3xy.1=1 then F2x,¢ 1 end if
if Fgx,y=1 then Condition 2 end if
end if
end if
AAR Aot gE odelE: FA&H 1y

3} Rt
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Fig. 3. The designed systolic array (n==6).
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T=[ (max I (J,—J,)+1)/(min T d;)] (1)

A7|A [~ AAAAANM FallAl (1, —2,1)J,,J,
© dagdge aldl s Fakol A qlele] £ 24olrt,
min(II+di) = 1°]32 FA2 277} nol™ max (I-J,
=) +1="11,—-2,1) - (n—1,0,n—2)"+1=2n—2 7}
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2717F nol=d
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ol ch
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N=n(n—1)/2° =z &

N=n(n+1)/2
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=ls§nVl(Lz/2J+l) - (n—z)

=n(n—1/2+ ¥ (z/2]-

a2 o] &8 4= ohd} b
pu=n—-1)/2+ 3 ((2/2) - (n—2))])/

1=zsn-1

((n(n—1)/2) - 2(n—1)] (6
o] 7] FAL A7 & neg sty [=z5n9 WY

2 83 ng nt 18 53 AS AAsd
m=[n(n+1)/2+ m};}ﬂ (Lz/2]+ (n+1—2)))/
((n(n+1)/2) - 2n) (7)

o] Hrf,

ol o ©o 2

1% Jswn ‘T‘ ’E‘ 131%1'

- (n—z)
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—
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&-3 ol
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O

[z/2J+l‘ (

@x©

)
oAalole) 277 nal A% HAe AQALE o
<7 2
At=[n/2)+1 (9)
2 A7 ANE AQARel AL o AT B
z}o} & 2}] (block pipeline) Al7kelel dhc,
A7 AL QA A Al °|-§-%—3—
Aol $Alo) 47 Bobarel ohe Zobsha o

ey
=M - P(n)/(TI ¢ N) (10)
A7]A M AHelgh FAlel gola, ojul A4
7
T,=M—1)At+2n
ol P(n)& & FAE M o A&st= A7
o %24
Pin)= 2 ( X (h—2z+1) ) (11)
1sts2n (t/21szs |12t/3jsn
ofch, el Mg FA st i Fuf o|fg2
> =M-Pn)/(M—1)At+2n)n(n+1)/2)
=P(n)/(((1—1/M) At+2n/M)n(n+1)/2)
=2P (n)/{At - n(n+1)) (12)

dgoe Jud A AejLro Fabe
S=2n/At=2n/(In/2]+1) =4 (13)
ol e},

ot F& AL 27] a2 AA7E T sl
g A7l o] &4 viepd Zlolr},

E 1. n3 Toll gk HE7le) ofd&

Table 1. Processor utilization to n, T.

H M2
n=5 | n=20 | n=100{ n=5{ n=20 | n=100
10 | .18667| . 10619 | . 02501 | . 42667 | . 10619 | . 02501
50 | .18667 | .10933 [ .07549 | .58533 | . 30848 | . 07549
100 | . 18667 | . 11548 [ . 10911 . 60267 | . 35343 ) . 14556
200 | .18667 | .11012 | .08874 | .61300 ( .37702 . 24145
1000 | . 18667 | . 11012 . 08874 | . 62027 [ . 39580 | . 32671
oo | 18667 . 11012 | .08874 | . 62222 | . 40043 | . 34075

| & oldllelel a2 AR
ol &g 7‘]“:1:‘}57_, 2] 2] A] 7}o| 7i_,+5]u4,q od 4] of
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