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Abstract: A new parallel algorithm for the knapsack problem is proposed, in which the method of divide and
conquer is adopted. Based on an CREW-SIMD machine with shared memory, the proposed algorithm needs
02"~ processors, 0< ¢ < 1, and 02" memory to find a solution for the n-element knapsack problem in O(2"*-
(2"*)%) time. The cost of the algorithm is O(2"?), which is optimal and an improved result over the past researches.
The wrong results in corresponding literatures are also pointed out in this paper.
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BT SR AT VR IE T HR AT 3RV DR 1 S TR7 PR 3 ik L
Z FRE % (the two list algorithm).
L AERiB
(1) ¥ W5y PR Wy R W, W =W 1, W, W) s Wa= (W24 1, W25 - W) -
(2) B Wy AT N AN AT RER TR 2 M JER EA L AR B P A7 I AE R A=[4,,4s,...,AN] .
(3) BB Wy AT N AW REI THE M B E A 4% AETH P A7 AT % B=[B\,B,,....By]'].
1L R B
(1) i=1,j=1.
(2) If 47+B=M, then stop: a solution is found.
(3) If 4+B;<M, then i=i+1; else j=j+1.
(4) If >N or j>N then stop: there is no solution.
(5) Go to (2).
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Fig.1 The partition and merger of list 4,,_; and 4 LA
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FHE B E s (the list generating algorithm).

begin

fori=1ton/4 do
do in parallel
produce all of the subset sums of 4, in nondecreasing order.

end do
end for
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fori=n/4+1ton/2 do
do in parallel
produce all the subset sums of A by adding the value of w; to the subset sums of 4, .
partition two lists 4, ; and A", into P blocks almost evenly.
merge the corresponding blocks to obtain the sorted list 4,.
end do
end for
end
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)

<c.8~(B,.By ... B, .. BN B =(B, . B, B,

Fig.2 The block structure of the list 4 and B =e. \ .
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NGB 1RSI BE 2 (K458, nT 45 2 a0 R B sk
B3 & 3% (the prune algorithm).
begin
Divide the two ordered lists, 4 and B, into e blocks, respectively.
for all P; where 1<i<P do
forj=1toedo
begin
X= A \+B. e
Y= A ,+B, DL

if (X=M or Y=M)
then stop, a solution is found
else if (X<M and Y>M)

then write (Z[ , l_¥j ) to the shared memory;

end
end
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& i 3175 3% (the optimal parallel algorithm).

(1) Perform the list generating algorithm.

(2) Perform the prune algorithm.

(3) Equally assign the picked block pairs to each processor.

(4) for all P; where 1<i<P do

P, performs the search routine of the two-list algorithm.
2.2 P<O(N'
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figp A4 B R TS A e BRI T AT A8 Gt AE R n=100 B9 A i Lt SR A5 SCHR 6, 7] o T i AR R SR it
A ED BA 22 A AL TG SIMD FEAT TSI, AR, 30KE Ll HR AT SR 12 ) A0S o A
IR SE B RE A SR PERE I BB A R AR 1R 1 AT WL AR M R ] AL T A B & Rl OFAT
AR R
Table 1 Comparisons of the parallel algorithms in solving the knapsack problem (0<e<1)
F 1 WURBEIATHEIERPEREX . (0<e<1)

Algorithms Processor Time Memory Cost Technique type Adaptability
Karnin™® 002" 02" 02" 0(2*"3) Dynamic generation Not adaptable
Ferreiral®!! 02" 02" 0(2"?) 0(2*"?) Dynamic generation and parallel search ~ Not adaptable
Ferreira® o™ 0@2*"%) 02> 0@2°"®) Dynamic generation and parallel search ~ Not adaptable

Ferreiral”! 02" on(2""%) 02" on2"?) Parallel generation and parallel search Adaptable
Chang!” 002" on2"?) 02" om2>"®) Dynamic generation Not adaptable
Loul® 002" on2"?) 02" 0m2™®)  Dynamic generation and parallel search  Not adaptable

Ours 02" 02" 2" 02" 02" Parallel generation and parallel search Adaptable

4 & %

ARICHET CREW-SIMD JLZZ A7 i HAT VLAY R 43 v S 3 T — b SR 1 A In) R I AT B0 BT
SOV Q") AN AT AR FEHLIRIC,0 < & < 1LFE O(2"*(2""*)#) I 1] pA) SR 82 5 A ol R, ST 1A AR Ol O(272). 45
Schroeppel F1 Shanir™ [Jr i 75 : T=0(2") 5 N5 35 M2 15 A0 1) R0 AR ISF 1) 1 50, D00 A S f 4579 gl 2 SRR At b vl A %) g £
FAT S SO VAT SRR T 6 ) B K AT SVE AT TR NI T ARG LU, 38 T A DG SOk T2 SR A IR (R T .

S J7 L2 H R R b, AT AE ] OQRM Y A ik 23 ) B A U AL AN HERE R P I TR, L 02" i
i) ER AT SR AR A ) LI RE,— A 15 AR 10 1) 0 BB 18 T — 7 G T R R AR SV 1) A BB 5 T A  oe  E J
FRIAIE 25, ST A S A i 2 1) 2 1) 75 5K A h O™, A1 IR 03 1 Al 02 B O™ ) (1 3547 15 L Bk LA
IXFE BB — 58 2 1560 Ia) B S 0 A7 5500k 9 B siz b ¥ Jo A7 A 298 1R At R IG T P e A 2 28 119 J AR (H
Xof SR A o D) R ) 28 2 R A I NP 58 4 il ST 5 0 90X — ) RAT 4R L B R 52 o e X
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