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An Efficient String Exchange Algorithm for a
Subpopulation-Based Asynchronously Parallel
Genetic Algorithm and Its Evaluation

Masasaru Munetomo,’ Yosuiakl Takal? and YosHiHARU SaTot

We present an efficient string exchange scheme on subpopulation-based parallel genetic
algorithms, The subpopulation-based parallel genetic algorithm divides a population into
subpopulations in which genetic operations are executed simultaneously. In this scheme,
exchanging strings between subpopulations through communicating network is essential to
avoiding performance degradation of genetic search due to uniformity of the subpopulation.
To reduce unnecessary inter-processor communications is an important issue to realize effi-
cient parallel computation. In conventional subpopulation-based parallel genetic algo-
rithms; however, inefficient parallel computations are taken place because string exchanges
are executed at a constant interval or fully at random. The sigma-exchange algorithm we
propose observes a fitness distribution of each subpopulation and starts on exchanging
strings only when the standard deviation of the fitness distribution of some subpopula-
tion decreases to some ratio. The purpose of our algorithm is to obtain more precise
solutions with less inter-processor communications. We show the effectiveness of our
scheme through simulation experiments on a multicomputer network in which communica-
tions are realized via asynchronous message passing.
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procedure Message-Handling-Sigma

begin
if message_type = Parameter_Request then
begin
Send_Parameter;
end;
else if message_type = Status_Request then
begin
if migrating then Send Reject
else Send Accept with Migrants;
end;
else if message_type = Migrants then
begin
Get_Migrants;
Recalculate og ;
end;

end.

3 Sigma-Exchange {CBIF3ZEA v & — P DHNE
Fig. 3 Message handling for Sigma-Exchange.
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an exchange).
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procedure Random-Exchange
constant p_exchange;

if Random(0,1) < p_exchange then

begin
Select a subpopulation to exchange;
Send Status_request to the subpopulation;
Wait for Status;-
if status = Accept then
begin
Get Migrants;
Send Migrants;

end;
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Fig. 6 Message handling for Random-Exchange.
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Table 3 Results on the relation between the size of solution

space and the obtained solutions (TSP, 32 subpopu-
lations with 32 strings, communication latency is
100, 5 D-hypercube).
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>T% % Trap function £ D\ T Random- 40 20x10%  ]1025.61 | 1078.08 | 157.41 | 1025.61 0
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(0 240 ) BBBRIBONIEBEERLTV 3.
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(&ME K 32x32, BEMIE 100, 5K
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Table 2 Results on unimodal, multimodal and
deceptive functions (32 subpopulations
with 32 strings, communication latency
is 100, 5D-hypercube).

_ . oo o | Random-Exchange | Sigma-Exchange
TANME RA | T e | v | ERRE
F1 78.6 | 78.09 0.22 78.12 0.12
F5 500 500 0 500 0
Trap 109 80 0 80 0
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Table 4 Results on the relation between the
constraints and the obtained solutions
(Knapsack problem, 32 subpopulations
with 32 strings, communication latency
is 100, 5D-hypercube).

1 -Exchange i ~-Excha
BIRER | s |t gt | Sige x gt
5000 | 4968 | 4665.7 | 47.8 4763 | 316
3000 | 4053 | 34509 891 | 34815 | 547
1000 | 2070 | © 0 0 0




Vol. 35 No. 9

5.2 MRETHMEH OIS

BONROTRRD > DEE LT HEIR ORI
DOVTHBHRELRT. &AROEEKME 1024 L, C
hE3R23BLTENEFNDOF oy HicEDRTA.
Fv b7 —2 b Y—35KnD Hypercube T,
BT 57 e Ly EOBERE 100 BARHTH
%. 40 FHD TSP (BEREEE 1026.61) DWW,
BONKBOBREREL L OBREZOHBE AR I ITR
3. D4, Random-Exchange @ .p_exchange (3
0.1, Sigma-Exchange ® 213 0.3 Th 5. T,
4x10° BATIR#ICE 5 /o2, Sigma-Exchange
T 1025.61 (BE#ENSDEZE 0%), Random-Ex-
change T 1078.08 (B@f#h5 ORE 5.1%) &,
Sigma-Exchange B3R WVEAZ BTV S, 7, Sigma-
Exchange T3 3678000 B{IEHICTREE A B T
373, Random-Exchange TIRIREEL S 5 % TIC
Sigma-Exchange CH~NTHI 245D 7256000 BArHE
BAELTH5. TmRo#B42E 10 1cRnd. C
T, 75 7 OftEI 10° BARICER X hex
BEE A 7R LT W 4. Random-Exchange 1t ~_T
Sigma-Exchange (3 75% Dl & ZSHERAA IS0 &
WOKRAB. Tibhb, COMBEIKDNT Sigma-
Exchange 12 X O DO EKKRT, XDROEEE

100 T T
IS
13
3
E
S sof 1
[+
£
€
e
s L J
& 60

4075 B 1

... Random
201 ]
Sigma
0 . | L
0 1000000 2000000 3000000 4000000

Simulation Time
9 Bl D OEZEOHE (40 #iH TSP, Rl
1025. 61, 4E{A¥ 32x32, MWIZELE 100, 5K
ot hypercube)

Fig. 9 Error from the optimal solution (40-city
TSP, optimum 1025. 61, 32 subpopulations
with 32 strings, communication latency is
100, 5D-hypercube).
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Fig. 10 Mean exchange occurrence in 10° unit
time (40-city TSP, 32 subpopulations
with 32 strings, communication latency
is 100, 5D-hypercube).
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Fig. 11 Speedup (20-city TSP, total population
is 1024, communication latency is 100,
hypercube).
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Fig. 12 Speedup (20-city TSP, total population is

1024, communication latency is 100, ring).
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Fig. 13 Communication latency vs. error from

the optimal solution after 10° unit

time (20-city TSP, optimum 1133.62, 32

subpopulations with 32 strings each,
5D-hypercube).
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Fig. 14 Communication latency vs. error frem

the optimal solution after 5X10° unit

time (Knapsack problem, optimum 4053,

32 subpopulations with 32 strings each,

5 D-hypercube).
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Table 5 Computation time (unit time) and generations to converge
within 194 error in different network topologies (20-city TSP,
32 subpopulations with 32 strings each, communication
latency is 100).
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