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An Evolutionary Algorithm Based on
the Virus Theory of Evolution

NAOSHI NAKAYA,t AKINORI KANASUGIt and KUNIO KONDO!

Genetic algorithm is a method to search optimum solution based on Darwinism. On the
other hand the evolution theories are not only Darwinism but also a lot of theories. The virus
theory of evolution is one of these theories. This theory is based on the idea that a virus
evolves life. This paper proposes a novel evolutionary algorithm based on the virus theory of
evolution. In this algorithm, we think that a virus is the organ to carry genes and we define
infection with a virus as one and only search operator. An infection operator spread out
the piece of genes into a population quickly. Therefore the calculation time of our proposed
algorithm is shorter than the time of genetic algorithm. We have made computer experiments
using proposed algorithm. In these experiments, we have compared the proposed algorithm
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with a genetic algorithm. The results show the efficiencies of proposed algorithm.
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Fig.1 Example of a selection.

(4) A7 v7(2), (3) %#EVET.

DTTi, EREOFIECOWTHEICSHEY 5.

(1) %M (population)

VEA ICBWTERIZ GA DERIEFL b0 % Bk

L, BV A XA M TSV ¥V AICERSNL DL

T5.

(2) &R (selection)
BFUTHEICEICIE . THaEE 1 28 7BIRT 5.
BIRFHEIE GATHBLR L —L v P RS,
F=F XY PR EPEZ LN, BEISOL TE
LREHERVS, T2, JORBMRITERYIED
TANVADEIZ G HAEELRLDTH 5720 (A1),
RABEEL FORBEY BIRT 2HEL AT
H5.

(3) B (infection)

XXX VEA THAWVY, SRIEREICL>ToA

LT 5, BEILROFIETITDORS.

(a) BRI -TRIEN-BEEREOBZTES
gor g1 EL, ZOHPL 2 HET LY A
BEIRT 5.

(b) ZNhSZBIRLAIEIC g, g; &L, i<jD
L& g S g; TTOREBEFEIOHL YAV
ALY BH, Fhi>jnLEE, YAV RIE g
b g TTE, g Db gnoy $TDH 2 DDORH
TR DL T S (F2).

(c¢) #L7T, VANAZREERp, T, HOge
RICEG S 5, B RBRBROBETFE Y A
WADFOBRIETI, FNENDEETFES &2
BXWMZ L5 LCERTS (H3).

DEo#BEL, WL obOBEFIERSMKICEH

WKHRT AL e BWT S, ZOLE, YAVAD

I ol B E ECEICSE TGBIRL TWa 7

O, RASHRIEENICHICEN S 25 LB

na, LaL, 9AVABRIES VT AIZER SN

TWE720, TAVALLTHY) a1 BEFD

i 3

ot

May 1999

Tl

virus
@is<j

virus virus
®i>j
B2 74VAORYHL O

Fig.2 Example of making a virus.
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Fig.3 Example of infections.
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Fig.4 Example of mutations.
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Table 1 Experimental parameters.

FRIZHT VT Y X 4

A% T, 500
ARH Pe 0.95
BRERE  pmg | 0.01
REFHE
FAIVE T 500
gL pi 0.95
BIRERE  pmy | 0.10

® 2 ORAE, BIREECEOMER
Table 2 Relationships between crossover rate, infection
rate and fitness.

o AR

RE - WRE ) KL | RRTE
0.75 189.6 190.1
0.80 189.5 189.6
0.85 189.6 189.9
0.90 189.5 190.2
0.95 189.9 190.5

R 3 FRERBLHEICEDOME
Table 3 Relationships between mutation rate and fitness.

. TR
RIERE SRR S0 XL | BRI
0.01 190.2 184.6
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0.05 189.9 189.8
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0.15 188.1 190.8
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#4 FyTHY s BEOERER (E7NV 1)
Table 4 Experimental results of knapsack problem

(model 1).
BRBICRE
BIZBT VT ) X & ,
TR | 2 akw | RRTE
1st 191 191 191
2nd 191 190 191
3rd 190 189 191
4th 191 191 191
5th 190 191 191
6th 190 191 191
7th 191 191 191
8th 188 191 191
9th 190 191 191
10th 190 191 191
Rz 190.2 190.7 191.0
FHE B (s) 7.99 3.75

®5 FyTSFy JMEOERER (E7) 2)

Table 5 Experimental results of knapsack problem

(model 2).
BRI

BERT VT Y X A -

TERR | 2 AR | AT
1st 4457 4506 4639
2nd 4471 4493 4646
3rd 4486 4555 4639
4th 4511 4526 4637
5th 4547 4538 4651
6th 4484 4515 4643
Tth 4536 4509 4642
8th 4436 4517 4645
9th 4525 4503 4641
10th 4479 4551 4649
¥y 4493.2 4521.3 4643.2

SERETERFN (s) 1192 352
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4000} E
Proposed ]
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H5 FHENRMLBICEORER (E7NV 2)
Fig.5 Relationships between CPU time and fitness
(model 2).
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g.6 Relationships between generation and fitness
(model 1).
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Fig.7 Relationships between cycle and fitness (model 1).
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f Zjvzl dﬂi,fi-u (3)
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4.2.2 EBRERCEE

ERRIETH R E FOEBEIRL KD 2 0DET W
oW Tiro 7.

EFNL1 HHHTHECEEBLETRE 24 LT 5.
F7z, £BHAP A X (M) % 50, #EBHFE (N) &
24 5 5.
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F£6 KAL—NVAYYHEOERER (7N 1)
Table 6 Experimental results of traveling salesman
problem (model 1).

3555 K] B

BZEHT VT ) X 4 .

1 ERR | 2 AR | EFR
1st 56.1 36.4 31.3
2nd 47.1 45.2 51.2
3rd 31.3 56.4 49.6
4th 55.7 46.9 31.3
5th 56.7 57.6 31.3
6th 58.1 31.3 31.3
7th 48.7 42.8 31.3
8th 53.8 56.8 31.3
9th 44.9 38.6 54.7
10th 53.3 47.6 33.8
3y 50.6 46.0 37.7
FEEHER (s) 11.62 7.22

£7 KEr—NVATVHBOERHER (£7 NV 2)
Table 7 Experimental results of traveling salesman
problem (model 2).

4 [ P A

BEHT LT )X A .

TERL | 7 Ak | BRTH
1st 230.7 222.2 180.8
2nd 225.3 208.3 165.9
3rd 239.8 211.4 164.5
4th 232.9 226.8 182.9
5th 230.0 216.2 182.0
6th 219.6 219.7 152.9
Tth 225.2 227.4 158.9
8th 225.4 224.0 161.6
9th 237.7 232.9 175.2
10th 231.0 222.0 149.4
iy 229.8 221.1 167.4

SEHETERFN (s) 1184 457

T5.

$72, £AF A4 X (M) #1000, LEEE (N)

Z51LT5.
LEOLRY M4 X, FEERIE GA, VEAICHKEL
L, ZOMOERNT A—5i3F v /¥y yHETH
WbDEFELELRRTODZHNVS, /2, E
BEREPRGE, RTIORT. ZOBEL, EBRIIFL
FNOT NI Y X AIZOWT 10 @iV, 20FEH*%
BHL 72, ERCBWEERIE, Sy 7y 2RIE
THWRHERBREFEIL DD THS. kB, Fv7HFy
EBEOBEL AR, LT TIREBICEYORWRY
GA 2 ARADIEREWNRLE L TEET .
(1) EtERsE
%6, 7253005912, VEA DA
BXGADBLDENLE . FORBIFIETVIT
37.9%, EFNV 2T 614%L %Y, FyT¥ v s/

T T T M ¥
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Fig.8 Relationships between CPU time and distance
(model 1).
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X, VEA BT 9 Bl v ) BIETFERIEN, 51
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IRIEDT-DIZ, GA LY bEFEEISHSE 100D
BOBIEFLRTRY, 2oFREL THRK
BEBENDVEL EoTWA I LIZERYEH S LB

MB. B, BTNV LIIBWT S EROERS R

bnb.

(3) ™EMRE/IHEE

EFN 1 TREFTEZHLECEEBL 72720 BEK B K
EHLATHY, FOHEHEII 313 THEIZ LG
PoTWh, GATIE, E550FRIZBVTLE
B 10EP 1 ELPEON L2720, VEAT
X 6RI{BAZENTE, ZOMKIIZZTH
Twb. i VEA D AP RITRZEEICELTWY
AL LA, RATRERICHRAIERLIE NI L
ERLTWD, D edb, VEA TREFESR
EIEBBRBROWHOBERN ) F L T L b
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Fig.9 Relationships between generation and distance
(model 2).
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Fig. 10 Relationships between cycle and distance
(model 2).
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TWh, ZOFBEGCABIF VEADELLIZE
WCHREBYBELILIITE R o2, ThiZS
EOEBRICBWTRIEHTOLEEZ BERL THRA
L 7, Grefenstette 512X 5 —F 1> 7% Hn
TH GA BXU VEA O TIZ, BEEIVTA
HITVEL VW LIZEREHLEEbL S, Lk
L, GA (2 B%&3) TEFHREKDERES 221.1
&, BOEBIIHL T TR0 BERL PEON LD o
72%%, VEA T FHREKMERL 1674 & &k&
WD 195%F CHELHOBLI LD TE, VEAD
H2SGA L VERBHIIERTWAEWZ 5.
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11 REE—V A HEOF (EF )V 2)
Fig.11 Example of traveling salesman problem (model 2).
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