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Abstract

Water Flow-like Algorithm, WFA, is a newly developed optimization algorithm
that simulates a solution searching agent as a water flow traversing the lowest point of a
terrain. The number of water flows is dynamically changed while water flows split into
subflows against rough terrain and merge several flows into one single flow. Flow
splitting and merging are mimicked by the WAF to conduct efficient optimum search in
the solution space. In addition, water evaporation and precipitation are simulated in
WFA to jump out of local optima or to broaden the searching area. WFA was originally
proposed for grouping problems. This paper presents a WFA for solving object
sequencing problems, namely WFA. for Sequencing Problem, WFA4SP. Based on the
original WFA computation structure, WFA4SI; conducts the water flows to stand for
feasible solutions of a sequencing prol.).lefllhjﬂ, Whére the coordinates of the position of a
water flow must be mutual exclusive. Thlﬁpaper presents three water flow methods:
continuous space-like position: ‘assignments (CPA), “subtour shuffle (SS), and link
relationship inheritance (LRI), to éssign feasible flow positions in water splitting
operation of the WFA4SP. In addition, a cyclic similarity computation procedure is
developed to evaluate the closeness of two flow positions to facilitate the water flow
merging operation of the WFA4SP. Several TSP benchmarks were used to test the
WFAA4SP and results were compared with those from the best GA methods that uses
GSX and TSP dedicated GX crossover operators. Numerical tests showed that the LRI
position assignment method generated the best results than those from the CPA and SS
methods. Result comparison showed that based on the same limit of the number of

objective function calls, the WFA4SP outperforms the GA methods with GSX and GX

crossover operators. Nevertheless, the high computation complexity of the flow merging
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operation results in costly computation overhead than other operations of WFA4SP.

Keywords: heuristic algorithm, water flow-like algorithm, sequencing problems,

traveling salesman problems
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oa—0, otherwise
’ i %%DFD_{uiloj}‘ dmin eg}ég{k}\ dmax Fl’vrll(gg{k}"ff"]e‘]-l_l °

HHIAT Fj>qdn it mE R R S BARE A 3

RIE W F 32 -

4o 3-3 577 & 01 RN Be6)3h B okfAdEtd B o B Vg 0 0=(913564782)
|. 1

s s s s D={12,.91% 7 ldg =1 i, =9 e B R 0 =95
* | ¥

B AR X =84 b 24 By 23 F 11__1:';_4: 211 4 2 U T g S

i g AR 5 g 4 RARE O LFD 5 D=1{,2,3,4506,78} » =

R o b U =8 o BFIERR O =l g 2 x, =74 tEgrE

Vi =—2%3 5 AAgE T “Qﬁ%[ﬂf B3 B & D o Fptuy =5 I F7

D={1,23,4,678} » + T 127 8 o i} RAT # Bk Ly =4 ey, =8 o ppE

D=11,23,6,7} » = 2d =1 1 2d, =7 o2+ 5 %R 05=6 1= % A 8 X;5=3 4

Gt EA RV =280 500 05D s TR EO=1 uys =5+1=6 0 37

D={1237}, + T2 - P EBR O =4chi= B AR X =24 tERAE

Ve ==L %20 1o d 28 1) 20T i Udyy, > F gy RS kR g A B U 5 T PUE

J»‘ )’j*u{m@rnﬁ 1o (37D 5 D={237} v9d,;, =8 1 U2 % - ¥ ap

0;=Teni=% A B X;=5%t @ BEABV;=-1%304.d 304D 73+ 5 5=1,
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2

AT

X

Vi

Ui

1 2 3 4 5 6 7 8 9
914|183 (7]1]6[|2]5
7141612193 (5]1]8

[2ToJ2-1T2T2T-1]-1]3]

(a)

7141629 371354138
[2lof2]-1]2]2]e[-1%
WAl

=1

(b)
41612935138

o212 2T-1]-1]3]

7
B
i
5

(©)

0=(913564782)

D=1{1,2,3,4,5,6,7,8,9}
dmin = 1

Amax =9

a=Xj9 + Viog = 11>dnax

Uit9 = dmax =9

D=1{1,2,3,4,5,6,7,8)
Aimin = 1

dmang
a=x; +vi=5€D
U1 =a=15

BI3-3. CPA 2 #5855 - %I -kinimk 73
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Index 1 2 3 4 5 6 7 8 9

D=1{1,2,3,6,7}

Xi | 71416]2]9

3 dminzl

v [2]of2]-1J2T2T-1]-1]3] dmx=7
i a=x,-6+v,~6=5$D
Y 5=1

U, |3 4 8|6 9 dre =0+ 6 =6

Xi |714]l6|2|9|3|5]|11]8 D={1,2,3,7}

dmin:1
v, [2lolalalofafafal3] 4,.-7
: a=Xig T vis = 1<dmin
v e
l]i] 5 4 1 8 6 9 Uj14 = dmm - 1
(e)
)(i D={25397}
746293518dmin:2
v, [2lol2-1[2 2113 0 dnx=7
i CK=X1'7+VI'7=4$D
Y 5=1
U, | s al1]8|6]|3 9| wema-5-3

®

Xi 7141612193 |5]|1]8 D=0

\S]
\S]
1
—
1
—
(98]

v, [2]lol-2]1]

Bl 3-3.CPA# &% - I3 k=732 ()
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A THBEREFDRRZE e BT B AR AR E 0 U E - KT R TR

RN B LA MPERA T LI L BB HEASABRL - Ma B

ETIS

B iR e A SRR A B S ki e AR -
MRS R - R RS B U ts > R R BT 0 B A ki

s e g X Ry

Y,=U,-X;= [yillinZ"'yilq] R (3-7)
BARERSBL B RANA R BN ARELAZ BB RIEET
NEERAREEOCEARELEBE G ezl g e’

=g 0and j € 2, ql)

A= {,lj‘jel }
_bmw<qg£4§ﬂgw¢ﬂ}
B= {ui.lj‘je ﬁ};:; I. :! - (3-8)

o | A\ S«
LM AfeB P AR E A B R S i B ol e R 2 ATk

e g e B dg o
PO IR E e R AR AT EARS 0T
22 NP G Ry Tl g S St e - R

‘Hj,% 2: ] ;\(3_8)'{%&& g IA A A:{al,az,...,a‘A‘} A IB A ff’B:{bl,bz,...,qB‘} o

L2 N & S R s S PR S s B S
W31 4 k2, je1o
L2 r A — 21 =
HH32: FIELpld g RS R Eehing AR S A7 EBER- B A
a » o =rand(4|)

TFLEJ IIIJ|A|R§7§‘§€B’\— §&° ’—Z: ul‘kj —a, > ii

grAdeAd—a} o zpiel” g BY g - Bt by
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ﬂzrandQBD v & uy; < by ’ji»i%frBeB—{bﬂ} o

ﬁl%?):; i%ﬁ’]%]-ﬁ-l o%’]>q s E]lji%ﬁ—kek+];’fq+}‘)‘%4y ?’E'J‘?I'Jﬁjl%

328F7T - BREESR T -
#HFA Fh>m Rl RFEARA > BRIV IHHIEET - BoRRDEE R

w34 500 BRGY)T WERSE LD PR R L A={2576 R 2

slgp el ={1347} i B A

PEeniRg s B=BLA39 raRr A5 B 8

= {25,689}« B ix A gy % H 2w kinehiE AR K LA TN M
2576} zg&En- BB » BIE B~ a, =645 LU > T 37 A={257} -
Byxap2el’® 3 814397 T EP - BAILE L GERD = =4 g Rty
{37 B={8139} - & &ap 3el’sd 25 7}a ELEP - BARKE - L OE
@y =54 % s L #7A= 27 VA i At R 55 51 A=02 B=0 -
JA A DS KR § - S e Hin & . ?é

FHERF 2wl E g%rﬂu 7 ;%--,'

Bl 3-5 & - fatmdhk E'Eé\%; mfi%ﬂ;&bz‘l“l? - BREE9H A
A AR P S N J\,.E%’}iﬂ%’%gﬁﬁ*ﬁ}isP%g%
B0 MPFHERA R LA ORARELE T € F RAPRBIER o SHABRIRSE 4
Fd g - I kit e hed - G BRMAF I 2 BEHSTAS
iR AR - R o B R FoRIRERR A A - K F R e LA
kA A HIT S pehF R R o F B - KT RnanRE S e e B - P s
> e g g%wﬁvﬁ—'riOCPA;‘éﬁﬁi: WAk AL SN E R D RTF kR
S Ad R o
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X [3(19]7|1]|2]6|4]|5]8

U; 218751141639

Yo L1l-1lofl4al-1]2]2]-2]1]

2 7050 | 6] | g | |14 3
(o] Tolal [ T2l [ & i [al [ TaTal T2l1]
F={1,3,4,7} ’={2,5,6,8,9}
A={2,7,5, 6} B={8,1,4,3,9}
(a)
j=1er
Uz | ) 4={2,7,5©
A
a,=6
(OF
. B
ljj ]=2€]
2ol B={8, 1@, 3,9}
b[;:4
(c)
<12 j=3erl
Ui i 4=12. 70
ae=5
(d)
A=0
U, |6 14523 [8|5]7]1 -0
(e)
BlI3-4.CPA 2 T & % - "l b 2.3 komi=% 7 3
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716141913 ]|5]2]8

Yo [a]alalalsg[alal-1]-1]

J

Uz [ 34718921 |5]6

Yo [1]4Jof3]8[2]5]2]-3]

BI3-5. $ 2 Wb oKl T e A ek

b. + E 7% # ;% (subtour shuffer method; SS)

o

¥ 54

m

xﬁut R SRR 2 m'ﬁ‘%x#"' bt Btnds R B b

e
Flpt AjE A F A LT gf,—‘{.—g".—a‘?}{‘} l“Kx PR AR R e TN
Bt kg e B - B R J% ﬁ*ﬁ’w S ST LR R TR N

I

E U o= ST ﬁﬁ;;rp—r L,,. :ﬁ;!{imwbi c@ Rt - dpike £ P
Lok g R RR S LEEE B @enfydl T F R BAR i 8
B i pAREL o R RIS R Dy 0 RIZER G RS OB REF

B RZE REA i RAs 2R 03] 1 T B Tt iR £ A

|l

py=U0OL), j=12...q (3-9)

RATESR T ZBEDRGR T g fRke R A R EMF U 0] 1 2B o AR

7

ZLARX TS VL LIRS PEIEEY Y

0:<0102"-0q>9pio/- Zpiojﬂaj:laza---aq_l ° (3_10)

PR AR gt B Lo Ban R R A1 o SR GRE TR KRR
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vk e BREFY R B AT RN TRk ehin g BER B2 kR
B @ rrRo Y i JEAS D MEAID BR 0 e 2L Y - B
Bl 2 R ACEE R A G- L o B R

I = RoundOff (0.25-U(0,1)-¢)+1 3-11)

B O AP AN 2t RV ERIPREE RS REBEELED R 2 R

SR L7 o i R FAE S - BOE A ARE R - BOE P ki B
BRAA D B n - R R TR A RNk R RS

pu)

:{j|je {1,2,...,q}ande—ok|Slor|j—q—ok|Slor|j+q—ok|S1)}

D=1u,lje 1} . 312)

DN A g~ [P oy ‘a}iﬂ ) ‘r"%@‘&}ifﬂfif BRAE -k on T e

[ERRI - MR kml*_gf?'\z;fﬂ£°

A FoRINEE 18 ’—E”Lr.«mﬁ %mﬁaﬂ ki :3 E RIS A N
=
fi’;f?“?—ﬁ’ﬁ PR p R RE JIl’ﬂﬁj%%“l[D?m:z ‘E)im#ﬁ%ﬂgxﬂ #};‘ T S
*ﬁkﬁﬁﬁﬁé’%f—ﬁ&Pﬁ*ﬁ&?ﬂ4m«m&%%§%%oﬂw
Zy = [ZiklzikZ"'Zikq] .
Dij» if je I°
zy <1 p; TU(0]), elseif f(U,)< f(X)

Dij — U(0,1), otherwise , (3-13)

A Ly Bk ka0 Fa R A0 1 PGB T o dopt T -
TR R OpF IP vy e} R R 515 7 oa T TP cE m SR (T

gﬁ °
SS i# eE & i ARAe T

BB ikt e R RA B AT RAEI - HAE RS A

O=<0102...0q>,p,-0‘/_ 2 Dios W =12,00,g=1 o 2 k1o
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HF2 D dpkinis R kRS ke 2 ke £ o

HA2L: UFEGADFEE e d ERL o L UNG1)ERB FF AR
3513 6 I fot RS & D={d,dssdy } -

o2 £l

H223: FIEL R m BB £ D EBES- Bk
a=rand(D)) » £ wy d, » % L 3D D-{d,} 1 7 Bluy < x; 0

% 2.4 g%&jej+logj>q%\,{péfiﬁkf_%fﬁi;-‘as%igﬂﬁ.%zj’
ERw B M 23T - AR BT R

W A5 g ok kg A kR e B PP fRSidiklE o 58 (3-13)% T
SSTEECHE A AR

-\,

'}'5:%3: i%%kek+l°¥k>nzﬂljj’ﬁ&‘§~/, ﬁiﬁ% E Qv I H)E‘?2 Bi{FT - ok
"‘-‘-"'--'-l.

| —
i B K A ] **j’:"

Uﬁ36%ﬂ°p*ﬁﬁﬁvﬂLmﬁﬂH4ﬂ¢ﬁﬂﬁﬂ?“ﬁﬂ
0=(574138926) - i (3-11)Rd »" % :\ﬁv#@z:zomsﬂpmlu:@fiol=5
Yo 2 tu i DBARREER - Tt ek ks ke 10 =(34567) %
BB arkini ik E b & D={T12.64] « ¥k A4y aF kitinh £ U,
g R AR TR L {2483 B 170 F B ey Rt =X =3 et =X, =9
@aR3el”d D={112,64}¢ @R E=F|d =14 25 u o b L AT D=1{7,2,6,4} -
Ep S ERAU;hE AR e Rdp AR A AR KinddpiEe £ F
B kiR e £ Zy ok BURES KRR Sl E A ok R &Z, ¢ i
R BAS6TEA R A uH; o BAOL 1 AR T 2 A - I ki
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319711126458
041-06[02]09(2.1(-07/14]0.1/-0.5
I o1 I

(a)
319711126458
1°={3,4,5,6,7}
D={7,1,2,6,4}

(b)
319171 1].21 6 415 .8
D={7 276, 4}
\ 4 \ 4 A \ 4
31911 500 8
(©)
319167425138
(d)
0.41-06[02]09(2.1(-07/14]0.1(-0.5
+ + + + +
02 04 07 06 09
el b e
041-06[04]13[2.8(-01/23]0.1(-0.5

(e)

O=(574138926)

if fAlUx) < fAX5)

BI3-6. -k im X, A d1— 3 ks U
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c. 4% M % %K% (link relationship inheritance method, LRI)

Kl e B R A - BAEA RS 2RI BT 2RI 55 A
LA o AE YR E TORAIEA A BE e BN B RSN M
U ERF R e R o B 3T RM kIR 2 B A KR eha Bk s iy 1

Bl hookinichizE e 8 X p A RhiddaR s - BREL A iR EwE
Xip BB : T - BREL oA B &R HM GoF 3-7() 7 o kit
P RS i oA R AR > Bl A L—L (B 3-7(b)) P e BE (R s ehv
RSB F 2 Lo Lp ua b G o

Xi=[613452]
={{6, 1}, {1, 3},
{3, 4}, {4, 5},
{5,2}, {2, 6}}

=[654213]
L={{6, 5}, {5, 4},
{4,2}, {2, 1},
{1,3}, {3,6}}

{6,1} {4,5} {6,5}
{3.4} {1,3} {4,2}
15,2} 2,1}
{2,6} k4 {3,6}
(b)
B37. ki ie B X, &2 ket e B X, M f ARM AL G L

KL-LAL-Lv chifpasablias 1838 - FaRBrsay e (Ll
Pl SRzt B2 s S 5 L £ 0 AR F[GA ALAREET 25 - B

)
AR AR R GER RS F A B kXA K ARV RS 5



%
i
=
Fe
frd]
ﬁ
S
‘-tm
-
s
=
&
i
-
Ei.f_
ol
(g

§EBURIER B A
NI f LR AR A o B B B AR ok ehd ki k il e

‘fl_ U,k Ex)o ’]‘—r—lE' Uy 5}3— g—g, ® iﬁj”zk(; 1) %XiﬁiXi i 1&"7\}}_1}}_15 Xi v l’? Ui(j-1)

A (ZAALHR) BRIRA X -2
indexOf(4,a) =k, if a, = (3-14)
LaEe R A? BHREQHEIELET o F

r= indexOf(Xi ) uik(j—l))
S = lndGXOf()?, ) u[k(jfl)) )

(3-15)
, 19, if r=1
)
r —1, otherwise
P ke iR g
Vit= + - ?
r41, otherwise
;' g\ if {3\
s
s—l ﬁherwme
- W, Tfs Fq :
S = i ] 1 f
wilstll, otherwise: (3-16)
T RPBPREY ) R T AR SmEREEED R
H {x117 } lff(X1)<f(iz)
{x..,%} otherwise ’ (3-17)
g if ()< 7(%)
{x,..x,-}, otherwise . (3-18)
HE#p odfidopEafss WARLHGEELEEE A0
C'=(H-W)nD , (3-19)

Ve B . 4 [ ’ = > P v 72
Uy BT R EREPEEEE o FC v A7 ¢ & BBy DiE

&
A
G
=
5

i
=
i
e
b
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C, ifC’'#0
C=<D-W, elseift D-W #0

D, otherwise . (3-20)

FC20pF  Tp PEF AL PR AAE C=04 75 H=W & < H e Wis 4
TR E R o R i BLART BiEB o L D-W=0 » plick
FTA AR PRRE S Dicp AR BRIV GERREEoF DWW L
e @ Pl A pRD s ks s C o

LRI Z/A% - % F ki d o E g5 i 4™ @

HI D EE EE s B GE RS D={.2,....q}=1{d\,d;,....d, } - £ k1,

je1,

B2 d AEGER L DY ERER- BRE dy o rand(D|)> £ uy —d,

{37D e« D-{d,} <

b f

HFH3: ENG-17) \(320)L @F:%%'"’H W~ geC o jejtle

ﬁ%4:&£C{%%,Cm}dvmiﬁtﬁ%QCﬁ%%§%~%£%%’

(xerandqq) v 4 Uy < Cyp {%%D(-D—{ca} o

HAST QAT Fj>q RAFERR PRV RAHHIEET - B

PR3 S ble kik s Fp o Bz E 8 & D={12,..9) 7 s eE
B BAEE A AL 20 E B 4. {ATD=1{123,56789} - iz A b¢ ok
snicnp Boer () B2 ko Bl ik X (3-17)fe(3-18)E = AR & & H =1{6,5}
W={62} o & iz 2(3-19)fr58(320) » ¥ #C'={5} » C={5} - Fm-C¥ it 5
BEAEE42 8 (37D=1{23,6789} £ A S 5 4 58 (3-17)fr(3-18) @
H={48} - W={,6}« iz £(3-19)4v(3-20) » # C'={8} » C={8} - x x e 8
BHERES 2 (47D=1{123,679}c st BRI E FIRE TR~ B AP > B
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D={1.2,6} - & 58(3-18)fr(3-19) = B8 &£ H=1{91} - W ={13} - & 4 58(3-19)
@C'=0,p1d 23208 C=126} -l d C? TF- BRI »060F N
prmFe > LA D={2} o £ R REH ABFT - PR SR F IR

GE R DS g R A TR A S ki ko Uy a1
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=

1
4 SX) < X))
(a)
D={1,2,3,5,6,7,8,9}
H={6, 5}
w={6, 2}
C=(H-W)yND={5}
C=C'={5}
(b)
D={1,2,3,6,7,8,9}
H={4, 8}
W={3, 6}
C'=(H-W)ND={8}
C=C’={f|%}
()
. D={1,2, 6}
H={9, 1}
* w={1, 3}
C=0
C=D-W={2, 6}
1
(d)
6
(e)
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BiEa T CPAZ R RN AERF ARG SN g g e bRk
AR o AP ERAERFESEARNUT > FEERALSEEFED )
AR EMARTARENE LT BAF AATBRE 0 B AR ER
FEERFN AR BRETPREE o SSEJF - dpthe & kAL S kA
TER R - B B S ;ﬁd o3 REIIPAERAE A F RS o LRI 2 &
;}ﬁfﬁ/,, e R ‘fr’ Aok BES i lAF - R R g e B0 BORIRF
R ARG B T 3 ABEFI L F YR T KRR B o3P E A 5 0SS 2 fr LRI
I S R gt e

FRET

ARG A dehn BRI S 0 B A M eh3 okl K - I Pk PR
Sl By AR 3R L Bk T AR AR P - L F
7 e o f2p k3 A p R 'zﬁﬂ&ﬁa-f iz
R S0 L PN T i Yy

- ) i '\. {

—~ r \

fﬁﬁ%' o, (3-21)

Afk—_( R

rT

1.

iM%F+meBﬂw$@&%%biﬁ4

Afi = A+
p = max{af; - 2min{Af, } © (3-22)

P LT HR TR B B 5 max A - miniAf ] bk B 5 Bo] iAo
WALE e THRIETT RAARFTE - kink S pRaFE

A ’
Wy =i-mi,k =12,...,

=1 o (3-23)
A FARARIREG TR N A R AR (2 F AR ) h
AL e £ R e M & 3 ke fRSdBec AT E et b o

Plde FokRids L BE 3o A m TR G 52 AU AT R R & afa Uy
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Up ~Upp S feerze E 4% 5 5210~ 10 © 548355 (3-22)f058 (3-23) T # {6 e

35
B%&ﬁﬁﬁ%iéwé3&%4@m%¢mmg§¢m{%=P————qx5\

35+20+40
( 20 ) ( 40 )
Wy =|—— X5 s wy=| —— [X5 o
354+20+40 35+20+40

3.5 T E

o WFA4SP % F & BAp i B AL » § A Kini=8 hB 7(4p AR < 2t Bk 5
HBLT o
TSP hja - i ihinie B edel2345] 1 [23451] 5 fagsis 2 pp e
¥ AR TR eh A 4] oh TSP Fe ﬁﬂﬂ%ﬂﬁﬁﬁﬁnjﬁkﬂﬁ*’%h234ﬂfr
B432ﬂ%ﬁ?ﬁﬁ%¢5kFqLoﬂtM%Ejﬂ%ﬁﬁ?%F‘?%ﬁﬁmuaiL?’ﬁkaF
%“ﬁ*’*ﬂuﬁﬁ’—mﬁﬁ%ﬁ¢5fﬁwﬁowﬁ@%pmf& B 7|
t ’B’~}1+E7FBPE§9:§’»§J“‘$'4FF%—\J?‘.}§Q mﬁ?*muﬂﬁrfr TAROIR

ATt $Hp 01 R 35 e

HI1: RREY - AL RERANE=|ee, e, ] 7 - i55 S=lss s, |0 S
ﬁﬁ&@@%gs=hﬁamﬁA’ﬂﬁ&=BMMW%]’
Skj :Smod(k-#j,q)—log' i%}?‘p)zljS =503 ﬁ}?‘r 5'JR:|:7"11"2...7",1]’;E! v l"j :Sq—j+1 °

Rmdﬁfﬁﬁ’ébl?ﬁ g IQZ{]AQI,]%,...,IQ(]} H v Rk [rklrkZ ’akq] ’

ij Fmod(k+jug)1 o & B ldp iR s 05 i1

HA2: HSIoRS FHRELEEY FIEHERREITAEARIEDRRAF
g,;o

2.1 L je—l pe—0>00> 50
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K22 8= Rlpeptl e Fh=e > Plo—Oo+] o

=

HA23 0 LATJ e Fi>qRlier > FRIT B2

HF3 gi%frsemax{s,p,a} v i—it]l o Fi>qR| L FTs¢— > BRIFERE >

Q| @

LT PR

ArEwE EfrSEE S Similarity(E,S);ﬁ_’;ﬁ AR e

Input:
E=[eier. e4]: ¥ 55 1

S=[s152..54]: *“ H# 5 7] 2

Output:
s AP R
Procedure: Similarity
begin .\
s€0 a-:-’:"'*
M

fori=ltogdo /3B S Hfokss 1§ £ 415 erif s io st E ofp o2 2
forwardCount €< 0 S P
reverseCount < 0
forj=1to g do

if € = Smod(i +j,q) - 1 then
forwardCount < forwardCount + 1
end if
if €,-1-j = Smod(i+}, ) -1 then
reverseCount €< reverseCount + 1
end if
end for
if forwardCount > s then
s € forwardCount
end if

if reverseCount > s then
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s € reverseCount
end if
end for
return s / g

end

R EER TR F Aol ol R ki Rk £ G Y EE - wokink iF
AERE - Bixd o g X focG P kit g 4p R Al Sl DI

G = {l‘l e Gand Similarity(X,; ¢ ) > ﬁ} . (3-24)

gGap%&ﬁ@&&ﬁ§ﬂu«ﬁf,gﬁ%1%?§é

M.« > M,

VieG’
W i 3-25
#argminl )} o

~

ﬁékj\/rl?ﬁ‘ﬂlq)‘ﬁ‘\-‘ J\/n Tﬁ:/{-l‘\}\‘:‘ ,"e-
1 g
A

/ \F.-i %% K;% ';[ﬁ-t’ NN J\/” l EREDN Vﬁ/” a:
FF AR E QP - #Gmm’% N%'w’%GPﬁFKﬁ’#@FT_

i %?rl‘%gmﬁié\'fr G ]Fé.r_ »Eﬂle

o B isen QB LT E NS

i

f,l‘,‘? gf’]?]( /ﬁ‘Ll‘En%’};u‘g: g °
%/H /%9 ﬁiﬁ“&r—r :

FHF D TEF AR ok iRkt g & G={12,...N,} & %4 -kif B en
£ ARG KRG EQ=0 .

s

2 G EB- ok k
HEIT HHC Y B BN ok f ot Benkiie s b b
= {li € G and Similarity(X,., X,)> A} -
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o5' WFAOS4SP - Water Flow-like Algorithm Oplimization System

==/

File  Execution A C
ESetI:i.ng . Performance E o x
T T
ic Moduls WEA4SE —
Current Iteration ID 3115 ‘
I Total Mass Lo COibjective Function Calls 20012
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Evaporation Rate 01 Regular Precipitation Operations
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o I E PRl L e kR %
L Rk R R A R

LR ERE L v

FEREEDP SN et e P RS N e e Sl o R

EEER o B 44 £z AR

T2 A GV E BT

R KRR S 2
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§fRATEL B0 e B 4-5 B

#4-1. WFA4SP = f8 AR HEa5h Ap fo. I e ¢ o2 v S e ™ e i %
Benchmark : Avg, of the Avg. of the
Avg. of the Error’ number of .

(shortest Route 1ength number of Computation

Methods best route pefcentage function calls . . ]
route lenoth STDEV, ¢ function  Time (m:s)
length) engt oi/ 4 | to find the calls

| best route

att48 CPA 33321.1007 820|072— = 2|59 265385 500008 04:24.1
(10628)  SS 23601.800 %" 13j9..111 12'2.(_)72 347767 500007 03:05.2

LRI 10839.200 102784 B 1.987 328514 500006 02:41.4
berlin52  CPA 19010.895 500.871 151.988 310712 600004 06:17.5
(7544.366) SS 16896.454 1238.973 123.961 369016 600008 04:26.0

LRI 7852.725 211.516 4.087 351497 600007 03:45.9
kroA100 CPA 131242.050 1665980  516.581 414054 1000003 46:55.1
(21285.44) SS 105502.627 4120.394  395.656 783394 1000009 38:44.8

LRI 22681.672 560.204 6.560 820012 1000005 24:05.3

56



Error Percentage OCPA BSS mLRI

600.0 -
500.0
400.0 |
300.0
200.0
100.0
0.0
att48 berlin52 kroA 100
Benchmar k
Bl4-4. WFA4SP 2 attd8 Fj2d % 1t i
Route Length
9 —.= (CPA ==-SS§ ——ILRI
55000
50000
45000
40000
35000
30000 <
| Fq— - o
25000 B & =
20000
15000 k_._;
10000 T - : : 3
0 100000 200000 300000 400000 500000

Function Calls
B4-5. WFA4SP = #& & /i fi3¢ £ attd8 Jeagik in

d B 4-4 7 5 9 LRI Z PP & > CPA fo SS j2 iz 8.4 »% LRI 2 i JipF §
PR PR B R R T SR et g M TR R BEF A % R o R
4-5 k5 > CPA 2 e &cF|— TALR TR 25 T L4 i3 > 7 0F 41305 1 ehjiz
REEX A B ABREES S c CPAZRARDERH M R F) TSP 2%
B S~ 0 3 FAgp > FL 2R TE S DR E the RAF G 5 oSS kR
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4.2.2 WFA4SP j# 5 = »th 45

R A gts 0 AT 0L WFA4SP 3£ * LRI &~ in b # 02 228 7] GA i&
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F il
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%+ 4-2 & ;7 WFA4SP %2 ‘GA Ll:m E.?p-%%;i OB e B b T ch R R % o )
M
4-6 &_i¢ * WFA4SP s LRI A:\,Hﬁﬂ,z e ﬁrGA mGsx F 4o GX i RjriE %
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#4-2. WFA4SP 2 GA tefple P a8 ef vl 0 ™ e 28 %
Avg. of the
Benchmark Ave. of the Route Error number of Avg. of the .
(shortest function number of Computation
route Methods best route  length poercentage calls to find function  Time (m:s)
length) length STDEV. (%) the best calls
route

oliver30  GA/GSX 451.249 23.994 6.209 228860 300000 00:07.7
(424.869) GA/GX 433.730 4.043 2.086 142300 300000 00:11.5

WFA/LRI 424.869 0.000 0.000 91016 300007 00:41.3
att48 GA/GSX 13066.600 2288.697 22.945 424335 500000 00:17.5
(10628)  GA/GX 11141.000  150.974 4.827 263000 500000 00:32.9

WFA/LRI 10801.700  108.175 1.634 404843 500006 02:39.3
eil51 GA/GSX 467.750 12.800 8.783 474170 500000 00:18.8
(429.983) GA/GX 441.974 4.178 2.789 300995 500000 00:35.5

WFA/LRI 437.514 6.216 1.751 319586 500006 03:03.8
berlin52  GA/GSX 9630.601 1214.505 27.653 460065 600000 00:22.2
(7544.366) GA/GX 7822.641 179.959 3.689 348355 600000 00:44.1

WFA/LRI 7939.4250 " 325.311 L = 5.236 354041 600008 03:38.4
rat99 GA/GSX 14473427 _45.163 19:516 965760 1000000 01:16.2
(1211) GA/GX 1345.736 #8216 ~11.126 778625 1000000 03:15.4

WFA/LRI 1315.104 3“11_3@__ 8.597 931878 1000007 19:48.6
kroA100  GA/GSX 26060.961 22%4.4@_ " 122436 . 903285 1000000 01:17.3
(21285.44) GA/GX 23801.746 % 604.894" 111.822 679060 1000000 03:25.4

WFA/LRI 22895703 §74.968 I' 71.565 866265 1000007 20:14.7
a280 GA/GSX 3787.505. . 127.577 *546.418 2976805 3000000 19:05.5
(2586.77) GA/GX 3850.712  150.151 48.862 2498335 3000000  1:15:05.6

WFA/LRI 3624.971 126.290  40.135 2983878 3000005  7:10:06.3
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Function Calls

F14-7. WFA4SP fr GA /2 attd8 cfc agik i

d & 422 R 467 gl P RS ek e 0BT 0 WFA4SP P &g iR
GSX i = @ = GX i# " 4> % berlin52 ¥R E_WFA4SP *5 1} o iz WFA4SP i

I GA RAF » R F F R GSX 2 fr GX i# 3 & o B RfRATIE R o
PR SR Tamti By 7 R Ml ? p R mt R A AT
B s B APl KRR LR LR Rz R R o B %
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4o 4-3 B 4-8 #751 ©o B 4-9 11 att48 5 | > B 5 WFA4SP fr GA K fZ T ar
FLR

%43, WFA4SP 2 GA fotp e £f2pr T chfja s %

Avg. of the
Benchmark Avg. of the Route Error number of Avg. of the .
(shortest function number of Computation
route Methods best route  length poercentage calls to find function  Time (m:s)
length) length STDEV (%) the best calls
route
oliver30  GA/GSX 429.924 5.086 1.190 1161755 3953895 01:00.0
(424.869) GA/GX 428.150 2.506 0.772 1127965 2126850 01:00.0
WFA/LRI 426.650 5.630 0.419 66444 435100 01:00.0
att48 GA/GSX 11113.900  122.693 4572 5423105 9496345 04:00.0
(10628)  GA/GX 10747.100 78.818 1.121 2244505 4285885 04:00.0
WFA/LRI 10813.400 86.879 1.744 468073 752920 04:00.0
eil51 GA/GSX 450.734 11.340 4.826 10202290 13419705 06:00.0
(429.983) GA/GX 431.622 1.800 -~ 0381 3056195 5589720 06:00.0
WFA/LRI 4404821~ #4455 2.442 631768 999931 06:00.0
berlin52  GA/GSX 8129.031 /184773 . 7.7507 . 4248645 13170265 06:00.0
(7544.366) GA/GX 7546.739 752_3 110.03L 3227610 5463955 06:00.0
WFA/LRI 7797022y 23931 | 13349 391575 976430 06:00.0
rat99 GA/GSX 1349.895 :17.1853' I.l;j1.469_ " 16565885 17646335 20:00.0
(1211) GA/GX 1278993 “121.463. | I5_._615 4159720 6374400 20:00.0
WFA/LRI 1326.858 31463 9..;567 913920 1004379 20:00.0
kroA100  GA/GSX 22998.512  788.200 8.048 13020330 26321845 30:00.0
(21285.44) GA/GX 22719.948  494.920 6.739 2645505 4066830 30:00.0
WFA/LRI 22260.656  444.075 4.582 1225228 1472473 30:00.0
a280 GA/GSX 2943.696 52.496 13.798 46001455 64906395 07:00:00.0
(2586.77) GA/GX 3428205  100.337  32.528 9285615 20157835 07:00:00.0
WFA/LRI 3570.921 122.952 38.046 2891865 2930572 07:00:00.0
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Error Percentage O GA/GSX GA/GX EWFA4SP/LRI
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Computation Time (minute)
B14-9. WFA4SP fr GA /% att48 2 ff2pE @ 4 & chfc agh =

% 4-3 o1 4-8 % F > B SR WFA4SP o 3| R AL} e 223 40 GA » fe #F
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% P RS BoR R B GA P TN S Bl R e S 0] o G 4R 1 WFA4SP
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#.4-4. WFAA4SP % (v ¥ fg 1L pr A

Computation Time (m:s) Percentage (%)

Total  Splitting Merge Evaporation Precipitation Splitting Merge Evaporation Precipitation

oliver30  00:41.3 00:01.9 00:39.2 00:00.0 00:00.1  4.57% 94.95% 0.10%
att48 02:39.3 00:05.3 02:33.7 00:00.1 00:00.1  3.33% 96.47% 0.04%
eil51 03:03.8 00:05.8 02:57.6 00:00.1 00:00.1  3.18% 96.64% 0.03%
berlin52  03:38.4 00:06.9 03:31.2 00:00.1 00:00.2  3.14% 96.69% 0.03%
rat99 19:48.6 00:22.7 19:25.1 00:00.1 00:00.3  1.91% 98.02% 0.01%

kroA100  20:14.7 00:23.2 19:50.8 00:00.1 00:00.3  1.91% 98.03% 0.01%
a280 7:10:06.3 03:26.5 7:05:48.2 00:00.2  0:00:00.4 0.80% 98.94% 0.00%

0.17%
0.07%
0.08%
0.07%
0.03%
0.03%
0.00%

d & 447 5 3> WFA4SP chf @i < 30 404e AR n iE £ 1 o iR g 4
] Pl LR R AR 0 R € @ KRR E o B3 B AR 0B AT S e

)

7 4-5 -
Fod-5. | Boin B 1 pE A R
Mérge #=, 7 Similarity Computation
Computation Tin:ife. 5_ ;, "l."isme Percentage
oliver30 _Wp3d2 M || ofsa 98.56%
att48 202:33.7 : | 02:32.7 99.34%
eil51 02:57.6 02:56.5 99.36%
berlin52 03:31.2 .. 03:29.9 99.36%
rat99 19:25.1 19:21.8 99.72%
kroA100 19:50.8 19:47.7 99.74%
a280 7:05:48.2 7:05:04.8 99.83%
A AST A B EE AR P E A Rl 1R € (B F S 30D

B AR G A W E D e IR A PR TRl TR PR AR SRR € AE
MR- G AE - mgaes s Olg7) - s A gfEL AR B ATRE - WEA4SP in
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¥ RfRIE Bhcs b TR B @R

d PRI R DD B R A EEFETETEE FRLE T NS B
Flenfp 0B A F AWK ANE PR RLL 4T 20 FA R AR AP IAE X
WI-fRI2FEE A BRI EASEEFERHPE FHS oS hF B A
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5ujRi]}@]ﬁﬂ{}§Iﬁ&§j§;§;géfrli : PSS, RR B EHEE RR AR P
et ot g(l-B)Tm 2 %A A3l qpiz o BlA G aFHL RS AT Y
T ERETEA A S A F A Ry o by 5S8R Y S50 Eenfrin g 4
BBz PV HEARIGEE A 3 FEEBFVHE B RS kR
B BRI EAIT T AR TR IR oS BADNERRK B
TGRS AP IR E 2o R AR RS R e & 47 A S ehdp B

PEZAPERR AT E 2 N E g pE R o

%\‘ 4-6. iz 15 fg m#ﬁ [V )'i Eaa N /z ‘ff‘ﬂ? A /z: Ff”j\)??k‘%;-‘;t

Avg. of the
Benchmark Ave. of the Route Error number of Avg. of the .
(shortest ~ Merge function number of Computation
route Methods best route  length p oercentage calls to find function  Time (m:s)
length) length STDE Y sreulsih) the best calls
h : route

oliver30  Original 424,869 ¢ _0:000 0000 =« 91016 300007 00:41.3
(424.869) Improved 424.869 0.000 _70:000- " 99235 300004 00:19.7
att48 Original 10801.700 10_8.\1'.';1_5_ {1.634 404843 500006 02:39.3
(10628)  Improved 10889.500 }452}? : 2 460 298741 500004 01:10.8
eils1 Original 37514 | le216s 1751 0w (319586 500006  03:03.8
(429.983) Improved 443.929" i ;5.251 | 8443 343709 500007 01:19.3
berlin52  Original 7939.425. 9325311 4252360 354041 600008 03:38.4
(7544.366) Improved 7925.156  174:369 5.047 303501 600008 01:37.7
rat99 Original 1315.104 31.138 8.597 931878 1000007 19:48.6
(1211) Improved 1328.678 27.638 9.717 873797 1000007 07:53.8
kroA100  Original 22895703  374.968 7.565 866265 1000007 20:14.7
(21285.44) Improved 22566.228  469.902 6.017 909217 1000005 08:01.2
a280 Original 3624971 126290  40.135 2983878 3000005  7:10:06.3
(2586.77) Improved 3397.736  153.247  31.351 2975954 3000009  2:36:23.2
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47, GRS AP L R e R B TR L R

Benchmark Similarity Computation Improvement Percentage (%)
Original Improved of Improved over Original

oliver30 00:39.2 00:16.4 58.304%
att48 02:33.7 01:00.0 60.983%
eil51 02:57.6 01:07.7 61.876%
berlin52 03:31.2 01:23.7 60.363%
rat99 19:25.1 07:07.6 63.297%
kroA100 19:50.8 07:13.4 63.607%
a280 7:05:48.2 2:26:36.8 65.568%
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