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.1 Initialise generation 0:

2. k:=0;
3. Pk := a population of n randomly-generated
individuals
Evaluate Pk:
Compute fitness(i) for each i € Pk
Do
5. Create generation k + 1:
5.1. Copy: Select (1 - x) x n members of Pk
and insert into Pk+1;
5.2. Crossover: Select x x n members of
Pk; pair them up; produce offspring; insert
the offspring into Pk+1;
5.3. Mutate: Select u x n members of
Pk+1; invert a randomly-selected bit in
6. each;
7. Evaluate Pk+1: Compute fitness(i) for each i

€ Pk;

i

9. enough;

Increment: k:=k+1;}
while fitness of fittest individual in Pk is not high

return the fittest individual from Pk
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1. Initialization of the algorithm. Generate some
random solution in the search space and create
initial empires.

2. Assimilation: Colonies move towards imperialist
states in different in directions.

3. Revolution: Random changes occur in the
characteristics of some countries
4. Position exchange between a colony and

Imperialist. A colony with a better position than
the imperialist, has the chance to take the control
of empire by replacing the existing imperialist.
Imperialistic ~ competition:  All  imperialists
compete to take possession of colonies of each
other.
6. Eliminate the powerless empires. Weak empires
lose their power gradually and they will finally be
7. eliminated.
If the stop condition is satisfied, stop, if not go to
2.
8. End
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1.  Land the Keshtels

2. Find the Lucky Keshtels (LK).

3.  Foreach LK:
3.1. Swirl the Nearest Keshtel (NK)
around the LK.
3.2. If NK finds better food than LK,
replace NK with LK, find new NK, go to
step 3.1.
3.3. If the food still exists, attract the
NK, go to step, 3.1.if not, go to step 4.

4.  Let the LKs remain in the lake

5.  Startle the Keshtels which have found less

food and land new ones.

6.  Hustle the remained Keshtels in the lake.
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T,=clock;

Initialize attacker and defender
It=1;

while solving_time < Max_time
Do training and retraining;
Num_attack=1;

while Num_attack < Max_attack
Spot an attack;

Check the boundary;

Respond to attack;

if the OF defender is lower than attacker
Exchange the defender and attacker
position;

End if

Num_attack= Num_attack+1;
End while

Create a new solution as defender;
It=It+1;

T,=clock;

Solving_time=T,- T};

End while

Return attacker.

SEO (sslgniny o2, 81 aSad 1 JSo




\i'\ QL:...»JU c\/\ a)wcrj)AJ‘ﬁva.ﬁ)j}}dL»c&aj&}Mmjkwl&mw

1.4
1.2
1 - 3/&’\‘0 A} ‘\\
0.0
0.8 - 150 1%.25
06 250
Maxit Npop PN1 N2 Smax

KA o, 80 sl bl sl RPD Sl ges e S

Sl e S 5 lp s mul S RPD G SiL

g bl a2 SU b S e J S e, U sk
T G 3o 53 el (Sl s oS G ol Bls 4
2l Olse gl Bl k1) S0ke oS s e
Wl GA (2, S RPD (Sl 4 Ly e 5 (V) IS
e ol oS ol ol o 30l sy elan ¥l Sl
ol o3 el eslaglis bl Lyl (650 4 s @U 2 elb
ol bl sl cla.d A3 bl @U Sl eSS lssel
Oy siley PBla= & JUs 4 Alis ol 55 45 bl 5l das
e bl GBlL e el el B eSS
w5l e s B Ll [ 0le o eSS S
ols Jilas (1) Jsd Lo o8l 3 glaen ;831 (sla el

el 0

r\K sdlos Sy okl Cows 4yl ‘Soll.f o gakaly s
Sy Hldis o 2 Bestsol" ..\ i Siabesl sl e OSS s
V) 5V A AV e Sl el (s s gl o]

ol 1y e e eyl (6l sl RPD
..M.)L;d
4
800 100 0.05
2 1000 150 o G7sPB0ss 0.07
1200 .09
0 T T T T T T T T T T T
Maxit Npop pc pm
GA 21,81 5o sl RPD Slspes v S
800 18
N s
1.5 900 A
T T T T T 0\0 T T \SOI T T T T T T T 0I 12I T T T T 1
N\ .o
yf\ & & & \o\;o" A2
AQ’
qu

ICA o, 80 sla sl )y 1 RPD Jlsgui A S5

0.94 T 20(&
0.89
0.75

0.84 —
Maxit Natt Alpha Beta

SEO (2,580 sla sl (51 RPD s a4 IS

GO sl RN (s o,y (sl el (g ) Jskr

T A ALYy PR
‘T Max it
Yoo N pop GA
Vo Pc
oA Pm
Ve Max it
e N pop
) PNI KA

41



\i'\ QL:...».?U cV\ A)LA.\;‘(})AJJJ cﬁ))ﬁdbc&b}h}vmw‘}ﬁwmw

o PN2
N Smax
Yoo Max it
Yo N pop
V¢ Nimp 1cA
V4 Beta
Y Revolution rate(R)
) Zeta
Youu Max it
" (Natt) =5t slixr SEO
e @ 54 &5
A R

@b eSe Jm Sl dlel L s, g ddies
Loslesl O3 Balo 51 Sl Cwsn Julir 53 sdal s
Loy bl oSl 5 s e (1) Aol 3 .o
s Sl s akdlss FS s SRSk FS e slis
Sl sl el ol 31> OLES (58I el a Lo 55 sl
wnls i S1ssls 34 Sl s ;J\:Slﬁ. dpuloe (gl ks
Gl ap S 13 eslital 5,00 2w 0eSU s lkal Ol
13 3y (SAS)y CoaS e Sl 58 6,50 sl b U
Sl Glann S gL s s amlis ke @
oslizad 53ls 5 0l 5 (89) a3 Sl eslized L (RPD) e
sdel o 4 sl ¢l RPD lide - Sle .ol s
5 Sop by S8 Bl ol s L‘*r’:’)}g‘ Loy
SAPRIGAD) 6L°J-<»~: 22 V-“:’J)-Q‘ st ob e 2 5))-.' Sl
5 () «Y) Jslds 3 &S shilen .l ol oals OLES (V)
6LA(,:4_)}§51 S S sladsad gl el 0l eals QLIS (2)
o5 b adal s 4w sl ey 4 a5 L Lo (oolgniy
e oy 4 oS Sl bl 0Ly S s Lingo sl
(1) 5 (1) dO0)) gla Ko 3 o shilen S o 1y o
Sl w3l edal s 4 GBI Olppe 355 0 03 35
Sladised lp Al o RIS b rs sl
G Lﬁﬁf@l’u a 5B L 53y ool O I Jles) a2

V4V

ot dba )3 (5,001 5 (glgans , S s -Y-0
Sl 51 nlenig slagn, S s Shas oy skt o
e a8 el (YY) L 5 b Os e
o S Ll S S e b sl ke gl
5 SN Fp i bl w5 Ll o Ske 5w
Jhe mnliel 4 s ol s el s 4 s dudlss 5
23l 5w 4 Gl Jle Conles o 5 el 451
5SSl polie i Lo e 2505 sl
Loy d a4 G s onlm Lo a0 5 pdidlss
B N S LS TPt LU NPT S S 8 [P R I RV EPH
w5 b=—=0.9b=-0.1 31, 5,30 Er e
a=0.1 5 55 L caldss F5 oier o3
Sk 5 P L s i @ = 0.9
Dl e 3 AS dalp iy S 35l 0l sy O
Jlaml 4 5 L dalye S ladad G &b e S ol
lasl b sdaes 1) B3 5550 aiee oty dalp 550 6045
Galo 5l S sal cs @ BB S Jm Sk ol
o s Tl o L b5 s ol o glesl O3
Snakdiss g5 S5 sy ds M 0as b Da I w
Gl by S S pdedlsy Al A LSl 4Bl Aals
ks Gia ol a8 ol St amgt > 3L sl JEalS

Sl dalg als glie ol el Lo ssis S



\i'\ Qmu cV\ 6)\—&-\2‘(})6)}3 cﬁ))ﬁdbc&bjh}aﬁ-mw‘}ﬁ&wmw

b uj‘JJ Cﬂ'l K Jﬁl».&ds.kwb& ey )"J;‘»Sdojbd\

A e OLELQUZJJQS&:;_JJ

RPD

0.0180
0.0160
0.0140
0.0120
0.0100
0.0080
0.0060
0.0040
0.0020
0.0000
GA ICA KA SEO

P Do SN (sl KU RPD ke VY IS

ﬁ= —0.1‘(X=0.1y‘f

33 les sl s S5 W w0 0T 5l e 5 ol VY s
Olpes WY B4 aies 51l o Ll o 0 0B il 0l
iy, el Gl e i ekl e SIS
Y Wl 51l o yio 4 S5 5 SUl e 5,813
oobme Seslid b5 SusS bl slag S e
sskilen 5 asis T s She U X580 4wslic RPD
Lo sto s Yo pd o odaline (8) 5 (F) oY) Jsldr 53 &S
sde> dolior cpl 52 &8 hailen g e dslie 5 > S5
g sl Gllas SIS sy gy Obe Sl e
S il 816l 1 ool cn e SEO ), S
Shbs 55 KA 2s; roman 5550 o s & iy plo o
O o LSS b 5l e a3l 0 YL Sy S
sbwe RPD slis ICA 5 GA sla iy, « il
Lpsle s a iy ple boalie 53 1 505
s e edalie OF) 5 OF) (V) b IS 53 & shilan
L awslis ;3 KA SEO oKl 3 sla oy, S el =2l
wile bz S5l pdmy Hls Salite Sk, babs, ple
oo S s eVl w Sonp SIS Ol sl GA
4 s xS RPD sie KA 5 SEO (o Kl

B=-01a=0.1 ) x5 b 5 5,005 sl K b g odal oz & s Y g

ot Lingo GA ICA KA SEO
Best Average Best Average Best Average Best Average
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12 | 5186.40 | 5242.95 6778.57 5236.65 5980.92 5230.80 7030.10 5226.68 6815.42
13 | 10675.54 | 10725.5 | 16756.42 | 10686.7 | 12279.09 10696.64 11697.66 10702.80 14842.7
14 NA 16111.3 | 19417.41 | 16159.2 | 18400.78 16119.77 18550.93 15943.17 19945.4
15 NA 14094.9 | 17570.99 | 14113.1 17260.29 13994.32 16036.80 13497.49 14863.6
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16 NA 248873 | 26584.51 | 24856.7 | 29720.56 | 24667.78 | 27982.42 | 23888.43 | 30404.4
17 NA 6554.97 | 7018.08 | 6537.70 | 9164.14 6522.19 6824.60 6327.42 6403.30
18 NA 12654.3 | 18597.70 | 12377.2 | 14688.97 12321.78 16197.13 12292.61 15158
19 NA 333153 | 43632.01 | 33063.8 | 52268.64 | 33012.71 | 38820.84 | 33561.94 | 36530.6
20 NA 23566.9 | 28098.43 | 23371.1 | 27165.85 | 23456.22 | 31233.73 | 23526.78 | 27995.73
21 NA 10814.2 | 13910.25 | 10670.3 | 1133721 | 10676.07 | 16499.55 | 10748.43 | 13656.20
22 NA 17984.7 | 25467.77 | 17896.1 | 19665.61 | 17937.12 | 2333992 | 17839.52 | 19886.89
23 NA 919459 | 96960.99 | 90858.8 | 135852.47 | 90906.87 | 127595.4 | 91839.80 | 115090.8
24 NA 18577 23727.78 | 18433.6 | 25127.57 | 18487.39 | 26675.49 | 18100.20 | 19393.75
25 NA 51769.2 | 58369.33 | 51265.2 | 78371.27 | 51085.88 | 66088.52 | 51202.30 | 58722.37
26 NA 13411.7 | 15462.49 | 13411.8 | 14939.10 | 13470.12 | 16431.44 | 13518.03 | 18330.90
27 NA 9377.41 | 11327.26 | 9366.14 | 10921.99 | 9355.68 9883.59 9348.32 | 10713.71
28 NA 5049.21 6226.66 5030.96 5803.88 5035.62 5303.25 5026.06 5391.70
29 NA 121444 | 13556.89 | 12180.5 | 1643521 | 12047.00 | 13114.75 | 12017.68 | 12603.61
30 NA 8360.63 9286.27 8371.37 | 10254.61 8300.94 11414.77 | 8006.24 | 10000.17
31 NA 15055 21243.16 | 15036.5 | 17943.52 | 14922.24 | 16526.23 | 14450.79 | 17919.30
32 NA 229419 | 29328.67 | 22881.4 | 2913522 | 22827.14 | 33123.54 | 22145.46 | 30702.90
33 NA 18094.3 | 27421.26 17698 2551531 | 17618.80 | 21782.66 | 17577.09 | 21731.10
34 NA 6203.37 6301.49 6156.55 6291.14 6147.03 6385.34 6149.30 6407.07
35 NA 7641.22 7685.02 7577.71 7666.10 7605.32 7885.94 7528.32 7606.18
B=-05a=0.5 x> 5,005 sagn ;8w g ool Consy s ¥ g
. GA ICA KA SEO

set Lingo

Best Average Best Average Best Average Best Average
1 | 6619.86 | 6619.86 | 8110.75 | 6619.86 | 9114.18 6619.86 9773.59 6619.86 | 6645.31
2 | 309440 | 3094.40 | 3912.01 | 3094.40 | 3740.40 3094.40 3687.80 3094.40 3554.50
3 | 849740 | 8497.40 | 13379.08 | 8497.40 | 10521.82 | 8497.40 12946.19 8497.40 9051.86
4 | 240541 | 240541 | 3886.06 | 240541 | 3003.59 2405.41 3227.30 2405.41 2680.82
5 | 6100.73 | 6100.73 | 11003.73 | 6100.73 | 8573.04 6100.73 8280.15 6100.73 8320.16
6 | 323133 | 3251.98 | 5246.49 | 323133 | 3761.75 3231.33 3714.04 3231.33 3940.74
7 | 5882.16 | 6055.04 | 9315.83 | 5882.16 | 7650.49 5882.16 8270.83 5882.16 6816.49
8 | 15231.24 | 15328.6 | 15989.26 | 15374.3 | 1629225 | 15231.24 | 23500.09 | 1523124 | 16262.86
9 | 3687.62 | 3755.54 | 5757.54 | 4029.62 | 4604.29 3766.50 4395.43 3687.62 5007.03
10 | 693197 | 6956.30 | 10914.38 | 7242.55 | 9298.82 6931.97 8060.77 6947.76 7930.36
11 | 474072 | 4788.09 | 4861.31 | 4788.09 | 4856.99 4808.93 4861.42 4826.03 4921.62
12 | 10271.53 | 10371 | 10383.52 | 10383.5 | 10471.23 | 10359.46 | 10474.60 | 10351.31 | 10432.95
13 | 13224.02 | 13237.9 | 14781.29 | 132859 | 14831.41 | 13250.16 | 13343.42 | 13257.79 | 14934.42
14 NA 15230.7 | 15185.65 | 15185.6 | 15347.58 | 15193.63 | 15185.65 | 15027.18 | 15206.48
15 NA 11977.4 | 12078.18 | 11962.1 | 12081.94 | 11876.64 | 1219432 | 11455.00 | 11532.70
16 NA 18849.1 | 19212.45 | 18872.3 | 19090.21 | 18705.84 | 19303.67 | 18114.85 | 18398.44
17 NA 10106.3 | 10229.19 | 10079.6 | 10328.57 | 10055.74 | 10513.34 | 9755.44 9969.15
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18 NA 8150.60 8153.92 7972.11 8036.49 7936.41 8323.80 7917.62 8028.79
19 NA 17853 17853.03 | 17718.3 | 17786.78 17690.89 17967.23 17985.21 18093.42
20 NA 23867.1 | 2470537 | 23668.7 | 24846.22 | 23754.94 25790.23 23826.41 24991.92
21 NA 16278.3 | 16450.31 16061.8 | 16352.63 16070.38 16722.21 16179.31 16553.63
22 NA 15229.8 | 15523.27 | 15154.7 | 15535.19 15189.44 15524.53 15106.79 15466.32
23 NA 74195 74366.52 | 73317.8 | 73590.28 73356.59 74595.78 74109.40 74465.73
24 NA 11967.9 | 12003.48 | 11875.5 | 11978.14 11910.18 12132.48 11660.75 11798.13
25 NA 28364.2 | 28510.38 | 28088.1 | 28292.61 27989.87 28443.95 28053.66 | 28244.59
26 NA 14175.2 | 1424231 14275.2 | 14317.80 14236.89 1424231 14290.36 14482.09
27 NA 8508.79 8584.05 8619.02 8633.41 8499.28 8751.06 8523.48 8603.62
28 NA 9358.93 9767.63 9392.87 9842.12 9367.59 9771.02 9387.50 9942.52
29 NA 125443 | 13193.98 | 12507.1 13921.56 12406.79 13901.35 12376.60 13786.07
30 NA 7641.72 7670.45 7631.91 7751.12 757742 7828.61 7308.41 7397.96
31 NA 4419.63 4460.47 4425.07 4487.37 4386.04 4533.00 4247.47 4333.31
32 NA 9222.90 9265.66 9247.26 9282.86 9201.02 9348.98 8926.25 9020.10
33 NA 17698 18227.86 | 18094.3 | 17904.09 17618.80 18312.09 17577.09 17839.97
34 NA 6156.55 6301.49 6203.37 6291.14 6147.03 6385.34 6249.30 6407.07
35 NA 7577.71 7685.02 7641.22 7666.10 7605.32 7885.94 7528.32 7606.18
B=—09 a=09 kx5 5,05 st , S baw s ool Cowsy s £ dgr
) GA ICA KA SEO

set Lingo

Best Average Best Average Best Average Best Average
1 6307.23 6307.23 7727.71 6307.23 8683.76 6307.23 9312.03 6307.23 | 6331.48
2 2889.22 2889.22 3652.62 2889.22 3492.39 2889.22 3443.28 2889.22 3318.81
3 832991 832991 13115.37 | 832991 10314.43 832991 12691.01 832991 8873.44
4 2273.06 2273.06 3672.24 2273.06 2838.32 2273.06 3049.72 2273.06 2533.31
5 5518.48 5518.48 9953.54 5518.48 7754.83 5518.48 7489.90 5518.48 7526.09
6 3108.88 3128.75 5047.68 3108.88 3619.20 3108.88 3573.30 3108.88 3791.41
7 5780.54 5950.43 9154.90 5834.82 7518.33 5780.54 8127.95 5780.54 6698.73
8 15197.23 | 155943 | 15953.56 | 15439.9 | 16255.87 15197.23 23447.61 15197.23 16226.54
9 3526.31 3591.27 5505.69 3853.36 4402.89 3601.74 4203.16 3526.31 4788.01
10 6644.55 7667.87 | 10461.84 | 6942.26 8913.27 6644.55 7726.55 6659.69 7601.55
11 4517.92 4580.07 4632.85 4585.07 4628.74 4582.93 4632.96 4599.23 4690.33
12 | 10162.14 | 10260.6 | 10272.94 | 10272.9 | 10359.72 10249.13 10363.05 10241.07 10321.84
13 | 11752.68 11765 13136.68 | 12807.7 | 13181.22 11775.90 11858.79 11982.69 13272.77
14 NA 14785 14741.24 | 14741.2 | 14898.43 14748.99 14841.24 14587.41 14761.47
15 NA 11881 11946.66 | 11831.8 | 11950.38 12047.32 12161.54 11330.27 11407.12
16 NA 18894.8 | 19055.13 | 18717.8 | 18933.89 18552.66 19145.59 17966.51 18247.78
17 NA 10139.1 10261.19 | 10412.6 | 10959.91 9988.89 10443.45 9690.59 9902.88
18 NA 6310.38 6312.96 6172.19 6222.04 6144.56 6444.48 6130.01 6216.08
19 NA 16503.8 | 16503.81 | 16379.2 | 16442.57 16353.92 16609.38 16726.00 16826.04

Yoo
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20 NA 22541.9 | 22816.06 | 21858.7 | 22946.14 21938.32 23817.96 22004.31 23080.69
21 NA 15118.7 15277.49 14919 15087.36 14826.96 15428.35 14927.45 15272.82
22 NA 14037.7 14308.21 14168.5 14319.20 14000.51 14309.37 13924.33 14255.72
23 NA 68320.7 | 68478.66 | 675129 | 67763.87 | 67548.69 | 68689.77 | 68241.90 | 68570.01
24 NA 11209.6 11742.32 11124.6 11519.01 10956.49 11160.99 10727.03 10853.41
25 NA 26803.5 | 26941.64 | 26842.6 | 26935.86 | 2644978 | 26878.87 | 26810.05 | 26990.48
26 NA 13638 13702.60 13734.2 13775.23 13697.39 13702.60 13848.83 13933.29
27 NA 8361.80 8435.76 8470.13 8484.26 8352.46 8599.88 8376.24 8454.99
28 NA 933803 | 974582 | 9371.90 | 9820.14 | 9346.68 | 974921 | 9466.53 | 992031
29 NA 12496.4 13143.62 12459.4 13868.42 12359.44 13848.29 12329.36 13733.45
30 NA 7307.45 7334.93 7298.07 7412.07 7245.96 7486.17 6988.72 7074.35
31 NA 4336.38 4275.53 4241.59 4301.31 4204.18 4345.05 4071.35 4153.64
32 NA 8409.68 8448.68 8431.90 8464.36 8389.74 8524.65 8139.19 8224.77
33 NA 43026.4 | 4431444 | 439897 | 4352731 | 4283373 | 4451922 | 4273235 | 43371.43
34 NA 6101.42 6245.07 6147.83 6234.82 6092.00 6328.17 6215.35 6349.71
35 NA 5866.84 5949.93 5916.01 5935.27 5888.22 6105.48 5828.60 5888.88
RPD
3o Ol ks 0 g 0.017
GA |ICA | KA | SEO
set 0.012
51 | 2101 | 2881 | 1228 | 6.43
0 | 2201 2777 [13.03 | 472 0.007
23 | 1730 | 3978 | 11.66 | 11.52 s 00
24 | 3640 | 8481 | 3432 | 1036 GA  IcA KA SEO
25 | 28.06 | 9478 |32.15 | 17.61 55513 Sl I RPD LS 1Y S
26 | 39.53 | 81.39 | 58.80 | 18.68 8= —05 =05
27| 70.61 | 11321 | 8252 | 25.85
28 | 66.10 | 137.69 | 109.68 | 24.33
RPD
20 | 7545 | 130.44 | 86.96 | 2321
30 | 132.31 | 152.26 | 120.08 | 35.68 0.025
31 | 13427 [ 199.95 | 132.14 | 42.91 0.02
32 | 153.61 | 20533 | 137.84 | 41.87 0015
33 | 115.10 | 20655 | 172.99 | 46.29 oot
34 | 15039 | 344.80 | 226.00 | 65.47 O'OOZ
35 | 14508 | 40023 | 223.84 | 8231 A 1A kA sEo

AR
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warehouse”, Computers & Industrial

Engineering, 61(2), pp.402-408 .
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ABSTRACT

Each supply chain consists of procurement, production, and distribution stages. The cross-
docking system is a new strategy at the distribution stage to improve customer response time
by moving products directly from pickup trucks to delivery trucks. Generally, both machine
and human resources are needed for an activity to be done. Many researchers have developed
numerous planning methods for cross-docking systems, but human resource constraints have
been mainly ignored. In this paper, for the first time, we examine the problem of truck
scheduling in multi-door cross-dock, considering the learning effects and the deterioration of
tasks to fill the gap between theoretical planning models and what is happening in the real
world. We have proposed a mixed integer programming model for this problem. According to
the research literature, with increasing the size of the problem, the complexity of the integer
programming model is expanding rapidly. The exact methods can hardly achieve the optimal
solution. To solve large-scale problems, five meta-heuristic algorithms are used, including
Genetic Algorithms (GA), Imperial Competitive Algorithm (ICA), Keshtel Algorithm (KA),
and Social Engineering Optimization (SEO). Finally, the numerical results obtained from all
meta-heuristic algorithms are analyzed. We compare the meta-heuristic algorithms based on
the best, average, Rpd, and time criteria. As a result, the SEO and KA algorithm performed
better than the other algorithms in solution quality.

Keywords: Cross Dock, Scheduling, Learning Effect, Deterioration, Meta-Heuristic
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