(En g5 dlae C—’D 48 5l DAo)lad cpadomn Ju— gae Sy e Sladllas e dalilab
FAV-YTD Sl
DOI: 10.22054/jims.2020.47551.2394

SO Ol o GOk ) s S (SIS S Sl 59!
B ik GiodkT SO (58 & L35 53 b Sl 1098 kige

* S0 (Suge

WY oy )6 WAL 53 e b

Glaoles 8 L 5 b gl e 53 e LIS 0L Wy bt gt Oloy dlons lis ol s
5> b andlas Sl JS LaSS Oles ¢ geme 3lutiaS Sda bs J 5l s (g3luesle]
ankd i Sl eddesls ol Jsame pa 30l sy e p 5 SO Gl Gl L s
(68l opeile iz 325 b (A, 0L Jamme SO s ladal il s ol a5 &l
o e ol Lsde lg Jpame 4 ol Sl ool G 53 e 5 e S il
Gl b A Sl 5 san el (Sl oite (Soleas Spmier I 0, Sl
sl Shee 5 bl whs Cgr g SE olnll b s el esls Wbl diee
3 Shes (gade gl ilosl Sl eslital b izmen .Conl ol 4 S S 4 ol 4l slaez S
Gl ite (Soloos (g sminr o) S das o LIS s ol 03 b 551 (s3lgden slap, S

S o Jor g s cnl o sl S slagn 5583 5 el sl

‘L;b: )l JM ‘5)L.ND.>LﬁT &L&QL&) LLS./\.\JQLA) gé\ 4.1}15 93 jk;}a L;alf)ls Uli)’ PI 6-\2.15 QMS

S o, S

ol o238 e oDl SI5T o215 ¢ 955 arly Sl 5 aulio ovikio oSS cayli pusiges 08,5 o]
m_yazdani@qiaun.ac.ir (Jgius odiws 53)



44 5oL A AJM‘VAMJLW—W;&);_.\»QMUM eole anllad YA

YPRVF)
035 1y Sl sy 5 Slds gt by oy ege | S L8 ol
3 Shee (gla jas L 5 il 3 (o s sutoms o8 1S Jaome 4 iy il 5 or sl 0 g
Ob o Al ¢ Jilas ) 51 S5 (TN (SDlay 5 5 juns) Lily S st b LT s
Wl o 3 6305 slas )8 48 ol (TSAFP) "ol al> o 55 50 A8
b)) e el W (084 O 5 ) Sl i bl Slse sl L8
ot 3 (V08 o3V 5 (53,5d) odd w555 o3l KL Sl g (1490 (01, g
Jsl idu oSl 03,8 Lo 545 4 1) (6 2hy 4o 55 5l (ams 93 Jsb js dllue ol 3l
33 3 355 o O guime SIS AL 0L x gtisle) s Oles ol 5 dlas oyl
Slp Sioaaliy 5 Olabd L 5 6l A0l 0 58 0 plasil S g giile o p g Al o
Lilb w3l e Sl JTo) ans Sl (S Jae jsba S Slles
L b gtile Wlas 53 b cplpls (YN O1Len 5 (>3 6Y 000 jle 5 LS )
(YA Lol S ) L5851 3 4 5 3590 Ol o 5b

5 S b gl e 53 SWae B O a unile diee 3550 5 axlllas ol
oSS 0l 0l ) Jilito w0 (615 1 aible aw TSAFP 16T .5 ol (144F) 01, K0s
o o 55 peile 95 b dlae 45 L5 ST ol pumen 5 Lisls 15 anlllae 5y40 LS oy 5T
ﬂ)}ij‘&ﬁgﬁf& o35 &S 6T .o NP-hard 55 al> o 55 il & 5 sl
s Olen (1480) OLKan 5 Wil sls slgiin las cpl gl OIS 5 a5ls 2
DS 3l ge oK 65 5 g5 bl T Sl (sl 1, (V44Y) 0K 5 J Wlis
oot 1 (188Y) 3L 5 (5 ki ST 0 0T o (sl (6,180 ) S e 5 sl
(1449) &Sl 5 Komr Lsls slgitn OIS 5 45l o 3y &0 sl g5 opdle T Al

JooS 0l Wil b am § ks ys ols bl by Slge a8, 0L > dles

1 .Two-stage assembly flow shop problem
2 .Makespan
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.Genetic algorithm

.Simulated annealing

.Differential evolution

.Variable neighborhood search

.Tabu search

.Ant colony optimization

.Artificial immune algorithm

. Imperialist competitive algorithm
.Parallel variable neighborhood search
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1. Initialization

Define the set of peighborhood structures &, for A=1,...4

" s that will be used in the search;

Choosa a stoppie condition; and find the mitial solution X ;

2. Repeal until stopping condition i3 mel;
Set k—1,

3. Repeat the fellowing steps wncil £ =k,

. . : ' . b ; 5 s
3.4, Shuking: Generate point ¥ ar random from the & r1'1tf1ghl:mrhuud of ¥ (_.\."' = ﬂ'k (A
3b Local search: Apply some loval search methods with " us initial solution
to obtain a local optinum given by x" ;
3.c. Neighborhood change:
if the local optimum X" is better than & then X ¢—— x" and continue the search

with N, (fe——I); Otherwise, set fe——f +1;

VNS iz 3901 o5 dods ¥ Kb
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Initialization:
Select the set of neighborhood structures N, for k=1,....,k,,, and N;, forl=1,...,1 . that
will be used in the shaking and local search procedure, respectively; find Initial solution x;

set number of processors (1,,); determine number of neighborhood seach in the local search

procedure; choose the stopping condition.

Repeat (external loop)
setk «1;
Repeat (internal loop)
for each processor pr(h) h=1,...,n,, do in parallel
Shaking procedure

Generate random soluion x{,) by N, from k™ neighborhood of x;

Local search procedure
Get solution x,;
set n<1and !/ «1;
fori=1mn_,
Generate random soluion xp by N; from /™ neighborhood of x;
if f(xp) < f(x,,) then x{;,
else select the random integer number R in therange (1,/ ) and / < R;
endif

end for

«—xpand/ <«

spt,, < X,; (obtained solution by h™processor in the local search procedure)

endfor
Updating
The best solution is selected among the obtaines solution of the processors and it place in x”;
iff(x") < f(x) then x < x"and k < 1, else k < k+1;
endif
until k>k

‘max

until the stopping condition is reached
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1. Clonel selection
2. Affinity muturation



Y s

5 Liph e S Ol —1 slde 5555 (2B, Ol i) 5l 6,8 0 b is,E 5l
23 3mse Dl p e G GG e e 53 sk e Jimte (6,8 Sl
Sl Sz U35 o Jita (6,8 Cr il 4y (6,8 5 5 ol 5| Comazr Ols
A OdE 08 5 0ud )l Jlezst el S5 4 05 T s 4y, bl o)
3ok =T Ol o B 5l Ol )l 0T )8 5l Ol L oo dlasly g

(V0 ek 5 1) 335 oo dloms 5l G b

min(obj(ab), |i=1,..,n,,)
obj(ab))

Affinity(ab, ) = )

odins Ol 7, 5 (63b (BT Ol oall Sda Wb oins OLES 0bj(ab), S ylr
Jols 85l f ok idn e momen il or (lagssl (ST) il Coma 3ltes
SAS LS 55 1 s Bl fak sm 53 il e 0l ;S ANl 5 g 1 sla T3
e (Ko Lol (555 ok plowl Ol i 5,8 e bl g T3 ol
23S FA LS VL B L gl o) p 2l Ol s 6,8 L
23 Sl 3,8 e Do i 5L O Seml B L glholer 65
o (sl (8T) Lol slas ool 53 oS oo oalial Jhglp T 5 87 ol

(Ve OLSen 56 AL 6,8 o 13 ol 5 b e b T

i obj(ab), —obj(best antibody) <01

, ; )
obj(best antibody)

338 ot GV E 5L e T3 (sl (8T) Ol 35 2 Sy ) e o



a4

j:'.’.Li OA A)Lg..."& ‘VAN JL.u_ W g:,.‘:‘j{_.ka Oladlas wl; aollzd

vy

Initialization:

Set the size of antibody population (n,,); generate initail antibody population, Deterrmine the mutation operators;

set the number of exchangable antibodiesreceptor editing (1,,) ; set pop < initail antibody population.

Repeat
Clonel selection and expansion

Calculate objective function (makespan) and affinity values of each antibody of pop;
Slelect [n = %) antibodies from the pop with the highest affinity;

Prolifrate (n,,-1) clones (copies) from the selected antibodies by using binary tournament

ab
rule (choose two antibodies from m antibodies randomly and select the antibody with higher

affinity) and transfer clones to mutating pool (The higher the affinity, the greater the number

of copies in mutating pool, and vice versa);

Transfer the best antibody to mutating pool; (mutating pool size=n )

Affinity muturation

Somatic hypermutation: Mutate clones in the mutating pool with a rate proportional to their

affinity. The higher the affinity, the less the hypermutation rate, and vice versa;

Add the mutated clones (new antibodies) to the current pop and create pop”; ( pop'size=2xn,,)
Receptor editing: Replace n,, antibodies with the lowest affinity with new ones in the pop";

Updating next population

Copy the best antiody of pop' to the next pop;

Selectn,,-1 antibodies from pop' by using a suitable selection strategy and copy them into the next pop;

until the stopping condition is reached
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Procedure SA Algorithm
Initialization mechanism (initial solution (

While the stopping criterion is not met do
Move mechanism
Acceptance mechanism
Temperature reduction
Endwhile
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