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Abstract 
 

Universally specialists and scientists accept that flexibility assume a elementary play in modern factory segment. Only 

associated with modest parcel size generation since agility adaptable is an indispensable part to be incorporate into course of 

action of racks in format plan among the assembling fragment. In view of such conditions, considering NP hard double target 

issues is, regularly, a lumbering responsibility. In this work, researchers tended to about a populace based metaheuristics like 

differential development (DE) and sheep run technique (SRT) for making wrung order structure configuration issues in flexible 

system of manufacturing environment. The originators focused on twofold target headway of which fundamental objective is 

stressed over the versatile slot (FJSP) arranging issue, the accompanying objective focused on wrung order Layout issues 

where expelling the interest of machines with in lead-ins of wrung steps to control rigid transportation cost and hoarding lead 

time of employments on machines. The execution of the estimation (SRT and DE) is crisscross by benchmark issues. At long 

last, it is pondered that SRT outfits flawless outcomes at the point on par with DE.Further a literature comparison is done for 

the proposed results against literature results and conclusions depicted. 
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1. Introduction 

 
In the present situation, mechanized assembling ventures are under prodigious stress which brought about 

by the increasing expense of vitality, materials, works, capital, and strengthening overall challenge. While these 

patterns will stay for quite a while, the issue fronting producing today run much cavernous. By and large, they 

come from the very idea of the assembling procedure itself. So as to beat that, Adaptable Manufacturing 

frameworks (@FMSs) are viewed as one of the most productive strategies to use in lessening or taking out 

assembling issues. FMS is in excess of a specialized arrangement[1]; it is a business-driven arrangement 

prompting improve gainfulness through decreasing lead times and stock levels and improved assembling viability 

through expanded operational adaptability, consistency, and control. 

 
 

The FMS design includes assigning different hold for achieving full skill. The plan has an impact eager for 

elapsed time and cost [2] which ought to be resolved in the beginning of the FMS [3]. By and by, the most 

generally utilized sort of FMS designs [4] are as per the following: 

 
1. Line or single column design 

 
2. Circle format or oval shape design 

 
3. Stepladder or pecking order or wrung structure layout 

 
4. U-shaped format 

 
Amongst the above Layouts, this paper addressed about wrung order layout with scheduling as restrictions 

utilizing Sheep Run Technique (SRT) and Tabu search method (TS). 
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2. Wrung Order Layout 
 

 

Fig 1: Wrung order Layout Arrangements of FMS for 6 machines 

 

 

 
3. Problematic Depiction 

 
The work plan got from Liu et al. [5] acted reference for this work. analyst's complement on structure of Ladder 

position in versatile course of action of collecting with [FJSP] versatile jobshop booking as impediment. 

 

 
3.1 Multi Goal Mathematical Representations 

 
Here, maker familiarize the twofold target condition with break the versatile variable bunch arranging issues 

which are united with wrung design arrangement primes to lessen the Goal of Work such as Throughput, make 

run, 

 
 

Objective Functions 

 
1) Minimize Make Span F (Smaxi) 

 
 

Minimize , F ( S max ) = S n , m 
(1) 

 

 

Subjected To 

 
1) conjunctive constraints 

 

�i,j,k  ≤  �i,j+1,k − �i,j+1, for j= 1, 2, 3…p 

 
�i,j,k  ≥ 0, for j = 1, 2, 3 …p 

 
2) Resource constraints 

 
O i , j, k    = 1  if job i scheduled before job i’ 

 
 on machine k  

= 0 otherwise;  for 

 
for 

O €  S (i,j,k) 

 
j= 1, 2, 3…p 

 
i, i’ = 1, 2, 3….. n, k, k’ = 1, 2, 3 …m 

 
3) Disjunctive constraints 
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B i, k = 1 if job i processed only once on 

machine k 

= 0 otherwise; for B € S (i,j,k) 

 
for i, i’ = 1, 2, 3….. n, 

k, k’ = 1, 2, 3 …m 

II) Minimize Total Transportation Cost (Z) = 
 

 M M      (2)   
   MF *MH *RD  +LOC  +ULOC  


 

 
mi =1 mj =1 

 

 m1m2 

 
 m1m2 n1n2  mi mj  

 
  

 

Subjected to 

 
 

 

 X 
mi =1 

 

mimj 
= 1    if machine mi is at assigned to slot N 

 

= 0  otherwise 

 
 

 

 X 
mj =1 

 

mimj 
= 1 if machine mj is at assigned to slot N 

 

= 0  otherwise; 

 
X ∈{0,1}, where   mi, mj = 1,2, .................. N 

mimj 

 

 

4. Proposed Advanced Optimization 
 

This work is proposed with two advanced non-traditional optimization techniques such as 

 
a) Sheep Run technique 

 
b) Tabu search method 

 
The above two methods are applied on to multiobjective function of wrung order layout design with scheduling 

constraints and necessary throughputs, make run has been obtained. 

 

4.1 Sheep Run Technique 

 
In the inception, SRT (Sheep Run Techniques) was developed by Hyunchul and Byungchul (2001)[6]. 

This calculation was started to explain huge scale issues on planning over a period of a few continuous years. 

And it is competing with performance of another evolutionary algorithm called Genetic algorithm calculation it 

is alluded as staggered hereditary activities can get great arrangements. This calculation was commonly founded 

on the common difference in sheep in the group. 

 
 

Let us consider two runs of sheep’s in a structure with two persons for vigilance who being monitoring 

and observing those sheep runs. At the moment when these two were busy in chitchat[7], there is a probability of 

unification of herds been takes place, in such condition both the persons arrive at the mixed gathering and endeavor 

to segregate the sheep's from mixed surges and keep the groups as of now. In actuality, the effect of inheritance 

will imperfection on specific surges. In this, a necessary steps which describes the multilevel genetic operation[8] 

for scheduling problem which is a constraint in layout design in Sheep run techniques which is given below. 

M

M
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4.1.1 Multilevel genetic operation 

 

Sub-Chromosomal by cross overing the strings 

for (int p = 1; p <= no_populations; ++p) { 

int *tt; 

tt = subChromosomeCrossOver(chs[p], 

size*subChsCrossOverRatio, size); 

for (int b = 1; b <= size; b++) { 

chsSUB[p][b] = tt[b]; 

} 

} 
 

// Inverse mutations for Sub-Chromosomes 

for (int p = 1; p <= no_populations; ++p) { 

int *tt; 
tt = inverseMutation(chsSUB[p], 

size*subChsCrossOverRatio, size); 

for (int b = 1; b <= size; b++) { 

chsIM[p][b] = tt[b]; 

} 

 

tt = repairChromosome(chsIM[p], size); 

for (int b = 1; b <= size; b++) { 

chsIM[p][b] = tt[b]; 

} 

} 

 

4.2 Tabu search 
 

Tabu Search (TS), a heuristic strategy initially proposed by Glover in 1986, to different 

combinatorial issues have showed up in the activities explore writing. In a few cases, the strategies 

portrayed give arrangements near optimality[9] and are among the best, if not the best, to handle the 

troublesome issues within reach. These victories have made TS incredibly well known among those 

keen on discovering great answers for the huge combinatorial issues experienced in numerous down 

to earth settings.Here , a necessary procedure steps for scheduling using tabu search[10] is furnished 

through psedo code 

 
int makespan_OdjectWithWaitingTimes(Schedulable_operations 

representatives1[],int sequence[]){ 

Schedulable_operations 

S[MAX],J[MAX],Job_order[MAX],RR[MAX],JJ[MAX]; 

int 

R[no_machines+1],RT[no_machines+1],SMPT[no_batchs+1],OP[no_batchs+1], 

nn=no_batchs*no_operations,order=1,n=0; 

int num=0; 

int OP1[MAX]; 
int Morder[MAX_MC][MAX]; 

int Morder1[MAX_MC][MAX]; 

initialize(); 

//display_ReprestativesSequence(representatives1,sequence); 

for(int k=1;k<=no_machines;k++){ 

for (int l = 1; l<= no_batchs*no_operations; l++) { 

Morder[k][l] = 0; 

Morder1[k][l] = 0; 

} 

OP1[k] = 1; 

} 
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5. Results and Discussion 

 

Six different machine slots with different processing of jobs on machines to be allocated in machine 

slots in wrung order layout for effective design of layout is considered, along with necessary process times , 

interslot distance between machines and load and unloading cost is also considered. Different combinations of 

these six slots for machine allocations, six jobs and varied operations of jobs for different cluster combinations 

were used sets and four layouts are used to generate 5 example problems[1]. Here Table 1 shows production 

summary of Wrung order layout and Table 2 shows batch varieties with batch sizes of wrung order layout 

TABLE 1.   OUTLINE OF PRODUCTION SYSTEM 

 

Layout 

Pattern 

No.of 

Machines 

No.of 

batches 

No of 

operations 

Load/Unload 

stations 

Ladder 6 6 6 2 

 

 

 
 

TABLE 2:BATCH VARIETIES WITH BATCH SIZES OF THE LADDER LAYOUT WITH 6 MACHINES WITH 6BATCHES 
 

Batch number B1 B2 B3 B4 B5 B6 

Batch varieties VBS 100 70 55 60 80 40 

 

 

 

 

 
TABLE 3 . COMPARISON OF MAKESPAN OF THE PROPOSED EVOLUTIONARY ALGORITHMS (FOR VBS WITH 100 

GENERATIONS) 
 

 

 

PROBLEM INSTANCE 

 

 

SFHA 

 

 

TS 

 

 

MAKSP 

 

 

MAKSP 

 

 
KMK 1-(6x6x6) 

 

 
5020 

 

 
5520 

 

 
KMK 2-(6x5x5) 

 

 
4200 

 

 
4800 

 

 
KMK 3-(6x5x4) 

 

 
3445 

 

 
3950 

 

 
KMK 3-(6x4x4) 

 

 
3025 

 

 
3300 

 

 
KMK 3-(6x4x3) 

 

 
2554 

 

 
2995 
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TABLE 4 . COMPARISON OF OVERALL CONVEYANCE CHARGES OF THE PROPOSED EVOLUTIONARY ALGORITHMS 

(FOR VBS WITH 50 GENERATIONS) 

 
 

 

 
 

Prob Inst 

 

 

SFHA 

 

 

TS 

 

 

OCC 

 

 

OCC 

 

 
KMK 1-(6x6x6) 

 

8400 

 

9200 

 

 
KMK 2-(6x5x5) 

 

7652 

 

8560 

 

 
KMK 3-(6x5x4) 

 

7025 

 

8020 

 

 
KMK 4-(6X4X4) 

 

6654 

 

7885 

 

 
KMK 5-(6X4X3) 

 

5951 

 

6995 

 
 

 

Fig 2:Plot of Make span to analyze performance of 

proposed algorithm 

Fig 3:Plot of Overall conveyance charge to analyse 

performance of proposed algorithm 
 

5.1 Inferences 

 
From Tables 3, 4 and Figs. 2, 3 it is discovered that execution of SRT and TS for computing Overall Conveyance 

charge and Makespan is diminishing as issue measure is littler according to the issue scope. By relative 

investigation, it is seen that OCC are upgraded for SRT. 
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5.2 Convergence of Proposed Algorithms 

 
The performance of algorithms are estimated in converging their solutions towards best solution.Here authors 

have executed the solutions for 500 iterations in incremental mode with runout of 50 iterations each. The table 5 

shows that the various convergence solutions for five problem instances of Sheep Run Techniques and Tabu 

search are depicted. 

 

TABLE 5 . Convergence Comparison Of Overall Conveyance Charges Of The Proposed Algorithms FOR 

KMK-1 (For VBS With 50 Generations Increment Upto 500 Generations ) 

 

 

Prob Inst No.of 

Generations 

SRT(Rs) TS(Rs) 

 

 

 

 

KMK 1-(6x6x6) 

50 8400 9200 

100 8380 9180 

150 8225 9140 

200 8135 9112 

250 8100 9055 

300 8054 9024 

350 8032 9010 

400 7998 9000 

450 7988 8995 

500 7971 8992 

 
 

 
Fig 4:Plot of Overall conveyance charge to analyse convergence of proposed algorithm for KMK-1 
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TABLE 6. CONVERGENCE COMPARISON OF OVERALL CONVEYANCE CHARGES OF THE PROPOSED ALGORITHMS FOR 

KMK-2 (FOR VBS WITH 50 GENERATIONS INCREMENT UPTO 500 GENERATIONS ) 

 

 

Prob Inst No. of 

Generations 

SRT(Rs) TS(Rs) 

 

 

 

 

KMK 2-(6x5x5) 

50 7652 8560 

100 7610 8558 

150 7580 8552 

200 7550 8548 

250 7522 8540 

300 7495 8535 

350 7462 8529 

400 7445 8519 

450 7410 8511 

500 7395 8506 

 

 
Fig 5:Plot of Overall conveyance charge to analyse convergence of proposed algorithm for KMK-2 

 

 

 

TABLE 7. CONVERGENCE COMPARISON OF OVERALL CONVEYANCE CHARGES OF THE PROPOSED ALGORITHMS 

FOR KMK-3 (FOR VBS WITH 50 GENERATIONS INCREMENT UPTO 500 GENERATIONS ) 

 
Prob Inst No. of 

Generations 

SRT(Rs) TS(Rs) 

 

 

 

 

KMK 2-(6x5x4) 

50 7025 8020 

100 7010 8015 

150 6994 8011 

200 6982 8008 

250 6975 8003 

300 6952 7998 

350 6915 7996 

400 6895 7992 

450 6882 7989 

500 6853 7984 
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Fig 6:Plot of Overall conveyance charge to analyse convergence of proposed algorithm for KMK-3 

 

 
TABLE 8. CONVERGENCE COMPARISON OF OVERALL CONVEYANCE CHARGES OF THE PROPOSED ALGORITHMS 

FOR KMK-4 (FOR VBS WITH 50 GENERATIONS INCREMENT UPTO 500 GENERATIONS ) 

 
Prob Inst No. of 

Generations 

SRT(Rs) TS(Rs) 

 

 

 

 

KMK 2-(6x4x4) 

50 6654 7885 

100 6642 7881 

150 6630 7878 

200 6621 7874 

250 6610 7871 

300 6595 7869 

350 6582 7863 

400 6570 7858 

450 6555 7852 

500 6495 7847 

 
 

Fig 7:Plot of Overall conveyance charge to analyse convergence of proposed algorithm for KMK-4 
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TABLE 9. CONVERGENCE COMPARISON OF OVERALL CONVEYANCE CHARGES F THE PROPOSED ALGORITHMS FOR 

KMK-5 (FOR VBS WITH 50 GENERATIONS INCREMENT UPTO 500 GENERATIONS ) 

 
Prob Inst No. of 

Generations 

SRT(Rs) TS(Rs) 

 

 

 

 

KMK 2-(6x4x3) 

50 5951 6995 

100 5932 6992 

150 5910 6989 

200 5895 6887 

250 5882 6884 

300 5873 6880 

350 5861 6875 

400 5848 6871 

450 5837 6866 

500 5823 6859 

 
 

 
Fig 8:Plot of Overall conveyance charge to analyse convergence of proposed algorithm for KMK-5 

 
 

6. Conclusion 
 

This work addressed on the presenting of Ladder layout configuration with incorporated planning for which the 

recurrence of excursions of jobs between machines, the gap between the machines with stacking and emptying 

good ways from stacking/emptying station to all machines, and unit material taking care of expense (MHD) are 

evaluated in an unexpected way. The issue is encircled as the quadratic project issues (QPI) proposal of Capacity 

layout problems. This is inferable from the point that in the QPI models, the separation between the places of 

allocation is recognized well ahead of time yet it is structure subordinate for the problems considered in this paper. 

From the outcomes, we infer that wrung order design is upgraded utilizing SRT and is superior to TS with Varible 

batch sizes and constant MHD cost and recurrence of outings between machines. 

 
 

Referances 
 

1. Mallikarjuna, K., Veeranna, V., & Reddy, K. H. (2016). A new meta-heuristics for optimum design of loop 

layout in flexible manufacturing system with integrated scheduling. International Journal of Advanced 

Manufacturing Technology, 84(9–12), 1841–1860. https://doi.org/10.1007/s00170-015-7715-9 

OEIL RESEARCH JOURNAL (ISSN NO:0029-862X) VOLUME 20 ISSUE 1 2022

PAGE N0: 83



 

 

2. Apple JM (1977) Plant layout and material handling, 3rd edn. The Ronald Press Co, New York 

 
3 Satheesh Kumar, R. M., Asokan, P., & Kumanan, S. (2008). Design of loop layout in flexible manufacturing 

system using non-traditional optimization technique. International Journal of Advanced Manufacturing 

Technology, 38(5–6), 594–599. https://doi.org/10.1007/s00170-007-1032-x 

4. GrooverMP (1992) Automation, Production systems and computer integrated manufacturing. Prentice-Hall 

Inc. ISBN-0-87692-618-9 

 

5. Liu H, Abraham, A, Grosan C, Li N. ICDIM 2007. LNCS, vol 1, pp 138–145. http://www.springer.com/lncs. 

Accessed 21 Nov 2016. 

6. Kim, H., & Ahn, B. (2001). A new evolutionary algorithm based on sheep flocks heredity model. In IEEE 

Pacific RIM Conference on Communications, Computers, and Signal Processing - Proceedings. 

https://doi.org/10.1109/pacrim.2001.953683 

7. Subbaiah, K. V., Nageswara Rao, M., & Narayana Rao, K. (2009). Scheduling of AGVs and machines in 

FMS with makespan criteria using sheep flock heredity algorithm. International Journal of Physical 

Sciences. 

8. Nara, K., Takeyama, T., & Kim, H. (1999). New evolutionary algorithm based on sheep flocks heredity 

model and its application to scheduling problem. In Proceedings of the IEEE International Conference on 

Systems, Man and Cybernetics. https://doi.org/10.1109/icsmc.1999.816603 
 

9. Glover, F. (1989). Tabu Search—Part I. ORSA Journal on Computing. https://doi.org/10.1287/ijoc.1.3.190 

10. Ekşioǧlu, B., Ekşioǧlu, S. D., & Jain, P. (2008). A tabu search algorithm for the flowshop scheduling 

problem with changing neighborhoods. Computers and Industrial Engineering. 

https://doi.org/10.1016/j.cie.2007.04.004 

OEIL RESEARCH JOURNAL (ISSN NO:0029-862X) VOLUME 20 ISSUE 1 2022

PAGE N0: 84


