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ABSTRACT

A facility can be a workstation in a manufacturing system or a department in an
organization, which is used to produce goods or provide services. The classical Facility
Layout Problem (FLP) is a well explored and studied combinatorial optimization problem
(COP). In FLP, the key objective is to efficiently arrange ‘N’ indivisible facilities to ‘M’
locations such that the distance of material travel is minimized. Reduced material
movement lowers work-in-process levels and throughput times, less product damage,
simplified material control and scheduling, and less overall congestion. Hence, while
minimizing material handling cost (through minimizing material movement), other
objectives are achieved simultaneously. In practical scenarios, facility layout design is
dependent on demand which could be static, deterministic or random, and time planning
horizon which could be single period or multiple periods. Thus, it can be classified as
static, dynamic and stochastic. Considering uncertainty in the product demands in single
period and multi-period leads to two stochastic FLPs called Stochastic Static Facility
Layout Problem and Stochastic Dynamic Facility Layout Problem (SDFLP), respectively.
This research focuses on Equal Area SDFLP. SDFLP is known to be NP-hard, which is
modelled as QAP. Thus, it poses challenges when solved using exact algorithms and
heuristic techniques.

The objective of SDFLP is to find an optimum layout for each time period so as to
minimize the total material handling and rearrangement costs. In this research, three well-
known meta-heuristics, namely, Simulated Annealing (SA), Chaotic SA (CSA) and Firefly
Algorithm (FA) were evaluated to solve SDFLP and the best cooling schedule and chaotic

map were identified. Then, a new hybrid meta-heuristic ‘Hybrid FA/CSA” was designed for



solving SDFLP. It was benchmark with the results available in the literature and it showed
that Hybrid FA/CSA outperformed the other meta-heuristics.

Further, the research proposes two models of Multi-Objective Stochastic Dynamic
Facility Layout Problem (MO-SDFLP), referred as MO-SDFLP Type | and MO-SDFLP
Type 11, as and their solution methodology. To solve the MO-SDFLP Type | model, a new
integrated technique of SA, Data Envelopment Analysis (DEA) and Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS) was developed. Beside formulating
MO-SDFLP the aim of the research was to deal with the practical situations - economic,
social, environmental aspects of the manufacturing unit. Keeping in light of this
Sustainable MO-SDFLP (Type 1) was proposed. It was solved using a new technique of
combining meta-heuristic, Multi Attribute Decision Making (MADM) and integrated
ranking, considering the expert’s opinion and at the same time reducing the subjectivity and
bias of the expert.

The research then, explores the applicability of Big Data Analytics in the domain of
facility layout. The 3 V’s of Big Data are mapped to FLP, then using Factor Reduction and
MADM techniques a MO-SDFLP model was formulated, which was solved using hybrid
meta-heuristic.

Finally, the application of the proposed SDFLP model to design layout for real
industry was studied. A Shirt manufacturing unit was taken, where product demand for
each season is uncertain. The data used was collected from various reports available in the
industry and some of the data that was not readily available was gathered after discussion
with the management. After analysis, the case was modeled as SDFLP and solved using
hybrid meta-heuristic. Finally, the results and suggestions for improving the plants layout

were shared with the management.



Ri1KY

T giaen veh fAfA#AToT gorrel & Teh 1 dhg; AT Ueh oot H Ueh TI$ET g1 Fehell &, i
HTel &I Scules] el IT JATU Yelel dhiel & foT SuAeT foharr STrem &1 e giaen
SIAT3C THATAT (VHUTAUY) Teh HTeh g I TdT oo 3R TAleteT har aram adistet
HAIST 3eJehelel HHEAT (A3HTN) B THTD &, HTT 3827 'TH' T R FAAAIAH
'TeT' JAATST GIALIT T cTTEUT AT 8, SIN 37ifcTeh AT ol gt bl v FohaT ST &
fo=oT 3R AsFfeler AR A FHIT 815 H A AT ¢| SAIAT, FHIA § v S
ST T el I AT (TTHAT 3TaTcleT Dl T Hieh), T 32T I Teh AT gl
femar ST € caragTier aRTEdfat &, glawm d3m3e fSerger AT ) e § 5 fEeR,
fATdTcAs a1 AT TTEH 8 bl 8, IR FHI forastst faifast g dehar g it Tehel 3afer
A1 S AT &Y TheT ¥ 38 YR, T TR, a1faeher 3R TR & &9 & aeffera
feparm ST TehelT & Uehel 31afR AR Sg-37af & 3curg iy At & HAReTar F Z@d gu
S TeNiehiEee Tefeeh Flaur a3m3e FAET AR Frafes S A Fiaur 33
AT (THSITHUAYY) ATHS &f TCIhieceh THUAUT gl & | T M FATT & SDFLP
W hiod § THSITHTCY &l TeAdI-gTS gl STl &, T8 FgUd & &7 & IR foam aram
€1 $H TR, T ol {TAT T AIAAT AT & ST AP TeINREH I HFATAT Feheiichl
T 3UTIT hleh gol [hT ATAT B |

THSIUHUAAT T 38T Fcdeh THY 37 o [l gsedd 313 et ¢ dfeh el THA
gt 3R gdcflqau dRTd H e fhaT ST k| 59 M H, dd 98g AT
egRITead, 3, f@eee vafdr (van), 3Re tET (@rdae) 3R BRR Fas
TIRYA (THV) I Hediche] THSIUHTAUT &1 §oT el & [T Forar aram o1 3 Jad
3ot Ndad RIS 3R 3RS AT I ggaTe $r 315 A | 3T dI¢, THSTHUAUT
I Gl & T Ueh 7137 grsfas Aer-giR s gsfas vhe / divdw dar fear aran




uT| ATfgcT H 3Tciet IRUMHAT & AT Ig saHTh AT AR Ig g2ifar g o gsfas twu /
WTHT o 37 AcT-egR Ty Al dga foham

ST 37T, AT & HAedl-3leoilFed Tealesh SATAS Hhafod st Yleeld (TH3-
THSTUHUU) & & Al bl YTATT &, [oT8 THAN-UHSIUHTAUT TBY 38 3R TA3-
THSTHUAN 37 11, 3R 379 FAY T€iad & & H Tfig forar = &1 was-
THSIUHUUT TS TS HAISH Pl f el P [T, THT, ST TAITATHE TATTATHT (S5T)
T Teh 578 Tehlehel ciohoileh 31X TG FHATHTST (STH) o ToIT FATAT GaRT e Tl
& ToIT cehoten Tash &c T 1S Y| THYT & 32T THIN-THSTHTAT AN Hlel &
37elaT <ATagTRe IRIEATIAT & RAucar ar - R[/fFAT she & 3w, e,
TATEROT TEoI3iT | $H Tl THIN-THSIUBUATT (3T 1) & el & I@T 1T 7|
faQwr=At 1 797 R FaaR R gU AR faRet iy 3mcagdr 3R qafare A w7 F 5
AIY-HIY AT-3cqRac, Hedl 3eeRér 3w Afdher (TATsiva) X vehieha Iehar
& TANST DI Teh o5 dehelleh T 3YATIT ek gl ThAT ITAT|

oI QT FIAET 1313 o S1AT H 997 Ser vanifefesra i yaisaar S @it wiar g | faer
3eT & 3T & FLP 1 A9 T S1a &, O thereT sheldT 31 vHTSITa depeltent a7 39AN9T
eh Teh UAN-THSTH U HISS AR oham a7 T, {58 Hehd AeT- 3o ATl

3T #H, JEATdd THAIUHUAYT HISHT o 3TdGel P a¥dIdeh 36ANT & folv of3T3C
fSSTTSeT ¥et a1 Jreaae foham a1 A HAegtharaar Ffeie forar I ar, Sigl Jedh
HSteT & foIw 3care 1 AT fATTad il &1 39T fohT 37T ST Y 36NN H 3Tcleyr
RAffeT Ratet @ veny Far =7 a7 3R y9eeT & a1y =T & 91 3T 8 39Ts gl
glel dTel Hes 3Hehs Teh §'U?3TI fILYUT & ST, ATHT THSITHTAUY o FT H IR fHam
a1 At 3R g1sfes Aer- 3id A, TAfAHOT swsAt & d3mse F guRr & faw g ik
GSATd GeEleT o ATY FrsT R 10 3|
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