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Thes paper deals with makespan minimizolion af a job shop. The job-shop
scheduling problem with the makespan eriferion is certainly an NP-hard caée,
fenoe oplimization algorithms are ruled oul in proctice. IE s therefore
wnrealistic ta iry obtainirg o sofulfon through a commercial solver in
polynemial time. This paper proposes o compltationaily effective heunstic,
which 15 based on the powers of two policy in invenbory, for solving the
minimiun makespan problem of job-shop scheduling. [t also proposes bounds
for makespan, to validale the results obtained by the proposed heuristic.
An ineregse in resource utilization is noted as an imporlant by-product of

the proposed Reuristic,

[ntroeduction

One of the most popular models in scheduling theory is thal of the job shop.
lob shop is considered to be a good representation of the general domain and has
sarned a reputation of most difficult to solve among non-deterministic
patynomial-time hard (MP-hard) set of scheduling problems. In the job shop case it
is more appropriate to describe an operation with tripfet (i, §, k) in the order to
denote the fact that operation i of job f requires maching b for processing.

In many cases, the combination of goals and rescurces exponentially increases
the search space, and thus the generation of consistantly gond scheduling 15
particularly difficult because we have a very large combinatorial search space and
precedence constraints between operations (Mesghounl ét al., 2004}, Due to the
M Phard nature of the scheduling problems, it is usually difficult to find an exact
aptimal schedule and hence we rely on finding a near Lo aptimal solution. In this
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regard, a wery fruitful approach has been to relax the notion of optimality and
settle for near-optimal solutions. A near-optimal solution is one whose objective
function value is within some small deviation from the globally eptimal value
The near-optimal scheduling algorithms spend Hme on improving the schedule
guality but do not continue until the optimum is found (Hussein, 2005).

This paper deals with a real time scheduling problem of a turbine manulactaring
industry where each job is tagged with a priority, and has a releage time, processing
time and a due date [deadline). The deadline can be expressed relative 1o the release
time oras an absalute time, In priority scheduling, each job 15 assigned a priority via
some policy, Conlention for tesources 5 resolved in favor of job with the higher
priority that is ready to Tun.

Mext, we present the survey of relevant literature. Then, problem formulalion
and solution methadology are discussed. Results are presented next. Finally,
managerial implications of this work and some directions for [uture work dne
j)rovided

Survey of Relevant Literature

The Job-shop Scheduling Problem (T5P) is proven to be NP-hard. The plethora of
research in JSP is mainly focused on developing better algorithms/{meta] heuristics
that are easy for deployment in the real world. The key tradeoll in designing of
algorithms for JSP is considering the near-optimal solution versus (he saving in
computation time, In this paper, we review some relevant literature thal has
connections iothe problem that we investigate.

+ This problem, having heen examined for years, is also regarded as an indicator of
5 the quality of advanced sched‘u!mg algorithms. Mowicki and Smutnicki (2005) in
 theirwork provide a new approzimate algerithm that is based on the hig valley
- phenomenon and nses some elements of the so-called path relinking technique as
will as the new theoretical properfies of neighborhoods. Their algorithm owns
uaprecedented accuracy obtainebie in a quick time on a PC, which has been conlirmed
after wide computer tests. Zribi el ol (2007) present a two-phase algorithm to
minimize the makespan for the Multi-Purpose Machine scheduling problem with
Availability Constraints (MPMAC). Tn the first part, authors propose a heuristic based
on priority rules to solve the assignment prohlem. A local search algorthm is then
introduced to improve this assignment saiution. In the second part, they use genetic
algarithm to solve the sequencing problen. Finally, a new lower bound was developed
for the problem to evaluate the quality of solutions. The two-phase aptimization
leads to an interesting computation time since the problem is decomposed into two
~ glages. Tahar et al. (2006} consider the problem of scheduling a set of independent
_pﬂ:s with sequence-depéndent setup Hmes and job splitting on a set of identical
pﬂ’mﬂe} machines such that maximum completion time {makespan) is minimized.

g ﬁrﬂ}"r'hard problem, a heuristic algorithm using a linear programming modeling

with set up Hmes ard job splitting considerations was proposed. The performance of
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the proposed new method was tested on more than 6000 instances with different
sizes by comparing it with a lower bound. Tabu Search [TS) has emenged as an
efferive algorithmic appreach for solving the JSE However, the guality of solalions
found by TS approach depends on the 1nitial solution, T overcome this problem and
to provide a robust and efficient methodology far the JSE Zhang et al. [2008) propose
the hewristics search approach combiming Simulated Annealing {Sa) and TS strategy.
The main prineiple of this approach is that SA is used to find the elite solutions
inside Big Valley (BV) so that TS can re-intensify search from the promising solutions,

Katsumi and Mobuto (2003) propose 8 makespan minimization procedurne for
JSP The primal objective is to find a minimum makespan schedule by generating
and evaluating active schedules implicitly and efficiently under the mechanism of
branch and bound. The authors have used Lagrangean relaxation technique, which
is an effective sub-optimization approach, to improve the branching decisions.
Katsumi's [(2004) paper deals with makespan minimization aof a job shop.
He proposes an effective approach which conducts the search based on the active
schedule generation procedura. [t tries to find 4 minimum makespan schedule
under the mechanism of depth-first branch and bound. 1f two or more operations
conflict on a machine when generating active schedules, then subproblems are
generated by fixing the stari time of sach conflicting operation. To select a good
subprobilem, which leads to a minimum makespan schedule, a lower bound on Lhe
makespan is calculated by solving the one-machine sequencing problem for each
subproblem. Cavory ef ol {2005) consider the cyclic JSP with linear constraints.
[n their paper they discuss about the cyclic JSP and ils open complexity.
They have presented a general approach for salving it based on the coupling of a
genetic algorithm and a scheduler. Gao el ai. {2007) in their paper address the
flexible JSP with three objectives—min makespan, min maximal machine workload,
and min total workload. They propose a new genetie algorithm hybridized with an
innovative local search procedure (boltleneck shifting) for the problem.

Arjen ef gl (2007) in their work on job insertion problem in multistage
scheduling find the feasible insertion of the additional job inlo the sehedule that
minimizes the resulting makespan. Ferzella and Merelll {2000) present
computationally effective heuristic methods for solving the minimum makespan
problem of job-shop scheduling. The local search method adopted by them is
based on the TS technigque guided by shifting battleneck procedure. Chung
elal (2005] in their paper consider manulactunng imdustries where outsourcing
ol manutacturing operation is possible throwgh subcontract The heuristic
algorithm developed by the authors repeatedly executes twao steps—(1] improving
the seguence of operations, and [2} picking oul the operations to be
subeontracled—on the bottleneck machines. Raaymakers and Weijters (2003]
propose two different techniques namely regression analysis and neural network
modeling for estimating the makespan ol job sets in batch process industries.
Both the technigques use aggregate information. The authors have concluded
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that by using aggregate information the presented technigues dre less tin
consuming in assessing the makespan of a job set compared to the methec
based on detailed information,

Ginsh Keshav (2601) has successfully developed a Dynamic Programming (D
madel for scheduling precedence relaled jobs on two identical parallel processo
with the objective of minimizing sum of weighted completion Himes. The propose
DF model can be used to solve when the number of parallel machines availahle ar
pﬁwg}.'s ol 2. An interesting problem would be 1o develop 4 model for any arhitrar
number of machines, Sha and Hsu [2006) propose a hybrid Particle Swarr
Optinization (PSO) for the job-shop problem. As the solulion space of the job-sho
problem is discrete, they modified the particle position representation, particl

_ movement, and particle velocity to better suit PSO for the job-shop problem. The
 also applied TS to improve the quality of the solution, Kliewer ef al, (2006] provide:
I polynomisl-time algorithins to deal with the single machine schad uling problems iy
which the job processing times and/or their release dates 15 controllable. Possibly
changes to:the controllable parameters are either individual or daone by controlling
the relevant processing or melease rate. The objective is to minimize the sum of the
mrakespan plus the cost for changing the parameters. Wu and Zhou {2007 ) paper i
concerfied with the problems in scheduling a set of jobs associated with tandom die
- dates on a single machine so as to minimize (he expected maximum delay in stochastic
- environmen?. Computation of optimal solutions are initially developed in the case of
‘deterministic processing times, and then extended to stochastic processing limes
following arbitrary probability distributions.

This work can be viewed as a logical extension of our previous work on job-shop
scheduling (Dulluri et al., 2007). We differ from the extant literatare in the Iallowing
wag: -
* Wemadel the re-circulation of jobs.

. ° Weincorporate multiple jobs with parallel machines, and cach jeb can have
change in priorities at the run time.

* Weinvestigate the linkage between makespan and capacily utilization in
complex job-shop environment.

Froblem Description

We congider a typical problem faced by-a job-shop manufacturer The manufactare
158 warld class bsader in burbine manufacturing. There is o wide seope and variery
of products that are being manufactured in the joteshop. The manulacturer uses a
prioTity mechanism 1o resolve the resource conlentions that arise on apecial purpose
machinies. The key abjective of the manufacturer is to improve the resource Whilization.
This will correspand to minimizing the makespan and reducing the idle time of
machines/resources. It is assumed that the manufacturer has at least one arder and
‘hence there is no possibility {theoretically), that the resources are lefl idbe: Tt should

——
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be noted that preventive maintenance is scheduled separately and is outside the
scope of the current paper

From the time a customer places an order for a particular product, the order it
uniquely identified by a Work Order Number (WONO}. Each work order
{t.e., product] consists of several sub-assemblies and they are identified by a unique
number known ag Product Group Main Assembly (PGMA). Further each product
group consists of individual parts idenlified by a part number and the operation
sequence of sach part 18 identified by Operation Mumber [OPNO). The industry
may have thousands of parts o be processed on various machines in 4 given time
horizon and a part may ‘recircelate’ a maching more than once.

Mathematical Formulation

Here, we discuss the mathematical fermulation for minimizing the makespan in a
typical job-shop environment with multiple machines and multiple jobs that are with
digtinet priovities/weights. The formulation presented here is a case of static and
deterministic problem, it can be later extended 1o stochastic and dynamic setting.

MNotation:
N + et of jubs
M : Setoflmachines
£} o St ol operations
n : Index forjebin =1, 2, .., N}
m Index for machine (m =1, 2, ..., M)
0 . Index for operation (o= 1,2, ..., O}
wio : Index lor work order (wo = 1, 2, .., W)

partneiwa) : Index for part number of work order ‘'we’ ipantne = 1, 2, .., FTNG{wa])

ptin.m) . Processing tme of ™ job on ;m'™ machine
sl {m.im) i Setup time of n* job on m™ machine
i, m) : Completion time of n" job on m™ machine {The authors ignore the

recirculation index here and consider that recirculation would be
counted as a separate job.}

Fin, m} : Release time of i jobon the m® machme
Fim.m} ¢ Flow time of n™ job on the m® machine — Fifn.m} = c{n,m} — rir,m)
Pri(n} ¢ Priority of the n job (All jobs belonging to o work order will have the

SAMmE priority.)

Welm,n) ¢ Weighted completion titee for 0™ job indexed on ;" machine

20 The Ictal Journal of Cperstions Managemenl, ¥ol, VI No. 1, 243



. The set of all predecessor jobs for n* job that belong to work
;::The set of all predecessor jobs to n' job across all work orders
7 The set of alt successar jobs for n™ job that belong to work order
i S|
gwmaﬂ% . The set of all successor jobs to.n® job across all work orders
JPred{nam) © The set of all predecessor jobs for ™ job on mth machine.
f I.-I'\.
-1 The set ol all the machines fwork places) in a work center "'
. Binary variable, takes a value = 1, if n* job is assigned on to the
- m" machine and equal to 0 otherwise

"3

e

' %—riﬂw}gm}’ x(mm )= pt (. m) SE)
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the JSP as an instance of integer programming problem.
u&gﬁhw_- and Equations 2, 3 and 4 form the constraints.

{Equation 1) indicates the expression for weighted

3 ﬂﬁﬂt {equivalently jobs). Our aim is to minimize the maximum
mhmmﬁlﬂtwn l:rfa.l.l jnhs across all possible marhines. Simultaneously,

her priority should not be kept waiting r_'clrl:lpa:ed tooa wm-l-t order with

‘Hﬁ,ﬁm ﬁmpu-u.int {see Equation 2} indicates that release times for all jobs across
@H puissihtu ‘machine set are always non-neqgative. The second constraint
atwn;!] mdo.tal:es that the difference in release times of two successive operations

-
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should at the least differ by the processing time of preceding jobs—this constraint
holds across all the machines. It should also be noted that we consider the successive
processing tasks at an operation level, and therefore we reson fo the operation index
instead of job index. The third constraint (see Equation 4) indicates that at the most
one job can be assigned to a given machine. We can alternately make this constraint
restrictive by changing the inequality sign to equality. [n other words, our intent 1s to
assign exactly one job Lo one machine and that all machines are assigned with jobs,

The computation tme for any LP (Linear Programming) solver depends on the
size of the problem. As it is evident that the JSP problem is NP-hard. [t s therefore
unrealistic {0 try obtaining a selution through a commercial solver in polynomial
time, Therefore, we propose our heuristic which is based on the powers of two policy
in inventory (Mucksdat and Eoundy, 1993},

Powers of Two-Based Priority Based Scheduling

The crux of this heurislic 15 o accommodate the manufacturer’s/planner’s
intelligence blended into the generalized job-shop makespan minimizalion
framework for achieving good results. It is well-known that powers of bwo cORCept
has been widely useful in the inventory control hterature. It was proposed by
Mucksdat and Roundy (1993],

The concept of powers of two in inventory control can be mapped with job-shop
seheduling application. The mapping in this case is a cost to lime map. In inventory
control setup, we deal with cost structure while in the job-shop scheduling the key
varable 15 time/makespan. The planners are given arbitraty release dates for
work orders (henge the underlying jobs) from the planning depariment. The planners
take this as input and try b match it to the nearest powers of two release date, We
consider three options in adjusting the release dale of a job to the nearest powers of
two, They are: pure preponement, pure postponemaenl, and partial summation to
nearest powers ol 2.

Flow of the Heuristic

1. At time | = 0, set the setup time lor all jobs with no predecessor(s) as
st{n,m) = 0. Mathematically, st(em) =0 _
In addition, set the completion time of all the jobs which has no predecessor(s)
egual to the processing time. In other words, Cla,m) = ptinm) |, e

2, Break the work orders into correspanding jobs.

3. Arrange the jobs coming on to 8 machine in the increasing order of priority {for
example, a job with prioeity 3 should he loaded on 1o a machine before loading &
job with priority = 3).

4. Mapping the nearest release dale: we map that the maximum/minimum adjustment
to the release date. This will nol excesd half the nearest powers of two. We lix a
threshild of 3 (this can be configuicd as per user 's Choice a nd convergence critera).

] The Iefai Joarnal of Operations Management, Vel VIL No, 1, M8
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The release dale adjustment can be considered as valid, if and only if the diflerence
between fhe actual release date and the adjusted release date lies with in the
power of twoaf the threshaold,

- Alernately, there could be a simple mechanism for checking the adjustment in

- release dates, For example, if the work order has a release date on the 19" day.
We would prepone it to not less than the 16" day (2 4). Or we could alternately
£onsider to postpone it to the 32™ day (2~ 5). In the current case, preponing to

- 16% day will be considered since it is closer [19- 16 = 3 v, 37 - 19 = 13) to the
aclual releaze date.

4] Preponement mapping: In this case, the planner always tries o prepone thie
releasedate|s) of one or more jobs to the nearest powers of two, For example,
consider a work order whose release date is 190 day—applying the
preponement mapping would adjust the release date of this wark order to
16* day {2~ 4). The difference between actual release date and adjusted
release dale is 19 - 16 = 3 days (<2 1), Hence, we treat this adjustmen! as
acceptable.

b} Postponement mapping: [n this case, the planner always tries to postpene the
release datefs) of one or more jobs to the nearest powers of two, For example,

. consider a work order whose release date is 19 day—applying posiponemnent

~ would tale the release date to 327 day (2 * 5). Consider the dilference 32 - 19
= 13, this difference is greater than the permissible threshold (273 8 days.
Herice, & postpanement mapping might nol be valig, However if the planner
still wants to go for postponement mapping then she should consider 32 day
as the adjusted release date

b o
Th

Mote: In cases (4a) and [4b), we do not allow for partial powers ie., the adjusted
ralease date is always in the set of integer powers of two.,

Adjusted release date r(nm)e 2" WPvnc i N mefiz. Ml

€] Partial summation to the nearest powers of 2: In this case, planner is allowed (o
use sums of powers ol two. However, the integrality al powers of two should still
be maintained,

3. Applying any of the powers of two adjustment (4a or 4b or 4c), We compute the
-~ oplimal makespan on m™ machine WEC,, ., =max (WC_ WE_ _ we, |
We generalize this schedule across the set of all jobs (V).
“ﬁ' apply the precedence and successor constraints on the optimal job-shop

gquence o ensure the feasibility of the solution in real time. These constraints ae
| discussed in Sleps 6 and 7.

6. a) Precedence constraints: {F(n2.m) —r(nl,m) - ptinl.m}> = 0). The release tima
of job “n2" belanging te the predecessor set of nl (Le, pred(ni)), should differ
by the processing time of job “n 1" on machine “m",

Powors of Two-EBased Hearistic for Job-Shop Scheduling 23



b)) Similarly this constraint should also hold across all machines.
rin,ml] — rlnm) — ptinml) = = 0, machine "m2" comes after “m1" in the
processing list.

7. a) Suceessor constraints: (ein2m) - clnl.m) - pt{nl,m}> = 0}. The completion
time of job “n2" belonging to the predecessorset of nl fi.e., succ(nl)), should
differ by the processing time of job “n1” on machine “m".

b) Similarly this constraint should also hold across all machines.

ojnml) - c[rm2) - plinml) > = 0, machine “m2" comes after “m1"™ in the
processing list.

& Go to Step 3 and repeat the entite process till there are no more jobs left for
scheduling.

9. STOF: The resulting sequence of release times, complelion times is the optimal
resull.

Problem Size

The complexity and magnitnde of the scheduling problem can be batter understood
by considering a product like steam turbine. The steam turhing is a heavy machine
consisting of apprmimuiely G600 to B0 components, which may be classified into,
major, sub-major, and minor components, Out of all these components there are
about 15 to 30 critical components that are manufactured in the heavy machine shop.
The number of operations that are performed for each major component may range
from 25 to 125, For example, the number of operations to be performed on an outer
casing of a turbine is around 1235 and for valve chest it is about 25. These parts have
to be processed through various machine shops like blade shop, heavy machine
shop, medium machine shop and rotor bay. In the current research work, the authors
have experimented on the real time data available for processing few parts of a
turbine in the heavy machine shop, which may be extensible for all the parts and all
machines shops where they require processing.

The problem size under consideration 15 a5 [ollows: 10 work orders, with each
work omier consisting of 13 or more part numbers, Each par on an average undergoes
30 operations. There are 20 work centers and considering the parallel machines, the
tetal number of machines amount to 82

Results and Discussion

We apply first the priority heuristic to'obtain an initial solution. The makespan obtamed
by the priority heuristic for 100 work orders of the problem under consideration is
reported in Table 1. The release dates of work orders are arbitrary as given by the
planmng depariment. While scheduling these work orders on the available machines,
if twa jobs are wailing to be processed on the same machine, the job with the higher
priority is given preference and will be processed first. The job with the lower priority
15 kept waiting till the processing of higher priority job inishes.

24 The Iofai Jadrnal of Operalticns Management, Vol VI, Na. 1, 2008
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Table 1: Makespan of Work Orders with Random Release Time

i

E-Mu. Work Onder Mo. |[nitial Prluﬂt-pi]l:gbcam Date (in Days) | Makespan {in Days)
L ; WONO 1 1 i PR
j. woNO2z | 2 19 b = o
3; WONG 3 6 24 73
B WO 4 3 A4S wa-
b5 WOND 5 5 g = 27 128
ElL 6 WORO 6 4 44 125
[ 7. | wonoy 7 56 TR
FIE & WONG 8 B E - S5 180
L WORCH & g B2 205
100 | womio 10 110 28 |

We report, in Table 2, the nearest powers of 2 release dates as well as the
; .j makespan results of 10 work orders. The partial summation of the nearest powers
! af 4 % taken as release date so that it approaches nearer to the arbitrary value
' eonsidered in Table 1. We see that the maximom/minimum adjustment to the refease
me will ot exceed half the nearest powers of two. Work order number 4 of Table
has an arbitrary release date on the 48" day. The nearest powers of 2 release date
:the same is considered as ([2 °5)+(2 ™~ 4] = 48). The net saving in makespan of
uhe work orders under consideration is observed as 25 days in comparison (o

ss
] qsmua.r-,-relpmdﬂys
[ | Table 2: Makespan of Work Orders with Nearest Powers of 2 Release Time
t rgn_. Work (Order MNeo.|Initial Priority | Release Date {in Days)| Makespan [in Days)
L 1 I 1 1 t a2
j £ "2 2 e = - 40
% | 3 i T ) |
A 4 3 " a8 i
+ I 5. AET ] T 120
! 6 | 6 e " a8 Vi,
b 5l 7 7 | T s
BEL R | g 8 e N | 48 r 178 5
o, | 4 3 | an 203
10. 1 10 | a4 Y R o

. Table 3 fepresents makespan of work orders wilh preponed powers of 2 release

" time In this case, the planner always tries to prepane the release dale(s) of one or

© Powers of Two:Basee. Heuristic Tor Job-Shop Scheduling
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more jobs 1o (he nearest powers of two. Applying the preponement mapping would
adjust the release date of the work order number 4 (which is 45 in Table 1) to the 32%
day (2~ 5]. [t isobserved that the net saving of makespan is about 133 days compared
to the random release date.

Table 3: Makespan of Work Orders wilh Preponed Powers of 2 Release 'Ihlei
Sk Mo, |Work Order Mo_| Initial Priority| Release Date (in Days) Makespan (in Days)
- S B 1 1 32
Y 2 i 2 16 49
3. 3 { f 16 B0
4 4 3 32 KT
5. | 5 5 16 : 105
B. 6 4 32 111
7 7 7 az 139
[ & 8 6d T
[y g 9 64 189
l—_u}. 10 4 gl 6 213

Finally, we report the results of makespan of work orders with postponed powers
a2 relpase time in Table 4. Tn this case, the planner always tries to postpone the
refease date (s} of one or more jobs 1o the nearest powers ol two. For the work arder
number 4 with arhitrary release date 45, the postponed powers of release date is
taken as 64 which is (27 6). In this case, the nel increase in the makespan of all the
10 work orders under consideration is obtained as 80 in comparison to random
release dales,

Tahle 4: Makespan of Work Orders with Postponed Powers of 2 Release Time

| 51. No. Work Order No. Initial Priority] Belease Date (in Days) | Makespan (in Days)
-y 1 1 1 az
L 2 2 37 fid i
A 3 G 32 i 74
4. i 3 - b4 d 118
]_5 5 & 32 | 113
1 ] fi ik G4 | 143 |
B T e B4 T
b ® ] 8 128 192
'_ 3 9 9 126 217
1, 10 10 128 241
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From tive results presented in Tables 2, 3 and 4, it is quite evident that preponement
mapping always reduces the makespan. This 15 abwvicus because early atarting should
alwiys result in an early ending. The makespan values obtained by preponement
mapping can b laken as thie lower bounds for the makespan. Postponement mappang
has the exact opposite impact. Postponement mapping tends Lo increase Lhe makespan
and hence this forms the uppér hound for the makespan,

We notice that makespan results obtained by the proposed heuristic ane btter
than the random release dates and also thesa results are validated with that oblained
by preponed and postponed powers of 2, which represent the lower and upper hounds
of the makespan {Figure 1].

|_ Figare 1: A Graphical Comparison of Makespan with Nearsst Powers of 2

vi, Bandom Release Dates, Preponed Powers of 2 and Postponed Powers of 2|
L5107
2251
ann S.
1 k &
g 130 E § &
B 125 ! = ]
= k] k] -}
8 1001 B - b 4
T3 o | ;2 } £
504 ¥ % i i
25 [TIES ¥ 3 | #
S, o 4 -4 = 1 1 1 o L ;i! 1 A i
Wil WO2 o WwWo3 WwWo4d WOS WOE W07 WwWoR  Woo  WOol10
Work Drder Mumber
T E - 1
|:| Random Release Dates @ Mearest Powers 0f 2 |
. praponed Powers of 2 [ Postponed Powers af 2 _
- ]

' Tn evaluate the effectiveness of the proposed heuristic, the Computation Time(s]
g;_:l.n were: also collected. Table 5 represents the computation time required to ohtain
detail schedule of each work order, The algorithms dre coded in Visual Basic with
Circle s database and implemented on a personal computer {Pentium [V, 3.07 GHz
CPU wath 1.0 GB RAM). The average compulation time for 10 work orders with 30
machines is around 1200 seconds, with the madian computation tme being 1500 seconds.

1t is ghserved that there is an overall saving of 308 geconds of computation teme in
the case of nearest powers of 2 release datoes when compared to that of random release
dates. In the case of preponed powers of 2 release dates, the computation time is about
140 seconds more than that obtained by random release dates. The reason lor this is due
to the fact that more number of resource contentons have ocourred by shiftmg the dates
to preponed powers of 2 and therefore morw P time is consumed in resolving them

Poswers of Two-Based Heuristic lor Job-Shop Scheduling z7



But, in the case of postponed powers of 2 the saving of time is about 324 seconds

compared to random release dales. This is due to the eccurrence of lesser number of

resoutce contentions by postponing all the dates. Though, the overall saving in
computation time is more in the case of postponed powers of 2, itis not praferred due

to its inabibity te minimies the makespan, the primary cnferion for an industry.

Tahle 5 Comparison of Computation Time {in Seconds)
with Mearest Powers of 2 va. Random Release Dates,
Preponed Powers of 2 and Postponed Powers of 2
= | L‘nmpulat.kjm Time (5]
WOND Priority ﬁa:m_nm Nearsst Preponed . Pustpnn-r:-gl_-
Reloase Powers of 2 | Powers of 2 | Powers of 2
Dianfes Dates | Drates Dates
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Minimum makespan corresponds to minimum idle time on the resources and

hence, maximum overall capacity utilization. The nearest powers of & scheduling

w5, Random Beleasc Dales

Figure 2: A Graphical Comparison of Resource Utilizalion with Powers of 2
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not only produce minimal makespan but also a noticeable improvement in Che
maghine utilization (see Figure 2), The resource utilization graph is shown for
the high cost/critical machines of the heavy machine shop of the industry under
study. The ulibization is shown for a typical time bucket of 30 calendar days, and
all the 10 work orders are being processed on the shop floor during this period

Implications for Management

Scheduling deals with assigning multiple jobs on tomulliple resources with each
jobsequiring some processing time on allfsome resources, The resources are often
constrained in terms of capacity. With the increase in the number of jobs orfand
resources, the problem of optimally allocating the jobs on o the resources in a
time-phased manner becomes much more lough and challenging. Many resourcs
camtention problems are modeled as a J5F The proposed heuristic attempts to
solve a large scale JSP with a reasonable level of accuracy and with huge savings
3 in the computation time. Further, the heuristic is easy to implement and can be
% ;:eeadﬂy adapled in various industrial settings for decision making.

3

ool i e, o

Fulure Work

‘Based on our interaction with the user industry, the job-shop personnel are not
: i,nq;éined. towards postponement mapping due to the threat of not meeting the due
dates. On the other hand, they are not interested in preponement mapping either, ay
lhe preponement would put extra load on the resources (inchiding human resources).
‘In this regard, we had to think of an industrially feasible solution, Hence, we had to
eongider the idea of partial summation of powers of two. This can be viewed as
E-;uﬁt'hng one job inle twe equivalent dummy jobs that are to be processed sequentially.
 Forthe fiest dummy job, the release time will be the first nearest power of two and
with a processing time equal to the second nearest power of two. The second dummy
job starts at the end of processing of the first dummy job. In the context ol inventory
contenl, we can view this as 4 case of partial shipments forthe same order in order to
ensure full-truck load conditions.

SR

%

T T T
ey

In the current paper, we consider postponing/preponing the release dates of
j?g-hs. This happens to be a one-sided control. The alternate way could be to align
tém machine settings (configuration problem) to match the jobs thatl come for
processing. The one-sided methods might not always form a good choice, especially
it a4 sefting where there are engineered products and which requires changes in
machine selups, The ideal way is to consider a two-sided mix that includes
changing the machine setting and aligning the release dates 1o match the machine
configurations.

I T R

A natural extension to our current work 18 to consider the problem in a dynamic
stochastic environment, Also, consider the geographically distnbuted manufacturing,
. wherein there will be a problem of gaming. 4

Powers of Two-Based Heurdstic for Job-Shop Scheduling Fi
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