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An integrated process planning and scheduling: model considering outsourcing in manufacturing supply
chain is proposed in this paper. The process plagning and scheduling considering outsourcing ace acrually
interrelated and should be solved simultaneously. The proposed model considers the alternative process
plans for job types, precedence constraints of job operations, due date of production, transportation time
and production information for outsourcing. The integrated states include:(1) Operations sequencing,(2)
Machine selection,(3) Scheduling with outsourcing under the due date. To solve the model, 2 heuristic
apptoach based on genetic algorithm(GA) is developed. The proposed approach minimizes the makespan
considering outsourcing and shows the best operation-sequences and schedule of 2ll jobs.

1. Introduction

A supply chain may be defined as an imtegrated
process wherein a number of vatious business
entities(i.e., suppliers, mamifacturers, distriburors, and
retailers) work together in an effort to:(1) acquire raw
materials, (2) convert these raw materials into
specified final products, and (3) deliver these final
products to retailers(Beamon 1998). For yeass,
researchers have mainly investigated the various
processes within manufacturing supply chain individually.
Recently, however, there has been increasing
attention placed on the integrated model - of
manufacturing supply chain planning.: Process
planning and schecluling are maybe the most
important functions in a manufacturing system.
Process planning determines how 2 job will: be
manufactured and acts as a bridge between design
and manufacturing and scheduling which considers
alternative machine is sometimes known as inte-

¥ This research was supporeed by Brain Korea 2L

grated process planning and scheduling(Palmer
1996). Since the alternarive machines considering
outsourcing are available to process each operation,
the scheduling problem becomes more complex.

In practice, any job assigned to a manufacturing
system can be scheduled for more than one machine
and may have a flexible process sequence. If some
jobs have certain operation-sequences, they should
be considered for the integrated model with
alternative machines. In the traditional approaches,
process planning and scheduling are done sequentially,
where the process plan is determined before the
actual scheduling is performed. Although these
methods may be simple, they ignore the relationship
between scheduling and process planning. By assuming
that scheduling takes over the process plan is
determined, the possible choice of the schedule using
alternative machines is ignored. Recently, some
researches for the integrated process planning and
scheduling are presented.

Hankins er 4/(1984) discussed the advantages of

using alternative machine tool routeings to improve
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the productivity of the machine shop. They showed

that using alternative machine results in reducing -

lead-time and in improving overall machine uriliza-
tion. They stated that with a large number of jobs to
schedule, and a large nurober of alternative machines
are available, the wse of mathematical programming
techniques to balance the worddoad becomes prohibitive.

Nasr and Elsayed (1990) present rwo heuristics to -

determine an efficient schedule for the » jobs, m
machines problem with alternative machine tool
routeings allowed for each operation. And the object
is to minimize the mean flow time for jobs.

Kusiak and Finke (1987) considered a Flexible

Forging Module (FFM) and identified the sequence @ operation is constrained by filling operation.

dependent changeover cost. In order to obtain an
optimal schedule, they developed a network model,
which easily incorporates both the sequence-
dependent changeover costs and the precedence con-

straints. ‘They employed 2 branch-and-bound algorithm

to solve the model.

Palmer(1996) and Sundaram e 2/.(1988) discussed
integrated process planning and schedulmg Pa]me.r
used simulated annealing(SA).

Brandimarte and Calderini(1995) developed a
two-phase hierarchical tabu search for efficient

planning and scheduling. Palmer(1996) developed a

method based on simulated . However,
operation- sequence but only considered the time
aspect with non-constraint operational sequence. .

The general objective of this research is to develop
a model to integrate process planning and scheduling
with outsourcing through analysis of the alternative
machine selection, the operation-sequencing problem
and production capacity under the due date. The
integrated states include: (1) Operations sequencing,
(2) Machine selection, (3) Scheduling with out-
sourcing under the due date. To solve the model, a
heuristic approach based on geneuc a.lgonthm(GA) is
developed.

The remainder of the paper is arranged as follows:
section 2 described the problem definition and
topological sort (TS) is in section 3. An approach
mode] based on GA is presented in section 4. Section
5 describes the experimental results compared with
former approach and finally, some discussion and
conclusions are given in section 6.

2. Problem definition

A product in the manufacturing system is consists of

~ machines(1, 2, -

sevem:l components designed by CAD department.
For the first step, process planner should recognize

- the geometrical features of the components and

consider the best practices in prodicing. ¥ each
component is required a job, which means a set of

* machining processes to produce independently, a job

may have several operations and each operation
needs one machine to complete a job. In this point,
the operations of a job may have the precedence

. constraipts. For instance, considering the process of
+ soft-drink” products let assume the operations are
~ separated to two processes that one is to fill up the

drink and the other is to seal the bottle. Sealing

Actually, almost operations of the jobs have the
opetation-sequences. It means that a certain opera-
tion among the operations of a job has a precedence
constraint and some operations to complete a job are
interrelated each other. Therefore, the operations
sequencing problem can be formulated as a well-

- known Traveling Salesman Problem(TSP) (Dantzig
et al. 1954, Lawler et 2/, 1985, Malek e &l. 1989)

The manufacturing system under study consists of m
-, m} and » different jobs(1, 2, ---,
n). All the jobs are loaded and processed continuously
as 2 lot according to a predetermined rechnological

~ sequence given in the process plan(Nasr ez 4/. 1990).
They did not consider the precedence rule for the

Each job, i, requires 2 number of operations. Each of
these operations can be performed on a number of

- alternative, non-identical machines.

The proposed model is developed for the heavy
industry such as turbine manufacturing, generator
manufacturing and ship engine manufacturing. Some
specific characters of the heavy industry are small lot
size and long processing time for an operation.
Because the heavy industry production is huge size
and need long operation time, it is very important to

- keep the due date of production. At this point we

employed the outsourcing factors for the model. If
the lot size of production is more than one,
operations that are related to a job should search the
alternative machines considering outsourcing in each

- lot number to minimize the makespan of the

machine schedule. A machine should be selected
among alternate for operation-sequence of each job.
For a given production order-job mix and their lot
sizes, the alternative machine for operation- sequence
should be selected for the maximum efficiency of
production of all the jobs.

An integrated model in this paper includes the
operations sequencing approach with alternative
machines of outsourcing. The process planning and
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Figure 1. Schematic diagram of integrared model.

scheduling considering outsourcing as shown in
<Figure 1> are actually interrelared and be solved
simultaneously under the due date.

3. Topological sort(TS)

TS algorithm(Horowitz & /. 1984) is employed to
solve the problem that determines the operation-
sequence of a job. A directed graph G in which the
vertices represent activities and the edges represent
precedence felations between activities is an activity
on vertex(AQV) netwotk as shown in <Figure 2>>.
It is clear that a topological order is not possible if
the graph has a cycle. A directive graph with no
directed cycles is an acyclic graph. TS algorithm to
test an AOV network for feasibility will also generate
a linear ordering, o, v, ***, v, Of the vertices.

This linear ordering will have the priority that if ¢
is a predecessor of 1 in the network then o precedes
w in the linear ordering. A linear ordering with this
priotity is called a topological order(TO). The
algorithm to sort the takes into TO is straight-
forward and proceeds by listing out a vertex in the
network that has no predecessor. Then, this vertex
together with all edges leading out from it is deleced
from the network.

To find a topological order, the first step is to
select any vertex with no incoming edges, and then
print this vertex. Next, the printed vertex is
removed, along with its edges, from the graph. The
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Figure 2. The method for selecting topological order.

graph in <Figure 2>, represents the method for
selecting TO(Hwang ef 2. 1994).

Six paths can be selected for TOs from <Figure
2> They are as follows:

Dun—w—tn—wu—5—n%
Don——u—n—t5—®n
No—-r—w— -
Hom—n—un— u-n—u%
Sw-—n—wm— n——%
Owm—n—u— s—n—tk

Let # be the number of vertices, the TS procedure
for TO order can be described as <Figure 3>
(Horowitz e 2. 1984).

From the above TS procedure, we kaow that a set
of tours of AOV can be generated by the TS
procedure. Therefore, the goal of AOV is to find 2
rour, which visits each vertex exactly once and is of
shortest path from a set of TOs. By assuming that a
directed graph G is a process plan of a job which has
six operations with precedence constrains, the shortest
path from a set of TOs will be determined operation-
sequence of a job.

Procedure: Topological sort
Input: AQV network. Let A he the number of vertices:
For =1 to Ndo
Begin
if every vernx has a predecessor
Then the neiwork is infeasible stop
Else pick a vertex v; which has ro predecessors:
Qutput v
Pelete v;and all edges leading out of 1 from the network:
End;
End;

Figure 3. Procedures of topological sort.
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4. GA-based approach for integrated model

GA 15 ote of the evolricrany search methods thar
caty prowide optirmal of near opdimal sohrdicns for the
combiterotial optimizarion problems. It has been
applied to o coomber of felds like engineeniog, bidogy,
cofpuer science, atd social sdences. Ooe of most
artractive feanme of GA Is the flexibiliny of handling
oty varicis kinds of chiective functions with fewer
requitemetrs oo fine marhemarical propery (Gen e
al., 1007

The main aces in developing a genede algodithem
ate chromosome cepresentaion, inmfali=arion of the
popaladion, eveluaticn s, crossover, oo,
atd selection stramgy. Also, the genetic patamerets
sech a5 population size pop siee, comber of
genetation mar gen, probabilicy of crossover pe, and
probabilivy of rroreacion pag, are deverrnined before
execmion of GA.

It this section, we propose an efficiere GA-based
approach, which cotrains o TS algorthm for solving
teregrated process plancing and scheduling moedel

with precedence constraines.

4.1 Representation and Initialization

Iy ctdeting problem wsing GA, a orftfeal fssue is the
developrmete of eepresenrarion scherne w0 represett a
feasible solheicn. Ir &5 wery difftode task how o
represerr @ pach with precedence constraiers In
graph. In crder o generare & TO, the epresentation
scherme has to capable of generacing all possible TOs
for a given AOV. Alse, any towmr of the solrmicn
always corresponds wo o TO. Suppose there are one
job, which s consist of six verttces, camed o theough
w. A chroimosome stiectoee con be tepreserred as
showt in <Figure 4>

In <Figure 4>, the first ow of chromosome
means the verdces thar mamhed with randomby
selected machine crmber for each verex of AOV
nerwotk. Bach versew randomly selects o machine
tirmnber withien the possthle alvertiactve machives.
Second row  means the poothy for  candidare
selectinn i case of the vertres with no incoming
edges s exist. For exarrple, when o and o bave oo
precedent cotstraies ar the same time as shown in
<Figure 47, o 1s selecred for cperation-sequence.

The vabre of a gene is renerared ar random within
[1. M exchmsively, where W is the virmber of vertires.
The overall procedere for the feasthle solmton
tepresetration s as showe in <Flgure 53
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Figore 4. Chromosome cepeeseat ation

Procedure: Feasible solution representation
Input data
Number of jobs and machines and number of operations for each job ;
Let th& (i=1 ..,N) betheN operationsfom jobsin
the orderly manner;
Sequencef eachoperation;
Alternative machine and time for each operation including outsourcing;
Transportation time for outsoyrcing
Begin:
Generate Chromosome with Machine selection:
Allocate arandomly selected machine to each operatiow,;
Generate random priority numberN1Lfts each operatior; ;

Generate operations sequencing:
Determine the operation-sequence of each job with the generated
random priority number and TO;

Determine the makespan time for each machine to complete all job:
For i=1toK( i ismachine number)
M =0;
For | =1tomdo (j is jnoperation of each job)

If the j, operation has no idle time according
to the determined operation-sequences
Then M =M+ machining time ofin operation;
Else compute the idle time according
to the determined operation-sequences
Then M =M;+idle_time+ machining time ofis, operation;
End;
End;

Figure 5. Feasible sobrcion cepresencarion.

The fist seep i genede algotthm & o tnitialiee
the populaticn of chromosemes. The tnitfalizarion
process ©5oexeoated with o reodomly generaced

pipulacion.

4.2 Selection and Fieness evaluation

It this paper the forrmdarion constders coly one
cbjective fuection, for the ineegration of process
placrieg and scheduling. The ohjertve is o mindmine
makespan, whidh desceibes, a5 the dme required
cormpleing all # jobs, thus the completion tme of
the last job will be the makespan time woder the
litnited prodection tme according to the dee dare
For the best malespan rime, we need a procedare to
derermive the allocaticn of cperations to each
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Figure 6. Flow chart for fitness evaluation.

machine constrained by determined  operation
sequences considering outsourcing.

Fitness evaluation has some specific ¢onstrained
factors: (1) the makespan should be less than the
limited production time (due date), (2) when 2
certain operation of a job need outsourcing, it is
necessary to consider the transportation time for
outsourcing as shown in <Figure 6>>.

4.3 Crossover and mutation

- To create the next generation, new set of

chromosomes called offspring is formed by the
execution of genetic operators such as selection,
crossover and mutation. In particular, the crossover
operator acts as the main operator and exercises a
great influence on performance of the GA approach.
While the mutation operator acts a background
operator. In this paper, the order-based crossover is
employed. The order of tasks in the selected position
in one parent is imposed on the corresponding tasks
in the other parent. The order-based mutation
interchanges the positions of the rankings at random.

An example of the order-based crossover is
ilustrated in <Figure 7>. Suppose. that two
chromosomes are parent 1 = {5 12 4 6 3] and

Chan-Seok Jeong - Young-Hae Lee « Chiung Moon

parent 2 = [2 6 1 4 3 5], assuming each 2 columns
from the left are job1, job2 and job3 respectively.

With the same procedure, we can produce a
modified parent 1 as [6 1 2 4 3 5]. The swap
mutation operator is introduced here. The swap
scheme is select two genes within 2 chromosome at
random and then swap these contents.

(1) Select the sub-string from parent 1 at random

jobl  selecred s%r;ng (job2) job3

P ¢ 1 vl vz vs v6

5 1 6 3

n | v | v | v | vs i w

2
Pareac 2 | 6| 1| 4] 375
(2) Produce a modified parent 1

Parent 1 : L2 i

6 3

; . s | Us
Offspring 3 %7

Parent 2 e o6

- 3 5

Figure 7. Illustration of the osder-based crossover.

4.4 GA-based approach test with TO

Numerical test- have been provided in order to
demonstrate the effectiveness and efficiency of the
proposed GA approach on AOV. A number of
problems of varying sizes were solved using GA with
varying genetic parameter values. The test
considered 6 vertices and 9 precedence constraints as
shown in <Figure 2>. We impose the distances
between the vertices ¢; and ¢; as shown in <Table 1>,

Table 1. TSP data

o Bl | | v | ] | ®m
0N 0 7 3 12 5 8
» 4 oe] 2 10 9 3
7 6 7 o | 11 1 7
Ui 7 3 1 — 8 3
% 2 | 10 2 7 co 3
% 4 | 11 7 6 3 o
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By the method in <Figure 5>, we could determine
the possible TO pass and the values as follows:

N — t—tn— y—ws—u : value 32
n— t—v— m——w : value 22
7 — v — ss— 5 : value 34
®n—t—t— u—w%—u : value 29
m— v —t— u— o : valae 21
m—u—u~— s—wu—n% :value 33

To solve the problem using the proposed genetic
algorithm, the genetic parameters are set as
maximum generation, max_ gen =30; population
size, pop__ size = 20; crossover probability, pc= 0.5;
mutation probability, pm = 0.2. From this experiment,
the proposed GA approach can be reached at the
optimal solution at most times. The optimal value is
21 and the optimal tour xy =1, xy=1, =1,
xx=1, and %5 =1 are generated. Then, the optunal
sequence is m — ¥ —u — 13— »5— o5 with the corres-
ponding value 21.

5. Experiments

5.1 Experiment for integrated model with
GA-based approach

'The data that consists of five jobs and five machines
(including one outsourcing machine) is vsed here to
test the proposed model as shown in <Table 2>.

Table 2. Machining time for operations

The proposed model is developed for the heavy
industry. Some specific characters of the heavy
industry are small lot size and long time for an

operation, In expetimental data, the number 5 machine
belongs to outsourcing and the transportation time
(one way) is 10 per one lot size.
- Each job conducts 4 different operations in a
specified order. Let the 2;(i=1,-'-,20) be the -
operations for five jobs in the orderly manner. The
lot size is two and the due date is 70. The genetic
patameters for integrated model are as follows:

* Population size :100,

* Number of generation : 1000

* Probability of crossover : 0.4

* Probability of mutation : 0.1

* Lot size ; 2

* Due date ;70

This experiment considers precedence operation
constraints. The precedence constraints are as shown
in <Figure 8>,

As a result of the best chromosome and the
machines for all n jobs are as shown in <Table 3>.

By the above chromosome, the best operation
sequences for all » jobs are determined. When the
operations sequencing is consideted, the minimized

~ makespan is 66 as shown in <Table 4> and

<Figure 9>,

5.2 Comparing with former researches
The dara provided in Sundaram and Fu(1988),

wmlwlwlm vs|vs'|vrl'm vn|vm|vl9|vzu
Machine NO. Jobl Job2 Job3

1 S|loo|ow |} 7 |ijoo w || 5

P 37 |0 3 |oof 4 [ | oo | o

3 Wl §jw| oo g |7 7 |0l

4 ||| 3 || |7 ®© |9 [

S(outsourcing). * | 20 [ o0 {00 [ 4 100|000 oo 6 |3

@ Job 1 ®b) Job 2

(© Job 3
Figure 8. Precedence constraints for each job.

(d) Job 4 (&) Job 5
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Table 3. ‘The best chromosome with machines and operation-sequences for all # jobs

41 2] ] (2! [ v w o3 t o %z Eic.
M | M) | (M) | R | M) | (M) (a4) (a2) | (M) | (M) | (M) | (M)
19 5 - 6 17 2 1 13 14 7 11 20
Determined operation-sequences
Job 1 2 3
Job 2 5 7
Job 3 : 11 © 10 12
Job 4 13 15 14 16
Job 5 19 17 18 20

Table 4. Schedule outpur with operations sequencing

The Best Makespan = 66

Machine #1 Machine #2
Lot# Op# Seat End | Lot# Op# Starr End
1 9 0 4 1 1 0 2
1 9 6 13 1 2 -2 6
1 17 16 19 1 1 6 9
1 20 29 34 1 2 9 16
2 34 39 1 8 22 26
2 17 39 42 1 4 26 29
2 42 49 1 16 29 34
2 20 49 54 2 9 34 39
2 12 54 . 38 2 2 39 46
2 - 16 57 62
. 2 8 62 66
Run=43 End=58 idle=15 |Bun=49 End=66 idle=17
Util=0.741379 Uril=0.742424
Machine #3 Machine #4
Loc# Op# Starr Eod | Lot# Op# Start  End
1 15 25 1 11 4 10
1 14 p) 13 1 i0 10 15
i 3 16 22 i 7 15 22
1 18 22 29 2 19 22 31
2 163 29 35 2 15 33 43
2 3 4] 2 11 43 49
2 18 2 49 2 10 49 54
2 14 49 57 2 7 - 54 61
2 3 57 63 2 4 63 66
Run=57 End=63 idle=6 |Rua=56 End=66 idle=10
Util=0.904762 . Util=0.848485
. #5 -
1.0':}»“2 9& Stare Encl T i 'O
lock — Qp Jrre Tod Transpogarion (la/Ouo)
1 12 16 30 10/0
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Machine1 [Vo] [Vs [ Tvir | [Voo TVa TVir Ve JVao [Vi |
Machine 2 ViVeVs | Ve | Lve [ Vs Vie Lve [ Vo | [vie [Vs |
Machine 3 | Vis | V14 | | Va | Vis | Vis | Vs | | Vig | Via | V3 |
Machine 4 I Vi1 | V1o | V7 | Vig | | Vis | Vi1 | V1o | V7 | | Va
Outsourcing [ Vie | Transp. ] Transp. [V ]
10 | 201 30 | 40l 5d 60| 70 |
Time M an =66
: Lot#l : Lot#2

Fgure 9. Schedule output in the foon of a Gantt chae.

Table 5. Machining time for eperaticos{Sundaram and Fuj

Opemtion p]|p2|u$|z,u L:5|u;5|z);|z,g u;|191.;||1§1|1?m L?'13|914|1?15|913 191?|1J]s|1319|92|:|
Machine NO. Jabl Jab2 Jab3 Jab4 Joba
1 Slec oo Floe|on|oe | 4 oo oo oo e |loe o |laee | 3| oo | o | o
i 3 2| 3 || 4 |oo|loe | 3 oo oo |2 |co|om| 6 | o] oo o
3 w|low | @ |ew|e | 8 7 || & | |w|w || &3 w37 |w]|w
4 o | oo | oo Sl || 7o | o 3 [ R = e F =T T I B+
3 x|l o | oo | 4o ||| Do | o 3 4 leo o oo | 4 [oo|o] @ 3
Machine 1 Vir [ Vs ]
Machine 2 Vo [vis [vi |ve L Ve |
Machine 3 | Vis [ Vs Lvis [ Vs ]
Machine 4 | Vio | Vi | vz | Vis | Va |
Machine5 | V19 I Vi2 I V20 | Vs I
I I I I / [
5 10 15 20 25 30 ]
Time Makespad =33

Figure 10. Schedule outpur in the foom of a2 Gaatt chae.

consisting of 3 jobs and 3 machines is used hete
to test the developed GA-based approech. Ler the o
{ i=1, =, 20} be the operations for 3 jobs in the
ordetly maneet. Aleeracive rmadhioes of processing
the pars are given in <Table 5. Sundaram and Fu
{1988} did oot cotsider the operadion sequetwing
atid each job conduces 4 ditferenr operaticts in a
sequential order. Sothe opetations of w, wx, w, v, v
have oo precedence consteaives and the odher
CpEeration oy s o predecessor of opy Inthe nevworle

Usieiz the GA-based approad, the best makespan
value obrained is 33 as shown in <TFpure 10>
cormpated o the value of 38 obrained using the
heuatistic  teported by Sundaram  and Fu(1988).
Palmer {(1996) used simitlared annealing for this
problem and cbrained the same resule of 33 as
showe ity <Table 6=, These tesuls mean thae the
GA-based approech &5 beosr than the foomer
tesearches.

Table 6. The commpared resilt with fermer
researched methods

Sundaramn and Fuo Palmer  Proposed Method
35 33 33

Malzespan

6. Conclusions

Evern thoogh thete has been o lor of stedies on
schedulivg, it still rermming one of the conrerning
fssues armcng researchers in marirfacteting optimiza-
tiotr. The vradictensl merhod, which is LEmieed o
havitg oon-sequentisl operattons, does oot addeess
the availbbiliy of these alernarive machices and
opetadions with precedence coostraiers. The Lorte-
grared model presenced in this papet derermines the
biest schedules with operadon-sequences and aleeroa-
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tive machines consideting cimsouarcing. This is rarcly
studied so far and there s oo strndar paper, which
considered the precedence constraints of operarions.
From the experimental resuls, we koow thar the
proposed approach fs suirable the teregrared process
plasning and scheduling problems. For the funree
stizdy, cur model will be excended o inregrace the
ordet unirs fn make-to-order manafarniting supply
chait,.
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