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• Since it is dealing with a single 
factory that produces al l required parts 
that go into making its final product, 
all materials necessary for production 
are simultaneously available at time 
zero or as needed 

• A l l final products are shipped to the 
customers immediately 

• Transportation time between 
machines is instantaneous 

• A machine can only process one job at 
a time 

• Each job has to be performed on a set 
of machines in a pre-defined 
technological ordering 

• Processing times are known ahead of 
time 

• Each machine is continuously 
available for production 

• No job splitting is allowed 
• There is no job preemption on 

machines 

Model Parameters and Variables 

Inmit Parameters: 
Pi, -

Pijkm 

N = 

M = 

Qt = quantity o f P y required to meet 

demand. 

QV=B, *Hij(riHik) where IJHik >1 
P,keZ(Pij) PikeZ(Ptj) 

System Variables : 

Sykm 

m ijk -

"i = 

Otj -

Hij -

Z(Pij)= 

Bi = 

thej sub-job of final product i. I f j 
= 0, then it is the final assembly i. 
the jf A operation of sub-job j 
belonging to final product i, where 
the operation is performed on 
machine m. 
number of final product orders to be 
satisfied ; / = 1, N 
number of machines available for 
production ; m- 1, .... M 
the machine required by the k}h 

operation of sub-job j belonging to 
final product r. 
number of nodes or sub-jobs in the 
B O M for final product i. 
the set of operations • required for 
processing one unit of P0. 
number of units o f Ptj required for 
meeting the total demand of its 
direct parent job, i f any exists. 
the set of parents and grand parents 

for/V 
required batch size of final product /. 

I ijkm 

T = 

F 
a 
Cjjkn 

Rt ijkm ' 

production start time of the K 
operation for Py on machine m. 
processing time per unit part 
required by the kr operation of Py 
on machine m. 
total processing time required for 
making one unit of P{j. 

M 
(Tjj =Qjj Z (ijkm ) 

k = \ 

production flow time (makespan). 
large positive number 
production completion time of the 
fcth operation for PtJ on machine m. 
remaining path time for operations k 
of Py on m to realize the final 
product 

M. 
k^k 

V 

VZ(P,j) 

Xykqrsm ~ 1, i f Py* proceed P q r s on machine m 
- 0, otherwise 

Model Formulation 

The model developed 
formulated as follows: 

in this study is then 

Z.UILP — Min F 

C'O'-Ukm - S,jim- < 0, VlJ 

C,j(k-\}m - Sijkm < 0, Yi,j, k 

CiOKm - F < 0, t l 

Cijkm - Sijkm = ttJkm * Qtj \/i,j,k 

Cqrsm " Cijkm + a(\- Xijkqrsm) > /, 

Cykm - C q r s m + a(Xijkqrsm) > tijkm * QiJt 

VijXq.r.s (7) 
Xifkqrsm € {0 , 1}, integer, Vi,j,k (8) 
Q,j > 1, integer, Vi,j (9) 

(1) 
(2) 
(3) 
(4) 
(5) 

irsm * Qqr, 

(6) 
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