Job sequencing

Introduction

When a number of jobs are given to be done and they require processing on two or more
machines, the main concern of a manager is to find the order or sequence to perform these
jobs. We shall consider the sequencing problems in respect of the jobs to be performed in a
factory and study the method of their solution. Such sequencing problems can be broadly
divided in two groups. In the first one, there are n jobs to be done, each of which requires
processing on some or all of the k different machines. We can determine the effectiveness of
each of the sequences that the technologically feasible (that is to say, those satisfying the
restrictions on the order in which each job must be processed through the machines) and
choose a sequence which optimizes the effectiveness. To illustrate, the timings of processing
of each of the n jobs on each of the k machines, in a certain given order, may be given and the
time for performing the jobs may be the measure of effectiveness. We shall select the
sequences for which the total time taken in processing all the jobs on the machines would be
the minimum.

In this unit we will look into solution of a sequencing problem. In this lesson the solutions of
following cases will be discussed:

a) njobs and two machines A and B, all jobs processed in the order AB.
b)  njobs and three machines A, B and C all jobs processed in the order ABC
c)  Problems with n jobs and m machines.

Processing of n jobs through two machines

The simplest possible sequencing problem is that of n job two machine sequencing problem
in which we want to determine the sequence in which n-job should be processed through two
machines so as to minimize the total elapsed time T. The problem can be described as:
a) Only two machines A and B are involved;
b) Each job is processed in the order AB.
c) The exact or expected processing times A1,A2,As, —, An; B1,B2,Bs, —, B, are known and
are provided in the following table

Machine Job(s)
1 2] 3| - -] i]| --]- n
A Al Al A - - Al -] A
B Bi| B | B | -| -| B| - |-| B

The problem is to find the sequence (or order) of jobs so as to minimize the total elapsed time
T. The solution of the above problem involves the following steps:



Step1. Selectthe smallest processing time occurring in the list A1,A2,As, —, An; B1,B2,B3,
—, Bnif there is a tie, either of the smallest processing times can be selected.

Step 2.  If the least processing time is A, select the r" job first If it is Bs, do the s™ job
last as the given order is AB

Step 3. There are now (n-1) jobs left to be ordered. Repeat steps | and Il for the
remaining set of processing times obtained by deleting the processing time for
both the machines corresponding to the job already assigned.

Step4. Continue in the same manner till the entire jobs have been ordered. The resulting
ordering will minimize the total elapsed time T and is called the optimal
sequence.

Step 5.  After finding the optimal sequence as stated above find the total elapsed time
and idle times on machines A and B as under:

Total elapsed time = The time between starting the first job in the optimal sequence on
machine A and completing the last job in the optimal machine B.

Example 1

There are nine jobs, each of which must go through two machines P and Q in the order PQ,
the processing times (in hours) are given below:

. Job(s)
Haeilre = B C D E = G H |
p 2 5 4 9 6 8 7 5 4
Q 6 8 7 4 3 9 3 8 11

Find the sequence that minimizes the total elapsed time T. Also calculate the total idle time
for the machines in this period.

Solution

The minimum processing time on two machines is 2 which correspond to task A on machine
P. This shows that task A will be preceding first. After assigning task A, we are left with 8 tasks
on two machines

Machine B C D E F G H I
P 5 4 9 6 8 7 5 4
Q 8 7 4 3 9 3 8 11

Minimum processing time in this reduced problem is 3 which correspond to jobs E and G (both
on machine Q). Now since the corresponding processing time of task E on machine P is less
than the corresponding processing time of task G on machine Q therefore task E will be
processed in the last and task G next to last. The situation will be dealt as

A G E




The problem now reduces to following 6 tasks on two machines with processing time as
follows:

Machine B C D F H I
P 5 4 9 8 5 4
Q 8 7 4 9 8 11

Here since the minimum processing time is 4 which occurs for tasks C and | on machine P
and task D on machine Q. Therefore, the task C which has less processing time on P will be
processed first and then task | and task D will be placed at the last i.e., 7" sequence cell.

The sequence will appear as follows:

A C I D E G

The problem now reduces to the following 3 tasks on two machines

Machine B F
P 5 8 5
Q 8 9

In this reduced table the minimum processing time is 5 which occurs for tasks B and H both
on machine P. Now since the corresponding time of tasks B and H on machine Q are same
i.e. 8. Tasks B or H may be placed arbitrarily in the 4" and 5" sequence cells. The remaining
task F can then be placed in the 6" sequence cell. Thus the optimal sequences are
represented as

A | C B H F D E G

Further, it is also possible to calculate the minimum elapsed time corresponding to the
optimal sequencingA-»1—-C—->B—->H—->F—->D—>E—G.

Job Machine A Machine B
Sequence ) . . .
Time In Time Out Time In Time Out
A 0 2 2 8
I 2 6 8 19
C 6 10 19 26
B 10 15 26 34
H 15 20 34 42
F 20 28 42 51
D 28 37 51 55
E 37 43 55 58
G 43 50 58 61




Hence the total elapsed time for this proposed sequence staring from job A to completion
of job G is 61 hours .During this time machine P remains idle for 11 hours (from 50 hours to
61 hours)and the machine Q remains idle for 2 hours only (from 0 hour to 2 hour).












