Chapter 19
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21.a.   By the shortest operation time rule, the jobs would be assigned in the following order:  E, B, C, A, D. The flow time is calculated as follows:

	E
	B
	C
	A
	D

	2
	3
	4
	5
	7


Cumulative time in days:

0          2                            5                          9                           14                         21

The mean flow time and mean lateness are calculated as follows:

Job
Flow Time

A
14

B
 5

C
 9
D
21
E
 2
Total
51
Mean flow time = 51/5 or 10.2 days

b.  The first step is to calculate slack time

Job
Due Date
Days of Processing Time   Slack Time (Due Date - Processing time)

A
6 days hence

5



1
B
7 days hence

3



4
C
4 days hence

4



0
D
9 days hence

7



2
E
5 days hence

2



3

By the minimum slack rule the jobs would be assigned in the following order:
 C, A, D, E, B. The flow time is calculated as follows:

	C
	A
	D
	E
	B

	4
	5
	7
	2
	3


Cumulative time in days:

0         4                             9                         16                          18                        21

The mean flow time and mean lateness are calculated as follows:

Job
Flow Time

A
 9

B
21

C
 4
D
16
E
18


Total      68

Mean flow time = 68/5 or 13.6 days

c.  Critical ratio is defined as:  Time Remaining until due date divided by work remaining.

Job
Time Remaining
Work

Until Due date
        Remaining 
     Critical Ratio

A
6 


5


1.20
B
7 


3


2.33
C
4 


4


1.00
D
9 


7


1.29
E
5 


2


2.50

By using the critical ratio, the jobs would be arranged in the following order: C, A, D, B,  E.  The flow time is calculated as follows:

	C
	A
	D
	B
	E

	4
	5
	7
	3
	2


Cumulative time in days:

0                         4                          9                         16                         19                21

The mean flow time is calculated as follows:

Job
Flow Time

A
 9

B
19

C
 4
D
16
E
21


Total      69

Mean flow time = 69/5 or 13.8 days.

d.  The sequence E, B, C, A, D gives minimum flow time and minimum lateness.  The shortest operation time rule always results in minimum mean flow time.

22.  Using Johnson’s rule, we select the jobs in order of shortest operation time and assign them as follows:

Order of

Position In

Selection
Job
Sequence
1

C
6th
2

E
1st
3

B
2nd 
4

F
5th
5

A
4th
6

D
3rd
The jobs would be assigned in the following order:  E, B, D, A, F, C.  The flow times for jobs are shown below:

Machine I

                    3                       7                  14                      22                  34                 49

	E
	B
	D
	A
	F
	C


Machine II

	E
	B
	D
	A
	F


                                10                               19                               28     34            39

b.  Slack per remaining operation is defined as:

Time remaining before due date - Remaining machine time

Number of remaining operations

Job

Slack time

Priority

A

49 - (8 + 6) = 17.5
   3rd
                                  2

B

49 - (4 + 9) = 18
   4th

                   2

 

C

49 - (15 + 0) = 34
   6th
                                  1

D

49 - (7 + 9) = 16.5
   2nd
                                  2

E

49 - (3 + 7) = 19.5
   5th


        2



F

49 - (12 + 5) = 16
   1st

                      2

 

The jobs would be assigned in the following order:  F, D, A, B, E, and C. The flow times for jobs are shown below:

Machine I

	F
	D
	A
	B
	E
	C


                    12                    19                  27                     31                  34                 49

Machine II

	F
	D
	A
	B
	E


                                17                               28                               34     43            50

Note: There is idle time before both D and A.

c. Critical ratio is defined as: Time remaining until due date

                                                        Work Remaining


Job
Critical ratio

Priority

A
49/(8 + 6)   = 3.50
4th
B
49/(4 + 9)   = 3.77
5th
C
49/(15 + 0) = 3.27
3rd
D
49/(7 + 9)   = 3.60
2nd
E
49/(3 + 7)   = 4.90
6th
F
49/(8 + 6)   = 2.88
1st
 The jobs would be assigned in the following order: F, D, C, A, B, E. The flow times are shown below:

Machine I

	F
	D
	C
	A
	B
	E


             12                    19                  34                     42                  46                 49

Machine II

	F
	D
	A
	B
	E


                                17                               28                               48     57            64

Note there is idle time before both D and A.                          

d. Only the Johnson’s rule provides the sequence which would allow all the jobs to be completed before the due date. Johnson’s rule always minimizes the total completion time when two or more jobs much be processed on two machines in a common sequence.

