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A. Question Set 
 
Chapter 7  
 
Question 2 

Since   

one can have the same TH with high WIP levels and long cycle times or with low WIP levels 
and short cycle times. Obviously, the later is better since you have better control, less money 
tied up in inventory, shorter cycle times for better responsiveness, less reliance on forecasts, 
and better quality. 
 
Question 3 
The best case cycle time is given by 

 

The corresponding throughput is obtained using Little’s law. 

 

The worst case cycle time is given by 
 

while the worst case throughput is given by 
 

 
Question 5 

By the definition of the critical WIP, , where rb denotes the bottleneck 

rate and ti denotes the processing time at the i-th station of the line. Also, by the definition of 
the bottleneck rate rb, 

(i) rb = Nb/tb, where Nb is the number of machines at a bottleneck workstation and tb 
is the processing time at that station; 

(ii) rb ≤  ri = Ni/ti, ⇔ rb⋅ti ≤ Ni, ∀i=1,…,n, where Ni and ti are respectively the number 
of machines and the processing time at station i. 

Hence,  

More intuitively, W0 denotes the minimum WIP that can ensure 100% utilization of the 
system bottlenecks, in a deterministic operational setting. Keeping a WIP which is larger 
than the total number of the machines in the system, will only increase the waiting time of 
the jobs, without enhancing the utilization of the system bottlenecks. 
 

Finally, notice that only when rb⋅ti = Ni, ∀i=1,…,n, i.e., only when the line is 

balanced. 
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Chapter 18 
 
Question 5 
 
A paced assembly line does not have the problems of starving and blocking that an unpaced 
line would have because it is paced.  The pacing mechanism is such that each station can 
perform its operation before the next unit arrives.  This requires that the pacing be slower 
than the slowest station on the line.  Consequently, the bottleneck of the line is the pacing 
mechanism itself. 
 
Question 6 
 
The conveyor time, c, should be greater than the maximum time assigned to any station to 
make sure that all stations are able to finish their task before the part is moved to the next 
station.  If this were not the case, parts would move before they were completed and would 
disrupt the flow of the entire line. 
 
CONWIP Flow Line Question 
 
The critical WIP in this line is 3.  The maximum TH that the line can achieve is THbest = 
2/(12/60) = 10 parts per hour, which is less than the targeted production rate of 12 parts per 
hour. 
 
B. Problems 
 
Chapter 7 
 
Problem 5 

a. rb = 0.5 job/hr and T0 = 5 hr 
 
b. Adding another machine at station two makes the parameters 

rb = 1 job/hr and T0 = 5 hr 
so the bottleneck rate increases and the raw process time stays the same. This will 
decrease cycle time and increase throughput when WIP is greater than the critical 
WIP. 
 

c. Speeding up station two makes the parameters 
rb = 1 job/hr and T0 = 4 hr 

and so it increases the bottleneck rate and decreases the raw process time. In this 
case, throughput will go up and cycle time will decrease regardless of the WIP 
level. 
 

d. There is no change in the parameters from (a). Since there is no variability, there 
will be no change in performance. 

 
e. This will make the parameters 



 
ISYE 6201 Spring 2007                                                                           Homework 4 Solution  

 4 

rb = 0.5 job/hr and T0 = 4.5 hr 
and it will reduce the cycle time and increase the throughput and, but only when 
WIP is below the critical WIP. So, in this (deterministic) case, it is true that saving 
an hour at a non-bottleneck does not help much. 

 
Problem 6 
When all jobs are processed before moving, we have the worst case performance with 
cycle time given by CT = wT0 and TH=1/T0.  
 

a. In this new setting, the base parameters rb and T0 will be the same with those in 
Problem 1, for all four cases (a-d). However, the impact of the suggested changes 
on the system performance can be different, as discussed below. 

b. Since T0 remains the same as in (a), there is no change from (a) regarding cycle 
time and throughput. This is in contrast with Problem 1. 

c. Speeding up station 2 reduces the raw process time and therefore reduces cycle 
time and increases throughput for all WIP levels. 

d. If all the jobs are worked on by only one machine at station 1 (as assumed in the 
worst-case scenario, since the batch moves as a single block), there is absolutely no 
change in performance. 

e. If station one is speeded up this will reduce the raw process time as in Problem 1 
and so will improve performance for all WIP levels. 

 
Problem 7 
The practical worst case assumes exponential process times and a balanced line using only 
a single machine at each station.  
 

a. Similar with Problem 2, the base parameters for the system do not change, but the 
observed performance sometimes does. 

 
b. Throughput will increase and cycle times will decrease for all WIP levels. 

 
c. Speeding up station 2 reduces the raw process time and therefore reduces cycle 

time and increases throughput for all WIP levels. 
 

d. Adding a second machine at a non-bottleneck will improve throughput and reduce 
cycle times for all WIP levels above WIP = 1. 

 
e. Speeding up station one will improve performance for all WIP levels. 
 

Problem 10 
rb = 2000 per day = 125 per hour, and T0 = 0.5 hr, W0 = 62.5 cases, TH = 1700 cases/day = 
106.25 per hour, CT = 3.5 hours. 
 

a. Average WIP level = TH*CT = 106.25 cases per hour * 3.5 hours = 372 cases 
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b. At w = 372, we have THPWC(372) =  cases/hour = 107.27 and 

CTPWC = hours, so we are roughly operating at the PWC level. 

 
c. Throughput would increase (or at least not decrease), because bottleneck would be 

blocked/starved less. Unbalancing the PWC line causes it to perform better. 
 

d. Throughput would increase (or at least not decrease), because bottleneck would be 
blocked/starved less. Replacing single machine stations with parallel machine 
stations in the PWC causes it to perform better. This is an example of performance 
improvement through flexibility enhancement. 

 
e. Moving cases in batches would further inflate cycle time by adding “wait for 

batch” time, and increasing the variability experienced in the flow of the line. 
 
Chapter 10 
 
Problem 2 

a.  

b.  

 
It can be seen that the CONWIP line achieves a higher throughput for this same WIP level. 
This effect results from the fact that the push system may release work into the line when 
the queue is very long, causing congestion that inflates the cycle time and (by Little’s law) 
reduces the throughput. 
 
Problem 6 
a. (i) 
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(ii) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Individual stations are affected by having bottleneck at station 1 or 3, but overall line 
performance is not. 
 
b. (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(ii) 
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It is more effective (i.e., it improves TH more) to reduce variability at bottleneck. 
 
c. (i) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(ii) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Speeding up non-bottleneck here is better than reducing variability at nonbottlenecks. Note 
that while this will often be the case, it will not always occur. Depending on the specifics 
of the problem, including the costs, reducing variability can be more attractive than 
increasing capacity. 
 
Problem 27 on ALB 
 

a)  

Task 
Positional 

Weight 
1 100 
2 94 
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3 46 
4 43 
5 37 
6 47 
7 23 
8 20 
9 29 

10 16 
11 16 
12 20 
13 12 
14 8 
15 5 

 
Ranking: 1-2-6-3-4-5-9-7-8-12-10-11-13-14-15 
 

b) 100/30 = 3.33 implying a minimum of 4 stations would be required 
 

Station 1 2 3 4 
Tasks 1,2,6,3 4,5,7,9 8,12,10,11 13,14,15 
Idle Time 2 1 2 15 

 
c) Start with C=25. A perfect balance would require four stations. Unfortunately this 

is not possible. 
For C=26 we do find the following 4-station balance. 

 
Station 1 2 3 4 
Tasks 1,2,3,5 4,6,7,8 9,11,12 10,13,14,15 
Idle Time 0 0 1 3 

 
  


