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Operation

Abstract

A pert-type system, a combination of the program evaluation and review technique (PERT) and the critical
path method (CPM), might be used by the hospitality industry to improve planning and control of complex
functions. The author discusses this management science technique and how it can assist.

Keywords
Glen A. Leitch, Application of a PERT-Type System and Crashing in a Food Service Operation, Critical Path
Method (CPM), Program Evaluation Review Technique, Node, Branch, Event, Activity, Slackness, Scheduling

This article is available in Hospitality Review: https://digitalcommons.fin.edu/hospitalityreview/vol7/iss2/8


https://digitalcommons.fiu.edu/hospitalityreview/vol7/iss2/8?utm_source=digitalcommons.fiu.edu%2Fhospitalityreview%2Fvol7%2Fiss2%2F8&utm_medium=PDF&utm_campaign=PDFCoverPages

Application of a PERT-Type System
and “Crashing” in a Food Service Operation

by
Glen A. Leitch
Instructor
School of Hotel, Restaurant and Institutional Management
Michigan State University

A pert-type system, a combination of the program evaluation and review
technique (PERT) and the critical path method (CPM), might be used by
the hospitality industry to improve planning and control of complex func-
tions. The author discusses this management science technique and how
it can assist.

The program evaluation and review technique (PERT) and critical
path method (CPM) are the two most widely known and most widely
used management science techniques in use today. They can be espe-
cially helpful to the hospitality manager because these two techniques
can be used to plan, schedule, and control large projects which are com-
posed of many activities performed by various people at different work
situations. For example, a catering manager could use these
techniques to improve the planning and control of a complex function
such as a wedding or dinner reception.

In recent years the PERT and CPM systems have been combined
into what is known as a PERT-type system. This type of system uses
a network diagram to graphically depict the sequential nature of the
activities which comprise a particular project. A project can be defined
as a group of tasks which are performed in a certain sequence to reach
an objective. Each task is defined as an activity. Each activity therefore
has a beginning point and an ending point. These beginning points and
ending points are known as events. In the network diagram an event
is represented by a circle (node) and each activity is represented by a
line (branch) that extends between two events. Directional arrows are
drawn on each line (branch) in order to indicate the sequence in which
events must be accomplished.

Activity Identification Is First Step

The first step in applying the PERT-type system to managing a
project is to specify all the tasks or activities that are required to com-
plete the project. It is important that all activities be identified since
the scheduling process hinges on the list of activities for the project.
Table 1 lists the activities required to set up a banquet and serve the
guests and identifies the immediate predecessors for each activity; the
latter includes those activities that must be completed immediately
prior to the beginning of a given activity. For example, Activity I cannot
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begin until Activity G is completed. Activity A can begin anytime be-
cause it does not depend on the completion of any prior activities.

Table 1
Activities Required

Description of Immediate
Activity Activity Predecessor

Bringtablesand chairsupfrom
basement and arrangeinhall

Pick up tableclothsfromlaundry

and placeontables

Arrange place settingand decorations
Fill waterglasses

Turnovens on and perform equipment check
Prepare and cook main course
Prepsalad and store

Seat guests

Platesalad and serve

Platedinner andserve

“HIQEEUQ W
2
mUItl:llow b |

=
ot

The next step is to construct the network diagram that connects
all these activities. Before constructing the network it is important to
recognize two important rules, first, that each activity must only be rep-
resented by one line (branch) and, second, that no two activities can
begin and end on the same two events (nodes). Figure 1 was constructed
according to these two rules and is the network representation of the
project described in Table 1.

Figure 1
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Time Estimates Vary for Activities

Since the PERT-type system is typically used for projects that
exhibit some amount of time uncertainty the next step is to identify
three time estimates for each activity. The three time estimates required
are optimistic, most likely, and pessimistic. When developing the three
time estimates for each activity, the judgment of the best personnel
should be used. This may require the input of the manager and several
employees. This will insure that the time estimates for each activity are
as accurate as possible. Table 2 presents the three time estimates for
each activity.

Table 2
Activity Time Estimates in Hours

Most Optimistic = MostLikely Most Pessimistic

Activity Time Time Time
A 2.30 3.00 3.50
B 0.40 0.50 0.75
C 0.75 1.00 1.25
D 0.30 0.50 0.75
E 0.28 0.30 0.35
F 3.00 3.25 3.50
G 1.00 1.25 1.50
H 0.50 0.75 1.00
I 1.00 1.25 1.30
J 1.25 1.50 1.75

The time estimates are considered tobe related in the form of aunimodal
probability distribution. Because the distribution may be skewed to the
right or to the left, it is necessary to make two assumptions in order to
convert the most optimistic time (a), most likely time (m), and most pes-
simistic time (b) into estimates of the expected time and variance of the
time required for each activity. The first assumption is that the activity
time estimates are beta distributed which means that the expected time
for each activity can be calculated by the following formula:

Expected activity time = 1/6 (a + 4m +b)

The second assumption is that the standard deviation of the time re-
quired for each activity is equal to one-sixth of the range of reasonable
possible time requirements. Therefore the standard deviation of the
elapsed time required for each activity can be calculated by the following
formula:
Variance of expected activity time = [1/6 (b-a)] 2

The mean activity time and activity time variance for each activity is
presented in Table 3.
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Table 3
Activity Time Estimates in Hours

Mean Activity
MostOpt. MostLikely MostPess. Activity Time

Activity Time Time Time Time  Variance
A 2.30 3.00 3.50 2.97 0.0400
B 0.40 0.50 0.75 0.53 0.0034
C 0.75 1.00 1.25 1.00 0.0069
D 0.30 0.50 0.75 0.51 0.0056
E 0.28 0.30 0.35 0.31 0.0001
F 3.00 3.25 3.50 3.25 0.0069
G 1.00 1.25 1.50 1.25 0.0069
H 0.50 0.75 1.00 0.75 0.0069
I 1.00 1.25 1.30 1.22 0.0025
J 1.25 1.50 1.75 1.50 0.0069

PERT Is Used to Calculate Critical Path

One of the objectives in using a PERT-type system is to calculate
the longest or critical path for the network. In order to determine the
critical path for a network it is necessary to determine four variables
for each activity:

e EST: The earliest time an activity can start

* EFT: The earliest time an activity can finish

¢ LST: The latest time at which an activity can start
¢ LFT: The latest time at which an activity can finish

These variables are located on the network diagram according to the
following format:

EST MEAN TIME EFT
°LST LFT®

In order to compute these times for each activity in the network, it
is necessary tomake a forward pass through the network. This will allow
us to calculate the EST and EFT for each activity. Once these times have
been determined it will be possible to determine the LST and LFT for
each activity. The rule for calculating the earliest start time for an activ-
ity leaving a node is that it is equal to the largest of the earliest finish
times for all activities entering the node. The earliest finish time for an
activity is simply the earliest start time plus the expected activity time
for that activity. There are no activities entering node 1, so the earliest
start time (EST) for activities A, G, and E is equal to zero. Since there
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is a single activity, activity A, leading into node 2 the early finish time
(EFT) for activity A becomes the earliest start time (EST) for activity
B. When calculating the EST for activity I, it is necessary to select the
largest early finish time of either activity G or activity H. Since the early
finish time for activity H is the highest value of the two activities, we
will select that value as the EST for activity I.

The next step is to compute the latest start and finish times for
each activity in the network. The rule for calculating the latest finish
time for an activity that enters a node is that it is equal to the smallest
of the latest start times for all activities leaving that node. The latest
start time for that activity is simply the latest finish time minus the
expected activity time for that activity. The latest start time (LST) for
activity J in Figure 2 below is simply the latest finish time of 8.48 hours
minus 1.50 hours which is that activity’s expected activity time. The
latest finish time (LFT) for activity F is simply the latest start time for
activity J which is 6.98 hours. The LST and LFT for all activities are
calculated in a similar manner. The network diagram with the four vari-
ables for each activity along with the expected time for each activity is
shown in Figure 2 below.

.
Figure 2
297297
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Now that all the times have been plotted for each activity, it is now
possible to determine the minimum time required to set up the banquet
and serve the guests. This is done by adding the time duration of each
path through the network. Various durations of project completion are
determined and the path with the longest duration is the time it will
take to complete the project. In this case the project will take 8.48 hours
to complete. The path associated with the longest duration is also known
as the critical path because if any activities on the path are delayed, the
completion of the project will also be delayed. In the example being con-
sidered, the manager should not be as concerned with the time it takes
to prep the salad, turn on the ovens, or prepare and cook the main course
as he/she should be concerned with activities A, B, C, D, H, I, and J.
These activities lie on the critical path and could delay the dinner ifthey
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are not completed on time. The expected completion time for this event
is 8.48 hours.

The critical path for the project can also be described as the path
through the network where the activities have zero slack. Slackness is
determined by the formula: LST - EST or LFT - EFT Table 4 below pre-
sents the slack of each activity.

Table 4
Slack of Each Activity

Activity Slack(LST-EST)

0.00
0.00
0.00
0.00
3.42
3.42
4.51
0.00
0.00
0.00

=TI O-EOQW >

Probability of Completing Project Can Be Calculated

If the manager wanted to know how likely it was that the dinner
would be served eight hours after the first activity began, this could
be easily calculated. In order to determine the probability of complet-
ing a project by some future time it is necessary to make three as-
sumptions. The first is that activity times are statistically indepen-
dent. This means that the time it takes to complete one activity will
not affect how long it takes to accomplish another activity in the pro-
ject. The second is that the critical path alwaysrequires alonger total
time than any other path. The third assumption is that the project
completion time has a normal distribution. This assumption is based
on the central limit theorem which states that the sum of several
independent variables tends to have a normal distribution. The nor-
mal probability distribution can then be used to determine the prob-
ability of finishing a project by some future time. In the banquet
example above, the expected completion time is simply the sum of
the mean completion times for all the activities that lie on the critical
path. It is computed as follows:

Total Time =
297 + .53 + 1.00 + .51 + .75 + 1.22 + 1.50 = 8.48

The variance of the project completion time is given by the sum
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of the variances of the critical path activities. It is computed as fol-
lows:

Variance of Project Completion Time = .0400 + .0034 +
.0069 + .0056 + .0069 + .0025 + .0069 + .0722

Because the standard deviation is the square root of the vari-
ance, the standard deviation of the project completion time is calcu-
lated as .2687. With this information it is now possible to convert the
target completion time into a standard normal random variable by
subtracting the mean project completion time from it and then divid-
ing the result by the standard deviation of the project completion
time as shown below:

Prob (Completion time = 8 hours) =
P(T 8 hrs) =
P(ZTargettime - Mean time/Standard deviation of completion)
= P(Z 8-8.48/.2687) = P(Z-1.786) = .5 - .46298 = .03702

The use of a standard normal distribution table and interpola-

tion was needed to derive the number.46298. Since the standard nor-
mal variable was a negative number, it is necessary to subtract the
number extracted from the standard normal distribution table from
.5. The result is .03702 or, in other words, there is a 3.7 percent prob-
ability that the dinner will be served eight hours after the set-up be-
gins.
The probability of meeting target completion times at the comple-
tion of each event (node) can be determined by summing the expected
activity times and the variances of the activity times on the longest path
to each event (node) being examined. The normal distribution is then
applied in the same manner as was done above. It is important to re-
member that there must be enough activities leading to the node being
examined to justify the use of the central limit theorem. Table 5
provides the probability of meeting the schedule for each event in the
network.

Crashing A Project Increases Costs

If the manager of the banquet wished to shorten the duration of
the project, he/she could do so by assigning more resources to the ban-
quet. Of course this would raise the cost of putting on the banquet. The
process of shortening the duration of a project is known as “crashing.”
Because crashing a project will obviously raise the cost of that project,
it is very beneficial to crash the project at the least additional cost. In
order to determine which activity(ies) should be crashed, it is necessary
to determine two time estimates and two cost estimates associated with
each activity. The two time estimates needed are a normal activity time
and a crash activity time. The two cost estimates in Table 6 are a normal
time cost and a crash time cost for each activity of the banquet.
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Table 5
Probability of Meeting the Schedule
For Each Project Network Event

Scheduled Mean Completion  Probability
Completion Completion Time of Meeting
Event Time Time Variance Schedule

0 0.00 0.00 0.0000 -

1 2.90 297 0.0400 36.3%

2 3.20 3.50 0.0434 7.5%

3 4.15 4.50 0.0503 5.9%

4 5.20 5.01 0.0559 78.8%

5 0.30 0.31 0.0001 15.9%

6 6.26 5.76 0.0628 97.7%

7 7.68 6.98 0.0653 99.7%

8 8.00 8.48 0.0722 3.7%

Table 6

Time in Hours and Cost Estimates for Project Network

Normal Crash Normal Crash Crash

Activity Time Time Cost Cost Cost/Hr
A 2.97 2.50 30.00 $45.00 $ 31.91
B 0.53 0.50 6.00 $ 700 $ 33.33
C 1.00 0.80 10.00 $12.00 $ 10.00
D 0.51 0.50 6.00 $ 7.00 $100.00
E 0.31 0.30 5.00 $ 550 $ 50.00
F 3.25 3.00 40.00 $50.00 $ 40.00
G 1.25 1.00 15.00 $16.00 $ 4.00
H 0.75 0.50 8.00 $900 $ 4.00
I 1.22 1.00 15.00 $17.00 $ 9.09
J 1.50 1.25 15.00 $17.00 $ 8.00

The crash cost per unit time is the net change in cost per unit
change in time. The formula used to calculate the crash cost per hour
in Table 6 is given below:

Crash cost/Hr = (Crash cost - Normal cost)
(Normal time - Crash time)
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The procedure for crashing a project at the minimum cost involves
four steps:

¢ determine the normal time critical path and identify the criti-
cal activities

e compute the crash cost per time period for all activities in the
network, using the formula provided above

e select the activity on the critical path which has the minimum
crash cost per unit of time. Crash this activity to the maximum
amount possible, or until the desired deadline has been
achieved

e revise the network by adjusting for the time and cost assigned
to the crashed activity. Then, check to see whether or not the
critical path whichhasjustbeen crashed isstill the critical path
for the network. If the original critical path is still the longest
path through the network, return immediately tostep 3. Other-
wise, determine the new critical path, or paths, and thenreturn
to step 3!

The information in Table 6 was used to calculate the data presented
inTable 7, which will be very useful when the manager ofthe banquet
begins to determine the cost of shortening the time needed to begin
serving the guests. In thisexample let us assume the manager wishes
to shorten the duration of the project to 8.23, 8.00, and 7.5 hours in
the most cost effective way. In order to shorten the expected project
completion time to 8.23 hours the most cost effective way would be to
crash activity H by the total number of hours possible (.25). This is
the most cost effective way since the crash cost is only $4/hour. If the
manager wished to shorten the duration of the project to eight hours,
he or she would then crash activity J by .23 hours at a cost per hour
of $8. It would do no good to crash activity G even though it has a
lower cost because it does not lie on the critical path (see step 4 above).
A summary of the project completion cost for each time frame is pre-
sented in Table 8.

Table 7
Crash Costs and Times Possible

Maximum Crashing Crash Cost
Act Possible(hrs) PerHour
A 0.47 $ 3191
B 0.03 $ 33.33
C 0.20 $ 10.11
D 0.01 $100.00
E 0.01 $ 50.00
F 0.25 $ 40.00
G 0.25 $ 4.00
H 0.25 $ 4.00
I 0.22 $ 9.09
J 0.25 $ 8.00
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Table 8
Summary of Time/Cost Tradeoffs

Mean Project Project
Step Activity CompletionTime CompletionCost
in Hours
0 Nonetwork crashing 848 $90.00
o Hcrashedby .25 hrs. 8.23 $4.00x.25 = $1.00 + $90.00 = $91.00
Jcrashedby .23 hrs. 8.00 $8.00x.23 = $1.84 + $91.00 = $92.84
3 Jcrashedby.02hrs. 7.50 $8.00x.02 = $0.16
Icrashedby .22hrs. $9.09x.22 = $1.99
Ccrashedby.20hrs. $10.00x.20 = $2.00
Acrashedby .06 hrs. $31.91x.06 = $1.91

(Total hrs. crashed = .98) $0.16 + $1.99 + $2.00 + $1.91 + $92.84 = $98.9
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The use of a PERT-type system in the hospitality field can have
many applications by managers in back-of-the-house as well as front-of-
the-house. The significance of PERT is that it can be used to to schedule
and control individual project activities so that the project will be com-
pleted within a certain time period. It is also useful in helping the man-
ager decide which ways are the most cost effective in shortening the
length of a project.

References

'Shawnee K. Vickery, Quantitative Methods: Applications to Managerial Decision
Making, (New York: John Wiley & Sons, 1987), p. 402.

76

FIU Hospitality Review, Volume 7, Number 2, 1989
Copyright: Contents © 1989 by FIU Hospitality Review. The reproduction of any art
work, editorial, or other material is expressly prohibited without written permission
from the publisher.



	Hospitality Review
	1-1-1989

	Application of a PERT-Type System and "Crashing" in a Food Service Operation
	Glenn A. Leitch
	Recommended Citation

	Application of a PERT-Type System and "Crashing" in a Food Service Operation
	Abstract
	Keywords


	tmp.1362664568.pdf.EcXKb

