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FOR MANY YEARS now industry has found 
the Critical Path Method (CPM) to be a con­

siderable aid in planning and scheduling activities. 
This method determines the shortest period of 
time required for the completion of a system of 
activities in the following manner. Each activity 
is listed with (1) its activity number, (2) its time 
required for completion (activity duration), (3) 
those activities which must be completed before 
starting the activity in question (preceding activi­
ties) , ( 4) those activities which cannot be started 
before the completion of the activity in question 
(succeeding activities), and (5) any other con­
straints which are found necessary to be placed 
on the particular activity, e.g., activity start or 
finish times. 

Once the activities have been listed with this 
information, the activities may be graphed by 
activity as in Figure 1 wherein the ordinate has 
some arbitrary units of time. Those activities 
having no preceding activities are listed by ac­
tivity number at the extreme left and the succeed­
ing activities are placed on the graph further to 
the right according to the time scale. Preceding 
and succeeding activities are connected with lines 
to show their relationships with other activities. 
The time element should never be forgotten with 
respect to activity duration and specified activity 
start or finish times. 

Once all of the activities have been included 
on this graph, the activity finding itself to the 
extreme right is the last activity in a series of 
activities which define the critical path. The re­
maining critical path activities can be found by 
following the lines connecting activity to activity 
which exhibit no time lag (slack) from the finish 
of one activity to the start of the next. When this 
procedure has been completed, the critical path 
has been defined. If the system of activities is to 
be completed in the shortest possible time, these 
critical path activities must be completed in a 
continuous manner, one right after another with 
no interruption. 
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Fig . 1. Sketch of a CPM diagram. Critical path activities (l 01, 
102, 201, 302, 401) are connected by heavy lines. 

Now that the critical path has been delineated 
all the activities can be listed with their earliest 
start times, latest finish times and slacks such 
that there will be no increase in the critical path 
and therefore no increase in the time necessary 
to complete the entire system of activities. This 
list of earliest start times, latest finish times and 
slack offers a framework around which a schedule 
can be built. 

With the advent of computers, programs have 
been written which can aid in scheduling a system 
of activities by using CPM. The necessary infor­
mation is the same as that which is required to 
complete the CPM diagram as described above, 
but the time and effort required to obtain the 
necessary earliest start time and latest finish time 
for each activity is greatly reduced. 

Now THAT THE GROUND WORK has been 
laid, it is time to introduce the primary pur­

pose of this article, namely, CPM as an aid in 
formulating curricula. The question might be 
asked why such a method is necessary; it can be 
seen today that universities are changing their 
curricula at an ever increasing rate, and at the 
same time complexities are being introduced when 
departments offer new options to better meet the 
personal needs and desires of individual students. 
Keeping this in mind, a tool such as CPM could 
greatly alleviate much of the toil involved with 
adapting curricula. 
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The method for reducing curriculum informa­
tion as it appears in a university catalog so that 
it can be accepted by a CPM computer program 
is quite easy. The individual courses are assigned 
activity numbers by which the computer can rec­
ognize them. An activity duration whether on a 
semester, quarter or any other time basis is given 
to each course. The prerequisite courses fill the 
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preceding activities category and the courses for 
which this particular course is a prerequiste fall 
into the succeeding activities category. If a certain 
course is required to be taken in a specified year 
of study or before a specified time in a program 
of study, the constraints can be accepted by the 
CPM program by listing a start time or finish 
time for that course. 
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Fig. 2 . CPM diagram of chemical engineering curriculum. Critical path activities are connected by heavy lines. 
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With this information the CPM program de- The CPM diagram is helpful in testing time feasibility 
t ermines an earliest start time, latest finish t ime of proposed curricula and in offering a model which 

and slack for each course in the particular cur- can answer some of the questions dealing with 

riculum. All of the courses which comprise the curricula practicality. 
critical path are fixed as to when they must be 

Table II. Typical Chemical Engineering Curriculum (Twelve Quarters). 
Tab l e I. Acceler ated Chemical Engineering Curriculum (Eleven Quarters). 

Qtr . Activity er. Prereq. Earliest Latest 

Qtr, Ac t ivity Cr. Prereq. Earliest Latest No. Number Course Name Hrs. Activities Start Start Slack 

No. Number . Course Name Hrs. ActivitiM Start Start Slack 
501 Calculus I 5 2 

501 Calculus I 5 1 0 301 General Oiemistry I 5 4 

301 General Cliemistry I 5 3 2 101 Humanities I 3 7 

101 Humani t ies I 3 6 5 1101 Physical Training I l 7 

1101 Physical Training I l 6 5 601 Chem. Eng. Orientation l 12 11 

1001 Eng . Gr aphics I 3 10 9 1201 Elective I 3 8 7 

601 Chem. Eng. Orien tation · l 11 10 18 
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502 Calculus II 5 501 3 

502 Calculus II 5 501 302 General Chemistry II 5 301 5 

302 General Chemistry II 5 301 4 2 102 Humanities II 3 101 8 
2 201 Social Science I 3 6 5 1001 Eng . Graphic~ I 3 11 10 

2- 102 Humanities II 3 101 7 5 1102 Physical Training II l 1101 8 6 
2 1102 Physical Training 11 1 1101 7 5 17 

1002 Eng . Graphics 11 3 1001 ll 9 
20 503 Calculus Ill 5 502 4 l 

303 General Chemistry III 4 302 6 3 

503 Calcu l us Ill 5 502 103 Humanities Ill 3 102 9 6 

303 General Olemistry III 4 302 5 1002 Eng, Graphics II 3 1001 12 10 

602 Material Balances 3 302,502 . 5 1103 Physical Training III l 1102 9 6 

202 Social Science II 3 201 1202 Elective II 3 1201 9 7 

103 Humanities III 3 102 19 
1103 Physical Traini~g III l 1102 

19 504 Calculus IV 5 503 4 5 
4 401 Physics l 5 502 3 5 

504 Calculus IV 503 4 602 Material Balances 3 302,502 3 6 

4 401 Physics I 5 502 104 Humanities IV 3 103 4 10 

4 603 Energy Balances 3 602 11 1104 Physical Training IV l 1103 4 10 

4 203 Social Science lll 3 202 8 17 
4 104 Humanities IV 3 103 9 
4 1104 Physical Training I V . .l 1103 9 505 Calculus V 5 504 5 6 l 

20 402 Physics II• 5 401 4 6 2 
603 Energy Balances 3 602 4 12 8 

505 Calculus V 5 504 105 Humanities V 3 104 5 ll 6 

402 Physics II 5 401 ll05 Physical Training V l 1104 ll 6 

801 Statics 3 401,504 9 u 
1201 Elective I 3 7 
105 Humanities V 3 104 10 506 Differential Equations 5 505 7 

1105 Physical Training V l 1104 lO 403 Physics Ill 5 502 12 

20 604 Computers in Chem. Eng. 3 505,602 7 
106 Humanities VI 3 105 12 

506 Differential Equations 5 505 1106 Physical Training VI l 1105 12 

307 Physical Chemistry I 3 303,402 , 505 6 17 
604 Computers in Chem. Eng. 3 505 ,602 6 
403 Physics III 5 402 ll 605 Transport Phenomena I 4 506,604 8 

106 Humanities VI 3 105 ll 304 Organic Cllemistry I 3 303 9 

1106 Physical Training VI l ll05 ll 307 Physica l Chemistry I 3 303,402,505 7 

20 801 Statics 3 401,504 10 
201 Social Science I 3 7 

310 Physical Chemistry Lab, 2 307 ll 
l203 Electives III 3 1202 10 

308 Physical Chemistry II 3 307 7 19 
605 Transport Phenomena l 4 506,604 7 606 
304 Organic Chem.is try I 3 303 8 

Transport Phenomena II 4 605 10 

701 Electric Fields-Circuits 3 402,506 8 
305 Organic Olemistry II 3 304 10 

802 Material Science 3 505,801 10 
308 Physical Chem is try II 3 307 8 l 

Ta 310 Physical Chemistry Lab 2 307 12 5 
802 Materia l Science. 3 505,801 11 5 

309 Physical Chemistry 11! 308 
202 Social Science 11 3 201 8 6 

608 Stagewise Operations 605 18 
606 Transport Phenomena 11 605 

607 305 Organic Chemistry II 304 9 
Momentum-Heat Transfer 606 12 

306 Organic Chem.is try Lab 2 304 11 
608 Stagewise Operations 605 9 

1202 Elective II 3 1201 8 
306 Organic Olcmistry Lab 304 12 

19 309 Physical Chemistry III 308 · 9 
203 Social Science III 202 9 

616 Thermodynamics I 309,608 9 9 
701 Elec, Fields Circuits 3 402,506 9 

607 K:,mentum- Heat Transfer 606 9 ll 18 
613 Chemical Kinetics 305,309,608 9 lO 

lO 616 610 Chem, Eng , Literature I 304,307,605 8 11 
Therroodynamics I 309,608 lO 

702 Elem. Electronics 3 701 8 9 
10 612 Pol ymer Science 305,309,608 12 

1203 Elective III 3 1202 3 9 
10 609 Mass Transfer 606 11 

204 Social Science IV 3 203 4 9 
lO 610 Chem.Eng . Literature l 304,307,605 12 

19 10 702 Elem, Electronics 3 701 10 
lO 204 Social· Science IV 3 203 10 

10 617 Thermodynam:j._cs II 3 616 10 10 17 
10 614 Chem. F.ng . Economics 3 608 9 10 

ll 617 
lO 611 .Pr ocess Instrumentntlon 3 606,702 9 10 

'I11ermodynamics II 616 10 11 

lO 609 Mass Transfer 4 606 10 
ll 613 Chemical Kinetics 305,309,608 11 

10 1204 Elective IV 3 1203 lO 
ll 611 Process Instrumentation 606,702 11 

10 205 Social Science V 3 204 lO 
ll 614 Chem. Eng, Economics 608 ll 

l9 ll 1204 Elective IV 1203 11 
ll 205 Socia l Science V 3 204 1l 

ll 618 Comprehensive Prob, 3 613,614,617 11 ll 18 
11 615 Chemical Plant Design 3 609,611,613 11 ll 

l2 618 
614,617 , 802 

Comprehensive Prob. 6L3,6l4,6l7 ll 12 

11 612 Polymer Science 3 305,309, 608 11. 
609,611,613 

11 901 Gener a l Me tallurgy 3 309 11 
l 2 615 Chemical Plant Design 3 614,616,802 11 12 

ll 1205 Elective V 3 1204 11 
l2 901 General Metallurgy 3 309 9 12 

11 206 Social Science VI 3 205 11 
l2 206 Social Science VI 3 205 6 12 

18 l 2 1205 Elective V 3 [204 5 l2 
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started or completed; however, the remainder of 
the courses can be taken at any time within the 
constraints of the earliest start and latest finish 
times. In order to assist in selecting definite start 
dates for these courses which are not part of the 
critical path, various programs, e.g., RAMPS (Re­
source Allocation and Multiple Project Schedul­
ing)*, can be used to devise the final schedule. 
These programs distribute the various courses 
within the limits of their earliest start and latest 
finish times such that there will be a nearly con­
stant number of credit hours per school term 
throughout the entire program of study. 

A typical undergraduate chemical engineering 
curriculum is used as an example to illustrate the 
concept of CPM as a scheduling aid. Figure 2 is 
a CPM diagram of this curriculum wherein the 
activity numbers represent various courses (the 
two activities at the extreme left and the two 
activities at the extreme right, 0001, 0002, and 
3002, are dummy activities and are included only 
to facilitate the operation of the particular CPM 
program which was used). This figure illustrates 
the role prerequisites play in scheduling courses. 

Table I shows the final schedule which was 
derived from the CPM program. The earliest start 
times, latest finish times and slacks were provided 
by the CPM program enabling the critical path 
to be defined and also giving the shortest time for 
completion of the entire program of study. The 
courses which do not lie on the critical path and 
are accompanied by slacks were distributed manu­
ally, and the final product is a schedule which 
breaks the individual courses down into school 
quarters. 

The actual schedule for this curriculum as it 
might have appeared in a university catalog is 
listed in Table II and consists of twelve quarters. 
The information obtained from the CPM program 
showed that the curriculum could be completed 
in an accelerated program of eleven quarters in 
which no more than 20 credit hours are required 
per quarter. 

Referring once again to Figure 2 it is seen 
- that the courses have been distributed among the 
eleven quarters of the accelerated program as they 
appear in Table I. This type of CPM diagram can 
be helpful not only in testing feasibility of the 
time considerations of proposed curricula but also 
in offering a model which can answer some of the 
questions dealing with curricula practicality. • 

*Kurzeja, J . T., Hydrocarbon Processing, April, 1965, 
p. 171. 
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The 1st edition of . 
Levenspiel was adopted 
at 145 colleges and 
universities! 

Now 
there's 

a second 
edition. 

Look for the changes that make the 
2nd edition even better than the 1st-

• 160 brand new problems 

• completely new chapter on systems of deactivating 
catalysts 

• expanded and thoroughly rewritten chapter on flow 
modeling and diagnosis of ills of operating equip­
ment 

• new single design procedures for packed bed and 
fluidized bed and reactors 

Plus all the features that made 
the 1st edition a success-

• easy to understand, requiring no sophisticated math 

• all the most recent thought, not available anywhere 
else in a textbook 

• stress on principles and decision-making 

• over 330 problems 

• extensive illustrations 
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1972 578 pp $16.95 
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