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ABSTRACT

The term project has been defined by many authors, and each one has definéd it from his ownpoint of view and
in the perspective of his own field of activity. Most<0ftenna project is defined as a combination of interrelated
activities which must be executed in a certain. order before the “entire task isfcompleted. The salient
characteristics of a project are. A project hasdidentifiable beginning and end"points; it is and entity by itself. It is
not a permanent entity; it is usually a non-repetitive task. Itican be broken down'into identifiable activities which
require time and resources for their execution. It is scheduled to be completed by a target date. .The objectives
are clear and outpour or end product definite usually involves heawyginvestment. Each project, whether high or
small, has three basic requirements’Execution of project activities and hence completion of the project is always

subject to some uncertainties and kisks:
Activities:

The Critical Path Methody(CPM) is one, of several related techniques for doing project planning. CPM is for
projectsithat are made up of anumber of individual "activities." If some of the activities require other activities

to finish'before they can start, then the project becomes a complex web of activities.
CPM can help yau figure out:

e how long your complex project will take to complete
e which activities are "critical," meaning that they have to be done on time or else the whole project will

take longer

If you put in information about the cost of each activity, and how much it costs to speed up each activity, CPM

can help you figure out:

o whether you should try to speed up the project, and, if so,
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o What is the least costly way to speed up the project.
An activity is a specific task. It gets something done. An activity can have these properties:

e names of any other activities that have to be completed before this one can start

e aprojected normal time duration

If you want to do a speedup cost analysis, you also have to know these things about each activity:

e acostto complete
e ashorter time to complete on a crash basis

e the higher cost of completing it on a crash basis

CPM analysis starts after you have figured out all the individual@ctivities inyour project.

I. IMPORTANCE

a.  Tominimi
b. To minimize the total project cost.

c. To trade off between time and cost of project.

d. To minimize production delays, interruptions and conflicts.

e. To minimize the total project duration.

(A) To Minimize Idle Resources:
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Allowing for large variations in the use of limited resources may disturb the whole plan. Thus, efforts should be

made to avoid the cost incurred due to idle resources.

(B) To Minimize The Total Project Cost:
The total cost of the project can be calculated and then efforts can be made to minimize the total cost by
calculating the cost of delay in the completion of an activity of the project in addition to the cost of the resources
required to carry out the jobs at various speeds (i.e. normal or over time rates of pay).
(C) To Trade Off Between Time And Cost Of Project:

The idea of trade off between time and cost of project is centred on the idea t

duration of same activities can

be cut down if additional resources are allocated to them.

For technical reasons, the durations may not be reduced indefinitely ly, the

2 rise in direct costs.

Activity Description Required Predecessor Duration

A Product design (None) 5 months
B Market research ~ (None) 1
C Production analysis A 2
D Product model A 3
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E Sales brochure A 2
F Cost analysis C 3
G Product testing D 4
H Sales training B, E 2
I Pricing H 1
J Project report F, G, 1 1

Example 1 Step 2: Draw the Diagram
Draw by hand a network diagram of the project that shows which activities fol

the above table.

Some cenventions al se diagrams:

ecessor come off of node 1.

successor point to the last node, which has to have highest node number.

In this example, A the two activities that have no predecessor. They are represented as arrows leading

away from node 1.

J is the one activity that has no successor, in this example. It therefore points to the last node, which is node 8. If
there were more than one activity with successor, all of those activities' arrows point to the highest number

node.

Students sometimes make the mistake of creating a diagram with several starting or ending nodes. Don't do this.
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The trickiest part for me of building the above diagram was figuring what to do with activity H. | had drawn an
arrow for activity B coming off node 1 and going to mode 3. | had later drawn an arrow for activity E coming
off node 2 and going to node 6. Since H requires both B and E, | had to erase my first E arrow and redraw it so it

pointed to the same node 3 that B did. H then comes off of node 3 and goes to node 6.
When designing these diagrams, work in pencil.

Example 1 Step 3: Set up the CPM spreadsheet

There are specialized commercial programs for doing CPM analysis. Rather thangpurehase and learn one of
those, we'll leverage the spreadsheet knowledge we already have. We will use gne freeware program written for
this course and made available to you through the Internet.

Start up a new blank spreadsheet. If you are viewing this document on.the web, minimize your browser window

and then start Excel. That way you can switch from one to the otherfy pressing Alt+Tab.

In a blank spreadsheet, type the word "Activities" in cell AL<In row 2, typedheames of the activities, or their
letters. (To make my spreadsheet screen shots fit betterfon, these pagesy lset the column widths to 4. You do not
have to do this.)

pare €0 TE e 1]
1 _|Activities
EA E ¢ Db E F G H | d

In row 3, type "Nodes". In rowi4;.type in each activity's start node -="where the tail of its arrow is. Below that, in
row 5, type each activity's end node -- Where the head of its arrow is. Do this carefully. Mistakes here mess up
everything that follows.

To the right, A" K2 and K3, type the wards "Start" and "End" to label those rows.

In cell A6, type "Times™. In row 7, type the time each activity takes. Then, select the range of cells containing

the node numbers and copy it to the clipboard.

AlBlc| D |ElJF[Ge|lHII][J] K

Activities
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Example 1 Step 4: Use Path find to Get the Paths
Path find is a computer program that helps you find and enter into the spreadsheet all of the possible paths

through your diagram along the arrows from the first node to the last. You could do this by hand, of course. This

diagram shows the four possible paths in this example.

matrix of

Loading this html file into your browser sta i is a Java applet that runs inside your browser.
When Path find is loaded:

Click in Path find's uppel

When you're done with Path find, go back to your spreadsheet. Move your cell selector to cell A8. Type "Paths"

in that cell. Then move the cell selector toA9, as shown here:
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AlBI!C I DI/E|FIG HII]J | K |

| 1 Activities

2 A B C D E F G H 1

| 3 |Modes

4 1 1 2 2 2 4 & 3 B 7 Star
s 2 3 4 & 3 7 7 B 7 8End
| B (Times

|7 5 1 2 3 2 3 4 2 1 1

g |Paths

9 ]

Paste to that cell, to see this:

AlB | C|D E | F |G HI I |[J] K |
| 1 | Activities
|12/ A B © D E F G H | J
| 3 |Modes
14 1 1 202 2 4 A 3 B 7St
!5, 2 3 4 &5 3 7 7 & 7 8En
| B Times
- 1 2 3 2 3 4 2 1 1
| B Paths
12 1 o1 o o 1 o o o 1
| 10| n o 1 o n 1 o o 1
|11, 0 1 o o o o o 1 1 1
112, 1 oo o 1 oo 1 1 1

ath. The 1's ichate which activities are in that

tivities A, C, F, and J. This says that this path
the middle of the diagram that goes: 1 -

The pasted cells are all 0's and 1's. Eachfow represe
particular path. For example, row 9 (cells A9:J9) has 1's un
includes activities A, C, F, a
A->2-C->4-F->7-)->8.

. This corresponds to the path

The diagram abo S e 8. Sure enough, Path find gives you four rows of 0's

U0 1253 . 5o 5 O T S s s O 1
1 |Activities
21~ B ¢ 0 E F 6 H I 1

3 [Modas

4 1 ! 2 2 4 8§ 3 b6 7St

B 2 3 4 5 3 ¥ 7 6 7 ‘dEnd

6 |Times

B 5. (1 2 3 2 3 & 2 1A

LB Paths

_ﬂ 1 0 1 0 0 1 0 0 O I|=5UE. oduct{As J3 $A57 $U87)
| 1 6 0 1 D 1 06 0 1

@ 0 1 0 0 o o0 0 t 1 1

?] * 0 0 0 1 0 0 1 1 1

This formula multiplies each entry in row 9 by the corresponding entry in row 7. Because the entries in row 9
are all 0's and 1's, this has the effect of selecting the times from row 7 that go with the activities represented in
row 7, and adding all those times.
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When you enter the formula, the number 11 should appear in K9. That's the time it would take to complete
activities A, C, F, and J. You can verify that A takes 5 months, C takes 2, F takes 3, and J takes 1, for a total of
11.

To fill in the other paths' times, copy cell K9, then paste it to K9:K12. The $ signs in the formula see to it that
each path's 1's are multiplied by the corresponding numbers in row 7.

ATB C| D/ E FIG I H[I J K |
| 1 Activities
|l2A B C D E F G H | J
| 3 |Nodes
EN 1 2 2 2 4 5 3 B 7 Sta
s, 2 3 4 &5 3 7 7 & 7 GEnd
| 6 Times
|7 4 1 2 3 2 3 4 2 1 1
| § Paths
2. 1 0 1 0o o 1 0 o 0 1 il
1o 1 0 0 1 o o 1 0o o 1 13
11, 0 1 oo 0o o o 1 1 1 5
112 1 o o 0 1 o o 1 1 1 il
- 4

Example 1 Step 7: Identify the Critical Path

The critical path is the path that takes the long e one in row 10, which

second expression shown in the cell. Otherwise, the third expression (") is shown in the cell.

In Al4, the expression A9=1 is true, so the cell shows what is in A2, which is the letter "A". If A9 had not
contained a 1, the A14 would have shown a blank, which is what ""* means.

Copy Al4 to the clipboard. Then, starting in Al4, select a range of cells that goes over to column J and down
four rows. The selected range should be the same size as the space that the paths' 1's and 0's take up.
Paste. You should get this:
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AlBlCc|DIEIF|G HIITIJ] K |
1 Activities

2 A B C ] E F G H | J

3 |Modes

4 1 1 2 2 2 4 a 3 53 7| Start
= 3 4 4 3 7 7 B 7 g End

B Times

f 5 1 2 3 2 3 4 2 1 1

8 Paths

| 5| 1 o 1 0 0 1 o 0 0 1 11
10 1 u] u] 1 0 0 1 0 0 1 13
I - 1 u] 0 0 0 u] 1 1 1 &}
= 1 u] u] 0 1 0 u] 1 1 1 11
3]

14 A C F J

15 A ] G J

=N B H | J

A7 A E H | J

Now you can see which activities are in each path. If your results do

there is one $ in your formula, and that it's in front of the 2 and not in

Go to cell J13 and type "Max". Then go to cell K13. Type =MA

sure that

:K12) to display the longest path
AN

K13 | = =MAX(KI:K12)

AlBIC{D EJF]GiH{I{J] & [,
| 1 [Activitias
|2 B C©C D E F G H | J
| 3 Modes
4 1 12 2 2 4 5 3 B 7 Star
|5, 2 3 4 5 3 7 7 B 7 8En
| B Times
| f, 8 1 2 3 2 3 4 2 1 1
| B |Paths
!, 1.0 1 o o 1 0 0o o 1 11
|, 1+ o 0o 1 0 0 1 0o 0 1 13
/M, o 1 0 0o 0 o o 1 1 1 5
2,1 o0 oo 1 o o 1 1 1 11
113 | Max | 13_'

Move to cell d type =IF(K9=

there.

AlB]Cc|D][E[FIcH][IT[J] K [ L [ t
Activities
A B C D E F z H J
Modes
1 1 2 2 2 4 ) 3k 7 Start
2 3 4 5 3 7 7 B 7 8 End
Times
= 1 2 3 2 3 4 2 1 1
Paths
1 0 1 o o 1 il o o 1 11
1 0 1] 1 0 1] 1 o o 1 13
u} 1 il o o il il 1 1 1 g
1 0 il u} 1 il il 1 1 1 11
GETS 13
C F J =ifB=$<§13, "Critical","")
| 15 | D G J
| 16 | B H I J
|17 A E H I J

This will put the word "Critical" next to a path whose time equals the maximum of all the path times. Otherwise,

it will put in a blank, as it does here, because the 11 in K9 does not equal the 13 in K13.
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Copy K14 to the clipboard. (It will seem strange to copy what appears to be an empty cell, but do it anyway.)
Select cells K14 to K17, and paste.

AlBlclD | EJFIGlIHITIIL & |
Activities

A B C D E F G H I

Modes

1 1 2 2 2 4 & 3 B 7Stan
2 3 4 8 3 7 7 6 7 8End
Tirmes

5 1 2 3

Paths
1 il 11
il 13
1
1

[gu]
(%)
.
()
—
—

—_ -
o= oo
oo o —
oo —=o
—ooo
oo o —
oo = o
=]

EEEEEEEE

itical“path, which tells

specially sized paper.

e The lack of a timeframe on most PERT/CPM charts makes it harder to show status although colours

can help (e.g., specific colour for completed nodes).
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