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Question 1

A project is specified by the following activities:

Activity Immediate Duration

predecessor(s) (weeks)
A - 4
B - 5
C A B 9
D CA 7
E - 3
F C,D,E 5
G EF 4
H G 7
I C 8

(&) Draw an activity on node network to represent the project.

(b) Calculate the earliest start, latest start, earliest finish and latest finish times for each
activity.

() What is the minimum project completion time; the critical activities and the critical
path(s)?

(d) What is meant by the terms total float, free float and independent float. Calculate
the total float, free float and independent float for each activity. Comment on the
differences (if any) between these float figures.

(e) What effect will each of the following changes (when considered separately) have
on the completion time of the overall project? Give reasons for your answer.

() Activity | isdelayed by 3 weeks
(i) Activity Cis completed in 8 weeks.

() Clearly show how the project network you have drawn in (a) above needs to be
amended to represent the following conditions:

(1) There must be atime lag of at least 3 weeks between the end of | and the end of
G.

(2) There must be atime lag of at least 11 weeks between the start of A and the start
of D.

Explain why the amendments you have given correctly represent the above
conditions. In neither of these two cases do you need to recaculate the overall
project completion time.
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Question 2

Consider the following project:

Activity Immediate Optimistic Most likely Pessimistic
predecessor(s) time (days) time (days) time (days)

A - 2 4 8

B - 3 7 9

C B.E 6 9 10

D F 4 5 7

E D 3 3 3

F - 5 5 5

G AC 6 8 12

(@) Draw an activity on arc network to represent this project.

(b) Using this activity on arc network what is the expected project completion time, the
critical activities and the critical path(s)?

(c) Calculate the total float for each nortcritical activity.

(d) By making use of the N(0,1) tables provided calculate the probability that:
(2) the project will take more than 32 days
(2) the project will be completed within 29 days.

Question 3

The activitiesin asmall project are as below:

Activity Immediate Normal Crash Normal Crash
predecessor(s) | Time (days) Time Cost Cost
(days) (£°000) (£°000)
A - 2 1 4 5
B - 7 5 3 8
C AB 3 2 5 7
D C 7 7 2 2
E D 8 4 5 13
F E 9 5 9 21
G D 2 2 8 8

(& Write down alinear programming formulation of the above project which represents
the problem of completing the project in precisely T days at minimum total cost.
Explain clearly why your formulation correctly represents this problem.

(b) Suppose now that every day over a target completion time T means a penalty cost
of £7000 isincurred, but every day the project completes under T means a bonus of
£9000 is incurred. Clearly indicate how, using linear programming, the problem of
determining the optimal project completion time subject to these penalties and
rewards, can now be solved by considering just TWO linear programes.

(©) If you did not know about linear programming then how might you crash this
project. Illustrate your approach by crashing the project by one day. What
complications might arise if you continued to use your approach to crash extra days?
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Question 4

Suppose that we are considering seven possible projects, each of which runs for a
number of years. Each project has different capital requirements over its lifetime, as
shown in the table below.

Project | Profit Lifetime | Capital requirements (Em)

(Em) (years) 1 2 3 4 5
1 0.4 3 05 09 |03 - -
2 0.6 4 - 05 |04 02 |04
3 0.7 2 0.6 09 |- - -
4 0.4 3 - - 0.8 0.7 |09
5 0.6 3 - 04 |03 04 |-
6 0.3 5 0.3 05 |04 04 |05
7 0.4 2 - - - 05 |0.6
Capital available (Em) 1.0 25 |15 15 |18

For example, project 4 has alifetime of 3 years, requiring 0.8 of capital in year 3, 0.7 of
capital in year 4 and 0.9 of capital in year 5 (its fina year). This project has a profit of
0.4 at the end of its life. The available capital in each year is dso shown above. For
example there is 1.5 of capital available in year 3.

Formulate the problem of deciding which projects to choose as a linear integer program
involving zero-one (binary) variables. Explain clearly why your formulation correctly
represents the problem.

Clearly indicate how you would amend your formulation to represent the following

conditions:

D 25% of the unused capital in any year can be carried forward as capital available
in the next year

2 projects 2 and 4 are mutually exclusive

3 project 3 could be started either in year 1, (as above), or in year 2 or in year 3. In
each case the capital requirements in each year, and the profit achieved, would
be as given above. For example if project 3 started in year 2 then it would
require 0.6 of capital in year 2 and 09 of capital in year 3 and would give a
profit of 0.7 when it finishes.
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N(0.1) values

0.0
0.1
0.2
0.3
0.4
05
0.6
0.7
0.8
0.9
1.0
11
12
13
14
15
16
17
18
19
20
21
22
2.3
24
25
26
2.7
2.8
29
30
31
32
33
34
35

0.00
0.500
0.540
0.579
0.618
0.655
0.691
0.726
0.758
0.788
0.816
0.841
0.864
0.885
0.903
0.919
0.933
0.945
0.955
0.964
0.971
0.977
0.982
0.986
0.989
0.992
0.994
0.995
0.997
0.997
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.01
0.504
0.544
0.583
0.622
0.659
0.695
0.729
0.761
0.791
0.819
0.844
0.867
0.887
0.905
0.921
0.934
0.946
0.956
0.965
0.972
0.978
0.983
0.986
0.990
0.992
0.994
0.995
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.02
0.508
0.548
0.587
0.626
0.663
0.698
0.732
0.764
0.794
0.821
0.846
0.869
0.889
0.907
0.922
0.936
0.947
0.957
0.966
0.973
0.978
0.983
0.987
0.990
0.992
0.994
0.996
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000
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0.03
0.512
0.552
0.591
0.629
0.666
0.702
0.736
0.767
0.797
0.824
0.848
0.871
0.891
0.908
0.924
0.937
0.948
0.958
0.966
0.973
0.979
0.983
0.987
0.990
0.992
0.994
0.996
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.04
0.516
0.556
0.595
0.633
0.670
0.705
0.739
0.770
0.800
0.826
0.851
0.873
0.893
0.910
0.925
0.938
0.949
0.959
0.967
0.974
0.979
0.984
0.987
0.990
0.993
0.994
0.996
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.05
0.520
0.560
0.599
0.637
0.674
0.709
0.742
0.773
0.802
0.829
0.853
0.875
0.894
0.911
0.926
0.939
0.951
0.960
0.968
0.974
0.980
0.984
0.988
0.991
0.993
0.995
0.996
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.06
0.524
0.564
0.603
0.641
0.677
0.712
0.745
0.776
0.805
0.831
0.855
0.877
0.896
0.913
0.928
0.941
0.952
0.961
0.969
0.975
0.980
0.985
0.988
0.991
0.993
0.995
0.996
0.997
0.998
0.998
0.999
0.999
0.999
1.000
1.000
1.000

0.07
0.528
0.567
0.606
0.644
0.681
0.716
0.749
0.779
0.808
0.834
0.858
0.879
0.898
0.915
0.929
0.942
0.953
0.962
0.969
0.976
0.981
0.985
0.988
0.991
0.993
0.995
0.996
0.997
0.998
0.999
0.999
0.999
0.999
1.000
1.000
1.000

0.08
0.532
0.571
0.610
0.648
0.684
0.719
0.752
0.782
0.811
0.836
0.860
0.881
0.900
0.916
0.931
0.943
0.954
0.962
0.970
0.976
0.981
0.985
0.989
0.991
0.993
0.995
0.996
0.997
0.998
0.999
0.999
0.999
0.999
1.000
1.000
1.000

0.09
0.536
0.575
0.614
0.652
0.688
0.722
0.755
0.785
0.813
0.839
0.862
0.883
0.901
0.918
0.932
0.944
0.954
0.963
0.971
0.977
0.982
0.986
0.989
0.992
0.994
0.995
0.996
0.997
0.998
0.999
0.999
0.999
0.999
1.000
1.000
1.000



