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Why?



1910’s
Era-1 Productivity

1960’s
Era-2 Predictability

2000’s
Era-3 Profitability
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Separation of planning from doing

Time study

Advent of 8 functional foremen

Piece work based compensation

Gantt or bar chart
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completion times of the resulting schedules are all 
equal. However, each schedule will yield a different 
value of (7), the project cost. Assuming that all con-
ditions of the project are satisfied by these schedules, 
the one which costs the least invariably would be 
selected for implementation. 

It is therefore desirable to have a means of select-
ing the least costly schedule for any given feasible 
earliest project completion time. Within the frame-
work we have already constructed, such "optimal" 
schedules are obtained by solving the following linear 
program: Minimize (7) subject to (5) and 
(8) yn<ti-tit (i,JhP, 
and 
(9) t0 = 0 , tn = X . 
Inequalities (8) express the fact that the duration of 
a job cannot exceed the time available for perform-
ing it. Equations (9) require the project to start 
at relative time 0 and be completed by relative time X. 
Because of the form of the individual job cost func-
tions, within the limits of most interest, X is also the 
earliest project completion time. 

At this point it should be noted that the case where 
each job cost function is non-increasing, piece wise 
linear and convex is also reducible to a parametric 
linear program (see [7] and [8]). It does not add any-
thing essential here to consider this more generalized 
form. 

A convenient tool for generating schedules for vari-
ous values of X is the method of parametric linear 
programming with X as the parameter. Intuitively, 
this technique works as follows. Initially, we let 
y{j = Da for every job in the project. This is called 
the all-normal solution. We then assume that each 
job is started as early as possible. As a result we can 
compute tl

{0) for all events. In particular, the earliest 
project completion time for this schedule is X = tn

(0)-
By the nature of the job cost functions this schedule 
is also a minimum cost schedule for X = tn

{0). We now 
force a reduction in the project completion time by 
expediting certain of the critical jobs — those jobs 
that control project completion time. Not all critical 
jobs are expedited, but only those that drive the 
project cost up at a minimum rate as the project 
completion time decreases. As the project completion 
is reduced, more and more jobs become critical and 
thus there is a change in which jobs are to be ex-
pedited. This process is repeated until no further re-
duction in project completion time is possible. 

Mathematically speaking, the process utilizes a 
primal-dual algorithm (see [6]). The restricted dual 
problem is a network flow problem involving both 
positive upper and lower bound capacity restrictions. 
A form of the Ford-Fulkerson network flow algorithm 
[3] is used to solve it. The critical jobs that are ex-
pedited at each stage of the process correspond to a 
cut set in the graph of all critical jobs. 
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Fig. 3—Typical project cost curve. 

This process produces a spectrum of schedules 
(characteristic solutions in the linear programming 
sense) each at minimum total (direct) cost for its 
particular duration. When the costs of these schedules 
are plotted versus their respective durations, we ob-
tain a non-increasing, piecewise linear, convex func-
tion as depicted in Fig. 3. This function is called the 
project cost curve. 

Uses of the Project Cost Curve 
The project cost curve only reflects the direct 

costs (manpower, equipment and materials) in-
volved in executing a project. However, other costs 
are involved which contribute to the total project 
cost, such as overhead and administrative costs and 
perhaps even penalties for not completing a project 
or some portion of it by a certain time. These ex-
ternal costs must be taken into account when man-
agement plans how the project should be implemented 
relative to overall objectives. 

Relative to these external costs there are at least 
two types of considerations that management may 
make: 

(1) The (direct) cost curve for the project may be 
compared with the indirect cost of overhead 
and administration to find a schedule which 
minimizes the investment cost. 

(2) The investment cost curve may be compared 
with market losses, as when it is desired to 
meet the demands of a rising market in a 
competitive situation. The schedule selected 
in this case is one which maximizes return on 
investment. 

Critical Path Planning and Scheduling
Kelley & Walker











Gap



Schedule = Should Happen Production System = Can and Will Happen

Dates & Progress Rates / Throughput

TAKT

TH

Copyright Strategic Project Solutions, Inc. 



PROJECT MANAGEMENT

PROJECT PRODUCTION MANAGEMENT

Cost,
Time
&
Cash

Scope & Quality Schedule Resource Use

Cost,
Time
&
Cash

Product Design Process Design Capacity Inventory Variability

Copyright Strategic Project Solutions, Inc. 



CT = WIP / TH
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