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Time-cost tradeoff analysis is a very important issue in project management. The Kaufmann–Des- 
bazeille algorithm is considered by numerous authors to be an exact algorithm to solve this problem. 
In the paper, we prove that this claim is not true. In particular, we perform a worst-case analysis. The 
accuracy of the KDA is the worst when: the network has many critical and subcritical paths with a lot 
of common arcs (i), shortening costs are constant (ii), the level of shortening costs for a given activity 
depends on its type. 
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1. Introduction 

The Kaufmann and Desbazeille algorithm is a procedure used in time-cost trade-
off project analysis (TCTP). We assume that the structure of each project may be rep-
resented by a network. The best known network presentation techniques are called 
AON (activities-on-nodes) and AOA (activities-on-arcs). In the first approach, nodes 
(vertices) show activities (tasks) and arcs – the precedence relationship. In the second 
one, arcs indicate tasks and nodes – events, i.e. the beginning and/or the end of an 
activity. In the TCTP problems a trade-off occurs between the project completion time 
(T) and the amount of non-renewable resources, i.e. money, which constitute the total 
cost of the project (C). 

 __________________________  
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The total cost (C) includes direct (DC) and indirect costs (IC). The first category 
concerns costs related directly to the completion of activities (e.g. labor, raw materi-
als) and accelerating (compressing) them. The durations of activities are bounded from 
below (crash duration) and from above (normal duration). The shortening of a given 
task requires the allocation of more resources. Indirect costs are assigned to the project 
as a whole. They include, among other things, taxes, insurance, management and pen-
alty costs. The project manager bears penalty costs when the project completion time 
is delayed. When the project completion time increases, indirect costs increase as well, 
but direct costs decrease (Fig. 1). 

 Fig. 1. Time-cost curves 

The main goals considered in TCTP analysis are as follows ([37], p. 910): 
1) minimizing time-dependent project costs within a specified project deadline or 

target time T d (the deadline problem) 

 ( ) minC X →   (1) 

 
dTXT ≤)(   (2) 

2) minimizing project completion time within a specified budget Cb (the budget 
problem) 

 min)( →XT   (3) 

 
bCXC ≤)(   (4) 

where X signifies the vector of the durations of activities. 
The Kaufmann and Desbazeille algorithm (KDA) is one of the oldest procedures 

applied in TCTP analysis. Helena Gaspars-Wieloch presented a detailed survey and 
analysis of other optimization methods applicable to time-cost analysis for projects in 
the thesis [15] and paper [16]. Here we just show a comparative breakdown of these 
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algorithms, which takes into consideration their idea, possible applications and accu-
racy, see Table 1 ( c

it  – the shortest possible time for the i-th activity i.e. crash time,  
n
it  – the normal time for the i-th activity). 

Table 1. Comparative breakdown of existing project time-cost trade-off algorithms 

Criterion Authors of procedures 

1.
 T

yp
e 

of
 m

od
el

 
us

ed
 primal model 

1) Berman, 2) Bladowski, 3) Crowston and Thompson,  
4) De, Dunne, Gosh, and Wells, 5) Falk and Horowitz, 6) Fondhal, 
 7) Goyal, 8) Hindelang and Muth, 9) Kaufmann and Desbazeille,  
10) Liu, Burns and Feng, 11) Moder and Phillips,  
12) Moussourakis and Haksever, 13) Panagiotakopoulos, 14) Siemens 

dual model 1) Fulkerson, 2) Gedymin, 3) Kelley,  
4) Phillips and Dessouky, 5) Prager  

2.
 P

ro
je

ct
 

pr
es

en
ta

tio
n 

te
ch

ni
qu

e network AOA 

1) Berman, 2) Bladowski, 3) Falk and Horowitz, 4) Fulkerson, 
5) Gedymin, 6) Goyal, 7) Kaufmann and Desbazeille, 8) Kelley,  
9) Moder and Phillips, 10) Panagiotakopoulos,11) Phillips and Dessouky,  
12) Siemens 

network AON 
1) Fondhal, 2) Crowston and Thompson (DCPM networks),  
3) De, Dunne, Gosh and Wells, 4) Hindelang and Muth  
(DCPM networks), 5) Liu, Burns and Feng, 6) Moussourakis and Haksever 

Gantt chart 1) Prager 

3.
 P

ar
t o

f t
he

 n
et

w
or

k 
co

ns
id

er
ed

 

the whole 
network 

1) Berman, 2) De, Dunne, Gosh and Wells, 3) Fondhal, 4) Fulkerson, 
5) Gedymin, 6) Hindelang and Muth, 7) Kelley, 8) Phillips and Dessouky, 
9) Prager 

critical 
subnetwork 1) Bladowski, 2) Crowston and Thompson, 3) Kaufmann and Desbazeille 

subcritical  
subnetwork 1) Moder and Phillips 

inadmissible 
subnetwork* 1) Goyal, 2) Siemens 

activities 
unlabelled 1) Falk and Horowitz, 2) Panagiotakopoulos  

4.
 P

ot
en

tia
l s

et
 o

f 
ac

tiv
iti

es
 to

 sh
or

te
n 

in
 a

 g
iv

en
 it

er
at

io
n 

cut established
for the whole
network 

1) Fulkerson, 2) Gedymin, 3) Kelley, 4) Phillips and Dessouky, 5) Prager  

cut established
for the critical
subnetwork 

1) Bladowski, 2) Kaufmann and Desbazeille  

single 
activity 1) Crowston and Thompson, 2) Goyal, 3) Siemens 

*An inadmissible subnetwork contains paths whose duration is longer than the deadline time. 
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Table 1 continued 

Criterion Authors of procedures 

5.
 P

os
si

bi
lit

y 
of

 
pr

ol
on

gi
ng

  
an

 a
ct

iv
ity

 

no 1) Bladowski, 2) Kaufmann and Desbazeille 

yes 

in a given 
iteration 

1) Fulkerson, 2) Gedymin, 3) Goyal, 4) Kelley, 
5) Moder and Phillips, 6) Phillips and Dessouky,  
7) Prager 

at the end  
of the procedure 

1) Berman, 2) Crowston and Thompson,  
3) Fondhal, 4) Hindelang and Muth, 
 5) Panagiotakopoulos, 6) Siemens 

6.
 In

te
rm

ed
ia

te
 

so
lu

tio
ns

 co
ns

tit
ut

in
g 

so
lu

tio
ns

 fo
r o

th
er

 
Td  v

al
ue

s yes 

 
1) Bladowski, 2) Fulkerson, 3) Gedymin,  
4) Kaufmann and Desbazeille, 5) Kelley,  
6) Moder and Phillips, 7) Phillips and Dessouky,  
8) Prager 

no 
1) Berman, 2) Falk and Horowitz, 3) Fondhal,  
4) Goyal, 5) Panagiotakopoulos, 6) Siemens 
 

7.
 N

um
be

r o
f  

cr
iti

ca
l p

at
hs

  
du

rin
g 

co
m

pr
es

si
on

 non-
decreasing 

1) Bladowski, 2) Fulkerson, 3) Gedymin,  
4) Kaufmann and Desbazeille, 
5) Kelley, 6) Phillips and Dessouky, 7) Prager 

non-
increasing – 

various 1) Falk and Horowitz, 2) Fondhal, 3) Moder and Phillips,  
4) Panagiotakopoulos, 5) Siemens 

8.
 T

yp
e 

of
 o

pt
im

iz
at

io
n 

pr
ob

le
m

s s
ol

ve
d 

C(X) → min,
T(X) ≤ Td 

1) Berman, 2) Bladowski, 3) De, Dunne, Gosh and Wells, 
4) Falk and Horowitz, 5) Fondhal, 6) Fulkerson, 7) Gedymin, 8) Goyal, 
9) Hindelang and Muth, 10) Kaufmann and Desbazeille, 11) Kelley,  
12) Liu, Burns and Feng, 13) Moder and Phillips,  
14) Moussourakis and Haksever, 15) Panagiotakopoulos,  
16) Phillips and Dessouky, 17) Prager, 18) Siemens  

T(X) → min, 
C(X) ≤ Cd 

1) Bladowski, 2) De, Dunne, Gosh and Wells,  
3) Fulkerson, 4) Gedymin, 
5) Kaufmann and Desbazeille, 6) Kelley, 7) Liu, Burns and Feng, 
8) Moder and Phillips, 9) Moussourakis and Haksever,  
10) Phillips and Dessouky, 11) Prager 

C(Tad) → 
min* 

1) Bladowski, 2) Crowston and Thompson,  
3) De, Dunne, Gosh and Wells, 
4) Fulkerson, 5) Gedymin, 6) Hindelang and Muth, 
7) Kaufmann and Desbazeille, 8) Kelley, 9) Liu Burns and Feng, 
10) Moder and Phillips, 11) Moussourakis and Haksever, 
12) Phillips and Dessouky, 13) Prager 

* T ad denotes an advisable but not mandatory project completion time. When the advisable time is 
exceeded, then the total project cost must include a penalty. When the project is finished before the advis-
able time, the total cost is reduced by a bonus. 
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Table 1 continued 

Criterion Authors of procedures 

9.
 T

yp
e 

of
 c

os
ts

  
co

ns
id

er
ed

 shortening costs 
1) Bladowski, 2) Fulkerson, 3) Gedymin, 4) Goyal,  
5) Kaufmann and Desbazeille, 6) Kelley, 7) Panagiotakopoulos,  
8) Phillips and Dessouky, 9) Prager 10) Siemens  

shortening costs 
 and other direct 
project costs 

1) Berman 2) Bladowski 3) De, Dunne, Gosh and Wells  
4) Falk and Horowitz 5) Fondhal 6) Kaufmann and Desbazeille  
7) Liu, Burns and Feng 8) Moussourakis and Haksever 

all costs (direct 
and indirect) 

1) Crowston and Thompson, 2) Hindelang and Muth, 
3) Moder and Phillips  

10
. G

ro
w

th
 sp

ee
d 

of
 d

ire
ct

 c
os

ts
 

constant (linear 
time-cost curve) 

1) Fulkerson, 2) Goyal, 3) Kelley, 
4) Phillips and Dessouky 5) Prager, 6) Siemens  

increasing 
(convex curve) 

linear 
approximation 

1) Kelley, 2) Goyal, 3) Liu, Burns and Feng,  
4) Phillips and Dessouky, 5) Prager 6) Siemens  

no approximation 1) Berman 

decreasing  
(concave curve) 

linear  
approximation 1) Falk and Horowitz 2) Gedymin  

no approximation – 

various  
(ex. concave 
-convex curve) 

linear 
approximation 

1) Falk and Horowitz, 2) Gedymin, 
3) Moussourakis and Haksever 

no approximation  

1) Bladowski, 2) Crowston and Thompson, 
3) De, Dunne, Gosh and Wells, 
4) Fondhal, 5) Hindelang and Muth, 
6) Kaufmann and Desbazeille, 
7) Moder and Phillips, 8) Panagiotakopoulos 

11
. F

ea
si

bl
e 

ac
tiv

ity
 

du
ra

tio
ns

 

any real  
number  
from <tci, tni> 

1) Berman, 2) Falk and Horowitz, 3) Fondhal, 4) Fulkerson, 
5) Gedymin, 6) Goyal, 7) Kelley, 8) Phillips and Dessouky, 
9) Prager, 10) Siemens  

any integer  
from <tci, tni> 1) Bladowski, 2) Kaufmann and Desbazeille 

discrete options 
from <tci, tni> 

1) Crowston and Thompson, 2) De, Dunne, Gosh and Wells 
3) Hindelang and Muth, 4) Liu, Burns and Feng, 
5) Moder and Phillips, 6) Moussourakis and Haksever, 
7) Panagiotakopoulos  

12
. A

cc
ur

ac
y 

of
 so

lu
tio

ns
 

ob
ta

in
ed

 optimum 
solutions 

1) Berman 2) De, Dunne, Gosh and Wells, 3) Falk and Horowitz, 
4) Fulkerson,5) Gedymin, 6) Kelley, 7) Liu, Burns and Feng,  
8) Moussourakis and Haksever 9) Phillips and Dessouky 10) Prager  

optimum  
or suboptimum 
solutions 

1) Bladowski 2) Crowston and Thompson 3) Fondhal 4) Goyal 
5) Hindelang and Muth, 6) Kaufmann and Desbazeille, 
7) Moder and Phillips, 8) Panagiotakopoulos, 9) Siemens  

Source: [15] and [16] 

Exact algorithms, i.e. those which guarantee finding an optimum solution, to discrete 
problems (DTCTP – discrete time-cost trade-off problems) are characterized by exponen-
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tial complexity and are NP-hard. Procedures designed for continuous cases are solvable in 
polynomial time (see [5], [6], ([16], p. 22), ([31], p. 308), ([36], p. 398), [37]). 

As one can notice from the table, KDA enables solution of the problems (1)–(2) or 
(3)–(4), see crit. 8. This procedure focuses on the minimization of direct costs (crit. 9). 
Theoretically, the algorithm may be used in time-cost trade-off problems with any 
types of time-cost curves for project activities (crit. 10)*. Nevertheless, in practice it is 
applied only when the unit shortening cost is constant or non-decreasing, because in 
other cases the solutions obtained are extremely bad (i.e. far from the optimum ones). 
Most of the existing exact algorithms for TCTP are designed just for linear or convex 
time-cost curves. 

Kaufmann and Desbazeille assume that the parameters representing the normal ac-
tivity durations ( ),n

it  the project target time (T d) and the difference ( )n c
i it t−  are inte-

gers. They take into consideration only integer realizations of the project time, even if 
for a given Cb (see the budget problem (3)–(4)) the optimum solution (i.e. with the 
shortest time within a specified budget) requires non-integer times for some tasks 
(compare crit. 11). 

The original version of the KDA consists in iteratively shortening each critical 
path in the network by exactly one time unit. The target is to find the cheapest way of 
compressing the project time by one unit. We stop when constraints (1)–(2) or (3)–(4) 
are satisfied. In order to apply this procedure, the user should know: 

• the structure of the project network, 
• the normal and the crash duration of the activities within the project, 
• the unit shortening cost for each task, 
• the deadline or budgetary constraint. 
The above version of the method in question is well known by project manage-

ment trainers, academic teachers and students. The algorithm is presented, among 
other places, in [2], [13], [14], [19], [21], [25], [29], [30], [36] and [38]. Authors use 
different names for this method (e.g. CPM-COST analysis, time-cost analysis, net-
work compression algorithm, MCX – minimum cost expediting). That is why Kauf-
mann and Desbazeille are little-known surnames in TCTP analysis. Nevertheless, their 
book, published in 1964 [22], is the oldest one containing a description of the algo-
rithm considered. Therefore, the procedure analyzed in this paper is conventionally 
called the Kaufmann and Desbazeille algorithm (for convenience we also use the ab-
breviation KDA). 

 __________________________  
*For instance, the time-cost curves may be concave. This case occurs, among other things, when the 

compression of the time for a given activity by its first unit requires the application of a totally new tech-
nology. When the technology is changed, further compression requires only additional resources within 
the same technology. 
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Many people claim that this method is an exact algorithm, i.e. an algorithm which 
always indicates the cheapest way of project compression. The KDA is however only 
a heuristic procedure (see Table 1, crit. 12). Examples of problems for which the 
method gives quasi-optimum solutions are presented in [13] and [14]. 

Kaufmann and Desbazeille were only interested in integer realizations of the pro-
ject time. Therefore, empirical research will just be related to the deadline problem 
(see problem 1–2), as the discrete solutions obtained simultaneously constitute solu-
tions for different values of the budgetary parameter in the budget problem. Solutions 
generated for one of the chosen problems (deadline or budget) suffices to establish the 
whole time-cost project curve DC (see Fig. 1). 

Gaspars-Wieloch [13], [14] came to the conclusion that the main (but not the 
only!) factor affecting accuracy is the way in which variants for compressing the com-
pletion time are found. In the original version of the KDA, the best set of activities to 
shorten is chosen from a list of sets containing exactly one activity on each critical 
path. This approach exposes us to overlook the cheapest way of accelerating the pro-
ject by one time unit. 

 
Fig. 2. Structure of a simple project. Source ([14], p. 17) 

Figure 2 illustrates the structure of a simple project. This structure is presented ac-
cording to the AOA technique. There are 5 activities (A, B, C, D and E) and four 
events (1–4). Normal completion times are 5, 4, 2, 6 and 3 days, respectively. Crash 
durations are not given in the figure. Assume that they are equal to 2, 1, 1, 3 and 1 
day, respectively. The numbers in round brackets next to the nodes indicate the earli-
est and the latest times of events and the numbers in round brackets situated close to 
the arcs show the slack time for each activity (i.e. the so-called total float). The unit 
shortening cost is given in square brackets. There is only one critical path (A–C–E). 
Suppose that the target time is 8 days. Therefore, it is necessary to compress the pro-
ject by 2 days. 

According to the original version of the KDA, it is recommended to compress ac-
tivity C in the first iteration, because shortening activity A or E entails higher costs. In 
the second step the project completion time is equal to 9 days and the whole network 
is critical. There are 3 potential sets containing exactly one activity on each critical 
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path: I. A + D, II. B + C + D, III. B + E. The total compression cost for these sets 
amounts to: 

2 + 4 = 6,  3 + ∞ + 4 = ∞,  3 + 2 = 5. 

In the second iteration, the best solution consists in accelerating activities B and E. 
Shortening the project from 10 to 8 days will cost 1 + (3 + 2) = 6. 

In [13] and [14], it has been emphasized that the easiest way of improving the re-
sults, i.e. reducing the compression costs, is to find the cheapest solution among sets 
containing at least (but not exactly) one activity on each critical path, but this is not 
sufficient to find the optimum solution. 

If we apply this guideline to the KDA, first we shorten activity C by one day and 
then we will choose the set A + E which costs only 2 + 2 = 4 and is cheaper than the 
sets considered before (i.e. A + D, B + C + D, B + E). Accelerating activities A and E 
means shortening paths A–B and D–E by one day and shortening the path A–C–E by 
two days. This set has not been studied before, because it contains as many as two 
tasks belonging to the path A–C–E. Nevertheless, it is much more profitable. Thus, the 
total compression cost may amount to 1 + (2 + 2) = 5. Thanks to this modification of 
the algorithm, it was possible to reduce the cost by 1. Notice that the cost of 5 is not 
the lowest possible cost – the optimum solution consists in shortening just tasks A and 
E (without C) and costs only 4! 

The modification suggested in papers [13] and [14] is so natural and obvious that 
in the next section we will analyze the efficiency of this modified version of the KDA. 

2. The project network – notation 

In all of this paper we use the AOA version of the project network, i.e. activities 
are represented by arcs of the network, while vertices represent events. To be more 
exact, the set E of arcs consists of m arcs e1, …, em, while the set of nodes V consists 
of n nodes v1, …, vn. Each arc ei, i = 1, …, m is labelled by some positive natural num-
ber ti, i.e. the duration of the respective activity. For convenience, we often index the 
arc by ejk, where j = 1, …, n – 1 and k = 2, …, n are the indices of the starting and end 
node of the arc, respectively. 

In addition, for each arc we define a non-decreasing sequence ( ) ( )( )
1

i

i
i

Ki i
k k

C c
=

=  of 

real numbers representing the shortening cost, where ( )
i

i
kc  is the cost of reducing the 

duration of the i-th activity by the ki-th unit and ii tK ≤  (one may shorten an activity 
at most ( )n c

i it t− times). 
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The earliest time of the event j (the earliest time at which node j can be reached 
such that all its preceding activities have been finished) is denoted by I

jt  ( I
nt  being 

equal to the minimum completion time of the project, i.e. T*). The latest time of the 
event j (the latest time that node j can be left such that it is still possible to finish the 
overall project in the minimum completion time) is denoted by II

jt . Finally, the slack 
time of activity ejk (also called the total time reserve or the float time) is denoted by fjk. 

3. The Kaufmann and Desbazeille algorithm 
 – description and implementation 

Let us recall the details of the Kaufmann and Desbazeille algorithm for the dead-
line problem in TCTP. Assume that we are given the project network as defined in the 
previous section and the desired completion time (the deadline) T d. The goal is to 
reach the desired time in the cheapest way possible. To achieve this, one has to per-
form two steps in every iteration: one is to implement the CPM method for the actual 
durations of activities and the other is the shortening of the project by one time unit. 
The algorithm stops when the desired time has been reached. 

To compress the project duration, it is necessary to shorten each critical path by one 
time unit. It is not necessary to shorten one activity from each critical path as the critical 
paths do not have to be disjoint. In order to reduce the project duration, all the cuts of the 
critical subnetwork are considered and the cheapest one is chosen. Then, all the activities 
belonging to the minimum cut are shortened by one time unit. In the original Kaufmann 
and Desbazeille algorithm, the cut P is defined as the set of arcs such that: 

1. After removing all the arcs belonging to P, the project network is no longer 
connected. 

2. The set of nodes V splits into two disjoint subsets: V1 containing the starting 
event and V2 containing the end event of the project, such that the starting nodes of all 
the arcs from P belong to V1, while the end nodes belong to V2. 

As mentioned above, the natural way of increasing the exactitude of the algorithm is 
to consider a more general concept of a cut, as Ford and Fulkerson do (see e.g. [3], [10], 
[17], [24]). More exactly, they only use the second point of the last definition. This implies 
in turn that in the case of Kaufmann and Desbazeille’s definition, the cut contains exactly 
one activity from each path, while in the Ford and Fulkerson variant it contains at least one 
task from each path. This slight modification allows us to use the FFEK* algorithm (see 
e.g. [7]) for finding the minimum cut, instead of an exhaustive search over all the cuts, 

 __________________________  
*Edmonds–Karp algorithm, one of the adaptations of the Ford–Fulkerson algorithm. 
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which makes the algorithm much faster. To illustrate the difference between these two 
definitions of cuts, see Fig. 3 below. In the case of the original Kaufmann–Desbazeille 
algorithm the cuts allowed are {e1, e2}, {e2, e3, e4} and {e4, e5}, while in the case of the 
Ford–Fulkerson algorithm there is one more cut allowed, namely {e1, e5}. 

 

Fig. 3. Sample network 

Finally, the tested version of the Kaufmann–Desbazeille algorithm can be defined 
as follows: 

1. Initialization. Set the total shortening cost TC := 0 and go to step 2. 
2. CPM. Perform CPM analysis of the project network. If dI

n Tt ≤ , then STOP. 
The current solution is the optimum one*. Otherwise go to step 3. 

3. Time reduction/FFEK. Define the following maximum flow problem. The set 
of considered arcs in the network are all the critical arcs in the project network 
and the capacity of every arc ei belonging to this network is equal to the first 
element of the sequence C(i) if this sequence has at least one element and ∞ oth-
erwise. Using the FFEK method, find the minimum cut. If the value CV of the 
minimum cut MC is equal to ∞, then STOP. The deadline problem cannot be 
solved**. Otherwise go to step 4. 

4. Update. Set TC := TC + CV. For each arc MCei ∈  set 1: −= ii tt  and remove 
the first element of C(i). Go back to step 2. 

Observe that each time step 4 is performed, the total completion time of the over-
all project decreases by one. Thus the version of the KDA defined above always stops 
after a finite number of steps: it either finds the optimum solution or reports the prob-
lem to be inconsistent. 

 __________________________  
*It is optimum in the sense of the Kaufmann–Desbazeille algorithm, while it does not have to be the 

global minimum of the defined deadline problem. 
**It cannot be solved using the KDA method. It can be easily proved this means that the deadline 

problem is contradictory (inconsistent). 
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The accuracy (A) of the KDA may be calculated in percentage terms as the rela-
tive difference between the total project compression costs obtained using this algo-
rithm, i.e. CKDA, and the minimum project compression costs Cmin (the average is cal-
culated over P, i.e. all the test problems, see Eq. (5)). 

 
KDA min

min
1 ( )

P C CA
P C

−= ∑   (5) 

The values Cmin constitute the optimum solutions of the following deadline problem: 

 
( )

1 1
min

K im

ik ik
i k

c y
= =

→∑∑   (6) 

 
( )

( ) ( )
1

, 1, ...,
K i

n
p i q i ik i i

k
x x y z t i m

=
− + + − = =∑   (7) 

 1 0, 0, 1, ..., , d
j nx x j n x T= ≥ = ≤   (8) 

 0 1, 1, ..., , 1, ..., ( )iky i m k K i≤ ≤ = =  (9) 

 0, 1, ...,iz i m≥ =   (10) 

with parameters: m – number of activities (arcs), n – number of events (nodes), ti
n, ti

c  
– the normal and crash times of activity ei, 1 ≤ i ≤ m, K(i) – maximum number of units 
that activity ei can be shortened by, K(i) = ti

n – ti
c, cik – cost of shortening activity ei by 

kth unit, cik ≤ ci,k + 1, 1 ≤ k < K(i), p(i), q(i) – indices of the starting and end node of arc ei, 
1 ≤ p(i) < q(i) ≤ n, T d – the desired project completion time, and variables: xj – time of 
event vj, 1 ≤ j ≤ n, yik – binary variable equal to 1 when activity ei is shortened by kth 
unit and 0 otherwise*, zi – final time of activity ei, 1 ≤ i ≤ m. 

In connection with the assumptions made by Kaufmann and Desbazeille (the time 
parameters are integer) and the fact that we only analyze the deadline problem, the 
variables in the model (6)–(10) are always integer, although there are no additional 
constraints requiring integer solutions, see [34]. This problem is not NP-hard. 

4. Worst case analysis 

Let us consider a network defined as follows: The set of nodes consists of n nodes. 
The set of arcs (activities) consists of all the pairs of nodes of the form (vj, vj + 2),  

 __________________________  
*We can assume, however, that the variables yik are continuous – the properties of the constraint ma-

trix (total unimodularity) imply that in the case of integer times ti
n and Td, the optimum values of all the 

variables are integer as well. Thus every yik finally equals either 0 or 1.  
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j = 1, …, n – 2, and all the pairs of nodes of the form (vj, vj + 1), j = 1, …, n – 1 (Fig. 4). 
We claim that such a network is the worst case for the KDA, provided the duration 
times and shortening costs are chosen in the right way. 

 
Fig. 4. Network of type 1 

Proposition 1. The worst case for the KDA (possibly not the only one) is the 
situation where: 

1. The network has the structure given in Fig. 4 and the number of nodes (n) is 
even. 

2. Normal completion times of the activities <k, k + 1> equal n
kkt 1, +  and the normal 

completion times of the activities <k, k + 2> equal , 12 1n
k kt + −  (Fig. 4). 

3. Unit shortening costs of the activities <2k, 2k + 1>, <2k – 1, 2k> and <k, k + 2> 
are equal to a, b and c, respectively, where b > a and c > b((n/2) – 1) (Fig. 4). 

4. Desired project completion time T d is equal to T n – ((n/2) – 1) – 1, where T n is 
the normal project time (i.e. , 1( 1)n n

k kT n t += − ) and (n/2) – 1 is the number of all activi-
ties <2k, 2k + 1>. This means that  

, 1( 1)
2 2

d n n
k k

n nT T n t += − = − −  

Proof. As can be easily checked, in such a situation the solution given by the KDA 
can be arbitrarily far from the optimum one. Indeed, the difference between the total short-
ening cost given by KDA and the optimum one amounts to C KDA – C min = a((n/2) – 1) 
and thus cannot be bounded from above, even if we fix either the shortening cost a or the 
number of vertices n. 

5. Conclusion 

Although numerous authors (see e.g. [2], [12], [21], [25], [29], [30], [38], [39]) 
describe the KDA as an exact algorithm, our analysis has disproved this. Worst-case 
networks for the KDA are characterized by an extremely specific structure and level of 
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shortening costs for each type of activity, together with a huge number of critical and 
subcritical paths with a lot of common edges. We should also take into account that 
our analysis focused on the modified version of the KDA. The accuracy of the original 
method is certainly worse. 
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