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Abstract: 
Due to the effects of the crisis, budgets of present as well as future projects are decreasing steadily. In 
this study a new exact method is introduced for minimising cost and time demands and combining 
time/cost trade-off methods and finding alternative project implementation techniques. This method 
supports not only the traditional but also the agile project management. Furthermore these methods 
can be used not only in case of network planning, but also for matrix-based project planning and 
solving trade-off methods. This study is a full paper version of the conference presentation, which was 
presented at the 30th Annual Hungarian Operation Research Conference. 
 
Keywords: time/cost trade-off methods, cost minimizing, exact matrix-based project planning 
techniques 
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1. INTRODUCTION 
 
In the course of planning and implementation of the projects it occurs frequently that after the 
preliminary planning of a project with optimal resources allocation to be implemented with minimal 
total costs cannot be realized at a price which is expected by the inviter of the tender. In this case 
traditional time/cost trade-off methods cannot find a feasible solution, because every project plan will 
be overbudgeted. Thus alternative project implementations should be defined. In this study a novel 
framework algorithm is introduced, where traditional time/cost trade-off methods and finding 
alternative project implementation techniques are combined based on matrix-based project network 
planning methods. 
 
2.  BACKGROUND OF THE STUDY – COST AND TIME MINIMISING METHODS 
 
In these chapters different kinds of cost and time minimising and scheduling algorithm are shown. 
Most of them based on network planning techniques; however matrix-based methods can also be 
used for decreasing cost demands of the projects. 
 

2.1. Time/cost and time/resource trade-off methods 
 
The main proposal of the time/cost and the time/resource methods that there is a deterministic 
(Prabuddha et.al., 1995) or stochastic function (Feng, Liu & Burns, 2000) between duration time of 
activities and their cost or resource demands. Minimal project duration can be calculated in a very 
easy way: the project network should be scheduled as crash duration time (see left side of the Fig. 1) 
in case of every activity (see right side of the Fig. 1); however project costs are unnecessarily 
increased. Therefore in these methods two different kinds of target function can be defined:  

1. Minimise total project time (TPT) or duration time of the project with minimal increase of cost 
and/or resources. 

2. Minimise total project cost (TPC). 
 
In this study only the first target function is considered. When using traditional project scheduling like 
CPM/PDM (see: Kelley & Walker, 1959; Roy, 1962) methods the scheduled duration times are 
considered as normal duration times of tasks. In this case minimal direct cost is assumed. Every 
decrease or increase of duration time causes increase of direct cost. There are minimal or crash 
duration times for every task. The cost/resource demands of crash durations are crash 
costs/resources (see the left side of the Fig. 1). The minimum value of the direct cost curve is in the 
normal duration time of the project. The decrease of the TPT infer the increase of direct cost. (More 
resources and advanced technologies are needed.) The minimal TPT is the bound of time reduction. 
Time-cost trade-off methods usually consider the interval normal and minimal TPT; however the 
delays of the project can also generate the increase of direct cost. While direct cost can increase in 
case of decreasing TPT, the indirect cost will decrease if the project can be completed shorter than 
the normal duration time (see the right side of the Fig. 1). Therefore time/cost trade-off methods can 
be used to determine minimal TPT and minimal TPC. When using this method the initial solution is the 
schedule result of CPM or PDM method, where TPT will be the normal duration time of the project. 
This problem can be solved by minimum cost flow (Ahuja, Magnati & Orlin, 1991), cost scaling (Röck, 
1980; Goldberg & Tarjan, 1987), capacity scaling (Orlin, 1988; Plotkin & Tardos, 1990) algorithms. 
The running time of enhanced capacity scaling algorithm is: O((m log n)(m + n log n)), where m is the 
number of arcs in an activity on arc (AoA) project net, n is the number of nodes (events in a AoA net.)  
According to time/cost and time/resource trade-off methods a new schedule of original project can be 
determined. In case of proposed new schedule, every task will be completed, but duration time of 
critical tasks will be decreased as much as possible. Unfortunately, against the cost minimising, the 
least total project cost may be higher than the planned project budget. 
 
In this case there are three options: we give the implementation of the project up or we realize the 
project with losses or we replace some activities by new ones in order to reduce the costs (Kosztyán, 
Perjés & Bencsik, 2008). 
 
In the course of our analysis we will not consider the first option any longer since in this case we lose 
this business and there is no sense in making any further optimal resource planning. The second 
option is sometimes undertaken when they estimate that in spite of the initial losses the deficit will 
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return during the implementation of the subsequent projects. In this case the allocation of the 
resources which is optimal for the given target function involving a minimal total cost shall be 
determined. 
 
Alternative implementation can mean alternative task completions (see i.e. (Feng, Liu & Burns, 1997; 
Kosztyán, Perjés & Bencsik, 2006), alternative project structures (see i.e. Kosztyán & Kiss, 2010), or 
alternative project scenarios (see i.e. Kosztyán & Kiss, 2011). Finding alternative implementation can 
be based on also matrix- and network-based project planning techniques; however it is shown that the 
matrix-based method can combine both time/cost trade-off and finding alternative implementation 
techniques. 
 

2.2. Matrix-based project planning methods  
 
Besides network planning techniques, matrix-based methods can also be used for project planning 
and scheduling problems. Matrix-based methods can describe the importance or probability values of 
task completions thus determining and ranking the importance or probability of possible project 
scenarios and project structures (Kosztyán & Kiss, 2010). By using matrix-based project planning 
methods the main challenge is to serve management claims.  
Supporting the logic planning (Kosztyán & Kiss, 2010) matrix-based methods can be applied besides 
of traditional project planning techniques, aiming to meet management claims. Up to the present there 
were no fast and exact algorithms to select and order the first n possible (like first n least cost, least 
duration etc.) project plans. The under publication paper (Kosztyán, 2013) introduces new algorithms 
to select the best n piece (either most probable, shortest duration or lowest budgeted) project plans 
regarding (time/cost/resource) constraints. 
 
Possible projects can be determined in two steps. First one should decide which tasks should be 
executed. Secondly, we should decide how to execute these project scenarios: parallel or sequential.  
In that study four different kinds of scores are considered. These score values can be attached either 
to the project scenarios (noted by capital letters) or project structures (noted by lower case): 

1. Score value of task completion/task dependency (S,s) describing either possible task 
completion or dependency. This value can mean  
a. Either probability value, where 1 means certain, between 0 and 1 means uncertain 

realisation 
b. or importance value of the task completion/dependencies, where 1 mean mandatory, 

between 0 and 1 means compulsory realisation. 
2. Score value of project scenario/project structure (P,p) describing either possible project 

scenario or project structure. This value can mean  
a. Either probability value if score values of task completions/task dependencies are probability 

values. In this case the probability values of project scenario/project structure is the 
production of probability values of task completion/task dependencies. 

b. or importance value if score values of task completions/task dependencies are handled as 
importance values. In this case the importance values of project scenario/project structure 
are the sum of probability values of task completion/task dependencies. 

3. Score value of project duration time (T,t) 
4. Score value of resource demands (R,r) 
5. Score value of cost demands (C) 

 
If the most probable project plan cannot be finished within the time constraint; therefore, the next most 
probable project plan should be evaluated. If there is no feasible project plan within the most probable 
project scenario, the next most probable project scenario should be considered. This method called as 
EPR (Exact Project Ranking) method (see Kosztyán, 2013a; Kosztyán, 2013b). If the number of 
uncertain tasks is t and the number of uncertain dependencies is k then the most probable (most 
desired) project plan within a most probable (most desired) project scenario can be calculated within 
O(k+t) step. The first n most probable (most desired) project plans can be specified within O(n(k+t)) 
step.  
 
While this framework algorithm can find feasible, the most probable project scenarios, do not handle 
alternative task implementations, and do not integrate time/cost trade-off methods. The novelty of this 
study is that the proposed modified EPR algorithm can combine the alternative task implementation 
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