
Supplements 

When coping with rcal-lifc rcsourcc allocation problems, somc of thc assump- 
tions of our three basic project scheduling problems may be too restrictive. 
This chapter is dcdicatcd to expansions of the basic models which permit us 
to cover some features that arc frcqucntly encountered in practice. 

In Section 5.1 we deal with break calendars, which specify time intervals 
during which some renewable resourccs cannot be uscd (such as weekcnds or 
night shifts, where skilled staff is not available). In that case, it is often nec- 
essary to relax the requircment that activities must not be interruptcd whcn 
being in progress. Instead, we assume that the execution of certain activities 
can be suspended during brcaks, whercas othcr activitics still must not be 
intcrruptcd. We explain how to perform temporal scheduling computations 
in presence of brcak calendars and outlinc how the enumeration scheme for 
rcgular objective functions discussed in Section 3.1 can be generalized to this 
problem setting. 

When performing projects whose activities are distributed over different lo- 
cations sharing common resources like manpower, heavy machinery, or equip- 
ment, changeover tzmes for tear down, transportation, and reinstallation of 
resource units have to be taken into account. During the changeover, those 
resource units arc not available for processing activities. Due to the transporta- 
tion of resource units, the changeover times arc gcncrally sequcncc-dcpcndcnt, 
which mcans that the time needed for changing over a resource unit between 
the execution of two consecutive activities depends on both activities. In Sec- 
tion 5.2 we show how to adapt the relaxation-bascd approaches to the occur- 
rcncc of sequence-dependent changcovcr timcs. 

In many applications of project management, thc assignment of resources 
to the project activities is not (complctcly) predetermined by technology. We 
may then perform certain activities in alternatme ezecutzon modes, which dif- 
fer in durations, time lags, and resource rcquircmcnts. The exccution modcs 
of an activity reflect tradeoffs betwcen thc timc and rcsourcc demands. For 
examplc, the duration of an activity may bc shortcrlcd by incrcasing the nurn- 
bcr of allotted resourcc units (timc-resource tradeoff) or some rcsources used 
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niay be replaced by other rcsourccs (rcsourcc-rcsource tradeoff). If in that case 
the selection of an appropriate execution mode for each activity in the proj- 
ect planning phase is deferred from the time and resource estimations to thc 
resource allocation step, we obtain a multi-mode resource allocation problem. 
In Section 5.3 we are concerned with relaxation-based proccdures for solving 
multi-mode resource allocation problems with finitely many execution modes. 

As wc have sccn in Section 1.3, the concept of (discrctc) cumulative re- 
sources offers a straightforward way of modclling constraints arising from dis- 
crete material flows in assembly environments. Sometimes, however, invento- 
ries of intermediatc products arc not dcplctcd and rcplcnishcd batchwise at 
thc occurrence of certain events but rather continuously over the execution 
time of consuming arid producing real activities. Such continuous material 
flows are, for example, typical of mass production in the process industries. 
Material flows may also be semicontinuous, which means that facilities may bc 
operated in batch or continuous production modes. In Section 5.4 wc dcvclop 
tlie concept of continuous cumulative resources and we propose a relaxation- 
based approach to solving resource allocation problems with the latter type 
of rcsourccs and convex objective functions. Rcsourcc conflicts are stepwise 
resolved by introducing linear constraints which ensure that a t  the start or 
completion of some activity, the inventory level is between the safety stock 
arid the storage capacity. For each activity we branch over the alternatives 
whcthcr or not the activity contributes to settling thc rcsourcc conflict in 
qucstion. 

In the following Sections 5.1 to 5.4 we closely follow the presentation in 
the book of Ncumann ct al. (2003b), Sects. 2.11, 2.14, 2.15, and 2.12.2. 

5.1 Break Calendars 

In many real-lifc projects, certain renewable resources are not availablc during 
breaks like weekends or scheduled maintenance times. Scheduling the activi- 
tics subject to break calendars is termed calendarization. For what follows, we 
assume that some real activitics may be interrupted during a break, whereas 
others must not be interrupted due to technical reasons. Hence, the set of 
all real activities VU decomposes into the set Vg of a11 (break-)interruptible 
activitics and the set V$ of all non-interruptible activitics. The proccssing 
of interruptible activities i E Vg can only be stopped at the beginning of a 
break and has to bc rcsumcd at the end of the break. This assumptiori distin- 
guishes calendarization from preemptive projcct scheduling problems, where 
activities may be interrupted at any point in time (scc, c.g., Dcmeulcmccstcr 
and Herroelen 1996). Furthermore, for each interruptible activity i E Vg, a 
minimum execution t ime ei E W is prescribed during which i has to bc in 
progress without being suspended, eg . ,  e, = 1. To simplify notation, we set 
ei := pi for non-intcrruptible activities i E V,+rid assume that for activities 
i E Vc, tlie time between any two succcssive breaks is not less than e i .  


