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A local approach to automated correction of violated precedence and
resource constraints in manually altered schedules

Roman Bartak « Tomas Skalicky

Abstract Users of automated scheduling systems frequently require an interactive approach to
scheduling where they can manually modify the schedules. Because of complexity and
cohesion of scheduling relations, it may happen that manual modification introduces flaws to
the schedule, namely the altered schedule violates some constraints such as precedence
relations or limited capacity of resources. It is useful to automatically correct these flaws while
minimizing other required changes of the schedule. In this paper we suggest a fully automated
approach to correcting violated precedence and unary resource constraints. The presented
techniques attempt to alter minimally the existing schedule by doing the changes only locally
in the area of the flaw.

1 Introduction

Fully automated scheduling seems like the Holy Grail of scheduling community, but most
practitioners frequently require the freedom of manually altering the generated schedules, for
example, to introduce some aspects of the particular area that were hard to formalize and hence
are not reflected in the automatically generated schedule. Despite the high experience of
human schedulers, there is a high probability that after a manual modification some flaws are
introduced to the schedule. This probability is higher if the density of scheduling constraints is
large and the constraints are highly coupled. For example, delaying one activity may delay
other dependent activities due to precedence constraints between them or due to limited
capacity of resources. It might be enough just to detect such violations and report them to the
user who will be responsible for manual correction. Nevertheless, such manual corrections
may be boring and sometimes very hard because of interconnectivity of the constraints
(correction of one flaw introduces other flaws etc.). Hence we suggest a fully automated
(“push button™) approach to correcting schedules after manual modification. Namely, we
address the problem of correcting precedence constraints and unary resource constraints by
shifting locally the affected activities in time.
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This paper studies the problem of correcting general schedules consisting of a set of non-
interruptible activities with fixed durations; each activity is allocated to one or several unary
resources (at most one activity can be processed at any time by a unary resource, but the
activity may require more resources at the same time) and the activities are connected via
precedence constraints (activity can start only after all its predecessors finished). The primary
motivation for the research is providing an automated tool for correcting manually altered
schedules in interactive Gantt chart environments (a “push button” approach). Nevertheless,
the proposed repair techniques can also be used for example in the intensification stage of
scheduling algorithms based on genetic algorithms or meta-heuristics. From another
perspective, the proposed techniques belong to the group of re-scheduling algorithms.

We assume that the initial allocation of all activities to time (an initial schedule) is
known. This time allocation may violate some precedence constraints (activity starts before
some of its predecessors finishes) or some resource constraints (two or more activities are
processed at the same time by the same resource). The goal is to correct the schedule (re-
schedule) by shifting the activities in time, that is, to find a feasible schedule that does not
violate any constraint. Moreover, the new schedule should not differ a lot from the initial time
allocation of activities. Note that finding a feasible schedule is always possible unless there is a
loop in the precedence constraints — activities can always be shifted to future as there are no
deadlines. To minimize the number of changes between the initial and final schedule we apply
a local approach, where particular flaws are repaired by local changes of affected activities
rather than generating a completely new schedule from scratch. A local repair may introduce
other flaws in the neighborhood which spread like a wave until all flaws are resolved. We use a
three-step approach to repair a schedule. In the first step, loops of precedence constraints are
detected and the user is asked to break each loop by removing at least one precedence
constraint from it. In the second step, we repair all precedence constraints; two methods are
suggested for this repair. Finally in the third step we repair violation of resource capacity
constraints while keeping the precedence constraints valid. Each repair is realized by shifting
affected activities locally in time.

The paper is organized as follows. First, a formal definition of the scheduling problem is
given. Then we discuss some existing techniques that can be applied to schedule repair. After
that, our three-stage approach to schedule repair is described in detail and proof of soundness
is given. In conclusion we briefly discuss possible future steps.

2 Problem formulation

We use a fairy general description of the scheduling problem that fits especially fields such as
construction and production scheduling. The Resource-Constrained Project Scheduling
Problem (RCPSP) [3] is probably the closest classical scheduling problem though there are
some differences as described below.

We assume a finite set of activities Act, each activity A € Act has a fixed duration d, and
it is non-interruptible (activity must run from its start till its end without interruption). Let sy
be the start time of activity A — the minimum start time of any activity is zero (schedule start),
but there is no deadline. There is a set Prec of precedence constraints between the activities in
the form (A—B); A is called a predecessor of B and B is called a successor of A. Formally for
each precedence relation (A—B) € Prec the following constraint must hold:

sa+ dA <sp (1)

Let Res be a finite set of unary resources, that is, each resource can process at most one
activity at any time. For each activity A € Act there is a set of required resources r(A)  Res.
Activity A requires all resources from the set r(A) for processing, that is, A occupies each
resource R € r(A) for the time period ( sa, sy + da ). The resource constraints can be formally
expressed in the following way:
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The above resource constraint says that two activities A and B sharing the same resource
cannot overlap in time (either A precedes B or B precedes A).

A schedule is a particular allocation of activities to time, formally it is a mapping of all
variables s, to natural numbers N, (including zero). A feasible schedule is a schedule that
satisfies constraints (1) and (2). Notice that resource allocation is not part of the problem
(activities are already allocated to resources). It is easy to prove that a feasible schedule always
exists provided that there is no loop in the precedence constraints (for example A—>B—C—A).
It is possible to topologically order all activities respecting the precedence constraints
(precedence constraints define the partial ordering of activities) and then to allocate activities
in this order to earliest possible times while respecting the precedence (1) and resource (2)
constraints (activity can always be shifted to future if resource is not available at some time).

We do not assume any particular objective function in our scheduling problem. Makespan
is a typical objective for RCPSP and other scheduling problems and our techniques for
schedule repair try not to extend the makespan a lot beyond the makespan of the initial
schedule. Though keeping the schedule compact (with small makespan) we are not really
optimizing makespan or any other objective function. One of the reasons is that real-life
objectives are frequently different from makespan (for example on-time-in-full is required) and
it is hard or even impossible to formally express the real objective. Hence, we use the
assumption that the initial schedule has a good quality from the user point of view and so the
repaired schedule should not differ a lot from the initial schedule. Nevertheless, minimizing
the difference between the schedules is more the nature of the presented repair techniques
(repairing flaws locally) than formal minimization of the difference between the schedules as
for example studied in [5,2].

The problem that we are solving in this paper can be stated as follows: given some
schedule S, find a feasible schedule S’ that does not differ a lot from S. The difference between
schedules S and S’ can be formalized in the following way:

difference(S,S’) = Zac act | SA— 5" | 3

where s, is the start time of activity A in S and s’4 is the start time of A in S’. Notice that the
only way to modify the schedule is via changing values of variables s,. As mentioned above,
we are not strictly minimizing the objective (3), we are trying to achieve a good value of
difference(S,S”) by changing the values of s, as little as possible (locally) to repair a violated
constraint.

3 Related works

Dynamic scheduling is not a new area and though most scheduling research still focuses on
static problems that do not change over time, there is an enlarging interest in studying dynamic
aspects of scheduling [6]. This is mainly due to real-life scheduling problems that are primarily
dynamic — machines break down, deliveries are delayed, workers become ill etc. As mentioned
in the introduction, our motivation is slightly different and it goes from the area of interactive
scheduling, where we need to repair manually modified schedules to satisfy all constraints.
Nevertheless, the used technology is very similar.

The simplest approach to re-scheduling is generating a new schedule from scratch, also
called total re-scheduling. This is the best technique when there are many disruptions in the
schedule, but it has the disadvantage of generating a schedule completely different from the
original schedule. We focus more on local repairs of the schedule with the motivation to keep
the schedule similar to the original schedule. The method of generating a new schedule from
scratch can be “localized” by removing some elements from the schedule and then adding
them back without violation of constraints. Iterative Flattening Search [8] is an example of
such a method where in the relaxation step all violated (and some other) constraints are
removed from the problem (typically decisions about the ordering of activities) and then in the
flattening stage the possible conflicts in the schedule are resolved by adding the constraints



back. Naturally, the question is how to relax the schedule to be able to resolve all possible
conflicts (in the extreme case, all decision constraints are removed). Iterative Forward Search
[7] uses a similar approach but it removes activities participating in violated constraints and
then schedules these activities again. It has been proposed originally for timetabling problems
with limited temporal constraints but for scheduling problems with temporally connected
activities it may require re-scheduling many activities as it works with partial consistent
schedules. Nevertheless, thanks to iterative improvements of schedules, this approach has been
successfully applied to minimal perturbation problems (MPP) introduced in [5] and redefined
in [2]. MPP focuses on finding a solution to a modified problem with minimal differences
(perturbations) from the solution of the original problem. Hence, it is a primarily optimization
problem with a specific objective function defined by the original solution. MPP can be solved
from scratch like other optimization problems, for example using search techniques [2].

The approach studied in this paper belongs to heuristic-based repair algorithms where
right shift rescheduling and affected operation rescheduling are the most frequently used
techniques. Right shift rescheduling [4] repair is performed by globally shifting all remaining
activities forward in time by the amount of disruption time. This introduces a gap in the
schedule and it is not really appropriate for our type of problem. Affected operations
rescheduling [1] reschedules only the activities that are directly or indirectly affected by the
disruption. This heuristic was proposed to repair machine breakdowns but its generalization
called modified Affected Operations Rescheduling [9] has been proposed to repair other
typical disruptions seen in a job shop. We follow the idea of affected operations rescheduling
but rather that assuming specific repair rules and repair operations such as insertion or deletion
of activity, we allow only shifting the existing activity in time both forward and backward.
Moreover, our techniques are designed to repair any number of constraint violations in the
schedule. Recall that we are repairing manually modified schedules with flaws rather than
reacting to instant disruptions from the job shop. Hence there might be more flaws spread in
the schedule and we need to repair all of them while keeping the schedule as similar as
possible to the original schedule.

4 Re-scheduling (repair) algorithm

As we already mentioned, we assume a typical scenario, where the human scheduler modifies
an automatically generated schedule to reflect better the peculiarities of particular
environment. The modification can affect any part of the scheduling problem introduced above
— it is possible to change duration of activities, their position in time and required resources, to
add or delete precedence constraints or even to add or delete activities and resources (in case of
changing the set of activities, it is necessary to introduce a different measure of schedule
difference, see for example [2]). By these modifications, it is quite easy to obtain an infeasible
schedule where some of precedence or resource constraints are violated (we call the violated
constraint a flaw). Though it is easy to detect and visualize the violated constraints (see Figure
1), it is frequently more complicated to repair them without introducing other flaws.
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Fig. 1. Gantt charts visualization of violated precedence (left) and resource (right) constraint.



We suggest a schedule-repair method that mimics the behavior of a human scheduler by
repairing flaws via local changes of time allocation of activities participating in the flaw.
Naturally, this may introduce other flaws which need to be repaired and hence a systematic
approach is necessary to prevent an infinite number of repairs (repairing one flaw introduces
another flaw whose repair brings back the original flaw etc.). While such a systematic
approach may be boring for a human, it is easy for a computer. The suggested method consists
of three stages:

- detecting and breaking loops of precedence constraints,

- repairing violated precedence constraints,

- repairing violated resource constraints.

By modifying the set of precedence constraints, the user may unwittingly introduce a cycle
between activities which prevents existence of the feasible schedule. Hence the first stage is
detecting such loops and asking the user to remove some precedence constraint from each such
loop. This is the only stage where user intervention is necessary'; the other two repair stages
are fully automated. Recall that if there are no loops of precedence constraints then a feasible
schedule always exists. In the following sections we will describe each stage in more details.

4.1 Loop detection

We represent the scheduling problem as a directed graph G = (E,V), where the set V of nodes
equals the set Act of activities and there is edge (A,B) in E if and only if (A—B) € Prec. There
exist standard methods for finding cycles in graphs and we adopted one of them. The method
is based on repeating the following three steps until an empty graph is obtained:

1. repeatedly delete all nodes N from the graph such that there is either no incoming
edge (X,N) € E or no outgoing edge (N,X) € E; after this step, each remaining node
in the graph has at least one predecessor and one successor

2. select any node from the graph (we use the node with the largest number of
successors) and find a loop by depth-first search going in the direction of edges

3. present the loop to the user (in terms of activities) and remove the edge(s) suggested
by the user (the particular precedence is also removed from Prec).

It is easy to prove that the above method removes all loops from the precedence constraints. In
particular, by DFS in step 2 we must find a loop because each node has a successor (after step
1) and there is a finite number of nodes so at some time some node must be visited for the
second time so the path between the first and second visit forms a loop. As we stop with an
empty graph, no loops remain in the graph.

4.2 Precedence repair techniques

The goal of the second stage of the repair algorithm is to remove violation of all precedence
constraints (1). This is possible for any schedule that does not contain loops in precedence
relations which is exactly the schedule resulting from the first stage described in the previous
section. We ignore violation of resource capacity constraints (2) at this stage.

The precedence (A—B) € Prec is violated if sy + ds > sg. The size of violation can be
described by the following variable:

dlff(A,B) =85+ dA — SB.

1. . . .
It is possible to randomly remove some precedence constraint from each loop or even to minimize the number of
removed precedence constraints to break all loops, but in our opinion, the human decision is more appropriate.



Cleary, diff(A,B) is positive if and only if precedence (A—B) is violated. To locally repair the
violated precedence (A—B) we can shift A backward in time (decrease s,) or shift B forward
in time (increase sg) or shift together A backward and B forward. Naturally, if we do not want
to stretch the schedule (increase makespan) then decreasing s, as much as possible (but no
more than constraint (1) requires) is the preferred way of repair. To find out how much time is
available for shifting A backward we introduce the following variable:
freeOnLeft(A) = sp if A has no predecessors
Sa — (Sipa) T dipay) if A has some predecessor and Ip(A) denotes
the latest predecessor of A in the schedule;
Ip(A) = argmax c: (c-a) < prec (Sc + do).
The straightforward technique of repairing a violated precedence constraint (A—B) is shifting
A backward as much as possible and then shifting B forward if necessary. This can be formally
described by the following assignments:

sa < sa — min( freeOnLeft(A), diff(A,B) )

Sg ¢—Sa t dA
Clearly, after making the suggested modification of start times s, and sg, the precedence
relation (A—B) is satisfied (sg = sa + da). However, does it always realize the idea of shifting
A backward? If all precedence constraints (C—A) are satisfied then freeOnLeft(A) > 0 because
sa = 0 (definition of s,) and VCe Act s.t. (C—>A) € Pre: sj = s¢ + dc (according to (1)).
However, if some (C—A) is violated then freeOnLeft(A) < 0 which actually means that A is
shifted forward (s, is increased) when repairing precedence (A—B). To prevent this unwanted
behavior, it is enough to ensure that all precedence constraints (C—A) are satisfied before
repairing the precedence constraint (A—B). Moreover, in such a case all precedence
constraints (C—A) still remain valid after repairing (A—B). Hence, if we repair the violated
precedence constraints in the right order, namely from left to right, then it is enough to repair
each violation exactly once. Let us assign a unique index i to each precedence (A—B), denoted
(A—B);, in such a way that if we have two indexed precedence relations (A—B); and (B—C);
then 1 <j. This can be easily realized by sorting first the activities according to the topological
order satisfying the partial order defined by the precedence relations (this is always possible as
there are no cycles) and then indexing the precedence relations according to this order (see
Figure 2).

Fig. 2. Possible topological ordering of precedence constraints.

After defining the order of precedence relations the following pseudo-code PrecRep describes
the repair algorithm:

algorithm PrecRep
while any precedence is violated do
select violated precedence (A—B); such that 1 is minimal
Sa <« sa — min( freeOnLeft(A), diff(A,B) )
SB<—SA+dA
end while
end PrecRep
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Proposition 1: Algorithm PrecRep is sound and complete with respect to producing a schedule
without violation of precedence constraints.

Proof: Clearly, if the algorithm stops then there are no violated precedence constraints in the
schedule (because of the condition in the while loop). Hence it is enough to show that the
algorithm stops after a finite number of steps. In each iteration the algorithm repairs (at least)
one precedence constraint. The precedence relations are repaired in the order of their indexes
so when (A—B); is being repaired then all (X—Y); such that j <1 are satisfied (have already
been repaired). Moreover, no such relation (X—Y); where j < i is violated by the repair of
(A—B);. Note that only relations (C—A) and (B—D) are influenced by the repair of (A—B)
because we can only shift A backward and B forward. Satisfaction of other precedence
relations involving A or B, namely (A—C) and (D—B), is not influenced by the repair. As we
already discussed, relations (C—A) are not violated by the repair. According to the ordering of
precedence relations, relations (B—>D), have larger index than (A—B); (k> 1i). In summary,
after each iteration of the while loop we increase index k such that Vj < k (X—Y); is satisfied
by at least one. Hence, after at most m iterations, where m is the number of precedence
constraints in the schedule (the largest index), we repair all precedence relations. u

Algorithm PrecRep represents a straightforward way of repairing precedence constraints.
Unfortunately, it can shift activities forward more than necessary and hence it can increase
makespan and make the schedule less compact. Though the algorithm can shift activity A
backward when repairing (A—B), it can shift A at most as the latest predecessor Ip(A) of A
allows (see the definition of FreeOnLeft). Hence 1Ip(A) may block shifting A backward even if
there is time. In particular, it might be possible to shift Ip(A) backward as well and hence to
increase the time available for A (see Figure 3). To improve this behavior, we suggest a
modification of the repair algorithm called PrecRep-2 that exploits better available time on the
left of activity A by shifting it beyond the horizon defined by Ip(A).

....... |

Fig. 3. Algorithm PrecRep does not exploit fully available time on left of D.

The idea of PrecRep-2 algorithm is to shift A backward similarly to PrecRep, but if this is not
enough to satisfy the constraint (A—B) (diff(A,B) is still positive) then we shift A backward
slightly more, in particular by truncate(diff(A,B)/2), where truncate(X) is the closest integer
between X and 0, for example truncate(3.7) = 3. This way, we violate the constraint
(Ip(A)—>A) which can be repaired later by shifting Ip(A) backward and so on. By this process,
we can exploit better available time by shrinking the schedule. We only ensure that we do not
violate the constraint 0 < s, so the schedule does not stretch beyond the schedule start.

algorithm PrecRep-2
while any precedence is violated do
select violated precedence (A—B); such that 1 is minimal
Sa <« sa — min( freeOnLeft(A), diff(A,B) )
sa « max( 0, s, — truncate(diff(A,B)/2) )
Sg < Sp t dA
end while
end PrecRep-2
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Lemma 1: If algorithm PrecRep-2 repairs precedence (A—B); then after a finite number of
iterations, the algorithm reaches a situation when all (X—Y); such that j < i are satisfied.
Moreover, the final start time s, is not greater than the start time of A before repair of (A—B).

Proof: We shall prove the lemma by induction on the index of the repaired precedence. For
i=1 the lemma trivially holds, because the precedence (A—B); is repaired by the algorithm
and s, is not increased. When the algorithm started the repair of precedence (A—B);, 1> 1, all
(X—Y); such that j <1 were satisfied. If these precedence relations are still satisfied after the
repair then the lemma holds.

Assume that some precedence (C—A) has been violated by the backward shift of A. This
may happen only after the assignment at line 4 so let old sy be the value of s, before
processing line 4 and new_s, be the value of s, after processing line 4. Note that if A starts at
old s, then no precedence constraint (C—A) is violated. Let us take the violated precedence
constraint (C—A); with the smallest index i that will be repaired next. According to the
induction assumption, it is possible to repair this constraint and the value of sc does not
increase. Hence the new value of s, is not greater than old s, because old s, satisfied the
constraint (C—A) and s¢ did not increase above its original value. In the same way, we can
repair all violated precedence constraints (C—A) to reach the situation when all (X—Y); such
that j <1 are satisfied again. The final value of s, will not be greater than old_s,.

Unfortunately, the constraint (A—B); may be violated again (when s, increases) and we
need to repair it. Nevertheless, one should realize that diff(A,B) is now strictly smaller than it
was before we repaired the constraint (A—B) for the first time. Note that when A starts at
new_s, then the constraint (A—B) is satisfied — we repaired it this way. However, after
repairing all (C—>A), the value of s, might increase as much as to old_s (new_s, <old _s4) so
the new diff(A,B) <old sy, — new_s,. From line 4 of the algorithm, we can see that new
diff(A,B) is at most half of the original diff(A,B). Anyway, we need to repeat the above
process again and next time diff(A,B) will be even smaller. In the worst case, we stop when
diff(A,B) = 1 because then the assignment at line 4 does not change s, and hence no constraint
(C—A) is violated so we reached the situation when all (X—Y); such that j < i are satisfied.
Moreover, we can see that s, never went above old_s,, which is not larger than the original
value of s, (old_s, may be smaller than s, because s, might be decreased at line 3). u

Proposition 2: Algorithm PrecRep-2 is sound and complete with respect to producing a
schedule without violation of precedence constraints.

Proof: If the algorithm stops then there are no violated precedence constraints in the schedule
(because of the condition in the while loop) so the algorithm is sound. To prove completeness,
it is necessary to show that the algorithm stops after a finite number of iterations (recall that a
feasible schedule always exists). The precedence relations are repaired in the order of their
indexes. According to lemma 1 after (A—B); is repaired then in a finite number of iterations
the algorithm reaches a situation when all (X—Y); such that j < i are satisfied. Hence, in the
next step we will be repairing some precedence (C—D), where k > i (if any such violated
precedence still exists). Again, according to lemma 1 we can reach the situation when all
(X—Y); such that j < k are satisfied. We can continue this way until we reach the last index m.
In summary, after a finite number of iterations the algorithm repairs all precedence constraints
— the algorithm reaches a situation when all (X—Y); such that j < m are satisfied. u

Algorithm PrecRep-2 exploits better available time (see Figure 4) but it is slower than PrecRep
due to repeated “shrink-and-stretch” stages after violating the already repaired constraints. The
open question is if the time complexity of PrecRep-2 can be improved for example by
memorizing how much time is actually available for backward shifts (to prevent the stretch
stage).



Fig. 4. Algorithm PrecRep-2 exploits better available time on left of D.

4.3 Resource capacity repair technique

The final stage of the proposed repair algorithm consists of repairing resource conflicts. Recall
that activities require for their processing unary resources; it is possible that an activity
requires more than one resource (for example machine, tool, and worker). There is a resource
conflict if two (or more) activities require the same resource at the same time.

From the previous stage we have a schedule that does not violate precedence constraints
so it is either feasible or some resource constraints are violated. We now present a technique
that repairs resource conflicts while keeping the precedence constraints satisfied. This
technique resolves the conflict by shifting one of the activities forward in time. The algorithm
ResRep iteratively repairs resource conflicts and each time a new precedence conflict is
introduced then all precedence conflicts are repaired before continuing to the next resource
conflict. By sweeping the schedule from past to future we remove all violated constraints
(recall that there are no deadlines so any activity can be shifted forward).

algorithm ResRep
while any constraint is violated do
if precedence is violated then
select violated precedence (A—B) with smallest s,
else
let A,B be activities violating resource constraint (2)
such that s, < sg and s, is smallest among such pairs
end if
SB(—SA+dA
end while
end ResRep
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Proposition 3: Algorithm ResRep is sound and complete (produces a feasible schedule).

Proof: If the algorithm stops then there are no violated constraints in the schedule (because of
the condition in the while loop) so the final schedule is feasible and the algorithm is sound. To
prove completeness, it is necessary to show that the algorithm stops after a finite number of
iterations (recall that a feasible schedule always exists). We prove the proposition by showing
that the number of possible conflicts decreases as we sweep the schedule from past to future.
At the beginning, no precedence constraints were violated so some resource constraint must be
violated. Let t be the smallest time such that for some activity A with s, =t there is a violated
resource constraint (2) between A and B. The constraint is repaired by shifting B forward to
start after activity A (line 7 of the algorithm), which may violate some precedence constraints
(B—C). These violated precedence constraints will be repaired in next iterations of the
algorithm (repairing precedence constraints is preferred to repairing resource conflicts) by
shifting C forward etc. It may happen that during these repairs some new resource conflicts are
introduced. However, all these new resource conflicts “start” after time t; formally, for any
new resource conflict between activities C and D, t < sc and t < sp hold. The reason is that the
conflicting activity, say C, that was shifted forward by the precedence repair steps now starts
after sy + da. The other activity D must start after t as well because otherwise there was
already a resource conflict between C and D.



new resource
conflict

In summary, after repairing the resource conflict between A and B starting at time t and
“propagating” it to all precedence constraints, no other resource conflict starting at or before t
was added. As there is a limited number of resource conflicts, after a finite number of
iterations, all resource conflicts starting at t are repaired and one of the former conflicting
activities still starts at t. Now we can move to the next resource conflict which starts at time
t’ > t. Because the number of activities starting at or after t° is strictly smaller than the number
of activities starting at or after t, the maximal number of possible conflicts is also smaller. This
upper bound can be simply the number of all pairs of activities starting at or after t. Hence by
shifting forward in time, the upper bound on the number of possible conflicts decreases and
therefore the algorithm repairs all conflicts after a finite number of iterations. u

5 Conclusions

The paper proposes a novel local repair technique for correcting violated precedence and
resource constraints in RCPSP-like scheduling problems. By doing local repair steps, the
schedule changes only locally in the area of the flaw, which is the main advantage over re-
scheduling from scratch. Moreover, the proposed techniques are fully automated and problem
independent so it is not necessary to describe specific repair rules for the problem as for
example in modified Affected Operations Rescheduling [9]. To repair violated precedence
constraints, we can shift activities to left (past) which keeps the schedule more compact in
comparison with Right shift rescheduling [4]. Last but not least, the proposed method can
repair any number of precedence and resources conflicts while traditional schedule repair
algorithms work with a single disruption. Hence our method is appropriate for repairing
schedules where several disruptions are scattered in time and on resources, which is typical for
manually modified/constructed schedules.

We implemented the proposed techniques within an interactive Gantt viewer (Figure 1).
Thought that exist many interactive Gantt viewers we are not aware about anyone providing
automated schedule repair. Hence the main focus of the paper is on the formal description of
the repair techniques and on theoretical justification of their soundness and completeness.

All presented techniques exploit the feature of the problem that there are no deadlines so
it is always possible to shift activity forward in time. Nevertheless, when repairing the
precedence constraints we tried to exploit also free time before the activity, that is, to shift
activities backward. The main motivation was to keep the schedule as compact as possible (not
to increase makespan a lot). We proposed two alternative repair techniques with the tradeoff
between the compactness of the schedule and the speed of the technique. The technique
producing more compact schedules can probably be speeded-up by using additional
information during computation. This is a topic of future work. The current technique for
repairing resource conflicts shifts activities only forward so another open question is whether
the ideas from precedence repairs (backward shifts) can be used there.
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