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Abstract 

 
The generation of personnel lack in Moroccan administrations is broached in 

this article from a multi-agency perspective to provide a study framework for the 
distributed coordination based on communication. We particularly stress the case 
of courts seeking to assign staff and judges to court cases respecting the necessary 
time to effect. This problem of personnel generation is shown through the form of 
distributed constraint satisfaction (DCSP). A set of strategies for modeling the 
problem with constraints satisfaction has been proposed; one of these strategies is 
retained to implement a system which generates both the timing sought for each 
court case and the coordination of agents who will follow it. 
 
Keywords: Planning and scheduling operations, Multi-agency system, Time 
generating problem, Distributed constraints satisfaction problem, Ministry of 
Justice 
 
 
1 Introduction 
 

A big number of problems in artificial intelligence and in other computer 
domains may be interpreted as specific cases constraint satisfaction problems. 
Some application examples are the conception and maintenance of time in diverse 
administration domains. A number of different approaches were developed, some 
of which use the propagation of constraints to simplify the problem. Others use  
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different research techniques to look for a solution. Still others use probabilistic 
algorithms. Finally, the combination of these different techniques allows finding 
more effective algorithms. All these techniques tend towards the same objectives: 
to solve the problems posed to find the possible optimal positions in the shortest 
time possible [2].  
The problems of generating time are varied. Basically these problems are about 
the assignment of tasks to members of a team taking into consideration the 
constraints (quality, constraints and preferences of employees) [1]. 
During about forty years, this type of problem has attracted the attention of the 
scientific community of many disciplines, whose operational research and 
artificial intelligence and the interest in this field have increased in the last ten 
years.  
This problem is generally modeled by a network of constraints (still called 
constraint satisfaction problem). The resolution of a CSP consists in finding the 
constraint assignment of values for variables taking their values in discrete and 
finite domains [4]. 
It is worth noting that the solution of a CSP is not necessarily the solution. Once 
formalized by a CSP the time to respect may be solved by many ways: specific 
heuristic, genetic algorithm, multi-criteria approach, etc [3]. 
While the proposed traditional solutions to solve a time to be effected and 
respected are centralized (it is the classic form of CSP), the originality of our 
approach is that it is decentralized. Thus, our problem to solve (respected time for 
each effected operation and for a number of finite agents and judges) is 
formalized in the form of a DCSP (Distributed Constraint Satisfaction Problem). 
 
 
2 Preliminary definitions 
 
2.1 Definition 
 
A CSP (Constraint Satisfaction Problem) is a problem modeled in the form of a 
set of constraints posed on variables, each one of which takes its values in a 
domain. In a more formal way, we will define a CSP by a triplet (X, D, C) such as: 
[5] 
◙ X = {X1, X2, ..., Xn} is the set of variables (unknown) of the problem; 
◙ D is the function which associates to each variable Xi its domain D (Xi), that is 
the set of values that Xi may take; 
◙ C = {C1, C2, ..., Ck} is the set of constraints. Each constraint Cj is a relation 
between certain variables of X, restraining the values that these variables may 
simultaneously take.  
For examples, we can define CSP (X, D, C) as follows: 
- X = {a,b,c,d} 
- D(a) = D(b) = D(c) = D(d) = {0,1} 
- C = { a ≠ b, c ≠ d, a+c < b } 
This CSP contains 4 variables a, b, c and d, each may take 2 values (0 ou 1).  



Computer modeling based on CSPs                                1699 
 
 
These variables must respect the following constraints: a must be different from b; 
c must be different from d and the sum of a and c must be inferior to b [4]. 
 
2.2 Solution of a CSP 
 
Given a CSP (X,D,C), its resolution consists in assigning values to variables in a 
way that constraints are satisfied.  
We introduce for this the following notions and definitions: 
We call assignment the fact of instantiating certain variables by values (evidently 
taken in domains of variables). For example, on the previous CSP, A = {(b,0),(c,1)} 
is the assignment that instantiates b to 0 and c to 1. [8] 
An assignment is said to be total if it instantiates all the variables of the problem; 
it is said to be partial if it instantiates only one part.  
In our example, A1 = {(a,1),(b,0),(c,0),(d,0)} is a total assignment ; A2 = 
{(a,0),(b,0)} is a partial assignment. 
An assignment violates a constraint Ck if all the variables of Ck are instantiated in 
A, and if the relation defined by Ck is not verified for the values of the variables of 
Ck defined in A. [9] 
In our example, the partial assignment A2 = {(a,0),(b,0)} violates the constraint 
a≠b ; on the other hand, it does not violate the other two constraints as long as 
some of their variables are not instantiated in A2. [4] 
An affectation (total or partial) is consistent if it does not violate any constraint, 
and inconsistent if it violates one or many constraints. 
In our example, the partial assignment {(c,0),(d,1)} is consistent while the partial 
assignment {(a,0),(b,0)} is inconsistent. 
A solution is a total, consistent assignment that is an evaluation of all the variables 
of the problem which violates no constraint.  
In our example, A = {(a,0),(b,1),(c,0),(d,1)} is a total, consistent assignment: it is 
a solution. 
 
Example: Magic matrix 
 
◙ Description of the problem 
It is to place the numbers {1, 2, 3, 4, 5, 6, 7, 8, 9} in a matrix containing 3 lines 
and 3 columns respecting the following rules: 
All the boxes of this matrix are different. 
 ⇒  The sum of each line equals 15 

 ⇒  The sum of each column equals 15 

 ⇒  The sum of each diagonal equals 15 
 

◙ Modeling in the form of a CSP 
To model a problem in the form of a CSP, it is important to identify first the set of 
the variables X (the unknowns of the problem), as the function D which associates 
to each variable of X its domain (the values the variable can take). Then, the  
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constraints C must be identified between the variables. It is worth noting that at 
this stage we do not worry to know how to solve the problem: we simply seek to 
formally specify it [4].  
The ‘unknowns’ of the problem are the positions in our matrix. Numbering the 
lines and the columns of the matrix as follows: 
 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

333231

232221

131211

xxx
xxx
xxx

 

 X = {xij / i,j ∈{1,2,3} } 
 D = UD(xij) = {1,2,3,4,5,6,7,8,9}, ∀ i,j ∈{1,2,3} 
 Constraints : we identify 4 types of constraints  

- All the boxes in this matrix are different 
C1 = allDifferent({xij / ∀ i,j∈{1,2,3} }) 

- The sum of each line equals 15  

C2 = { ∑
=

=
3

1
15

i
ijX   / ∀ j∈{1,2,3} } 

- The sum of each column equals 15  

C3 = { ∑
=

=
3

1
15

j
ijX   / ∀ i∈{1,2,3} } 

- The sum of each diagonal equals 15  

C4 = { ∑
=

=
3

1

15
i

iiX   } 

C5 = { ∑
=

− =
3

1
4, 15

i
iiX   } 

The set of constraints is defined by the union of these 5 sets: C = C1 U C2 U C3 U 
C4. [8] 
 
2.3 Algorithms of CSPs « Solvers » 
 
2.3.1 Algorithm "generate and test"  
 
The simplest way (and most naive!) to solve a CSP in the finite domains consists 
in numbering all the total possible till we find one that satisfies all the constraints 
[6]. 
 
2.3.2 Algorithm "simple back-tracking"  
 
The first way to improve the algorithm ‘generate and test’ consists in testing 
simultaneously the construction of the partial assignment and its consistency: if 
the partial assignment is inconsistent, it is useless to seek its completion. In this 
case, we ‘go back’ to the most recent partial consistent instantiation which we can  
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extend to assign another value to the last assigned variable [7]. 
 
2.3.3 Algorithm "anticipation"  
 
The general principle of the algorithm "anticipation" takes that of the algorithm 
"simple back-tracking", simply adding a filtering step any time a value is assigned 
to a variable. We can carry out different filtering more or less strong, allowing the 
establishment of different levels of local consistency (node, arc, path ...) [6]. 
 
 
3 Automatic generation of time 
 

The generation of time (ETP for Employee Timetabling Problems) is the 
operation of employee assignment to tasks in a set of hours during a fixed period, 
typically a week.  
The results of ETP are useable in different professional sectors, such as assigning 
hours to nurses, to policemen and firemen…. Each of these sectors had its type of 
proper solutions. It seems that computer programs took charge of the simplest of 
these scheduling problems. This would be due to the frequent presence work in 
groups which really complicates the problem. In fact, the work in groups implies 
not only a significant increase in the size of research space because of the new 
types of tasks, but also a complication of the constraints and objectives.  
As far as we are concerned, we will lean towards planning time for each judicial 
operation related to the number of officials and judges in Moroccan courts. We 
deal here only with the distribution of jurisdictions. Precisely, we start with data 
filtering and we seek to assign officials and judges to jurisdictions respecting slots 
and this in one week (and by extension in a session by copying this week as many 
times as required) [7].  
That is to say, each jurisdiction exactly needs a slot, a room, and a judge, that is 
all. 
To solve this kind of problem, during modeling we found ourselves before many 
strategies to follow to generate the time of our courts, which manipualte all the 
sets (officials, groups of officials, rooms, sessions, jurisdictions, judges, 
schedule …). Among these strategies we cite :  
1st strategy: permits the treatment of {Groups of officials, Offices, Judges} at the 

same time, that is, at the same level.  
2nd strategy: permits the treatment of these sets in the following order: Groups of 

officials, Offices then Judges puis Magistrats, baptized GOJ. 
3rd strategy: permits the treatment of these sets in the following order: Offices, 

Groups of officials then Judges, baptized OGJ.  
4th strategy: permits the treatment of these sets in the following order: Groups of 

officials, Judges, then Offices, baptized GJO.  
5th strategy: permits the treatment of these sets in the following order: Officials, 

Groups of Officials, Judges then Offices, baptized OGJO.  
etc … 
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Each study done on each strategy can show strong points as well as weak ones. 
Yet for our modeling of court time using CSPs, we have opted for the second 
strategy.  
 
 
4. OGJ (Offices, Groups of Officials, Judges) 
 

This method permits to solve the problem of time according to the third 
strategy: 
We start with Offices then Groups of Officials and finally Judges. To accelerate 
research we use data filtering with the help of graphs.  

 
Figure 1 : Graph representing the third strategy OGJ. 

 
4.1 Data Filtering 
 
To simplify the problem, we consider the following sets :  
 

Sets Meaning 
H = {hi / ∀ i ∈ {1, 2, 3,…,h}} h session in a week
J = {pi / ∀ i ∈{1, 2, 3,…,p}} j judges 

S = {si / ∀ i ∈{1, 2, 3,…,f}} s sections
G = {gi / ∀ i ∈{1, 2, 3,…,g}} g groups of officials
C = {ci / ∀ i ∈{1, 2, 3,…,c}} c jurisdictions 
O = {bi / ∀ i ∈{1, 2,…,b}} o offices
SS =  {ssi, ssi+2, ssi+4, / ∀ i ∈{1, 2} Two semesters are parallel and each 

year is composed of two semesters.  
 

Table 1: Sets considered and their meanings. 
 
4.1.1 Filtering G 
 
G = {gi / ∀ i ∈{1, 2, 3,…,g}}= ∪j=1→3(Gi) 
where: 
G1 is the set of the groups of  SSi 
G2 is the set of the groups of SSi+2 
G3 is the set of the groups of  SSi+4 

So ∀ Gi⊂G we have: 
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Gi = ∪j=1→fi (Gij), ∀ i ∈{1, 2, 3} 
That is we can say that to each Gij corresponds a (SSi, Fj) ctod (ith semester and jth 
course). 
The gij ∈ Gij are groups of the same course and the same semester.  
A group gij, during one week, will have q sessions then we will represent gij by : 
gij= { gij1, gij2, ….., gijq} with q≤h (h is the maximum number of sessions in a 
weak) 
Also we can regroup the sessions of each group gij in three types of groups : 
gij = { gij1, gij2, ….., gijq}= Eij1 ∪ Eij2 ∪ Eij3 = ∪k=1→3 (Eijk) 
where : 
Eij1 is the set of sessions of participation in rooms of judgment of the groups gij. 
Eij2 is the set of sessions of studying the files of the group gij. 
Eij2 is the set of the sessions of forming the group gij. 
Generally we write : 
Gij = Gij1 ∪ Gij2 ∪ Gij3 = ∪k=1→3(Gijk) 
where : 
Gij1is the set of sessions of participation in rooms of judgment of all the groups of  
Gij. 
Gij2 is the set of sessions of studying the files of all the groups of Gij. 
Gij3 is the set of sessions of forming all the groups of Gij. 
For training sessions there are many types, for eample: computer training, law 
training,…which makes filtering the set of training sessions thus:  
Gij3 =  ∪l=1→t Gij3l where Gij3l is the set of training sessions of the type  l of all 
the groups of Gij 
Finally, we write: 
G = ∪j=1→3(Gj) 
Gi = ∪j=1→fi (Gij) , ∀ i ∈{1, 2, 3} 
Gij = ∪k=1→3(Gijk) , ∀ i ∈{1, 2, 3}, ∀ j ∈{1, 2,…, fj} 
ou bien on écrit : 
Gi = ∪j=1→fi (Gij) = ∪j=1→fi (Gij1 ∪ Gij2 ∪ Gij3) 
     = (∪j=1→fi Gij1) ∪ (∪j=1→fi Gij2) ∪ (∪j=1→fi Gij3)  
     = (∪j=1→fi Gij1) ∪ (∪j=1→fi Gij2) ∪ (∪j=1→fi ∪l=1→t Gij3l) 
     = Gi

1 ∪ Gi
2 ∪ Gi

3 

        = ∪j=1→3 Gi
j 

where : 
Gi

1 is the set of participation sessions in judgment rooms of all the groups of Gi. 
Gi

2
 is the set of sessions studying all the files of all the groups of Gi. 

Gi
3

 is the sub-set of training sessions of type l of all the groups of Gi. 
So G = ∪i=1→3 ∪j=1→3 Gi

j 

 
4.2 Useful Function for the Implementation of Constraints 
4.2.1 Different Functions on SS (Semester) 
 
The various functions on semester are indicated in the following table 2: 
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Function Description 
Parallelsemester : 

SS×SS → {0,1} 
(ssi, ssj) → ξ 

ξ = 1 ⇔ si ssi and ssj are parallel 
ξ = 0 otherwise 

SameSemester : 
SS×SS → {0,1} 

(ssi, ssj) → ξ 

ξ = 1 ⇔ ssi = ssj 

ξ = 0 ⇔ ssi  ≠ ssj 

 
Table 2: Functions on semester. 

 

4.2.2 Different functions on C (Jurisdictions) 
 
The various functions on jurisdictions are indicated in the following table 3: 
 

Function Description 
nbrJudges : 

C → N 
c → n 

This function permits the determination of the number 
of judges for a   " jurisdiction" c 

SameJurisdiction : 
C×C → {0,1} 

(ci, cj) → ξ 

ξ = 1 ⇔ ci = cj 

ξ = 0 ⇔ ci  ≠ cj 

SameJudge : 
M×M → {0,1} 
(mi, mj) → ξ 

ξ = 1 ⇔ nbrJudges (mi) = nbrJudgess (mj) = 1 is the 
judge of the jurisdiction mi and that of the jurisdiction 
mj 
ξ = 0 otherwise 

 
Table 3: Functions on jurisdictions. 

 

4.2.3 Different functions on M (Judges) 
 
The various functions on judges are indicated in the following table 4: 
 

Function Description 
nbrMaximalSessions : 

M → N 
m → n 

This function permits the determination of the maximal 
number of sessions of a Judge. 

PreferredSession : 
M×H→ {0,1} 

(m, h) → ξ 

ξ = 1 ⇔ the judge m prefers the sessions h 
ξ = 0 otherwise 

JurisdictionJudge : 
M×C→ {0,1} 

(m, c) → ξ 

ξ = 1 ⇔ the judge m works on the jurisdiction c 
ξ = 0 otherwise 

 
Table 4: functions on judges. 

 
4.2.4 Different functions on G (Groups of officials) 
 
The various functions on groups of officials are indicated in the following table 5: 
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Function Description 
CourseGroup : 

G → F 
g → f 

This function permits getting the course of a group of 
officials 

SemesterGroup : 
G → SS 
g → ss 

This function permits getting the semester of a group 
of officials. 

SemestercourseGroup : 
G → F×SS 
g → (f, ss) 

This function permits getting a course and semester of 
a group of officials. 

JurisdictionGroup : 
G×C → {0,1} 

(g, c) → ξ 

ξ = 1 if the group follows the jurisdiction c 
ξ = 0 otherwise 

SameCourse : 
G×G → {0,1} 

(gi, gj) → ξ 

ξ = 1 if courseGroup(gi) = courseGroup(gj) 
ξ = 0 if courseGroup(gi) ≠ courseGroup(gj) 
To create sections 

SameTasks : 
G×G → {0,1} 

(gi, gj) → ξ 

ξ = 1 if ∀ ci ∈ C such as 
jurisdictionGroup(gi, ci)=1 
jurisdictionGroup(gj, ci)=1 
ξ = 0 otherwise 

parallelgroups : 
G×G → {0,1} 

(gi, gj) → ξ 

ξ = 1 if semesterParallel(semesterGroup (gi) , 
semesterGroup(gi))= 1 
ξ = 0 otherwise 

belongingGroup : 
G×G → {0,1} 

(gi, gj) → ξ 

ξ = 1 if gi ⊆ gj 

ξ = 0 otherwise 

typeGroup : 
G → {jurisdictions, 

Formations, d} 
G → x 

This function permits getting the type of a group. 

 
Table 5: Functions on groups of officials. 

 
5 Phases of modeling 
 
5.1 First phase 
 
This modeling phase concerns the management of groups of officials and of 
offices. Whether Ah,b the matrix representing the planning: 
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◈  Notation 
To simplify things we note: 

H = {1, 2,…, h} 
B1 = {1, 2,…, l} 
B2 = {l+1, l+2,…, p} 
B3 = {p+1, p+2,…, b} 
Vr is a vector corresponds to the line hr 

Xri = hrbi  ∀ r∈H, ∀ i∈B1 
Yrj = hrbj  ∀ r∈H, ∀ j∈B2 
Zrk = hrbk ∀ r∈H, ∀ k∈B3 

 
◈  Set of variables  
X = Xri ∪Yrj ∪ Zrk ∀ r∈H, ∀ i∈B1, ∀ j∈B2 and ∀ k∈B3 
 
◈  Variable Domains  
D(X) = {D(Xri) ; D(Yrj) ; D(Zrk) ∀ i∈B1, ∀ j∈B2 and ∀ k∈B3 } 
With : D(Xri) = Gα

1 

            D(Yrj) = Gβ
2 

                  D(Zrk) = Gγ
3 , ∀ α, β, γ ∈ {1, 2, 3} 

 
◈  Constraints 

o First constraint  
A group of officials cannot follow two tasks or more at the same time. 
C11 = (allDifferent(Xri, Yrj,  Zrk / ∀ (r, i, j, k) ∈ H×B1×B2×B3)) 
C12 = (notInclude(Xri, Yrj,  Zrk / ∀ (r, i, j, k) ∈ H×B1×B2×B3)) 
 

o Second constraint 
The problem of overlapping 
C2 = (a ≠b, ∀ a, b ∈ Vr avec r ∈ H if parallelgroups (a, b) =1) 
 

o Third constraint  
We can gather many groups of officials who do the same tasks in one office 
respecting the capacity of the office.  
C3 = (Yrj ← Yrj ∪ Yrj, ∀  i, j ∈ B3 if sametasks(Yri, Yrj) = 1 and 
strengthgroup(Yrj)) ≤ capacity(office(Yrj)) 
If the sections of group of officials are well determined at the start, then we can 
replace this constraint by:  
C3 = (∀g∈G, ∀a∈ Vr we have a ← g if typeGroup(g) = typeOffice (getOffice(a) 
and strength(g) ≤ capacity(office(a))). 
 

o Fourth constraint  
We consider the case where one judge exists who takes charge of the two  
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jurisdictions (or more) for two different groups (or more), and the latter are not 
parallel in these works. 
C4 = (a ≠b, ∀ a, b ∈ Vr with r ∈ H if nbrJudges(jurisdiction(a)) = 
nbrJduges(jurisdiction(b)) = 1 and sameJudge(jurisdiction(a)) = 
sameJudge(jurisdiction(b))). 
 

o Fifth constraint  
The strength of a group of official sis inferior to the capacity of the office. 
C5 = (∀g∈G, ∀ x ∈ Ah,b we have x ←g ⇔ strength(g) ≤ capacity(office(s))) 
So we write : C = C1 ∪ C2 ∪ C3 ∪ C4 ∪ C5 = ∪i=1→5(Ci) 
 
Remark 
The problem may be solved by the algorithm of Backtracking or the algorithm of 
coloring. 
 
5.2 Second phase 
 
This modeling phase concerns the management of judges. 
Whether P = {p1, p2, …., pp} = {pi / i∈{1, 2, …., p}} 
Since we have a m jurisdiction, so we can construct new sets of judges for each 
jurisdiction. 
So we write : E = ∪i=1→m Ei, with Ei representing the set of judges following the 
jurisdiction i. 
Now we take our matrix Ah,b which is already filled by the group of officials and 
their jurisdictions. 

 
◈  Variables 
X = { Xij = hibj / ∀ (i,j) ∈{1,…,h}×{1,…,b}} 
 
◈  Variable Domains 
D(Xij) = { Xr / ∀ r∈{1,2,…,m} such as Xr = { the set of judges who follow the 
jurisdiction r} that is jurisdiction(Xr) = jurisdiction(Xij) = r}. 
D(X) = {∪D(Xij) / ∀ (i,j) ∈{1,…,h}×{1,…,b}} 
 
◈  Constraints 

o First constraint  
A judge cannot follow two jurisdictions (or more) at the same time. 
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C1 = ( allDifferent(Xi1, Xi2,…,Xib / ∀i∈{1,…,h})) 
 

o Second constraint (constraint of preference)  
Vows of judges must be respected, that is their preferred sessions. 
C2 = (Xij ← Mk / if sessionPreferred(Mk, getsession(Xij))=1) 
 

o Third constraint 
The maximum of sessions number for each Judge must not be exceeded. 
C3 = (Xij ← Mk / if incrementSessions(Mk) ≤ numberMaximumSession(Mk) 
 

o Fourth constraint  
Each group of officials must be assigned for each jurisdiction a unique judge:  
C4 = (∀ A∈X, ∀ Mk ∈ M we have A← Mk and ∀ B∈X, we have B←get judge(A) 
/ if A is not assigned) 
 

o Fifth constraint  
The intersection of a judge with a group of official is determined by the 
jurisdiction. 
C5 = (∀ A∈X, ∀ Mk ∈ M we have A ← Mk / if jurisdictionJudge(Mk, 
getJurisdiction(A)) = 1) 
Then, we write: C = C1 ∪ C2 ∪ C3 ∪ C4 ∪ C5 = ∪i=1→5(Ci) 
 
5. Conclusion 
 

This realized work which obviously remains in the form of a project to be 
developed will present a very important, and its use by courts staff will allow us to 
draw remarks which will be the targets of many ameliorations. Also this testing 
phase will constitute an opportunity to validate the adopted strategy or to 
reconsider it. 
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