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Illustration 1: Notion of scheduling &Planning  

Activities 

Order Time 

€ 
Cost 

Introduction 

Equipments Materials Labor 

Resources 
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Introduction 

  Typical units of work involve identical activities repeated 

consecutively from one unit to the next (Framework and 

finishings) 

  Three kinds of activities 

•  Type (1): Upward activity 

•  Type (-1): Downward activity 

•  Type (0): Individual activity 

What’s a repetitive activity ? 

Illustration 2: Notion of Repetitive activities Introduction 
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Illustration 3 : Space of solutions for repetitive activities 

75 Possible sequences 

B 

C D E F G H 

B 

C E F G H 

D E F G H 

B 

C 

D 

E F G H 

A 

B 

C 

D 

E F G H 

B 

C 

D 

E F G H 

Possible sequences 

C 

A 

D 

B E F G H 

9 4 13 11 17 3 11 5 

3 13 4 13 11 11 9 4 

3 17 4 13 8 11 8 5 

2 13 3 10 7 9 6 4 

Chain of durations 

c1 c1 c1 c2 c c1 

c2 c c1 c3 c1 c2 c2 

IT c c1 c3 IT c2 c2 

c2 c c1 IT IT c1 c1 

c1 c1 

c2 

c2 

c2 

Chain of affected teams 

2 13 3 10 7 9 6 4 

A 

B 

C 

D 

E 

F 

G 

H 

4 2 

10 

6 

7 

9 

3 13 

Introuction 

A 

B 

C 

D 

F 

G 

H 

D(2,3,4) 

D(3,4,6) 

D(6,8,9) 

D(10,13,17) 

D(13,17,22) 

D(9,11,14) 

D(7,8,11) 

D(4,5,6) 

E 
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A 

B 

C 

D 

E 

F 

G 

H 

Planning 

Illustration 4 : planning realization 

MS Project 

Primavera, 

etc.... 

Project Management Softwares 

Conception information 

User 

Which are the necessary informations? 

Definition of different realization options 

• What are the associated activities ? 

• What are the sequences of activities ? 

• What are the activity durations ? 

• What are the resources and their quantities? 

• What are the cost of activities? 

Problem of resources limitation 

• Which is the priority order of activities? 

Introduction 

Tasks ensured by the current 

software of project 

management? 

Contractors waste a lot of time at planning realization to 

prepare these informations ! 

A 

B 

C 

D 

E 

F 

G 

H 

Planning 

Non-optimized 

solutions 
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MS Project 

Premavera, 

etc.... 

Project Management Software 

Generation of project activities Optimization by GAs 

Information 

for planning 

• Activities 

• Durations 

• constraints 

• Resources 

• Direct costs 

of activities 

Planning generator 

Calculation 

of  

durations  

Calculation 

of  

costs 

Multi-criteria 

evaluation 

Best planning 

Conceptual information 

Prototype for repetitive activities scheduling(generation & 

optimization) 

Introuction 

Generic Databases Conceptual 

Information 

Generator  

of  

zones 

Generator  

of  

activities 

Generator of 

constraints 
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Hierarchy of realization 

Level 1 Frame work Lot : Masonry Carpentry 

Level 2 Horizontal works Vertical works 

Level 3 Partitions Column Walls Beams Slabs 

Realization activities 

Definition of  activities 

Three elements of activity 

Action 

Generic activities 

Unity Activity name Sequences of tasks Resources 

Realization Options  

Option de realization Zone 

Level 4 

reinforcement 

Shuttering  

Concreting Pre-slabs reinforcement Concreting 

Removal of 

supporting 
Removal of forms Supporting 

Zone 

Building 

Division 

Local 

Shuttering 

walls 

Reinforcement 

walls 

Concreting 

walls 

Removal forms 

walls 

zone A 

Cast concrete walls 
Exemple : 
Generic activity of 4th level 

Reinforcement 

walls 

zone A 

Shuttering 

walls 

zone A 

Concreting 

walls 

zone A 

Removal forms 

walls 

zone A 

Project activities in 4th level 

Constitution  

of database 
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Conceptual model of  database 

Task 

Realization 

option 

* 

* 

Unity 
* * 

Zone type 

* * 

Coefficient 

consommation 1 1 

Ressources 

consommables 

* 

* 

Constraint 

1 

1 Generic 

Activity * * 

Generic 

activity 

* 

1 

• Building 

• Division 

• Local 

• Site 

• M3 

• M2 

• ML 

• Kg 

• Unité 

• etc. 

• Finish-start 

• Finish-finish 

• Start-start 

• Start-finish 

Constraint types Application Condition 

• In the same zone 

• Superposition zones 

• In be side zones 

Workrate 

1 

1 

Renewable 

resources * * 

• Quantity of work realiszed by one resources in one 

hour 

• Quantity of resources needed for a task 

zone 

Constitution  

of database 
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Concept of activities generation 

Zone type 
Task 

Realization 

option 

Activity 1 

Activity 2 

Activity 3 

Activity 4 

Activity 5 

Activity 6 
Generic information 

Zone 2 

Zone 3 

Zone 4 

Zone 5 

Zone 6 

Zone 1 

Task to be realized  

Realization option 

Realiztion information • Be side 

zones 

• Superposed 

Conditions 

• In the same zone 

• Superposition zones 

• In be side zones 

Application conditions 

• Finish - start 

• Finish - finish 

• Start - start 

• Start - finish 

Contstraint 

types 

Activity 1 

Zone 1 

Activity 2 

Zone 1 

Activity 3 

Zone 1 
Activity 5 

Zone 1 

Activity 4 

Zone 1 
Activity 6 

Zone 1 

Activities and their sequences 

Activity 2 

Zone 2 

Activity 5 

Zone 2 

Activity 1 

Zone 2 

Activity 3 

Zone 2 

Activity 4 

Zone 2 

Activity 6 

Zone 2 

How to generate the  

repetitive activities ? 

Constitution  

of database 

Zone

Work

A

B

D

C E

F

Zone 2

Zone 1 Zone 3

Zone 4

Zone 5

Zone 6

A1

B1

D1

C1 E1

F1

Zone 1 Zone 1 Zone 1

Zone 1

Zone 1 Zone 1

Zone 2

Zone 2

A2

B2

D2

C2 E2

F2

Zone 2 Zone 2

Zone 2 Zone 2

Zone 2

Zone 1

Zone 3

Zone 4

Zone 5

Zone 6

A B DC E F

Time
Unit & work data Activities sequences

Planning using repetitive activity concept

Zone constraints

Activity constraints

Constraints 
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Work hypotheses 

   Teamwork continuity 

   Workflow rate 

ArA

Ar

QRU

Q


Ad

A

A
A

q

d
C 

1

2
3

4
5

6

A B

Unit

Time

(a) interruption activity B

Dead time

Unit

Time

1

2
3

4
5

6

A
B

dA

(b) Continuous activity B

System  

of 

constraints  

validation 
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    Workflow rate adjustment 

    Alternating teams 

Unit

Time

i

j

dA

DA

Unit

TimetA tB

Unit

TimetA tB

A

(a) Continuous Activity (b) CA>>>CB (b) CA>CB

TimetA tB

(d) CA=CB

i2

j2

i1

j1

i1

j2

i2

j2

i1

j2

i2

j2

Unit

A A A
B B B

Unit

Time

i+1

i+2
i+3

i+4
i+5

i+6

Unit

Time

i+1

i+2
i+3

i+4
i+5

i+6

Unit

Time

i+1

i+2
i+3

i+4
i+5

i+6

A1

A2

A A1

A2

(a) Alternating teams (b) Non-alternating teams (c) A2 sliding freely

Work Hypotheses 

System  

of 

constraints  

validation 
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System of constraints validation 

   Two types of constraints are distinguished 

   Validation of constraints 

Succession constraints 

Imposed constraints 

B A ABt t  

tA tB

i1

j1

i2

j2

dA

dB

tA tB

i1

j1

i2

j2

dA

tA tB

i1

j1
i2

j2

dA

dB

dB

dd

fd

df
ff

z

v

dd
fd

df
ff

z

v z

v

tA
tB

i1=j1
j2

i2

dA

dB

tA tB

i1=j1
i2

j2

dA

dB

tA tB

i1

j1

dA

dB
i2=j2

tA tB

i2=j2

i1=j1
dA

dB

dd
fd

df
ff

v v

dd

fd

df
ff dd

fd

df
ff

dd

fd

df
ff

z
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Validation of succession constraints 

Case 1: 

B

A

tA tB

i1

j1

i2

j2

dA

dB

B

A

tA tB

j1

i2

j2

dA

dB

B

A

tA tB

i1

j1

i2

j2

dA

dB

B

A

tA tB

i1

j1

i2

j2

dA

dB

Unit

Time

(a) sub_case 1-1
Unit

Time

(b) sub_case 1-2 Unit

Time

(c) sub_case 1-3
Unit

Time

(d) sub_case 1-4

i1

tA tB

i1

j1

i2

j2

dA

dB

B
A

tA tB

i1

j1

i2

j2

dA

dB

BA A

Unit

Time

(a) sub_case 3-1
Unit

Time

(b) sub_case 3-2

Case 3: 

Case 2: 

A

tA tB

i1

j1
i2

j2
dA

dB

B A

tA tB

i1

j1
i2

j2

dA

dB

B

Unit

Time

(a) sub_case 2-1
Unit

Time

(b) sub_case 2-2

B

A

tA tB

i1

j1

i2

j2

dA

dB

Unit

Time

(a) Sub_case 1-1

Determination  

of critical unit 
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Case 4: 

Case 5: 

tA tB

i1

j1

i2

j2
dA

dB

tA tB

i1

j1

i2

j2 dA
dB

A

B

A B

tA tB

i1

j1

i2

j2

dA

dB

tAtB

i1

j1

i2

j2

dA
dB

A B A

B

Unit

Time

(a) sub_case 4-1
Unit

Time

(b) sub_case 4-2 Unit

Time

(c) sub_case 4-3
Unit

Time

(d) sub_case 4-4

tA tB

i1=j1

j2

i2 dA
dB

A B

tAtB

i1=j1

i2

j2 dA
dB

A B

tA tB

i2=j2

i1

j1 dA
dB

A B

tA tB

i1

j1

dA dB

A B
i2=j2

tA tB

i2=j2
i1=j1

dA
dB

A B

Unit

Time

(a) sub_case 5-1
Unit

Time

(c) sub_case 5-3
Unit

Time

(d) sub_case 5-4
Unit

Time

(b) sub_case 5-2
Unit

Time

(e) sub_case 5-5

Validation of succession constraints 
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Validation of imposed constraints 

tA tB

i1

j1

i2

j2

dA

dB

tA tB
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i2

j2

dA

tA tB
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tA tB
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i2
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dA

dB

tA tB

i2=j2

i1

j1 dA
dB

tA tB

i1

j1

dA

dB
i2=j2

tA tB

i2=j2

i1=j1
dA

dB

dd
fd

df
ff

v v

dd

fd

df
ff dd

fd

df
ff

dd

fd

df
ff

dd

fd

df
ff

z

z

Imposed constraints : 

   Delay between two individual activities 

   Verticale construction constraints 

ss 

z yt t ss 

ff 
z y A Bt t ff d d   

sf 

z y Bt t sf d  

fs 

z y At t d fs  

z yt t ss 

z y Bt t sf d  

z y A Bt t ff d d   

tA tB

i1

j1

i2

j2

dA

dB

tA tB

i1

j1

i2

j2

dA

tA tB

i1

j1
i2

j2

dA

dB

dB

ss
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sf
ff

z

v

ss
fs

sf
ff

z

v
ss
fs

sf
ff

z

v

tA
tB

i1=j1
j2

i2

dA

dB

tA tB

i1=j1
i2

j2

dA

dB

tA tB

i2=j2

i1

j1 dA
dB

tA tB

i1

j1

dA

dB
i2=j2

tA tB

i2=j2
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dA

dB

ss
fs

sf
ff

v v

ss

fs

sf
ff ss

fs

sf
ff

ss

fs

sf
ff

ss

fs
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ff

z

z
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What are the genetic 

algorithms 

? 

Hypotheses of  genetic algorithms  

Reproduction 

start 

Initial population 

Evaluation 

Selection 

Crossover or Mutation 

New population 

Finish ? 

Result 

I = I+1 

No 
Yes 

Evaluation 
Objective function  : 

Minimizing cost, time, etc. ...   

Adaptation score :   

Objective function value that indicates 

adaptation environment 

Crossover or Mutation 

Crossover 

1 1 

0 

1 1 0 1 1 0 1 1 0 

1 0 0 1 1 1 0 0 1 1 0 1 0 1 0 1 0 0 1 1 0 

1 1 1 1 1 0 1 1 0 1 1 

0 1 0 0 1 1 1 0 0 1 1 

Mutation 

2 parents 2 new children 

0 1 0 0 1 1 1 0 1 1 1 

parent 

New child 

Selection 
• Random selection : 

selection the individual randomley 

• N/2 elitism : 

• Tournement selection: 

Onley the supereur half  of population 

individuals, the best individuals, are 

selected 

Selection two individuals randomly; 

Comper them ; 

The best is used to production 

Planification 

par les 

algorithmes 

génétiques  

Initial population 

Population 

Individual 

Chromosomes 

Genes 

Bits 

1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1 0 

Chromosome 

Gene 1 Gene 2 Gene 3 

A B C D E F G H M L I J N K 

Chromosome 

An individual  composed by one or several chromosomes 

New population 

Population size = Initial Size 

Scheduling  

by genetic  

algorithms 

Planing and the GAs 
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Three chromosome types for planning  : 

•  Generate sequance 

• Chromosome of  activity 

durations 

•Chromosome of  teams order  

Planing and the GAs 

• Chromosome of  activity 

durations 
A D G C F B E H 

4 1

7 

1

1 

9 1

4 

6 2

2 

6 

3 1

0 

8 6 9 4 1

7 

4 

2 1

3 

7 8 1

1 

3 1

3 

5 

2 10 7 6 9 5 13 4 

•  genes = activities durations 

 Possible sequances 

 Possible durations  
A 

B 

C 

D 

E 

F 

G 

H 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

How can we applicate genetic 

algorithms for planning 

? 

A D G C F B E H 

• Genes =  activities 

 

• The sequence presents the 

priority order of  activity in case 

of  conflict for resources 

utilizations  

 

• Activity A correspond to the most 

priority of  using resources, then 

D…H  

• Generate sequences 

Scheduling  

by genetic  

algorithms 

A D G C F B E H 

2 1 3 3 1 1 3 2 

C

1 

C

1 

C

1 

C

1 

C

1 

C

1 

C

1 

C

1 

C

2 

C

2 

C

2 

C

2 

C

2 

C

3 

IT

2 

IT

3 

IT2 C1 C3 C1 C1 C1 IT3 IT2 

 Possible sequence 

Possible of  teams 

number 

  Possible of  teams 

order 

  Gene = construction of  teamwork 

• Chromosome of   teams order  

C

3 

IT

2 

IT

3 

C

3 

IT

2 

IT

3 

IT

2 
IT

2 C1 : continues activity achieved by one team 

C2 : continues activity achieved by one team 

C2 : continues activity achieved by one team 

IT2 : intermittent activity achieved by two 

teams 

 IT3 : intermittent activity achieved by three 

teams 

New Orleans 
2016 
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B C D 

E F G H 

A 

A 
Random 

selectio

n 

A 

? 

All  predecessors  

activities are placed? 

B C D E F G H B 

A B C D 

E F G H 

Selection activities 

of   

first level 

No 

Selection activity's  

successors 

of  placed genes 

Chromosome  

is completed? ? 
No 

B C D E F G H A New  individual 

Yes 

A 

Yes 
A 

B C D 

C 

D B 

D 

D 

A 
A Yes 

Generation randomly the activities sequences 

Reproduction operators 

G 

G 
B Yes 

B 

What operators are used 

to solve optimization  

planning problems ? 
Scheduling  

by genetic  

algorithms 
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Crossover of  activities durations 

Reproduction operators 

Sequence A D G C F B E H A D G C F B E H 

Parent 1 4 13 11 9 11 3 17 5 

Parent 2 3 13 8 8 11 4 17 5 

4 13 11 

3 13 8 

8 11 4 17 5 

9 11 3 17 5 

Operators of reproduction the chain of  

duration of activities Child 1 

Child 2 

Scheduling  

by genetic  

algorithms 

Parent 1 C1 C1 CT2 C2 C1 C1 C1 IT2 

Parent 2 IT2 C1 IT3 C2 C1 C1 IT3 IT2 

C1 C1 CT2 

IT2 C1 IT3 

C2 C1 C1 IT3 IT2 

C2 C1 C1 C1 IT2 

Crossover of  teams order 
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Parent 

4 13 11 9 11 3 17 5 

Reproduction operators 

Mutation of  activities durations 

Sequence A D G C F B E H 

3 5 

11 9 11 
3 5 

11 

8 

7 4 13 3 17 5 7 

4 13 3 17 5 7 8 9 

New chromosome 

Roulette  for random selection 

11 

8 

7 

9 

8 

6 

14 

11 

9 

Possible 

durations 

7 

11 

7 

8 

Scheduling  

by genetic  

algorithms 

Parent 

IT2 C1 11 9 11 C1 IT3 C2 

Mutation of  teams order 

3 5 

C2 C1 C1 

3 5 

11 

8 

7 IT2 C1 C1 IT3 C2 IT3 

IT2 C1 C1 IT3 C2 IT3 C2 C1 

New chromosome 

Roulette  for random selection 

Possible 

teams 

order 

7 

11 

7 

8 

C1 

IT3 
IT2 

C3 C2 

C1 

IT3 

IT2 

C3 

C2 

C1 

Sequence A D G C F B E H 
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Selection Evaluation 

Generation i 

Intermediary Generation 

Generation i + 1 

Exploration space of  research of  study 

Crossovers 

& mutations 

Planning and the GAs 

The initial population is randomly 

generated 

Selection : 

• Using the superior half  of  the previous 

generation allows reproducing a more adaptative 

generation using the evaluation function  

Construction of  chromosomes : 

• Utilization of  crossover and mutation operators. 

• The parents are randomly selected from 

intermediary generation. 

Objectives :  Give the best adaptation score of  criteria : 

 

• Minimizing project duration 

• Minimizing project cost 

Population size = Initial size 

 

The new generation is generaly more adopted of  

objective function 

Scheduling  

by genetic  

algorithms 
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Conclusion 

 An approach proposed in this paper is to construct a set of 

planning solutions of project using repetitive and 

nonrepetitive activities scheduling technique. 

 Activities relations, multiple teamwork strategies and 

time-cost estimation are considered in the model. 

An optimisation formulation is presented for scheduling 

project tasks with objective of minimizing the total 

construction cost and time.  

However, the solution execution time will increase with 

the number of project activities. This problem is easily 

overcome with availability nowadays of very fast and 

powerful computers.  

A multi criteria method will be used to help the contractors 

to make their decision.  
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 - - The End - - 

Thank you for listening 


