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𝑄𝑙

82 × 𝑄𝑙  𝑝𝑎𝑠𝑠𝑎𝑔𝑒𝑟𝑠/𝑚𝑖𝑛



 





 

 





 



 

 



 

 



 



 

 



 

 

 



 

 

 



 

 

 

 





 

 



 

 𝑇𝑅𝑔,𝑚𝑖𝑛



 𝑇𝑅𝑔,𝑚𝑎𝑥

 𝑇𝑅𝑣,𝑚𝑖𝑛 𝑇𝑅𝑣,𝑚𝑎𝑥

𝐼

𝐼𝑜
𝑇(𝐼𝑜) = min (𝑇(𝐼𝑛)) . 𝐼𝑛  ∈ 𝐼 𝑆 (𝐼𝑛)

𝑆(𝐼𝑛) =  

{
 
 

 
 
1 𝑠𝑖 𝑇(𝐼𝑛) ≤ 𝑇(𝐼𝑜) + 𝑇𝑅𝑔,𝑚𝑖𝑛
0 𝑠𝑖 𝑇(𝐼𝑛) ≥ 𝑇(𝐼𝑜) + 𝑇𝑅𝑔,𝑚𝑎𝑥
𝑇(𝐼𝑛) − 𝑇(𝐼𝑜) −  𝑇𝑅𝑔,𝑚𝑖𝑛

𝑇𝑅𝑔,𝑚𝑎𝑥 −  𝑇𝑅𝑔,𝑚𝑖𝑛
 𝑠𝑖𝑛𝑜𝑛

∑𝑆(𝐼𝑛)

𝑇(𝐼0) + 𝑇𝑅𝑔,𝑚𝑎𝑥
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𝑖
𝑝𝑖 𝑛𝑏 𝑛𝑏𝑖𝑛𝑐

𝑛𝑏 = ∑𝑝𝑖 𝑛𝑏𝑖𝑛𝑐 = ∑(1 − 𝑝𝑖)

𝑝𝑠𝑒𝑢𝑖𝑙 𝑛𝑏𝑖𝑛𝑐 = ∑[(1 − 𝑝𝑖), 𝑝𝑖 > 𝑝𝑠𝑒𝑢𝑖𝑙]

𝑑(𝐶) = 𝑑(𝑐𝑎𝑚) ∙ 𝑑(𝑛𝑒𝑡𝑤𝑜𝑟𝑘) ∙ 𝑑(𝑠𝑒𝑟𝑣𝑒𝑟)

𝑑(𝐶) = 0,980 ∙ 0,995 ∙ 0,990 = 0,975





 

 

 

 

𝑑(𝐿𝑜𝑐𝑏𝑎𝑙) 𝑑(𝐿𝑜𝑐𝐺𝑃𝑆) 𝑑(𝐿𝑜𝑐𝑜𝑑𝑜)

𝑑(𝐿𝑜𝑐3𝑠) = 1 − (1 − 𝑑(𝐿𝑜𝑐𝐺𝑃𝑆)) ∙ (1 − 𝑑(𝐿𝑜𝑐𝑏𝑎𝑙)) ∙ (1 − 𝑑(𝐿𝑜𝑐𝑜𝑑𝑜)

𝑑(𝐶)

𝑑(𝐿𝑜𝑐) = 𝑑(𝐿𝑜𝑐3𝑠) ∙ 𝑑(𝐶)

𝑑(𝐿𝑜𝑐3𝑠) = 1 − (1 − 0,97) ∙ (1 − 0,60) ∙ (1 − 0,50) = 1 − 0,03 ∙ 0,40 ∙
0,50 = 99,4 %

𝑑(𝐿𝑜𝑐) = 0,994 ∙ 0,975 = 0,969

 

 



 



 



 

 

 

 

 

 

 

 

 

 

 



 



 

 



 

 

 

 

 



 



 

 

 

𝑡 = 𝑎𝐴 + 𝑏𝐵
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Name Availability Provider 
Nature of 

provider 
Usability Cost (1 or 10 licenses) 

VisWalk 2. Good research 
PTV Group 

(DE) 
Company 

2. Based on web 

demonstration 

1: 24 000 € + 15 % maintenance 

10: 140 000 € + 15 % maintenance 

Legion 2. Important research 
Legion Ltd 
(UK) 

Company - 

1: 28 600 € (worktstation) 

1: 42 900 € (network) 

10: 257 400 € / 386 100 € 

Anylogic 

1. Partial documentation. 

Research uses it but does 

not control its behavior. 

The 

AnyLogic 

Company 
(RU) 

Company 
2. Based on web 

demonstration 

1: 16 800 € (professional version) 

10: 105 500 € (desktop), 115 500 € (server) 

MassMotion 
2. Good documentation 
and research to check 

Oasys 

Software, 
branch of 

Arup (UK) 

Company 

2. Based on 

screenshots and 
demonstrations 

of the UI 

Purchase : 1: 22 000 €, 10: 144 000 € 

Rental : 1: 24 000 € / 2 years, 10: 159 000 € / 2 
years 

Academic licenses available. 

SimWalk 

Transport 

2. Core of the model is 
secret but based on 

research 

Model is well documented 

Savannah 

Simulations 
(CH) 

Company 

2. Based on 

screenshots of 
the UI 

1: USD 17 500 + 7 000/ supp. year 

10: USD  58 000 + 7 000/supp. year 

SpirOps 
0. Model is only available 

by a partnership 

SpirOps 

(FR) 
Other 

2. Using Maya 

Autodesk 
Depending of the partnership 

(MATSim), 
ORCA 

0. MATSim is open source 
and well documented, 

ORCA is well described, 

but hybrid model code has 
not been published 

FZ Jülich 
(DE) 

Academic - - 

JuPedSim 3. Open source 
FZ Jülich 

(DE) 
Academic 1. Basic interface Free 

Aniso- 

PedCTM 
3. Open source EPFL (CH) Academic 

0. No graphic 

interface, used 

via line 
command. 

Free 

 



N. OS IT compatibility Automation IT security 

VW Windows 2-3. APIs 
2. Can use data from 
APIs for simulation 

0-2. Multiples use cases and daily log 

checks. Most of the data safety relies on 

the final user. 

Leg. Windows 7, 8, 10 

2. Partial APIs, which 

should be sufficient for 

data exchange 

2. Should be able to use 

data from APIs 

2. Uses passwords and logs and has a 

small attack surface  on networks 

Any. Linux, MacOS, Windows 
2. API for data 
exchange 

2. Should be able to use 
data from APIs 

0. Relies on the final user 

MM Windows 
2-3. (quite) complete 

SDK 

2. SDK makes use of 

external data possible 
0. Relies on the final user 

SW Windows 2. Import API  
2. Should be able to use 
with Import API 

1. Secured databases and ongoing code 
verification 

SO 

Windows with Maya Autodesk 

(editor and visualizer), Windows 
or Linux (crowd engine) 

1 2 -. Local use only 

M+O 
? 

Not precised 
- - - 

JPS Linux, MacOS, Windows 
1. Developments are 

needed 

0-1. Needs development 

too 
-. Local use only 

APC Any OS supporting Java 0. No APIs. 
0-1. Most of work has to 

be done by hand 
-. Local use only 

 



 Reproduction of known crowd phenomena  High pedestrian densities 

 

a. Crowd 

dynamics 

b. Collective 

phenomena 

c. Coherence in  

transportation 

context 
a. 3 to 5 pax/m² 

Including stop-and-go waves , accumulations, non-desired 
speeds 

b. >5 pax/m² 

Including 

injuries, 
fatalities and 

crowd disasters 
 

a1 a2 a3 b1 b2 b3 b4 b5 c1 c2 c3 c4 

VW 3 3 3 3 3 3 ? ? 
2-

3 
3 3 ? 

2. Possible to choose between a stable behaviour and 

turbulences, depending on the context. 
0 

Leg. 3 3 ? ? ? ? ? ? 2 3 3 3 2. Calibrated and verified by Legion team 0 

Any. 3 3 3 3 3 3 ? ? 2 2 3 ? 1 0 

MM 3 3 3 3 3 3 ? ? 3 3 3 2 1. No turbulences, slow movements. 0 

SW 3 3 3 3 3 3 ? ? 3 ? 3 ? 3. Route choice model : fluids and turbulences 0 

SO 3 3 3 3 3 3 ? ? 3 3 3 ? 
0. Not tested except tendance of pedestrians to take less 

space 
0 

M+O 3 1 1 2 ? ? ? ? 0 0 0 0 0.Maximal density seems fixed at 5.4 ped/m² 0 

JPS 3 3 ? ? ? ? ? ? 0 0 0 0 ? 0 

APC 0 3 3 0 0 0 0 0 0 0 0 0 0 0 

 



 

 Description of areas Description of pedestrian behavior Compatibility with rail way models 

 
a. Fineness of areas description 

a. Calculation 

of pedestrian 
routes 

b. Choice of 

characteristics 

a. Ability to be plugged to 

a railway model 

b. Finesse of platform-

train interface 
description 

VW 
3. Accurate descriptions are important 

for ped. choices 

3. From O/D 

matrixes with 

simple 
heuristics 

3 
2. With Vissim, unclear if 
they can be plugged real-

time 

2-3 

Leg. 
3. Accurate descriptions are important in 

critical spaces 
3. Agent-based 

2-3. Library 

included, 
unclear which 

charact. can be 

edited 

1. PTI is modeled but 
models can not plugged in 

real-time 

 

Any. 
3. Each element could be modeled as an 

agent 
3. Agent-based 3 

Two libraries of the same 

model 

2. Simple interface 

between two libraries 

MM 3. Needs precise descriptions 3. Agent-based 3 
2. Yes (OpenTrack, via 

Nexus controller) 

2-3. Interface has 

several flow parameters 

SW 
3. Accurate descriptions are important in 

critical spaces 

3. From O/D 

matrixes on  
tactical level 

3 Yes with OpenTrack 2-3 

SO 3 3 3 
0. At date. Train 

modelization ongoing. 

2. Studied in a PhD 

thesis 

M+O 1 
3. Managed by 

MATSim 
? 

0. Platforms are not 

modeled.  
0. Not concerned 

JPS 
0-1 

Areas are simple but space is continuous 

1. Goal has to 
be given for  

ped. created 

3. Several 
models and, 

agents,  editable 

1. Needs strong dev., 

notably with platforms 

0 

Not modeled 

APC 0. As a graph 1. O/D matrixes 
2. Via choice of 
fundamental 

diagrams 

1. Needs strong dev., 

notably with platforms 

0 

Not modeled 

 
 Flexibility Speed of execution (RT=real-time) 

 a. Adaptation to certain conditions, situations, strategies b. Ability to be improved   

VW 2 1. Scripts (VBA/Python/JS) 4x RT for 10,000 ped. (free-flow) 

Leg. 1 1 2x RT for 2,000 ped. 

Any. 
2-3. Agents are fully editable. Implementation of 
management strategies is unclear. 

2. Should be possible to 
extend by Java dev. 

6x RT for 10,000 ped. (free-flow) 

MM 2. Editable agents, implem. of manag. strategies unclear. 1. Scripts using the SDK RT up to 5,000 ped. 

SW 2. Same then MM. 0. No scripts 4x RT for 2,000 ped., scalable (cloud); 

SO 3. In case of a partnership 3. In case of a partnership RT up to 2,000 ped. 

M+O 0. Not available 0. Not available 12x RT for 750,000 ped. 

JPS 
1. Model could adapt with dev., only a small set of 

characteristics currently 
3. Open source With 20 processors : RT for 22,500 ped. 

APC 1. Adaptation is limited  to fundamentals diagrams 3. Open source Around 100x RT for simple case, 200 ped. 
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à de nouveaux flux) 



 

 

 

à la gestion des flux être 



 

à cette ponctualité, et ses gains économiques se manifestent de plusieurs 
manières. Tout d’abord, si l’exploitant est lié par un contrat avec une autorité organ

 

à quantifier, d’une part parce qu’il est subjectif mais également car il est à double tranchant 
: 



éral le salaire horaire de base. Avec la gestion des 
flux, 
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http://www.bea-tt.equipement.gouv.fr/IMG/pdf/beatt_2017_etude-intrusions-2.pdf
http://www.bea-tt.equipement.gouv.fr/IMG/pdf/beatt_2017_etude-intrusions-2.pdf
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Juvisy 14,8 %

Choisy-le-Roi 11,3 %

Tronc commun (de Paris Austerlitz à Champ de Mars Tour Eiffel) 9,6 %

Vallée de l’Orge (d’Épinay-sur-Orge à Saint-Michel-sur-Orge) 8,8 %

Ouest de la ligne (à partir de Javel) 7,0 %

De Villeneuve-le-Roi à Athis-Mons 6,4 %

Savigny-sur-Orge 6,3 %

Brétigny-sur-Orge 6,2 %

Les Ardoines et des Saules à Pont de Rungis Aéroport d’Orly 5,7 %

Étampes 4,9 %

Ivry-sur-Seine 4,9 %

Vitry-sur-Seine 4,2 %

Dourdan 3,6 %

Nord de la ligne (à partir d’Avenue du Président Kennedy) 3,4 %

De Petit Vaux à Longjumeau 1,4 %

De Rungis la Fraternelle à Massy Palaiseau 1,3 %

Mission Heure de 
départ

Occupation à 
l’arrivée

Occupation au 
départ

Montées Descentes

ROMI 17:01:00 297 421 174 50

ELAO 17:04:00 873 1 235 421 59
BALI 17:07:00 903 316 23

DYVI 17:09:00 450 700 308 58
CITY 17:12:00 707 315 40
MONA 17:16:00 495 173 40

ELAO 17:19:00 1 014 392 31

BALI 17:22:00 977 359 24

DYVI 17:24:00 720 319 27
CITY 17:27:00 686 288 27

ROMI 17:31:00 1 023 439 118

ELAO 17:34:00 1 496 533 86
BALI 17:37:00 1 555 468 74

DUFY 17:39:00 930 243 68
CITY 17:42:00 1 462 607 74

MONA 17:46:00 780 312 80

ELAO 17:49:00 1 466 532 69
BALI 17:52:00 1 079 549 130

DYVI 17:54:00 727 305 56

CITY 17:57:00 741 318 52



 

 

 



 

Bibliothèque-François-
Mitterrand 

17:10 17:13 17:16 

Ivry-sur-Seine 17:13 l 17:20 

Vitry-sur-Seine l 17:18 17:22 l 

Les Ardoines l l 17:25 l 

Choisy-le-Roi 17:18 17:23 17:28 



Bibliothèque-François-
Mitterrand 

17:10 17:13 17:18 

Ivry-sur-Seine 17:13 l 17:22 

Vitry-sur-Seine l 17:18 17:24 l 

Les Ardoines l l 17:27 l 

Choisy-le-Roi 17:18 17:23 17:30 
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𝐹 = max (𝑛, 𝑁 ∙
𝑑 + 1

𝑎
) ∙ 𝐶𝑒𝑥𝑝𝑙

 𝐹 𝑛 𝑁
𝑑 𝑎 0,5 ≤

𝐶𝑒𝑥𝑝𝑙 ≤ 2

𝐶𝑒𝑥𝑝𝑙



𝑛 = 900, 𝑁 = 2500, 𝑎 = 4

𝑁 ∙
𝑑+1

𝑎
=

2500

4
= 625 <

𝑛 𝑛 ∙ 𝐶𝑒𝑥𝑝𝑙

𝐶𝑒𝑥𝑝𝑙 = 0,8 𝐹 = 900 ∙ 0,8 =  720

𝑛 = 1100

𝑁 ∙
𝑑+1

𝑎
=

2500

4
= 625 < 𝑛

𝐶𝑒𝑥𝑝𝑙 = 1 𝐹 = 1100 ∙ 1 =  1100

𝑛 =
1800

𝑁 ∙
𝑑+1

𝑎
=

7500

4
=

1875 >  𝑛 𝐶𝑒𝑥𝑝𝑙 = 1 𝐹 = 1875
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𝑃𝑑𝑠𝑉

𝑑é𝑣𝑎𝑙
𝐸𝑖 𝑑(𝑆, 𝐸𝑖) < 𝑑é𝑣𝑎𝑙
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𝑑(𝐷)

𝑑(𝐷) =
𝑡𝑑
𝑡

𝑡𝑑 𝑡

𝑡𝑏

𝑡𝑑,𝑓>𝑓0
𝑓 𝑓0

 

 



 

 

 

𝑚
𝑛

 



𝐿𝑎𝑡(𝐷) =
𝐼𝑐(𝐷)

2
+ 𝑡𝑡𝑠→𝑐 + 𝑡𝑎(𝐷𝑐𝑜𝑚𝑝) + 𝑡𝑐(𝐷, 𝐷𝑐𝑜𝑚𝑝) + 𝑡𝑡𝑐→𝑎 +

𝐼𝑎(𝐷)

2

𝑡𝑡𝑠→𝑐 𝑡𝑡𝑐→𝑎
𝐷_𝑐𝑜𝑚𝑝 𝐷 𝑡𝑎(𝐷𝑐𝑜𝑚𝑝)

𝑡𝑐(𝐷, 𝐷𝑐𝑜𝑚𝑝)

𝑡𝑎(𝐷𝑐𝑜𝑚𝑝) = 0 𝑡𝑐(𝐷, 𝐷𝑐𝑜𝑚𝑝) = 𝑡𝑐(𝐷)

𝐿𝑎𝑡(𝑉𝑖𝑑) =
20

2
+ 0,1 + 0 + 0,1 + 0,1 +

10

2
= 15,3 s



 

 

 

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑓 − 𝐿𝑎𝑡𝑒𝑛𝑐𝑒

 

 

 

 

 



 

 



ć

𝑂𝑝(𝑡)̅̅ ̅̅ ̅̅ ̅̅

𝑡 𝐷𝑖𝑚(𝑡) = max (𝑂𝑝(𝑡))
𝑡

𝑡 𝐷𝑖𝑚(𝑡) 𝑂𝑝(𝑡)̅̅ ̅̅ ̅̅ ̅̅

 

 



 

 

 

𝒔 ∈ 𝑹𝒆𝒇𝒔)
𝒛 ∈ 𝑹𝒆𝒇𝒔)

𝐷𝑁𝑏

 

𝒔 ∈ 𝑹𝒆𝒇𝒔)
𝒛 ∈ 𝑹𝒆𝒇𝒔)



𝐷𝐷𝑡é

 

𝒔 ∈ 𝑹𝒆𝒇𝒔)
𝒛 ∈ 𝑹𝒆𝒇𝒔)

𝐷𝐷é𝑏

 

𝒔 ∈ 𝑹𝒆𝒇𝒔)
𝒛 ∈ 𝑹𝒆𝒇𝒔)

𝐷𝑉𝑖𝑡

 

 

 

 

𝒍𝒔 (𝒍𝒔 ∈ {𝑺𝑫})
𝒍𝒆 (𝒍𝒆 ∈ {𝑺𝑫})

𝒔𝒅 (𝒔𝒅 ∈ {𝑺𝑫})



𝒇𝟏, … , 𝒇𝒏 ∈ 𝑹𝒆𝒇𝑭

𝒇𝟏, … , 𝒇𝒏 ∈ 𝑹𝒆𝒇𝑭

𝒅𝒎𝒂𝒙 (𝒅𝒎𝒂𝒙 ∈ 𝑫𝑫𝒕é)

 �̅� (�̅� ∈ 𝑫𝑫𝒕é)

�̅� (�̅� ∈ 𝑫𝑽𝒊𝒕)
𝒄𝒅𝒊𝒔𝒑(𝒄𝒅𝒊𝒔𝒑 < 𝟏) 

 

 



 

 

𝒆 (𝒆 ∈ 𝑹𝒆𝒇𝒆)

𝒆𝒑 (𝒆𝒑 ∈ 𝑹𝒆𝒇𝒆𝒑)

𝒑 ± 𝝈𝒑

 

 



 

 



 

 



 

 

 

 

𝑅𝑒𝑓𝑔
𝑅𝑒𝑓𝑔𝑚 𝑅𝑒𝑓𝑔𝑧

𝑅𝑒𝑓𝑔𝑔 𝑅𝑒𝑓𝑔𝑙 𝑅𝑒𝑓𝑔𝑟



𝒔 ∈ 𝑹𝒆𝒇𝒔)
𝒔𝒅 (𝒔𝒅 ∈ {𝑺𝑫})
𝒛𝟏, … , 𝒛𝒏 𝒛𝒊 ∈ 𝑹𝒆𝒇𝒈𝒛

 𝒎𝟏,… ,𝒎𝒏 𝒎𝒊 ∈ 𝑹𝒆𝒇𝒈𝒎

𝒈 𝒈 ∈ 𝑹𝒆𝒇𝒈𝒈
𝒍𝟏,… , 𝒍𝒏 𝒛𝒊 ∈ 𝑹𝒆𝒇𝒈𝒍

𝒔(𝒛) = ⋃{𝒔(𝒎)},𝒎 ∈ 𝑹𝒆𝒇𝒈𝒎,𝒎 ∈ 𝒛

 𝒛𝟏, … , 𝒛𝒏 𝒛𝒊 ∈ 𝑹𝒆𝒇𝒈𝒛
 𝒈𝟏,… , 𝒈𝒏 𝒈𝒊 ∈ 𝑹𝒆𝒇𝒈𝒈

𝒍𝟏,… , 𝒍𝒏 𝒛𝒊 ∈ 𝑹𝒆𝒇𝒈𝒍

𝒓𝟏, … , 𝒓𝒏 𝒓𝒊 ∈ 𝑹𝒆𝒇𝒈𝒓



{𝑆𝐷}
{𝑆𝐷}

 

 

𝑅𝑒𝑓𝑠



 

 



 

𝑑(𝑆, 𝐸) 𝑆
𝐸0, … , 𝐸𝑛  ∈ 𝐸𝑃 𝑚 

𝑑(𝑆, 𝐸𝑖) =  
|𝑉1(𝑆) − 𝑉1(𝐸𝑖)|

𝑆𝑒𝑛𝑠𝑉1
∙ 𝑃𝑑𝑠𝑉1 +⋯+ 

|𝑉𝑚(𝑆) − 𝑉𝑚(𝐸𝑖)|

𝑆𝑒𝑛𝑠𝑉𝑚
∙ 𝑃𝑑𝑠𝑉𝑚

𝑑(𝑆, 𝐸𝑖) =  ∑  
|𝑉𝑗(𝑆)−𝑉𝑗(𝐸𝑖)|

𝑆𝑒𝑛𝑠𝑉𝑗
∙ 𝑃𝑑𝑠𝑉𝑗

𝑚
𝑗=1

𝑆𝑒𝑛𝑠𝑉𝑖 𝑖

𝑚 = 3, 𝑆𝑒𝑛𝑠𝑉1 = 12, 𝑆𝑒𝑛𝑠𝑉2 = 0,01, 𝑆𝑒𝑛𝑠𝑉3 = 1

𝑃𝑑𝑠𝑉1 = 0,25, 𝑃𝑑𝑠𝑉2 = 0,5, 𝑃𝑑𝑠𝑉3 = 0,5 

𝑑(𝐿0, 𝐿1) =
|392 − 390|

12
∙ 0,25 +

|0,31 − 0,31|

0,01
∙ 0,5 + 

|22 − 23|

1
∙ 0,25 =

2

48
+ 0 +

1

4
= 0,3

𝑑(𝐿0, 𝐿2) =
|392 − 390|

12
∙ 0,25 +

|0,32 − 0,31|

0,01
∙ 0,5 + 

|22 − 26|

1
∙ 0,25 =

2

48
+
1

2
+ 1 = 1,5



 

𝐷𝑒𝑐𝑜𝑝𝑝, 𝐷𝑒𝑐𝑐𝑜𝑛𝑓 , 𝐷𝑒𝑐𝑜𝑟𝑔, 𝐷𝑒𝑐𝑎𝑏𝑠
𝑐𝑑𝑜𝑝𝑝, 𝑐𝑑𝑐𝑜𝑛𝑓 , 𝑐𝑑𝑜𝑟𝑔 ,

𝑐𝑑𝑎𝑏𝑠 −1 ≤ 𝑐𝑑𝑎𝑏𝑠 < 0 ≤ 𝑐𝑑𝑜𝑟𝑔 <

 𝑐𝑑𝑐𝑜𝑛𝑓 < 𝑐𝑑𝑜𝑝𝑝

𝐷𝑒𝑐𝑖 𝐺(𝐷𝑖)

|𝐷𝑒𝑐𝑝𝑟𝑖𝑠𝑒𝑠| = |𝐷𝑒𝑐𝑜𝑝𝑝| + |𝐷𝑒𝑐𝑐𝑜𝑛𝑓| + |𝐷𝑒𝑐𝑜𝑟𝑔|

|𝐷𝑒𝑐𝑝𝑟𝑖𝑠𝑒𝑠| − |𝐷𝑒𝑐𝑎𝑏𝑠|

𝑇𝑈𝐷 =
|𝐷𝑒𝑐𝑝𝑟𝑖𝑠𝑒𝑠|

|𝐷𝑒𝑐𝑎𝑏𝑠|

𝐺(𝐷𝑒𝑐) = 𝑐𝑑𝑎𝑏𝑠 ∙ ∑ 𝑅𝑒𝑠(𝐷)

𝐷𝜖𝐷𝑎𝑏𝑠

+ 𝑐𝑑𝑜𝑟𝑔 ∙ ∑ ((𝐺(𝐷) − 𝑅𝑒𝑠(𝐷))

𝐷𝜖𝐷𝑜𝑟𝑔

 

+ 𝑐𝑑𝑐𝑜𝑛𝑓 ∙  ∑ (𝐺(𝐷)

𝐷𝜖𝐷𝑐𝑜𝑛𝑓

− 𝑅𝑒𝑠(𝐷)) + 𝑐𝑑𝑜𝑝𝑝 ∙ ∑ (𝐺(𝐷) −

𝐷𝜖𝐷𝑜𝑝𝑝

𝑅𝑒𝑠(𝐷)) 

𝑅𝑒𝑠(𝐷) 𝐷



𝐷1 𝐷1 ∈ 𝐷𝑎𝑏𝑠
𝑅𝑒𝑠(𝐷1) = 1000

𝐷2
𝑅𝑒𝑠(𝐷2) = 12000, 𝐺(𝐷2) = 2000

𝐷3
𝑅𝑒𝑠(𝐷3) = 12000, 𝐺(𝐷3) =

20000

𝐷4
𝑅𝑒𝑠(𝐷4) =

6000, 𝐺(𝐷4) = 20000

𝑐𝑑𝑎𝑏𝑠 = −0,25, 𝑐𝑑𝑜𝑟𝑔 = 0,25, 𝑐𝑑𝑐𝑜𝑛𝑓 = 0,5, 𝑐𝑑𝑜𝑝𝑝 = 1

𝐺(𝐷𝑒𝑐) =  −0,25 · 1000 + 0,25 · (20000-6000) + 0,5 · (2000-6000) + 1 · (20000-12000) = -
250 + 3500 – 2000 + 8000 = 9250 

𝑇𝑈𝐷 = 0,75

 



 

 

𝐶𝑡 𝑊𝑡 𝑉𝑇𝑡
𝑡 𝐶𝑡−4 𝑡

 𝐶𝑚−1 𝐶𝑡,𝑖𝑛𝑐
𝐶𝑡 𝐶𝑡 ± 𝐶𝑡,𝑖𝑛𝑐



 



 

 



 

𝑛𝑏𝑒𝑟𝑟3 = {
𝐶𝑡 , 𝑠𝑖 ∑𝑉𝑇𝑚−𝑖 − 𝐶𝑚−1

3

𝑖=1

<∑𝑉𝑇𝑚−𝑖 −𝑊𝑚−1

3

𝑖=1

𝑊𝑡 , 𝑠𝑖𝑛𝑜𝑛



 

𝑛𝑏𝑀𝑀5 = {

1

5
(𝐶𝑚 + 𝐶𝑚−1 + 𝐶𝑚−2 +𝑊𝑚 +𝑊𝑚−2) 𝑠𝑖 ∃ 𝑊𝑚

1

5
(𝐶𝑚 + 𝐶𝑚−1 + 𝐶𝑚−2 +𝑊𝑚−1 +𝑊𝑚−3) 𝑠𝑖𝑛𝑜𝑛



 

 



 

 






