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 9 ،ص، يشجغ سبك ركشِ،نطفٙ حاج، ػًاس يحًٕد سشحاٌ 
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 31، ص يشجغ سبك ركشِ،نطفٙ حاج، ػًاس يحًٕد سشحاٌ  

  j.heche,recherche operationnel pour ingenieur 2,p63: انًظذس
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 115,ص 8 9119سعود,انسعوديت,,جايعت انًهك اننًزجح و انًحاكاج،قسى الاحصاء و تحوز انعًهياخ, بشي عبذانشحًٍ ياجذ عذَاٌ  

2
 Ivo Adan and Jacques Resing, Queueing Theory, Eindhoven University of Technology, The Netherlands, 

2002, P13 
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 117,يشجع سبق ركشِ ص 8 بشي عبذانشحًٍ ياجذ عذَاٌ  
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 117بشي,يشجع سبق ركشِ ص 8  عبذانشحًٍ ياجذ عذَاٌ :انًظذس
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 31يشجغ سبك ركشِ،ص،نطفٙ حاج، ػًاس يحًٕد سشحاٌ  

 191بشي,يشجع سبق ركشِ ص 8  عبذانشحًٍ ياجذ عذَاٌ انًظذس:
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 31،يشجغ سبك ركشِ،صجنطفٙ حا، ػًاس يحًٕد سشحاٌ  

2
 191,يشجع سبق ركشِ ص 8 بشي عبذانشحًٍ ياجذ عذَاٌ  
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2005انجذٚذة،يصش، انجايؼٛت ،داسانقشاس طُغ فٍ انكًُح الأسانُة اسرخذاو ،انؼًهٛاث إسًاػٛم،بحٕد احًذ بلال  1
2
،انطبؼت الأٔنٗ، داس ٔائم نهُشش،ػًاٌ انرـثُقُح فٍ إداسج الأػًالالأسانُة انكًُح ػبذ انحًٛذ ػبذ انًجٛذ انبهذأ٘،َجى ػبذالله انحًٛذ٘،  

 167، ص.2008
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« Nous appelons un modèle de Markov discrèt observée à temps 

équidistants une chaîne de Markov »

          

        

 [        ⁄       ]   [        ⁄  ]                       
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1.10

 

{X(t)}t

 

(    |  ,  , . . . ,  )  (    |  )
1 1 2 2

,
...............................................(1.11)

,

P X j X i X i X i P X j X i
n n n nk k n nk k

n nkP
i jk

      



 {Xn, n = 1, 2, . . . } 

                                                           
1
 A. C. Davison, Statistical models, Cambridge University Press ,New York, 2008 p 229 

2
 J-F.Heche,T. M.Liebling, D.de Werra, op.cit,p :6 

3
 J-F.Heche,T. M.Liebling, D.de Werra, ib.id,p :7 
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1 Discrete state, discrete parameter 

m,n

ij n m
P   = P(X  = j |X  = i), m < n............(1-12)

2  Discrete state, continuous parameter

 ( ,  )  [ ( )   | ( )  ],  .....(1 13)ijP s t P X t j X s i s t    

3 Continuous state, discrete parameter

( ,  ;  ,  )  (   |   ),    ........(1 14)m n m mF x x m n P X x X x m n    

4  Continuous state, continuous parameter

( ,  ;  ,  )  [ ( )  | ( )  ],    .......(1 15)n n n n nF x x t t P X t x X t x t t    

Chapman-Kolmogorov

i ( , ) ( , )   ( ,  ),                          ;.......(1 16)m n m r

ij ik kj

k S

P P P r n m r n


    

ii  ( ,  ) ( ,  ) ( ,  ),                         ;......(1 17)ij ik kj

k S

P s t P s u P u t s u t


    

iii ( ,  ;  ,  ) ( ,  ;  ,  ) . ( ,  ;  , ),        ;m y m
y S

F x x m n d F x y m r F y x r n m r n


   

iv ( ,  ;  ,  ) ( ,  ;  ,  ) . ( ,  ; ,  ),          .s y s
y S

F x x s t d F x y s u F y x u t s u t


  

Transitions

(m, r)(r, n)(s, u) (u, t)

                                                                                                                                                                                
1
 N. Balakrishnan, An Introduction to Queueing Theory ,Modeling and Analysis in Applications, 

Birkhauser, Boston, 2008,p24 
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Markov Analysis
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1
 135،ص:2003، انذاس انجايؼٛت، يصش،الأسانُة انكًُح فٍ الإداسجإسًاػٛم انسٛذ،جلال انؼبذ، 
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 139إسًاػٛم انسٛذ،جلال انؼبذ،يشجغ سبك ركشِ،ص: 

2
 J-F.Heche,T. M.Liebling, D.de Werra, op.cit,p :9 
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Matrix Of Transition Probabilities
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ttnt

n t 

t

( )np tnt

n n ( ) 0nnp t 

( ) ( ) ( ) ...n n np t p t p t   
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0n 

0 (0) 1p (0) 0np 1n 

                                                           
1
 S.BOUABDALLAH, application de la théorie des files d’attente pour mesurer la qualité de la prestation de 

service au secteur des postes,universite mohamed bouiaf m’sila,2002,p7 
2
َكخب :    1 ( ),t t t np N N t t       ،( )t   ٙحًثم احخًال اكثش يٍ ظٕٓس فt: ٌحٛذ ا ،

0
lim 0
t

t

t



 





 N.PISKOUNOV, calcul différentielle est intégral, tome، اَظش : tاسشع يٍ  0،ا٘ آَا حؤٔل انٗ 

1 ,7
eme 

édition, éditions MIR, MOSCOU,1976,p44 
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R.FAURE 1979, op.cit, p .22

ni

 n-1i-11( 1)np i 

t1n t   

 ni-1( 1)np i 

t11 n t  
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 S.BOUABDALLAH, op.cit,p10 
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 : تؼغ حالاخ طفىف الاَرظاس2-1ظذول 

  131ص  يشجغ سبك ركشِ، ػبذ انًجٛذ انبهذأ٘،ػبذ الله انحًٛذ٘،انًظذس :
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،انطبؼت الأٔنٗ،داس ٔائم الأسانُة انكًُح انرـثُقُح فٍ إداسج الأػًالػبذ انحًٛذ ػبذ انًجٛذ انبهذأ٘،َجى ػبذالله انحًٛذ٘،  

 132،ص.2008نهُشش،ػًاٌ،
2
 425،ص 2003،الإسكُذسٚت،الأسانٛب انكًٛت فٙ الإداسة،انذاس نجايؼٛت اسًاػٛم انسٛذ ، 

 خظائض َظاو خـىؽ الاَرظاس 
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 انؼًلاء

حعى 

 انًعرًغ

 : يخـؾ َثٍُ خظائض طفىف الاَرظاس (9-1)كم شان

، داس انجايؼت نهُشش ،الأسانُة انكًُح فٍ اذخار انقشاساخ الإداسَح واسرخذاجلال إبشاْٛى انؼبذ، انًظذس:

  432،ص 2004الإسكُذسٚت،
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 Service In Random Order(SIRO) 

 Service On Priopity (SOP)

configuration

 

111
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ػبذ انحًٛذ ػبذ انًجٛذ انبهذأ٘،َجى ػبذالله انحًٛذ٘،الاسانٛب انكًٛت انخطبٛمٛت فٙ اداسة الاػًال،انطبؼت الأنٗ،داس ٔائم   

 132،ص.2008نهُشش،ػًاٌ،
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: 

50 

 

1 P





9 0 1P P 

1 n 

0.

n

nP P




 
  
 

2 L


 




3 
 

 

2

qL


  




4 
1

T
 




5  
 q

T


  




 

ns 

 

 μS

     

          

 

                                                           
1
 139ذ٘،يشجغ سبك ركشِ،ص.ػبذ انحًٛذ ػبذ انًجٛذ انبهذأ٘،َجى ػبذالله انحًٛ  
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1
0

0
(2 70)
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( )..........................
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 

 

1

0

0
.(2 71)

( )

/ ( )

( ) ( ).........

n n n

n n n

n

W y P w u y

P u y w w w dW w

U y w dW w









  

   

 





nunw

 , 0nw n ergodique( )W y

0
.(2 72)( ) ( ) ( ), 0...........W y U y w dW w y



  

( ) 0W y 0y 
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0 (2 73)
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23

231

 

25

1435

                                                           
1
 U.NARAYAN BHAT , 2008,op.cit,p141 

2
 Jean francois heche, J.F.HECHE, op.cit, 2003, p. 118 

3
 U.NARAYAN BHAT ,2008, op.cit,p 141 
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( )iQ tit

 .............(2 74)ii
Q t 

  ( ) (2 75)ii
Q t Q ج اب ث 

                                                           
1
 Jean francois heche, op.cit , p 133 

2
 U.NARAYAN BHAT, 2008 , op.cit, p 142 

 

 يفخٕحت  ثكحش(: يخـؾ يثسؾ ن5-2انشكم )
Source :U.NARAYAN BHAT , op.cit,p141 

1 2 3 

4 5 
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232

 1,2,...,k

j( , 1, 2,..., )ijP i j ki

iiiP

                                                           
1
 U.NARAYAN BHAT ,2008, ib.id,p 142 

2
 Jean francois heche,2003,op.cit,p133 

 يغهقحشثكح  -

 

 

 شثكح يفرىحح -

 يغهقحشثكح  -

 (: يصالاٌ ػٍ شثكح طفىف الاَرظاس:يفرىحح و يغهقح6 -2انشكم )
Source :Jean francois heche, 2003,op.cit,p133 
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0

probabilités de transition00P

PMatrice De Probabilité De Transition

Matrice De Routage

01 0

10 11 1

20 21 2

1,0 1,1 1,

,0 1

1 2

00

1

2
(2 78)

1

k

k

k

k k k k

k k kk

k

P P

P P P

P P P

P P Pk

P P Pk

  

 
 
 
 

  
 
 
 
  

p

0

P

comportement stationnaire

                                                           
1
 U.NARAYAN BHAT ,2008, op.cit,p 142 

0 0, 1,2,..., (2 76)jP j k  

0 0, 1,2,..., (2 77)iP i k  
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(forme produit)

BCMP 

Baskett, Chandy, Muntz et Palacios

233

N

 

 

 

i 1,...,i N

1

j0 jP

ijPji

1N 



                                                           
1
 G.PUJOLLE, S.FDIDA, Modèle De Systèmes Et De Réseaux : Files D’attente, Eyrolles, Paris, 1989, P : 41 

 

0 

1 

2 

N 

µ1 

µ2 

µN 

N+1 

 :شثكح ظاكسىٌ 7-2انشكم 
Source : G.PUJOLLE, S.FDIDA, Modele De Systemes Et De Reseaux : Files D’attente, Eyrolles, Paris, 1989, P : 41 
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1

1

1 1 0,..., (2 79)
N

ij

j

P N




  

11N 

2331

n

/ /M m1n

ii1 i n 

iFIFO
im

i

ijijr

0

1

1 , 1,...., (2 80)
n

i ij

j

r r i n


   

t

( ) (,...., ( ))nx t x t

( )x ti1 i n 

 ( ), 0x t t 

nS 

                                                           
1
 Jean francois heche, 2003, op.cit, p134 
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 

yn

ii

1

, 1,..., (2 81)
n

i i j ji

j

r i n  


   

(2 82)λ = γ + λR

R11ijr

1

1

822

(2 83)-1
λ = γ + λ(I -R)

1, 1,..., (2 84)i
i

i i

i n
m





  

 

J.JACKSON

                                                           
1
 Jean francois heche, 2003,op.cit,p136 
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n

     1

1

, ,...., (2 85)
n

n

i i n

i

x x x x x  



    

( )i ix/ / iM M m 
ii

/ / iM M m

852

Réseau a Forme Produit

( )x

(2 86)πA = 0
 

Α  , 0x t t 

i ijr 

0 0 (2 87), , , 1 ,
j ji i

i i i ij i

i i

r
r r r i j n

 
 

 
      
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28

1

1 1 1 11 2 21

2 1 12

r r

r

   

 

  



1
1

11 12 21

2 1 12

6 75

1 1 1/ 5 4 / 25 8

75 4 15

8 5 2

r r r

r




 

  
   

   

1 2
1 2

1 2

75 1 5 15 1 3
,

8 15 8 2 10 4

 
 

 
       

1 1 1

1 1 2

11 12 21 20

6 , 15 , 10

1 4 1 4
, , ,

5 5 5 5

h h h

r r r r

                

   

 µ1 
 µ1 

 

 

 

 

 

 

 

 

Source : Jean francois heche, 2003, op.cit, p137 
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1

 

LITTLEsysT

 
1 2 1 1 2 2

1 1 1

/ (1 ) / (1 ) 5 / 3 3 7

6 9

sys
sys

N N N
T h

   

  

   
    

2332

GORDONNEWELL

/ /M m

0i 0 0ir i

K( )x t

t

1

( ) (2 88)
n

i

i

K x t


 

0t   , 0x t t 

1n K

K

  
 
 

Kn

GORDONNEWELL 

                                                           
1
 Jean francois heche, 2003, op.cit, p138 

       1 2 2

1, 2 1 1 2 2 1, 21 1 ,x xx x x x        
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   1

1

1
( ) ,..., (2 89)

( )

n

n i i

i

x x x F x
G K

 


  

( )G Kconstant de normalisation

1

 
1

( ) (2 90)
k

n

i i

x S i

G K F x
 

 

 1 1
/

nn

K ii
S x x x K 

   

 i iF x( )i ixi

1
. 1

!

( ) 1,..., . (2 91)

1
.

!
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algorithme de 

convolution

Arena

 
 

 

 

 

 

 

 

                                                           
1
 Jean francois heche, 2003, op.cit, p139 
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Aerodynamic

Stock rider
2

Arena

                                                           
 .542ص، 2004 ، ػانى انكخب انحذٚذ،الأسدٌ ،انطبؼت الأٔنٗ ،الأسانُة انكًُح و تحىز انؼًهُاخ فٍ الإداسجَؼٛى ،   َصبش  1 

 337ص جلال، يشجغ سبك ركشِ،  ذبٔانؼ إسًاػٛم ٛذسان2  
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III1 

Problem Solving Techniques

Analytic 

MethodsNumerical Methods

MethodsResampling

 

1  

9  

1  

III11

 System

 Entity

 Attribute

 Activity

                                                           
1
 11،ص 2002جايؼت انًهك سؼٕد ،لسى الإحصاء ٔ بحٕد انؼًهٛاث،انشٚاض،انًُزظح و انًحاكاج ،ػذَاٌ ياجذ ػبذ انشحًٍ بش٘،   

2
 Malika babes, statistique, files d’attente et simulation, OPU, Alger, 1995, p125 

3
 398ص جلال، يشجغ سبك ركشِ،  ذبٔانؼ إسًاػٛم ٛذسان 
4
 11ػذَاٌ ياجذ ػبذ انشحًٍ بش٘، يشجغ سبك ركشِ ،ص  
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 State of the System

 

                            

                                   12

 

 

 Endogenous Activities 

 Exogenous Activities

 

 : تؼغ الأَظًح انشائؼح و يكىَاذها 1-3انعذول                                        
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 Deterministic Activities

 

 Stochastic Activities

 

 Continuous Systems

Smooth 

 Discrete Systems

 

 System Modeling 

o  Model

Model
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1 :Physical Models

 

9 Mathematical Models

 

Static Models

Dynamic Models

III12 

 

 

  

MODELS 

PHYSICAL MATHEMATICAL 

STATIC DYNAMIC 

NUMERICAL 

DYNAMIC STATIC 

ANALYTICAL NUMERICAL SIMULATION 

 : ذًصُم تُاٍَ لأَىاع انًُارض 1-3انشكم 

  14 ػذَاٌ ياجذ ػبذ انشحًٍ بش٘، يشجغ سبك ركشِ ،ص انًظذس :
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 .
2

 

 

 

 

 

 

 

 

 

 

 

 

 

III13

                                                           
1
 Jean-Louis Boimond, Simulation Systèmes De Production, Réseaux De Petri ,SIMAN – ARENA,France,2000,P 2 

2
 Shafer scot M & merdih jack R, opérations management a process approachwith spreadsheets,john 

wiley&son,usa,1998,p536   

 ًشاحم انًرثؼح لاظشاء ػًهُح انًحاكاجان( 2-3انشكم )

Source : Jean-Louis Boimond, Simulation Systèmes De Production, Réseaux De Petri ,SIMAN – ARENA,France,p 3 
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1 

9 

1 

2 

3 

4 

5 .

1.1

 

*انًُىرض انًفاهًٍُ  

 انُرائط تشَايط انًحاكاج

 انُظاو )انحقُقٍ(

 اشثاخ

 ذحهُم و ًَزظح

ذفسُش 

 و ذُفُز

 ذظحُح
 انثشيعح انرحقق

 ذظحُح

**انرعشَة  

 )*( انًُىرض انًفاهًٍُ هى ًَىرض ذقشَثٍ نهُظاو، و َكىٌ يقُذا تهذف انذساسح.

 )**( انرعشَة : و ذؼٍُ تُاء اانُظشَاخ،او انفشػُاخ انرٍ ذاخذ تؼٍُ الاػرثاس سهىك انًلاحظ  

( : يُهعُح إػذاد يحاكاج3-3انشكم )  

                                                         Source :Jean-Louis Boimond, op.cit,p3 
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ذؼشَف 

 انًشكهح

 تُاء انًُىرض

 ظًغ انثُاَاخ

خرُاس افؼم تذَما  

 اظشاء انًحاكاج

 اخرثاس

انًُىر

ذحهُم 

انُرائ

 (:خـىاخ ػًهُح  انًحاكاج4-3كم سقى )شان

، ،يزكشة  اسرخذاو الأسانُة انكًُح فٍ اذخار انقشاساخ يُال اسًاػٛم انبحٛصٙ،انًظذس: 

 20،ص 2005انجايؼت الإسلايٛت ،غضة، غٛش يُشٕسة، انًاجسخٛش
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YES YES 

No No 

No 

Problem formulation 

Setting of 

objectives and 

overall project plan 

Model 

conceptualization 
Data collection 

Experimental design 

Verified

? 

Validate

d? 

Production runs and 

analysis 

More 

runs

? 

Model translation 

Implementation Documentation 

and reporting 

YES 

YES 

No 

 يخـؾ اَسُاتٍ لإػذاد دساسح تىاسـح انًحاكاج 5-3انشكم 
   17ػذَاٌ ياظذ ػثذ انشحًٍ تشٌ، يشظغ سثق ركشِ ،ص  انًظذس:
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III14 

  

 

 

 

 

  

 

1 

9 

1 

                                                           
1
 53،ص 1995،فهسطٍٛ،فٍ تحىز انؼًهُاخ يزكشاخػاشٕس ٕٚسف حسٍٛ، 
2
  354،ص 1999،داس انًشٚخ، انشٚاض ، انسؼٕدٚت،انطبؼت الأنٗ،إداسج الإَراض و انؼًهُاخ يذخم حذَسبفا أنٕٔد اسٍ ٔ ساسٌ ساكٛش كٙ،  
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III15 

 

1 

9 

1 

2 

3 

4 

1 

9 

1 

2 

 

 
                                                           

1
 458،ص:2004ش، الاسكُذسٚت،،داس انجايؼت انجذٚذة نهُشاسرخذاو الأسانُة انكًُح فٍ اذحاد انقشاساخ الإداسَحجلال ابشاْٛى انؼبذ،  
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III2

NEUMANN

METROPOLIS

(calcule integrale 

multiple)optimisation 

combinatoire 

reechantillonnagebootstrap

III21

  

 

 

حساب الاحرًالاخ يشكم انًشكم انؼذدٌ انًؼـً  

 انرقشَة تىاسـح انًحاكاج

Approximation par simulation 
 حم انًشكم انًؼـً

: يخـؾ ًَصم ؿشَقح يىَد كاسنى 6.3انشكم   

Source : jean heche, opcit, p 295 
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III22

  : 

1  . 

9  . 

1  . 

2  . 

3  . 

 :

: 

  

 :

  .

  .

 . 

 

  .

  . 

 

 . 

                                                           
459،يشجغ سبك ركشِ، صجلال إبشاْٛى انؼبذ 
1
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: 

1295000  . 

9

III-2-3 

G/G/1

                                                           
1
 471 ،يشجغ سبك ركشِ، صجلال ابشاْٛى انؼبذ  
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1 G/G/1   1 

G/G/1

FIFO

 i

( )F t  1E 




 i

( )F t  1E 




1   

N

TG/G/1

M/M/1

nttn

0
:

t

cum tn n dt 

 0,t

 0,t

cumN n t

                                                           
1
 Jean francois heche,op.cit,p291 
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III3Arena

III31

general purpose languages

Fortran,Basic,Cobol Et Algol 

languagespecial purpose 

simulation

1 
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9 

1 

2 

3 

4 

 

1. GPSS (General Purpose System Simulation) 

2. Simiscript 

3. GASP (General Activity Simulation Package) 

4. Arena 

5. VISUAL SLAM

 

 

III32Arena 

  Arena     Process AnalysisModeling 

and Simulation  SupportBusiness Decision

Process         Resource 

 .

 Entity           

  .            

Arena         

Arena windows,

windows NT

                                                           
1
 571، ص 2004، يشجغ سبك ركشَِصٛش َؼٛى،   
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Arena

Word,Excel,Cad

Arena

 

 

Arena

III33Arena

1 frendly interface

9  .

1 

2 

3 

                                                           
غٛش يُشٕسة،انجايؼت الإسلايٛت  ، ،يزكشة انًاجسخٛش اسرخذاو الأسانُة انكًُح فٍ اذخار انقشاساخيُال اسًاػٛم انبحٛصٙ،  1

 25،ص 2005،غضة،
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III34:Arena

 Arena          

         

          Project Bar

    Basic Process Panel Reports 

Panel Navigate Panel      

       Attach...     

   Advanced Process Panel Blocks 

Panel Elements Panel.115 

 

 
 

                                                           
 

1
 10، ص  2004، انشٚاض ، سؼٕد انًهك جايؼت،  Arena، َظاو انًحاكاة  بش٘ ػبذانشحًٍ ياجذ ػذَاٌ  

 Arena(: انىاظهح الاساسُح نثشَايط 7-3كم سقى) شان
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1 Arena

1 flowchart

9 

1 

2 

3 

4 

5 

6 

7  

9 

Arena

modules

16

14

 

3 

16the flowchart 

modulesArena

                                                           
 25،ص ، يشجغ سبك ركشِ يُال اسًاػٛم انبحٛصٙ   1
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name

1
Create 

module 

9
Process 

module

1
Decide 

module

2
Assing 

module

3
Batch 

module

4
Separate 

module

5
Record 

module

6
Dispose 

module

 

 

14

 Arena ( سيىص انؼًهُاخ الأساسُح فٍ حضيح 2.3انعذول سقى )

 25يُال اسًاػُم انثحُظٍ ، يشظغ سثق ركشِ،ص انًظذس:                         
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1 Entity Module

2 Queue Module

3 Schedule Module

 

4 Set Module

 

5 Variable Module

 

6 Resource Module
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Arena
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M / M / S

41

13.34

11.13

                                                           
1
 HOUDA MEHRI, TAOUFIK DJEMEL, étude de l’attente prioritaire dans les ports, laboratoire GIAD-

FSEG –Sfax, institut supérieur de gestion industrielle, tunis, 2009 
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166916711712

  

  

hinterland

 
 

411

1  

9 

1  

2  
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3  

4  

5  

6  (cale de halage )ponts bascules  

 

412

1.830 m de longJETEE

Passe d’entrée Nord- Ouest     Largeur 100 

m      Profondeur 12 m
ACCES :

 1er Bassin :14 Ha de plan d’eau 

Tirant d’eau de 6,77 à  8,17 m (06 postes à 

quai) 

 2eme Bassin :16 Ha de plan d’eau 

Tirant d’eau de  6,95  à  8,22 m (04 postes à 

quai) 

BASSINS :

 Môle de l’Indépendance (Poste 4 et 5 ) 

: 270 Ml 

 Môle Sud-ouest ( Poste 6 et 7) :              

280 Ml 
MOLES:

 Nord-Est:         117 Ml (Poste 0) 

 Du Maghreb:    412 Ml (Postes 1, 2 et 

3) 

 Nouveau quai :  217 Ml (NP1 et NP2) + 

80 Ml ( Poste X) 

QUAIS 

 44 430 m² 
TERRE PLEINS 

D’ENTREPOSAGE: 

 : 16 docks d’une superficie de 7 455 

m² dont 08 à usage commercial 

DOCKS 

 

Réseau routier  4 885 Ml 
VOIES DE 

DESSERTES: 
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Réseau ferroviaire: 3 747 Ml (Tous les 

quais et terre-plein sont desservis par un 

réseau complètement rénové raccordé au 

dock silo à grains)

 

 

 

413

 
 Import  Export  Cabotage  total  taux

 Débarqué  1.122.143  -  -  1.122.143  96%

 Embarqué  -  50.296  -  50.296  4%

 Total  1.122.143  50.296  -  1.172.439
 

42

421

 6.99 

  

 

  

( قذسج انشطُف ػهً الاسرقثال و انًؼانعح1-4انعذول )  

 انًظذس : إداسج يُُاء يؤسسح يسرغاَى

ذقسُى حشكح انًشوس فٍ انشطُف( 2-4انعذول )  

 انًظذس: إداسج يُُاء يؤسسح يسرغاَى
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  

  

  

 

422 

M/M/1

 

 : يىقغ انشطُف انشًانٍ انششق1ٍ-4انشكم 

 : يىقغ انحىع انعذَذ فٍ ؿىس الاَعاص 2-4انشكم 

 إداسة يُٛاء يؤسست يسخغاَىانًظذس:
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423

mm

1
y 804.50

o1176.77

 

424

y

y

FCFS

36.173

Erlang 20.528

9.976

 EPMإداسج يؤسسح  انًظذس :يكرة دساساخ انرخـُؾ،

 (  :يًُضاخ انشطُف انشًانٍ انششق3.4ٍانعذول )
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110

 en rade

0222022202200222022202220222022202220222

02.2222.2022.202.2222.022.0222.2202.222.2222.20

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

ساػت)انضيٍ انًخٕسط  ( 20.08 33.12 33.6 25.44 13.2 11.28 19.68 20.4 56.64 83.52

0

10

20

30

40

50

60

70

80

90

 (en rade)انضيٍ انًرىسؾ لاَرظاس انسفٍ ػُذ انشسى

 انضيٍ انًرىسؾ لاَرظاس انسفٍ ػُذ انشسى ( :4.4انعذول )

 انًظذس : يٍ اػذاد انـانة

سُىاخ 10: يُحًُ َثٍُ ذـىس فرشاخ اَرظاس انسفٍ ػُذ انشسى خلال   3-4انشكم   

 انًظذس : يٍ اػذاد انـانة
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 

0222022202200222022202220222022202220222

202.0202.20222.20222.2222.2222.2222.0220.2022.222

 

911591169117

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

121.2 (ساػت)انفخشة  انًخٕسطت  129.12100.32107.04 83.04 76.56 65.28 72.72 87.6 84

0

20

40

60

80

100

120

140

 انفرشج انًرىسـح نثقاء انسفٍ فٍ انشطُف

سُىاخ 10يُحًُ َثٍُ ذـىس فرشاخ تقاء انسفٍ فٍ انشطُف خلال  : 4-4انشكم   

 انًظذس: يٍ اػذاد انـانة

 

  انفرشج انًرىسـح نثقاء انسفٍ فٍ انشطُف( :5.4انعذول )

 يٍ اػذاد انـانةانًظذس : 
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91179117

2  

Désignation 

Navires à 

l’Entrée 

Attente 

Moyenne en 

Rade 

Séjour Moyen à 

Quai 

2008 2009 2008 2009 2008 2009 

Céréales 43 20 5,98 4,5 7,84 6,37 

Porte-conteneurs - - - - - - 

Ro-Ro 40 38 0,71 1,8 1,08 0,83 

Cargos (tous types 

de cargos)       

Dont :    Fers / 

Tubes 
91 92 1,15 4,72 3,61 4,97 

Déchets ferreux - - - - - - 

Bois 3 7 2,15 0,67 2,77 2,17 

Ciments 9 16 1,79 2,3 5,4 4,03 

Pétroliers, 

méthaniers, 

butaniers 

- - - - - - 

Autres tankers - - - - - - 

Bitumiers 16 25 1,06 2,5 3,23 2,82 



 

 

139 

 

Minéraliers 38 22 1,99 1,71 2,35 3,29 

Autres navires 108 145 2,72 0,57 5,5 4,84 

       

totale 
348 365 

 

   
713 
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 فٍ الاَرظاس :ػذد انسفٍ ، فرشج الاَرظاس ػُذ انشسى،فرشج  6-4انعذول 

  انشحٍ حسة َىع 2008/2009انشطُف خلال سُح               

 EPMإداسج يؤسسح  انًظذس :يكرة دساساخ انرخـُؾ، 
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9117

43

431

M/M/1

432

                                                           
1
   Martin lepine,etude de certaines files d attente :application dans un quai,universite de mentreal 

,canada,1991,p :13 
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 inter-arrivees
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 y

 

y

FCFS

  

1 population source 

infinite population

2  

 

 

(rade) 

 يخـؾ ًَصم ظاهشج الاَرظاس فٍ انشطُف : 6-4شكم 

 يٍ اػذاد انـانة انًظذس :
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  

 

 

  

3  

 

 

  

2  

FCFS 

5  

 
47

FCFS 
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1


6  

2009121.013 

7  

434

47

FCFS 
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 T 

 t 

  

1 911719 

9  

48  

1 2 3 4 5 6 7 8 9 10 11 12 

 11 91 11 12 23 52 12 13 94 15 41 11 

 1 4 1 6 11 19 2 3 5 7 11 9 

d 9 2 9 2 3 4 1 1 9 1 1 11 

D²
 

2 14 2 14 93 14 7 7 2 1 1 111 

D
2 

d = ( R-t)  

H0

H1 

                                                           
1
 22،ص 3991حمُٛاث انخُبؤ انمصٛش انًذٖ،دٕٚاٌ انًطبٕػاث انجايؼٛت،انجضائش، حشًاٌ يٕنٕد،ًَارج ٔ  
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 1
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22.0T S         /2
0.5804T 
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122

11

01 01 02 03 01 00 03 01 00 01 02 01 
02 03 01 01 03 03 01 02 01 01 03 02 
01 02 03 01 02 03 01 00 02 01 00 02 
03 00 04 03 03 02 05 03 01 04 03 03 
03 03 05 03 02 03 06 04 03 05 03 05 
06 03 05 06 05 02 04 05 06 05 07 06 
00 02 01 01 02 03 00 01 03 00 01 00 
02 00 00 02 01 02 03 01 03 00 01 00 
03 00 05 03 02 00 02 03 00 03 04 01 
04 03 02 02 00 04 03 05 04 03 03 04 
05 06 05 04 05 06 04 06 05 06 06 05 
01 01 00 01 00 03 01 01 00 02 01 03 

n72.534

10.

 

411

Δt11912345

911199131113111

 

،ػذد انسفٍ  n: قًُح انًرغُش  10-4انعذول 
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2.534 10

H0

H1

412

 
   

Delta Delta^2 khi^2 

0 20 0,079 11,417 8,583 73,670 6,453 

1 30 0,201 28,939 1,061 1,127 0,039 

2 22 0,255 36,676 -14,676 215,374 5,872 

3 35 0,215 30,987 4,013 16,100 0,520 

4 11 0,136 19,636 -8,636 74,583 3,798 

5 15 0,069 9,954 5,046 25,458 2,557 

6 10 0,029 4,205 5,795 33,579 7,985 

7 1 0,011 1,523 -0,523 0,273 0,179 

 144 0,995 143,337 0,663  27,404 

 
 

2
2

0( )e

e

f f

f



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= f0  

= fe  

SPSS4

3
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0.05

2 12.59 2 0,000121644
ar

 

0.05

2 2 
ar

 

9.31211 

 

 

                                                         وطىل انسفٍ انً انشطُف ذكشاساخ  8-4انًُحًُ 

 يٍ اػذاد انـانةانًظذس :     

92.684

H0

H1
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413

 
 

  Delta Delta^2 

65,28 15 0,003 0,408 14,592 212,930 

72,72 10 0,143 20,618 10,618 112,734 

76,56 25 0,155 22,288 2,712 7,355 

83,04 14 0,037 5,263 8,737 76,341 

84 8 0,033 4,759 3,241 10,506 

87,6 19 0,586 84,367 - 65,367 4 272,886 

100,32 13 0,109 15,757 -2,757 7,602 

107,04 16 0,012 1,749 14,251 203,094 

121,2 17 0,001 0,145 16,855 284,088 

129,12 7 0,000 0,008 6,992 48,892 

144 1,079 155,361 -11,361  

يٍ اػذاد انـانةانًظذس :                                                            

SPSS4

3

0.05

2 12.59 2 0.00
ar

 

H0

92.684  
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 انخذيح انشطُف                                                         صيٍ ذكشاساخ 9-4انًُحًُ                  

 يٍ اػذاد انـانةانًظذس :                           

 

 λ1/

1/  

 S 

  

  

 1/  

 FcFs 

,  FCFS  , ∞ ,∞M/M/s

 S

S

0

5

10

15

20

25

30

65.28 72.72 76.56 83.04 84 87.6 100.32 107.04 121.2 129.12
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9 : 

 

L = λ W

 

1  

 

Wq = Lq / µ
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1
  Y.G.perreault,recherche opperationnel :techniquueq decisionneles,gaetan morin edition,allmagne,p192 
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1
 280،ص : 2001ػبذ انشصاق انًٕسٕ٘،يذخم نبحٕد انؼًهٛاث ، داس ٔائم نهُشش ٔ انخٕصٚغ،الاسدٌ ،   
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

(0)P

n

) 

 (
k=1 

K==2 

30350.402.81200050001967022330

062.81

 53

436

Arena 

L’ horloge

Asynchrone

                                                           
1
انخٙ  synchroneغٛش يخضايُت حؼُٙ آَا حخمذو بانمفضة ػُذ ٔلٕع أ٘ حذد )ػًهٛت  ٔصٕل ٔ اَخٓاء انخذيت( ، ْٔذا ػكس ساػت  يخضايُت   

 حخمذو بانمفضة حسب ٔحذة انضيٍ انًفخشضت.
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1 

 

  : 

      : 

1 - : 

-  :       . 

-  :         

  . 

 
ٔصٕل 

 انسفُٛت

انحظىل ػهً 

 الارٌ تانشسى

 ػًهُح انشسى

الاظشاءاخ 

 الاداسَح

 يغادسج

 ذفشَغ / شحٍ

 يغادسج

انذخىل انً 

 انشطُف

oui non 

 : يخـؾ سُش انؼًهُاخ داخم انشطُف 10- 4انشكم

 انًظذس : يٍ اػذاد انـانة
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2 -  : 

-             

 . 

-          . 

   Create       Create

1 create    Create  

   Create 

     :
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9 assign) 

process 

1 decide 

2 record

 

3 despose 

4 clock

 

5 route

 

6 station 

7 connection

 

11 text 
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4 

 

1 create 

  Random(Expo)

 

    .   "Type  Expression 

 "" DISC(P1,V1,…)         

    P1,V 1         

  "  " 1 1 2 2( ( ),  ,  ( ),  ,  ...,  (  ),   )n nDISC F x x F x x F x x 
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9 Process 

 

 

   ""Resources Add… 

 

   . OKOK 
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3 Record 

 

 

4 Dispose 

 

 

 

3 clock



 

 

164 

 

3 check model 

4 

   .     RunSetup

   

   Replication Parameters  Number 

of Replications  122   Replication Length11
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    24   0.0        

Default Values

RunGo    

  Yes   

  

Arena   9 
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44

1

 

n>30théorème de la limite centrale

Corrélation

3.1

141.2

9.56

17241

                                                           
1
 Martin lepine,etude de certaines files d attente :application dans un quai,universite de 

mentreal,canada,1991,p :21 
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 ذغثيقيح دساسح انقشاساخ اذخاد في انكًيح الاسانية اسرخذاوانبحيصي,  اسًاعيم يُال .1

 عيادج في الانرظاس خغوط يشكم نحم تانحاسوب يحاكاج نًودج اسرخذاو: 

 اداسة قسى انتجاسة ,كهيت غزة- الاسلاييت نجايعت,يزكشة ياجستيش غيش يُشوسة, صحيح

 9113 الاعًال, غزة,
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,,يزكشة انصفوف نًارج تاسرخذاو انرًشيض عاقى حجى ذحذيذانعًشي,  سانى بٍ يحًذ .9

 بحوث و الاحصاء قسى -انعهوو كهيت - سعود انًهك ياجستيش غيش يُشوسة, جايعت

 هـ1211انسعوديت, انعشبيت انعًهياث,انًًهكت

 

1. DOMINIQUE POTIER, modèle a files d’attente et gestion 

des ressources dans les system informatique, thèse de 

doctorat en science informatique,universite scientifique et 

medecale de gronoble,institut national polytchnique,1977 

 

2. HOUDA MEHRI, TAOUFIK DJEMEL, étude de l’attente 

prioritaire dans les ports, laboratoire GIAD-FSEG –Sfax, 

institut supérieur de gestion industrielle, tunis, 2009 

3. Martin Lépine, etude de certaine files d'attente : application 

a un quai, universite de montreal :departement des science 

economique faculte des art et des science, canada, 1991 

4. RICHARD LOULOU, les processus d’attente dans les files 

d’attente multi-serveurs  saturées, thèse de doctorat en 

science informatique,universite scientifique et medecale de 

gronoble,institut national polytchnique,1978 

5. Salah BOUABDALLAH, application de la theorie des files 

d’attente pour mesurer la qualite de la prestation des services 

au secteur des postes. etude pratique au centre payeur de 

m’sila hodna., these de magistere non publier, UNIVERSITE 

MOHAMED BOUDIAF DE M'SILA, M'SILA 
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 8ساتعا: انذوسياخ 

 

1. A.aissani, propriétés de second ordre des modèles d’attente, 

4eme rencontre de recherche opérationnelle, U.S.T.H.B, 

Alger, 1996 

2. G.de monie Nation unis, Cnuced monographies sur la gestion 

portuaire, mesure et évaluation du rendement et de la 

productivité des ports, new York, 1988 

 

 خايسا : يواقع الانرشند:

1. www.philadelphia.edu.jo 

2. it.kau.edu.sa 

3. http://www.arabicstat.com 

4. http://forum.arabsbook.com 

5. http://www.freebookcentre.net 

6. http://membres.multimania.fr 

7. www-rst.int-evry.fr 

8. forums.futura-sciences.com 

9. www.techniques-ingenieur.fr 

http://www.philadelphia.edu.jo/
http://www.arabicstat.com/
http://forum.arabsbook.com/
http://www.freebookcentre.net/
http://membres.multimania.fr/
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09:15:12 Category by Replication juin 25, 2011 

Replications: 144 quai simulation 

Replication 1 

Entity 

Other 

Number In 

navire1 

Number Out 

navire1 

WIP 

navire1 

Value 

Start Time: 0,00 Stop Time: 10,00 Time Units: Hours 

7 

Value 

0 

Average Half Width Minimum Maximum 

5.3000 (Insufficient) 0 7.0000 

Queue 

Time 

Waiting Time 

quai.Queue 

Average Half Width Minimum Maximum 

0 (Insufficient) 0 0 

Other 

Number Waiting 

quai.Queue 

Queue 1 

Average Half Width Minimum Maximum 

4.3000 

0 

(Insufficient) 

(Insufficient) 

0 

0 

6.0000 

0 

Resource 

Usage 

Instantaneous Utilization 

Resource 1 

Number Busy 

Resource 1 

Number Scheduled 

Resource 1 

Scheduled Utilization 

Resource 1 

Average Half Width Minimum Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Value 

(Insufficient) 1.0000 1.0000 

1.0000 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 1 of 216 



 

 

 

09:15:12 Category by Replication juin 25, 2011 

Replications: 144 quai simulation 

Replication 1 

Resource 

Usage 

Total Number Seized 

Resource 1 

Value 

Start Time: 0,00 Stop Time: 10,00 Time Units: Hours 

1.0000 

System 

Other 

Number Out 

System 

Value 

0 

Start Time: Replication 10 

Entity 

Other 

Number In 

navire1 

Number Out 

navire1 

WIP 

navire1 

0,00 Stop Time: 10,00 Time Units: Hours 

Value 

6 

Value 

0 

Average Half Width Minimum Maximum 

3.1000 (Insufficient) 0 6.0000 

Queue 

Time 

Waiting Time 

quai.Queue 

Average Half Width Minimum Maximum 

0 (Insufficient) 0 0 

Other 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 2 of 216 



 

 

 

09:15:12 Category by Replication juin 25, 2011 

Replications: 144 quai simulation 

Replication 10 

Queue 

Other 

Number Waiting 

quai.Queue 

Queue 1 

Average Half Width Minimum 

Start Time: 0,00 Stop Time: 10,00 Time Units: Hours 

Maximum 

2.1000 

0 

(Insufficient) 

(Insufficient) 

0 

0 

5.0000 

0 

Resource 

Usage 

Instantaneous Utilization 

Resource 1 

Number Busy 

Resource 1 

Number Scheduled 

Resource 1 

Scheduled Utilization 

Resource 1 

Total Number Seized 

Resource 1 

Average Half Width Minimum Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Value 

(Insufficient) 1.0000 1.0000 

1.0000 

Value 

1.0000 

System 

Other 

Number Out 

System 

Value 

0 

Start Time: Replication 100 

Entity 

Other 

0,00 Stop Time: 10,00 Time Units: Hours 
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09:15:12 Category by Replication juin 25, 2011 

Replications: 144 quai simulation 

Replication 100 

Entity 

Other 

Number In 

navire1 

Number Out 

navire1 

WIP 

navire1 

Value 

Start Time: 0,00 Stop Time: 10,00 Time Units: Hours 

5 

Value 

0 

Average Half Width Minimum Maximum 

3.1000 (Insufficient) 0 5.0000 

Queue 

Time 

Waiting Time 

quai.Queue 

Average Half Width Minimum Maximum 

0 (Insufficient) 0 0 

Other 

Number Waiting 

quai.Queue 

Queue 1 

Average Half Width Minimum Maximum 

2.1000 

0 

(Insufficient) 

(Insufficient) 

0 

0 

4.0000 

0 

Resource 

Usage 

Instantaneous Utilization 

Resource 1 

Number Busy 

Resource 1 

Number Scheduled 

Resource 1 

Scheduled Utilization 

Resource 1 

Average Half Width Minimum Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

1.0000 

Maximum 

1.0000 

Value 

(Insufficient) 1.0000 1.0000 

1.0000 
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09:15:12 
Category by Replication 

juin 25, 2011 

quai simulation 

Replication 100 

Resource 

Usage 

Total Number Seized 

Resource 1 

Value 

Start Time: 0,00 Stop Time: 

1.0000 

System 

Other 

Number Out 

System 

Value 

0 

Start Time: Replication 101 

Entity 

Other 

Number In 

navire1 

Number Out 

navire1 

WIP 

navire1 

0,00 Stop Time: 10,00 Time Units: Hours 

Value 

10 

Value 

0 

Average Half Width Minimum Maximum 

4.4000 (Insufficient) 0 10.0000 

Queue 

Time 

Waiting Time 

quai.Queue 

Average Half Width Minimum Maximum 

0 (Insufficient) 0 0 

Other 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 5 of 216 

Replications: 144 

10,00 Time Units: Hours 



 

 

 

09:13:01 

Category Overview 

Values Across All Replications 

juin 25, 2011 

quai simulation 

Replications: 144 Time Units: Hours 

Key Performance Indicators 

System 

Number Out 

Average 

0 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 1 of 3 



 

 

 

09:13:01 Category Overview 

Values Across All Replications 

juin 25, 2011 

quai simulation 

Replications: 144 Time Units: Hours 

Entity 

Other 

Number In 

navire1 

Number Out 

navire1 

WIP 

navire1 

Average Half Width 
Minimum 
Average 

Maximum 
 Average 

4.8333 

Average 

0,26 

Half Width 

2.0000 

Minimum 
Average 

10.0000 

Maximum 
 Average 

0.00 

Average 

0,00 

Half Width 

0.00 

Minimum 
Average 

0.00 

Maximum 
 Average 

Minimum 
   Value 

Maximum 
   Value 

2.7882 < 0,14 1.4000 5.3000 0.00 10.0000 

Queue 

Time 

Waiting Time 

quai.Queue 

Average Half Width 
Minimum 
Average 

Maximum 
 Average 

Minimum 
   Value 

Maximum 
   Value 

0.00 < 0,00 0.00 0.00 0.00 0.00 

Other 

Number Waiting 

quai.Queue 
Queue 1 

Average Half Width 
Minimum 
Average 

Maximum 
 Average 

Minimum 
   Value 

Maximum 
   Value 

1.7882 
  0.00 

< 0,14 
< 0,00 

0.4000 
  0.00 

4.3000 
  0.00 

0.00 
0.00 

9.0000 
  0.00 
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09:13:01 Category Overview 

Values Across All Replications 

juin 25, 2011 

quai simulation 

Replications: 144 Time Units: Hours 

Resource 

Usage 

Instantaneous Utilization 

Resource 1 

Number Busy 

Resource 1 

Number Scheduled 

Resource 1 

Scheduled Utilization 

Resource 1 

Total Number Seized 

Resource 1 

Average Half Width 
Minimum 
Average 

Maximum 
 Average 

Minimum 
   Value 

Maximum 
   Value 

1.0000 

Average 

< 0,00 

Half Width 

1.0000 

Minimum 
Average 

1.0000 

Maximum 
 Average 

0.00 

Minimum 
   Value 

1.0000 

Maximum 
   Value 

1.0000 

Average 

< 0,00 

Half Width 

1.0000 

Minimum 
Average 

1.0000 

Maximum 
 Average 

0.00 

Minimum 
   Value 

1.0000 

Maximum 
   Value 

1.0000 

Average 

< 0,00 

Half Width 

1.0000 

Minimum 
Average 

1.0000 

Maximum 
 Average 

1.0000 1.0000 

1.0000 

Average 

0,00 

Half Width 

1.0000 

Minimum 
Average 

1.0000 

Maximum 
 Average 

1.0000 0,00 1.0000 1.0000 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 3 of 
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09:17:00 Queues juin 25, 2011 

quai simulation 

Replication 1 Start Time: 

Replications: 144 

0,00 Stop Time: 10,00 Time Units: Hours 

Queue Detail Summary 

Time 

quai.Queue 
Waiting Time 
        0.00 

Other 

quai.Queue 
Queue 1 

Number Waiting 
         4.30 
         0.00 
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09:17:00 Queues juin 25, 2011 

quai simulation 

Replication 1 

quai.Queue 

Time 

Waiting Time 

Other 

Number Waiting 

Average Half Width Minimum 

Start Time: 0,00 Stop Time: 10,00 Time Units: Hours 

Maximum 

0 

Average 

(Insufficient) 

Half Width 

0 

Minimum 

0 

Maximum 

4.3000 (Insufficient) 0 6.0000 

Queue 1 

Other 

Number Waiting 

Average Half Width Minimum Maximum 

0 (Insufficient) 0 0 

Model Filename: C:\Documents and Settings\Administrateur\Bureau\Model1 Page 2 of 288 

144 Replications: 



 

 

 

 

  

09:17:33 Resources juin 25, 2011 

quai simulation 

Replication 1 Start Time: 

Replications: 144 

0,00 Stop Time: 10,00 Time Units: Hours 

Resource Detail Summary 

Usage 

Inst Util 

Resource 1 1,00 

Num Busy 

1,00 

Num Sched 

1,00 

Num Seized 

1,00 

Sched Util 

1,00 
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Durée moyenne  attente  en  rade  et  séjour à  quai  des  navires 

2005/2006  
 

Désignation 

Navires 
Traités 

Attente Moyenne 
en Rade (jour) 

Séjour Moyen 
à Quai (jour) 

2005 2006 2005 2006 Ecart % 2005 2006 Ecart % 

Installations Spécialisées 
 
Dont :  

 
 

  
 

 
 

 
 

 
 

 
 

 
 

          

            Céréales 
            Sucre Roux 
            Bitume 
            Vin 
            Mélasse 

 

34 
1 
8 
- 
1 

 

25 
- 
9 
2 
1 

 

1,32 
0,08 
0,44 

- 
0,29 

 

1,14 
- 

0,47 
0,64 
0,70 

 

-14  
-100  
916  

- 
141 

 

6,43 
14,00 
3,48 

- 
10,96 

 

6,10 
- 

2,59 
4,00 
4,03 

 

-5  
-100  
-26  

- 
-63 

 

Installations hors Spécial. 
 
Dont : 

        

            

            Fers / Tubes 
            Bois 
            Ro/Ro 
            Ciment 
            Divers Cargos 
 

 

30 
5 

83 
4 

125 

 

102 
2 
78 
6 

134 

 

0,41 
0,22 
0,19 
0,78 
0,45 

 

0,72 
0,03 
0,40 
0,45 
1,04 

 

76 
-86 
111 
-42 
131 

 

3,67 
2,85 
0,73 
2,49 
3,66 

 

3,61 
4,09 
0,83 
2,10 
2,42 

 

-2  
44  
14  
-16  
-34 

 

 Attente moyenne en rade  
 

La durée moyenne d’attente des navires en rade a connu durant l’année 2006 un 
accroissement de 74% par rapport à l’année écoulée. elle passe ainsi de 0,47 jour en 2005 à 
0,82 jour  en 2006.  
 

 Séjour moyen à quai  
 

Comparativement aux réalisations antérieures, la durée moyenne de séjour à quai des navires 
a connu une baisse de 15%, il est passé de  3,19 jours en 2005 à 2,72 jours en 2006.  
 

- Rendements  des  postes  à  quai   
 
Le trafic de 841.763 tonnes sur une capacité nominale  fixée à 1.200.000 tonnes / an affiche 
un taux d’utilisation de 70,15 % sur les postes à quai  utilisés à vocation commerciale. 
 
 
 
 

220052009 

 



 

 

 

 Rendements des postes à quai par mètre linéaire de quai  
 
 

 1er Bassin 2ème Bassin 

Postes à quai P0 P1 P2 P3 P4 P5 
NP1 et 

NP2 
P6 P7 

Longueur en  
mètres 

117 135 135 135 135 135 217 140 140 

Tonnage par 
poste à quai 

80.989 47.377 70.881 47.724 50.866 83.335 183 357 - 277 233 

Rendement 
2006 

692 351 525 354 377 595 845 - 1.980 

 

NB : Le poste 6 est occupé par les embarcations de pêches. 
 
 
 

15 - Durée  des  attentes  et  arrêts des équipes de manutention  
 

Les temps d’attentes et arrêts des équipes de manutention ont atteint 1.607 heures. La 
répartition par cause d’arrêts est composée comme suit : 
 

 Conditions météorologiques…………………………...192 H  soit  12 % 
 Pannes du matériel……………………………………..128 H soit     8 % 
 Manque de camions…………………………………… 300 H  soit  19 % 
 Autres causes…………………………………………... 987 H soit   61 % 
        (Accomplissement formalités douanières, contrôle de qualité,  

                    phyto sanitaire, attentes documents de bord, fins  de shift etc.…)                       

 

 
 

 

 

 
 
 
 
 
 
 

 
Pannes 

Matériels 
8% 

 
Manque 
Camions 

19% 

 
Autres 

61% 

 
 Conditions 

Météo 
12% 



 

 

 

   Evolution de l’attente  et  du séjour des  navires 
2006/2007  

 

 Attente moyenne en rade  
 

Par rapport à l’exercice précédent, la durée moyenne d’attente des navires en rade a connu un 
accroissement de 0,03 jour. Elle passe ainsi de 0,82 jour  en 2006 à  0,85 jour en 2007 à cause 
de l’occupation des quais commerciaux par la présence d’une importante flottille de pêche.  
 

 Séjour moyen à quai  
 

Le séjour moyen à quai des navires passe de 2,72 jours en 2006 à 3,03 jours en 2007 en 
affichant une hausse de 0,31 jour du essentiellement au trafic important en sacheries unitaires et 
produits en sacs.  
                        U : Jours 
 
 

14 – Trafic manipulé par poste à quai   
 
Sur une capacité nominale fixée à 1.200.000 tonnes / an, le trafic de 865.804 tonnes  affiche un 
taux d’utilisation de 72,15 % sur les dix (10) postes à quai  utilisés à vocation commerciale. 

 

 1
er

 Bassin 2
ème

 Bassin 

Postes à quai P0 P1 P2 P3 P4 P5 NP1 et 2 P6 P7 

Longueur (Mètres) 117 135 135 135 135 135 217 140 140 

Tonnage par quai 125.738 19.128 80.146 25.916 51.338 197.460 171.476 - 194.602 

Rendement 2007 1.075 142 594 192 380 1.410 790 - 1.390 

 

NB: Le poste 6 est envahi par les embarcations de pêches. 
 

 
15 - Durée  des  attentes  et  arrêts des équipes de manutention 
 

Les temps d’attentes et arrêts des équipes de manutention ont atteint 2.114 heures. La répartition 
par cause d’arrêts est composée comme suit : 
 

 Conditions météorologiques………………………….........91 H  soit   5% 

Désignation 
Navires traités Attente Moyenne en Rade Séjour Moyen à Quai 

2006 2007 2006 2007 Ecart % 2006 2007 Ecart % 

Installations Spécialisées dont:          

 Céréales 25 26 1,14 1,33 17 6,10 4,52 -26  

 Sucre Roux - - - - - - - - 

 Bitume 9 3 0,47 0,36 -23 2,59 2,02 -22  

 Vin 2 1 0,64 0,52 -19 4,00 4,06 1  

 Mélasse 1 - 0,70 - - 4,03 - - 
 

Installations hors Spécial. dont :         

 Fers / Tubes 102 95 0,72 0,79 10  3,61 3,87 7  

 Bois 2 6 0,03 0,72 2300  4,09 2,92 -29  

 Ro/Ro 78 60 0,40 0,36 -10  0,83 0,95 14  

 Ciment 6 8 0,45 0,52 16  2,10 1,49 -29  

 Divers Cargos 134 153 1,04 0,84 -19  2,42 2,96 22  



 

 

 

 Pannes du matériel……………………………………........70 H  soit    3% 
 Manque de camions……………………………………… 429 H  soit  20% 

 Autres causes…………………………………………... 1.524 H  soit  72% 
(Accomplissement formalités douanières, contrôle de qualité, phyto sanitaire, attentes  
documents de bord, fins  de shift etc.…)                       

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Pannes 

Matériels 
3% 

 
Manque 
Camions 

20% 

 
Autres 
72% 

 
 Conditions 

Météo 
5% 



 

 

 

 Formalités administratives et douanières, contrôle  

de qualité, contrôle phyto sanitaire, attentes 

documents de bord, débuts et fins de shift 

etc………………………………………………………

 

   Evolution de l’attente  et  du séjour des  navires 
2007/2008  

 
 

 Attente moyenne en rade  
 

Par rapport à l’exercice précédent, la durée moyenne d’attente des navires en rade a connu un 
accroissement de 1,51 jours. Elle passe ainsi de 0,85 jour  en 2007 à 2,36 jours en 2008 à cause 
de l’occupation des quais commerciaux par la présence d’une importante flottille de pêche où 
quatre (04) postes sont totalement amputés sur les postes à vocation commerciale.  
 

 Séjour moyen à quai  
 

Le séjour moyen à quai des navires passe de 3,03 jours en 2007 à 3,65 jours en 2008 en 
affichant une hausse de 0.62 jour du essentiellement au trafic important de céréales et de ciment 
à l’exportation  

              

14 – Rendement des postes à quai          
 

 1
er

 Bassin 2
ème

 Bassin 

Postes à quai P0 P1 P2 P3 P4 P5 NP1 et 2 P6 P7 

Longueur (Mètres) 117 135 135 135 135 135 217 140 140 

Tonnage par quai 122.682 30.135 100.850 55.900 40.929 206.093 228.703 - 251.537 

Rendement 2008 1.049 223 747 414 303 1.472 1.054 - 1.797 

 

NB: Le poste 6 est envahi en permanence par les embarcations de pêches. 

 
15 - Attentes  et  arrêts des équipes de manutention 
 

Les temps d’attentes et arrêts des équipes de manutention ont atteint 1.797 heures. La répartition 
par cause d’arrêts est composée comme suit : 
 
             

  

Désignation 
Navires à l’Entrée Attente Moyenne en Rade Séjour Moyen à Quai 

2007 2008 2007 2008 Ecart % 2007 2008 Ecart % 

    Installations Spécialisées          

 Céréales 26 43 1,33 5,98 350  4,52 7,85 74  

 Sucre Roux - - - - - - - - 

 Bitume 3 16 0,36 1,06 194  2,02 3,23 60  

 Vin 1 1 0,52 1,74 235  4,06 0,92 -77  

 Mélasse - 2 - 4,11 - - 9,87 - 

Installations hors Spécial.          

 Fers / Tubes 95 91 0,79 1,15 46  3,87 3,61 -7  

 Bois 6 3 0,72 2,15 199  2,92 2,77 -5  

 Ro/Ro 60 38 0,36 0,71 97  0,95 1,08 14  

 Ciments 8 9 0,52 1,79 244  1,49 5,4 262  

Minerais 33 38 0,39 1,99 410  2,60 2,58 -1  

 Divers Cargos 120 107 1,06 2,72 157  3,08 3,29 7  



 

 

 

1.137  H   soit   63% 

 
 
 
 
   Pannes du matériel……………………………………........235 H   soit   13% 
   Manque de camions………………………………….…… 216  H   soit   12% 
   Conditions météorologiques………………………….........209 H   soit  12% 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Formalités 
Admin & 

douanière
s 

63% 

Panne du 
matériels 

13% 

Manque 
de 

camions 
12% 

Conditions 
météo 
12% 



 

 

 

U: Jour 

 
 
 
 
 
    

Evolution de l’attente  et  du séjour des  navires 
2008/2009  

 

 Attente moyenne en rade  
 

Par rapport à l’exercice précédent, la durée moyenne d’attente des navires en rade a connu un 

accroissement de 1,12 jour. Elle passe ainsi de 2,36 jours  en 2008 à 3,48 jours en 2009 à cause 
de l’occupation des quais commerciaux par la présence d’une importante flottille de pêche où 
quatre (04) postes sont totalement amputés sur les postes à vocation commerciale.  
 

 Séjour moyen à quai  
 

Le séjour moyen à quai des navires a connu une baisse de 0,15 jour passant de 3,65 à 3,50 jours 
en 2009. 

           

Désignation 
Navires à l’Entrée Attente Moyenne en Rade Séjour Moyen à Quai 

2008 2009 2008 2009 2008 2009 

Céréales 43 20 5,98 4,50 7,84 6,37 

Porte-conteneurs - - - - - - 

Ro-Ro 40 38 0,71 1,80 1,08 0,83 

Cargos (tous types de cargos)        

 Dont :    Fers / Tubes 91 92 1,15 4,72 3,61 4,97 

               Déchets ferreux - - - - - - 

               Bois 3 7 2,15 0,67 2,77 2,17 

               Ciments 9 16 1,79 2,30 5,40 4,03 

Pétroliers, méthaniers, butaniers  - - - - - - 

Autres tankers - - - - - - 



 

 

 

  Formalités administratives et douanières, contrôle  de qualité, contrôle phytosanitaire, 

attentes documents de bord, débuts et fins de shift 

etc……..……………………………………………….………. 

 1.524  H   soit   62% 

 
14 – Rendement des postes à quai          
 

 1
er

 Bassin 2
ème

 Bassin 

Postes à quai P0 P1 P2 P3 P4 P5 NP1 & 2 P6 P7 

Longueur (Mètres) 117 135 135 135 135 135 217 140 140 

Tonnage par quai 112.023 94.616 128.809 19.610 -  164.159 271.497  - 381.724 

Rendement 2009 957 701 954 145 - 1.173 1.251 - 2.727 

 

 
15 - Attentes  et  arrêts des équipes de manutention 
 

Les temps d’attentes et arrêts des équipes de manutention ont atteint 2.429 heures. La répartition 
par cause d’arrêts est composée comme suit : 
 
             

  
 
 
 
 
   Pannes du matériel……………………………………          310  H   soit   13% 
   Manque de camions……………………………….….          434  H   soit   18% 
   Conditions météorologiques…………………………          161  H   soit     7% 

 
 
                       

Bitumiers 16 25 1,06 2,50 3,23 2,82 

Minéraliers 38 22 1,99 1,71 2,35 3,29 

 Autres navires 108 145 2,72 0,57 5,50 4,84 



 

 

 

 

   ÉVOLUTION DU TRAFIC

 
   RÉPARTITION  DU  TRAFIC 

  Import  Export  Cabotage  total  taux

 Débarqué  1.122.143  -  -  1.122.143  96%

 Embarqué  -  50.296  -  50.296  4%

 Total  1.122.143  50.296  -  1.172.439  

 

 

 Indicateurs  2005  2006  2007  2008  2009
2010 (au 

 28/02)

Navires à 

 l'Entrée
 293  359  352  348  419

 

 Trafic en Tonne  750.071  841.763  865.804  1.036.829  1.172.439
 

032009 
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TABLE DU CHI-DEUX : 2(n) 

p 

p 

n 

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 
26 
27 
28 
29 
30 

0.90 

0,0158 
0,211 
0,584 
1,064 
1,610 
2,204 
2,833 
3,490 
4,168 
4,865 

5,578 
6,304 
7,042 
7,790 
8,547 
9,312 
10,085 
10,865 
11,651 
12,443 

13,240 
14,041 
14,848 
15,659 
16,473 
17,292 
18,114 
18,939 
19,768 
20,599 

0.80 

0,0642 
0,446 
1,005 
1,649 
2,343 
3,070 
3,822 
4,594 
5,380 
6,179 

6,989 
7,807 
8,634 
9,467 
10,307 
11,152 
12,002 
12,857 
13,716 
14,578 

15,445 
16,314 
17,187 
18,062 
18,940 
19,820 
20,703 
21,588 
22,475 
23,364 

2χ2 - 

0.70 

0,148 
0,713 
1,424 
2,195 
3,000 
3,828 
4,671 
5,527 
6,393 
7,267 

8,148 
9,034 
9,926 
10,821 
11,721 
12,624 
13,531 
14,440 
15,352 
16,266 

17,182 
18,101 
19,021 
19,943 
20,867 
21,792 
22,719 
23,647 
24,577 
25,508 

2n-1 N(0,1) 

0.50 

0,455 
1,386 
2,366 
3,357 
4,351 
5,348 
6,346 
7,344 
8,343 
9,342 

10,341 
11,340 
12,340 
13,339 
14,339 
15,338 
16,338 
17,338 
18,338 
19,337 

20,337 
21,337 
22,337 
23,337 
24,337 
25,336 
26,336 
27,336 
28,336 
29,336 

0.30 

1,074 
2,408 
3,665 
4,878 
6,064 
7,231 
8,383 
9,524 
10,656 
11,781 

12,899 
14,011 
15,119 
16,222 
17,322 
18,418 
19,511 
20,601 
21,689 
22,775 

23,858 
24,939 
26,018 
27,096 
28,172 
29,246 
30,319 
31,391 
32,461 
33,530 

0.20 

1,642 
3,219 
4,642 
5,989 
7,289 
8,558 
9,803 
11,030 
12,242 
13,442 

14,631 
15,812 
16,985 
18,151 
19,311 
20,465 
21,615 
22,760 
23,900 
25,038 

26,171 
27,301 
28,429 
29,553 
30,675 
31,795 
32,912 
34,027 
35,139 
36,250 

0.10 

2,706 
4,605 
6,251 
7,779 
9,236 
10,645 
12,017 
13,362 
14,684 
15,987 

17,275 
18,549 
19,812 
21,064 
22,307 
23,542 
24,769 
25,989 
27,204 
28,412 

29,615 
30,813 
32,007 
33,196 
34,382 
35,563 
36,741 
37,916 
39,087 
40,256 

0.05 

3,841 
5,991 
7,815 
9,488 
11,070 
12,592 
14,067 
15,507 
16,919 
18,307 

19,675 
21,026 
22,362 
23,685 
24,996 
26,296 
27,587 
28,869 
30,144 
31,410 

32,671 
33,924 
35,172 
36,415 
37,652 
38,885 
40,113 
41,337 
42,557 
43,773 

0.02 

5,412 
7,824 
9,837 
11,668 
13,388 
15,033 
16,622 
18,168 
19,679 
21,161 

22,618 
24,054 
25,472 
26,873 
28,259 
29,633 
30,995 
32,346 
33,687 
35,020 

36,343 
37,659 
38,968 
40,270 
41,566 
42,856 
44,140 
45,419 
46,693 
47,962 

0.01 

6,635 
9,210 
11,341 
13,277 
15,086 
16,812 
18,475 
20,090 
21,666 
23,209 

24,725 
26,217 
27,688 
29,141 
30,578 
32,000 
33,409 
34,805 
36,191 
37,566 

38,932 
40,289 
41,638 
42,980 
44,314 
45,642 
46,963 
48,278 
49,588 
50,892 

Pour n > 30, on peut admettre que 
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Erlang B Traffic Table 

  Maximum Offered Load Versus B and N 
              B is in % 
0.51.02510 

.0050 

.1054 

.3490 

.7012 
1.132 

1.622 
2.158 
2.730 
3.333 
3.961 

4.610 
5.279 
5.964 
6.663 
7.376 

8.100 
8.834 
9.578 
10.33 
11.09 

11.86 
12.64 
13.42 
14.20 
15.00 

15.80 
16.60 
17.41 
18.22 
19.03 

19.85 
20.68 
21.51 
22.34 
23.17 

24.01 
24.85 
25.69 
26.53 
27.38 

28.23 
29.09 
29.94 

.0101 

.1526 

.4555 

.8694 
1.361 

1.909 
2.501 
3.128 
3.783 
4.461 

5.160 
5.876 
6.607 
7.352 
8.108 

8.875 
9.652 
10.44 
11.23 
12.03 

12.84 
13.65 
14.47 
15.30 
16.13 

16.96 
17.80 
18.64 
19.49 
20.34 

21.19 
22.05 
22.91 
23.77 
24.64 

25.51 
26.38 
27.25 
28.13 
29.01 

29.89 
30.77 
31.66 

.0204 

.2235 

.6022 
1.092 
1.657 

2.276 
2.935 
3.627 
4.345 
5.084 

5.842 
6.615 
7.402 
8.200 
9.010 

9.828 
10.66 
11.49 
12.33 
13.18 

14.04 
14.90 
15.76 
16.63 
17.51 

18.38 
19.27 
20.15 
21.04 
21.93 

22.83 
23.73 
24.63 
25.53 
26.44 

27.34 
28.25 
29.17 
30.08 
31.00 

31.92 
32.84 
33.76 

.0526 

.3813 

.8994 
1.525 
2.219 

2.960 
3.738 
4.543 
5.370 
6.216 

7.076 
7.950 
8.835 
9.730 
10.63 

11.54 
12.46 
13.39 
14.32 
15.25 

16.19 
17.13 
18.08 
19.03 
19.99 

20.94 
21.90 
22.87 
23.83 
24.80 

25.77 
26.75 
27.72 
28.70 
29.68 

30.66 
31.64 
32.62 
33.61 
34.60 

35.58 
36.57 
37.57 

.1111 

.5954 
1.271 
2.045 
2.881 

3.758 
4.666 
5.597 
6.546 
7.511 

8.487 
9.474 
10.47 
11.47 
12.48 

13.50 
14.52 
15.55 
16.58 
17.61 

18.65 
19.69 
20.74 
21.78 
22.83 

23.89 
24.94 
26.00 
27.05 
28.11 

29.17 
30.24 
31.30 
32.37 
33.43 

34.50 
35.57 
36.64 
37.72 
38.79 

39.86 
40.94 
42.01 

N/B 

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 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 

0.01 

.0001 

.0142 

.0868 

.2347 

.4520 

.7282 
1.054 
1.422 
1.826 
2.260 

2.722 
3.207 
3.713 
4.239 
4.781 

5.339 
5.911 
6.496 
7.093 
7.701 

8.319 
8.946 
9.583 
10.23 
10.88 

11.54 
12.21 
12.88 
13.56 
14.25 

14.94 
15.63 
16.34 
17.04 
17.75 

18.47 
19.19 
19.91 
20.64 
21.37 

22.11 
22.85 
23.59 

0.05 

.0005 

.0321 

.1517 

.3624 

.6486 

.9957 
1.392 
1.830 
2.302 
2.803 

3.329 
3.878 
4.447 
5.032 
5.634 

6.250 
6.878 
7.519 
8.170 
8.831 

9.501 
10.18 
10.87 
11.56 
12.26 

12.97 
13.69 
14.41 
15.13 
15.86 

16.60 
17.34 
18.09 
18.84 
19.59 

20.35 
21.11 
21.87 
22.64 
23.41 

24.19 
24.97 
25.75 

0.1 

.0010 

.0458 

.1938 

.4393 

.7621 

1.146 
1.579 
2.051 
2.558 
3.092 

3.651 
4.231 
4.831 
5.446 
6.077 

6.722 
7.378 
8.046 
8.724 
9.412 

10.11 
10.81 
11.52 
12.24 
12.97 

13.70 
14.44 
15.18 
15.93 
16.68 

17.44 
18.21 
18.97 
19.74 
20.52 

21.30 
22.08 
22.86 
23.65 
24.44 

25.24 
26.04 
26.84 

15 

.1765 

.7962 
1.603 
2.501 
3.454 

4.445 
5.461 
6.498 
7.551 
8.616 

9.691 
10.78 
11.87 
12.97 
14.07 

15.18 
16.29 
17.41 
18.53 
19.65 

20.77 
21.90 
23.03 
24.16 
25.30 

26.43 
27.57 
28.71 
29.85 
31.00 

32.14 
33.28 
34.43 
35.58 
36.72 

37.87 
39.02 
40.17 
41.32 
42.48 

43.63 
44.78 
45.94 

20 

.2500 
1.000 
1.930 
2.945 
4.010 

5.109 
6.230 
7.369 
8.522 
9.685 

10.86 
12.04 
13.22 
14.41 
15.61 

16.81 
18.01 
19.22 
20.42 
21.64 

22.85 
24.06 
25.28 
26.50 
27.72 

28.94 
30.16 
31.39 
32.61 
33.84 

35.07 
36.30 
37.52 
38.75 
39.99 

41.22 
42.45 
43.68 
44.91 
46.15 

47.38 
48.62 
49.85 

30 

.4286 
1.449 
2.633 
3.891 
5.189 

6.514 
7.856 
9.213 
10.58 
11.95 

13.33 
14.72 
16.11 
17.50 
18.90 

20.30 
21.70 
23.10 
24.51 
25.92 

27.33 
28.74 
30.15 
31.56 
32.97 

34.39 
35.80 
37.21 
38.63 
40.05 

41.46 
42.88 
44.30 
45.72 
47.14 

48.56 
49.98 
51.40 
52.82 
54.24 

55.66 
57.08 
58.50 

40 

.6667 
2.000 
3.480 
5.021 
6.596 

8.191 
9.800 
11.42 
13.05 
14.68 

16.31 
17.95 
19.60 
21.24 
22.89 

24.54 
26.19 
27.84 
29.50 
31.15 

32.81 
34.46 
36.12 
37.78 
39.44 

41.10 
42.76 
44.41 
46.07 
47.74 

49.40 
51.06 
52.72 
54.38 
56.04 

57.70 
59.37 
61.03 
62.69 
64.35 

66.02 
67.68 
69.34 

06 



 

 

 

44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

24.33 
25.08 

25.83 
26.59 
27.34 
28.10 
28.87 

29.63 
30.40 
31.17 
31.94 
32.72 

33.49 
34.27 
35.05 
35.84 
36.62 

37.41 
38.20 
38.99 
39.78 
40.58 

41.38 
42.17 
42.97 
43.77 
44.58 

45.38 
46.19 
47.00 
47.81 
48.62 

49.43 
50.24 
51.05 
51.87 
52.69 

53.51 
54.33 
55.15 
55.97 
56.79 

57.62 
58.44 
59.27 
60.10 
60.92 

26.53 
27.32 

28.11 
28.90 
29.70 
30.49 
31.29 

32.09 
32.90 
33.70 
34.51 
35.32 

36.13 
36.95 
37.76 
38.58 
39.40 

40.22 
41.05 
41.87 
42.70 
43.52 

44.35 
45.18 
46.02 
46.85 
47.68 

48.52 
49.36 
50.20 
51.04 
51.88 

52.72 
53.56 
54.41 
55.25 
56.10 

56.95 
57.80 
58.65 
59.50 
60.35 

61.21 
62.06 
62.92 
63.77 
64.63 

27.64 
28.45 

29.26 
30.07 
30.88 
31.69 
32.51 

33.33 
34.15 
34.98 
35.80 
36.63 

37.46 
38.29 
39.12 
39.96 
40.80 

41.63 
42.47 
43.31 
44.16 
45.00 

45.85 
46.69 
47.54 
48.39 
49.24 

50.09 
50.94 
51.80 
52.65 
53.51 

54.37 
55.23 
56.09 
56.95 
57.81 

58.67 
59.54 
60.40 
61.27 
62.14 

63.00 
63.87 
64.74 
65.61 
66.48 

30.80 
31.66 

32.52 
33.38 
34.25 
35.11 
35.98 

36.85 
37.72 
38.60 
39.47 
40.35 

41.23 
42.11 
42.99 
43.87 
44.76 

45.64 
46.53 
47.42 
48.31 
49.20 

50.09 
50.98 
51.87 
52.77 
53.66 

54.56 
55.46 
56.35 
57.25 
58.15 

59.05 
59.96 
60.86 
61.76 
62.67 

63.57 
64.48 
65.39 
66.29 
67.20 

68.11 
69.02 
69.93 
70.84 
71.76 

32.54 
33.43 

34.32 
35.22 
36.11 
37.00 
37.90 

38.80 
39.70 
40.60 
41.51 
42.41 

43.32 
44.22 
45.13 
46.04 
46.95 

47.86 
48.77 
49.69 
50.60 
51.52 

52.44 
53.35 
54.27 
55.19 
56.11 

57.03 
57.96 
58.88 
59.80 
60.73 

61.65 
62.58 
63.51 
64.43 
65.36 

66.29 
67.22 
68.15 
69.08 
70.02 

70.95 
71.88 
72.82 
73.75 
74.68 

34.68 
35.61 

36.53 
37.46 
38.39 
39.32 
40.26 

41.19 
42.12 
43.06 
44.00 
44.94 

45.88 
46.82 
47.76 
48.70 
49.64 

50.59 
51.53 
52.48 
53.43 
54.38 

55.33 
56.28 
57.23 
58.18 
59.13 

60.08 
61.04 
61.99 
62.95 
63.90 

64.86 
65.81 
66.77 
67.73 
68.69 

69.65 
70.61 
71.57 
72.53 
73.49 

74.45 
75.42 
76.38 
77.34 
78.31 

38.56 
39.55 

40.55 
41.54 
42.54 
43.53 
44.53 

45.53 
46.53 
47.53 
48.54 
49.54 

50.54 
51.55 
52.55 
53.56 
54.57 

55.57 
56.58 
57.59 
58.60 
59.61 

60.62 
61.63 
62.64 
63.65 
64.67 

65.68 
66.69 
67.71 
68.72 
69.74 

70.75 
71.77 
72.79 
73.80 
74.82 

75.84 
76.86 
77.87 
78.89 
79.91 

80.93 
81.95 
82.97 
83.99 
85.01 

43.09 
44.17 

45.24 
46.32 
47.40 
48.48 
49.56 

50.64 
51.73 
52.81 
53.89 
54.98 

56.06 
57.14 
58.23 
59.32 
60.40 

61.49 
62.58 
63.66 
64.75 
65.84 

66.93 
68.02 
69.11 
70.20 
71.29 

72.38 
73.47 
74.56 
75.65 
76.74 

77.83 
78.93 
80.02 
81.11 
82.20 

83.30 
84.39 
85.48 
86.58 
87.67 

88.77 
89.86 
90.96 
92.05 
93.15 

47.09 
48.25 

49.40 
50.56 
51.71 
52.87 
54.03 

55.19 
56.35 
57.50 
58.66 
59.82 

60.98 
62.14 
63.31 
64.47 
65.63 

66.79 
67.95 
69.11 
70.28 
71.44 

72.60 
73.77 
74.93 
76.09 
77.26 

78.42 
79.59 
80.75 
81.92 
83.08 

84.25 
85.41 
86.58 
87.74 
88.91 

90.08 
91.24 
92.41 
93.58 
94.74 

95.91 
97.08 
98.25 
99.41 
100.6 

51.09 
52.32 

53.56 
54.80 
56.03 
57.27 
58.51 

59.75 
60.99 
62.22 
63.46 
64.70 

65.94 
67.18 
68.42 
69.66 
70.90 

72.14 
73.38 
74.63 
75.87 
77.11 

78.35 
79.59 
80.83 
82.08 
83.32 

84.56 
85.80 
87.05 
88.29 
89.53 

90.78 
92.02 
93.26 
94.51 
95.75 

96.99 
98.24 
99.48 
100.7 
102.0 

103.2 
104.5 
105.7 
107.0 
108.2 

59.92 
61.35 

62.77 
64.19 
65.61 
67.04 
68.46 

69.88 
71.31 
72.73 
74.15 
75.58 

77.00 
78.43 
79.85 
81.27 
82.70 

84.12 
85.55 
86.97 
88.40 
89.82 

91.25 
92.67 
94.10 
95.52 
96.95 

98.37 
99.80 
101.2 
102.7 
104.1 

105.5 
106.9 
108.4 
109.8 
111.2 

112.6 
114.1 
115.5 
116.9 
118.3 

119.8 
121.2 
122.6 
124.0 
125.5 

71.01 
72.67 

74.33 
76.00 
77.66 
79.32 
80.99 

82.65 
84.32 
85.98 
87.65 
89.31 

90.97 
92.64 
94.30 
95.97 
97.63 

99.30 
101.0 
102.6 
104.3 
106.0 

107.6 
109.3 
111.0 
112.6 
114.3 

116.0 
117.6 
119.3 
120.9 
122.6 

124.3 
125.9 
127.6 
129.3 
130.9 

132.6 
134.3 
135.9 
137.6 
139.3 

140.9 
142.6 
144.3 
145.9 
147.6 



 

 

 

91 
92 
93 
94 
95 

 96 
 97 
 98 
 99 
100 

61.75 
62.58 
63.42 
64.25 
65.08 

65.92 
66.75 
67.59 
68.43 
69.27 

65.49 
66.35 
67.21 
68.07 
68.93 

69.79 
70.65 
71.52 
72.38 
7~.25 

67.36 
68.23 
69.10 
69.98 
70.85 

71.73 
72.61 
73.48 
74.36 
75.24 

72.67 
73.58 
74.50 
75.41 
76.33 

77.24 
78.16 
79.07 
79.99 
80.91 

75.62 
76.56 
77.49 
78.43 
79.37 

80.31 
81.25 
82.18 
83.12 
84.06 

79.27 
80.24 
81.20 
82.17 
83.13 

84.10 
85.07 
86.04 
87.00 
87.97 

86.04 
87.06 
88.08 
89.10 
90.12 

91.15 
92.17 
93.19 
94.22 
95.24 

94.24 
95.34 
96.43 
97.53 
98.63 

99.72 
100.8 
101.9 
103.0 
104.1 

101.8 
102.9 
104.1 
105.3 
106.4 

107.6 
108.8 
109.9 
111.1 
112.3 

109.4 
110.7 
111.9 
113.2 
114.4 

115.7 
116.9 
118.2 
119.4 
120.6 

126.9 
128.3 
129.8 
131.2 
132.6 

134.0 
135.5 
136.9 
138.3 
139.7 

149.3 
150.9 
152.6 
154.3 
155.9 

157.6 
159.3 
160.9 
162.6 
164.3 

N is the number of servers. The numerical column headings indicate blocking probability B in %. Table generated by Dan Dexter 



 

 

 

Erlang C Traffic Table 

    Maximum Offered Load Versus B and N 
                B is in % 
0.51.02510 

.0050 

.1025 

.3339 

.6641 
1.065 

1.519 
2.014 
2.543 
3.100 
3.679 

4.279 
4.896 
5.529 
6.175 
6.833 

7.502 
8.182 
8.871 
9.568 
10.27 

10.99 
11.70 
12.43 
13.16 
13.90 

14.64 
15.38 
16.14 
16.89 
17.65 

18.42 
19.18 
19.95 
20.73 
21.51 

22.29 
23.07 
23.86 
24.65 
25.44 

26.23 
27.03 
27.83 

.0100 

.1465 

.4291 

.8100 
1.259 

1.758 
2.297 
2.866 
3.460 
4.077 

4.712 
5.363 
6.028 
6.705 
7.394 

8.093 
8.801 
9.518 
10.24 
10.97 

11.71 
12.46 
13.21 
13.96 
14.72 

15.49 
16.26 
17.03 
17.81 
18.59 

19.37 
20.16 
20.95 
21.75 
22.55 

23.35 
24.15 
24.96 
25.77 
26.58 

27.39 
28.21 
29.02 

.0200 

.2103 

.5545 

.9939 
1.497 

2.047 
2.633 
3.246 
3.883 
4.540 

5.213 
5.901 
6.602 
7.313 
8.035 

8.766 
9.505 
10.25 
11.01 
11.77 

12.53 
13.30 
14.08 
14.86 
15.65 

16.44 
17.23 
18.03 
18.83 
19.64 

20.45 
21.26 
22.07 
22.89 
23.71 

24.53 
25.36 
26.18 
27.01 
27.84 

28.68 
29.51 
30.35 

.0500 

.3422 

.7876 
1.319 
1.905 

2.532 
3.188 
3.869 
4.569 
5.285 

6.015 
6.758 
7.511 
8.273 
9.044 

9.822 
10.61 
11.40 
12.20 
13.00 

13.81 
14.62 
15.43 
16.25 
17.08 

17.91 
18.74 
19.57 
20.41 
21.25 

22.09 
22.93 
23.78 
24.63 
25.48 

26.34 
27.19 
28.05 
28.91 
29.77 

30.63 
31.50 
32.36 

.1000 

.5000 
1.040 
1.653 
2.313 

3.007 
3.725 
4.463 
5.218 
5.986 

6.765 
7.554 
8.352 
9.158 
9.970 

10.79 
11.61 
12.44 
13.28 
14.12 

14.96 
15.81 
16.65 
17.51 
18.36 

19.22 
20.08 
20.95 
21.82 
22.68 

23.56 
24.43 
25.30 
26.18 
27.06 

27.94 
28.82 
29.71 
30.59 
31.48 

32.37 
33.26 
34.15 

N/B 

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 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 

0.01 

.0001 

.0142 

.0860 

.2310 

.4428 

.7110 
1.026 
1.382 
1.771 
2.189 

2.634 
3.100 
3.587 
4.092 
4.614 

5.150 
5.699 
6.261 
6.835 
7.419 

8.013 
8.616 
9.228 
9.848 
10.48 

11.11 
11.75 
12.40 
13.05 
13.71 

14.38 
15.05 
15.72 
16.40 
17.09 

17.78 
18.47 
19.17 
19.87 
20.58 

21.28 
22.00 
22.71 

0.05 

.0005 

.0319 

.1490 

.3533 

.6289 

.9616 
1.341 
1.758 
2.208 
2.685 

3.186 
3.708 
4.248 
4.805 
5.377 

5.962 
6.560 
7.169 
7.788 
8.417 

9.055 
9.702 
10.36 
11.02 
11.69 

12.36 
13.04 
13.73 
14.42 
15.12 

15.82 
16.53 
17.24 
17.95 
18.67 

19.39 
20.12 
20.85 
21.59 
22.33 

23.07 
23.81 
24.56 

0.1 

.0010 

.0452 

.1894 

.4257 

.7342 

1.099 
1.510 
1.958 
2.436 
2.942 

3.470 
4.018 
4.584 
5.166 
5.762 

6.371 
6.991 
7.622 
8.263 
8.914 

9.572 
10.24 
10.91 
11.59 
12.28 

12.97 
13.67 
14.38 
15.09 
15.80 

16.52 
17.25 
17.97 
18.71 
19.44 

20.18 
20.92 
21.67 
22.42 
23.17 

23.93 
24.69 
25.45 

15 

.1500 

.6278 
1.231 
1.899 
2.607 

3.344 
4.103 
4.878 
5.668 
6.469 

7.280 
8.099 
8.926 
9.760 
10.60 

11.44 
12.29 
13.15 
14.01 
14.87 

15.73 
16.60 
17.47 
18.35 
19.22 

20.10 
20.98 
21.87 
22.75 
23.64 

24.53 
25.42 
26.32 
27.21 
28.11 

29.00 
29.90 
30.80 
31.71 
32.61 

33.51 
34.42 
35.33 

20 

.2000 

.7403 
1.393 
2.102 
2.847 

3.617 
4.406 
5.210 
6.027 
6.853 

7.688 
8.530 
9.379 
10.23 
11.09 

11.96 
12.83 
13.70 
14.58 
15.45 

16.34 
17.22 
18.11 
19.00 
19.89 

20.79 
21.68 
22.58 
23.48 
24.38 

25.29 
26.19 
27.10 
28.01 
28.92 

29.83 
30.74 
31.65 
32.57 
33.48 

34.40 
35.32 
36.23 

30 

.3000 

.9390 
1.667 
2.440 
3.241 

4.062 
4.897 
5.744 
6.600 
7.465 

8.336 
9.212 
10.09 
10.98 
11.87 

12.77 
13.66 
14.56 
15.47 
16.37 

17.28 
18.19 
19.10 
20.02 
20.93 

21.85 
22.77 
23.69 
24.61 
25.54 

26.46 
27.39 
28.31 
29.24 
30.17 

31.10 
32.03 
32.97 
33.90 
34.83 

35.77 
36.70 
37.64 

40 

.4000 
1.117 
1.903 
2.725 
3.569 

4.428 
5.298 
6.178 
7.065 
7.959 

8.857 
9.761 
10.67 
11.58 
12.49 

13.41 
14.33 
15.25 
16.18 
17.10 

18.03 
18.96 
19.89 
20.82 
21.76 

22.69 
23.63 
24.57 
25.50 
26.44 

27.38 
28.33 
29.27 
30.21 
31.16 

32.10 
33.05 
34.00 
34.94 
35.89 

36.84 
37.79 
38.74 



 

 

 

44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

23.43 
24.15 

24.88 
25.60 
26.34 
27.07 
27.80 

28.54 
29.28 
30.03 
30.77 
31.52 

32.27 
33.03 
33.78 
34.54 
35.30 

36.06 
36.82 
37.59 
38.35 
39.12 

39.89 
40.66 
41.44 
42.21 
42.99 

43.77 
44.55 
45.33 
46.11 
46.90 

47.68 
48.47 
49.26 
50.05 
50.84 

51.63 
52.43 
53.22 
54.02 
54.81 

55.61 
56.41 
57.21 
58.02 
58.82 

25.31 
26.06 

26.82 
27.57 
28.33 
29.10 
29.86 

30.63 
31.40 
32.17 
32.95 
33.72 

34.50 
35.28 
36.06 
36.85 
37.63 

38.42 
39.21 
40.00 
40.80 
41.59 

42.39 
43.18 
43.98 
44.78 
45.58 

46.39 
47.19 
48.00 
48.81 
49.61 

50.42 
51.23 
52.05 
52.86 
53.68 

54.49 
55.31 
56.13 
56.95 
57.77 

58.59 
59.41 
60.23 
61.06 
61.88 

26.22 
26.98 

27.75 
28.52 
29.30 
30.08 
30.86 

31.64 
32.42 
33.21 
33.99 
34.78 

35.57 
36.37 
37.16 
37.96 
38.76 

39.56 
40.36 
41.16 
41.97 
42.78 

43.58 
44.39 
45.20 
46.02 
46.83 

47.64 
48.46 
49.28 
50.10 
50.92 

51.74 
52.56 
53.38 
54.21 
55.03 

55.86 
56.69 
57.52 
58.35 
59.18 

60.01 
60.84 
61.67 
62.51 
63.34 

28.63 
29.44 

30.24 
31.05 
31.86 
32.68 
33.49 

34.31 
35.12 
35.94 
36.76 
37.59 

38.41 
39.24 
40.07 
40.90 
41.73 

42.56 
43.39 
44.23 
45.06 
45.90 

46.74 
47.58 
48.42 
49.26 
50.10 

50.95 
51.79 
52.64 
53.49 
54.34 

55.19 
56.04 
56.89 
57.74 
58.60 

59.45 
60.30 
61.16 
62.02 
62.88 

63.73 
64.59 
65.45 
66.32 
67.18 

29.84 
30.67 

31.49 
32.32 
33.14 
33.97 
34.80 

35.64 
36.47 
37.31 
38.15 
38.99 

39.83 
40.67 
41.51 
42.36 
43.20 

44.05 
44.90 
45.75 
46.60 
47.45 

48.30 
49.16 
50.01 
50.87 
51.73 

52.59 
53.45 
54.31 
55.17 
56.03 

56.89 
57.76 
58.62 
59.49 
60.36 

61.22 
62.09 
62.96 
63.83 
64.70 

65.57 
66.45 
67.32 
68.19 
69.07 

31.19 
32.03 

32.87 
33.72 
34.56 
35.41 
36.26 

37.11 
37.97 
38.82 
39.67 
40.53 

41.39 
42.25 
43.11 
43.97 
44.83 

45.70 
46.56 
47.43 
48.30 
49.16 

50.03 
50.90 
51.77 
52.65 
53.52 

54.39 
55.27 
56.14 
57.02 
57.90 

58.78 
59.65 
60.53 
61.41 
62.30 

63.18 
64.06 
64.94 
65.83 
66.71 

67.60 
68.48 
69.37 
70.26 
71.15 

33.23 
34.10 

34.97 
35.84 
36.72 
37.59 
38.47 

39.35 
40.23 
41.10 
41.99 
42.87 

43.75 
44.64 
45.52 
46.41 
47.29 

48.18 
49.07 
49.96 
50.85 
51.74 

52.64 
53.53 
54.42 
55.32 
56.21 

57.11 
58.01 
58.90 
59.80 
60.70 

61.60 
62.50 
63.40 
64.30 
65.21 

66.11 
67.01 
67.92 
68.82 
69.73 

70.63 
71.54 
72.45 
73.35 
74.26 

35.04 
35.93 

36.83 
37.72 
38.62 
39.52 
40.42 

41.32 
42.22 
43.12 
44.02 
44.93 

45.83 
46.74 
47.64 
48.55 
49.46 

50.37 
51.27 
52.18 
53.10 
54.01 

54.92 
55.83 
56.75 
57.66 
58.57 

59.49 
60.41 
61.32 
62.24 
63.16 

64.07 
64.99 
65.91 
66.83 
67.75 

68.67 
69.59 
70.52 
71.44 
72.36 

73.28 
74.21 
75.13 
76.06 
76.98 

36.23 
37.14 

38.05 
38.96 
39.87 
40.79 
41.70 

42.61 
43.53 
44.44 
45.36 
46.28 

47.20 
48.12 
49.04 
49.96 
50.88 

51.80 
52.72 
53.64 
54.57 
55.49 

56.42 
57.34 
58.27 
59.20 
60.12 

61.05 
61.98 
62.91 
63.84 
64.76 

65.69 
66.63 
67.56 
68.49 
69.42 

70.35 
71.28 
72.22 
73.15 
74.08 

75.02 
75.95 
76.89 
77.82 
78.76 

37.15 
38.07 

39.00 
39.92 
40.84 
41.76 
4?,69 

43.61 
44.54 
45.47 
46.39 
47.32 

48.25 
49.18 
50.11 
51.04 
51.97 

52.90 
53.83 
54.77 
55.70 
56.63 

57.57 
58.50 
59.44 
60.37 
61.31 

62.25 
63.18 
64.12 
65.06 
66.00 

66.94 
67.88 
68.82 
69.76 
70.70 

71.64 
72.58 
73.52 
74.46 
75.40 

76.35 
77.29 
78.23 
79.18 
80.12 

38.58 
39.51 

40.45 
41.39 
42.33 
43.27 
44.21 

45.15 
46.10 
47.04 
47.98 
48.93 

49.87 
50.82 
51.76 
52.71 
53.65 

54.60 
55.55 
56.49 
57.44 
58.39 

59.34 
60.29 
61.24 
62.19 
63.14 

64.09 
65.04 
65.99 
66.94 
67.89 

68.85 
69.80 
70.75 
71.70 
72.66 

73.61 
74.57 
75.52 
76.47 
77.43 

78.38 
79.34 
80.30 
81.25 
82.21 

39.69 
40.64 

41.59 
42.54 
43.50 
44.45 
45.40 

46.36 
47.31 
48.27 
49.22 
50.18 

51.13 
52.09 
53.05 
54.01 
54.96 

55.92 
56.88 
57.84 
58.80 
59.76 

60.72 
61.68 
62.64 
63.60 
64.56 

65.52 
66.48 
67.44 
68.40 
69.37 

70.33 
71.29 
72.25 
73.22 
74.18 

75.14 
76.11 
77.07 
78.04 
79.00 

79.97 
80.93 
81.90 
82.86 
83.83 



 

 

 

91 
92 
93 
94 
95 

 96 
 97 
 98 
 99 
100 

59.62 
60.43 
61.23 
62.04 
62.85 

63.66 
64.47 
65.28 
66.09 
66.91 

62.71 
63.54 
64.36 
65.19 
66.02 

66.85 
67.69 
68.52 
69.35 
70.19 

64.18 
65.02 
65.86 
66.70 
67.54 

68.38 
69.22 
70.06 
70.90 
71.75 

68.04 
68.90 
69.77 
70.63 
71.50 

72.36 
73.23 
74.10 
74.97 
75.84 

69.94 
70.82 
71.70 
72.57 
73.45 

74.33 
75.21 
76.09 
76.97 
77.85 

72.04 
72.92 
73.81 
74.71 
75.60 

76.49 
77.38 
78.27 
79.17 
80.06 

75.17 
76.08 
76.99 
77.90 
78.81 

79.72 
80.63 
81.54 
82.46 
83.37 

77.91 
78.83 
79.76 
80.69 
81.61 

82.54 
83.47 
84.39 
85.32 
86.25 

79.69 
80.63 
81.57 
82.50 
83.44 

84.38 
85.32 
86.26 
87.20 
88.13 

81.06 
82.01 
82.95 
83.90 
84.84 

85.79 
86.74 
87.68 
88.63 
89.58 

83.16 
84.12 
85.08 
86.03 
86.99 

87.95 
88.91 
89.87 
90.82 
91.78 

84.79 
85.76 
86.73 
87.69 
88.66 

89.62 
90.59 
91.56 
92.53 
93.49 

N is the number of servers. The numerical column headings indicate blocking probability B in %. Table generated by Dan Dexter 



 

 

 

Poisson Traffic Table 

   Maximum Offered Load Versus B and N 
               B is in % 
0.51.02510 

.0050 

.1035 

.3379 

.6722 
1.970 

1.537 
2.037 
2.571 
3.132 
3.717 

4.321 
4.943 
5.580 
6.231 
6.893 

7.567 
8.251 
8.943 
9.645 
10.35 

11.07 
11.79 
12.52 
13.26 
14.00 

14.74 
15.49 
16.25 
17.00 
17.77 

18.53 
19.31 
20.08 
20.86 
21.64 

22.42 
23.21 
24.00 
24.79 
25.59 

26.38 
27.18 
27.99 

.0101 

.1486 

.4360 

.8232 
2.433 

1.785 
2.330 
2.906 
3.508 
4.130 

4.771 
5.428 
6.099 
6.782 
7.477 

8.181 
8.895 
9.616 
10.35 
11.08 

11.83 
12.57 
13.33 
14.09 
14.85 

15.62 
16.40 
17.18 
17.96 
18.74 

19.53 
20.32 
21.12 
21.92 
22.72 

23.53 
24.33 
25.14 
25.96 
26.77 

27.59 
28.41 
29.23 

.0202 

.2147 

.5672 
1.016 
2.785 

2.089 
2.684 
3.307 
3.953 
4.618 

5.300 
5.996 
6.704 
7.424 
8.153 

8.891 
9.638 
10.39 
11.15 
11.92 

12.69 
13.47 
14.25 
15.04 
15.83 

16.63 
17.43 
18.23 
19.04 
19.85 

20.66 
21.48 
22.30 
23.12 
23.95 

24.77 
25.60 
26.44 
27.27 
28.11 

28.95 
29.79 
30.63 

.0513 

.3554 

.8177 
1.366 
3.090 

2.613 
3.285 
3.981 
4.695 
5.425 

6.169 
6.924 
7.690 
8.464 
9.246 

10.04 
10.83 
11.63 
12.44 
13.26 

14.07 
14.89 
15.72 
16.55 
17.38 

18.22 
19.06 
19.90 
20.75 
21.59 

22.45 
23.30 
24.15 
25.01 
25.87 

26.73 
27.60 
28.46 
29.33 
30.20 

31.07 
31.94 
32.81 

.1054 

.5318 
1.102 
1.745 
3.634 

3.152 
3.895 
4.656 
5.433 
6.221 

7.021 
7.829 
8.646 
9.470 
10.30 

11.14 
11.98 
12.82 
13.67 
14.53 

15.38 
16.24 
17.11 
17.98 
18.84 

19.72 
20.59 
21.47 
22.35 
23.23 

24.11 
25.00 
25.89 
26.77 
27.66 

28.56 
29.45 
30.35 
31.24 
32.14 

33.04 
33.94 
34.84 

N/B 

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 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 

0.01 

.0001 

.0142 

.0862 

.2318 
1.078 

.7137 
1.030 
1.387 
1.778 
2.198 

2.643 
3.112 
3.600 
4.106 
4.629 

5.167 
5.718 
6.281 
6.856 
7.442 

8.037 
8.642 
9.255 
9.876 
10.50 

11.14 
11.78 
12.43 
13.09 
13.75 

14.42 
15.09 
15.76 
16.44 
17.13 

17.82 
18.52 
19.21 
19.92 
20.62 

21.33 
22.05 
22.76 

0.05 

.0005 

.0320 

.1497 

.3552 
1.279 

.9672 
1.348 
1.768 
2.220 
2.699 

3.202 
3.726 
4.269 
4.828 
5.402 

5.990 
6.590 
7.201 
7.822 
8.453 

9.093 
9.741 
10.40 
11.06 
11.73 

12.41 
13.09 
13.78 
14.47 
15.17 

15.87 
16.58 
17.30 
18.01 
18.73 

19.46 
20.19 
20.92 
21.66 
22.40 

23.14 
23.88 
24.63 

0.1 

.0010 

.0454 

.1905 

.4286 
1.530 

1.107 
1.520 
1.971 
2.452 
2.961 

3.492 
4.042 
4.611 
5.195 
5.794 

6.405 
7.028 
7.662 
8.306 
8.958 

9.619 
10.29 
10.96 
11.65 
12.34 

13.03 
13.73 
14.44 
15.15 
15.87 

16.59 
17.32 
18.05 
18.78 
19.52 

20.26 
21.01 
21.75 
22.51 
23.26 

24.02 
24.78 
25.54 

15 

.1625 

.6832 
1.331 
2.039 
4.148 

3.557 
4.348 
5.155 
5.973 
6.802 

7.639 
8.484 
9.336 
10.19 
11.06 

11.92 
12.79 
13.67 
14.55 
15.43 

16.31 
17.20 
18.09 
18.98 
19.88 

20.77 
21.67 
22.57 
23.48 
24.38 

25.29 
26.19 
27.10 
28.01 
28.92 

29.84 
30.75 
31.66 
32.58 
33.50 

34.42 
35.33 
36.26 

20 

.2231 

.8244 
1.535 
2.297 

3.904 
4.734 
5.576 
6.429 
7.289 

8.157 
9.031 
9.910 
10.79 
11.68 

12.57 
13.47 
14.37 
15.27 
16.17 

17.08 
17.99 
18.90 
19.81 
20.73 

21.64 
22.56 
23.48 
24.40 
25.32 

26.24 
27.17 
28.09 
29.02 
29.95 

30.88 
31.81 
32.74 
33.67 
34.60 

35.54 
36.47 
37.41 

30 

.3567 
1.097 
1.914 
2.764 

4.517 
5.411 
6.312 
7.220 
8.133 

9.050 
9.972 
10.90 
11.82 
12.75 

13.69 
14.62 
15.56 
16.50 
17.44 

18.38 
19.32 
20.27 
21.21 
22.16 

23.10 
24.05 
25.00 
25.95 
26.91 

27.86 
28.81 
29.76 
30.72 
31.67 

32.63 
33.59 
34.54 
35.50 
36.46 

37.42 
38.38 
39.34 

40 

.5108 
1.376 
2.285 
3.211 

5.091 
6.039 
6.991 
7.947 
8.904 

9.864 
10.83 
11.79 
12.76 
13.72 

14.69 
15.66 
16.63 
17.60 
18.57 

19.54 
20.51 
21.48 
22.46 
23.43 

24.41 
25.38 
26.36 
27.33 
28.31 

29.29 
30.26 
31.24 
32.22 
33.20 

34.18 
35.16 
36.14 
37.11 
38.09 

39.07 
40.05 
41.04 

 07  



 

 

 

44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

23.48 
24.20 

24.93 
25.66 
26.39 
27.13 
27.86 

28.60 
29.34 
30.09 
30.84 
31.59 

32.34 
33.09 
33.85 
34.60 
35.36 

36.13 
36.89 
37.66 
38.42 
39.19 

39.96 
40.74 
41.51 
42.29 
43.07 

43.84 
44.63 
45.41 
46.19 
46.98 

47.76 
48.55 
49.34 
50.13 
50.92 

51.72 
52.51 
53.31 
54.10 
54.90 

55.70 
56.50 
57.31 
58.11 
58.91 

25.38 
26.14 

26.90 
27.65 
28.42 
29.18 
29.95 

30.72 
31.49 
32.26 
33.04 
33.82 

34.60 
35.38 
36.16 
36.95 
37.73 

38.52 
39.31 
40.11 
40.90 
41.70 

42.49 
43.29 
44.09 
44.89 
45.70 

46.50 
47.31 
48.11 
48.92 
49.73 

50.54 
51.36 
52.17 
52.98 
53.80 

54.62 
55.43 
56.25 
57.07 
57.89 

58.72 
59.54 
60.37 
61.19 
62.02 

26.31 
27.08 

27.85 
28.62 
29.40 
30.18 
30.96 

31.74 
32.53 
33.31 
34.10 
34.90 

35.69 
36.48 
37.28 
38.08 
38.88 

39.68 
40.48 
41.29 
42.09 
42.90 

43.71 
44.52 
45.33 
46.15 
46.96 

47.78 
48.60 
49.42 
50.24 
51.06 

51.88 
52.70 
53.53 
54.35 
55.18 

56.01 
56.84 
57.67 
58.50 
59.33 

60.16 
61.00 
61.83 
62.67 
63.51 

28.79 
29.60 

30.41 
31.22 
32.03 
32.85 
33.66 

34.48 
35.30 
36.13 
36.95 
37.78 

38.60 
39.43 
40.26 
41.09 
41.93 

42.76 
43.60 
44.43 
45.27 
46.11 

46.95 
47.79 
48.64 
49.48 
50.33 

51.17 
52.02 
52.87 
53.72 
54.57 

55.42 
56.28 
57.13 
57.98 
58.84 

59.70 
60.55 
61.41 
62.27 
63.13 

63.99 
64.85 
65.72 
66.58 
67.44 

30.05 
30.88 

31.71 
32.53 
33.37 
34.20 
35.03 

35.87 
36.71 
37.55 
38.39 
39.23 

40.07 
40.92 
41.77 
42.61 
43.46 

44.31 
45.16 
46.02 
46.87 
47.73 

48.58 
49.44 
50.30 
51.16 
52.02 

52.88 
53.74 
54.60 
55.47 
56.33 

57.20 
58.07 
58.94 
59.80 
60.67 

61.54 
62.41 
63.29 
64.16 
65.03 

65.91 
66.78 
67.66 
68.53 
69.41 

31.47 
32.32 

33.17 
34.01 
34.87 
35.72 
36.57 

37.43 
38.28 
39.14 
40.00 
40.86 

41.72 
42.59 
43.45 
44.32 
45.18 

46.05 
46.92 
47.79 
48.66 
49.53 

50.41 
51.28 
52.16 
53.03 
53.91 

54.79 
55.66 
56.54 
57.42 
58.30 

59.19 
60.07 
60.95 
61.84 
62.72 

63.61 
64.49 
65.38 
66.27 
67.15 

68.04 
68.93 
69.82 
70.71 
71.61 

33.69 
34.56 

35.44 
36.32 
37.20 
38.08 
38.97 

39.85 
40.73 
41.62 
42.51 
43.40 

44.29 
45.18 
46.07 
46.96 
47.85 

48.75 
49.64 
50.54 
51.43 
52.33 

53.23 
54.13 
55.03 
55.93 
56.83 

57.73 
58.63 
59.54 
60.44 
61.35 

62.25 
63.16 
64.06 
64.97 
65.88 

66.79 
67.70 
68.60 
69.51 
70.43 

71.34 
72.25 
73.16 
74.07 
74.98 

35.74 
36.65 

37.55 
38.46 
39.36 
40.27 
41.18 

42.09 
43.00 
43.91 
44.82 
45.74 

46.65 
47.56 
48.48 
49.40 
50.31 

51.23 
52.15 
53.07 
53.99 
54.91 

55.83 
56.75 
57.67 
58.59 
59.52 

60.44 
61.36 
62.29 
63.21 
64.14 

65.06 
65.99 
66.92 
67.85 
68.77 

69.70 
70.63 
71.56 
72.49 
73.42 

74.35 
75.28 
76.21 
77.14 
78.08 

37.18 
38.10 

39.02 
39.94 
40.87 
41.79 
42.72 

43.65 
44.58 
45.50 
46.43 
47.36 

48.29 
49.22 
50.15 
51.09 
52.02 

52.95 
53.89 
54.82 
55.76 
56.69 

57.63 
58.56 
59.50 
60.44 
61.37 

62.31 
63.25 
64.19 
65.13 
66.07 

67.01 
67.95 
68.89 
69.83 
70.77 

71.72 
72.66 
73.60 
74.54 
75.49 

76.43 
77.38 
78.32 
79.27 
80.21 

38.34 
39.28 

40.22 
41.16 
42.09 
43.03 
43.97 

44.91 
45.85 
46.80 
47.74 
48.68 

49.63 
50.57 
51.51 
52.46 
53.40 

54.35 
55.30 
56.24 
57.19 
58.14 

59.08 
60.03 
60.98 
61.93 
62.88 

63.83 
64.78 
65.73 
66.68 
67.63 

68.58 
69.54 
70.49 
71.44 
72.39 

73.35 
74.30 
75.25 
76.21 
77.16 

78.11 
79.07 
80.02 
80.98 
81.93 

40.30 
41.26 

42.22 
43.18 
44.14 
45.10 
46.06 

47.03 
47.99 
48.95 
49.92 
50.88 

51.85 
52.81 
53.78 
54.74 
55.71 

56.68 
57.64 
58.61 
59.58 
60.54 

61.51 
62.48 
63.45 
64.41 
65.38 

66.35 
67.32 
68.29 
69.26 
70.23 

71.20 
72.17 
73.14 
74.11 
75.08 

76.05 
77.02 
77.99 
78.96 
79.93 

80.91 
81.88 
82.85 
83.82 
84.79 

42.02 
43.00 

43.98 
44.96 
45.94 
46.92 
47.90 

48.89 
49.87 
50.85 
51.83 
52.82 

53.80 
54.78 
55.77 
56.75 
57.73 

58.72 
59.70 
60.68 
61.67 
62.65 

63.64 
64.62 
65.61 
66.59 
67.58 

68.56 
69.54 
70.53 
71.52 
72.50 

73.49 
74.47 
75.46 
76.44 
77.43 

78.41 
79.40 
80.39 
81.37 
82.36 

83.34 
84.33 
85.32 
86.30 
87.29 



 

 

 

 

 

91 
92 
93 
94 
95 

 96 
 97 
 98 
 99 
100 

59.72 
60.52 
61.33 
62.14 
62.95 

63.76 
64.57 
65.38 
66.19 
67.01 

62.84 
63.67 
64.50 
65.33 
66.16 

66.99 
67.83 
68.66 
69.50 
70.33 

64.34 
65.18 
66.02 
66.86 
67.70 

68.55 
69.39 
70.23 
71.08 
71.92 

68.31 
69.17 
70.04 
70.91 
71.77 

72.64 
73.51 
74.38 
75.25 
76.12 

70.29 
71.17 
72.05 
72.93 
73.81 

74.69 
75.57 
76.45 
77.33 
78.22 

72.50 
73.39 
74.28 
75.18 
76.07 

76.97 
77.86 
78.76 
79.65 
80.55 

75.90 
76.81 
77.73 
78.64 
79.56 

80.47 
81.39 
82.31 
83.22 
84.14 

79.01 
79.94 
80.88 
81.81 
82.74 

83.68 
84.61 
85.55 
86.48 
87.42 

81.16 
82.10 
83.05 
83.99 
84.94 

85.89 
86.83 
87.78 
88.73 
89.68 

82.89 
83.85 
84.80 
85.76 
86.72 

87.67 
88.63 
89.59 
90.54 
91.50 

85.77 
86.74 
87.71 
88.68 
89.66 

90.63 
91.60 
92.58 
93.55 
94.52 

88.28 
89.26 
90.25 
91.24 
92.22 

93.21 
94.20 
95.19 
96.17 
97.16 

N is the number of servers. The numerical column headings indicate blocking probability B in %. Table generated by Dan Dexter 


