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∆

λ

λ

𝑃(𝑁(𝑡 = 𝑘) =  
(λ)𝑘

𝑘!
𝑒−µ,            𝑘 = 0,1,2, … 

𝐸(𝑁(𝑡)) = λ,          𝜎2(𝑁(𝑡)) = λ,           𝑐𝑁(𝑡)
2 =

1

λ
 

∆

𝑃(𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑖𝑛 (𝑡, 𝑡 +  ∆𝑡])  ≈  𝜆∆𝑡



μ

𝑓(𝑡) =  µ𝑒−µ𝑡,          𝑡 > 0

𝐹(𝑡) = 1 − 𝑒−µ𝑡,          𝑡 ≥ 0

𝐸(𝑁(𝑡)) =
1

µ
,          𝜎2(𝑁(𝑡)) =

1

𝜇2
,          𝑐𝑁(𝑡) = 1

1/𝜆 1/𝜇

λ

μ

λ
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λ
1

𝜇

𝜆

𝜇



𝜌 =  
𝜆

𝜇
< 1

λ

𝐿 =  𝜆𝑊

𝐿𝑞 𝑊𝑞

𝐿𝑞 = 𝜆𝑊𝑞

𝐿𝑞 𝑊𝑞

𝐿𝑞 =  
(𝜆

µ⁄ )2

1 − 𝜆
µ⁄

=  
𝜌2

1 − 𝜌

𝑊𝑞 =
𝐿𝑞

𝜆
=

𝜆
µ⁄

µ − 𝜆
=  

𝜌

µ − 𝜆

λ
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𝑡𝑒𝑥𝑝
𝑖 = (𝑎 + 4𝑚 + 𝑏)/6

𝜎𝑖
2 = (

𝑏 − 𝑎

6
)2

 



𝒕𝒆𝒙𝒑
𝒊 𝝈𝒊

𝟐



𝜎𝑒𝑥𝑝 =  √∑(𝜎𝑖
2)

𝐹

𝑖=𝐴

=  √206.74 = 14.38

𝑡𝑠

𝑧 =  
𝑡𝑠 −  ∑ (𝑡𝑒𝑥𝑝

𝑖 )𝐹
𝑖=𝐴

𝜎𝑒𝑥𝑝

𝑃(𝑍 ≤ 𝑧)

𝑃(𝑍 > 𝑧) = 1 − 𝑃(𝑍 ≤ 𝑧)



𝑡𝑠

𝒕𝒔( 𝒊𝒏 𝒎𝒊𝒏𝒖𝒕𝒆𝒔) 𝒛 𝟏 − 𝑷(𝒁 ≤ 𝒛)

≥



 

 

 

 

 

 

 



Resource Problem cluster Stakeholders’ view  Fixed conditions Unfixed conditions 
/ Possibilities 

Corresponding 
activities   

Bottleneck  

The roads - Uncertainty of arrival 
times 

- Queue of horse trucks 
- Long waiting times 
- Unsatisfied stakeholders 

- Waiting time around 30 
minutes in queue  

- Good experience for 
grooms with arriving 
before opening of 
stables, but not for stable 
manager and OC  

- # of arriving trucks   
- Road dimensions 
- Day of arrival 
- # of servers  

- Time of arrival 
- Opening of the 

stables   
 

A: Arrival at event till   
stables 

 

The unknown 
arrival times of the 
horse trucks 

The stable 
complex 

- Uncertainty of arrival 
times 

- Queue at the horse 
inspection  

- Delay of the horse 
inspection  

- Long waiting times 
- Unsatisfied stakeholders 

- No time for training at 
the show on Wednesday 

- Unsatisfied about check-
in duration 

- Chaotic to find stables 
and good unloading place  

- Experience crowded 
show office 
 

- Location of stable 
complex 

- Dimensions of stable 
complex 

- # of servers  
- Unloading takes place 

at stable complex 
- Location of stable 

manager 

- Unloading 
times 

- Opening of the 
stables  

 

B: Check-in  

 

 

 
C: Unloading 
 

Search for name 
and stables at 
check-in 

 

Going to the show 
office and fill in 
paperwork 

 

- Unsatisfied about day, 
place, and distribution of 
horse inspection 

- Waiting time around 30 
minutes in queue  

- # of horses 
- # of VETs  
- Route of inspection 
- Procedure  

- Day of 
inspection 

- Location  
- Distribution of 

inspection 

E: Arrival at horse 
inspection  

 
F: Horse inspection 

The unknown 
arrival times at the 
horse inspection 

The 
parking lot 

- Uncertainty of arrival 
times 

- No continuous 
supervision at the parking 
lot 

- Unsafe and chaotic 
parking of horse trucks 

- Shortage of electricity 
poles 

- Unsatisfied stakeholders 

- Chaotic to park at 
electricity pole  

- Experienced shortage of 
electricity poles 

-  

- Location of parking lot 
- # electricity poles 
- Place of electricity 

poles 
- Parking lot dimensions 

 

- Modes of 
transport  

- Supervision 
availability  

D: Parking of horse 
truck 

Absence of an 
allocation 



 

 

 

 

 







 

 

 

 

 

 



 𝑆𝑜𝑗𝑜𝑢𝑟𝑛 𝑡𝑖𝑚𝑒 = 

 𝐿𝑞
𝐴 =

 𝐿𝑞
𝐻𝐼 =

 𝑊𝑞
𝐴 =

 𝑊𝑞
𝐻𝐼 =

- 

- 

- 

𝜆 =
165 𝑡𝑟𝑢𝑐𝑘𝑠

5 ℎ𝑜𝑢𝑟𝑠
= 33 

𝜇 =
60 𝑚𝑖𝑛

2.08 𝑚𝑖𝑛
= 28.85

- 

- 

- 

𝜆 =
549 ℎ𝑜𝑟𝑠𝑒𝑠

3 ℎ𝑜𝑢𝑟𝑠
= 183

𝜇 =
60 𝑚𝑖𝑛

0.51 𝑚𝑖𝑛
= 117.65



𝑳𝒒
𝑨 λ 𝜌 =

𝜆

𝜇
> 1

𝑾𝒒
𝑨 λ 𝜌 =

𝜆

𝜇
> 1

𝑳𝒒
𝑯𝑰

λ 𝜌 =
𝜆

𝜇
> 1

𝑾𝒒
𝑯𝑰 λ 𝜌 =

𝜆

𝜇
> 1

λ

λ

 
165 ℎ𝑜𝑟𝑠𝑒 𝑡𝑟𝑢𝑐𝑘𝑠

28.85 𝑡𝑟𝑢𝑐𝑘𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
= 5.719 ℎ𝑜𝑢𝑟𝑠 → 0.719 ℎ𝑜𝑢𝑟𝑠 𝑜𝑣𝑒𝑟𝑡𝑖𝑚𝑒 = 43.15 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

 
549 ℎ𝑜𝑟𝑠𝑒𝑠

117.65  ℎ𝑜𝑟𝑠𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
= 4.666 ℎ𝑜𝑢𝑟𝑠 → 1.666 ℎ𝑜𝑢𝑟𝑠 𝑜𝑣𝑒𝑟𝑡𝑖𝑚𝑒 = 1 ℎ𝑜𝑢𝑟 𝑎𝑛𝑑 39.98  𝑚𝑖𝑛𝑢𝑡𝑒𝑠

λ

λ



𝑊𝑞 = 30 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 =  0.5 ℎ𝑜𝑢𝑟

𝜆 = 33 ℎ𝑜𝑟𝑠𝑒 𝑡𝑟𝑢𝑐𝑘𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑊𝑞 =
𝜆

µ⁄

µ−𝜆
 

𝑥 =  
−𝑏 + √𝑏2−4𝑎𝑐

2𝑎
 

33
µ⁄

µ−33
= 0.5

33

𝜇
∗ 

1

𝜇 − 33
= 0.5

33

𝜇(𝜇 − 33)
= 0.5

66

𝜇(𝜇 − 33)
= 1

𝜇(𝜇 − 33) = 66

𝜇2 − 33𝜇 − 66 = 0

𝜇 =
−(−33) +  √332 − 4(−66 ∗ 1)

2 ∗ 1

𝜇 =
33 +  √1353

2
= 34.89

𝜇 = 34.89 𝑡𝑟𝑢𝑐𝑘𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑊𝑞 = 30 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 =  0.5 ℎ𝑜𝑢𝑟

𝜆 = 183 ℎ𝑜𝑟𝑠𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟

𝑊𝑞 =
𝜆

µ⁄

µ−𝜆
 

𝑥 =  
−𝑏 + √𝑏2−4𝑎𝑐

2𝑎
 

183
µ⁄

µ−183
= 0.5

183

𝜇
∗ 

1

𝜇 − 183
= 0.5

183

𝜇(𝜇 − 183)
= 0.5

366

𝜇(𝜇 − 183)
= 1

𝜇(𝜇 − 183) = 366

𝜇2 − 183𝜇 − 366 = 0

𝜇 =
−(−183) + √1832 − 4(−366 ∗ 1)

2 ∗ 1

𝜇 =
183 + √32025

2
= 180.97

𝜇 = 180.97 ℎ𝑜𝑟𝑠𝑒𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
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𝑳𝒒
𝑨 λ 0.6022

1 − 0.602

𝑾𝒒
𝑨 𝐿𝑞

𝐴 0.991

20.36
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑳𝒒
𝑯𝑰 λ 0.9332

1 − 0.933

𝑾𝒒
𝑯𝑰 𝐿𝑞

𝐻𝐼 12.992

109.8
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝒕𝒆𝒙𝒑
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- 

- 

- 

- 

- 

- 

- 



𝑳𝒒
𝑨 λ 0.5362

1 − 0.536

𝑾𝒒
𝑨 𝐿𝑞

𝐴 0.619

20.36
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑳𝒒
𝑯𝑰 λ 0.9332

1 − 0.933

𝑾𝒒
𝑯𝑰 𝐿𝑞

𝐻𝐼 12.992

109.8
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝒕𝒆𝒙𝒑
𝒊 𝝈𝒊

𝟐



λ
M

in
u

te
s



- 

- 

- 

- 

- 

- 

- 



𝒕𝒆𝒙𝒑
𝒊 𝝈𝒊

𝟐

𝑳𝒒
𝑨 λ 0.4302

1 − 0.430

𝑾𝒒
𝑨 𝐿𝑞

𝐴 0.324

20.36
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑳𝒒
𝑯𝑰 λ 0.9332

1 − 0.933

𝑾𝒒
𝑯𝑰 𝐿𝑞

𝐻𝐼 12.992

109.8
∗ 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠



λ

M
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u
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𝐴) 

𝑊𝑞
𝐴

𝑊𝑞
𝐻𝐼

 (𝐿𝑞
𝐻𝐼)



 

 

 

 

 

 

 

 



 

 

 

 

 





















Horses:  





 

 

 

 

 

 

 

 

 

 

 

 

 








