
 

 

  

 

7  
ᴾ ἐ 

Jeffrey S. Smith  

David. T. Sturrock  
 

 

 ᾇˢ וֹ

ẅ  Ц  

  

Ϻ ם 

 ή 
 

хὂ 

˺Ἷ ־᷈  

Simio  

 
δ┘ ͒  

Japanese Translation of:  

Simio and Simulation:  

Modeling, Analysis, Applications  

7th Edition  



 

 

 

  



 

 

 

Simio  

δ┘ ͒  
 

 

7  

 

ᴾ ἐ 

Jeffrey S. Smith  

David. T. Sturrock  

 

 

 ᾇˢ וֹ

ẅ  Ц  

  

Ϻ ם 

 ή 

 

хὂ 

˺Ἷ ־᷈  

 





 

 

7   

 

7 Ὣᶏԃ

͒ Ὼ ˋắᴒ ᶺ

╝ ש Ҙίש ש

Ҙίש ἐ ϖ ↑

δ ᾙ ӰΉᾙ Ὄ

Ӱṗ ᶏ ֕

ὤ◗ ᾙ

ԃφ Simio® ϖ δ

╝ 6 https://textbook.simio.com/ 

SASMAA6/ ẇᶳ  

7 Simio Version 17 ˀ᷅ ᾙ Шᶺˀ᷅

3 ѕ ᶺ ᶟỎ᷆ Ḁ ꜘṥἪᾏ ₑ ᶟ‫

6 Ἢ ᶟ

פֿ Ѿ ͽ 4.0 ͮ

ї Ῑ ᶟ‫ ỸṔ

ͽ ‰ⱲϹὌ

ᴁΪה AI Ѕ ї

ѝ AI ͒ ї Ј Ῑ ͽ

Ῑ π◘ ϩ פֿ ἐ ʼ Ἠ ỉ

π◘ ḽ → Ḿ֕ ͽ פֿ ‫ Simio Ѿ

ї ☺ ᶟ‫ ͽ  

ᾙ Ϲ Ϲ˵ᾑϹ Ῠ

ᾙ ˢ ϖ Ỏ • δ

Ủכ ᾙ ᶓ ˅ ͒ ʭ

ᴻת

Ϲ− ї•

δ ᶏ  

Ἰԃ ◗ѻ 1 Ῑ 8 Ῑ

Ϲ ῲӆϹ Ϲ˵ᾑϹ 9 Ῑ 11 Ῑ Ἠ ῲ

ᵭѻ 1 3 6 Ῑ

Ὄ 12 Ῑ ϹὌ A B

Ὧ Ξ ϹὌ  

Ἰԃ ῺḀ MBA ₲ὗ

ѕ ᶼҞ ᾙ ˢ ϹὌ ᴽ δ

 1 4 5 Ῑ 7 8 Ῑ ϖѐ

B ỸἎγ ї ͒ Ỏ ᶼҞ

͒ ῝β  

11 Ῑ Ἠ ῲ ϹὌתᴻ Ϲ−



 

 

כֿ ᴮӃ Ӹ ‰

ᴮӃ Ӝ 12 Ῑ

ᴁΪ

4.0 ͒ ї ϹὌ Ḿ‫ ᴮӃ

ẽᶅ A ͒ ᴮӃ ᵌ

ᴮӃΞ Ϲ− Ξ ᾙ

Microsoft ® Windows ® OS Microsoft Excel ® Microsoft Word ®

Ὄή ◗ ữ ϯ

ᴁϹ ὂṈ ◗ ϯ ᴁϹ

ἐ ѯ Ỏ᷆ δ ◗

2 Ῑ 6 Ῑ Ḿᾑ ϖ ╝  

 

 

Jeffrey S. Smith  

Vice President , Simio LLC  

 

David. T. Sturrock  

Technical Fellow, Simio LLC  

 

[Guest Authors]  

Mohammad Dehghani  

Rylan Carney  



 

 

ἐ Pegden Ầ  

 

Simio זּ ᶟ ̚Ӽ δ

ᶓ

−ẏ ה “ פֿ ͒

פֿ →Ό Ἵ  

פֿ ̫

Ҙί ᶣ ╚ᴁ

ᴩ ҉‫ Ỹא Ѻ

קּ ᶟ Ỗѕ ᴄᵂ

Ҙί Ὄή ҉‫

╚ᴁ Ѻּק π◘ ᶳ

Simio ṽ ˍ ᶺ Processes

֢ י −→

ˋắᴒ ᷈ AI

Ҙί Ҙί ѷ  

ᶓ ͒ Ɫϓ ˮ Ҙί Ạ

ή ἐ טּ Ӑ ϯ פֿ ̫

δ┘ ѯ ϖ δ

δ Ỗ

ἳ ỸẴ

ᾙ ᴾ ἐ ѯ ϖ Simio

͒ ̯ Ỹ┴

ᾙ Simio ἳ

Ṕ Ὣ Ỏ Я☺  

ᾙ Simio δ┘ ͒ Шᶺ ˀ

ⅎφ ₲פֿ Ϲ ϖ Ӱ˟ Ὣ

Ѕ Ό Ḛ ᾙ Ḿ פֿ ṅ

ӰΉᾙ ᾙ Ҙί

Ṷ ή Ἢᾝ

ἳ Ṕ Ѕ Ό  

Ẽ ˺Ἷ־ ӰἸ Ὣ ᾙ ἐ

еἑ ӰἸ־᷈ Simio

ḊṔ ͻ ẹ

ủ ᴻת ᾙ ᵴ  

Ẽ ᵴ ϻ ắ

ᾙ ᾑϹἐᶆ ữ Simio

ἳ ͒ ї• χ

ắ  

 

C. Dennis Pegden, CEO , Simio LLC  



 

 

7 ᵴ  хὂἐ  

 

ΉϹҘί ϛҘί ⁮

ᵈᵴ ἧ

Ằᶆ Ằᶆ ỗ

ⅎ ᵈᵴ Ὼ ‫ ό ᴈ ᾙ Ἠ ῲ

Simio Ằᶆ ᵈᵴ Arena

◗⁬ SIMAN ϋ Dennis Pegden Ầ Simio LLC

ᵈᵴ ϋ ᴻת ѯ ‫ ϋ

ᾙ ᴾ ἐ Jeffrey S. Smith David. T. Sturrock

ẹ ⅎφ ᴪˈ

₲פֿ ṥ ⅎφḾ ҉ Ḋ

Ṕ Winter Simulation Conference Ằ Ѕ Ό

 

ᵴ 7 ᴾᶬᾈ 6 ˰ נּ ᾇˢוֹ 1 2 3

6 10 13 Ῑ C ẅ Ц 5 8 9 A B 7 Ῑ

Ϻ ם 4 11 Ῑ ή 12 Ῑ ϧ Ầ

☺ ᶣ→ ˢ ᾇˢוֹ ẅ Ц ẹ Я

→ ‰ δ

ᴮӃỸ┴ ҁ̨ ᴮӃἐ ◗ ᴕὝ

Simio Ϊѻ ᵈᵴ ї ᵴ

Шᶺ ᾙ ἐ

Simio ᵈᵴ ˢᾗ Ӫ ắ ᵴ

Шᶺᾈ Simio LLC David T. Sturrock ẹ

ᾙ ї ₭Ỗ Ḁ ϯ ᵴ

Я→ ἑˋ ắ  

ᾙ Ḋ Ӱ˟ ᴮӃ Ỹ

͒ ᶽᴭ ϑ ᶒ  

 

202 5 3 ᴘ 

˺Ἷ ־  

 

 



 

 

ỗ 

1 Ῑ  ................................ ...............................  1  

1.1  ᾙ  ................................ ................................ ......................  2  

1.2   ................................ ................................ ................  4  

1.3  ↑  ................................ ..................  6  

1.4  ῺḀ ῺḀ  ..............................  10  

1.5  →ᶁ  ................................ ................  11  

2 Ῑ ᶺ ѯ♦ ................................ ................................  21  

2.1  ᶺ ᶣַא ᵴ ................................ ............................  22  

2.2 בּ  כֿ їגỦ ................................ ............................  25  

2.3  ₲꞉ᶅ ᶺ ↑ ................................ ...................  26  

2.4  ᶺ  ................................ ................................ ........  30  

2.5  ᶺ ϴ ................................ ................  33  

2.6   ................................ ................................ ................................  34  

3 Ῑ Ἧ  ................................ ..........................  37  

3.1   ................................ ................................ .....  37  

3.2  ≥ ϯ  ................................ ....  41  

3.3  ╧  ................................ . 54  

3.4  ◑  ................................ . 64  

3.5   ................................ ................................ ................................  66  

4 Ῑ ᾑ Simio  ................................ .............................  71  

4.1  ѯ Simio  ................................ ...................  72  

4.2  Model 4 - 1 Standard Ḿᾑ  

 ................................ ................................ ................................ ....  77  

4.3  Model 4 - 2 Processes  ................................ ...............  94  

4.4  Model 4 - 3 ᵅ֖ỡ Ѿ(ATM)  ................................ ...................  100  

4.5  Ԍ Simio MORE(SMORE) ................................ . 104  

4.6  ͽ ᴁ ┘ ὶ  ...............................  111  

4.7   ...............................  112  

4.8  ѯ♦ ................................ .............................  115  

4.9   ................................ ................................ ............  119  

4.10   ................................ ................................ .........................  123  

4.11   ................................ ................................ ............................  124  

5 Ῑ Simio ӆ  ................................ ........................  127  

5.1  Simio  ................................ ................................ ...  127  

5.2  Model 5 - 1 PCB ♯  ................................ ................................ ....  146  

5.3  Model 5 - 2 PCB ♯ ϩ  ................................ ...........................  150  

5.4  Model 5 - 3 ᶏ ◑ PCB  ................................ ............  165  

5.5  Model 5 - 4 ₲ ϴ ................................ .............  171  

5.6   ................................ ................................ ...........................  176  

5.7   ................................ ................................ ..............................  176  



 

 

6 Ῑ δ┘ ................................ ................................ ............. 179  

6.1  ˢ ϯ  ................................ .........................  180  

6.2   ................................ ................................ .................  203  

6.3  ₲−→  ................................ ................................ ....................  206  

6.4  ϯ ϯ Σ −→ ................................ .........................  209  

6.5  Simio Input Parameters  ................................ .......................  212  

6.6   ................................ ................................ .............................  221  

7 Ῑ ꜘṥ ................................ .............................. 223  

7.1   ................................ ................................ ..............  223  

7.2   ................................ ................................ .................  242  

7.3  Model 7 - 4 ................................ ...........................  245  

7.4  Lookup Model 7 - 5 ................................ .........................  247  

7.5   ................................ ...............................  249  

7.6    ₲  ................................ ................................ .................  251  

7.7  ֢ י  ................................ ................................ ........  252  

7.8  −→  ................................ ................................ ...........  255  

7.9   ................................ ................................ ..........................  257  

7.10   ................................ ................................ ...........................  258  

8 Ῑ ˒  ................................ ......... 261  

8.1   ................................ ................................ ..............  261  

8.2  ˒  ................................ ................................ ...........  276  

8.3   ................................ ................................ ..........................  295  

8.4   ................................ ................................ .............................  295  

9 Ῑ Simio ᷈  ................................ ...................... 297  

9.1  Model 9 - 1 ED ḽᶳ ................................ ..........................  297  

9.2  Model 9 - 2  ................................ .............  320  

9.3  Model 9 - 3 ᵏ  ................................ .........................  333  

9.4   ................................ ................................ ..........................  338  

9.5   ................................ ................................ .............................  339  

10 Ῑ ֿכ  ................................ ................ 343  

10.1  Search  ................................ ................................ ..........  343  

10.2  Model 1 0- 3 Ӌ ѽ ................................ ..............................  346  

10.3  ♬ ♬ ................................ .................  348  

10.4   ................................ ................................ .........  349  

10.5  ѯ ᴒ  ................................ .......................  353  

10.6 כֿ   ................................ .......................  355  

10.7  Ỹᴻ ................................ ................................ ...........................  359  

10.8   ................................ ................................ ........................  360  

10.9   ................................ ................................ ...........................  360  

11 Ῑ Simio ϩ  ................................ ................ 363  

11.1  Ҟ ї ѯ  ................................ ..  363  

11.2  Model 11 - 1 όⱲ ᶣ  ................................ .........  369  



 

 

11.3  Model 11 - 2 ṥ→................................ ..........  373  

11.4  Model 11 - 3 ͯ................................ .......  377  

11.5  ϩ Ѿ  ................................ ................................ ....  380  

11.6   ................................ ................................ .........................  383  

11.7   ................................ ................................ ............................  383  

12 Ῑ 4.0 Ỗ  ....  385  

12.1  ẏԃϸ ⁮ͯ ◒ ................................ ................................ ....  385  

12.2  ấỗẏԃϸ  ................................ ............  386  

12.3  ↑ ................................ ................................ . 388  

12.4  4.0 Ѕ ..............  390  

12.5  Ѕ ................................  392  

12.6  ᴁΪ Ξ  ................................ ........................  395  

12.7   ................................ ......  398  

12.8  ѯ ᴁΪ  ................................ ............  400  

12.9  Simio RPS ᴁΪ  ................................ .....  402  

12.10   ................................ ................  404  

12.11  Model 12 - 1 ....  406  

12.12  Model 12 - 2 ....  412  

12.13  Uniko Ỏ  ................................ .........................  415  

12.14  ͽ῾  ................................ ................................ ..............  429  

12.15   ................................ ................................ .......................  431  

12.16   ................................ ................................ ..........................  432  

13 Ῑ AI Љ  .............................  433  

13.1   ................................ ................................ . 433  

13.2  ѯ♦ ................................ ..............................  435  

13.3  13 - 1 ṥԃἪ ...  439  

13.4  ↑ ͻ ................................ ................................ ..........  453  

13.5   ................................ ................................ .........................  454  

13.6   ................................ ................................ ............................  455  

A Simio Љ  ................................ .............  459  

A.1  Ѿσͽᶏ ᴩḱᶏ  ................................ ................................ .........  459  

A.2  ̴  ................................ ................................ ...........................  469  

A.3  ᾴ  ................................ ................................ ............  474  

A.4  ᾴ ֘ᶺằ  ................................ ................................ ...............  476  

A.5  Vacation Ậ ֩ᶧ ................................ ................................ ..........  480  

A.6  Ḿ ˵ ................................ ................................ ......  483  

B Simio Ϲ− Ξ  ...  487  

B.1  Simio Fresh Mex  ................................ ................................ ............  487  

B.2  Simio Warehouse  ................................ ................................ ...........  487  

B.3  ϸ‫  ................................ .............................  487  

B.4  Simio ֳṦ Ἆ ................................ .............................  488  

B.5  Simio Ҽһộ  ................................ ................................ ...  488  

B.6  ᶸ֩Ѿ −ẏ  ................................ ................................ ......  489  



 

 

B.7   ................................ ...................  489  

B.8  ∟Ế ẏԃ ᴾṗ Ӝӈ ................................ ................  490  

B.9  ΠἨ˰ ................................ ................................ ........  490  

B.10  Sunrun ╚  ................................ ........................  490  

B.11  ἯẪ−ẏ ................................ ................................ .....................  491  

B.12   ................................ ................................  491  

B.13  ֩ᶧ π◘ᴁΪ ................................ ................................ ......  491  

B.14 ה   ................................ ................................  492  

B.15  ᾴ҉ ̘̓ ................................ ................................  493  

B.16  DDMRP ᴁΪ ................................ ..............  493  

B.17  ⁫ ᾒ Ҽһ˛  ................................ .............................  494  

B.18  ῲ ӈ  ................................ ................................ ...............  494  

B.19  ̘̓ ................................ ................................  494  

B.20  ϑḊˏ Ἠ˰ ................................ ................................ ...............  495  

C ᾙ Ạ  ................................ ................................ ........ 497  

C.1   ................................ ...............................  497  

C.2  Simio  ................................ ................................ .........  497  

C.3  ᾙ  ................................ ...............................  498  

C.4  Ạ  ................................ ................  499  

ẇᶳ ᴭ  ................................ ................................ ..................... 501  

 

 

 

 



1 

 

1 Ῑ  
 

ΣӋ 50 נּ Ὣ ↑

₨ Ḿ∕ѻ ᴈ ԃφḾ ҉

ICT Ѫԃ www.gartner.com 10 ˀῲ◗ ╪

10 Ṕ ѝ ᷈ ┘

2 ˂ ˂ Gartner  2009 2012 Robb 2012

2013 Gartner 2013 ┘

ͻ π Ӫ  

┘ ♯– Ỗѕ ⅝ ͮ

ỉ נּ ῾ ѯ

ˋắᴒ Ỹᵅ ỗ ό
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↑ ᶆῲ ͮ IT Љ
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ắᴒ Ӫ ằ̻  

ї Ҙί 10

⁮ ₩ PC ᾐ ᶆῲ ₲ ◗ Ⱶת

יּ᷈ ᴁẐ ; ∟ ╚ᴁ π◘

ᶂΌ Љ ╧ ủ

ͮ Ạ ϋ ẰᶆҘί

ϸ‫ ὦ ↑ ᶆῲ ´ ṽ ∆ϯ

ͯ е Ḿ‫

♯ Ḁ ᾑ•ἐ 3D

ṥ→ פ ổ їגἐ ̳Ћ
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Ὣ Ҙί ϯᵏ ˂  
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ͯ ₑ ᷈ Ḁ
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┤Ԇ ⁮ IT AI ỉ ͻ ˰ ὶ
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AI Љ ї Ḿ֕ ⁮ ϯ ᵅ
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Ḿ‫ ỸאỎ ῧ δ╝  

ᾙ ѯ♦Ҙί Ỹ◐ ͽ Ḿ‫

Ỹ δ╝ Ӝ ἐ

ⅎφ ˢ ὶ ѩ  
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קּ˃ ѯ Ҙί δ ầ 1 Ῑ

י ͒ ╕

ỸẴ ʭ 2 Ῑ ᶺ ѯ♦ ᶺ ϖ

ᾒ ᾒ ῝β ᴩῥ Љ

δ╝ 3 Ῑ Ἧ Ҙί אּ ᵴ ῝β

ѐ ֥ δ╝  

נּ Simio ῧṐ ϖ

╝ ϖ ᴩῥ ὶ ┘ Ҙί ♬ Ῑ

; ᾙ ϧ ᾴ҉ ʭ

₲ ϖ ῝β ◑ ᾑѻ ό Ỹ◐

ꞋḀ Ὄ ϧ Ӫͯ
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♯ ᶣ ₲  ᴙ ѳ Ḁ

Ѿ ͽ ϋ Σ ‫ Simio Ѿ ό

῝β ₲ ϴ ˢ  Ӳ Ⱶ ᴁ

Ỹᴻ ᴁΪ ┘ ḽᴩ Ῑ Ὂ ḙ
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ᾙ Ӹ ‰ ͒ ῝β

ỗ ṥ Σ
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7 Ῑ ꜘṥ ᵅỸ ᵅ

ᶓ ᴩ Ҽ Ҽһ ED ѯ ᶣ

Simio ᶣַא ᴙ
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ї₲ δ╝ Ḿᵭ иᶺ щᴓ ῝β

Ῑ ˢ Ạ י ʭ Ὄ  

8 Ῑ ˒

2D 3D ͽ ᴩῥ ‰
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פֿ δ╝

Ѻּק ♯ ‫ Ỹ◐

Ἧ δ╝ ṥԃ ᾐ

ͽ ᶺ Ḿᵭ Simio Vehicle Worker

˒ Ѿ ϩ ED ˭

π◘ ᴩ  

9 Ῑ Simio ᷈ ED ᾑѻ

ˋắᴒ Љ Ḿ ͯ δ

╝ נּ ‫ ᶣ→ ♬ ῝β
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ᴁΪ Ҙί RPS δ╝  

◗ὸ 13 Ῑ AI Љ
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҉ ϩ Ϲ− Ḿ֕ Ξ

ϖ╝ ╪ ỡ ầ
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ᶆ ӣ ṥ ᶣ→ ♬ ὝḀ Ằ ᶓ

ˋ ổ ᵴ ᵅ֖ỡ Ѿ ATM ◗

ᶺ ᾋ ֩ᶧ☺ ⅎφ

ṽ ѝ Ѻּק ᴁΪ
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ᴑ  ᴙ ѐṶ Ỗѕ ѐּז
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☺ ѐּז ể ḛ Ṗקּ  

ᶟ ᴩ ῺḀ Ξ − ˢỖ

2 ⁵ ˭ ͽ ỸṔ ˍ ᶟ ῺḀ
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ˢ ϖ 3.1.3 ᷆ ϯ ϯ

ῧ ╝  
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ᾋ₦ ẋי ינּ ↑ ổ

Ṗקּ 3.1.2 ᷆ ינּ ẋי

ῧ ᴩ ינּ Ở  

ינּ ͯ ҉ Ủ Ҟ

ỖѕתΣ Ủ δ −→

₲ ┤ Ạ ינּ ѯ ϖ

щᴓ ᶣ ἧ

⁵ᶅ ẬῺ → ᵂ₨ כֿ ₲Ủ ѯ ꞈᵧїג ͯ Љ

 

ẋי ἧ 3 ᵤү

ὶ   ͯ Ỗ ͯ Ỗѕ
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Σת − ˢ Љ ͯ −ẏ

ṥԃἐ ╥ Ỗѕ Σת ṥԃἐ δ Љ ѝ

╚ ѐ Ҋὸ

ABM Ἤ Ầ ẬῺ Ѫԃ ░ е

░ἐ ₲פֿ ỡ ˋắᴒ ᶺ ꞈᵧṥ

Ӑ ᶳṶ  

Ḿ֕ ₲ ♯ ḗ

ѕ Өφ ỗ Simio

1

ʭ ˢ Ạ ₲

♯ Ḁ ; Simio Ạ

ὦ ↑  

ᶓ ͒ ˀͮ ᶂ↑

δ π◘ Љ ἧ Ở  

ᶧ֩ה ἒῺ ᴩḱ

ѕ ה ἪΚ Ἠ ʭ Ѕ ᶸ֩Ѿ ᾐ  

ה ˵ Ҽһ ṉϓ ṭ Ҽһἒ ˞˛ ╪ ỉᵃ  

ᶧה ὶᶧш ᶧ ш ш ╚ ỉ ṥԃ  

ṅֳה ᴾṗ ṥԃ˭ ה ѾѮ ṗḥḀ  

ה ̴ Ὼἐ ה ╚ᴁ ̘̓ ᶺ ш ὤԃ˭

ḥṽ ṭ  

ה ⁵˭ ͻ π◘ Ӱ˟ᴁΪ

 

ה ш ╚ −ẏ Ṗᵓ ה ϩ ᴁΪ

ѬѾш  

ԃאַ∟ה ╚ ỉ ┘ Ḿ ͯ ∟ ᶣ→ ᶟ −ẏ↑ᶆῲ

ᴁΪ  

Ỏׅה ᵭ ằ̻ ↔ ╪ ộʸ˓ổ Ṷ ⁵ ằ̻  

ה “ ה ת ⅝ᵮ “ ↑ϯ ΅ϓ ᶜᴌ ↑ ͻ  

ỎẢהה ⅝ ᵶѐṶ ʹἡ ̓ ה ᾒ Ἵ Ἵ ш  

Ԝһה ͒ ͒ Ỗѕ ӏ ╚ ₣ᾈ ⁵˭  

ᶀӡה ֜ Ѿ  

ᵤүה π◘ ᵭ ԃ ỉᵃ ᴁΪ  

ԃᶆאַ∟ ᶓ

Ỹỷ ᵊ ; ↑ ổ  

 

1.3  ↑  

╜ י Ἢᾏ ╝

ὶ ϯỸ↑ ↑ Ό Ὣ
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Ѕ δ╝  

1.3.1  ↑ ϯ ₲ 

ϯ

ͯ Ῠ פֿ ↑ ѝ

♯ ḗ י ↑ ổ ♬ ᾐ

Ỗѕ Ỗѕ ᵤү ỖḈ ˒ Ỗѕ Ѿσ

ᵖ΅ ὂ  

‰ ᶆ ῺḀ ᶳ

ᾒ Ỗѕ ᵤү ₲ ‗Ỏ ἵ Ἠ Ỗ

ѕ ∆ϯ זּ ΣӋ ᴻת ủ ₢

זּ ; ϯỸ זּ ; ϯ ϯ

₢ ￼ ↑ ᴑ פֿ ῺḀ Σ ϻѐ ↑ זּ

 

ᾈ δ┘ ♬ ♯ ḗ ḛ

; ῺḀ ˍ Ỹᵅ ỸṔ

δ┘ ᶓ ằổ

ϯ щ ♯ ḗ ᾙ☺

ѯ  

↑ ϯ ₲ ᵅ

ϯ ₲ δ Љ δ┘ ѯ

Ross 2010 Nelson 1995 ẇῐ ϯ ₲ ѯ

Ỹᴻ ᴕΌ ᴒ ї₲

Ỹᴻ ỸẴ

Ỹᴻ ˋ ׄ Ỹᶺ Ằ  

ϯ ₲ὢ ϯ ϯ ї₲ ┤ ї₲ CDF ᵎ

Ὂὼ ὖὶὢ ὼ ї₲ ϯ ₲ὢ ὼˀ ͮ

ϯ Ở ẋϯ ₲ ῺḀ ϯ ỷ ї₲ὴὼ ϯנּ ₲ ῺḀ

ϯ ї₲Ὢὼ ͻ 1.1  

1.1  ϯ ₲ ϯ ỷ ї₲ PMF ϯ ї₲ PDF  

ẋϯ ϯנּ ₲ ₲ 

ὴὼ ὖὶὢ ὼ  

Ὂὼ ὴὼ
ᶪᶳ

 

Ὢὼ ˀͮ ↑ỷ ổ  

1.  Ὢὼ π ᶪ Ỹ₲ὼ 

2.  ᷿ ὪὼὨὼ ρ 

3.  ὖὶὥ ὼ ὦ ᷿ὪὼὨὼ 

 

ϯ ₲ὢ ѻ Ὁὢ ẋ ὠὥὶὢ ˂₲ Ῐ↑

ϯ זּ פֿ ῺḀ Ὕ

╗ Ԍὢ ẋὛ ὢ ᴁ



8 1 Ῑ  

 

₢ ╕ ᴒ Ὣ

┘ כֿ ỸᴻἪ ˑ ͒

↔  

ͻ ὶ

אּ ϯ ₲ ͒

−→ ὶ אּ −→ ѐּז ѯ ↑ Ԍ ẋ

┘ ᾴ҉ ˛

ᶳ дἐ ỖḈ βᵶẦ ⁫Ṷ ộ

Ỗѕ ϯ ₲ ₑ 1.1  

 
ₑ 1.1  дἐ ộ Ỗѕ ͒ ᴻת CDF 

ϯ ₲ δ ѐּז

−→ פֿ ῺḀ ϯ ₲ ỸṔ

Љ י ὶ дἐ Ỗѕ

Ỗѕ βᵶẦ Ẵ╚

ϯ ₲ ѐּז −→ Ỹᶺ ї• ὶ

ˀͮ ╜ ˢ

ὶ ┘ ╝  

1.3.2   

ѯ ₑ 1.2 Ở ᴿ ᾏ

ᾠ ⁮ ´ ᶺ ˋ ˀ᷅

᷆ ϖ ϖ╝ ᾙ ῧ ╝  

ϖ ╚ᴁ ͯ Ῠ ᶣ

ѯ Ἢ ῧṐ δ ϖ ╚ᴁ Ế

ỡ Ⱶ ⁮אָ ỏ

ᶺ ⅝

 

ϖ ╚ᴁ ϯ Ҟ Ⱶ ỸṔ

ᾋ ᴁΪ Ἢ

ῧṐ ᴩ ҡ ᶀỦ ᵭ ϋ ἐ
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Ἢ ῧṐ ש ↔ ↑ ͒ Ỹא ᴒ

 

 

 
ₑ 1.2   

ϋ ϖ ╚ᴁ Ὣ

אּ Ҝ ϯỸ ῥ

ᾑ•ἐ ‫⁵ ϋ ἐ ϖ ╚ᴁ

Ỗѕ ᶆד פֿ ῺḀ ϋ ↑һ Ἠ Ͼ

ϖ ╚ᴁ ỉỖѕ טּ ☺ Я

Ỗѕ +ͽ  

δ┘ 6 Ῑ ῧὸ ϯ ₲ ϯ

Σ ѐּז −→ ϋ

ѝ ỎỸῲ ᾬ Simio ѝ

ѐּז −→ Ѿ δ┘ ἧ ṥԃ ϯ

₲ ╕ ϯ

ϯ Σ Ằ  

פֿ ῺḀ ᵅỸⅎφ ѐּז Ṗקּ Ỹ ᾈϯ

ᴻϯת Ḁ ˢ ₑ1.1

ỸṔ ѐּז ╗ ᶺ

ї Ỹ Ṗקּ ῺḀ ˢ בᴻּת е ┘ Љ

δ┘ ᶺ ◑ ὶ ̚Ӽ

┘ Ὣ 6 Ῑ Љ

δ┘ ͒ ῧ δ╝  

ϋ ϖ Ỹᶺ; и

ᵈ ‚ḗ

ᵅ פֿ ▐

ϋ ὂ∆ ˍ Ỹ

Ṕ ᶣ→ ♬

ᶂ

Ό ϋ ˢ Ạ
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֥ ꜘṥ ‰ δ ;ᴑ  

ᴩῥ ￼ ↑ ϯ ό ∆ϯ↑ ϯ ᴩῥ

ϋ ἐ ˋₑ ṥ ϯ ˢ ￼

↑ ϯ ỸṔ ∆ϯ ᵅ ϯ

ᾋ ᾤ Я☺ ∆ϯ↑ ῥ ;

ϋ ἐ ᵤү ῥӏ ἽὝ

Ὣ ᵅỸ ᾑ•ἐ

ᵕ Ἧ Ỹ Ỹ ϋ ᴩῥ ￼

↑ ϯ 4 Ῑˀ᷅ ῧ ╝  

ᴩῥ ￼ ↑ ϯ ᴽ ї ῾ ἽὝ

Ỹᶺ ό ὶ ┘ Ỹᴻ ѝ д

ἐ βᵶẦ ⁫Ṷ ἵ Ԍ Ỗѕ ḀỲ дἐ₲ 90

Ԍ Ѿἒ ₲ Ằ ͻ

Ὣ дἐ Ԍ Ỗѕ 30 ˀͮ βᵶ

Ầ ⁵₲ 5 ˀ ͒ ⁵₲

ˋắᴒ ї•Ỏ ὶ ┘ Ỹᴻ

Ằ ͻ ˋắᴒ ; ὶ ┘ −→

ᵌ ѐּז ᴁ ￼ ▒Ṗ ϯ ₲

ͯ ₢ Ỹᴻ ᶣַא ש

ᶟ ᶣ→ ᴩ ὶ ┘

ї 4 Ῑ 5 Ῑ 9 Ῑ ῧ ʭ  

 

1.4  ῺḀ ῺḀ  

ṽ ֕ Ὕ ἧ

1 ṽ ᵈ Ở Ῠ δ┘

∆ϯ ᵅ ᾋ ῺḀ

Ạ ᶺ ϯ ₲Ϲ ┤

∆ϯ ┘Ἢ δ┘ δ ∆ϯ Ҿ ᾋ

ᴕΌ ϯỸ↑ ͽ

 

ᵅỸ ⅎφ ṽ ◗ὸ щ ˞

ṽ ￼ ╕ ᶣ

ỡ ◦ ṽ ᾋ δ┘ ┘

∆ϯ δ┘δ ╣ ṽ ᾋͯ

ᵅ Σ ᾋͯ ╕ ᵅ

Ҝ − ᾋ ▐ ∆ϯ δ┘δ δ┘ ʭ

ᵅỸ Ҝ פֿ щ ͯ ʹ

ϯ δ ᵅỸ

ᵅ ỸṔ δᴒ  

ᵅỸ זּ ḛ ˋ
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ỡ ϯ ḾὊ δ┘δ

╕ ҙ ṽ ổ ᶣ δ┘ ʭ

щᴓ Ạ ῺḀ ṽ ҙ

Ṕ ṽ ᵅỸ ₲

ᴕΌ ѐṶ ᵅỸ ˢ

ᵏ ϯ ϯ ὶ

ᴕΌ ϯ ϯỸ↑ ѝ

 

ὶ ϯỸ↑ ∙ ϯ ᴑ

∆ϯ זּ ˍ ᴕΌ ӓ

∆ϯ ῺḀ ỸᶺỖѕ +

ᾐ ᴁ Ỹᴻ ˑ

↑ Ỹᶺε₲ Я☺ ⅝ᵮ ∙

Љ Ỹ ↑ ᴁẐỖѕ ϯ

⅝ ᵅṖ יּ᷈

ˍ ∆ϯ זּ ; ӓ ; ₣ᾈ

ᵂ ￼ ᴕΌ Ỹᶺ ;  

כֿ Ἢ Ự ◑

Ḿᵭ Ἢ ʭ Wagner  1969 pp. 887 -

890 ϯ ￼ δ┘ ʭ ; ῺḀ

ỸṔ פֿ

´ ṽ בּ҉ Ở “ ￼ ↑ ổ δ┘

ᶣ ┘ ḛ ᾙ ᵵ ∆ϯ δ┘

ᶺ ᵵḰ ͯ δ ╕

∆ϯ үѐ זּ Ṧᵂ ֕ỏδ ᶳ

◗ἐ ┘ ∆ϯ ˀῲ  

ᾙ ₑ Simio 17 ṥ→ כֿ

Simio ῺḀ ᾙ Web ῾טּ ẇῐ

Simio ϧ Ӑ Ỗ − ᾐ

ᾏᾠ ̚Ӽ ҷ ; ↑ ᶟ ѝ

ˑ Ỹᶺ ᾙ ˑ ₲ ᴕΌ

ῺḀ ᴕΌ ∆ Ҝ ắ

ᾙ ᴁ ￼ ᴕΌ ᴕΌ δἡ δ╝

ѕ ᾤ ᵌ Ỹᶺ ₲

ˑ ᴁ ͻ ￼ ᴕΌ −→  

 

1.5  →ᶁ  

Ạ ѯ♦Ҙί δ →ᶁ ῥ

→ᶁ ˀϑ

ᾑ Ἠ ♯ →
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ᶁ ỷ ἵ ᾋ │

ᶺ ╝

ˀͮ ᶳ Ὣ Ỏ᷆ ᴳ  

1.5.1   

פֿ ѻ ϯ ầ →Ό ₩ᶺ

◦

Ḿᾑ ͵ ˢᴳ щ ỡ

ỷ ắ ỸṔ їגἐ Ỏ

Ҍ  

Ḿᾑ Ѕ ϯ ᴒ

◗ ϓїגἐ δ ϓїגἐ

˃ ἐ ỉ֖ Ӝἐ ̚Ӽ ἵ

⁵ Ằ ῲẢ ϓїגἐ Ϲ− ῺḀ Ằ Ӱ

˭ ϯỸ ϓїגἐ 1 ⁵ ἧ ϓїגἐ

Ỗѕ ϓїגἐ פֿ ῺḀ ˑ ᾊ

ổ …Ὣ  

Ѫԃ −ẏẴ╚ ͯ 400 ‫

ѻ →Ό ∟ ᾐ +ͽ Ỗѕ ὲ Ṧᵂ

→ ͻ ˃ ῺḀ Ⱶ ϓїגἐ

י  Ӳ ᾟ ˀͮ  

ẏҘί−ה IE Ξ ῲẢ ᾟ IE γἎ ͽͻ

Ở ᴊ Ṧᵂ −ẏ↑ᶆῲ Ỹῥ

Ἆ ṥ→ ϋ 3D

ѻ  

ẏш−ה Ξ ‫ ᶾ −ẏ → ˢ

ϯ“ ῥ ╝ ṗ

ᶳ  

ẏш−ה −ẏ ᴻת ỸṔ

̫ ϯ“ ổ Ἆ Ϲ Ἠ ♯ ѻ

Ự Ⱶ  

ṙה ᾟ ᶾ ỉ ᵭ −ẏ↑ Ӫ ᴦ

◗ε г γҡ үѐ ┘ Ỹ

Ệ̓ ἧ  

ẏ−ה ᾟ 15 ѕṗ ̓ ʸͻ ᶂΌ

−ẏ↑ᶆῲ ῾ ӡ ᶳ  

ṗה ̓ ṥԃ˭ ԋ Ỗѕ ṗ ̓ ‫

⁵˭Ṧᵂ ᴦ ᵅῺ ʣͯ

ᴳδ  

Ҙίה Ξ + ᴦ ї ᶳ
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ᴒ ῺḀ ֥ ᶣ→ ̓

ϯ ổ  

₲ Ỹ ♯ Ḁ ṥ→ ᾴ҉

ᾴѪԃ ϓїגἐ ₲ ᾶ ѯ ᴾ

ϓїגἐ Ѿ ꞈ ˢ ϧ ϓїגἐ

ї ҋὫ ῾ ổ ῾ ͻ Ṕ

ẇͽ Ѿ ᶳ Ὣ  

ϓїגἐ ☺ ת ᴳ ϧїגἐ

הּ ᶽᴭ ỡ⁬

╣ ᶳṶ ἧ ϯ

ˀͮ ỷ  

͵ה ͻ ͵ ῥ  

ה ˅ ͵ ϧᶣ→ ♬ ῧṐ Ҿ  

ה Ὣể ᶣ→ ♬ ͵ Ὣ ᶣ→ ♬ ֕ỏ Ṉ

 

ה ; ͵ ỷ Ӝ

ӜỖѻ  

ε͵ה Ỹᴻ Ḿ δ Ҿ  

ה Љ ￼ ↑ϯ

Ἠ γᶆ ˑ

ổ  

ה Ủכ ḉ Ҿ ᶅ ₲ ᾙ  

ϯ ᶂΌ 1 ḾὊ ḉᾙ

╚ᴁ Ủכ ῾ ∕ ḗ

ϯ ḾὊ ḉᾙ Ủכ

ϓїגἐ Ḁˋ ῧṐ ᵭε כֿ

ῲ Ξ Ὕ ▒Ṗ

 

ϯ ᴑ ῺḀ

 Ӳ →Ό Ỗ ☺ ᴁΪ ↑һ ⁮

Ự ֕ ϯ ᴑ ό ⁮

ᾴ҉ ầ פֿ ῺḀ Ὣ

Ξ ṥ→ ᴻת ѯ ᵭּנ

ῧṐ ᴁΪ ỗ᷆ ῧ ╝  

1.5.2  ẚ ᾙ 

Ỗѕ זּ  

ᶏ ϫᵈ זּ ˢ ╕ …Ὣ ᾈ ↔  

Ӱ׃ ὤ ᾶ ѯ ӡ
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ᶣ ᾈ ↔ Ỹ ꜙᴁ פֿ

ῺḀ ϓїגἐ ˀͮ ֥ וּ Ҿ  

ה Я  

ה  

ה щ ͯ אּ ѝ

 

ה ỷ ᴩῥ ￼ ↑ ϯ  

ỷ “ ε ˋ

 

Ḿʣ ˢ ϓїגἐ ỷ

ˋ Ỹᵅ  Ӳ

5 ᵭ ᴾᴾ ᴩῥ ┘ ᶺ 5,000 ằ

ʼ Ⱶת ʼ ἵ ῺḀ ẙԃ ̲ Ἠ ♯

1 2 ὗѕᵭ ˢ Я→ ᴩῥ ẙ

וּ Ὓ ˃ →Ό Ӝ ằ

 

ᵤү ỷ 2 3

ε ᾶ 1 2 ↔

ᴪ ϯ ѻ Ἡ ͯ ˅ Ӵ

Ҳ ͯ Ῠ ѻ ̸ Ҿ

ͯ ˅ ѯᾈ → ѻ Ἡ

+ ᶳ ỷ ↔ ´  

ᶒ̓ ϓїגἐ ῲҊ 4 ˇ

ʼ ӎ ᴪ

ε ὶ ε

∆ϯ Ҋ ᾙ ẚ ᾙ ṥ→ ẚ ᾙ Ҿ

ῧṐ ͒ Ῠ ˑ ˢ ˀͮ ᷆

ѝ  

ᶒ̓ ϓїגἐ ῲҊ 4 ˇ

ʼ ӎ ᴪ

╕ ε ὶ ε

∆ϯ Ҋ ᾙ ẚ ᾙ ṥ→ ẚ ᾙ Ҿ

ῧṐ ͒ Ῠ ҉ ˑ ˢ ˀͮ ᷆

ѝ  

1.   

a)  ѻ →Ό ͵ ᷈

ỗ ᴩ  

b)  ϓїגἐ ᴕΌ ї ἧ їגἐ כֿ ̚

Ӽ ἵ їגἐ Ạ Ạ
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ἐ Ὄ  

2.  ϖ Ἢ ᶣ→ ♬ ͯἪ

ϖ ˀͮ ♬ ѝ ᵊ  

a)  ╚ ϧ╚ ṥ Ἠ “ ↑ כֿ

̚Ӽ אּ ῧṐ Ҋὸ ͒ ˢ

ₑ ѝ טּ ῺḀ ͒ṭ ᴩ  

b)  ∟ Ἧ Ῠ∟ ͵ ∟ ѕ ˙ ꞈᵧї ↑ ͵ ϧ∟

∟ ׄ ῧṐ  

c)  ̓ ϧṥԃ ╚ ṥ Ἠ

“ ↑ כֿ ̚Ӽ אּ ῧṐ Ҋὸ ͒

ˢ ₑ ѝ טּ ῺḀ ͒ṭ ᴩ

 

d)  ̓ ϑ ̓ ῧṐ Ҋὸ  

3.  ͵ כ

Ủ ῾ Ӝ  

4.  ὶ −→ ͵ ḾὊ ḉᾙ

ṥ→ ☺їגἐ ѻ ϯͯ  

5.  →Ό ḀˋṈ →Ό ᴩ

Я→ Я  

a)  ᾙ Ӝ ỉ Ἢ˰ Ἧ ῧṐ

 

b)  ╗ꜘṥ Ⱶ ῺḀ

ᴳ┤ͻϫ ѝ ᴩ

₢ᾯ Ӝ ∟

Ҋ  

c)  →Ό ￼

↑ϯ їגἐ ᾼ 2D 3D Ѻּק

; ; ῺḀ Ủכ Ӝᴽ Ӝ

Ỗѻ ϯ  

6.  ϧ ᶏ₲ ѻ ϖẐ Ҋṓ  

7.  ᾘ ἧ ϓїגἐ ᾘ ╚  

ϋầỖ ầ Ỗѕ

ὶ Ӹ ὼѕ ῢ

ẚ ᾙ ṥ→ ϯ ẚ ᾙ ṥ→ ͻ

δ ╜ ˰ ắ ὶ

Ể ԛ ᴒ ặ ϑ

Ỗѕ  

☺ ѻѕ Ḿᾑ 10 ẚ ᾙ ṥ→

ὢ ₢ᾯ ᴒ Ỗѕ ḉᾙ

ᴁΪ ό ᴒ Ὣ ꜙѻ Я
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Я 20 ѕ ᴳḗ ῺḀ 2 ᾈ ṥԃ ὢ

ʹ ᵭ 40 ѕ

Ỗ ᶘ ʼ ╣ᾏ˂ ᶟ ˅ ὲᾴ ͽ

ᴩ Ỏ◗ ᴩ ᴵ  

1.5.3   

ỸẴ Ḿ

Ḿᾑ ֽ ᾑѻ ό ᴒ ẚ

ᾙ ṥ→ ϋ ᶳ ẚ

ᾙ ṥ→ ‫ ᴳ ϋ

ẚ ᾙ ͽ Ὣ ♬ ᴳ  

⁮ Ὣ ↑ +

ᾑ•ἐ ắ ầ Я

→ Ѿ ͽ נּ Ḿᵭ ᾑ Ỹᶺ ᶆד

ή ṥ→ἐ Ḿ᷈ Ạ ᵵ

− ᵵ ◦  Ӳ

ᴳ ὂ∆ ´ ḛ Ӱ˟ ᴻת Ϲ−

Ξ  

ᴻת ṥ→ἐ ᾴ ᶣ Ỹᶺ

ˋₑ ṥ ᴩῥ ᵭ Ἢᾏ ᾴ

ֽ ᵅỸ ϴ; Я→

ˋₑ Ḁ ϯ

Я→ ֽ ϧ ᴳ ῺḀ ֕

ͽ Ṗקּ ; ↑ ᷈ ᴳ ὂ∆ ˍ ϧ

ˑ ◗ MyModelV1 MyModelV2 Ỗ

ѕ ͽ קּ ͒ ˀ◗  

ᾑ•ἐ ▒Ṗ ꜙ

ѻ ᴳ ͯ ᵵ

◗ ☺ ᶣ ḾὊ ό ᵵ ҁ ῺḀ ᶳ

Ỗ ḣ ᶟ ὂ∆ ˢ

ͯ ♬ Ḿᾑ Ỗ ᵵ

ᴳ ╕ ˍ ὂ∆  

Ḿᵭ Ὣ ╣ᾏ˂ ὸ

ϧ ͯ ẙ Ὣ Ζᾒ Ἠ

♯ ϋ ᶏѻ ̸ ᶆד

ᶣ Ἠ ѻᵊ ᴈ

Я→ ῺḀ ᴩῥ ￼ ↑ϯ Ở

ѻᵊ ᴩῥ ￼ ↑ϯ Ṉ

Ạ ; Ṗקּ ϧ ╣ ᷈ Ἠ ♯

Я→ 80 20

בּ בּ  
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Ῠ ˑ ῺḀ ᴮӃ

ˢ Ἢᾏ ˀͮ  

1.  ᷈ỗ Ҟ ϓїגἐ  

2.  ẚ ᾙ ṥ→ ῧṐ ˅ ῧṐ Ἢ ὶ

Ἒ ѝ ḾὊ ḉᾙ ╚ᴁ ᶺ  

3.  ᶣ ͒ Ἢᾏ 1 2  

4.  ╣ ᷈ ͯ Ѿ Ӫͯ

ᾙͯ ᴩῥ Ἢᾏ ֽ  

5.  ἽὝ Ỹא  

6.  ᴩῥ ￼ ↑ϯ ᶺ ϓїגἐ ӣ ͒

Ἢᾏ 4  

7.  Ỹᴻ ᴁΪ ỸẴ ϓїגἐ ӣ ͒ Ἢᾏ 4

 

8.  ᴕΌ ᾙͯ  

9.  ᴕΌ ḉ →Ό ӡ  

⁮ᶺ ϓїגἐ ѻ Ѿγ ổ

Ὣ ϓїגἐ ѻ ϋ ᶋ ᾑ

Ⱶ ˑ ᴕΌ Ở ῺḀ ᴩ

− ῺḀ ‰Ḉ ꜙ ϓїגἐ ḉ

ϓїגἐ ἐ

Ḿ →Ό ᵧ ӣ ;ᴑ פֿ ῺḀ Ḿ

→Ό ͯ ỸṔ δ ῧṐ

ḱ ỸṔ פֿ ᴕΌ

∆Ủ ὶ ◗ ʤ ṥ→ἐ

ꜙѻ ╝ ϓїגἐ ╗ ӣ ᴳ  

1.5.4  ш  

→ᶁ ˮ ѳפֿ Ὣ 1 ѻᵊ

ᾍἩ ˋắᴒ ᶺ ᵭ ᴕΌ ὶ

ͻ כֿ Ὣ →ᶁ ˮ ᶏ₲ Ẑ

Σ ặ ; ↑ ѻ

ˋ ш

קּ˃  

ᶂΌ ш ˋắᴒ Ằ⁯ ϯ ῧṐ ẚ

ᾙ ṭ ầ ⁮ᶺ ˀͮ Ὣ ᶺ

 

1.  ϧ ῧṐ ṥ ḗ  

2.  ἽὝ  

3.  ὶ Ὣ ┘  

4.  ￼ ↑ ϯ  
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5.  ┘ Ỗѕ  

6.  ỗ ͵  

ῺḀ ẚ ᾙ ╗ ѕ╗ Ở ἧ

ϓїגἐ ╣ᾏ˂ δ ῾ ˋắᴒ

ѯ  

Ḿ ╣ ẚ ᾙ ᶟ‫ ϓїגἐ ‫ Ҿ ẚ

ᶟ ͒ ẚ ᾙ ѝ Ỹא Ӫᶫ

ẩ⅞ Ἠ ; ͒ ╕

ỷ Ṯ ϹὌ ‫ ˞ Ҿ Ῠ

δ ‰ ᴮӃ Ξ ˅ ͯ

ỡ◦ ͯ ͒ ӎ

▒Ṗ ͻ ͻ

⅝ᵊ  

1 Ԇ ͒ ϓїגἐ ´ ∆ Ἠ

ϓїגἐ ‫ ṥԃ ˃  ᴙ ∆

ἵ ͒ Ἠ ϓїגἐ ˢỖ טּ

ѻ ѻ ̸ Я ᴕ

Ό ι ; ↑ ᷈ ϓїגἐ ´

‫ Ҿ ╣ ᷈ ѯ

ṥԃ Я Ỗѕ ϯ ӭ  

Ὣ ᶟ Ҿ ╕ ш ϓїגἐ

ₑ ẚ ᾙ ᷆ ╣ᾏ˂ ᴳ ‫

♬ ͽ Ṕ כֿ ↔ ῺḀ

ѻᵊ̸ ᴩ ѻᵊ̸ ; ῺḀ ᷆҉‫ Ѻּק

ṥԃ ╣ᾏ˂ …Ὣ ϴᴩ Ѻּק ṥԃ ⁮ ῺḀ

ͽϋ ᷆ ˒ ᷆҉‫ ỡ

˒ ᴩ  

ᾙ ͯ י₄ּ ╕ ͒

→ᶁ ᶽᴭ  

1.5.5  ϓїגἐ ἐ ᴪ Ῑ  

Ῑ ϓїגἐ ổ Ḁ ѻ

ϯ ₑ 1.3 ᶂ↑ →ᶁ ᷈

ѻ ˢ ϓїגἐ

═ ₑ 1.4 ϋầ◗ Ⱨ ѻ

Ḁ ̳Ћ →ᶁ ᶆ

ѯ ☺˭ Win- Win ї

ג ᶣ ᴪ Success in Simulation Sturroc k 

2012b www.simio.com/blog ӓ; ˰

→ᶁ Ӹ ‰ ṓס₲פֿ  
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ₑ 1.3  ϓїגἐ ᴪ Ῑ  
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ₑ 1.4  ἐ ᴪ Ῑ  
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2 Ῑ ᶺ ѯ♦ 
 

פֿ ᶺ ᵅ

дἐ ˵ ῺḀ ´

ᶺ ᵭ ἵ ⁫Ṷ′ḗᾙ Ҋ ₑ 2.1  

 
ₑ 2.1  Ҽһ ˵ ᶺ  

ἵ ᵭ дἐ ⁫ ἵ Ὣῑ ῺḀ ᴩḱỲ ᶆ Ὼᾒ

ᶺ Ѿ ; ↑ ⁫ṶỲ ᶆ дἐ

ộ Ỳ ˒ ᶺ

ᴩḱỲ ᶆ дἐ ☺˭ ộ Ỳ ˒ ᶺ

ᵭ Ẵ╚ ╚ᴁ ̘̓ ї ἧ Ξ

ˀͮ Ӑ ϧ⁫ Ή ₲ Ỗѻ ╕ ḀỲ

҉ ˛ậ цᵶậ ⁫ṶỖѕ +ᵂ Ḁдἐ ̚Ӽ дἐ₲ 10

+ͽ ῺḀ ̚Ӽ ╣ ᾏ Ὣῑ ᾏ ⁫Ṷᾏᾠ ᶟ ̚Ӽ  

Ῑ ᶺ ᶺ ѯ♦ ῝β

ᵴ ∙ פֿ

ϋ Ὣ ᾑ ᶺ ϴ

₲Ủ ᶺ ᴩῥ

ᶺ ᴕΌ ϴ

Љ ᶺ

ᴿϫ ʹ ᵅỸ ῺḀ ᵊ

ỸṔ ╕ Ằ₲ϯ ʹ ῺḀ щ

ͯ ᶺ ᴕΌ ˢ ῺḀ

ᾶ ∆ ϯ“

ᵭ Simio ᶣ Ṕ

Ԇ ṽ ᴩῥ ḛ ῺḀ ᶺ ᶳ ̻  

ᶺ ᴮӃ 1909 A. K. Erlang

╚ᴁ ̘̓ ї ᴮӃ ầ
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ˀ ₲Ϲ ᴮӃ נּ Erlang 1909 Erlang 1917 ᶺ

ї ᴭ ╧ ᾙ Gross et al. 2008 Kleinrock 1975

ϯ ᴁ ӰΉᾙ ˢῙ Ross 2010

ԃאַ∟ ͒ Ỏ Askin and Standridge 1993 ᶓ

ὶ ᶺ queueing theory ᴩṮ 140

ᴙˀῲ Ῑ ᶺ Я☺ δ╝ Ằ

ᵴ ῝β ѯ ᴕΌ Ở ᶺ

ꞈ Ӫ ἥ ᵭ Ῑ Simio

ᴩῥ ₲Ủ δ  

Ῑ ἐ ˀͮ ϯ ѯ♦ ủ Ὄ ◗  

ϯה Ỹᴻ ֩ѕ ỎῨ ї ѯ ϖ  

ה ẋי ינּ ϯ ₲ RV  

RVה ẋי ϯ ỷ ї₲ PMF ינּ ϯ ї₲ PDF

ӡ ┤ ї₲ CDF  

RVה ѻ Ԍ ẋ PMF PDF CDF RV ֜

ѕ ѝ ϯ ᴁẐ  

RVѕה ↑ ᴑ  

ѯ♦ ủ Ὄ ᾙ ⁮ ◗ ѯ♦

ϯ Ӫ  

Ῑ ᾙ☺ Ằ₲ ˢ ẅϲ ϯ

ὤ ϯ ӰΉᾙ ϧ PMF PDF

Ҟ CDF ѻ ẋ ὶ ḣӏ פֿ Ѕ

ᵅṖ ῾ ῾ ᵃ ˍ Ἢ

ᾙ Ѕʜ Simio 6.1.3 ᷆ẇῐ

100 Ἧ ˢ ϯ https://en.  

wikipedia.org/wiki/List_of_probability_distributions

Ј ϯ Ỏ Шᶺ Johnson et al. 1994 1995

2005 Evans et al. 2000 ϯ ῧṐ 6.1.3 ᷆ ẇῐ

 

2.1 ╜ ᶺ ˢ ᶣַא ᵴ Ҋ δ╝ 2.2 ╜

ᶺ ἧ ͻẰ ѕ їג↑ ╝ 2.3 ╜

֥ ᶺ ὶ ᴕΌ Ở 2.4 ╜ ᶺ

ʭ ϖ╝ 2.5 ╜ ┘ ᶺ

ϴᴩ ἐ ꞈᵧ Я ᾒ ᾒ

ᾙ ᶳ  

 

2.1  ᶺ ᶣַא ᵴ 

ᶺ ᵤү дἐ ẚỎ

1 ₲ ᾏ ἵ ͒
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Ѿ ᵭ ẚ♯

י ᾌε נּ י ᵎ  

ₑ 2.1 ˵ י ᶺ ͯ 5

ἵ ⁫ ἵ ᴩḱỲ ⁫ṶỲ ộ Ỳ

ϧ ₲꞉ᶅ ᶺ ʭ ⁫

ἵ ˢ꞉ᶅ ₲꞉ᶅ Ἤ ῺḀ ᶳ ₲

꞉ᶅ ῺḀ ⁫ṶỲ 3 ꞉ᶅ ϧ꞉ᶅ ᵌ ᶺ ổ

1 ᶺ ꞉ᶅ ‪

ϧ꞉ᶅ ʹ ₑ 2.1 ᵔ

˫ ͕ ₲ дἐ ˒ ϯ Ở ἵ ⁫ṶỲ ỗ ˒

╣ ◑ ϯ ˢ ⁫

ἵ ᴩḱỲ ộ Ỳ дἐ Ὼᾒ ˒ ῺḀ ϯ

1.0 Ҋ ˢђ↑ ₑỞ ᶺ

ἵ   Ѿ ᵎ ₑ 2.1

⁫ṶỲ 4 ⁵ дἐ Ѿ 7 ⁵ дἐ

3 ⁵ ἵ    

꞉ᶅ Я ᶺ כֿ

Ṗקּ ῺḀ ỗ ἵ ◑

҉ ˢ ᶀ ҉ ╣

ᾏ ╣ ╣ὶ FIFO ˢ ᵭ ╣ὶ LIFO ˑ ҉ קּ

Ṗ ẃ ‫ ẃ ῲ ┤

ᵤү ῲ Ἠ Ủ  

ᶺ ↑ ѯ ╣ᾏ˂ ҉

ˢ Ḿ Ỗѕᾏ SJF Ḿ ᾐ Ỗѕᾏ SPT

SJF ᶺ ᾐ Ỗѕ ỗ ◑

ᾐ Ỗѕ Ỏ◗ ʤ ϧ Ѕ

Ủ Ỗѕ Ỗѕ ᵭ ε ᾐ

☺ Ԍ Ỗѕ Ṧᵂ Ỗѕ ᶺ

ᵭ ͓ נּ ; ↑ SJF FIFO

Ԍ ṖỖѕ Ḿ ṖỖѕ Ὣể  

SJF Ԇ ᶳ ϧ ᵭ

̫ Ѕ Ḿ ỗ ◑ Ủ ₑ

2.1 ˵ дἐ ῑ  Ὣῑ ‰Ḉ

ῑ  дἐ ⁫Ṷ ҉ Ὣῑ дἐѕ FIFO

 

ᶺ ἧ ͻẰ ὶ Ằ ˀͮ

 

ה Ỗѕ ᶺ Ỗѕ Ỗѕ ᾤ ₑ

2.1 ᶺ ϧ ᵌ Ỗѕ

☺ ┤ Ỗѕ дἐ זּ  
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ה ṖỖѕ Ỗѕ Ỗѕ Ỗѕ Ḁᴁ ᶺ

ϧ ˂ ᶅ ὶᶅ ꞋḀ Ỗѕ

ᴁּז;  

ה ᶺ ₲ ᶺ ᾤ ᶺ

₲ ϧ ☺ זּ ₑ 2.1

ἵ 2 ⁵ ⁫ ἵ 1 ⁵ ⁫ṶỲ 4 ⁵ дἐ Ѿ ᴩḱ

Ỳ ộ Ỳ Ѿдἐ ☺ ᶺ 7  

ה ⁵₲ ᶺ ₲ ₲ Ḁᴁ ϧ

☺ זּ ₑ 2.1 ἵ 4 ⁵ ⁫ ἵ 2

⁵ ⁫ṶỲ 7 ⁵ ᴩḱỲ 1 ⁵ ộ Ỳ 2 ⁵ ☺ 16 ⁵ дἐ

 

꞉ᶅה קּ ꞉ᶅׄ Ε Ӝ ꞉ᶅ

₲ Ỗѕ Ԍ Ꞌ꞉ᶅ₲ Ѕ 3 ꞉ᶅ ⁫ṶỲ

ỖḈὸ Ε ╥ ꞉ᶅ₲ ὄ ὸ  

()

h

dttB
h

E

3

0ñ     (2.1)  

Ͽ ѐּזỖѕ ˅  

ᶺ ᴕΌ Ԇ ϑ ᾤ ´  Ỗѕ

Ỹᶺ ᵊ ˅  ᴙͮ ỸỖѕ

Ỗѕ ᵊ נּ  ᴙ ´  Ԍ ᴕΌ

ˀͮ ˢ ͻẰ Ҋ Ở  

ὡה ´  Ԍ Ỗѕ Ỗѕ ᾤ ϧ

ᵌ ☺ ᴁּז  

ὡה ´  Ԍ ṖỖѕ Ỗѕ ѝ ϧ

ᵌ ☺ ᴁּז  

ὒה ´  Ԍ ᶺ ϧ ᵌ

☺ ᴁּז Ỗѕ Ԍ ´ ẋ ₲ Ԍ ˑ

↑ỷ ổ ὒ ὸ ỖḈὸ ᶺ נּ ỖḈὸ

ὒ ὸᶰπȟρȟςȟỄ ỖḈὸ ὒ ὸ

ᶺ ὶ ͒ ῲͮ πȟρȟςȟỄ ₣ᾈ ֜

ˢ ԅ▬ ᵊ ỖѕỪ πȟϿῲ ᶺ Ỗѕ

Ԍ ὒ Ͽ ᷿ὒ ὸ
Ͽ

ὨὸϿϳ ὒ ὸ ϧ₣ᾈ Ỗѕ ЅḀ

Ὣ ͽὫ Ԍ ὒ ÌÉÍϿO ὒ Ͽ  

ὒה ´  Ԍ ⁵₲ ϧ ᵌ

☺ ᴁּז ὒ Ỗѕ Ԍ Ҟ ὒὸ

ỖḈὸ ⁵₲ ᶺ ₲ ₲

Ḁᴁ  
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”ה ˢ꞉ᶅ קּ ꞉ᶅׄ ´  ´

Ҟ ◗ὸ ⁫ṶỲ Ủ 2.1 ϿO

Ҿ  

₲ὣ ᶺ ї ᴮӃ ἧ 5 ´ 

Ԍ ͻẰ ὶ ῏ ᾙ ˅

ᶺ Ὣ ↑ Ằ₲ פֿ

͒ ῥ • Ѕ Ό ѯ ᶺ

ỖѕѕϷ נּ 2 ѕϷ Ỗѕ

Ằ₲ ὤ ʹ ϯ

Ằ₲ י− ᵧ ˢ ὤ IID

Ằ₲ϯ RV ˢ ͯ ˢ ϯ ṅ

ˢ ͯ ᴕΌ ὶ ṽ  

Ḿᵭ ₲꞉ᶅ ᶺ ᾈ Ҋ᷿ ῝β

Ҋ᷿ ᵎ ỗ щᴓ ᵅ  

ὃȾὄȾὧȾὯ 

ὃ ỖѕѕϷ Ở ὄ Ỗѕ RV

ὧ ˢ ꞉ᶅ₲ ₑ 2.1 ⁫ṶỲ ὧ σ⁫ ἵ ὧ ρ

Ὧ ᶺ ꞉ᶅ Ḁᴁ ῲᵊ ⅝

ῺḀ Ὧ Ⱦ Ҋ᷿ ῒ ˢ Ҋ

᷿ Ὕ ᵎ Ὕ ↑ỷ ҉ Ở

ϩ  

ὃ ὄ ỗ Ҋ᷿ ὓ Σ Ồ Ỗѕѕ

Ϸ Ỗѕ Ằ₲ ὤ Ở ᶺ ὓȾὓȾρ

ỖѕѕϷ ᵧ ʹ Ỗѕ Ằ₲ ὤ ˢ꞉ᶅ

ₑ 2.1 ⁫ṶỲ ỖѕѕϷ Ỗѕ Ằ₲ ὤ

ῺḀ ὓȾὓȾσ ᵅ άᵌ IID Ằ₲ ᶣ→

Ὁ Ҋ ᶺ ὓȾὉȾςȾρπ Ằ₲

ỖѕѕϷ 3 Ỗѕ ꞉ᶅ

10 ᶺ 8 ˢ ῺḀ Ỗѕ

ѕϷ Ỗѕ Ὃ Ҋ᷿ Ạ  

 

2.2 בּ  כֿ їגỦ 

2.1 ╜ Ҟ ´  Ԍ ͻẰ ὡ ὡ ὒ ὒ ѕ Ὣ

їגỦ Ṗקּ Ằ 1

₢ ẙ Ằ щ ᴁẐ ₢ ╜

ἧ ˢ ₲꞉ᶅ ᶺ ₑ 2.1 ⁫ṶỲ

ᶳṶ ‫ Ҋ᷿ ‗ ỖѕѕϷ ѻ

Ҳ₲ ‘ ᵌ ꞉ᶅ ₲꞉ᶅׄ☺

‘ ρȾὉὛ Ὓ ᵌ ꞉ᶅ
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Ỗѕ ϯ  

їגỦ Ὣ בּ בּ

Little 1961 ᾑ ᵭᾡ ˢ ͯ Stidham  

1974 Ḿ֕ 50 Ἶ ᴈ Little 2011 בּ ῲὸ

Ҋ᷿ ỗ щᴓ  

ὒ ‗ὡ 

ˢ ₲꞉ᶅ ᶺ ἧ ʭ בּ

ˢ  Ӳ ; בּ Ὣ Ỗѕ Ԍ ḯ

ὒ ˂ ѐּז Ԍ ˺ ὡ їג

 

בּ ᶺ ᶺ ꞉ᶅ ᾤ

ỗ їג →  

ὒ ‗ὡ  

בּ е їג ỗ Ủ  

ὡ ὡ ὉὛ 

Ủ Ỗѕ ѻ ὉὛ Ѻ ʹ

Ԍ ṖỖѕ Ԍ Ỗѕ Ԍ Ỗѕ

ᵅ Ở їגỦ ὒ ‗ὡ ὒ ‗ὡ ♯ Ḁ

ὡ ὡ ὒ ὒ כֿ Ẑὶ

ὡ Ѻ ₢ ; ῺḀ ὒ ‗ὡ ὉὛ

ὒ Ѻ ῺḀ ὡ ὒȾ‗ ὉὛ כ  

 

2.3  ₲꞉ᶅ ᶺ ↑ 

╜ ₲꞉ᶅ ᶺ ₑ 2.1 ᶺ

☺ ⁫ṶỲ ᵌ ᴭ

ᶀỦ ῝β ´  Ԍ ͻẰ Ҿ 2.2 ╜

╝ בּ כֿ їגỦ Љ ꞉ᶅׄ ”

‗Ⱦὧ‘ ḥṽ Ằ ὧ ᶺ ᵌ ꞉ᶅ₲

ᴕΌ ” ρ ” ρ  ᴙͮ → ᶺ

ˢ ◗ ´  ◗ ѻѕ ̓

₲ ᵊ +ͽ  

꞉ᶅׄ☺ Ӝּי יּ ῲε

 

╜ 4 ᶺ δ╝ כֿ ᶺ

Ủ ᴕΌ Ṗקּ ῧṐ ᶺ ї ᴭ ẇῐ

Ủ ´ ṽ כ δ Ὼ

Ḁ ͻẰ ѝ Ủ ῺḀ ˀͮ 4 Ở

₲ ᴁẐ ֕ỏἪ δ  
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2.3.1  ╜Ⱦ╜Ⱦ 

ᶺ ỖѕѕϷ

Ỗѕ Ằ₲ ὤ ˢ꞉ᶅ  

´  Ԍ ⁵₲ ὒ ”Ⱦρ ” ˢ꞉ᶅ

ῺḀ ” Ԍ ‗ Ԍ ‘ ᾤ ὒ ỗ

Ủכ ᵅ  

ὒ
‗

ρὉὛ ‗ϳ
 

ὒ 2.2 ╜ їגỦ כֿ ͻẰ ὡ ὡ ὒ Ẑὶ

 

2.3.2  ╜Ⱦ╜Ⱦ╬ 

ỖѕѕϷ Ỗѕ Ằ₲ϯ ὤ ˢ

ᶺ ˢ ὧɜ ꞉ᶅ ổ  

ὴὲ ´  ⁵₲ ὲ ϯ Ỹ

Ṕ ˢ ֩ ῺḀ ´  ϯ

ỗỦ  

ὴπ
ρ

ὧ”
ὧȦρ ”

В
ὧ”
ὲȦ

 

Ủ ˢᴳ ṽ ὧ ᵊ ᴁẐ;

₲Ủ ˢ Ԇ ᾴ ˋ ∆ ↔₲Ὦ ὮȦ

Ὦ Ὦ ρ Ὦ ς Ễ ς ρ Ὦ όῶ Җ 0! = 1 Ҟ

2.2 ╜ їגỦ כֿ ͻẰ ὒ ὒ ‗Ⱦ‘ ỗỦ

 

ὒ
”ὧ”ὴπ

ὧȦρ ”
 

ὓȾὓȾὧ ῲҊ Ủ כ ᴾּב ֥

₲ Ủכ ṽ ὴπ

ὧ ´ ᾴ ῺḀ ᾤ Ꞌ ṽ ᾙ

mmc.exe Ӝ Cẇῐ Ạ

‗ ‘ ꞉ᶅ₲ὧ Ằ ὒ ᴁẐ

mmc.exe Ҍ Windows

ϋ Windows [ ] - [ ] [ ]

˺ ỗ ´

C: mmc.exe ˒ cd C: ¥

C:\ > Ở mmc

ᶣ Ở ₑ 2.2 ᶣ ὤ mmc

ᵭ ‗ ‘ ὧ ” ρ ʸ ᶺ
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◗ ´  ᶺ ͻẰ ͻẰ

´  Ỗѕ ˂ ˋ

‗ ‘ Ỗѕ ˂ ˢ mmc.exe

Ỗѕ ˂ Ở  

 
ₑ 2.2  mmc.exe  

Python https://github.com/auie86/mmc Python mmc

ᶀϋ ˢ꞉ᶅ

δ┘ ͽ 2.4 ╜ ╝ δ┘

 

2.3.3  ╜Ⱦ╖Ⱦ 

꞉ᶅ 1 ỖѕѕϷ Ằ₲ Ỗѕ ˢ

ὤ ὓȾὓȾρ ᵅỸ

ὓȾὓȾρ Ḿ 0 Ằ₲ Ỗѕ ʹ

ᵅỸ Ԇ  Ӳ  

„ Ỗѕ RV Ὓ ᾈ Ḱ „ 2 ῶ ẋ

ὉὛ ρȾ‘ ỗỦ  

ὡ
‗„ ρ‘ϳ

ςρ ‗‘ϳ
 

Ủ ᶀỦ ᶀỦ

2.2 ╜ ϧїגỦ ♯ Ḁ ´  Ԍ ᶺ ὒ

ͻẰ Ẑὶ  

ὡ Ỗѕ ẋ„ קּ˃

ԌρȾ‘ קּ˃╗ „ ὡ

− Ԇ Ỗѕ ˢ꞉ᶅ ☺ Ỗѕ╥

ˋ  Ӳ ҉‫ ḥṽ

− ὡ ͻẰ ̛ Ỗѕ ẋ

˺™ Ỗѕ − ᷈  
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2.3.4  ╖Ⱦ╜Ⱦ 

Ḿᵭ ◗ Ҳ ỖѕѕϷ ˢ ὤ ∆

Ỗѕ Ằ₲ ὤ ᾙ Ằ₲ї₲

Ỗѕ Ԇ  Ӳ − Ὼ Ἠ ◗  ᴙ

Ҋͣ↑ ˢ꞉ᶅ

3 ṽ ┘ ⁵₲ ᾳ

ϯ זּ ὣ Ằ₲ї₲ˀϑ Ҋͣ↑ ổ

ỖѕѕϷ ֕ ΣỖѕת ʤ

ᴕΌ Ủ ֥ ῺḀ ˋ ổ

ῥ Gross et al . 2008 Ross 2010 ẇῐ

 

Ὣὸ ỖѕѕϷ ї₲ щ נּ ∆

ᶳ ‘ Ằ₲ї₲

Ỗѕ Ԍ ρȾ‘ ᾀ ỗ ┤ Ủ 0 1 ѕ

₲  

    2.2  

ˀῲ ỗỦ  

ὡ
ρ

‘ρ ᾀ
 

◗ὸ Ủ 2.2 ╜ їגỦ כֿ ͻẰ Ẑ

ὶ  

Ủ 2.2 ᾀ Ҝ − ẙ Ủ 2.2

ᾀ δ ˢ ₲ ᴁẐ

Ủ 2.2 ˺ Ҿ ₲ᾀ ѝ ┤ ᴁ

ẐΣ ṽ  

ˢ ὡ ᴿ ᶀỦ Ỗѕ

δ ỖѕѕϷ ὥȟὦ π ὥ

ὦ ˢנּ ῺḀ ϯ ї₲ ỗ  

Ὣὸ
ρ ὦ ὥϳ         ὥ ὸ ὦ ῺḀ

π                ֿכ ῺḀ
 

Ủ 2.2 ͮỦ  

ᾀ Ὡ
ρ

ὦ ὥ
Ὠὸ 

ᴁẐ ⁮ Ủ 2.3 ὶ  

ᾀ= Ὡόὸ1 ᾀὫὸὨὸ
Њ

0
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    2.3     

Ủ 2.3 ₲ ᴁẐ δ  

Microsoft Excel Ѿ ₲ Ҿδ ṅ

δ Excel 2007 / 2010 Ѿ

[ ] [What - If ┘] כֿ ˑ Ὼᾒ

; ↑ ₑ 2.3 5ÎÉÆÏÒÍȾὓȾρ ᶺ δ┘

Ѿ Ạ Ở Uniform_M_1_queue_numerical_  

solution.xls C ẇῐ  

 
ₑ 2.3  ᶺ ͻẰ Ѿ Excel  

D10 Ủ 2.3 ₑῲ ₲Ủ ẇῐ

Ѿ Ạ D10 D9 ᾀ Ḱ 0

֕ ᾀ Ҿ ᾀ ᾑѻ ₢ 0 1 ѕ ╚

D9 D9 ᾀ ї₲ D10 ԅ▬ Ở

D9 ᾀ π ᾑѻͯ ʸ ᴕΌ ₑ 2.3

╚ ṮЯ ᵭ ᴕΌ Ở

D10 0 ֕ ֕ỏδᾀ ´  ᾈ ᶺ

ͻẰ ᴁẐ ₑ 2.3 ͮ ῧ

Ṑ Ạ Ҋṓ  

 

2.4  ᶺ  

ᶺ ₲꞉ᶅ ᶺ ₑ

ᾀ=
1

‘ὦ ὥ 1 ᾀ
Ὡό1 ᾀὦ Ὡό1 ᾀὥ  
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2.1 Ҽһ⁫ ˵ ⁫ ἵ ộ Ỳ ѕ ת

ϑ ϑ ת ᵔ ᶣ→

ϑ ˋ

˵ ἵ ᵊ ˋ

ϑ ὶ ⁫ṶỲ ộ Ỳ ;

ᵅṖ Ṕ ₑ 2.1 Ở

ѳϯ ὤ ỗ ˒ ἵ 90% ϯ ⁫

ἵ 10% ϯ ᴩḱỲ ˒ ˢ

ᶆ ⁫ ἵ ᴩḱỲ ϛ  

ϑ Σ ᵧ Ằ₲ ὤ ʹ

Σ ᵎ ˢ Ỗѕ ₲

ẋ ὤ ϑ 1 Ζᾒ

ἵ ᶆ Ỗ

ѕ ᵧ Ằ₲ ὤ Σ ϧ

ᶺ ᵊ ϧ ǡ 1

´   ᴙͮ ᶣ→

ᵎ פֿ ᴳ Jackson 

1957  

˵ ἵ ὓȾὓȾς ᶺ ‗

ỖѕѕϷ ԌρȾ‗ IID Ằ₲ ὤ ʸ ὓȾὓȾὧ

ᶺ ὶ ‗ Σ

Ὣ ꞉ᶅ ὶᶅ ϯ

ᶅ ѐṶ ˢ

ὶ Ѕ ϧдἐ ϯ 0.9 ⁫ ἵ ϯ 0.1

ᴩḱỲ ᶆ ᴕΌ 2 ὶ − ⁫ ἵ

πȢω‗ ᴩḱỲ πȢρ‗ ᵧ Σ

Σ ⁫ ἵ

πȢω‗ ὓȾὓȾρ ᶺ ᴩḱỲ πȢρ‗ ὓȾὓȾς ᶺ

┘ ὸ 3 ἵ ⁫ ἵ ᴩḱỲ

ᵧ ϯ  

☺ ᶳ ỗ ┘

 

ἵה ‗ ὓȾὓȾς 

⁫ה ἵ πȢω‗ ὓȾὓȾρ 

ᴩḱỲה πȢρ‗ ὓȾὓȾς 

⁫ṶỲה πȢω‗ ὓȾὓȾσ 

ộה Ỳ πȢω πȢφ‗ πȢρ‗ πȢφτ‗ ὓȾὓȾς 

ộ Ỳ Σ 2 Σ Ḁ ᾋ

ḀẐ ☺ ᴁẐ Ḁ Σ Σ
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2.3 ╜ ὓȾὓȾὧ ᶀỦ mmc.exe ´

  Ԍ ᶺ Ԍ ⁵₲ ͻẰ ϧ

ᵌ Ҿ  

ϧ ᴁẐ ῲὸ

ϧ Ѻ ϧ ꞉ᶅ

ᴁẐ ⁫ṶỲ 3 ꞉ᶅ ‘

⁫ṶỲ ” πȢω‗ σ‘ϳ

ᴁẐ Ằ₲ ᵊ ˋ ѕϷ

Ỗѕ ￼

ѕϷ Ỗѕ RV ѻ Ҳ₲ Ҟ ῺḀ ᵊ  

◗ὸ ˵ Ṗקּ ϑ ╗ ˋ

פֿ Ṗקּ ; ↑ ῺḀ

☺ ᵌ ᾋ

ỡᵒ Ṗקּ ; ↑ ộ Ỳ ὶ

80% дἐ ˢ 20% дἐ ḽộ ộ

Ỳ ῺḀ ‗ ˢỗ Ủ δ

┘ ￼ ϧ

ᴿ 1 ϯ

ổ ˢ ỗ Ở  

ₑ 2.4 Ở ᶺ ᶳ ´ 

Ԍ ⁵₲ ὒ Ԍ ṖỖѕ ὡ ꞉ᶅ

” ᴒ ϧ꞉ᶅ Ҿ ꞉

ᶅ ᴿ 1 ῺḀ Ӌ

 ᴙ ꞉ᶅ → ʹ ˀͮ ᴩῥ ᶺ  

ỗ ᴁẐ  

‗ ρππ 
‗ υπ 

‗
ρ

πȢω
πȢσ‗ πȢς‗  

‗ πȢχ‗ πȢτ‗ 
‗ πȢφ‗ 
‗ ‗ πȢω‗ πȢφ‗ 

ₑ 2.4 Ở ϧ꞉ᶅ c =1 ʹ

2.3 ╜ Ủ ϧ꞉ᶅὮ ὒ ὡ ” Ҿ 2.1  

ᴿ 1

☺ Ԍ ⁵₲ὒ Ԍ ṖỖѕὡ ˀͮ ᴁẐ  

ὒ ὒ 

ὡ
ὒ

‗ ‗
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ₑ 2.4  ᶺ ꞉ᶅ c=1 ʹ  

 

2.1  ₑ 2.4 ϧ꞉ᶅ δ 

 1  2 3 4 5 6 

‗ 100.00  50.00  44.44  82.00  30.00  140.00  

‘ 110.00  60.00  50.00  95.00  35.00  150.00  

” 0.91  0.83  0.89  0.86  0.86  0.93  

ὒ 10.00  5.00  8.00  6.31  6.00  14.00  

ὡ  0.10  0.10  0.18  0.08  0.20  0.10  

 

ᾙ ᵭὸ Ἧ δ┘ Ῠ ᾈ

ᶺ ʹ ῺḀ ᴩῥ ´

 

 

2.5  ᶺ ϴ 

ᶺ ᴕΌ Ḿ ᴁ ḯ˺ ᴿ

δ 2.3.4 ᷆ ὋȾὓȾρ ᶺ ₲ ᴁẐ

ῺḀ ќ ᵵḰ − ; ↑ ˢ ᴕ

Ό ᴁ ϯỸ↑ Ṗקּ ϯỸ↑ ╕ ủ זּ

ᾐ  

ᶺ Ὣ ᾒ ἧ 2.3 ╜ ₲Ủ ὶ

Ṕ ◗  ᴙ їג פֿ ᵅỸ  Ӳ ◗

ᴕΌ ∆ϯ↑ ￼ ↑ ̚Ӽ

ḛ Ằ₲ ὤ Ỗѕ ʹ

0 ↑ỷ פֿ Ὼ ᵅỸ

֩ᶧ ʸᴩḱῺ Ỗѕ 0 ֕ − ᶳ

ᴕΌ ´  ͻẰ ; ѻ

ѻ Σ ͻ ֕ỏἪ
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∙ ổ ᵊ ᶺ ᴕΌ ˋ ỖѕѕϷ

Ỗѕ  

ѻ ᵊ Ỗѕ ˍ ʭ

´  ┘ Ξ Ỗѕ Ỹᶺ

╕ ᾑѻ ᴙ ˋ

ᴮӃ Ῠ Ḿ ѕϷ Ỗѕ ỡ

◑ 6.1 6.2 ╜ẇῐ Ỹ Ằ₲ ╕

ῺḀ ᾤ Ằ₲ ʹ ᾙ

ᵅỸ ￼ ᶣ Ἢ

˂ ᶣַא ṽ ᴿ ₲ δ┘ ḛ ῺḀ ᾈ

ᶺ ᵅ ῺḀ ᶂ ˢ Ξ

ᴕΌ ᴁ ₢ ∆ϯ ᴕ

╕ ᴁἪ ┘ ;ᴑ ᾙ ֽ

Ἠ ῲ ₑ 2.1 ˵ ѝ Ῑ ҡ ╕ ᴁδ┘Ἢ

Simio ỸṔ 9 Ῑ ᵅỸ ♯

 

 

2.6   
1 ὓȾὓȾρ ᶺ Ԍ ỖѕѕϷ 1.25 Ԍ Ỗѕ 1

ῺḀ ὡ ὡ ὒ ὒ ” Ҿ Ằ ˂ Ỗѕ Ҋ

╝  

2 1 Ỗѕ Ằ₲ ˢנּ ὥ πȢρὦ ρȢω

ᶟ ˢ ѻ ὥ ὦȾς ρ 1 Ỗѕ ѻ

ˢ 5 ͻẰ 1 ϴ Ỗѕ ᶟ ̚Ӽ ╝

֜ѕ[ὥȟὦ ˢנּ ᾈ Ḱ ὦ ὥ ρςϳ  

3 1 Ỗѕ ẅϲ Ḿᾴ ὥ πȢρ Ḿ ὦ ρȢω

Ḿ ά ρȢπ ᶟ ῺḀ 5 ͻẰ 1 2 ᴕΌ ϴ

ẅϲ ὥ ά ὦ ѻ ὥ ά ὦȾσ ᾈ Ḱ

ὥ ά ὦ ὥά ὥὦ ὦά ρψϳ  

4 1 2 3 ό +ͽ ῺḀ ̚Ӽ

┘ ᶓḉ Ὕү + ꞉ᶅ 1

Ạ ᴽ 1% +ͽ ´ ” ρ

5 ͻẰ ᴁẐ +ͽ ͕Ừ ͻẰ

ᴕΌ ᶳṶ  

5 1 ὓȾὓȾσ ᶺ ϩ Ԍ ỖѕѕϷ 1.25 Ԍ

Ỗѕ 3 ῺḀ 5 ͻẰ Ҿ

ṥ→ mmc.exe Ạ  

6 5 4 ┘ ᶺ 1% +ͽ ᴽ

200% 2 ┘ ´↑ ˓ổ Ḿ

ᾴᵊ ꞉ᶅ ͽ ϧ ὡ ὡ ὒ ὒ ” ᴁẐ  

7 2.3 ╜ ὓȾὓȾὧ ᶺ ї Ủὒ Ἤ ῺḀ ὓȾὓȾρ ѝ

╝  
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8 ₑ 2.1 ˵ дἐ ỖѕѕϷ Ԍ 6 Ằ₲ ὤ ϧ

꞉ᶅ₲ ѳϯ ₑ 2.1 ϧ Ỗѕ Ằ

₲ ὤ Ԍ ỗ ἵ 3 ⁫ ἵ 5 ᴩḱỲ 90 ⁫Ṷ

Ỳ 16 ộ Ỳ 15 5

” ᴁẐ ˵ ̘̓; ϑ дἐ ˵ ╕ ͒

̘̓ ; ὸ ꞉ᶅ 1 +╚ ῺḀ 5

ͽ ╝

mmc.exe Ạ  

9 8 5 ϧ ὡ ὡ ὒ ὒ ” ᴁẐ ╝

8 ꞉ᶅ ͽ ┘ᴕΌ ὸ

˵ἐ Ὣ ῑ  дἐ ѝ ҁ ᶏῺ ˑ

ˋ Ạ ₢ᾯ

Ἢ mmc.exe ;  

10 8 9 ꞉ᶅ ͽ ῺḀ Ỗ 10 Ԍ ѕϷ 6

˵ ̘̓ ˓ổ ῲ

ϑ дἐ₲ + Ḿᾴᵊ ᴁẐ

ᴿ δ Ҿ Ҿδ ṥ→ Excel

Ѿ Ạ ₢ᾯ  

11 8 9 ꞉ᶅ ͽ ῺḀ ẐṦᵂ ᵅṖ 10 ꞉

ᶅ 1 Ḷ ϧ Ḿ 1 ꞉ᶅ

˵̘̓ ̚Ӽ Ḿᾴ ꞉ᶅ Ḷ Ḷ ꞉ᶅ 2

+ ̘̓ ; ˀῲ ꞉ᶅṦᵂ ̚Ӽ  
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3 Ῑ Ἧ  
 

ᶓ פֿ Ἧ Ỹᶺ פֿ

ѳ Ῑ ῝β ї ᵴ δ╝  

3.1 ╜ ₲ ѐ 3.2 ╜ ≥

ϯ 3 ῝β 3.3 ╜

╧ Ạ 2 Ἢṥ

ԃ ╝ 3.4 ╜

◑ Ề δ╝ 3.4.1 ᷆ C++ Java Matl ab

ᵈᵴ Ỹא ϖ╝ 3.4.2 ᷆

Simio ╧ ╝  

 

3.1   

פֿ Љ Ἢ ѝ ϖ

פֿ ᵈ ◦

ˋ ; ↑ ╜ ᶣַא ѯ

῝β

Ṗקּ₲ ≥ / נּ ͯ/ ẋ ͯ

ϯ /ϯ 3 ᾙ ἧ ẋ

ͯ ϯ ʭ  

3.1.1  ≥  

≥ Ỗѕ Σת ṥ Ỹᶺ Ὣ

Ѕ Ό ₲

┤ ᶺ Ҳᶺ ₢ γᴁῲ ᴁẐ̫תּ

ᾙ ͻ Ӑ Ỗѕ ϖ Ṗקּ ỖѕתΣ

ᶣַא ṥ ̚Ӽ ҷ ῺḀ ≥ 3.2 ╜ ʭ

ˢѻѕ Ṗᵓ ˢ  

Ỗѕ Σת

ᶣַא ṥ ỷ Ở Ѕ Ό ỖѕתΣ

ᵅ ᶣ Ỹᶺ ; ᶺ

Я ᵅ Ỗѕ

Ṗᵓ Ṗᵓ₣ᾈ Ṗᵓ ὢ ṭ Ỗѕ ѕ

ї ῺḀ ה ѝ

ὶ ˒ ỖѕỪῲ ᵅ

י  

Ϭ

ῲ ᵅṖỖḈ ₲ ⁮ᶺ

+ͽ ☺ ; ₲

Ỗѕ ˂ ˢђ↑ ᵅᶺ
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Ỹ₲י ₲ ᵴ

ᾴ₲ י ₲ Ạ ỎῨ −ỖḈ ∆ϯ ᵅ ᾶ

ᾴ₲ ̽Ẑ ∙ Я Ԇ ∆ϯ

 

ᵍ Ἤ ╪ ˢ

ṥ→ἐ 1 ᴒ ᾴ Ỗѕ Ỗѕ

Ỗѕ+ ◑ ῺḀ ῺḀ

Ỗѕ ˂ 1 ⁮ ϧỖ

₲ ᶟ‫ ỎῨ − ͻ 2

ˢ ỎῨ − פֿ ᴁẐỖѕ ͵ Ҍ

ῺḀ ϯ ᵅỸ ỎῨ נּ Ỗѕ

Ỗ − 1 ˂ Ӫ⅝

ỖѕᵵḰ − ᵵḰ Ỗѕ

ᴄᵂ ỸᶺỖѕ + Ỗѕ

י י₲↔ Ὣ ᴑ ῺḀ

ᾶ  

≥ ´ Ỹᶺ @RISK Crystal 

Ball ≥ 3.2 ╜ẇῐ C++ Java Matlab

ᵈᵴ ♯ Ḁ Ạ ˢ

╧ ϋ Ӫ 3.3.1 ᷆

ᾙ Ὣ ᶳ ẋי

╒ ╝ 3.3.2 ᷆ ὸ

Ԇ ᾋ ᶺ

ʭ ˀῲ ṽ Ỹᵅ

ᶣ ᵈᵴ Ạ

ֲ ῲ Ỗѕ ҉

ṽ − ´ ṽ Ἤ ѝ

ˢ ᶣ ᵅṖ ᵈᵴ Ạ

҉ ṽ Simio ╧

Ạ Ḿ  

3.1.2 ינּ  ẋי  

ỖḈ ˋ Ỗ

  Ҋὸ   ₲ Ṗקּ ᶺ  

₲ ᶺ ᵤү ε₲ ꞉ᶅ   Ҷ Ε Ạ

Ṗᵓ Ṗᵓ₣ᾈ   ₲  

  ₲ Ỗѕ נּ ͯ ῺḀ

ינּ ͯ ↑ ổ ₣ ῲ

₣ ͮ ὶ Ỗѕ ˋ Ỗ נּ ͯ

ᾴ +ᵂ פֿ ῺḀ   Ỗѕ ͯ  

₲ ₣ᾈ כֿ   ₲ їג Ủ Ҋὸ



3.1   39  

 

ᵌ ἒ ᵺ ẋ ᵅῨ נּ יͯ

֕ỏ ῺḀ ᵺ ̩ ʭ ᴿ

ẋ   נּ ͯ Ủ

Ủ ׅ ╪ ˭₲ ỖḈὸ ὼὸ ώὸ

Ủ Ủכ ѯ

֕ ╪ ׅ ꞈᵧ Ἁᴌ ᶺ Ỗ

ׅ תּ Ỗѕ Ỗ ׅ ˭₲ ₣ᾈ

ˀͮ Ủ  

    3.1      

ὥ ὦ ∆ ₲ Ủ 3.1 1 Ủ ὼׅ ͯ

ώׅ ˭₲ Ở ὥ ώׅ ᶂ ↑ Ѯ↑

₲ὥ ώׅ ╪ ᷈ ᴕΌ ὼׅ

תּ ᴍ Ủ 3.1 2 Ủ ώׅ תּ

₲ὦ ὼׅ ╪ Ở ѯ Ủ

δ┘ δ

ṽ Ủ δ┘ δ ;

 

  ₲ ỖѕỪῲ ὼѕ ֜ ẋ ͯ ῺḀ

ẋי ͯ ↑ ổ ᶺ

ϛ ᶺ ꞉ᶅ   Ҋὸ   ₲ ᵤү

Я ꞉ᶅ Ҷנ ᵖ΅ ẋ − Ỗ

ͯ ẋ יͯ Ỗѕ ẋ

Ỗ ⁮ᶺ נּ ѕ ͵ −

ѕ   ѐṶ

₲ Ỗ ỗ Ỗ ╗⁮ ϧỖ

− ỎῨ ͻ   ₲

3.3.1 ᷆ ╝ ᴁ ₲

ᶟ‫ ᶺ  

3.1.3  ϯ ϯ  

Ạ ᵏ

₲ ῺḀ ϯ ᶺ ᵅ

щ −ẏ ϧ Ỗѕ ѕ ỖѕѕϷ ˢ

ᵖ΅ כֿ ϯ ϯ

₲ ᶟ ᵊ ͵ Ỹᶺ

ᴕΌ  

ᵅỸ ắ ỸṔ

Ὠὼὸ

Ὠὸ
= ὥώὸ

Ὠώὸ

Ὠὸ
= ὦὼὸ
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ϯ ᾶ ˢ ₲

ϯ ṥˏ ◑ ṥˏ Ỹᵅ

−ẏ Ỗѕ ỖѕѕϷ ϯ

ϯ ϯ Σ ᶣ Ὣ

6 Ῑ ῧ ╝  

ϯ ₲ ֢ 1 ε Ỹᶺ

−→ 1 ỸṔ −ẏ 1

Ε −ẏ ѐּז 1 ε‪ 4

ὶ ỏ 1 ѐṶᴕΌ ὶ Ỏ −

ᴕ 1 ε‪ 4 ὶ כֿ

4 ᴕΌ ᶆד ˋҞ Ṷ −ẏ

∆ −ẏ

₲εΕ ͵ ‪ ϯ

ˋ ᴳ Ὣ ͻẰ Ԍ ᾈ

Ḱ ˅ ₲εỸᶺ

ᾙ 4 Ῑ 5 Ῑ ῧ ╝  

ϯ ὶ ѝ ↑ ϯỸ↑

ϯ ᾋ Ԍ и Ἢ Ԍ

┘ ᵎ ˢᴳḀ ắ ϯ

ὶ ϯ פֿ ῺḀ ᵵ δἡ ϯỸ↑

ᵅỸ ỷ ♬ ὶ Ằ ◦ѝ

Ὣ ↑ ὶ Ằ Ԍ

̚Ӽ

Ԍ 1 Ằ₲ ὤ ỖѕѕϷ Ԍ 0.9 Ằ₲

ὤ Ỗѕ ổ ˢ꞉ᶅ ᶺ ᶳ ᶺ 2

Ῑẇῐ ´  Ỗѕ ѻ 8.1

ỖѕѕϷ Ỗѕ ᾋ Ԍ 1 0.9 и

ᶺ − Ỗѕ Ԍ 0

∆ 8.1 ϑ е δ

ỖѕѕϷ Ỗѕ ѕϷ נּ

− Ỗѕ נּ Ԇ Ỗѕ 1

ε − ; ↑ ḥṽ ˰ Ҍ Ỗѕ

+ͽ ᵅῨ Sam Savage ᾙ The Flaw of Averages: Why 

We Underestimate Risk in the Face of Uncertainty Ằ Savage 

2009  

ϯ Ỹᶺ ε ₲ ᴕ

Ό ᾑ•ἐ ᵕ ₲ Ạ

ᴕΌ Ҝ ắ 6 Ῑ ╝

פֿ ₲ ‴ ṥˏ ₲

ֽ −→ ╚ᴁ ˢ
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Ỹᴻ ₲ε Ỹᶺ Ỹᶺ

ỗ ˢ ש₲ נּװ Ạ ᴕΌ ϧ Ỹᶺ

ˑ ṥˏ ὶ ϯỸ↑ ї Ὣ ῾ ἽὝ

₲ ḽᵅ↑ ẋᵂᾶ ὶ ᴕΌ ∙ ᶆῲ

;ᴑ ῧ Banks et al. 2005 Law 2015 ẇῐ  

 

3.2  ≥ ϯ  

ϯ ᾑѻ Ỗѕ ϖ

ổ ͯ τ

Ḋ ϯ ᵎ

╜ 4 ѯ δ╝ 1 Model 3 - 1 2

Ḁᴁ 2 Model 3 - 2 δ┘ δ ┤

₢ 3 Model 3 - 3 ˢѻѕ −◖ Ṗᵓ 4

Model 3 - 4 ∟‫ −ẏ ѻ Ἵ̫  

ᾙ Model x - y Ҋ xῙ y Ở

C Ҋṓ Ἢ; ї Model_x_y. ϩ Ẫ

בּ҉ ὤ ϩ Ẫ Excel ῺḀ xls Simio

ῺḀ spfx ╝

Model_03_01.xls  

╜ ᶓ ҷ Microsoft Excel ® Ạ

Ἧ C++ Java Matlab ᵈ

ᵴ ˍ Ỹא  

3.2.1  Model 3 - 1 2  

2 ὶ ᴕΌ ϧ

1/6 ϯ ↔₲ 1 6 ὶ Ḁᴁ ↔₲ 2 12

ϯ щ Ҿ ᾑӆ ϯ ӰΉᾙ ʭ

ˢ ≥

ϖ ╝  

Model_03_01.xls ₑ 3.1 Excel Ạ

ᶣ 2 50 ε Ҋ ;

C4:C9 ϧ ϯ A4:A9

ᾴ ϯ B4:B9 B4:B9 ϯ ϧ

E Ệᶺε₲ F G 2 ὶ

H Ḁᴁ Ở J4:L4 50 ε ѯ ᴁ

Ở Model_03_01.xls ϋ ₑ 3.1 ˑ ᴕΌ Ở

Excel ₲ ᵭὸ ѷ ↑ ổ

ḽᴁẐỖ ϋ Ṕ ѝ ‫ ₲ −→
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ₑ 3.1  2 ≥  

Ϭ• F4:G53 ϧ −→

2 ό ╝ 1 ό

Excel ₲ RAND() Ạ 0 1 ˢנּ

ὤ ѐּז −→ ѐּז −→ ᵅ RAND()

‴ ṥˏ↑ 0 1 ѕ ˢ ᴳ −

→ ₲Ϲ Ἢᾏ ѯ ᶀỦ ᴁ ᴩ

ҙỏ ₲ ᵎ ˀͮ ₲ ᵎ

₲ ῧṐ 6 Ῑ ╝ ϯ ₲ϹᴮӃ ѯ

ṽ δ Excel RAND()

Ở Ạ “ ↑ ᷈ ◑ Ề

Palisade Corporation @RISKÈ www.palisade.com Excel

Simio

₲  

2 ό RAND() ˢנּ ѐּז Ὗ

↔₲ и ϯ ₲ ѐּז ϯ ᵎ
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−→ 6 Ῑ ῧ ╝ е

ѕ֜נּ πȟρ 6 נּ ֜ѕ πȟρȾφȟρȾ

φȟςȾφȟȢȢȢȟυȾφȟρ] Ѕ Ὗ ϯנּ ֜ѕ

ϋ Ὣ Ὗ ϯ 0 Өφῲ ˂

ˢנּ ↑ỷ ϧ ֜ѕ ϯ

֜ѕ ρȾφ 1 ֜ѕ 1 2 ֜ѕ 2

6 ֜ѕ ͒ −→

Ỹא F4:G53 ỗ Ủ Ủ Ạ

 

= VLOOKUP(RAND(), $B$4:$C$9, 2, TRUE)  

Excel ї₲ VLOOKUP 4 ˰₲ TRUE ╚ RAND() 1 ˰₲

B4:C9 2 ˰₲ Ḿᾑ ᶺ ᶺ ͒

B4:C9 2 3 ˰₲ 2 $B$4:$C$9 $Ҋ᷿

F G Ủ Ṕ ẇῐᴽ ᵏ RAND()

B4 B5 ѕ 0 0.1667 ѕ ῺḀ 1 ֜ѕ

ϛ C4 1 RAND() 1 ֜ѕ ῺḀ VLOOKUP 2

֜ѕ B5 B6 ѕ 0.1667 0.3333 ϯ RAND()

˅ C5 2 ϯ πȢσσσσ

πȢρφφχρȾφ Ҍ ᾐ ͒ Ḿᵭ ֜ѕ 0.8333 1

ѕ נּ ῺḀ C9 6 VLOOKUPї₲ ῧṐ

Excel ϯ  

˅ 2 12 ‴ ѻ 7 J4:L4 ᴁ

￼ ᴕΌ Ở Excel RAND()ї₲ ѷ ↑ F9

͓ ḽᴁẐ ‫ ₲ −→

Ệᶺ ֽ ͯ J4 Ԍ K4 L4

Ḿᾴ Ḿ ѐṶ  

ᵊᵌ 6 ổ ẋϯ

͒ ϯ 6 ὶ ϯ ˑ

; ͒

1 ẇῐ  

3.2.2  Model 3 - 2 ┤  

┤ ᷿ϿὼὨὼ ὥ ὦ ₲ ὥ ὦѕ Ͽὼͮ ┤ ͻ

Ͽὼ  כ ┤

; δ┘ ᴁẐ ╝ щ

ὦ Ͽὼ π  ᴙ ῺḀ Ἢ

Ѿ ´ ₲ δ┘ ֜ѕ

ὥȟὦ ₠ Ӵ ֜ѕ Ѕ Ͽὼͮ ϧ֜ѕ כ כ

᷈ Ủ ֕ỏδ Ҿ ┤ ᴁẐ Ḿᵭ

┤ Ḁᴁ ֜ѕ Ӵ ₲ δ┘ ֕ỏ ‴ ┤ ֕
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┤ ┤ ᴁ ₢ ≥

;  

ὥ ὦ ѕ ˢנּ ϯ ὢ −→

−→ ˢ 6 Ῑ ╝ е Ủ

Ὗ RAND() 0 1 ѕ ˢנּ ὦ ὥ Ὗ ˅

ϩ ˢ ↑ π ὦ ὥ ѕ ˢ

↔ ϩ ᵅ ὦ ὥ ρ Ⱶ ὦ ὥ ρ

ῺḀ ᵭἐ ῺḀ ϩ ʫὲ ╕

ᵅ ᵭ ˅ ὥ ͽ ὦ ὥ ˅ ὥȟὦ

אּ˺ ˒ и כ▬ ˒ ᵭ ˢ

ὥ π ◗ אּ˺ ˒ ᵅ ὥ π

ῺḀ ὥ ͽ ḯּא ˒  

ỗ ◗ ╝ ˅ ὥȟὦ ˢנּ −→ ὢ

ὢ ї₲Ͽὼ ͻ Ḿᵭ ὦ ὥ ϯ ὣ

ὦ ὥϿὢ Ҿ Ͽὼ ₲ ї₲ ῺḀ ὢ ὥȟὦ

ѕ ὣ ὥ ὦ ѕ Ͽὼͮ ┤ ₢

┤ ᷿ϿὼὨὼ כ ┤ Ҿ

ʹ Ͽὼ ї₲

Ͽὼ ˋ ԅ▬ ʹ ʸ☺ ʹ ͮ

כ ὦ ὥ ᷈ Ͽὢ ὥȟὦѕ Ͽὼ ┤ ὢ Ԇ

֪◦ −→ ᵊ ὣ ᷿ϿὼὨὼ ὥ

ὦ ῲὸ ᶒ̓ ὢ ᾶ 1 Ṗקּ ┤

ˢ Ԍ Ԇ ҆

ᶒ̓ ѩ ὢ Ỹᵅ −→

ὢ ὣ ὦ ὥϿὢ ὦ ὥ ᷈ Ͽὢ כ

┤ ᴁẐ Ḿᵭ ὣ ┤ Ԍ ὣ Ѵ

᷿ϿὼὨὼ Ҳ ᾴ Ԍ

∆ Ⱶת ỸṔ ѯ ϯ ῥ

ϯ ѻ ὣ ѻ Ὁὣ ᷿ϿὼὨὼ ᴿ ῥ

3 ẇῐ  

Ͽὼ Ԍ‘ ᾈ Ḱ„ π ∆҉ϯ ϯ ї₲

´Һ
ȟ
ὼ Ҋ ỗỦ  

Һ
ȟ
ὼ

ρ

„Ѝς“
Ὡ  

ὼ Ỹ₲ Һ
ȟ
ὼ ї ᾋ כ ┤ Ṗקּ

ᴁᾙ ∆҉ ṓס

┤ ╕ ∆҉

Excel NORMDISTї₲ ´ ∆ϯ
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‘ υȢψ „ ςȢσ ὥ τȢυ ὦ φȢχ ῺḀ ᴳ

 

Model_03_02.xls ₑ 3.2 Excel Ỹ

א  

 
ₑ 3.2  ∆҉ ї₲ ≥ ┤  

ὥ τȢυ ὦ φȢχ ѕ ˢנּ ὢ Ὥ ρȟςȟȢȢȢȟυπ ὢ

Ҋ 50 ᵌ E F φȢχ τȢυҺ
ȢȟȢ

ὢ

50 ᵌ F ї₲Һ
ȢȟȢ

ὢ ͻ Excel ї₲

NORMDIST Ạ E F Ủ ῧṐ ἐỡ⁬ ϯ

F 50 ᵌ Ԍ H4 ᴁẐ I4 NORMDIST

∆ϯ Ở F9 ͓

ᴕΌ ↑ ѐṶ  

◗ὸ ϯ ₲ ˞₢ ᶂ Ԇ ∆ϯ

1 ỗᴽ ┤ ┤ Ạ

┤ ᷈ỗᴽ ┤ בּ҉  כ ┤ ₢
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פֿ Љ ┤ ї ┘ ϩ

3 4 ẇῐ  

3.2.3  Model 3 - 3 ˢѻѕṖᵓ Ἵ̫ 

̘ת Ⱶ ᴽ ᾧ

ῺḀ Ẫ Ḿ ₲ ᴩ ΣӋ ᴻת

ᴘ ѻ Ἳ Ὀ ὥ ρπππὦ υπππѕ ˢ ₢

Ẫ ẋ ὥ ρπππȟρππρȟρππςȟỄȟυπππὦ Ẫ

ỎῨ ϯ ρȾὦ ρ ὥ ρȾυπππρ ρπππρȾτππρ

πȢπππςτωωσψ Ẫ ͩ ͻύ ΑρρȢππẚ

ѻ ᾴ ͻϫὶ ΑρφȢωυ ѻ Я ῺḀ ḽ

ͽ ῲ ̫ Ѿγ Ự ˢ ѻᵭ Ṗᵓ ẙ

ῺḀ Ṗᵓᾐ ͻϫὧ ΑφȢωυ Ựתּ − ẙ

Ẫ ᾐ ͻϫ ╕  ᴙͮ

̫ Ḿ ͯ Ḿ ₲ Ҿ  

ѻ Ẫ 1 ̫ ὶ ύ ΑρφȢωυ ΑρρȢππ ΑυȢωυ Ἳ

ẙ ὶ 1

ύ ὧ ΑρρȢππ ΑφȢωυ ΑτȢπυּתỰ − Σ טּ

ỸἻ Ⱶ −ẏ ⅝

ᵤү Ἳ Ỹᵅ◗ Ṗᵓ

ͯ ї ᵍ ˢ ‫ Ẫ

Ш‫ Ш Σ ͻ Ự −◖‗ ̴ᴇ

ᴖ̩∟ṕ ͒ ὤ ᴮӃ פֿ δ┘δ

Ҿ ╜ щˍ ᶣ

╚ ͒  

Ẫ ₲Ͽ ї₲ ̫ Ủ

Ὀ ѻ Ἳ Ὀ ↔₲ ὥ ρπππȟρππρȟρππςȟỄȟ

ὦ υπππs ẋϯ ₲ ѻ ᾴ ͻϫὶ ΑρφȢωυ

Ẫ ₲ ÍÉÎὈȟϿ ᵭ Ṗᵓᾐ ͻϫὧ ΑφȢωυ

Ẫ ₲ ÍÁØϿ Ὀȟπ Ủ δ Ͽ Ὀ

֥ ₲ Ṕ ╕ Ὀ Ͽ

ѻ ẙ Ὀ Ͽ Ⱨ ᴩ

̫ὤϿ (ꞋἽ ) (Ꞌ ) ỗ ᵅ  

    3.2      

̫ὤϿ Ủ ϯ ₲Ὀ ѝ ỡ⁬ ϯ ₲

Ẫ ₲Ͽ קּ˃ ˋ  

˒ ◗ Ἳ ϯ ₲Ὀ ѐּז −→ ϯ
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3.2.1 ᷆ Excel ₲−→ї₲ RAND() ầ

ї₲ 0 1 ѕ ˢנּ ѐּז −→

ὥ ὦ ↔₲ὥ ὦ ὥ ρπππὦ υπππ0

1 ѕ נּ ˢ ₲Ὗ ↔₲ ὥȟὥ ρȟỄȟὦ ẋˢ ₲Ὀ

ѐּז и 6 Ῑ ῧὸ 3.2.1

᷆ 3.2.2 ᷆ е δ

ὥ ὦ ρ ὥὟ ὥ ὦ ρ ѕ נּ ˢ

Ὗ π Ὗ ρ ˅ ϯ

כ▬ и ˢ ↑ ổ ỗ ֕ ↔₲ ╕

Ἂ ̽Ẑ ↔₲Ᾱї₲ ᵎ ỗϽỘ Ҋ Ҋ᷿ Ạ

╣ ̽Ẑ ỗ Ủ  

    3.3      

Ủ Ὀ ὥ ὦ ѕ ѝ ↔₲ Ὗ ρ ῺḀ Ὀ ὦ

ρ ϯ 0 ỎῨ Ὀ ↔₲Ὥ ˋ 1

ϯ ὭḶὥ ὦ ρ ὥ Ὥ ρ ˒᷆ ỗỦ  

    3.4      

֜ѕ πȟρ ˋ Ὗ 0 1 ѕ נּ

ˢ Ủ 3.4 ỎῨ ϯ ֜ѕ

ỗ ᴕΌ  

 

Excel Ᾱї₲ INT Ủ 3.3 ѻ Ἳ Ὀ ѐּז

−→ Excel ₲Ủ ỗ  

= INT(a + (b + 1 -  a) * RAND())     3.5      

ῲỦ ὥ ὦ ₲ ╟ ẇῐ и  

Model_03_03.xls Ḿᾑ Excel

ṥ→ ₑ 3.3 Ở

Ế ╜ ᶺ ˅ 27:54 ₲ ῒ

₲Ủ ϯ Excel ϋ  

Ὀ= ỗὥ+ ὦ+ 1 ὥὟỘ 

Ὥ ὥ

ὦ+ 1 ὥ
Ὗ<

Ὥ+ 1 ὥ

ὦ+ 1 ὥ
 

Ὥ+ 1 ὥ

ὦ+ 1

Ὥ ὥ

ὦ+ 1 ὥ
=

1

ὦ+ 1 ὥ
=

1

5000 + 1 1000
=

1

4001
0.000249938 
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ₑ 3.3  ˢѻѕṖᵓ  

˅ A4:B9 ≤―

╚ ₲Ủ ẇῐ What - if

Ỹᴻ ˍ ≤― ᶟ Ṉ ☺

₲Ủ ὂ∆ 50 ε IID Ỹᶺ ᶺ

ϧᶺ 1 ε Ỹᶺ ꞈ E Ỹᶺε₲ F

50 ε ѻἻ Ὀ Ở Ἳ Ὀ Ủ 3.5

ѯ ˀͮ ₲Ủ −→  

= INT($B$5 + ($B$6 + 1 -  $B$5) * RAND())  

ὥ B5 ὦ B6 ╚ F7 ῲҊ ₲Ủ

$Ҋ᷿ Ạ ╟ ẇῐ ẙ

Ủ ῲ ᶺ ˅ 5:6 ѻἻ Ὀ Ḿᾴ ὥ ρπππḾ

ὦ υπππ Ẫ₲Ͽ ϧỆᶺ Ἵ̫ Ở  

ϋ ₑ 3.3 ₲ ᴕΌ ˑ Ở

Excel ї₲ RAND() ḽᴁẐ ₲ ḽ−→

F9 ͓ Ӫ⅝ ḽᴁẐ ₲ ͯ 50 ε Ỹ

ᶺ ᶺ F9 ͓ ᴕΌ ╕

ỸᴻᴁΪ Ỹᴻ ┘

Ὣ ↑ Ở  

◗  ᴙ ͮ ѻἻ Ὀ ˅ ₲ Ͽ ρπππȟςπππȟσπππȟτπππȟ

υπππ Ỹᴻ ᶺ ῲҊ Ͽ ϧ 50 ε

Ỹᶺ Ἵ̫ ᴁẐ ₲ ₑ ᴁ  

Ͽ ρπππẪ ῺḀ ˅ G:I ϯỸ Ὀ ρπππ

Ẫ ѻ ͻϫ ╕ Ἵ̫ ὶ ύὈ

ΑρφȢωυ ΑρρȢππ ρπππΑυȟωυπ εˢ Ṗᵓᾐ ͻϫ

Ẫ − H 0 Ἵ̫ ͮε $5,950

Ἵ̫ ῲε Ѿγ Ự ρ ρȾυπππρ ρπππ

πȢωωωχυππφς´ ᷈ ϯ Ҍ ỎῨ Ͽ ρπππ ᶛ Ἡ
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◑ ▒Ṗ ̫  

אּ˺ Ͽ Ở Ͽ

σπππτπππ ԌἽ̫ ᶺ 57 Ḿ Ͽ υπππỂ

ѻᵭ ẙ Ẫ + Ἵ̫ ᵂᾶ ᶆד A

Ԍ ₠ Ԍ 95%“ ֜ѕ Ở

Ͽ +ͽ ѻ Ṗᵓᾐ

ἐ Ḁᴁ ´ Ͽ ᴕΌ Ἵ̫

ᶺ 58 ᾈ Ḱẇῐ ѻ Ἵ̫ 95%“ ֜ѕ ᶓ ᶺ ˅ 59:61

A ẇῐ Ἵ̫ ™ ᶓ

ˢ ᴕΌ ´ Ἵ̫

; ↑ ˢ Ἵ̫ ᵂᾶ Ở ᶺ 64

║― Ҋ᷿ Ở ̫תּ ѳ ḯ ˞ẇῐ ˀῲ ┘

Ἵ̫ +ͽ ᵂᾶ ᶳṶ  

Model_03_03.xls 2

Palisade Corporation @RISK Ạ Ỹא

ₑ 3.4 @RISK Ở ἐỡ⁬

ϋ ϯ ₢ᾯ  

 
ₑ 3.4  @RISK ˢѻѕṖᵓ  

Ỹᶺ ∆ Ở @RISK Excel

ḗ ᾙ @RISK ῧṐ ╝ Ѕʜ ᾙ┬

Albright et al. 2009 ẇῐ @Risk Ἢ Ϊ

C ẇῐ @RISK ἧ

Excel ѯ Ѿ ṥ→ ˙ ╝  

1.  ѯ ṥ→ ˞ ≤― ὶ

Ἵ̫ ͒ ᶺ 7 ₲Ủ Ὣ  

2.  Ỹᶺ ₲פֿ ᶺ ᵌ  

3.  @RISK ѻἻ ẋˢ ѝ פֿ

ϯ ˋ ╚ F7
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@RISKї₲=RiskIntUniform(1000, 5000) ֥

@RISK Define Distributions

◑ ╚ 1 ϯ

 

4.  Ỹᶺε₲ @RISK Iterations ᵎ @RISK

͏ ֕ ◑ Ḛε 1000 ε ◑

Excel ѯ Ѿ ᶺ ῺḀ 1000 ᶺ

ꞈ  

5.  ┘ ὶ Ḛε Ἵ̫ Ở I7 L7 O7 R7 U7 Ằ

╚ ϧ @RISK Add 

Output ͓ ͒ ὶ Name

― Ở  

6.  ϋầ @RISK Iterations

͕ Start Simulation  

7.  @RISK ỡ ὶ Ԍ “ ֜ѕ ἽὝ

Ἢ ᾈ  

8.  @RISK פֿ ὶ Ở ͒ ἡ

Ở ὶ ₑ Ͽ τπππ

Ἵ̫ R7 @RISK Browse Results

◑ ₠ Ѕ ḯ˺ ѐּז ЅḀ ϯ

ₑ Ựתּ ЅḀ 15.6% אּ˺ Ԍ

ᾈ Ḱ Ḿᾴ Ḿ ѯ ᴁ Ở  

@RISK Љ ≥

ṥԃ ᶂ ͯ Excelї₲RAND()

₲ Ӝ Excel ≥

כֿ Oracle Crystal Ball Ê www.oracle.com/  

crystalball/ Frontline Systems Risk Solver Ê www.solver.com/risk -

solver - pro ◑ Ề Ṗקּ  

3.2.4  Model 3 - 4 ∟‫ ᴒ  

╜ ∟‫ −ẏ ѻ Ἵ̫ ┘

δ╝ 2 Ỹא 1 ◗ὸ

ỏ Excel 1 Python

Anthony Sun ỏ ӓ;

http://www.geocities.com/ 

WallStreet/9245/vba12.htm ᵅṖ ; ẇᶳ Ҋ

ṓ ᴽ ∟‫ אַ∟ ┘ ▒Ṗ Ἵ

̫ זּ  

Ꞌ ̫ Ꞌ ῲ᷈ אַ∟ Ḱ ˰ Ẑὶ ˀ
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ͮ Ủ  

Ὕὖ ὗ ὖ ὗ ὠ Ὂ    3.6      

TP Ꞌ ̫ Q P ͻϫ V ᵊφ F

−ẏ╚ ↔ ᵏ щ ͯ Π

Ỗѕ ͻ ˮ ᶳ ͒ ͽ

ᵅỸ↑ ᷈ Ѫԃ ∟ −ẏ ᾳ  Ӳ זּ

ᶳ ̫ ᶣ→ ♬ ϯỸ↑ Q P V

ˀͮ ϯ ὤ ϯ ₲ Ҟ  

ὗͯה 5ÎÉÆÏÒÍρππππȟρυπππ 

ὖͯה ρ ,ÏÇÎÏÒÍÁÌσȢχυȟπȢφυ 
ὠͯה ρς 7ÅÉÂÕÌÌρπ 

F $150,000 ˢ Ϭ• ‫

∟ −ẏ ϋầ Q P V ϯ ₲

Ꞌ ̫ TP ϯ ₲ Ѫԃ ˋắᴒ ằ̻ ϯ ₲

ϯ ₢ ̫ Ԍ ᾈ Ḱ

Ẑὶ  

ₑ 3.5 ϧϯ 250,000 ᵌ

Q P V Ở

ὶ Ҝ − Ѫԃ ϯ Ḁ Ạ Ỗ

ש ῺḀ 6.1 ╜ẇῐ ₢ ╧ ·

╧ ῺḀ ϯỸ↑

ổ ˢ ṅ 10,000 15,000

ѕ ◦ זּ₢ ѯ ͻϫ

ἧ ẬῺ ᴒ ϯỸ↑ ѝ

ᶆד• ổ ∟ →ᶁ Ἵ ῺḀ ᷈ͻϫ Ỹᵅ; Я☺

Ự Ὂ ῺḀ ₲∆҉ Ḿᾴ 1 ֕ ͻϫ╚ Ҕ

; ↑ ᶳ Ѫԃ ╕ ш ;

ᶳ ᴾṗ ἣв ϯỸ↑

Ạ ₲∆҉ ˢ  כ Ở

 

◗ὸ ϧϯ ₲ ѐּז

Ủ 3.6 Ꞌ ̫ ϯ ₲ ᴁẐ ᵭ ֽ

Ҝỏ 1 Ở

ᴁẐ щ ͯ Ủ 3.6  
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ₑ 3.5  Model 3 - 4 Python −→ Q P V  

 

1 Sample TP  

n = 250,000  
F = 150,000  
tp = []  
For{ i = 1 to n }  
sample P  
sample V  
sample Q 

profit = Q(P V) F 

tp.append(profit)  
ENDFOR 

ỸᶺỖ TP Ꞌ ̫ ѐּז /

ϯ ₢  

Q P V ѐּז 1 Ὣ ♬ ϯ

₲ ѐּז −→ ˋ ᵈᵴ Ạ

Ỹא 6.4 ╜ ╝ ѐּז ϯ ᵎ ϯ

−→ ї ˢ 6.4 ╜ ʭ Model 3 - 4 Excel Python

3.1 Ở ₲Ủ/ї₲ Ạ ₲Ủ ￼ ↑

6.3 ╜ 6.4 ╜ ẇῐ  

3.1  Model 3 - 4 Q P V ϯ −→ ₲Ủ/ї₲ 

 Excel ₲Ủ Python NumPy ї₲ 

Q RANDBETWEEN(L, U) np.random.randint(L, U, n)  

P ,/'./2-ƚ).6ƽ2!.$ƽƾƗǼƗȂƾ ÎÐƚÒÁÎÄÏÍƚÌÏÇÎÏÒÍÁÌƽǼƗȂƗÎƾ˩ʦ 

V (( -ƽ,.ƽ2!.$ƽƾƾƾƾʉƽʦƳǯƾƾ˩ʦʧ ÎÐƚÒÁÎÄÏÍƚ×ÅÉÂÕÌÌƽǯƗÎƾ˩ʦʧ 

L : ˢ ͮᵊ 

U : ˢ ῲᵊ 

ǜ : ₲∆҉ ∆҉ Ԍ  

Ǣ : ₲∆҉ ∆҉ ᾈ Ḱ  

Ǒ : כ   

n : −→ ѐּז ₲ 
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ₑ 3.6 Model 3- 4 Python ᴁẐ 250,000 ε

−→ Ꞌ ̫ TP Ở ₑ 3.7 Model 

3- 4 Excel ˢ 100,000 ε ᴕΌ Ở

1 ѯ Ꞌ ̫ ѐּז −→ ᴕ

Ό ᴁ ᴁẐ ϯ ₢ ṥ→

 

 
ₑ 3.6  Model 3 - 4 Python ᴁẐ Ꞌ ̫  

 

 
ₑ 3.7  Model 3 - 4 Excel  

Model 3 - 4 ỸᶺᴕΌ ϋầ ᾑ

Ҋὸ ᴁ ₑ 3.7 ₑ 3.6 Ὣ

Ṷ Ӝ ѻ ̫ $360,000 19% ϯ Ựתּ −

; ↑ ᾈ Ḱ $482,000 1 3 ấ ˂ $41,000

$524,000 ϋầ ʤ 4 Ῑ

 Ӳ ᵵḰ ϖ ῧ ᴩ ḾὊ ˋắ

ᴒ Ѫԃ ӓ ѻ ỉ ̫ כֿ ỉѾγ ˮ ḯ˺

ˋắᴒ ἐ ϯ ṗ Ӝ  
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3.3  ╧  

╜ Simio ╧ Ạ

Ỹᶺ ᴩ 3.3.1 ᷆ ˢ꞉ᶅ ᶺ

ѯ Ἢṥԃ ỸẴ Ҋ ᴁẐ Excel

Ạ ỡ

̚Ӽ 3.3.2 ᷆ ˢ꞉ᶅ ᶺ ˢ

ᶣ Ἤ їג↑ Љ

ṽ ᶺ ˋ  

3.3.1  Model 3 - 5  

ẋי ѯ ẚ♯ ṥ

᷆ ṥᴾ δ╝ Simio ᷈₣ᾈ

Ạ ῺḀ ῧṐ Ἢᾏ Ỹᶺ ѯ

ϖ δ Ὣ ╝ C++ Java

Matlab ᵈᵴ ẋי Ỹא

Ṕ  

ˢ꞉ᶅ ᶺ ᶳ ỖḈ

Ḿᾑ ỖḈ 0 Ỗѕ Ỗѕ

˂ ᶺ ╣ ╣ὶ FIFO Ủ

ᵤү −ẏ ˛ дἐ

ỖḈ 8 Ὂ Ỗ ᶺ

Ὂ ὶ ꞉ᶅ Ε Ỗѕ Ѕ

Ḁ (a) ṖỖѕ (b) Ỗѕ Ỗѕ ᾤ (c)

₲ (d) ᶺ Ԍ Ḿᾴ Ḿ Ẑὶ (a)

(b) Ԍ ᾋ Ԍ (c) (d) Ԍ Ỗѕ Ԍ ₲

Ỗש ₢˒ Ở ԅ▬ͮ Ꞌ ┤ ḾὊ ỖḈ 8 Ѕ

ỖḈὸ ᶺ ὒ ὸ ᶺ

Ỗѕ Ԍ᷿ὒ ὸὨὸψϳ ԅ▬ πȟρȟςȟỄ Ỗѕ ЅḀ Ὣ

ᶺ πȟρȟςȟỄ ͽὫ Ԍ ỖḈὸ ꞉ᶅ  

ї₲ὄὸ ҶỖ 0 Ε Ỗ 1 ỖḈὸ ₲ὒὸ ᶺ

Ḁᴁ ꞉ᶅ ᷿ὄὸὨὸψϳ

₲ Ỗѕ Ԍ᷿ὒὸὨὸψϳ Ẑὶ  

ₑ 3.8 Ở Model_03_05.xls Ạ Ӑ ╒ ᴁẐ

C Ἢᾏ ;

ᴁẐỦ ỖḈ

ỖḈ ₲Ủ ѝ ˋ

ỖḈ ỖḈ ͒ ₣― ˅

B5:B14 D5:D14 ᾒ ỖḈ Ỗѕ

˅ C6:C14 ᾒ ỖḈ ₲Ủ ỖѕѕϷ ᴁẐ

ϧᶺ ỖѕѕϷ ᶺ ỖḈ ◗
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ᶺ ỖḈ ˰ ỖḈ 0

1 ỖѕѕϷ Ṗקּ  

 
ₑ 3.8  ˢ꞉ᶅ ᶺ  

ẋי   ͯ

ˢ꞉ᶅ ᶺ ἧ

Ὂ

Ὂ Ὂ ⁵ᶏ ᴳ

ˢ Ỗѕ 8 Ὂ

Ἢ ṽ Ѿσ ᵖ΅ ὂ Я дἐ

ῑ ε ὤԃ˭ Ҷנ ἒ ὶ − ṽ

ḛ ῺḀ

ˢ꞉ᶅ ᶺ ϋầỖ

ᶳ ϋầ

Ὂ Ỗ ᶺ ỗ Ṗקּ ῺḀ ҉‫

Ҷ ꞉ᶅ ἵ ῺḀ

− ϋầ ѝ

ʭ  

3.1.2 ᷆ ὸ ẋי

⁮ᶺ ỖḈ ỗ ỖḈ

₲ −

῾ ϫ ᶣַא ᶣַא Ủכ י פֿ

ᾳ −ỖḈ Ἧ ї

῾ ѝ ỗ Ἢᾏ ⁮

֕ ỖḈ

⁮   ₲ ᴁ ₲ ᶟ‫

Ỹᶺ ͒ ᶟ‫  

Ỹᶺ

Ỗ   קּ˃ ῺḀ ϧ

−Ỗ Ỹᶺ Ỏ᷆ ˀͮ  
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ה ỗ ᵅṖỖḈ A

ỗ ỖѕѕϷ ͽ

ₑ 8 Model_03_05.xls J ᶟ‫ ᶺ ỗ ◗

ᵅṖỖḈ ѻѕ ԅ▬ὄὸ ὒὸ ὒ ὸ Ỗѕנּ

ὶ ᴕΌ ┤ ᴁẐ ˅ O:Q Ҋ ᴁẐ ◗

ᵅ − ◗ Ạ ᵭ ᾐ ꞉ᶅ  

ˑ  

-  ꞉ᶅ Ҷ ῺḀ ϋầ

֥ G ͒ᶺ ỖḈ Ҋ ᵅṖỖḈ

ỗ Ỗѕ ͽ Я ỖḈ N ͒

ᶺ Ỗѕ 0 Ҋ  

-  ꞉ᶅ Ε ῺḀ ỖḈ ᶺ

˅ H:I ͒ᶺ Ҋ ᶺ 2

2 ᶺ Ⱶ ῺḀ ͽ

ỖḈ ᵭ Ỗѕ Ỗѕ ᴁẐ

Ạ ỸṔ ϋầ ỖḈ ᵅỖ

N Ỗѕ Ҋ  

ה Я ◗ ˀ Ỗѕנּ

ὶ ┤ ᴁẐ O:Q ͒ᶺ Ҋ

Ỗѕ ᵅṖỖḈ G ỖḈ ˰

M Ҋ ᵭ ᾐ ᶺ  Ӳ ˑ  

-  ᶺ Ѿ ῺḀ ᶺ ╣

  H ỖḈ G ỗ ᶺ

ᵅṖỖḈ ỗ Ỗѕ ͽ ỖḈ K

╚ Ỗѕ ᵅṖ

ỖḈ ˰ N Ҋ  

-  ᶺ ֩ ῺḀ ꞉ᶅ   ₲ D 18 ᶺ ˀ᷅ Ҷ 0

╚ ỗ ỖḈ K ֩  

ה Ὂ ỖḈ 8 ◗

Ὂ Ỗ Ỗѕὶנּ ┤ O:Q ᴁ

Ẑ ḾὊ ͻἚ ᶺ 36:38 Ẑὶ  

ᾐ ᴁẐỖѕ Ỹᶺ

Ỗѕ ⁮

ặ Ỹᶺ Ṕ Ỗѕ

ѕϷ Ỗѕ ˋ‰ ϯ Ỗѕ ╕ Ạ

Ὣ Ạ ϯ  

ₑ 3.8 Model_03_05.xls ᶺ 19 35 ỖḈ 0 ᾑѻͯ

ỖḈ 8 Ὂ ϧ 1 ᶺ ╒ A

ỖḈὸ B Ἧ C



3.3  ╧  57  

 

᷿ Ҋ ϧᶺ Ỹᶺ ᵭ  

D:F ꞉ᶅ   ὄὸ 0 Ҷ 1 Ε

₲ ᶺ ´ ₲ ꞉ᶅ 

˰ Ҋ G ỖḈ

H:I ᶺ ╣ 2 ỖḈ Ҋ

ᶺ Ḿ 2  

˅ J:L 3 Ḿᾴ ◑ ỗ

ᴒ ỗ ᶺ A ї₲ MIN

ᶣַא ᶳ [ ᷿, 

ỖḈ, Ἧ ] Ủכ ᶺ ш

᷈ ᶣַא ; ‫ Ṕ ỖḈ

ᾏ ͽ ỗ ´ ╣

ỸṔ ṥ ֕ Ἧ

₲ ῲ ᶣַא Ạ ᾐ יּ᷈

פֿ Ṗקּ ʭ

҉ Ỹᶺּי ̚Ӽ

˅ J:L ᾋ ᶣַא  

Ỗѕ Ỗѕ ѐּז Ỗ ϋầỖ

ᴁẐ A ᵅṖ ỖḈ ˰

M N Ҋ ˅ O:Q ◗ ỖḈ

ᵅṖ ỖḈ ┤ Ҋ ԅ▬ Ỗѕ Ԍ Ẑὶ  

ỖḈ 0 ᶺ 19 ᾑѻͯ ầ L19

Ὂ ỖḈ 8 ╚ ỗ ỖḈ ֩ Excel ֩

₲ ʭ A20 ї₲ MIN ∆ ṥ  

A20 ₲Ủ=MIN(J19:L19) 1 ῲ ᶺ ꜙ

ỖḈ 0 ỖḈ 0 1 Ở

D20 ꞉ᶅ   Ε 1 ╚ E20 ₲ 1

F20 ᶺ 0 G20 ỖḈ 0 Ҋ

╗ ἵ ᶺ ֩ H20:I20

Ҋ J20:L20 ỗ ỖḈ ᵅṖỖḈ 0

ỖѕѕϷ 1.965834 ͽ ỗ ỖḈ ᵅṖỖḈ 0

Ỗѕ 0.486165 ͽ ᶟ‫ Ὂ ỖḈ

ᶟ ῲ ᶺ Ạ Ỗѕ

ѐּז M20 ֩ ╗ ἵ

N20 Ỗѕ 0 ˅ O20:Q20 ԅ▬ὄὸ ὒὸ ὒ ὸͮ

┤ ᴁẐ ỖḈ 0 0  

ᶺ 21 ỗ ỖḈ 0.486165 1

₩ᶺ M21 Ỗѕ ᴁẐ

ỗ ˅ O21:Q21 ԅ▬ͮ ┤ ᴁẐ P21 ₲Ủ

=E20*($A21- $A20) E20 ◗ ₲ 1
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◗ ỖḈ A2 0 ᵅṖỖḈ A2 1 ỖѕѕϷ ῶẐ

J21 ỗ ỖḈ Ҍ

J20 ͯ ᵅỖ ᶺ ὶ ἵ

Ṗקּ K21 ỗ ỖḈ ֩  

ỗ ᶺ 22 ỖḈ 1.965834 2

֩ ỖḈ 0 1

ῧṐ ῒ ἐỡ⁬ ₲Ủ

ϯ  

נּ ᶺ 23 ỖḈ 2.275418 3

− Ε ᶺ 1

H23 ỖḈ Ҋ A23

Ҋ ᵭ Ỗѕ Ỗѕ ᴁẐ Ạ

Ỗ Ỗѕ Ỗѕ Я M23

N23 ֩ ˅ O23:Q23 ԅ▬ͮ ‫ ┤ ᴁ

Ẑ  

ỗ ᶺ 24 ỖḈ 2.630955 2

3 ᶺ ╣ ꞉ᶅ ˒

ỖḈ H23 G24 N24 3

Ỗѕ ᴁẐ =A24- G24 ςȢφσπωυυςȢςχυτρψπȢσυυυσχ 

⁮ᶺ ỖḈ 8 Ὂ

ỗ נּ ỖḈ 8.33 0407

9 ỖḈ 8.168503 7 − ỖḈ

8 ˅ O35:Q35 Ὂ Ỗ ԅ▬ͮ ┤ ᴁẐ ₑ

3.9 ԅ▬ὄὸ ὒὸ ὒ ὸ Ở

 

ᶺ 36:38 Excel ї₲ AVERAGEMIN MAX SUM ͻἚ Ẑ

ὶ ˅ O36:Q36 Ỗѕ Ԍ ԅ▬ͮ ┤ Ꞌ ḾὊ

ỖḈ A35 8 ᾤ ͻἚ

ˀͮ ꞉ᶅ 62.32% O36 Ԍ Ỗѕ

0.8676 M36 Ԍ Ỗѕ 0.2401 N36 Ԍ ᶺ

0.3864 Q36 4 Ῑ Simio ˢ ᶣ

ͻἚ ˢ ϯ  

Model_03_03.xls ԌἽ̫ ᶺ M N

Ỗѕ ᶺ Ỗѕ Ԍ Ḿᾴ Ḿ ᴁẐ Ṕ Excel ї₲ STDEV

ᾈ Ḱ ᴁẐ Ҝ − ˅

O:Q ỖѕתΣ Ὣ ᴁẐ ˋ

ỸṔ ὶ M N Ỗѕ

Ỗѕ ѐּז ϯ ᾈ Ḱ ᴁẐ

ᶺ ͽ Ҙί ; ∆ ᴩ

; Ỹᶺ  
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ₑ 3.9  ԅ▬║◄ ╛◄ ╛▲◄  

ᾈ Ḱ ᴁẐ ͵ ᴁϹ ѯ♦ Ϲ

ẋ ᾈ Ḱ ẋ ḣ ᵌ ѐּז ᴁ ᵧ

ῺḀ ẋ ₢

Ỗѕ Ỗѕ נּ ᵧ  Ӳ קּ˃

ꞈїїג ∆ ꞈї Ṗקּ Ἧ ᾏᾠ ѯ ꞈї ỡᵒ

ꞈї ש ꞈї ᵎ ˢ꞉ᶅ ֘ᶺ ̓

ˢ ᾴ◓ ᵤү ᵭ ῺḀ ᵤү

Ỗѕ ᴾˮ Ỗѕ ´

∆ ꞈї ֥ ῺḀ ᾈ Ḱ щ ᴁẐ

Ὕ ᾈ Ḱ Σᾴ ͻ

ᾈ Ḱ ᴕΌ ‴ ↑ ᴳ┤

ѐּז ѕ ꞈї Ӫ ‰Ḉ ẋ ₢
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ͮ  

ỡᵒꞈї Ỗѕ ᶺ Ỗѕ

ṥ→ ᶛ Model_03_03.xls ᴘѕἽ̫ ˢ

ṥ→ ∆ ꞈї ổ ѐּזỖѕ Ỹᶺѻѕ ϯ ☺ ˅

╕ ᵊ

ḯ˺  

˅ M:Q ϧ ᶺ

Ỗѕ Ỗѕ ᵌ ѐּז נּ ѕ ԅ▬ὄὸ ὒὸ

ὒ ὸͮ ᵌ ┤ ᴁẐ Ҋ Ỹ ˋ ὸ

ᾴ҉ ᶺ ˅ 36:38 Excel ї₲ ὶ ͻἚ

ᴁẐ ᶂ 17 ᶺ

₲╤ᶺ ѻ ₲ε Ỹᶺ

ᵌ קּ ᴁẐ Ԇ

ᶂ ᵈᵴ

ỸṔ ṅ ᴁ

₲ ╚ ѐּז ᾏỗͽẐ ᵌ

קּ ᵭ ᵎ ὶ ϧ ͻἚ Ḿ Ḿᾴ

קּ ‫ ѐּז ϴ Ԇ ͽ

ᶂЉ ѐ ᴳ ᴁẐῲ ᶂ

 

Ḿᵭ ₑ 3.8 Model_03_05.xls ˢ ͯ

ˋ ỖḈ Ỗѕ ≤―

ᶟ ☺ ∆ϯ ᴕΌ Ở ; ↑

פֿ ₲Ủ ᵅṖ

 Ӳ ᶂ

ᶺ ֩ קּ˃ ỸṔ ẋי

Ỹ Ạ Ḛε

Ạ קּ ᴁẐ ╝

“ ↑ ᷈ ὦ ᶣ 3.4.1 ᷆ ẋי

ᵈᵴ щ δ╝

ṽ Simio Ỹỷ

;ᴑ ᾙ δ╝ ὢ  

3.3.2  Model 3 - 6 ˢ꞉ᶅ ᶺ Ỗѕ ┘ 

ᴁẐ ᶓ ҷ ѯ Ѿ

פֿ ⁵ δ Я☺ ↑ ᷈

ᶣ Ҝ − 3.2

╜ ≥ ϯ Ạ

ᵈᵴ Ạ ᶂ 3.3.1

᷆ ₲ Ҋ ᴁẐ

Ạ ₲Ủ Ỗѕ
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ѕϷ Ỗѕ קּ˃ Я☺↑ ↑ ὦ ↑ Ỹ

ˢ ´ ᾋ

Ỹא ḛ 3.2 ╜ Ở ≥

ᶓ Љ ≥ ˙

3.1.1 ᷆ẇῐ  

3.2.3 ᷆ ˢѻѕṖᵓ Ỗѕ Σת ╝ ѻ 1

ᴘ ᵭṖᵓᾐ ѻ Ỗѕ Ở Ѕ Ό

ѻ ὼѕ ѻѕ הּ ḹגּ Ṗᵓᾐ ѻ ˒ᶺ

ᶳ Ỗѕ Σת ѐ ᴳ

ỷ ≥ ᷆ Ỗѕ Σת Ϭ

´ ᾋ ˢ꞉ᶅ ᶺ

Ỹᵅ; Ỗѕ

Ỗѕ ᾤ ὶ ᾐ ῏ ᾋ ◙ͯỦ ᵅ

3.3.1 ᷆ ˑ כֿ ὶ

╗ᴁẐ  

ỖḈ 0 ֩ Ҷ  ầ Ḿᾑ

ˢ꞉ᶅ ᶺ ᶳ Ὥ ρ Ὥ

Ὥ ςȟσȟỄ ѕ ỖѕѕϷ ὃ ὭὭ ρȟςȟỄ

Ỗѕ Ὓ ὃ Ὓ ˢ ỖѕѕϷ

Ỗѕ ϯ ϯ ₲ 2 Ῑ ˑ δ┘δ

ὶ ᶺ ˋ  

ὶ Ὥ ᶺ Ỗ

ѕ ̸ ὡ ȟ Ỗѕ ꞉ᶅ Ỗѕ ѝ ᶺ

Ѿ Ỗѕ Ῠ Ḿᾑ ֩ ꞉ᶅ

Ҷ ỖḈ 0 Ỗѕ 0 ὡ ȟ π ᵭּנ

Ỗѕὡ ȟȟὡ ȟȟỄ ὃ Ὓ קּ˃ ϯ

ỖѕѕϷ Ỗѕ ϯ ᵭ נּ ὡ ȟѕ ꞈᵧ

їג Ṗקּ ỗ ◙ͯỦ Lindley 

1952  

ὡ ȟ ÍÁØὡ ȟ Ὓ ὃȟπ Ὥ ςȟσȟỄ     3.7      

ὡ ȟ π ᷆ ϧ 1 ᶺ Ѕ Ỗ

ѕѕϷ Ỗѕ ϯ ѐּז −→

ṥ→  

Ằ₲ ỖѕѕϷ Ԍ 1.25 Ỗѕ

Ԍ 1 ѐּז ᵧ ỗ

ᾒ Ԍ‍ π Ằ₲ ѐּז −→ 6.4

╜ ╝ ϯנּ ѐּז −→ Ὗ Ὂὢ ї₲

ˢ Ὗ 0 1 ѕ ˢ ₲ Ὂ ϯ

₲ὢ ┤ ї₲ Ủ ὢ δ −→ ₲Ὗ
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͒ ὢ ѐּז Ủ Ԍ‍ Ằ₲ ῺḀ ┤ ї₲

ỗỦ  

Ὂὼ
ρ Ὡ ϳ        ὼ π ῺḀ

π                ֿכ ῺḀ
    3.8      

Ὗ Ὂὢ Ủ 3.8 ὢ δ ͮỦ  

ὢ ‍ÌÎρ Ὗ     3.9      

ÌÎὩ ỡ◦ ₲ї₲  

ˀῲ Ủ 3. 7 ◙ͯỦ Ủ 3.9 Ằ₲ ѐּז −

→ Ủ Excel ₲ RAND() ỖѕѕϷ

Ỗѕ Ằ₲ ὤ ˢ꞉ᶅ ᶺ Ỗѕ Excel

ₑ 3. 10 Model_03_06.xls Ở ᶺ ˅ 26:101

Ở ᶺ ϯ ϋ Ὣ

₲Ủ  

 
ₑ 3.10  Excel ˢ꞉ᶅ ᶺ Ỗѕ  

≤― ˅ A4:B6

” ´  Ỗѕ ѻ ὡ ˅ A8:B9 ᴁẐ

ὓȾὓȾρ ᶺ Ủ 2 Ῑ ẇῐ D ᷿Ὥ

ρȟςȟỄȟρππỞ Ỗѕ 100 εѐּז

ϧᶺ ͒ Ỗѕ Ҋ E B5 Ԍ

ỖѕѕϷ ѯ ₲Ủ=- $B$5+LN(1- RAND()) ỖѕѕϷὃ −→

LN ỡ◦ ₲ Excel ї₲ F Ỗѕ

−→ G ◙ͯỦ Ủ 3.7 Ỹא

G20 Ὥ ρχ ὡ ȟ ᴁẐ ₲Ủ=MAX(G19+F19-

E20,0) Ạ ὡ ȟ G19 Ὓ F19 ὃ E20

͒ ₲Ủ Ṕ ᶺ ẇῐ ͯ

ẇῐ $ Ạ Ỗѕ ꞈᵧ˃ּקїג ꞈїїג Ở
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ὶ ╕ ᴁδ┘Ἢ

ᵍ ᴁ ┘ ˑ ὶ נּ ѐּז

ʭ 3.3.1 ᷆ Ḿᵭ ╝  

˅ E:G אּ˺ 4 ε 100 ᵌ Ỗѕ

5 ε Ỹᶺ ᶺ ᾈ ↔ 3

ϧ ₲ RAND() Ạ

ˑ ₲Ủ ˢ T Ὥ ρȟςȟỄȟρππϧ

5 ε Ỹᶺ 5 ὡ ȟ Ԍ ᴁẐ

ρȟςȟỄȟρππ Ỹᶺѕ

ᶺ Ԍ Ở ᶺ 104 ὃ Ὓ Ԍ ᴁẐ

B5 B6 ỖѕѕϷ Ỗѕ Ԍ

ϯ ὡ ȟ Ԍ 5 ε Ỹᶺ

Ỗѕ Ỹᶺ Ԍ 3.3.1 ᷆ ὸ ỡᵒꞈї

ᶂΌ Ỹᶺ Ỗѕ ᾈ ḰᴁẐ ṥ→ ᶺ

ḯּא ϧ Ỹᶺ Ỗѕ ԅ▬ Ỹᶺѕ

Ỗѕ Ԍ אל ԅ▬ ´  Ỗѕ ѻ ₣

▬ Ở  

RAND() ↑ ϯ F9 ₲ε͓ ỖѕѕϷ

Ỗѕ Ỗѕ ͯ Ẫ ₢˒ ѐṶ F9 ͓

₲ ḽ−→ Ḿ Ỗѕ ͒ ὪỪ ∕ ỡ ᶟ‫

ˀͮ ˋ Ở

ה ԅ▬ ḯ 0 ầ Ḿᾑ

Ỗѕ ᾐ Ở ỖѕתΣ ͕

Ừ ᷿ +ͽ Ỗѕ ϖ +ͽדᶆ Ở

ỖѕѕϷ Ỗѕ ↑ +ͽ  

אלה ԅ▬ ԅ▬ ᾴ אל ԅ▬ ԅ▬

Ԍ ϧ Ỗѕ +ᵂ ꞈṻ

 

ה ԅ▬ ἔᶺ Ở ԅ▬ ᴳ

אּ˺ ⁮ ‫ ◗ Ԇ

ổ Ỹᶺ Ỗѕ ∆ ỡᵒꞈї

Ở Ủ 3.7 ◙ͯỦ ϯ 3.3.1

᷆ Ḿᵭ ╝  

F9ה ͓ Ỗѕ ´  ѻ ₣ ▬ Ἵּו ῺḀ

ῺḀ ỗ 2 Ởḭ (a) ꞈ

Ṗקּ (b) ´   ᴙ ֕ 100

₲  

B5 B6 Ԍ ỖѕѕϷ Ԍ Ỗѕ ͯ Ṕ Ԍ

Ỗѕ Ԍ Ỗѕ ╚ Ἡ
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´  Ỗѕ ѻ ὡ Ủ B9 ￼ ↑ Ự

ỡ ￼ ↑ Ԍ ỖѕѕϷ Ԍ

Ỗѕ ֕ ῺḀ Ệ B8 ” 1 ֕

ὡ  

Ḿᵭ Ỹᵅ

Ủ 3.7 ◙ͯỦ ˮ Ӫ

Ỗѕ ὶ ͯ ᾋ

3.3.1 ᷆ ʭ ᶺ ꞉ᶅ

Ằ ᴁẐ ˢ ṽ

◙ͯỦ ᶂЉ ῺḀ Ỹ

ᵅỸ Simio

ỷ  

 

3.4  ◑  

3.3 ╜ Ỹᶺ 2

╝ Ỹ ╜

Ỹᶺ Ỹ◐ 2 ϖ

╝  

3.4.1  ᵈᵴ 

3.3.1 ᷆ δ╝ C++ Java Matlab

Ἢּנ י ᵈᵴ Ҋὸ ᶂ

ˢ ᵅ ╧ Ὼ ˀ

◗ ᾈ Ἢ ᵅṖ ϴ ᾋ ῺḀ ᴁẐּי Ὣ

ῺḀ  Ӳ ṅ 3.3.1 ᷆

ϋ Ỗѕ

Ҍ ˢ ᷈₣ᾈ ╧

Ỹᵅ ṽ Ӑ ͯ ὦ ↑

 

ᵈᵴ ẋי Ỹא Ὼ

Ḁ Ҟ ᵭ ϧ

Љ Ỹᶺ ї₲ ṥ→ 3.3.1 ᷆ ╝

Ζ ᾙ ᶣַͯא ẇᶳ

ї₲ ע ṥ

3.3.1 ᷆ ᶟ‫ ᾐ

ỗ ᴒ ͒ Ỹᶺ

Ὂ Ỗ ᴁ ᴁẐ ὶ

ϯ ₲ Ạ

ϯ ѐּז −→ ᶣַא   ₲

╒ ᶳ ṽͯ

ṥԃ ┘ Ỗѕ ᴳ ḛ  
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҉ Ἤ ᾈ Ỹᵅ Ằ

ᵈᵴ Ἢ Ҿ ᴮӃ נּ ῧ

Banks et al. 2005 Law 2015 Seila et al. 2003 ẇῐ

 

3.4.2  ╧  

Ῑ Ỹᶺ פֿ ὸ

⁮ᶺ ╒ ̽Ẑ

Ủ ᵈᵴ

╧ ♯

ḗ ᶣ ѝ  

ϧ ˑ ⅝

Ỹ ͒ ᶆ ᵈᵴ

Я☺ ὦ ↑ יּ᷈ Ỹᶺ Ӝ ṽ

ˢ ᶣ Ỗѕ

᷈ ╕ Ạ

≥ Ḛᵭ ᶂ ҉

ᶣַא ʭ Ѿ ὣ  

ỸṔ ᷈₣ᾈ ẋϯ י

Ὼ ˀ◗

1960 GPSS Schriber 1974 1991 SIMSCRIPT Kiviat 

et al. 1969 SIMULA Birtwistle et al. 1973 ╧

ᵈᵴ ϋ ˢ Simio Ằᶆי ╣֢

Ỗ ϖ ỡ Ṗקּ FORTRAN

ᵈᵴ ϩ ϋ GASP Pritsker 

1974 Ἠ ♯ SLAM Pritsker 1995 SIMAN Pegden 

et al. 1995 ᵅ ỡᵒЯᴕ ᵈᵴ ϋ

ᵈᵴ ᶣ

ˋ ᵈᵴ Ạ ᴕΌ δἡ е

ᵭ Ѿ

Ὼ פֿ Љ

ᵅṖ Arena Kelton et al. 2015 AnyLogic www.anylogic .  

com ExtendSim www.extendsim.com Promodel www.pmcorp.com Flexsim

www.flexsim.com Simul8 www.simul8.com ;

ῧṐ Banks et al. 2005 Law 2015

Ј Nance and Sargent 2002 ẇῐ

Swain 2021 Ϸ ỸẴ

ḱ ḉᾙ Ḿ‫  

Simio ϴ ‫ ∟ Ḿ‫ ϋ

ᴳ ѯ ϋ ‫ Simio SIMAN Arena ϋ

ἐ Ἢ ᴻת Љ Ϭ
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ᶣ Ϊѻ ϸ ‫

Ằᶆ Ӝ Simio

ṥ→ ỡ

יͯ ᶣ ˍ

Simio ὦ ↑ ᶓ Ḁ 4.0

;ᴑ ṥ→ ᾙ ᵭ Simio

Ỹ◐ ᶂΌ δᴒ δ╝  

 

3.5   
1 3.2.1 ᷆ ˀͮ Ἢᾏ 1 ᾏ

ỸẴ  

ה ϩ 50 ε 500 ε Ệᶺ + ᴕΌ ϴ

F9 ͓ ‫ ₲ ♯ −→ ᴕΌ ᶟ‫  

ה ϧ ὶ ϯ ρȾφ ˢ ˑ ϯ ϯ

Ḁᴁ 1 ╚  

RISK@ה 3.2.3 ᷆ẇῐ כֿ ≥ Excel

Ạ 2 ᵌ 10,000 ε ᴕΌ ┘

ϧ ‴ ϯ ѻ 7 ϴ  

2 3.2.1 ᷆ 2

ρȟςȟỄȟρς ϯ ᾑӆϯ ϯ 2

‴ ѻ ᾈ Ḱ ᴁẐ J4 Ԍ ϴ

ᾈ Ḱ ᴁẐ ͽ ϴ

ε₲ 50 ε  

3 ϯ ϯ ₲ ѻ Ҟ 3.2.2 ᷆ẇῐ Ὁὣ ᷿ϿὼὨὼᴿ

ῥ Ὁὣ Ὁ ὦ ὥϿὢ ὦ ὥὉϿὢ כ ỗ ϯ ₲ї₲

ѻ Ҟ Ḿᵭ ὢ ὥȟὦ ˢנּ ὥ ὼ ὦ

ї₲Ὢὼ ρ ὦ ὥϳ ῥ Я→  

4 @RISK ≥ Excel Ạ

3.2.2 ᷆ ϩ ₑ 3.2 Model_03_02.xls Ạ 50 ᵌ ὢ

10,000 ᵌ + Model_03_02.xls ∆ϯ ₲ ┤ ᴕΌ ϴ

 

5 3.2.2 ᷆ ┤ 50 ᵌ ᾈ

Ḱ ᴁẐ ͽ H4 Ԍ I4 ∆ϯ ┤ 95%“

֜ѕ ᴁẐ “ ֜ѕ ∆ϯ ┤ ѝ F9 ֽ ͓

ᴕΌ ѝ ┘ 90%“ ֜ѕ 99%“

֜ѕ ᶺ  

6 3.3.1 ᷆ Excel Model_03_04.xls

Ỗѕ 20 ὲ Ӝּי ᶆῲ 3.2 ╜ ͻẰ

̚Ӽ − ┘ ᶳṶ  

7 6 Ḛ Ỗѕ 20%+ͽ Ӝּי

ͮ Ằ ̚Ӽ ὸ ᶳṶ  

8 3.3.1 ᷆ Excel Model_03_04.xls

ᶺ ҉ FIFO Ḿ Ỗѕᾏ SJF ᶟ ꞉ᶅ Ҷ
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Ṕ ᶺ ῺḀ Ỗѕ ỗ

꞉ᶅ ⁮ ҉ Ḿ ᾐ Ỗѕᾏ SPT ᵎ ῧṐ 2.1

╜ẇῐ Ỹא Ṕ ᾳ Ỗѕ

Ѕ ᶺ ҉ ᶟ 3.2 ╜ ͻẰ

̚Ӽ ὸ Ỹא ỗ 2 ᶳ (a)‫

ᶺ ͽ Ṕ Ỗѕ ῁ᾏ Ḿ

Ỗѕ ´ ᶺ ╣ (b) ᶺ ᾏ ‫

Ỗѕ ᶳ ᶺ Ḿᵭ ͽ ꞉ᶅ

Ҷ ᶺ ᴩṮ ỗ ἵ ◑

2 ᴕΌ ᶺ ᾐ יּ יּ

 

9 3.2.3 ᷆ Ṗᵓ Excel Model_03_03.xls

50 ε Ỹᶺ 50 ᶺ ˋ ╚ ԌἽ̫ ѻ

50 “ ֜ѕ ᶺ 59 Model_03_03.xls 200

ε Ỹᶺ 4 Ỹᶺε₲ ᶟ Ⱶ ὲᾴ

ͻἚ זּ Excel ₲ ↑ ∆ϯ זּ

ᾈ ᴁϹ ᾙ┬ “ ֜ѕ ї ᴁẐỦ Ԍ ∆҉

ὸ ẇῐ ỸῥᴕΌ δἡ ᴽ 50 ε

ỸᶺỖ 10 1 Ṧᵂ Ԍ ₢ ᴁ ∙ ˢᴏᶆῲ

͵ε Ỹᶺ  

10 3.2.3 ᷆ Ṗᵓ Excel Model_03_03.xls ϧ

Ỹᶺ ᶺ F ѻἻ Ỹᵅ 5 Ͽ Ệᶺ

Ἵ̫ᴁẐ Ạ ϧϿ Ἳ ╚

; Model_03_03.xls ᶟ ￼ ↑ ϯ

ỷ ї•Ỏ ˑ Ͽ Ἵ̫ Ḱˑ ‫

╕ ԌἽ̫ ₢ ᴁ ↑ Ṗקּ

ˋ ᵂᾶ ₢ ∆ϯ↑ ᷈ ᾒ Ͽ

Ἵ̫ ỡ ˑ Ͽѕ Ἵ̫ Ḱˑ  

11 3.2.3 ᷆ Ṗᵓ Excel Model_03_03.xls ỗ

2 ◑ Ề ᴩ (1) ᵺῌ Ӫ ⁵ ᵣ ẚ

$11.00 $9.00 Ṧᵂ (2) ᶓḉ ˃ ╦ ᶓḉ ѻ ᾴ

ͻϫ $16.95 $18.95 ˰ ῲ ῺḀ Ṗᵓᾐ ͻϫ $6.95

Ḿ᷈Ἵ̫ Ҋ Ͽ ѯ ᴁ ┘ ᶺ 2 ◑ Ề ϴ  

12 11 ᶓḉ ˃ ᶟ ͻϫ˰ ῲ

ѻἻ Ḿ 5,000 6,000 +ͽ ╦ ᶺ ẚ

$11.00 ѻ ᾴ ͻϫ$16.95 Ṗᵓᾐ ͻϫ$6.95 ᶟ ᶓḉ

ї 2 ◑ Ề Ḿ᷈Ἵ̫ Ҋ Ͽ ѯ ϴ  

13 3.2.3 ᷆ Ṗᵓ Excel Model_03_03.xls

ѻᵭ ẙּקṖᵓ Ựͻϫתּ Ổ◘ Ѳ ᴩ Ѳ

ᾬ ẚ ϼ ⁵⌐Ξ⌐ Ῠϼ ᶛᾤ ⁵⌐ 34% ṭ Ἵ

̫ 2 ◑ Ề Ḿ᷈Ἵ̫ Ҋ Ͽ ѯ ϴ

 

14 3. 2.4 ᷆ Model 3 - 4 ϯ ₲ ỗ ϯ

Ạ ὗͯ 5ÎÉÆÏÒÍψπππȟρςπππὖͯ .ÏÒÍÁÌρπȟσ 2.0 ḯּא ╕ Ἂ
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ὠͯ .ÏÒÍÁÌχȟς 3.5 ḯּא 10.0 אּ˺ ╕ Ἂ ╕ Ἂ 0 6

˅ ╚ ᶣ 3.2.4 ╜

┘ ỸẴ  

15 3.3.2 ᷆ ᶺ Excel Model_03_06.xls

1,000 Ỗѕ ┘ Ỹᶺ ´ 

Ỗѕ ѻ ὡ 100 ε Ỹᶺ 1,000 ε ϴ ᶳṶ

 

16 3.3.2 ᷆ ᶺ Excel Model_03_06.xls 100 ε

Ỹᶺ Ԍ ỖѕѕϷ 1.25 1.1 ᵂᾶ

+ͽ ᴽ ᴕΌ ϴ Ԍ ỖѕѕϷ 1.05

ᵭ 1.01 ᵂᾶ ´  Ỗѕ ѻ ὡ ᴕΌ

̚Ӽ ϯ  

17 16 נּ Ԍ ỖѕѕϷ 1.00 0.99 0.95 0.88

Ḿᵭ 0.80 ͯ ᴕΌ 2 Ῑ ╝ ʸ

↑ ѐ ᴕΌ ˋҞ ´  Ỗѕ ѻ

ὡ 100 ε Ỹᶺ ᴕΌ ᵌ ᴩ ˋҞ↑ ᶳṶ  

18 ᾬ ϧᾬ

˂ ẚ ͩ ͻϫ $1.05 $3.17 $1.99 $0.95

ᾴ ͻϫ $1.29 $3.76 $2.23 $1.65 ϧᾬ

1 Ἳ Ḿᾴ 0 Ḿ 10 8 14 11

˂ ϧᾬ Ἳ ῲҊ ˅ ẋˢ

ὤ ´ Ἳ Ṗᵓ

΅҅ ѻѕ 90 ѕ ϧ Ἳ כֿ Ἳ ϧ

҅╜☺ Ꞌ ꞋἽ Ꞌ ̫ ᴁẐ ṥ

→  

19 ‫ἒ ͻϫ Ѵ ᾴ ͻϫ $22,000 ἒ ◑ ;

AT ◑

͒ $0 $2,000 ͻϫ ͽ Ꞌ

˅ ˢנּ ὤ פֿ ᵤү ˰ ᵺῌ ᶺ ˰ ϼ $0

$3,000 ѕ ˢנּ ὤ ◑ їג ḾὊ ͻϫ

ѯ ͻϫ$22,000 ͽ ˰ ϼ Ḱ ˰ ֖ϼ  

a)  Excel ᾈѾ Ạ 100 ͻϫ ᴁẐ

ṥ→ @RISK כֿ ∟ Ạ

; 100 ͻϫ Ԍ ᾈ Ḱ Ḿᾴ Ḿ Ҿ ᾳ

ͻϫ 95%“ ֜ѕ Excel Ѿ ᴁẐ Excel

ї₲ TINV Ạ ᴩ 100 ͻϫ

ṥ→ Model 3 - 5 Ἢ ẇᶳ Excel ┘

Ѿ Ạ ┘ ˀͮ Ἢᾏ

[ ] - [ ] - [ ] Ϊ ͮ [ш ]

Excel ◑ [╚ ] ┘

[OK] ᴁẐ Excel ᶺ ᴁ Ạ

 

b)  Excel 2 a) ḽ Ỹᶺ Ḛε

@RISK כֿ ≥ Excel Ạ
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ˢ ϯ −→ ỡ ₲Ủ ϯ ₲−→Ѿ Ạ

ͻϫ ѻ “ ֜ѕ ᴁẐ 100 10,000

ἒ ͻϫ ѻ ᴁẐ ṥ→

@RISK Ạ @RISK ᾤ ṥԃ Excel ᶺ

 

20 19 ῧṐ ᴩ 3.2 5 ͻϫ ◑ ϯ

Ở ᵤү AT ◑ ϯ 0.6 ᵤү ϧ ◑

ʹ כֿ ◑  Ӳ ̚Ӽ 19 a) ḽ

Ỹᶺ 3.2 ͻϫᶣַא ѯ ᵤү ϧ ◑

˰ ᵺῌ 19 ʭ ᵤү ◑ ᴁ

Ẑ Excel ᶺ @RISK Ạ  

1 πȟρ נּ ₲ 0.6 ᾴ ϯ 0.6  

2 Excel ї₲ IF(  ᴙỦ, x, y)  ᴙỦ ‴ x ғ y  

3.2  20 ‫ἒ  

 ͻϫ ◑ ϯ %  

AT $1,000    60  

 $120    10  

 $200    30  

 $180    20  

 $500    40  
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4 Ῑ ᾑ Simio  
 

Ῑ ἧ Simio Ạ ᶣ

῝β ᶣ ὶ ᴕΌ

ᴁ ┘ ᶺ ͯ ᶂ ₢ ὶ

δ Ῑ 1 Яᴕ Simio

ὶ ᴩῥ Ỹᴻ ᴁ ┘ ϖ ╝ ѯ

ᶣ ┘ Ἢᾏỡ Simio ᵏ

Simio ỸᶺἪ Ạ  

Ῑ ʭ Ỹᶺѻѕ ᾤ 3.3.1 ╜ Ἢ Model 3 - 4

3.3.2 ᷆ Model 3 - 5 ѯ ᾑ

δ ỡ ᶣ ѯ

Simio ϖ Ὄ ῏ щ ᶟ

ͽ Simio ͽ ϖ δ╝ ỗῙ Ј

͒ ͽ Simio Ѿ Ҙ

♯ ḗ  

‘=60 /Ỗѕ ‗=48

/Ỗѕ ˢ ᶺ ₑ 4.1 −ẏ

Ѿσ ֘ᶺ ὶ ג ג Ҽһ

Ὼ ᵅ Ῑ ῲ ֥ Ῠ Ὣ

 

 
ₑ 4.1  ˢ ᶺ  

◗  ᴙ ˀͮ  

ה Σ ὤ ỖѕѕϷ Ằ₲ ὤ ᵧ

 

ה Ỗѕ Ằ₲ ὤ ᵧ ϋầỖѕѕϷ  

ה ᶺ ᵊ ᶺ ҉ ╣ ╣ὶ FIFO  

┘ Ῠ ᶺ ₲ Ԍ Ḿ ᶺ Ѿ

Ỗѕ Ԍ Ḿ Ε ˢ ᶺ זּ ѯᾈ

ѻỸᶺ ´  Ӑ ї• ῺḀ ᾈ

ᶺ δ┘ ┘ 2 Ῑẇῐ Ῑ Simio Ạ

ͯ ῏  
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Ῑ Simio Ạ ᶺ ͯ 2 ╝

1 Standard Facility Simio

Ạ 4.2 ╜ 2 Simio Processes 4.3 ╜

ᶣ ῧṐ ͯ ῺḀ

2 Ἢ ꞈᵧ ї ỸṔ Standard

Processes ᶣ ˋ

᷈ ♯ ḗ е

ᶣ ; ˢ Processes Ἤ Ѿ

יּ᷈ Ỹᶺ Ӝ

Standard ᶣ→ Processes

ᵭ Ῑ ╝  

Ῑ ᶣ→ ˀͮ 4.1 ╜ Simio

δ╝ 4.2 ╜ Standard Ạ

Facility ᶣ ╝ ᴁ

ѻѕ ´  Ὂᴕ ˙ ᴩῥ

Ὣ ϖ Ϲ 4.3 ╜ Ḿᾑ Processes ḽᶣ 4.4

╜ ᾑѻ Ỗѕ ᶟ 4.5 ╜ 4.6 ╜ Simio ϸ‫

Ἢ ὶ ᴁ ┘ ῝β 4.8 ╜ Ѿ

Ỹא ╝ Ỹᶺ ᾑ ҁ Ӑ ᴳ δ

‰ Ḿᵭ 4.9 ╜ ὂ∆Ἢᾏ δ

╝ Ῑ ʭ ϴ ᾋ Simio

ᶣ ᶂΌ Љ Ϲ  

 

4.1  ѯ Simio  

╜ Simio ᶣ ◗ ; ᶣ→ ♬

ꜘṥ ῝β Simio ѯ δ╝  

Simio Ҍ ҉‫ Ở File Load 

most recent project at startup ῺḀ Ḿᵭ ϋ

Ở ₑ 4.2 ҉‫ Simio Ϊ

ᶣ ҁổ Support ᵭ

ὸ ѝ Ὣ ῾ ϯ ˢᴳ͇ε ᴳ

δ ᵭ Ỗѕ ╜  

4.1.1   

Ribbon Microsoft Ë  Office 2007 ϸ‫

ὤ и

е ↔ ỡ ↔ ᶂ Ỹᶺ

ͮ

ϧ Ỹᶺ Ϊ ṥԃ ͒

ỡ Ở ṥԃ  Ӳ ͒ ◗ ὶ

ṥ→ ῺḀ Symbols Ӫ Ở Ở
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 Ӳ ◑ ♬

ˋ  

 
ₑ 4.2  ҉‫ Facility  

4.1.2  Suooprt  

ₑ 4.3 Ở Simio Support Simio Ḿ ᵊ Љ

῾ Ἵ ї ỷ Simio

Ҙίἐ ϯ ῧṐ ῾ Simio Technical 

Support http://www.sim io.com/resources/technical - support/ ϯ

Ҙίằ̻ ╝ Simio User Forum

Simio ї ϧἯ Support

῾ ϯ Ṕ ῾

Ὣ  

 
ₑ 4.3  Simio Support  

Simio ˺ῲ ? F1 ͓ Ј

Ở ˫ṵ ῺḀ Simio Reference Guide

PDF ẇῐ ѯ Ѿ

͒ Ѿ ῧ δ╝ Ṯ˰ ᴩṮѾ Support

Ӝ

Simbits ᵭὸ Simio ї ᾙ┬ ῾

ˋ  
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4.1.3  Project Model  

Simio ϋ ῲ ͽ

ͮ 2 Ở Project Model Ạ

Ỹᴻ ї ₲ ╕

; ◑

ˑ ´ Facility Processes Definitions Data Results ѝ

RPS ῺḀ Planning

ᵭ ῧ ╝ ᶣ Ỹᴻ Ỹᶺ

• Facility ῏ δ╝  

4.1.4   

Simio ˢ ˞ ῏

Ҟ Ὕ ѯ ╝

5.1.1.1 їג ῧ δ

╝  

Facility ḯּא Ở Standard

Flow Extras Project

;ᴑ ♬ ѝ Standard Flow

Extras ϧ ͮ ϛ

Ῐ Ỗ ϋ Project ´Ỗ Ở

é Ở ˞ ↔ כֿ

Project Home Load Library ͽ  

Facility ḯּא Standard Object Simio ᾈ

Ὕ ϧ ͯ Ῠ א

ᵅ Standard

Facility ᶣ

4.1 Simio Standard Ở  

Project ᵅ Ҟ

ѝ ṥ→ ‫ Ҟ ỡ

Project Ở Navigation

ᵭὸ Ҟ ᶟ‫ Project Facility

ᶂ ͯ Project

ModelEntity ♯ ḗ  

Flow י ᾐ

ׄ Extras Ⱪᵓї

Ἵ ῧṐ Simio ẇῐ כֿ ╧

ᶆ Support Shared Items Simio User 

Forum ỡ ṥ→ 11 Ῑ δ╝  
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4.1  Simio Standard  

 ╝  

Source  Ằ ὤ

−→  

Sink  Я ѽ  

Server  Ѿσ ṥԃ ᾐ ổ ᵅ

 

Combiner  ₲ ⁪ ᴕḀ

 

Separator  Ѕ ˢ

∟  

Resource כֿ  ╥ δ

 

Vehicle  ᵏ ת Ἳ ͒ ̓ ṥԃ ᶺ

 

Worker  ⁵ ṥԃ ͯ ˒ ;

Ѿ ὤ  

BasicNode  ₲ ᵺḰ ᾋ נּ╗  

TransferNode  ˒ Ἢ ᶟ ; ᷈Ѿ נּ╗  

Connector  2 ѕ ὼỖ נּ╗  

Path  ỡ יּ ˒  

TimePath  Ằ Ỗѕ ˒  

Conveyor י┤  י┤ ᵅ  

 

4.1.5   

˺ͮ Properties ◑

↑ Ở Ὕ Facility Server

◑ ϯ ᶟ ₑ 4.4

Ở Ạ ᾑ

ѻ  ϋ Ở Ạ

╙ + ˫ ϋ

ᶟ Ồאל Ở ỡ ϋ

˙

˺ Reset ◑  

4.1.6   

Simio ₲ Ỹᴻ

ᶣ→ ˺ῲ Navigation

ш ‫ ◑ ї

ỡ ᶟ‫ Navigation ModelEntity ◑ 
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ₑ 4.4  Server  

‫ Ở

Definitions   ͽ Model

◑ Ὕ  

ᵅṖṥԃ Navigation ῲ

ϯ ᾑ•ἐ

Navigation Ở ḥ

Ὣ Navig ation

Ҟ ὂ∆ Ѕ ˙ ῧṐ 5.1.1.1 ╝

 

4.1.7  SimBits  

SimBits Ѿ 1

Ὕ ϖ ˢ δᴒ Ở

ϧ PDF ῧṐ δ╝ כּ

Open ╗ ḗ ᵅṖ и

Support SimBit Ạ

⁮ Ѿ

SimBits Ở ♬ꜙ ᴩṮ ḗ ‫

Simio Ҍ ṥԃ ổ SimBit

Ạ Ҙί ᶣ→ ♬ ї ủ ᶂ Ὄ

 

4.1.8  ˒ ᶣ→ 

ᾑѻ╚ ╝ ϧ

˂ щ ᶟ ╚ᴁ ỸᴻỖ Processes

˺ ꜘṥ ˂ ˒

ᵎ 2 ♯ ˫ Ở

1 ♯ • 1 ♯ ϑּא Ở ₑ 4.5

Ṕ Ở

˫ ˂ ‫  
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ₑ 4.5  ͯ ‫ Ở˂ Ẫ 

˺ ╕ ◑ ₣ ₠

Ϊ ᶂ Ạ Search

Watch Trace Errors Consoles Simio

ϑ ;

ᵭ ᴽ ῺḀ ˂

ῺḀ Project Home Reset ᾑѻ

╚  

 

4.2  Model 4 - 1 Standard  

Ḿᾑ  

╜ Simio ѯ ᶣ ₲ Ỹᴻ ┘ ᶺ 4.2.1

᷆ Simio ᶣ δ╝ Standard Ạ

Facility ṥ→ 1 εỸᶺ ᴕΌ ϯ 4.2.2 ᷆

ᾈ ᶺ ѻ ϴ ї ᾑ

ѻ ᶀỦ Ỹᴻ ᶺ 4.2.3 ᷆ ὶ ┘ ᴁ

ֽ ϖ Simio Љ ῝β 4.2.4 ᷆

ỖѕỸᶺ ỖѕỸᶺ ᶳṶ ѻ Ӑ ї•

ῺḀ ╝ 4.2.5 ᷆ 4.2.2

᷆ ᴩ ḽ Ἠ ῲ ￼ ↑ ᴩῥ

ὶ ᴁ ┘ ᷈

Ạ Ӹ ˢ ᶣ→ ῧ ┘

5.5 ╜ 9.1.1 ᷆ ϴ ˢ
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ҡ ͽ ᴁ Ἢ ῝β  

4.2.1  ᶣ  

Simio ṥ→ Ṕ Standard Ạ

ˢ Ѻ ᶓ

͒ ₑ 4.6 Simio Facility ṥ→ ᶺ

Я→ Facility Project Model

ˀͮ ᶣ Ἢᾏ ╝  

 
ₑ 4.6  ˢ ᶺ Model 4 - 1 Facility  

ᶺ

ᶣ→ Facility Source Server Sink

Ạ ͯ  

ṥ→ Ḿᾑ Simio Ҍ File

͒ New File ; ҉‫

ϋ Facility Facility Ở ḯ

Libraries Standard Library ϋ

ₑ 4.2 Ϊ ϯ  

Project Library ModelEntity ◑ Facility

Project Library Ҟ

ỸṔ ỗ

Standard Library Source ◑ Facility

נּ Server Sink

 

ỗ Source Server Sink נּ╗ ᾈ

Connector Ạ ѕ ˒

ὼỖ Ỗѕ ᶺ Standard Library

Connector ὣỒ Source

Output Node אּ˺ ỗ Server
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Input Node ḯּא נּ╗ Source Serve r

˒Ỗגּ ╚ Server Output Node

Sink Input Node ѕ Connector ͽ ₑ 4.7 Source

Server נּ╗ Ở  

 
ₑ 4.7  Connector Source Server Model 4 - 1 

ModelEntity Ҙί ₉ Ἢ

ͽ Simio ỡ ͽ

ModelEntity Ạ כֿ

Standard Library Project Library

ᾋ ModelEntity Source Server Sink Connector

ѝ ᶳ ϯ Ở

ͽ  

קּ ꜙ קּ

קּ ѯ ᴾּב ὤ 3.2 ╜ Ở בּ҉

ὤ ◗ Model_04_01.spfx spfx Simio

ϩ Ẫ Я→ ᾙ

Ἢ Cẇῐ  

ᶣ ⁮ ◗ Standard ˢ

ѝ ᶺ ╝ ᶺ

ₑ 4.7 Ở ₣ ▬ Ở Simio

; ↑ Ὼᾒ Ỗѕ ˢ ѻѕ ῲ

Ὼᾒ ᶺ ╚ Ҙί

Simio ᶺ Ѿ ῧṐ

5 Ῑ ╝ Ở ᶺ Ѿ

ᶳ Model 4 - 1 ˀͮ ᶺ

ѝ  

Source1 OutputBuffer.Contentsה Source ὶ
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ổ  

Server1 InputBuffer.Contentsה Server

ổ  

Server1 Processing.Contentsה ᵅṖ Server ᾐ

ổ  

Server1 OutputBuffer.Contentsה Server ὶ

ổ  

Sink1 Inpה utBuffer.Contents Sink

ổ  

ₑ4.1 ˢ ᶺ 1 ᶺ Ở

ᶺ Server1 InputBuffer.Contents ᶺ

Server1 Processing.InProcess ᶺ ϧ

ỖḈ ᾐ ổ כֿ ᶺ

Ạ Ỗѕ

ḹגּ ˒  

ѯ ᶣַא Я→ ỗ ╚

ỖѕѕϷ Ỗѕ ᴒ ϯ

Ằ Source Ằ Σ ὤ

−→ Ỗ‗=48 Σ Ⱶ

ỖѕѕϷ Ԍ 1.25 Ằ₲ ὤ Simio ╚

ỖѕѕϷ=1.25=60/48 Ỗ 48 ꞈ Simio

ỖѕѕϷ Source 1

╚ Properties ╚ Ὕ

Source ◑ ˺ Properties

Ở ₑ 4.8  

 
ₑ 4.8  Source ỖѕѕϷ ╚  

Source ỖѕѕϷ Interarrival Time

Random.Exponential(1.25) Units Minutes ╚ Units

Ở Interarrival Time ḯּא ˫ ˺

אּ Minutes ◑ Ԍ 1.25 Ằ₲

ὤ ỗ −→Ỗѕ ᴒ ᴕΌ Ỗѕ
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‗ φπ ρȾρȢςυ τψ╚ Random Ạ

₲−→ 4.4 ╜ ῧ ╝ Time Offset Ḿᾑ

−→ỖḈ ᴒ ´ 0 ╚ כֿ

Arrival Logic ї ᵅỖ

╚ Ỹᶺ נּװ −→  

ᶟ; ◗ Source1 ᶟ

ͮ General

Name Ὕ F2 Ạ

Simio ◗ ᶟ General Descript ion

ѝ ᾙͯ ϧ

Ὣ ╝ Ҋ ╝

Ḁ Ở  

ᶺ Я→ Server

╚ Server Processing Time

ᾐ Ỗѕ Ằ Units

Minutes ╚ Random.Exponential(1) ᶟ

Processing Time Process Type ᶟ

Process Type Specific Time כֿ

10.4 ╜ ╝ Ḿᵭ ỸᶺỖѕ

10 Ỗѕ ╚ ╚ Run Ending Type

Run Length ◑ 10 Hours  

ᾑѻ Ỹᶺ ◗ Ỹᶺּי ╚ Speed Factor

Ỹᶺי יּ ⅝ᵮ Ạ Speed Factor 50 ᶟ

Run Speed Factor ╚ ᴳ יּ

Ỹᶺ Ỹᶺי Ḿ Speed Factor ↑

ᵌ⁵ ᶋ ˑ ϧ

͒ Speed Factor ↔ ₢ᾯ Ҙί Speed 

Factor ˂ ѕ ỖѕѕϷ

 

ḯּאῲ Run Ỹᶺ

י Ỹᶺ Ỹᶺ

Ỗѕ Ỹ

ᶺṈ Ở Speed Factor

Ỗѕ ⁮ᶺ Ỹᶺ ᶟ

ỖḈ ╚ Ỹᶺѻѕ 10 Ỗѕ

Ỹᶺ ỡ ặ  

Ỹᶺי ặ ˢỖ ặ Results

ᴕΌ ϯ

10 Ỗѕ Ỹᶺ ᴕΌ ᴳ Simio ѯ ᴕΌ Ở

Pivot Grid Reports 2 Ӝ ḯ
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ῲ ╕ ₑ 4.9 Model 4 -

1 10 ỖѕỸᶺᵭ ặ ῺḀ Pivot Grid Ở  

 
ₑ 4.9  Model 4 - 1 Pivot Grid  

Simio ϋ Σ ᾴ Ỗ

ἧ י Ỹᶺ Ṕ ὶ

ᾙữ Ỗ ὶ Ḁ ; ↑ 1.4 ╜ ὸ

Ỗ Ҍ ᾐ ᾏᾠ Ӑ ї

Ḱˑ Ṗקּ Ҍˮ

Ḱˑ Ṗקּ Ỹᴻ

╕ ᴁ ╚ᴁ ┘ ˢ Ỹ

ᶺ Ὣ ᾙ ֽ Ằ

 

Pivot Grid Ủכ ´ ὦ ↑ ᴕΌ ᴳ ´

י₄ּ Ἢ Ӝ ж

е Ạ ầ

Pivot Grid ˍ CSV ֜╕ Ủכ

ὶ ὶ Excel

כֿ ;  

Pivot Grid ϧ ˀͮ ὶ ѝ  
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Object Typeה  

Object Nameה  

Data Sourceה  

Categoryה  

Data Itemה  

Statisticה  

ₑ4.9 ModelEntity Object Type DefaultEntity Object Name

TimeInSystem Data Item Average Statistic 0.0613 Ỗѕ 0.0613

Ỗѕ 60 /Ỗ=3.6780 Ở Pivot Grid Ỗѕ ЅḀ

˂ Pivot Grid Time Units Length Units Rate Units ╚ ;

Minutes ╚ TimeInSystem Average 3.6753

ἪᴁẐ 3.6780 ѕ ᾴ ќ ᵵḰ

TimeInSystem Data Item FlowTim e Category כּ

ѯ Data Source Dynamic 

Objects  

Ϊ Pivot Grid ᾴ פֿ ὶ

Ằ ϯ TimeInSystem Average 0.0613

Ỗѕ 3 ᶺͮ ᴳ Throughput Category Ḁᴁ 470

ṥ→ Source ⁮ ͮ ᶺ

470 ѽ Sink Σ

10 ỖѕỸᶺ 470

Ὂ Ỗ Ṗקּ

10 ỖѕỸᶺᵭ ˢỖ ặ ϯ ỸᶺỖ

ѕ 9 Ỗѕ 11 Ỗѕ ᶟ ᴕΌ

Pivot Grid Throughput Category NumberCreated Number 

Destroyed ᴳ ϯ 10 ỖѕỸᶺ Ԍ Ỗѕ 0.0613 Ỗ

ѕ 470 ᵌ Ỗѕ ᾋ Ԍ  

Ỹᶺѻѕ ᶟ Ṕ 8 ᶟ

3.3.1 ╜ ₑ 3.8 Ở Ἢ ᴕΌ Pivot 

Grid ᴕΌ Ỹ Ἢ Ạ ắҡ

ỖѕѕϷ Ỗѕ 8 Simio Ỹᶺ −→ Model 

Trace Ѿ ₲ Ҋ  

Pivot Grid 3 Ἧ ѯ ꜘṥ  

ה Grouping ᴳὶ ˑ ˂

ͯ ͯ  

ה Sorting ᴳὶ ѯ

 

ה Filtering ᴳὶ ˺ῲ֭ כ

Ở
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Ở

Ở Ѿ ῾

̰ ;  

Pivot Grids ╚ ₲ Ϊ

קּ ͻἚ хể Simio

Pivot Grid ֥ Ѿ Ạ ῧ ╝

Pivot Grid Ủכ ₲פֿ ὶ ῺḀ ῾ ᴩṮ ´

ᶂΌ  

Reports Ủכ Ỹᶺי ᴕΌ Ở ש ↔

ῧṐ Ủכ Ở ˫ṵ כֿ Ủכ ὶ Ẫ

“ה ͒ Ribbon ῲ Print Preview

ₑ 4.10 Print Preview ϋ   Reports Ủכ

Ở ḯ ᴳὶ TimeInSystem - Average(Hours) ⁮

0.06126 Ở ₑ 4.9 Pivot Grid ὶ ấ

Ἂᵦ ˅ ˢ  

4.2.2  ᾑѻ Ỹᴻ ┘ 

Ḿᾑ Simio Я→ ᶺ δ ᾑѻ

Ỹᴻ ┘ ᶺ ◗ὸ ỖѕỸᶺ ´ 

ᶺ δ┘ ┘ ῧṐ 2 Ῑ ẇῐ Ἧ ∆

ϯ δ┘ ᾋ ˋ

Ạ 4.2 ´  ᶺ

ᴕΌ ₑ 4.9 Pivot Table ᴕΌ ϴ

 

ᶺ ₲ ˑ ҁ

˙ ╝ ◗ Ὣ ᶳṶ

Facility ͮ Facility

Run Reset ḽỸᶺ 10 ỖѕỸ

ᶺ ặ Pivot Grid ϯ ◗ε ỸᶺᴕΌ ₑ 4.9

Ở ͵ ֽ ´

ᴕΌ 3.1.3 ᷆ ╝ Ỗ

ѕѕϷ Ỗѕ ₲ Ạ ᾑ•ἐ

;δ ắ ˀͮ

ї Ὣ ╝  

1.  3.1.3 ᷆ ὸ 6.3 ╜ ῧ ╝ Ạ ₲ ‴

Ҝỏ ₲ Ạ −→ ₲

ᾏᾠ ᴒ  

2.  6.4 ╜ ₲−→ ╝ פֿ

Ҝỏ ₲−→ ⅝ᵮ ↑ Љ ;
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ₑ 4.10  Model 4 - 1 ᾈ  

 

4.2  ᶺ ᾑѻ ᴕΌ ϴ 

זּ ѯᾈ ᶺ   

Ε (”)  0.800  0.830  

₲(ὒ)  4.000  2.879  

ᶺ ₲(ὒ)  3.200  2.049  

Ỗѕ(ὡ)  0.083  0.061  

Ỗѕ(ὡ )  0.067  0.044  

 

;זּ ₲ ϖ ᾑ Ϲ ⁵

ʸ е ;זּ ↑ ỸṔ

̫ Ξ ṅ ˍ

ἐ Ὣ Ὣ

ᶟ ͽ Ṕ ₲ Ạ
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Ỹᶺ ὶ ͯ ͯ ᴑ ₲ ˙

ᶟ ϯ ⁮

פֿ Ỗѕ Ѿ ↑ Ỹе

4.9 ╜ Simio ῧ ╝

;זּ ↑ ẋᵂᾶ variance reduction ᵎ

Ἢ ỸᶺỖѕ ὲ

ˢ ӰΉᾙ Banks et al. 2005 Law 2015

δ╝ Simio ỸᶺỖ ε ש₲

ỖѕѕϷ Ỗѕ Ạ

ṥ Ằ ᵊ ḽỸᶺ ´ ᴕ

Ό  

ᾑѻᴕΌ ᶺ ᴕΌ 4.2

ˢ ᶳṶ Ḱˑ ỗ 3 ; ↑ ᶳ

 

1.  Simio ᵵ ╚ ѕ˙  

2.  ѻ δἡ ᵵ ᴕΌ ᶺ

ᴕΌ ˢ ◗ ỡ ѕ˙  

3.  ᵵḰ ̚Ӽ ᴕΌ ϯ

ˋ ѻ ↔Ḁ ỸᶺỖѕ ε₲

ᾑѻ  ϋầ ˑ ₲ Ạ Ỹᶺ ϯ

ᴕΌ δἡ ᵵ ; ↑  

ỸṔ ѻ ᴕΌ ϴ ˢ ῺḀ Ἧ

їג ῲҊ ᶳ Ỏ ѻ

δἡ ỸᶺỖѕ ὣ ᶺ ᴕΌ

ỖѕỸᶺ ´  ắ ὶ ῲ

ᵊ ỖѕỸᶺ ᴕΌ 10

Ỗѕ Ỹᶺ ῲ ᶺ ῲҊ ᷆ 2

3 ї ѻ Ẑὶ ᴕΌ ϴ ἐ Ἵּו

ֽ ᴩῥ ￼ ↑ ϯ Ԇ Ὣ ♬

4.2.5 ᷆ ῧ ╝  

4.2.3  ὶ ᴁ ┘ 

Ở ϯ ₲ ₲

ᵌ Ὣ ᾏ ᵏ ϋầ Ὂ  ᴙ Ỹᶺ

Ằ ỖѕѕϷ Ỗѕ Ằ₲ ὤ

ϋầ Ὂ   Ỗѕ Ҟ ʹ

ᵭὸ כֿ Ἧ ϋầ Ὂ   ╚ ;

֩ Ҷ  ϋầ 10 ỖѕỸᶺ 1 ε

ḽỸᶺ Ỹᶺ ◗ὸ

₲ ᴕΌ ϯ ₲ Ạ ᴕΌ
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ˑ Ỹᶺ ᵧ ˑ ₲ ϯ ₲ ╚

Simio ỡ ᾐ י

₲ Ỹᶺ Simio Experiment ṥ→ Ỹᶺ

 

Simio Experiments Ằ ε₲ Ỹᶺ ; ϧ Ạ

₲ Ὣ Simio −→ ϯ ₲ ᵧ ᴁ

ᴁ ┘ Ὣ ↑ Ỹᴻ ╚

Project New Experiment ‫ Ỹ

ᴻ ῲ Replications Required אּ˺ Default Replications

10 5 ᶟ ₑ 4.11 Experiment Design

 

 
ₑ 4.11  5 ε Ỹᶺ ᾑѻỸᴻᴁΪ 

Ỹᴻ Ỹᶺ Scenario1 ◑ Run

Model 1 ˺ ˫

Experiment 2 ˺ ˫ Simio 5 ε

Ỹᶺ ᵭ Pivot Grid ₑ 4.12 ◑ Ở  

ỸᶺỖי Pivot Grid ₑ 4.9 ϴ ‫ Minimum Ḿᾴ

Maximum Ḿ Half Width ѻ 95%“ ֜ѕ Experiment 

Design Confidence Level Ὕ; ͽ

ϧὶ ᴁ 5 ѐּז ̛  
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ₑ 4.12  5 ε Ỹᶺ Experiment Pivot Grid  

Ỹᶺѕ ὶ ᴁ δ Ὣ

TimeInSystem 3- 5 ᶺ ֥ ᴳ  

TimeInSystemה Ԍ Ỗѕ Ԍ 0.0762 5

ԌỖѕ Ԍ Ḿᾑ ₑ 4.9 ˢỸᶺ 0.0613

95%“ ֜ѕ 0.0762 0.0395 [0.0367, 0.1157] Ỗѕ

ԌỖѕ ѻ 95% “ ѝ

10 Ỗѕ ᵊε Ỹᶺ Ԍ Ỗѕ

δἡ “ ֜ѕ ὶ ϯ ₲

ϯ ѻ ᶳ “ ֜ѕ ῧṐ

4.4 ╝  

Average(Hours)ה ᶺ 0.1306 5 ε Ỹᶺ Ԍ Ỗ

ѕ Ḿ Ở 5 Average TimeInSystem

0.1306 Ԍ Ḿ  

Maximum(Hours)ה ᶺ 0.2888 5 ε

Ỗѕ Ḿ Ԍ 95%“ ֜ѕ 0.2888 0.1601 ᵊε

Ỹᶺ Ḿ Ỗѕ ѻ  

ה Ỗѕ ỸṔ Ḿʣ Ὣ 5 ε Ỹ

ᶺ☺ Ḿ 0.5096 Ỗѕ  

4.3 5 ε Ỹᶺ ᶺ זּ ѯᾈ Ԍ

ᾈ Ḱ Ở  
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4.3  ᾑѻ 5 ε Ỹᶺ  

₢  

זּ ѯᾈ 

 
Ԍ 

ᾈ 

Ḱ 1  2 3 4 5 

Ε (”)  0.830  0.763  0.789  0.769  0.785  0.787  0.026  

₲(ὒ)  
2.879  2.296  3.477  2.900  6.744  3.659  1.774  

ᶺ ₲

(ὒ)  
2.049  1.532  2.688  2.131  5.959  2.872  1.774  

Ỗѕ(ὡ)  
0.061  0.049  0.075  0.065  0.131  0.076  0.032  

Ỗ ѕ

(ὡ )  
0.044  0.033  0.058  0.048  0.115  0.059  0.032  

 

ὶ ϯ Pivot Grid Export Details

Ԍ ᾈ Ḱ Ỹᶺѕ ᴕΌ Pivot 

Grid Export Summaries ὶ CSVכỦ קּ

Excel

ѕ ˑ ὒ ὒ ᴺ

ˢ ỸᶺᴕΌ “ ₢ Ở

 

ỖѕѕϷ Ỗѕ

ὶ זּ ѯᾈ ” ὒ ὒ ὡ ὡ

₢ ” ὒ ὒ ὡ ὡ ϯ

₲ ᶺ δ┘ ∆ϯ ´  ” ὒ ὒ ὡ

ὡ Ỹᶺ ϯ ₲

ϧ ” ὒ ὒ ὡ ὡ ѐּז 1 −→ ᴁ ᵴ

ὲε Ỹᶺ ϧϯ ₲ ὲɜ ᵧ ˢ

ὤ IID ѐּז Ỹᶺ Ԍ ϯ ₲

Ԍ ₢ᴁ 4.3 Ԍ ͒ ϯ ₲ ѻ

₢ ₢

Ԍ ˢ ₢ ὲ ӡ ẋ ᵂᾶ

₲ Ӫ בּ ὲ Ԍ ϧϯ ₲ ѻ

ϯ 1 Ἵּו → ε₲ + ₢ ∙ ᶆῲ

 

4.4 50 ε 5 ε ỸᶺᴕΌ ϴ ε₲ +

₢ ∙ ᶆῲ ѻ Ԍ ₢ ỷ ∙ ї

֥ ῾ ᵵḰ Ԍ

₢ ᴳ ֜ѕ₢ ֜ѕ₢ Ở

´ ∆҉ ᴁ ᾙ ╝
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ᾈ Ḱ ỡ n- 1 t Ạ

ѯ ᶣ→ Ԍ 95%“ ֜ѕ  

4.4  5 ε Ỹᶺ 50 ε Ỹᶺ ϴ 

₢  

זּ ѯᾈ 

5 ε Ỹᶺ 50 ε Ỹᶺ 

Ԍ ▐ Ԍ ▐ 

Ε (”)  0.787  0.033  0.789  0.014  

₲(ὒ)  3.659  2.203  3.794  0.433  

ᶺ ₲(ὒ)  2.872  2.202  3.004  0.422  

Ỗѕ(ὡ)  0.076  0.040  0.078  0.008  

Ỗѕ(ὡ )  0.059  0.040  0.062  0.008  

 

ὒ 95%“ ֜ѕ CI 5 ε 50 ε Ỹᶺ ϴ  

5 ε Ỹᶺ   3.659 2.203 [1.456, 5.862]  

50 ε Ỹᶺ  3.794 0.433 [3.361, 4.227]  

5 ε Ỹᶺ ѯ ὒ ‴ Ԍ ѻ Ԍ 1.456

5.862 ˅ 95% “ ˢ 50 ε Ỹᶺ

‴ Ԍ 3.361 4.227 ˅ 95% “ ᴿ

95%“ ֜ѕ ֽ ṥ→ ῺḀ ֜ѕ ‴

Ԍ ѝ δἡ ὶ ᴁ Ԍ “ ֜ѕ

ᵵḰ Ằ ϯ ₲ ‴ Ԍ ₢ ∙ Ở

Ỹᶺ ₲ + ˋ ᾴ

25 0 ε Ỹᶺ [3.788, 4.165] “ ֜ѕ

250 ε Ỹᶺ ₢ 5 ε Ỹᶺ ₢

“  

Ỹᶺ ‴ Ԍ ∆ϯ ₢ ῺḀ ε₲ “

֜ѕ ᴒ “ ֜ѕ ᶀỦ Ѝὲ

4 Ỹᶺ 1/10 100

Ỹᶺ

ˋắᴒ  Ӳ

ӓ ϯ ѯᾈ Ṗקּ  

ỸᶺỖѕ ᵵḰ Ṧᵂ ϯ קּ

Ṗ Ỹᶺ ˋ ᾴ ỸᶺỖѕ

ͽ Ỹᶺ ᶺ ᴒ Ṕ

ỗ 2 Ὣ  

1.  ᵵḰ ᵵ ῺḀ Ựתּ  

2.  ͽ Ỹᶺ Ỗѕ ϯ  

4.2 ᴕΌ ᶺ ˢ ˢ

ˢ Ỹᶺ ᴕΌ Ạ 1
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ε ‪ 4 כֿ ὶ ε₲פֿ Ệᶺ ѻ

ἧ ᵌ Ệᶺ їג

ὣ ₢ ẙ Ὣ

ᾑ•ἐ 1 ε Ỹᶺ ᴕΌ Ạ

╕ ₲ε Ỹᶺ ᶺ ὶ ᴁ ₢

Ԍ Ạ ‴ Ԍ ₢ ї• ῺḀ ╕

Ỹᶺε₲ ᴒ Ṕ 95%“ ֜ѕ Љ ᴕΌ ┘

Ԍ ₢ “ ֜ѕ ֜ѕ₢ Ạ

Ỹᴻ ₑ 4.12 ᾈ Simio Pivot Grid ὶ ᴁ

Ԍ 95%“ ֜ѕ ỡ Ӝ

ằ̻  

ѻ ᴕΌ ˢ ṽ

ѻѕ ↑ їג ỗ╜ ῧ ᴩ  

4.2.4  ´  Ὂᴕ   

ˢ ᶺ ᶺ ♬ ѝ

֩ Ҷ   ϋầ

Ṗקּ Ε   ˋ ˢ

ᶺ ᶳ Ḿᾑ ᴒ

2 ◗ Ḿᾑ

100 ᶺ

Ỗѕ ͯ ↑ ῺḀ

Ε ѻ 3 4 5

Ỗѕ ѻ ´  ˑ ; ↑

´  ֩ Ҷ ᾑѻ  ̚Ӽ Ỹỷ ΉỰ

Ỗѕ Σת ᵭ   Ằ ỸᶺϋầỖ Ỹỷ ´

  ѻѕ ᾑѻΣ ѻѕ ᵎ  

4.2 ᴕΌ Ạ ѯ ᶺ δ┘ 2 Ῑẇῐ

´  ∆ϯ ѻ ὸ

ᶺ ´ 

◗ ᾑѻΣ ѻѕ ᴻת ᾑѻΣ ѻѕ ᴁ Ҋ

ᴁ ѐּז Ạ ᾑѻ − ; ↑

Ỹּז ˢ ῺḀ Ỹ

ᶺѻѕ 2 5 10 20 30 Ỗѕ ╚ 5 Ỹᴻ 500

ε Ỹᶺ ₢ 95%“ ֜ѕ ѝ ˀͮ  

2 Ỗѕ   3.232 0.168 [3.064, 3.400]  

5 Ỗѕ   3.622 0.170 [3.622, 3.962]  

10 Ỗѕ  3.864 0.130 [3.734, 3.994]  

20 Ỗѕ  3.888 0.096 [3.792, 3.984]  

30 Ỗѕ  3:926 0.080 [3.846, 4.006]  
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2 5 10 20 Ỗѕ Ỹᶺ ₢ ´  ´  ὒ=4.000

ͮᶆ ϯ 30 Ỗѕ ῺḀ “ ֜ѕ

4. 000 ѝ Ԍ ϯỸ פֿ

Ỹᶺ ᶺ “ ֜ѕ ᵂᾶ ᴕΌ 4.000 “ ֜ѕ

ϑּא 30 Ỗѕ Ỹᶺ ᴕ

ᵅỖ ͽ Ỹᶺ ϋầỖ

̚Ӽ ỎỸ ᴁ ↑ỷ ῥ

; ↑ ᶒ פֿ ΉϹ ἎγϹ Ỹᴻ ˑ

ε₲ Ỹᶺѻѕ Я☺ ⅝ᵮ טּ ᴕΌ

ᾐ ⁵ѕ ₁ Ỹᴻ נּ

Ὣ ϋầỖ ∟ Ằ

Σ ѻѕ ᵏ ↑ ֪◦ ⁵ᶏ ᴕΌ

ᵵḰ  

ỖѕỸᶺ ϋầỖ δΉ ѻ

ѕ ╚ Ỹᶺѻѕ 2 Ѕ

ᾑѻ ѻѕ ´ Ỹᶺ ᴁ

ἽὝ ѻѕᵭ ᴁ ἽὝ ϋầ

Ỗ ´  ֕   Ὼ

Ḁ ѻѕᵭ Ḿᾑ Ỗ ᶺ

ѻ ₲ ´  3.2 ֕

ᶂΌ ϯ Ỹᶺѻѕ ѻѕ (20, 10)

(30, 10) (30, 20) ╚ 3 ͽỸᴻ ỸẴ Simio Ѵ

ѻѕ Experiment Warm- up Period ╚

4.000 ỸᴻᴕΌ ˀͮ  

(Ỹᶺѻѕ, )  (20, 10) 4.033 0.155 [3.978, 4.188]  

(Ỹᶺѻѕ, )  (30, 10) 4,052 0,103 [3,949, 4,155]  

(Ỹᶺѻѕ, )  (30, 20) 3.992 0.120 [3.872, 4.112]  

ѻѕ ϋầỖ ᵂᾶ ᾤ

ᶂΌ 30 Ỗѕ ꞋỸᶺỖѕ +ͽ

ѻѕ Ạ Κ +

₢ π◘ ѻѕ

╕ Ҝ − ˢ ´  Ỗѕ ᴒ

ˍ ˢ Ỹ Simio

Facility Status Plots ⸗ Facility

Facility Tools ͮ Animation ◑

ῧṐ 8 Ῑẇῐ ד ʸ ᴳ Ỗ ͮ

ˢ 1 ε Ở

Ở ´ פֿ

ѻѕ ╚ ї ˀͮ ᶳ  
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ה ѻѕ ῺḀ ϋầỖ ẙּק

 

ה ѻѕ ῺḀ ᵵḰ

ѻѕ ỸṔ Ҋ ᵂᾶ  

ʸ☺ ӓ ; ᵵḰ “

֜ѕ זּ → ѻѕ ϯ

ỸᶺỖѕ ̸ ε₲ +

ˀῲ Ỗѕ Ή ; ↑ ᵅ יּ᷈

ỸṔ זּ ҁ Ѭᴹ  

◗ ҡ ´  ỸṔ

ʹ ᵊ Σ ѻѕ ѻ

Ӑ ˢ

ᴞ ֩   ϋầ Ỗѕ Ὂ

´  Ṗקּ ῺḀ Ὂᴕ ᵎ

ῺḀ Ỹᴻ ѻѕ ể 0

ї• ѻѕ Ӑ ᾑѻ 

ể Ӝ  

´  Ὂᴕ  ᶣַא ᴮӃ

ᴒ Ὂᴕ ╚ Ỹᶺ ┘ ˍ

ϧ ϋầ Ὂ בּ҉ ˢ

ỸṔ Ξ ᴕΌ ӓ ; ᴁ ∙

ε₲ ᴒ  

4.2.5  ᴩῥ 

´  Ӑ ₢ ѻѕ

╝ ᶟ‫ ᴕΌ ᶺ δ┘

ᴕΌ ϴ 30 Ỗѕ Ỹᶺѻѕ 20 Ỗѕ

ѻѕ 500 ε Ỹᶺ 4.5 ᴕΌ Ở 4.2 ᴕΌ ϴ

∆ ϯ“ ᵈ и ᴩῥ

Ӫ ῥӏ ѻ ͒ Ở

Ỹῥ; ᴩῥ ˋ

ᵵ ᴳ ∆ ϯ“ ῥӏ

Ὕ  

4.5  ᶺ δ┘ ḾὊ Ỹᴻ ϴ 

₢ זּ ѯᾈ ᶺ   

Ε (”)  0.800  0.800 0.004  

₲(ὒ)  4.000  4.001 0.1 33  

ᶺ ₲(ὒ)  3.200  3. 201 0.1 30  

Ỗѕ(ὡ)  0.083  0.083 0.00 3 

Ỗѕ(ὡ )  0.067  0.066 0.00 3 
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ᴩῥΣ ˀͮ

1.  ᴕΌ ᶺ δ┘ ї ˢ ѻ Ẑὶ  

2.  ᶣ Ỹᶺ ᴕΌ ѻ 4.2 ϴ  

3.  ᴕΌ ˢ ˀͮ 3 ; ↑ ᴩ  

a)  Simio ᵵ ỡ ;

↑ ᾤϑ  

b)  ѻ ╕ ᴕΌ ᶺ ᴕΌ

ˢ ʹ ᵵ ┘ ᴕΌ ϋầỖ ᾤӋ

´  ѻѕ

Σ ѻѕ ѝ ┘ᴕΌ ´  ϴ ╕

ѻѕ ὂ∆  

c)  ᵵḰ ̚Ӽ ᴕΌ ϯ

ѻ ˢ ỸᶺỖѕ ὣ ᴕΌ δἡ ╕

ὶ ╕ ͻ Ỹᶺ ỸᶺỖѕ ̸

 

4.  ḾὊ ￼ ↑ ϯ  

ѯ ᴩῥΣ ὤ

₢ᾯ ´ Ҿ ᴿ ᴕΌ ᴁẐ

ͯ

Ῠ ᴳδ ѯ ´ ѻ

; ѻ ᴩῥΣ “ ↑ ᷈

ѻ Ἵּו Simio

ᴩῥ Ỹᴻ ѯ ╝ Ῑ ẙ Simio ͯ

ϖ ╝ ѯ ᾙ☺

ֽ Ἠ ῲ  

 

4.3  Model 4 - 2 Processes  

᷈ Simio Standard Ạ

ͯ е פֿ щ י₄ּ

Simio Processes ῺḀ ᶣ→ Ѻּק Simio

ϩ ῧṐ ╧ Ỹᶺּי π◘ ῺḀ

Simio Processes Ạ Simio ῧṐ δ ˢ ẋỎῨ

ủ ╜ ˢ ᶺ

ѯ Simio Process щᴓ ᶺ ỗ

Ῑ  Ӳ ͒ Simio Processes ῧṐ ╝  

ᵊ ᶺ ӠḀ

ͯ Simio SeizeĭDelayĭRelease ṅ

ᾈ ẋỎῨ פֿ

Ạ ѯ ẚ♯
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δ Simio Processes ᶂΌ Љ ῲ ;ᴑ

ˀͮ ṥ  

ה ὧ Ҟ ỖḈ ˋ Ỗ

Ỗ ₲ Ѕ ; ˂₲ ὧ

ˋ  

ה

˂₲ί ╥  

ה Ỗ כֿ Ѕ ί ˂

Ѕ

Ѕ ˂ ổ Ỗѕ⁮ᶺ

̸ ϋầ טּ ῺḀ

; ỡ ᶺ  

ה Ỗѕ Я ί

˂ δ ỗ ⁮ ᶺ Ѿ

; ◗ ὶ δ

˂ ѝ ᶺ ╣ Ἠ

ὶ ˂₲ Ѕ

Ỗѕ⁮ᶺ ϋầ  

ѐ ᴳ ϧ Seize - Delay - Release

Σ Ѕ ᶺ ш

ỸᶺỖ Simio ѝ

ᶺ ї ᴁ ỡ Ҋ ѯ

Seize- Delay - Release ₑ 4.13 Ở ₑ Ỗѕѕ

Ϸ נּ ѕ ỖѕѕϷ ᾐ Ỗѕ ᾐ Ỗѕ⁮

ᶺ ̸ ₲ Ỗѕ ˋ

Ỗ ₲ ╒ ỖḈ Ҋͣ Ҋ

ϧ ṖỖѕ ╒  

 
ₑ 4.13  SeizeӇDelayӇRelease ѯ  

ˢ ᶺ ὧ ρ

ί ρ ╚ ₑ 4.13 Ở ˢ ѯ Seize-

Delay - Release Ỹא Processes
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ᶣ Standard Ạ ῺḀ

ṽ ϋ Ҟ ᴁ ἽὝ ї δ

ῲ ̫ Simio Ỹᶺ Ἢᾏ ˀͮ

ₑ 4.14  

 
ₑ 4.14  Model 4 - 2 Process  

1.  Simio ϋ ‫ ṥ→  

2.  Standard Library Facility Resource

Resource

Process Logic Initial Capacity Type Fixed

Capacity 1 ϯ ╚

General Name Resource1 ϯ

 

3.  Navigation Model ϯ

Definitions Definitions Ở ḯ

States ◑

  ₲ ͽ ᾈ ↔  

4.  States Discrete Integer ‫

ẋ   ₲ States ṥ→ Name

IntegerState1 WIP ᶟ ẋ   ₲ ₲ Ҋ

Ạ ῺḀ Integer Discrete State ṥ→

ᵅṖ₲ ┤ Ὼᾒ ╚ ₑ 4.13

₲ ẇῐ  

5.  Elements ˒ Elements

Timer Timer ṥ→ ₑ

4.15 Timer Ѿ

ₑ 4.13 ẇῐ ‗= 48 /Ỗѕ

Ԍ 1.25 1/0.8 Ằ₲ ỖѕѕϷ ╚

Time Interval Random.Exponential(1.25) ╚ Units

Minutes ϯ  



4.3  Model 4 - 2 Processes  97  

 

 
ₑ 4.15  Model 4 - 2 Timer  

6.  Elements Statistics StateStatistic

StateStatistic ṥ→ State Variable Name

WIP ╚ ˀ◗ Ҟ Discrete State Ở

Name CurrentWIP ╚ Simio

ỖѕתΣ   ╒ Ỗѕ˃ּק ᴁ Ҋ  

7.  Elements Statistics Tally Statistic

TallyStatistic ṥ→ Name TimeIn  

System Unit Type Time ╚ Tally Statistics

ѐּז ᴁ ẋỖѕי ᴁ Ҋ Ạ  

8.  Processes Process ˒ Process

Create Process ‫ Process ṥ→  

9.  Triggering Event ╚ ₑ 4.16

╕ Ỹᶺ  

10.  Common Steps Assign

Begin אּ˺ State Variable Name

WIP New Value WIP+1 ╚

Ṕ   ₲ +ͽ ₑ 4.13

1 +ͽ ẇῐ  

11.  Assign אּ˺ Seize ͽ Resource1

╥ Basic Logic Seizes

◑ ˺ ƛ Add

Resource1 ╥ ╚ ₑ 4.17  

12.  Seize ᵭ Delay ͽ Delay Time

Exponential(1) ╚ Ỗѕ⁮ᶺ

Ԍ 1 ᴽ 60/ Ỗѕ Ằ₲ ὤ  

13.  Delay ᵭ Release ͽ Releases

Resource1 ╚  
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ₑ 4.16  ╚  

 

 
ₑ 4.17  Resource1 ╥ Seize ╚  

14.  Release ỗ ‫ Assign ͽ State Variable 

Name WIP New Value 7)0˪ʦ╚

δ Ṕ  

₲ ᵂᾶ  

15.  Tally ͽ TallyStatisticName TimeInSystem

ṥ→Ṉ Tally Statistic ◑ ; Value

4ÉÍÅ.Ï×˪4ÏËÅÎƚ4ÉÍÅ#ÒÅÁÔÅÄ╚ ᵅṖ

ỖḈ ṥ→ỖḈ ˰

ṖỖѕ Tally ₑ 4.13 Ҋ Ѿ

Ỹא ₑ 4.13 ỖḈ Ҋͣ   ₲

Token.TimeCreated Ạ ˋ  

16.  Ḿᵭ Facility Ỹᶺ ╚
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Ending Type 1,000 Ỗѕ ᵏ Ỹᶺѻѕ ╚  

States   ₲ Properties Tokens

כֿ Simio Framework ῧṐ 5 Ῑ ҡ  

Project H ome New Experiment

Experiment ṥ→ ₑ 4.18 500Ỗѕ

ѻѕ ╚ 10ε Ỹᶺ Pivot Grid ᴕΌ Ở

CurrentWIP TimeInSystem ᴁ ѝ UserSpecified

ѝ ᴁ 4.2 ╜ Standard

ỡ ἽὝ ModelEntity ᴁ NumberInSystem

TimeInSystem ˑ Ở ╚

҉ ͯ ṽͯ ᴁ ˀϑ ῾

פֿ Ҟ ᴁ δ Ὣ  

 
ₑ 4.18  Model 4 - 2 ᴕΌ 

CurrentWIP ᴁ Ỗѕὤּכ ᴁ Simio   ₲

4 Ҟ Ạ 10 +ͽ

14 ᵂᾶ ᶟ‫ Ỗѕ ⁮ᶺ

ͯ ╒ ᴁ ὒ 4 ḉ ╚  

TimeInSystem ᴁ ѐּז ᴁ ϧ

1 ѐּז ṖỖѕ Ӝ Simio

ᴁ ῺḀ ὡ ╒ ḉ ᴁ 7 ╚

15 ϧѐּז Ҋ  

ї ˋ ͒ Standard

יּ Ỹᶺ יּ Ḱ

Standard ỡ ᴁἽὝ ת

ῢ ᵖ΅ ͽ Ѿ ѝ  
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ῲὸ ᶣ Simio Standard

Simio Я☺ ᶣ

Simio ѯ ♬ ṥᴾ

δ Ὣ 5.1.4 ᷆ ῧ ╝

Standard ᾑѻ  

 

4.4  Model 4 - 3 ᵅ֖ỡ Ѿ(ATM)  

ᾑѻ Simio ᶣ ᾋ ổ ᶺ

῏ ╜ 4.8 ╜ ┘ Ạ

ỸṔ ῧṐ ᵅ  Ӳ ͽ

ˀ᷅ Ῑ ˢ ϖ ╝ Simio

Ҿ  

Model 4 - 1 4- 2 ѕϷ Ỗѕ Ằ₲

ѐּז ↑ ѯ

╝ ὓȾὓȾρ ᶺ ₲Ϲ ￼ ↑ Ở

ỸṔ ѕϷ Ỗѕ Ằ₲ ὤ ᾶ

Simio כֿ

ˢ Model 4 - 3 4- 4

Ỗѕ ẅϲ Ạ 5 Ῑ כֿ ᾈ Ạ

6.1 ╜ ᵅỸ ∆ϯ ᵅ

ϯ Ỹ ᴒ δ╝  

Model 4 - 3 ₑ 4.19 Ở ATM ᵅ֖ỡ Ѿ ͯ ᵤү

ᶅ ATM ꜘṥ Ὂ ὶᶅ ὶ

ATM ╚ Ỳ ᶓ ₲ ᵤү Ѿ ʹ

щ ͯ ᵭ Ῑ Ἵ ⁵₲ ⅝ᵊ

ᶺ ᴩ ʹ ѯ ₑ 4.1 Ở ˢ

ᶺ ᶣַא  

 
ₑ 4.19  ATM  

Model 4 - 1 ѯ ATM ṥ→ Model 4 - 1 ῲ

ᾙ Save Proj ect As Ạ Model 4 - 3

קּ Я→ ATM Model 4 - 3 ₑ 4.20 Ở  



4.4  Model 4 - 3 ᵅ֖ỡ Ѿ(ATM)  101  

 

 
ₑ 4.20  Model 4 - 3 ATM  

ᶟ ˀͮ  

1.  ̛ ᶟ

ATMCustomer Source Entrance Server

ATM1 Sink Exit  

2.  ₑ 20 Ở ḽ  

3.  ᵤү ˒ Ỗѕ ♯ ḗ Connector

ὂ∆  

4.  ATM ᾐ Ỗѕ ẅϲ Ḿᾴ 0.25 Ḿ 1.00 Ḿ

1.75 ᶟ  

ᾙ и Ỹᶺ ↑ ̚Ӽ

; ↑ ṽ

π◘

Description Ὣ Ҋὸ ͽ Ὄж

◑ F2 ͓ ‫ ◗

Name Ὕ π

ͯ ᴳ ḽ ´

ˍ Simio ѕ נּ╗

˓ổ ͽ ᵌ

ὶ ˋ  

ᾑѻ ᶺ Model 4 - 1 Ỗ

ᵅ Simio Connector



102  4 Ῑ ᾑ Simio  

 

˒ ằ̻ ATM ᵤү ᶅ

ATM ATM ὶᶅ ˒ ˒

ỏ ˒

ѝ ᶒ Simio ˒ ͯ ˍ

Standard Ӝ  

Connectorה ὼỖ ˒ Ỗ

ѕ ᵊּי ˒Ỗגּ  

Pathה ѕ Ӕ יּ ѯ ˒ Ỗ

ѕ ᴁẐ ˒  

TimePathה Ằ ỖѕỦ Ạ

ѕ ˒  

Conveyorה ͯ  

˒ Ἢ ỗῙˀ᷅ ῧ ╝ Path Ạ

ϧ ῧṐ ╝ F1 Simio ˺ῲ ?

Simio Ҋṓ ᵅṖ

Model 4 - 1 ѯ Connector נּ╗

Connector Path ᶟ Connector ˺ Convert to 

Type Path ◑ Я Ѻּק

Connector Ṧᾤ Standard Path ◑ ϋầ

Ὂ Ằ ;  

Path ̼ ˒ Ỗѕ

יּ ᴒ Simio Ϊ

2 ѕ ͽ ỡ ѕ Ӕ

╚ ˂ ổ Ṕ

+ ͓ ϋ ˂ Ằ Run

Unit Settings Facility Pivot Grid

₲ ὶ ╒ ὶ ˂ ᶟ  

Path ᵅṖ General Physical 

Characteristics/Size Length Ở

Ạ ת ₢ Ỹ⅍ Ϊ ╕

ῺḀ Ἢ ╚ Drawn To Scale

False ╚ Logical Length Ѵ  

יּ Travel Logic

Initial Desired Speed ╚ Model 4 - 3 ᶅ

ATM 10 meters ATM ὶᶅ 7 meters

יּ 1 meter/second ╚

ᶅ ATM ˒ 10 ATM ὶᶅ ˒ 7

Ỗѕ ͯ ͒

יּ щ ↔  
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ATM ḾὊ ᶟ ᾐ Ỗѕ ᶟ

Ằ₲ ATM Ἠ˰Ỗѕ ͯ

Ằ₲ פֿ ᾴ ᾶ₲ ´ ổ ї₲ Ḿ

ATM Ἠ˰ ᵤү ⸗ ʻῥ

᷿ Ἠ˰ ◑ Ἠ˰ Ἧ ᵊ Өφ

╕ ẅϲ (0.25, 1.00, 1.75) Ạ

╕ ◑ ┘ ˢ 6.1 ╜

ῧ ╝ ╕  

ᾐ Ỗѕ ᶟ Processing Time Random. 

Triangular(0.25, 1, 1.75) ╚ Units Minutes

Random Ạ 19 ˢ ᴁ

ѐּז −→ ᾈ ϯ Ḁ ῺḀ Ạ

ינּ ẋי ᴻת ѝ

ї₲ ϯ ỷ ї₲ Simio

Modeling in Simio Expressions Editor, Functions and Distributions

Distributions ῧ ╝ Simio ₲−→ ϯ

₲ 6.3 ╜ 6.4 ╜ ╝  

Model 4 - 3 Я→ᵭ 4.2.5 ᷆ ╝ ᴩῥ

ᴩῥ ѻ ╚ ᶣ Ỹᶺ ᴕΌ

ѻ ϴ ѝ ѻ ᴕΌ ˢ ῺḀ ѻ

ὂ∆ Model 4 - 1

ᶺ ὓȾὓȾρ ͯ Ằ ᴿ ᴁẐ

ѻ ╚ ϴ ˍ Model 4- 3 ᾋ

ᾐ Ỗѕ Ằ₲

ὶ ˒ Ỗѕ ͽ 2

ᶟ ᶺ Ằ ꞈ ᶂΌ ổ ᾐ Ỗѕ ᵂᾶ

Ỗѕ ᶺ ₲ ᵂᾶ Ⱶ

ˢ ˒ Ỗѕ ͽ ₲

ṖỖѕ +ͽ ᶳ ᴩῥ; ѻ ╚ ḛ

ṽ ˢ Ξ ᴩῥ ;ᴑ

 

1 ╪ ѻ ˍ Ẑὶ ὂ∆ ṥ→

ᴩῥ ᶺ Model 4 - 3 ṅ

ὂ∆ 2 ◑ Ề Entity Transfer Times 0 ╚ ὓȾὋȾρ

ᶺ ֕ỏ Ạ 2 Ῑẇῐ ᾐ Ỗѕ Ằ₲ ᵭ

ἐ ◑ ATM Processing Time Random. Exponential(1)

ᶟ ϧ 17 ˒ Ỗѕ ͽ ” ὒ

ὡ 4.2 ὓȾὓȾρ ˢ Ỗѕὡ ͒ 17

Ⱶ 4.6 500 ε Ỹᶺ 4.2.5 ᷆  ᴙ

Ỗѕ 30 Ỗѕ Ỗѕ 20 Ỗѕ ᴕΌ Ở  
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4.6  Model 4 - 3 ὂ∆ ᴕΌ 

₢ זּ ѯᾈ  

Ε (”)  0.797 0.004  

₲(ὒ)  4.139 0.131  

ᶺ ₲(ὒ)  3.115 0.128  

Ỗѕ(ὡ)  0.086 0.003  

Ỗѕ(ὡ )  0.064 0.003  

ᴕΌ ѻ ↔Ḁ ᴳ Ԍ זּ ѕ ᾴ

ҁ ῺḀ Ỗѕ ̸ ε₲ +

ὂ∆ ╕ ᴩῥ Model 4 - 3

Processing Time Simio Triangular ₲

ὶ ; ↑  

∆ Simio ₲ ϯ

∆´ ṥ ʹ 4.7 Model 4 - 3 Ỹᴻᴕ

Ό Ở 500 ε Ỹᶺ 30 Ỗѕ Ỹᶺѻѕ 20 Ỗѕ

Ⱶ ᶺ ₲ Ỗѕ ӡ ᵂᾶ

Ỗѕ ᵂᾶ ᴕΌ ￼ 4.2.5 ᷆ ὸ Ὣ

π Ӫ ᴩῥ ˢ ˋ Ỹῥ

ϯ“ ᵵ ᴳ ὂ∆

ῥӏ ┤ Ὣ Σ  

4.7  Model 4 - 3 ᴕΌ 

₢ זּ ѯᾈ  

Ε (”)  0.800 0.003  

₲(ὒ)  2.791 0.064  

ᶺ ₲(ὒ)  1.764 0.061  

Ỗѕ(ὡ)  0.058 0.001  

Ỗѕ(ὡ )  0.036 0.001  

 

4.5  Ԍ Simio MORE(SMORE)  

ϯ ᴕΌ ↑ỷ ổ ╕ ᴁ Ἢ

┘ Ӫ ἧ Ԍ

Ԍ Ạ Ԍ

ϯ ₲ ѻ ї• ὶ ͒ ₢ ₢

“ ֜ѕ ᶂΌ Simio Experiment 

Pivot Grid Reports Ӝ  

Ԍ Ὣ Ằ ὶ ᵊ Ҟῲ ї

• ϯ ₲ ᵊε Ỹᶺ Ԍ Σ ☺ ת

Ở Ԍ Ỗѕ Ḿ ᶺ
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ὶ ˅ Ҍ

Ҍ ʤ Sam Savage

ᾙ The Flaw of Averages : Why We Underestimate Risk in the Face of 

Uncertainty Savage 2009 Ằ  

3.2.3 ᷆ 1 ѻѕ≥ Ṗᵓ ₑ 3.3 ᴕΌ

ᴩ Ԍ ͽ ̫ ῲᵊ ͮᵊ Ựתּ −

ϯ 5,000 ᵌ Ẫ ῺḀ Ԍ ̫ ᶋ

ᴳ 95%“ ֜ѕ 8,734.20 3,442.36 30% ϯ

Ựתּ − Ԍ Ὣ ῾

הּ  

Experiment Pivot Grid Report ͽ Simio ὶ ᴁ

ḉ ‫ ₑ Ủכ ѝ Ủכ ₢ Ԍ “

֜ѕ ῾ ͽ Simio MORE SMORE John Tukey

1977 ᶳʼ π ѯ ᵌ

͒ ♯ Ḁ Tukey 1977

SMORE Barry Nelson 2008 ϋ Measure of Risk and 

Error MORE ₑ 4.21 ἧ ♬ Ở

 

 
ₑ 4.21  SMORE ᶣ→ Simio ˰  

SMORE ὶ Ἒ ͒ ểϱͯ

͒ ₲ε Ỹᶺ Ԍ Ỗ
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ѕ ᶺ Ḿ ₲ Ε Ằ ᾈ Ѿ

ͽ Ḿᾴ Ḿ ѐּז Ԍ ͏ ͮᵊ ῲᵊ

Ở ᵌ ѐּז

זּ ᶣ→ ἧ ₲ε

Ὂᴕ ╕ ѻѕ ╚ ´ 

Ạ Ⱶ SMORE Ԍ “

֜ѕ ῲͮ ѐּז ϧ ᵌ

͒ ͒ Ở  

SMORE Ỹᴻ Responses ỡ −→

Model 4 - 3 ᵤү ṖỖѕ ATM ὶ Ỗѕ

ѕϷ Ԍ Simio ᴁ ỡ ╒ Ủ

ATMCustomer.Population.TimeInSystem.Average Ԍ

Response ͽ Experiment

Design Add Response ὶ

Name AvgTimeInSystem Express ion ATMCustomer. 

Population.TimeInSystem.Average Ằ ₑ 4.22 Expression

ATMCustomer.Population.TimeInSystem.Average

ỷ Simio Ὼ

͒ Ӝ  

 
ₑ 4.22  Model 4 - 3 Ԍ Ỗѕ Ỹᴻ Response Ҟ 

Expression אּ˺ ͮᶆ ˫ Ở

˫ ║― ×˫ ― ‫

ϋ Simio Ủ ῧ ╝ 5.1.7 ᷆ ẇῐ

ₑ 4.23  

Ủ Ạ ╝ ֩ Expression

Ủ ḯ ͮ ˫ ͓ Ở ATMCustomer

◗ ᴳ Ῐ Expression

ỗ ATMCustomer ᵭ  
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ₑ 4.23  SMORE Ԍ Ỗѕ Response Ủ  

נּ Ở ATMCustomer

☺ ᴁ Ἠ Population ‫ ◑

TimeInSystem ATMCustomer ṖỖѕ

ᴳ ῺḀ ͮ ˫ ḽ ͓

Ủ אּ˺ Ở Average ◑

Ԍ Ỗѕ Ἠ Ḿ Ḿᾴ

ῺḀ ◑ Ḿᵭ ―

Ủ ϯ  

ֽ ͒ ͽ SMORE Ở

Ỗ ◑ Names ╕

2 Response ͽ 1 Name= MaxQueueLength

Expression= ATM1.AllocationQueue.MaximumNumberWaiting 2

Name= ResourceUtilization Expression= ATM1.ResourceState.Percent  

Time(1) Ḿᵭ (1) Ủ Ạ ₢ᾯ Ủ

ₑ 4.23 ◑ Ề Ḁ

╝ Ở (1) ѝ ╝ ѝ

Ỹᴻ “ ֜ѕ Lower Upper Percentiles Confidence Level

ЅḀ ╚ ₑ 4.24 ͮᵊ ῲᵊ

ὤ ₑ 25% 75% ấ ˂₲ ╚ Ở

͏ ᴕΌ ѝ ᶓ ˅

Ở ῺḀ 10% 90% ╚ ᴕΌ 80%

ѝ Ở  

SMORE Ở Experiment Response 

Results ◑ ₑ 4.25 Model 4 - 3 500 ε Ỹᶺ ϧ

30 Ỗѕ Ỹᶺѻѕ 20 Ỗѕ Ԍ Ỗѕ

SMORE Ở Confidence 

Intervals Histogram Ở ᵌ ѐּז ѝ

ῲᵊ 75% ͮᵊ 25% ╚

Rotate Plot Ạ ₠ ᶆ ₣ ᶆ ᶟ

SMORE ͮ Raw Data

ѯ ₲ ╗ϯ  
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ₑ 4.24  “ ֜ѕ ₣ᾈ ╚  

 

 
ₑ 4.25  Model 4 - 3 Ԍ Ỗѕ SMORE  
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ₑ 4.25 זּ ԌỖѕ 0.058 Ỗѕ 3.5

͏ ˺ Ở

75 ῲᵊ 0.064 Ỗѕ 3.8

Ԍ Ỗѕ ϯ 25% 500 ε Ỹ

ᶺ “ ֜ѕ Ӵ ᴕ “ ↑ ᷈

Ở  

ₑ 4.26 Ḿ ᶺ SMORE Ở ♬

Ở  

 
ₑ 4.26  Model 4 - 3 Ḿ ᶺ SMORE  

Uppe r Percentile 75% ˢỖ 90%

ᶟ ϧ Ḿ Ԍ ᶺ Ở

☺ ᶺ ATM

14 15 ⁵ ϯ 90% ᶺ Ἵ

Experiment Design ╚ Upper 

Percentile Lower Percentile ᶟ Ệ

0% 100% Ԇ ╚ ϑּא ˒
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Ӹ ‰ “ ֜ѕ ᶓ ∙ ͮ Ԇ

ỷ ₢ ḛ ᴕΌ ᶓ

“ ֜ѕ  

ₑ 4.27 ѐּז Ε Ở  

 
ₑ 4.27  Model 4 - 3 Ε SMORE  

Ε Ỗѕ 77% 83% ѕ ᶺ זּ

ˢ Simio Ḿᾴ Ḿ

Ḿ ẅϲ ѻ Ḿᾴ Ḿ Ḿ Ⱦσ  

% Ỗѕ

% ỖѕѕϷ

πȢρυ ρȢππ ρȢχυȾσ

ρȢςυ
πȢψπ 

ᶓ Ε 90% ῲ῁ ; ↑

500 ε Ỹᶺ Ḿ Ε 90.87% ͮ Raw Data

ϯ ;

Nelson 2008 ╝ SMORE

ᵵḰ δἡ Ở
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Ỹᶺ Ԍ “ ֜ѕ פֿ ῾

Ӝ SMORE “ ֜ѕ ˂₲ Ԍ ₢

ᵵḰ ε₲ + “ ֜ѕ

ᵵḰ ᾴ ể “ ֜ѕ ᶓ ῺḀ ε

₲ + “ ֜ѕ Ӵ

ᵵḰ ӓ ˅ ῲͮ ˂₲ Ạ ͒ ↑ ʤ

Ạ ͒ δ ₑ

4.25 ₑ 4.27 Ԍ Ỗѕ Ḿ ᶺ ˺

Ở Ε Ῐ 5Ῑ ᴳ

SMORE ₲ ѕ ˙ Ԍ

ᶓ  כ ϴ ´  

 

4.6  ͽ ᴁ ┘ ὶ  

Simio ᴁ ┘ “

֜ѕ SMORE ᴁ Ӝ ᵭ Ῑ

Ѿ ῝β ἧ ὶ ὦ Ѿ

ᴕΌ CSV ὶ SAS JMP SPSS Stata

S- PLUS R ╧ ᴁ ┘ ᵭᾐ  

щ ᴁ ┘ Simio CSV ╗ Excel

ᾐ Excel ѯ ї₲ AVERAGE STDEV

┘ Palisade Ἆ StatTools ᷈ ᴁ ┘

; Ѿ ʹ╝ᴩ ẋ ┘ ε

ѿ ┘ ᶋ ᴁ ỡ ┘  

Ὣ ˋ ϧ ᵌ ᴕΌ

1 Ԍ Ỗѕ Ḿ ᶺ Ε

ᵧ ˢ ὤ ѐּז

ᾈ ᴁἪ ᴁ ᵴ

ε₲ ꞈ 11.4 ╜ ╝

Write Standard

ᵌ ѐּז ἽὝ  

₲ ᴁ Ҋ Dashboard Report Ở  

4.2.3 ᷆ ╝ Experiment Pivot Grid

Export Details Ạ CSV

҉ ε₲ CSV

ḽ ὶ ῺḀ

ˢ Ủכ קּ Ἧ ᴁ ┘ ;

ὶ їג↑ ᴳὶ ỸẴ  

4.5 ╜ SMORE 500 ε

Excel 1 Ԍ Ỗѕ 2 Ε

ϧᶺ 1 ϧ Ԍ Ỗѕ 2
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Ε StatTools ᴁ ┘

Ạ ₑ 4.28 ẋ ₑ ꞈї ┘ ṥ→  

Ε ᷈ Ԍ Ỗѕ ᶆד ᴳ

פֿ ѝ ϑ פֿ Ṗקּ

ₑ 4.28 Excel שּׁ Ạ εѿכ▬ ▬ ͽ

Ủ R2 Ở ┘ ᴕΌ Ԍ Ỗѕ Ε

∆ ꞈїїג Ԍ Ỗѕ 45% Ε

╝ Simio CSV

┘ ˢ ╕ ὶ

ᵈᵴ Ạ ᶳ Ӫ ᴁ ♯ Ḁ

Ӑ їג↑ Ṷ

 
ₑ 4.28  Model 4 - 3 Ԍ Ỗѕ Ε StatTools ẋ ₑ 

 

4.7   

Simio Ỹᶺ ϧἯ Ҋ

ṥ→ Ѿ Ӝ ѯ Ѿ

Academic RPS ᷈ Ѿ Ạ

Simio Ѿ ´ Ӫ

1 ῝β ῧṐ Ѿ ╝ Simio Help SimBits ϯ  

Model 4 - 3 Ạ ATM Ε Ҋ ї

ṥ→ ATM Ε Ҋ

Ἢᾏ ˀͮ  
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1.  Run Advanced Options ᷆ Interactive Logging

 

2.  ATM Ε ATM

◑ Advanced Options Log Resource 

Usage True ╚  

3. הꜙ  Ỹᶺ  

4.  Results Logs Resource Usage Log

ₑ 4.29 Ḿ‫ Resource Usage Log ˢ Ở

Ằ Ạ   Ҋ ϧ

ϋầỖѕ Ὂ Ỗѕ ѻѕ Ε  

 
ₑ 4.29  Model 4 - 3 Resource Usage Log  

ˀῲ Ἢᾏ ᵌ Ε Ҋ ỗ Ε ѻѕ ὶ

ṥ→ Ἢᾏ ˀͮ  

1.  Results Dashboard Reports ◑ Dashboards

Create Add Dashboard ϋ

◗ ₑ 4.30

ᾑѻΪ Data Source

Resource Usage Log ◑  

2.  Chart Tools/ Home Chart ‫ ṥ

→ ₑ 4.31 ṥ→ ‫

Ở Resource Usage Log ᷆ DATA 

ITEMS  

3.  Duration  (Hours) Values  (Pane 1) ᷆

 

4.  ᷆ אּ˺ Ἧ

╙ ▬ ᶟ  
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ₑ 4.30  ᾑѻΪ  

 

 
ₑ 4.31  ṥ→ ‫  
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5.  Start Time Arguments ᷆  

6.  Start Time ϋ Date- Hour-

Minute ◑ ₑ 4.32 ṥ→ Ε Ở

ϋầỖѕ ͒ Ε ϯ  

7.  ṥ→ קּ Save  

 
ₑ 4.32  ṥ→ Ε  

Simio Ѿ ´ ᶓ ỸṔ Ѿ

Ệ Simio SimBits ῧṐ ϯ ₢ᾯ

ῧṐ῾ ֥ Ἢᾏ Simio https://docs. 

devexpress.com/Dashboard/ ẇῐ  

 

4.8  ѯ♦ 

‖ Ỹ Ỹ

ṥ→ ╜ ἧ Ѿ

῝β ῧṐ 8 Ῑ ╝ ἧ Facility ꜘṥ

Facility H ͓ ї

ꜘṥ Ở/ Ở ╕ ꜘṥ ж

Ở  

Simio Standard ᶣ Ỗ

ỡ ṥ→ ₑ 4.8 ₑ 4.20 Ở 2
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ỗᴽ 2D Ở ´ 2D

ṥԃ 3D ỡ −→ 2D 3D ╕

2 3 ͓ View 2D/ 3D ◑

ₑ 4.33 Model 4 - 3 3D Ở 3D

Ạ ể ˒ ε ; ₑ 4.33

ATM1 1 ⁵ ᵤү Processing.Contents ᶺ ATM

ᶺ 2 ⁵ ᵤү ATM1 InputBuffer.Contents ᶺ

ᶅ ATM ᶺ ת 1 ⁵ ᵤү  

 
ₑ 4.33  Model 4 - 3 3D  

Model 4 - 4 Model 4- 3 ὢỸ

Model_04_03.spfx ‫ ◗ קּ Model_04_04. 

spfx ḥ ῲ

קּ ₢ᾯ Simio Save As Ѿ Project Home

ḯ ͝―  

Symbols Ở

― ᶟ ҉‫ ͽ

и ꜘṥ ; ѯ ṥԃ

Simio שּׁ ‫ ◑

ᴳ ―ẅϲכ ⁵ ẩ ᶟ  

Ḿᾑ ATM Customer ◗ Entities ◑

Symbols Apply Symbols ₑ 4.34 Ở

Ѻּק ῲ Ở 27 300

ˀῲ Ἵ Domain Type Actio n 3

Ạ ᶂ ᴩṮ ♯ Ḁ Ạ

ᶰ ḗ Type

People ◑ ⁵ Ở

Ḿῲ People Ở ῲ Ὣ ϩ

Ở ◗ ϯ ‫
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Female ◑ ₑ 4.35

ᶟ People Animated Walking

Running Talking ṥ ᵅ ⁵ ˋ

ᾴ҉ ATM  

 
ₑ 4.34  Simio  

ₑ 4.35 ATM Ѿ ѝ ҁ

ᾈ Ἵ Ἢᴽ

╕ ATM Ϊת ψ• ỡ

; Simio щ δᴒṭ Ӝ

Trimble 3D Warehouse

ᵓ Simio ╗ ;

ATM Ѿ ᶟ  

ATM1 ◗ Server ◑ Symbol

Go To 3D Warehouse Web

3D Warehouse Web https://3dwarehouse.sketchup. 

com ϋ ᴩṮ ATM Ѣӻ Search

Models ◑ ATM ᵴ ѝ ₲ ᵌ

Ở ₑ 4.36 ᴳ  
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ₑ 4.35  Model  4- 4 2D Female ATM  

 

 
ₑ 4.36  Trimble Warehouse ATM ᴩṮᴕΌ 

ѻ ᶟ‫ ỸṔ ᴩṮᴕΌ ₑ ˑ ῺḀ

Web ꜘṥ ᾙ ╝ ˑ ; ↑  

פֿ ỡ ATM Ḿᾑ Ϊ ᾶ 1 ᴳ

Mesin ATM
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ѯ ῾ Ở See more details

3D Ở ε

Download ◑ skp קּ

3D ware house Simio

Server ◑   Import Symbol

Ạ ◑ Server

3D Simio ◗ ᶆ ↔

ˢ Apply 

Symbol Ạ כֿ ḽ

 

Ṕ Ὣ 1 ˂ ╕

ϯ ⅍ ᵏ ☺ ỡ

ᶟ Ḛε ATM 0.7 ᷈ 2

╕ OK ATM ‫

 

2D Ỹᶺ ‫ Model 4 - 4 ₑ 4.35 Ở

3 ͓ 3D ╕ ₑ 4.37 ‫

Ở  

 
ₑ 4.37  Model 4 - 4 3D Female ATM  

῝β ; ↑ ˢ Σ

Drawing Ạ ‏ ‍א ͽ

ᵅỸ ᵅ ϖ ₑ תΪפ

; ῧṐ 8 Ῑ ╝  

 

4.9   

⁵ѕ Ṗקּ ᵵ ᵎ
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ᴾˮ ẚ♯ ᵵδ

ṥ ї δ טּ ỡ

ᴻת ╧ · ֬כ ỸṔ

δᴒ ṽ

ͯ ṽ Ạ ;ᴑ ᾑ ṥ→ Ỹ

ѝ ᶂΌ ᾤӋ

ṥ→ἐ −ẏ↑ ḯ˺ ╜ ᶆῲ

δ╝  

ᶂΌ ̚Ӽ Ḿᾴᵊ ϋי Ἢ

1.5.3 ᷆ẇῐ ṥϯ Ỗѕ ᶣ ṥԃ נּ

ṽ ᴳḛ ֬כ ᴩῥ

₢ᾯ ᴳ ᴾˮ ᶳṶ

י₄ּ ὂ∆ ⁬  

֬כ Ṕ ˢ ˢ ͒ ỡ

ᶳ ᴩῥ ת ṽ

Ṗקּ אּ ᵵ

ṥ→ἐỡ⁬ Ҍˮ כֿ ᴾˮ ῥ ᵊ

ỡ ᶳ ὂ∆ Ἢ Ḿ◘  

4.9.1  ҁ ᴳ 

ᴳ פֿ ˢ ◦ Run

͵ Ҍ ˑ´ − β

ᴳ …Ὣ ὶ  

4.2.2ה ᷆ ὸ Ỹᶺ◗ ᴕΌ זּ Ὣ

ᴕΌ זּ ϴ ᴳ ᶂΌ

4.2.5 ᷆ δ╝ ѯ ᴩῥ ͽ ˀͮ ῧṐ ᴩῥ

╝  

ה ѐṶ ṥ ♬ ỸṔ ϯ

ῺḀ ᴾˮ  

ה ῧṐ῾ ͽ Ạ

כֿ ⁫ ῾ Ở  

ὶה ᴁᴕΌ ϯ ὶ ѕ їג ᴩῥ

Ε ◗ ᶺ ᾊ

͒ ỡ ᴁ ͽ ῧṐ ῾ ἽὝ  

Ḿᵭה ẙ ϯ ᵭὸ Љ

 

4.9.2   

ᴳ ỡ⁬ ṥԃ Ҍˮ ᵵ ὂ∆ ═

 Ӳ ͒ ˀͮ Ἢᾏ Ệ  

ה ϯ Ḿ֕ ͽ ᶟ
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ˋ  

-  ᶟ ϯ Simio ᶟ

Ồאל Ở ϋ ϧ ᶟ ˋₑ ∆

ϯ ᶺ ϯ  

-  ϯ Ⱶ ˑ Ὼ

Ḁ ╕  

ה ᾋͯ 1

ḽᵅ ϯ ͒ 2 ͽ ᾶ₲

פֿ Ἢ כֿ ṥԃ ᶂ

Simio Maximum Arrivals 0 1 2 ╚

₲ ⅝ᵊ  

ה Ḿᾴͯ קּ ῲ їג ắ ♬

Ṧᾤ Ṧᾤ ῺḀ ᴽ Ṧᾤ ᾋ

δᴒ ˍ  

ᴃḉה ˋ‰ ϯ ῺḀ ´

῾ ѝ δ  

ה ό ╒ ṥ ∆

ϯ ʤ ˋₑ ת ⁮ ῺḀ ᵵ ẰỞ

ẰỞ טּ ; ↑ ὶ ᴕΌ Ἢ  

ểה ˑ ϲ ᴳ ϯ Ṕ ╣

Ḿᵭ ϯ ῺḀ ´ Ҳ ᾏᾠ

ϯ ‫ ҁ ֘ᶺ ₲

ḯ ˺ ᶺ˭ ˺ ḯ ᶺ˭ ᶺ

⁵ ѻ ѯ ủ  

ἐכֿה ӣ ῧ ѕ ᾝᵈ Ҿ ╧

ủ ⁵ ῧ ╝ ᶂΌ ˢ⁵ Ә

╝ כ Ệ ˢᴳЋר ắ ∞ ὶ ╝

‫ ể הּ  

RTFMה Read The Friendly Manual ⁪╕

ҁ ⁮ כֿ δᴒ

ῺḀ י Љ Ὼ  

Ἢᾏ ᾏ ᶺ Ḿᵭ ầ ˢ

ῒ ᴕΌ ỗ᷆

ᶂ ͯ ╝  

4.9.3   

₲ ὶ ᴕΌ Ἢ ᷈Ѿ

ṥ→ἐ ṥ δ

ằ̻ ˀͮ ѯ Trace ╒

Break Watch хể Step Ỹᶺ Profiler
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Search Window ᴩṮ ᾏ ╝  

Trace ╒ Ỹᶺ − ỎῨ ῧṐ ╝ Ӝ Ѿ

Ѿ ˰ Ҍ ᴕ

Ό Ҋ Simio Trace Process Step ṥ ϧ

1 ˀῲ ╒ −→ Simio Trace ẚ♯

ж δ ῺḀ Step ϖ ʤ ῧṐ

῾ ↑ Ỹе Simio Trace Ạ

Ѿ ṓ Ỹᶺᵭ ┘ ϑ

;  

Break  ᴙ ˢỖ ặ Ѿ

ѯ Ѿ Ằ Ỗ Ὼᾒ

Ỗ ặ ᷈ Ѿ 3

A Ὼᾒ Ỗѕ 125 ˀ᷅ Ḿᾑ

 ᴙ ˢỖ ặ ; Simio ѯ

Break Ѿ ˺ ᷈ Ѿ

Break  

Watch хể   Ѿ

ˢỖ ặ Ṕ   ϯ

ᴒ Σ ̚Ӽ δ ‰

Simio Watch Ѿ ˺

Ѿ   ₲ ї₲ ϧἯ ♬

όⱲᶣַא ̼ ῧṐ ┘ ;  

Step Ỹᶺ ᾴ ˂ Љ Ỗѕ ⁮ Ỹᶺ ⅝

ᵮ Ѿ ᴕΌ ῧṐ ᴩῥ

Simio 2 Facility Step

ỗ Љ Ỗѕ ⁮ Process

ỗ ˒  

Profiler Ỹᶺּי δᴒ ằ̻ Ѿ ᾐ

יּ ͮ ᴾˮ ┘ ᶺ Κ

ϯ Ἢ Ỹᶺּי

π◘ Ѿγ ᴳὶ  

Search ᴩṮ ᴩṮ

Ζᾒ ᴩṮ Ѿ Ӝ

Teller Ạ Ζᾒ ᴳ

Search Window ᶂΌ   ₲ Ạ

Counter ᵅ ᶟ ῺḀ Љ  

Trace Break Watch Step Ӫ ♯ Ḁ

ῲὸ ♯ Ḁ

δ ‰ Ḿ ᴕΌ ὶ Ἢ  

Trace Errors Break points Watch Search Profile
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Project Home ´

͒ ỡ ϋ Run Model Trace ꜘṥ

Trace ϋ ᶣ − Errors

ỡ Ở ͒ Ạ

ḽ Ở Ὂ Errors Breakpoints ‫

҉ Ở ;  

ₑ 4.38 Ѿ Љ י Ϊ Ở

Model Trace Trace Ở ╒ −→

Ạ Server2 ⁮ ║ ╚ Break

Ỹᶺ ỡ ˢỖ ặ Ỹᶺ Ḿᵭ ꜘ

ṥ ― Ӫ Ở Ỗ Step ḯῲ

ỗ Ỗѕ⁮ᶺ ⁮ ͝― פ 10 ᶺ ╒

−→ Ϊ אּ˺ Watch Server2

ϧ хể ║ Ӫ Ở Ḿ֕

ᶟ Ζᾒ Ở  

ˢΪ ῲ ₲ Ở

ϧ ₑ 4.38 ḽ 4.1.8 ᷆ ὸ

Ḁ ;

כֿ Ϊ ῲ Ὣ ˂ ᴳỰ

ῺḀ Project Home Reset

˂  

 
ₑ 4.38  Trace Watch Break  

4.10   

Ῑ Simio Standard Simio Љ

ѯ ᶣ ὶ

ᴁ ┘ ῧ ╝ ỸṔ ͯ






















































































































































































































































































































































































































































































































































































































































































































































































