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ESCUELA SUPERIOR POLITECNICA DEL LITORAL  
 

Administración de Operaciones 

Examen Final 

Term. II, 2018 

 
Yo, ………………………………………………………………, al firmar este compromiso, reconozco que el presente 

examen está diseñado para ser resuelto de manera individual, que puedo  usar una calculadora ordinaria para 

cálculos aritméticos, un lápiz o esferográfico; que sólo puedo comunicarme con la persona responsable de la 

recepción del examen; y, cualquier instrumento de comunicación que hubiere traído, debo apagarlo y depositarlo en 

la parte anterior del aula, junto con algún otro material que se encuentre acompañándolo. No debo además, consultar 

libros, notas, ni apuntes adicionales a las que se entreguen en esta evaluación. Los temas debo desarrollarlos de 

manera ordenada. Como estudiante de ESPOL me comprometo a combatir la mediocridad y actuar con honestidad, 

por eso no copio ni dejo copiar. Firmo al pie del presente compromiso, como constancia de haber leído y aceptar la 

declaración anterior. 

 

Firma: ……………………………………. Nro.Matrícula: ………………………………………………  

Paralelo: ……………………….. 

 

1.) Which of the following is the best definition of the inventory position? 

a. The amount of inventory on hand. 

b. The amount of inventory needed to meet demand during the lead time. 

c. The amount of on-hand inventory plus the amount of inventory ordered and waiting to 

arrive. 

d. The amount of inventory ordered and waiting to arrive.  

 

2.) The Williams Manufacturing Company produces wheelchairs. Each wheelchair is made from the 

following parts: 1 unit of Part A, 2 unit of Part B, and 1 unit of Subassembly C. Each 

subassembly C is made up of 1 units of Part D, 4 units of Part E, and 3 units of Part F.  

 
a. Develop a material structure tree for wheelchairs. 
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b. The lead time for each of the parts is one week, except for Part C, which has a lead time 

of two weeks. The assembly of the completed parts A, B, and C to make the final 

wheelchair takes one week. Develop a net materials requirements plan for an order of 700 

wheelchairs using the following table. Use only the space that you need. Assume that 

currently only part D has 10 units in inventory that can be used. (Hint: Include Gross, On-

Hand, Net, Order Receipt, and Order Release.) 
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3.) Oscar is considering the purchase of a new computer system consisting of five separate 

components. The components are arranged in series with identical reliabilities. The A system 

with component reliabilities of 75% costs $1000, the B system with component reliabilities of 

92% costs $2000, and the C system with component reliabilities of 99% costs $5500. The cost of 

a failure during a performance is $45,000.  

a. Calculate the reliability of systems A, B, and C. Which system would you recommend? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. Oscar has discovered that each system can also be purchased in a configuration where 

each component has an identical backup, for twice the original cost. Which system would 

you recommend now? 
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4.) The ABC Manufacturing Company makes their products in an assembly-line operation. One of 

the products made has a single assembly line feeding into it. An incomplete unit arrives at the 

press to be worked on every 8 minutes, on average (Poisson distribution). The machine operator 

can process an average of 10 parts per hour (exponentially distributed).  

a. Determine the average number of parts waiting to be worked on, the percentage of time 
the operator is working, and the percentage of time the machine is idle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b. The management team likes to have its operators working 90% of the time. What must 

the assembly line arrival rate be in order for the operators to be as busy as management 

would like? 
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5.) The Taylor accounting firm has purchased a new computer system. Several activities need to be 

completed to make sure the system works properly before being used. The following gives 

information about this project. How long will it take to install the system and what is the critical 

path? 

 

Activity Immediate Predecessor Time (weeks) 
A -- 3 

B -- 4 
C A 6 

D B 2 
E A 5 

F C 2 
G D, E 4 

H E, F 5 
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Economic Order Quantity (EOQ) Model and Other Related Equations : 

Annual Ordering Cost: 𝐴𝑛𝑛𝑢𝑎𝑙 𝑂𝑟𝑑𝑒𝑟𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 =  
𝐷

𝑄
𝐶𝑜 

Annual Holding Cost: 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 =  
𝑄

2
𝐶ℎ 

Economic Order Quantity: 𝐸𝑂𝑄 =  𝑄∗ = √
2𝐷𝐶𝑜

𝐶ℎ
 

Average Inventory Level: 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝐿𝑒𝑣𝑒𝑙 =  
𝑄

2
 

Reorder Point when daily demand and lead time are known: 𝑅 = 𝑑𝐿 

Reorder Point when daily demand is normally distributed, but the lead time is known: 𝑅 =  𝑑̅𝐿 + 𝑍𝜎𝑑√𝐿  

Reorder Point when daily demand is known, but the lead time is normally distributed: 𝑅 = 𝑑�̅� + 𝑍(𝑑𝜎𝐿) 

Reorder Point when both daily demand and the lead time are normally distributed:                                

𝑅 =  𝑑̅�̅� + 𝑍 (√�̅�𝜎𝑑
2 + 𝑑̅2𝜎𝐿

2) 

How to find Z: 𝑍 =  
𝑋−𝜇

𝜎
 

Total Annual Holding Cost with Safety Stock: 𝑇𝐻𝐶 =  
𝑄

2
𝐶ℎ + (𝑆𝑆)𝐶ℎ 

Production Run Model and Other Related Equations  

Annual Holding Cost: 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑙𝑑𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 =  
𝑄

2
(1 −

𝑑

𝑝
) 𝐶ℎ 

Annual Setup Cost: 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑒𝑡𝑢𝑝 𝐶𝑜𝑠𝑡 =  
𝐷

𝑄
𝐶𝑆 

Optimal Production Quantity: 𝑄∗ = √
2𝐷𝐶𝑆

𝐶ℎ(1−
𝑑

𝑝
)
 

Quantity Discount Model (Equations needed) 

EOQ that includes the price (C): 𝐸𝑂𝑄 =  √
2𝐷𝐶𝑜

𝐼𝐶
 

Total Cost: 𝑇𝐶 = 𝐷𝐶 +
𝐷

𝐶
𝐶𝑜 +

𝑄

2
𝐶ℎ 

Marginal Analysis with Discrete Distributions  

Decision Rule: 𝑃 ≥  
𝑀𝐿

𝑀𝑃+𝑀𝐿
 

Equations Related to Design of Goods and Services 

𝑀𝑇𝐵𝐹 ≡ 𝑀𝑒𝑎𝑛 𝑇𝑖𝑚𝑒 𝐵𝑒𝑡𝑤𝑒𝑒𝑛 𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠 

𝑀𝑇𝑇𝑅 ≡ 𝑀𝑒𝑎𝑛 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑅𝑒𝑝𝑎𝑖𝑟 
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System Availability: 𝑆𝐴 =  
𝑀𝑇𝐵𝐹

𝑀𝑇𝐵𝐹+𝑀𝑇𝑇𝑅
 

Waiting Line Analysis Equations : 

𝜆 ≡ 𝑀𝑒𝑎𝑛 𝐴𝑟𝑟𝑖𝑣𝑎𝑙 𝑅𝑎𝑡𝑒 

𝜇 ≡ 𝑀𝑒𝑎𝑛 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑅𝑎𝑡𝑒 

The probability that no customers are in the queuing system (either in the queue or being served):        

𝑃0 = (1 −
𝜆

𝜇
) 

The probability of exactly n customers in the queuing system: 𝑃𝑛 = (
𝜆

𝜇
)

𝑛

∙ 𝑃0 

The average number of customers in the queuing system (i.e., the customers being serviced and in the 

waiting line): 𝐿 =  
𝜆

𝜇−𝜆
 

The average number of customers in the waiting line: 𝐿𝑞 =  
𝜆2

𝜇(𝜇−𝜆)
 

The average time a customer spends in the queuing system (i.e., waiting and being served): 𝑊 =  
1

𝜇−𝜆
 

The average time a customer spends waiting in line to be served: 𝑊𝑞 =  
𝜆

𝜇(𝜇−𝜆)
 

The probability that the server is busy and a customer has to wait, known as the utilization factor: 𝜌 =  
𝜆

𝜇
 

The probability that the server is idle and a customer can be served: 𝐼 = 1 −  𝜌 

Equations Related to Sales and Operations Planning 

Optimal Probability of Demand or No-Shows=
𝐶𝑢

𝐶𝑢+𝐶𝑜
  

Where 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑈𝑛𝑑𝑒𝑟𝑏𝑜𝑜𝑘𝑖𝑛𝑔 𝑜𝑟 𝑈𝑛𝑑𝑒𝑟𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑛𝑔 𝑑𝑒𝑚𝑎𝑛𝑑 ≡  𝐶𝑢 and 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑂𝑣𝑒𝑟𝑏𝑜𝑜𝑘𝑖𝑛𝑔 𝑜𝑟 𝑂𝑣𝑒𝑟𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑛𝑔 𝐷𝑒𝑚𝑎𝑛𝑑 ≡  𝐶𝑂 

Equations Related to Project Management  

Expected Activity Time: 𝑡 =  
𝑎+4𝑚+𝑏
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Variance of Activity Completion Time: 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  (
𝑏−𝑎

6
)

2

 

Earliest Finish Time: 𝐸𝐹 = 𝐸𝑆 + 𝑡 

Latest Start Time: 𝐿𝑆 = 𝐿𝐹 − 𝑡 

Slack: 𝑆𝑙𝑎𝑐𝑘 = 𝐿𝑆 − 𝐸𝑆 𝑜𝑟 𝑆𝑙𝑎𝑐𝑘 = 𝐿𝐹 − 𝐸𝐹 

Project Variance: 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  ∑𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑜𝑓 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠 𝑜𝑛 𝑡ℎ𝑒 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑃𝑎𝑡ℎ 

Project Standard Deviation: 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  √𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 
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Value of Work Completed:                                                                             

𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑊𝑜𝑟𝑘 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 = (𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑤𝑜𝑟𝑘 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑) ∗ (𝑇𝑜𝑡𝑎𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐵𝑢𝑑𝑔𝑒𝑡𝑒𝑑) 

Activity Difference: 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 − 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑊𝑜𝑟𝑘 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑  

Crash Cost per Time Period: 𝐶𝑟𝑎𝑠ℎ 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑇𝑖𝑚𝑒 𝑃𝑒𝑟𝑖𝑜𝑑 =  
𝐶𝑟𝑎𝑠ℎ 𝐶𝑜𝑠𝑡−𝑁𝑜𝑟𝑚𝑎𝑙 𝐶𝑜𝑠𝑡

𝑁𝑜𝑟𝑚𝑎𝑙 𝑇𝑖𝑚𝑒−𝐶𝑟𝑎𝑠ℎ 𝑇𝑖𝑚𝑒
 

 

 

 

 

 
 


