
    
 

 

 

Auxiliar 6 

Calidad, Programación de proyectos  
 

Pregunta 1 

 

Parte I 
 
Considere el siguiente proyecto.. 

 

             
 
a) Complete la columna derecha (Crashing cost) de la tabla. 

 

 

b) Dibuje la red del proyecto  (actividad – en – el- nodo) y complete la tabla de tiempos de holgura (slack). Cuál es la 

duración normal de este proyecto? Qué actividades son críticas? Identifique TODAS las rutas críticas. Use una doble 

línea para identificar el(los) camino(s) critic(s) de su red. 

 

 

 C rash ing

D ura tion C ost D ura tion C ost C ost

A c tiv ity P redecessor (day) ($ ) (day) ($ ) ($ /day)

A  - 4 100 2 200

B - 2 50 1 150

C A -B 1 200 1 200

D A -C 3 100 2 140

E B 5 200 3 300

F D -E 4 50 3 130

G F 1 120 1 120

H F 2 100 1 250

920N orm a l C ost =

N orm a l C rash

Activity ES EF LS LF Slack

A 

B

C

D

E

F

G

H

Early Late
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c) Suponga que el proyecto comienza con un retraso de 3 días y el castigo por terminar el proyecto 

tarde es de $90 por día. Esta multa es basada en la duración normal que usted calculó en la parte b). 

 Determine la estrategia óptima (crashing) que minimice el costo total de este proyecto (incluyendo 

crashing y costos por multa).  (Asuma que el algoritmo greedy es óptimo). 

 

Parte II  

Considere nuevamente el proyecto de la parte I. Suponga ahora que hay incertidumbre en la 

duración real de cada actividad. La siguiente tabla resume su mejor estimación de la duración 

esperada y la desviación estándar para cada actividad. Usted puede asumir que la duración de cada 

actividad se distribuye de forma normal e independiente unas de otras.  

 

 
 

a) ¿Cuál es el valor esperado y desviación estándar de la duración del proyecto?  

 

 

 

b) Si este proyecto comienza con un atraso de 3 días, ¿cuál es la probabilidad de que usted aún 

pueda terminar al tiempo, es decir, dentro de la duración esperada calculada en a)?  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Expected Standard

Activity Predecessor Duration Deviation

A - 4 1

B - 2 0.8

C A-B 1 0.5

D A-C 3 1

E B 5 2

F D-E 4 1

G F 1 0.5

H F 2 1



SOLUCION 

 

Considere el siguiente proyecto. 

 

             
 
a) Complete la columna de la derecha (costo de Crashing) en la tabla. 

 

 

b) Draw the network for this project (activity-on-the–node) and complete the table of slack times. What is the project 

normal duration? What activities are critical? Identify ALL critical paths. Use a double line to identify the critical 

path(s) on your network. 

 

 
 

The Normal Duration of the project is 14 days.  

 

 

 

The project has a single critical path {A –C – D – F – H }. 

 

 

c) Suppose the project starts with a three-day delay and the penalty cost for finishing the project 

late is $90 per day. This penalty is based on the normal duration that you computed in part b).  

 C rash ing

D ura tion C ost D ura tion C ost C ost

A c tiv ity P redecessor (day) ($ ) (day) ($ ) ($ /day)

A  - 4 100 2 200 50

B - 2 50 1 150 100

C A -B 1 200 1 200   -

D A -C 3 100 2 140 40

E B 5 200 3 300 50

F D -E 4 50 3 130 80

G F 1 120 1 120   -

H F 2 100 1 250 150

920N orm a l C ost =

N orm a l C rash

Activity ES EF LS LF Slack

A 0 4 0 4 0

B 0 2 1 3 1

C 4 5 4 5 0

D 5 8 5 8 0

E 2 7 3 8 1

F 8 12 8 12 0

G 12 13 13 14 1

H 12 14 12 14 0

Early Late



Determine the optimal (crashing) strategy that minimizes the overall cost of this project (including 

crashing and penalty costs).  (Assume the greedy algorithm is optimal). 
Do Nothing: If we do not crash any activity the project will be three days late and the penalty cost is $270. 

 

Crash One Day: Given that there is a single critical path we can decrease the project duration one day 

by crashing the cheapest activity in this path. This is activity D at a cost of $40. Since the penalty per 

day ($90) exceeds this $40 we conclude that is convenient to crash D. After crashing D the cost of 

crashing plus penalties is $180 + $40 = $220. Note that after crashing D, activities B and D become 

critical and the project has two critical paths: {A –C – D – F – H } and {B – E – F – H } 

 

Crash A Second Day: Given the two critical paths the possible crashing combinations that are most cost 

effective are {A,E} at a cost of $100, {F} at a cost of $80 and {H} at a cost of $150. The best choice is to 

crash F for $80 which is still below the $90 in penalties. The resulting cost of crashing plus penalties is 

equal to $90+$40+$80 = $210. Note that after crashing F, the project has still the same two critical paths  

{A –C – D – F – H } and {B – E – F – H }. 

 

Crash A Third Day: Given these two critical paths and the fact that F cannot be crashed again, the most 

cost effective alternative to crash are {A,E} at a cost of $100 and {H} at a cost of $150. We conclude that is 

not optimal to crash this third day. 

 

In summary, we crash the project only two days,  the project will be late one day and the overall cost is the 

nominal execution $920 plus the crashing plus penalty costs of $210. The overall cost is $1,130. 

 

Part II Consider again the project in Part I. Suppose now that there is uncertainty on the actual 

duration that it takes to execute each activity. The following table summarizes your best estimate 

of the expected duration and standard deviation for each activity. You may assume that the 

duration of every activity is normally distributed and independent of each other. 

 
a) What are the expected value and standard deviation of the project duration? 

From Part I-(b) the critical path is {A –C – D – F – H }. The expect duration is 14 days and the 

variance is equal to 1+(0.5)
2
+1+1+1=4.25 (day

2
). The Standard deviation is 2.06 days 

 

b) If the project starts with a three-day delay, what is the probability that you will still be able to 

finish on time, that is, by the (expected) time computed in part a)?  

 
Given the three-day delay, the project will finish by day 14 if the project duration is below 11 days: 
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Expected Standard

Activity Predecessor Duration Deviation

A - 4 1

B - 2 0.8

C A-B 1 0.5

D A-C 3 1

E B 5 2

F D-E 4 1

G F 1 0.5

H F 2 1



 



 
  



 
 
 
 
 
 
 



 

 
 
 



 


