Project Scheduling – Crashing
Let:

· TN = normal completion time attained at cost CN
· TC = crash completion time (minimum possible completion time attained at a maximum crash cost CC)

· R = TN – TC
· E = CC – CN
· M = E/R

	ID
	Pred
	Succ
	TN (wks)
	TC (wks)
	CN ($)
	CC ($)

	START
	--
	A
	--
	--
	--
	--

	A
	START
	C,E,G
	8
	4
	4800
	5400

	B
	C,E
	FINISH
	7
	4
	3900
	4800

	C
	A
	B,F
	7
	2
	5200
	6600

	D
	G
	F
	4
	2
	1200
	2400

	E
	A
	B
	9
	3
	3600
	4800

	F
	C,D
	FINISH
	9
	3
	3300
	6000

	G
	A
	D
	7
	3
	2700
	3900

	FINISH
	B,F
	--
	--
	--
	--
	--


Determine the project completion time using NORMAL activity completion times

	ID
	ES
	EF
	LS
	LF
	Slack

	START
	0
	0
	0
	0
	0

	A
	0
	8
	0
	8
	0

	B
	17
	24
	21
	28
	4

	C
	8
	15
	12
	19
	4

	D
	15
	19
	15
	19
	0

	E
	8
	17
	12
	21
	4

	F
	19
	28
	19
	28
	0

	G
	8
	15
	8
	15
	0

	FINISH
	28
	28
	28
	28
	0


Project will take 28 weeks.

Determine R, E, and M
	ID
	R
	E
	M

	START
	0
	0
	--

	A
	4
	600
	150

	B
	3
	900
	300

	C
	5
	1500
	300

	D
	2
	1200
	600

	E
	6
	1200
	200

	F
	6
	2700
	450

	G
	4
	1200
	300

	FINISH
	0
	0
	--


Question: We want to finish the project in 15 weeks.  Which activities should be crashed?
Let 
Xj = start time for activity j


Yj = amount by which activity j is crashed.

Xj and Yj will be our decision variables.

Objective: minimize the additional cost paid to complete the project

min 150YA + 300YB + 300YC + 600YD + 200YE + 450YF + 300YG
Observe that the completion time for activity j is its normal duration less the amount by which it has been crashed: TNj – Yj 
Constraint Set 1: the start time for activity j can be no earlier than the finish time for any of its predecessors, i.e. if activity k precedes activity j, Xj >= Xi + (TNk – Yk)

	XA >= 0
	(A)

	XB >= XC + (7 – YC), 
XB >= XE + (9 – YE)
	(B)

	XC >= XA + (8 – YA)
	(C)

	XD >= XG + (7 – YG)
	(D)

	XE >= XA + (8 – YA)
	(E)

	XF >= XC + (7 – YC), 
XF >= XD + (4 – YD)
	(F)

	XG >= XA + (8 – YA)
	(G)

	XFIN >= XB + (7 – YB), 
XFIN >= XF + (9 – YF)
	(FINISH)


Constraint Set 2: The project must be completed in 15 weeks

XFIN <= 15

Constraint Set 3: No activity can be reduced more than its maximum reduction

Yj <= Rj (for all activities j)
Constraint Set 4: Nonnegativity

Xj, Yj >= 0 (for all activities j)
Question: We want to finish the project as quickly as possible but we can expend no more than $4000 over the original budget.  Which activities should be crashed?
Objective: 

min XFIN
Constraint Set 1: (same as above)

Constraint Set 2: The additional cost must be no more than $4000

150YA + 300YB + 300YC + 600YD + 200YE + 450YF + 300YG <= 4000

Constraint Set 3: (same as above)

Constraint Set 4: (same as above)
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