
§5 Scheduling policies

Planning with policies – the dynamic view

time

Decision at time  t  (non-anticipative)
t

S(t)

  start set S(t) (possibly empty)

  fix tentative next decision time  t 
plan.  (deliberate idleness)

  next decision time  =  min { t 
plan., next completion time }

t 
plan. 

Uncertainty and objective

‣  jobs have random processing times Xj with known 

distribution Qj!

we know their joint distribution!

‣ “cost” function κ( C1,…,Cn ) depending on the (random) 

completion times C1,…,Cn!

examples  Cmax ,  ∑ wj Cj ,  ∑ wj Fj     ( Fj  = Cj – rj )  !

‣ plan jobs over time and “minimize cost”
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Stochastic dynamic optimization

‣ fixed number of jobs!

‣ know joint distribution Q of processing times!

‣ plan with non-anticipative policies Π!

‣ may exploit history and a priory knowledge about Q!

‣ Find policy that minimizes / approximates expected 
performance

performance ratio of policy Π is 

inf{E[��] | � policy }

E[��]
E[��OPT ]

Comparison with online analysis

1

2

3

3 vectors of processing times, each with prob. 1/3
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minimize Cmax

3 possible schedules when we start with 1 and 2
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Optimal in expectation, and so ratio is 1
Competitive (average) analysis gives ratios    (   )  > 13
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Offline optimum is not a policy

E[C�
max] = 7
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m = 2 machines

, independent

mimimize E[∑penalties]

Xj � exp(�)

‣ common due date  d!

‣ penalties for lateness: v for job 2,  w  for jobs 3,4,  v << w!

‣ no interruption of jobs 

Policies: an example

Start jobs 1 and 2 at t = 0

Danger: job 2 blocks machine

1 3

2 4

1
2 2

d0

expensive jobs 3 and 4 only sequentially

Example continued

1 3

2 4

d0

Start only job 1 and wait for its completion

Danger: deadline is approaching

1

can do expensive jobs !
3 and 4 in parallel

short span to deadline

Example continued

1 3

2 4

d0

start 1 at 0, fix tentative decision time t 
panic

if  C1 ≤ t 
panic  start 3 and 4, and then 2

t 
panic

1 3
4 2

d0 t 
panic

else start 2 at  t 
panic  and then 3 and 4 

1

2 4
3

Example continued

0.5 1.5 2.51 2 3

43.2

43.4

42.8

42.6

Expected cost for λ = 1, d = 3, v = 10, w = 100

Example completed

t 
panic

t 
panic = 0 and ∞ gives the other two policies

Modeling uncertainty for the shutdown project

‣ Jobs have discrete distributions with 4 processing times!

early completion : 5%!

normal time : 70 %!

surplus for repair : 20%!

additional surplus for getting spare parts : 5%!

‣ Percentages may change per group of jobs!

uses experience from previous turnarounds!

and age of equipment

Solving the turnaround problem: Phase 1

‣ Phase 1:   plan the schedule length t!
solve a time-cost tradeoff problem, relax shifts and 
assume continuous workers!
!

!

use the breakpoints on the  
time-cost tradeoff curve  
to calculate feasible  
schedules heuristically  
(no resource leveling)!
yields alternative  
„rough“ schedules

Constraints

rj dj

processing times

5 / 1

Constraints

rj dj

processing times

5 / 1

cost

time

155,000

150,000

25015050

145,000

„rough“ 
schedules

Uncertainty in Phase 1

‣ Phase 1:   plan the 
schedule length t!

present the bounds for 
the „rough“ schedules!

let the manager decide !

manager can change t 
and see the risk change!

‣ Computation uses the 
stochastic risk measures 
on the makespan

t

cost and risk
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Uncertainty in Phase 1

‣ Phase 1:   plan the 
schedule length t!

present the bounds for 
the „rough“ schedules!

let the manager decide !

manager can change t 
and see the risk change!

‣ Computation uses the 
stochastic risk measures 
on the makespan

t

cost and risk

Optimal policies may require tentative decision 
times, see example from the introduction



Characterization of policies as function:






























