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Problem context

� Hospital / medical practice

� Elective patients to plan

� One doctor



Objective

� “Optimize” appointment schedule

� Weighted sum of



�Mean idle time doctor



�Mean waiting time patients



�Mean tardiness

� Doctors average overtime given that there is overtime



Model

� Variables:

� T: # intervals

� d: length interval

� n: total # patients

� 1/µ: average service time

� Decision variables:

� xt: # of patients scheduled at time t



Model

� Assumptions:

� Service time ~exp(µ) and i.i.d.

� Patients right on time





Mean waiting time of a patient

� WT if k in queue:

� Integrate over all patients:

� Mean WT:

(    : the schedule)



Mean idle time of a doctor

� .

� Idle time:



Mean tardiness of a day

� Tardiness:



Including no-shows

� Patients have a change ρ of not coming (i.i.d.)

� Arrivals: Binomial(xt,1-ρ)



Objective

� Objective find schedule     that minimize weighted sum of:

� Waiting time

� Idle time

� Taddiness



Local search method

� Neighborhood choice:

� Use of multimodularity

(generalization of convexity to lattices)



Neighborhood

� All permutation of these vectors:

� all combination of 1-interval shifts starting from x



Internet tool





Numeric example

� Inputs Base-Case scenario:

% no-shows (ρ)

Average service time (1/µ=β)

# patients (N)

Length interval (d)

# intervals (T)

10%

20

10

5

48



Base-case with αI=0.2 and αL=1

� Optimal schedules:



Results



Optimal schedules

� αW=2, αI=0.2 and αL=1  & same workload as basecase

� No-shows against service time 
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Optimal schedules

� αW=2, αI=0.2 and αL=1  & same workload as basecase

� Number of patients against no-shows



Limitations

� Assumptions:

� Exponential distributed service times

� Patients always right on time

� But:

� Multimodularity proof don’t make any assumption about service 

times!

� So local search method can always be used!



Further research…

� Including emergency patients (negative no-shows)

� Including earliness/ lateness patients

� Erlang distributed service times



The end

Questions???


