
Proceedings (If the Peradeniya UniversityResearch Sessions. Sri Lanka, VoLI4. 3'" December 20lN

A LI NEAR INTEGER PROGRAMMI NG APPROACH TO FIND AN
OPTIMUM SCHEDULE

K. G. D. Dayerathna' and W. B. Daundasekera'

I Department ofPhys ical Sciences. Faculty ofApplied Sciences,
Rajarata Universitv of Sri Lanka.

rDepartment ofMathematics, Faculty ~fScience. University of Peradeniya

I ntrud uction
Nurse sched uling is a difficult and
time-consuming task. The schedule
should provide the day to day shift
assignment for each nurse for a
specified period of time while
sat isfying specified requirements in
the best possible way and taking into
consideration the requests made by
the nurses. This paper presents an
optimization technique for nurse
scheduling by developing and solving
a linear integer programming model.
The specific obj ectives of the report
are to reduce the workload of the head
nurse in preparing a roster, reduce
tota l cost of the hospital management
regarding Over Time (OT) hours.
balance the workload of the nurses.
and max imize nurse satisfaction with
the roster.

This model is tested by applying to a
ward In Anuradhapura Teaching
Hospital. The model is solved using
Microsoft Excel Solver which uses
Simplex Algorithm. This scientific
approach in nurse scheduling takes a
considerably less computational time
than the current method implemented
by the hospital to find the optimal
nurse schedule satisfying (he
requirem ents of the hospital as well as
requests of the nurses.
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MelhodoloJO'
Shift patterns
The hospital maintains three shifts per
day: Morning shift, Evening shift and
the Night shift. If a nurse is on duty,
he or she must be assigned to one of
the above shifts. Shift patterns have
been made considering severa l
different factors; every nurse should
be assigned to one and only one shift
pattern, after consecutive 16 or 17
days a nurse must work three
consecutive night shifts. the minimum
demand for nurses should be fulfilled
for every shift of the day. every nurse
should be worked at least 40 hours
per week and maximum of 40 hou rs
are considered as over-time (On
hours.

Preference cost

For each nurse j and each shift
pattern j . preference cost IS

calculated.
(i) Night shifts worked by the nurses
in the previous month {ii) Requests
made by the nurses (i ii) Working
history of the nurses (iv) The
pregnancy of the nurses are the
cons iderable factors when calculating
the preference cost. The sum of the
preference costs should be minimized .
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Mathematical model
By considering the above factors, th e
model can be form ulated as the
fo llo w ing zero-one line ar intege r
progra mming problem: (AickeJ in and
Dowsl and , 2004)
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Objec t ive funct io n

The objective is to m inim ize the
sum o f preference cost s o f the
nurses.
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Notations:
i ;; I,..., n nurse index . i » 1....•m shift

patte rn index

Ie ;; 1•...•90 (1•....30 moming shifts. 31.....60

even ing shifts and 6 1....•90 night shifts )'.P '.i : Preference cost of the I nurse

work ing in the j III shift pattern

j
l. if the j - shift pattern covers the

"» ;; ,, - shift

O. otherwise Data collection and pre-processing

T he model wa s aimed to the 'Ward no :

M l' £ 1. ' N I. : Number or Nurses required on the ~(j, in A nuradhapura Teach ing
morning. eve ning. night. respecti vely. Hospital. ~ccording ~o the case s tudy ,
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I. if the r nurse works the I " shift pancWtathemaf lca l model IS as fo llo ws :
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Co nstra int s

• Since every nurse wo rks one and
on ly one fea s ib le shift pa tte rn :

Su bject to :

i =1,2•.. . ,13

•I x" = 1 • Vi
_ , ~ I

• Since the tot a l number of nu rses
ava ilab le for each sh ift of the day
should be grea te r than or equa l to
the req u ired nu mber of nu rse s to
that shi ft :

f.fu.lix"~ M £.
, ~ I ,~ I
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L IQ /t X"~ M I '
, ~ I / ~ I

k ~ 1,2,. .. ,30

. k ~3 1,32, .. . ,60

' J '5II a, x, >- N, .
, _ I ) 0 1

Vk E morning shifts k ~ 6 1,62,. . .•90
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Co mp utationa l Results
Considering the t ime taken to prepare
the roster. computer program based
on Integer Linear Program is more
time effective. Computer program
takes only few seconds to find an
optima l schedule. For manual system.
head nurse spends a lot of valuable
time to complete this task. In fact. the
manual method is a trial and error
method. The computational results are
presented in Tab le L

x ,J = O or l, i

l r ) , ... .I 5

I, . . . , 13 • into account the requiremen t of the
nurses. as well as the rules and
regulations in the hospital. Most
importantly. this system would
release the work load of the head
nurse of the ward. beca use of the less
time consuming when compared to
the manual method. w hich is a trial
and error method . Since the proposed
optimal schedule reduces the Over­
Time hours of the nurses. Taking
these into acco unt. the hos pita l
management can cut dow n Over-T ime
cost. The proposed method to prepa re
optimal nurse schedule is more
effect ive and effic ient.

Table 1. Computer result for nursc
roste r
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We have deve loped a spreadsheet and
have use d Excel So lver to obtain the
optimum results.

Conclusion and Recom mendation
We have invest igated the use of
Integer Linear Programming approach
using Excel Solver Add- In, and
applied it to nurse schedu ling problem
which is highly constrained rea l­
world prob lem.

At present. government hospitals in
Sri Lanka use manually prepared
rosters. Our attempt was to develop
computer based sys tem whi le taking
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