OPTIMAL SCHEDULING OF SYSTEM
MAINTENANCE PERSONNEL

A DISSERTATION

Submitted in partial fulfilment
of the requirements for the award of the degree
' _ of
MASTER OF ENGINEERING
in
ELECTRICAL ENGINEERING

By
eﬁECP ﬂ-"@
NARESH KUMAR GOEL 1o "
_ Yed

DEPARTMENT OF ELECTRICAL ENGINEERING
UNIVERSITY OF ROORKEE
ROORKEE-247 667
APRIL, 1985



CERTIFICATE

| Cortifisd that the dissortation entitled OFTINAL
SCHEDULING OF SYSTEM mmmm: PERSONNEL Mch 1! baing
subaitted by Mr Naresh Kumar Cosl in partial fulfilment of
the requirements for the nvard of the degtes of Master of
Engincering in Eloctrical Engineering (Systen Engineering
and Operation Ressarch) of the University of Roorkee,
Roorkee (U.P,) is the vecord of student’s own work carried
| out by him under my supervision and guidance, The cetter
embodied in this dissertation has not been subnitted for
the award of any othor dagres oy diploma,

It is further certifisd that he has worked for i pericd
of eight momths from Septesber 1984 40 April 1985 for
proparing this dissertotion ot this University.

b

Wﬂl’f UI.LQ-%?Sﬁ m, 5; 14

mmum Enginecring Department,
University of Roorkas,Roorkes{U.P,



(2.1)

(2.2)
- (2.3)
(248)
(2,9)
(2.6)
" WIW(2¢7)
(2.8)

Intonmmen Perconnel
Hoturo of the Problen |
Pormulation of Mathomatical Modeld

Roducod oizo Hodolwl

Rodueod oizge Hodolell

Corporinions

Ruropical Problom

Alporithn

Rogultc end discuscion

Chaptor IXX

{3:3)
{3.2)
{5.3)

(5+b)
(345)

An Optirun Tamepovor Utilization Fodol for

Hoolth Mafutoranes Orgonioaticn
finture of <o Problon
ﬁavuxépaﬁn& of Fodol

Furthor Devolopoomt of Pinanelnl Acpoet
of ¢ho Radol

Adaitionnl tadol Refinonont
Ovor ALl Plapaing Fodol |

- CONCLUSTON

REVPERERCHS

Popo no.

T3 VRRSE

B8 &EE ¥RYRA



{1}

1 vould 3iko %o oupress my cindovo and profound
grotitudo <o ry puldo, Dre 8. Kumnpe for tho inopiration
ond voluablo guidonee throughout tho cowrco of f:hm vorlts
T olco cunt ooy that tho nttontion T rocoivod from hio

uring @y o5l hao boon overvioloing and - co hoart
varminge I an aloo thonkful to Hre HeRe Vooontha who govo
hio voluabic oupport ond oncouragoront € corploto ¢hio
voris

Thomiic oo aloo axtondod to oll oy frionds vao
providod holp ond inspiration, £oot nondod.



SYROPDES

Procont tico &6 time of rationslizotions In
ovory £1iold of 3ife wo howo to ¢alko the doointonc ¢o
perfora tho wvork officiontly, intoligontly. Efficloncy
and tho art of posforning tho Job plays o pood rolo in
tho industrys

.;au:rﬁulmg of thoe jobs und personne) fn ¢ho vny
out €0 nohiovo the efffsisncy of nmon powor onfd propoy
utilication of the monehours. Introdustion coverod in f&mﬂ:
chaptor throuo tho light on Yoriows popoet of DoawRmMIOT
schoduling or plomming in vardous £iclde of appliestion
oueh an tan povor plamntng in o plont (chemteal, Textilo ,
peni-conductor, twitehgoar otc. ), manw-pover ochoduling
of nirlins clooning crows, Nurse oehoduling, Han pover
plamning for Hoopitnl waintenanos, |

Scheduling of oaintenonoe persomnnol in a oysten
(plant) has boon covored in tho second chapier. The objoctivo
here 1o to niminize tho idle timo of man powor or to make
mich buny of manepowcr, while the conoctraints are to seo every
poocibility of ochoduling each Job over tho timo horizon and
to soo ths cvory posedbility of cchoduliag cach skill ovor tho
i hordzon. To solve thic problon O-1 intogor lineay prow |
graooing fmplicidty Smumaration othod elgoritho in upods

an powar utilinzntion madol for Hzolth catntonones
organisation hos boun sovored In third chepters 1t <oscridan



the development end validation of a set of mathematical
;smgmxw.ns' models. An application of model in planning
context of an emerging HMO is presented, The model treats
the intersction bDatwesn effective man power uemmm,
facility requirepsnts and available copitel. It cen be
used effectivaly in pleming alds,
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" INTRODUCTION

wWith the increasing pace of industrialization,
 Man confronts the various managerisl problom on the waye
Efficlency is the prime aim Cost factor is an laportant
part in accomplition of a jJob.

In practice, scheduling of jobs and personnsl is
an art. The scheduling docisions are coumdnly left in the honds
of the scheduler who by experience snd kmowledge of the system
arrives at a schedule. His objectives are not clearly spslled
out and the quality of his scheduls fe difficult to assess.

Speoifically, here the scheduling of personnel has

bosn covered. It depends upon the nature of the problem, Despite

the vast Literature on echeduling, very 1ittle has been published
on the schoduling of Plant Maintensnce Persommel, Rothestein[2] ‘
schedules men pover to sccoumt for thy employass regular days
off., Roburts, S.M. and Escudero, L.9,[1] has comtriduted a lot
of attention in formulsting the problem and to gat it solved by
optiaization techniques, We conaider the following situation to
80 tmmngh the idoa used in formulating the mmum Supposs a
145t of 3@!:5 is muam, all or some of mw usy be schedules
within the next hordzon, Each Job has been brekon down into Linite
tine intorvals, and the sR{lls required for sach time fnterval
are known. Over the specified time Horizonm, ths number of personnel
in each ki1l avallable is known. Having pickod o gsot of jobs to De
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sohaduled, the objsctive of the scheduling 18 to schedule the
Jobs and poreomsl in such a wey that all the jobs are scheduled
with the nupber of personmel idle hours wminimized. In such
situation we have three types of matching between skill requirew
ments snd skill ovailabilities, Those ares (1) total skill
‘roquirements of the jobs oxceed the total skill availsbilitisa}
(2) total =kill requirements of the jobs equal the totel akill
avaflabilitiess and (3) the total ekill requirement of the joba
are less than the total skill eveilabilities. In the fivet came
there is mo golution. Ono mwt gither decronse the marber of
Jobs to de scheduled or incramse the skill supply. & quick check
on the total ekill roguirement against the total skill avellobiw
1itles skill by okill con deeide thic issue. In the sacond case,
although the #kill requirepents and oR111 availabilities match,
thic does mot assure that feasible scheduls exsists,

Teis cpee m represent, however, the ideal case whore
& schedule exists ond fhere 1o o fdle time, Tho third cose is
the usus) eitustion whero s schedule exists and thare is some
i1d1o time, In fact, we can be rensonable sure that, if one
schodule exists, it w -mvvmiqum Under pome cirmstanms;
it may not be poasidle to £ind o sokedule for the job mix okill
roquirements and sii1l svallsbilitles. ¥hen this ocours, jobs
may be dropped and/or added.

Helman I Stern and Marvin Harsh(4] nas given the
idea of schoduling for the Alr line clesning crews. It also
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helps in msking the batkground of scheduling of the mnepower
Its basic structurel elements are velated to the variable
schedule minf{mun fleet size problenm treated by Oerts Bakh and
Stern(20]s In tho minimm fleet size problem, one resource
unit 1s required to process each activity ma:u'amny over tlm
activities duration. In this prodlem oach activity sequirss
& different fixed quantity of yesources, and these must be
distriduted in a specific pattern over the avaflsble time apan
of the activity, Moreovar this schedule horiron is partitionsd
into segments (shifts), sach with a differont crew cost,
Activities overlapping shifts must bo procaessed within a single
shift, A further difference 1s that each crew neEber must proeess .
a specisl activity (the vosl activity) which is only availadble
during specified portions of the schedule Horizon, Al of these
complexitios were handled within the frase work of our intager
prograuming formlation of the orew scheduling problem. This
integer program contufned gpecially Jdevised constrainte snd
variables able t6 guarantop the avoidance of certain undesirable
phenomena, such as job interruptions end shift interruptions.
. Concorning worker interruptions, it was falt that moat of these
could be avoided through the use of non-decrensing Job losding
- profiles (fine span of the activity). Such profiles raqx;zm that
tho nucber of workers sssigned to a partieular Job does not
decrease ovey tim until the jJob is completed. This temds to
reduce the maaa.hmtty of m worker, once assigned to a job,
loaving it before its completion (Worker tntarruption).

In the case conaidered the introduction pf the loading
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profile comstroint lod to o crov Scheduls for waich workor
eooignments Nove no 'mﬁkw intorruptions voro cusily found

by inspection for thio the Lollowing job requiremonts 4o
eonsidored. (L) The clesning of a Boeing 707 oireraft rogquired
9 standard nonehours (2) The Bootng 747 roquired 17 standsrd
nanehouros The number, type ond availability of aaﬁa van
detorained by the aircraft flight ochedwlo. The job aveilobie
11ties corresponds to the tima tho alrereft were on the ground
botweon £lights less the time allocatsd for passenger londing
end unlonding, | '

am mamamﬂ 1% 4,?;9.11 for am:tﬁ: llwanmg)
7 and 11 are tho awﬂamﬂng
TaBLE LI 3obs Mﬁigmm

~~
Bl
~
-

¢ = ovening

d o day

n = alght, .

Co Yo ghovs tho Job vindow (plane svailability for o).e:mm;;)
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J(T) = no. of Poriods vorkor ssoigned te jobs,
#(T) = nv. of Poriods worker assignod to meals
I{T) = no. of worlor 1dle, 4,7,9,11 = Jjob number acsignmont
H o Heal Assignoont and I e idle timo acslgnmont

. Going through tho papor of Pomwolher,3.5: ond
Iokander, Y.{7] on ccheduling survoy, it gives ¢he scope of tha
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Job scheduling epproach for different kind of prodvlems such as
(1) Processing time (2) Due dates (3) no. of operations (4) costs
(5) St up times (6) Arrivel time (and rendon) (7) Slack (based
on processing tise and due dates) (8) Machines (Machines Oriented
rules) Approach.

e

The %k chapter third % covered the topiconOptimm man
power utilization model for Health maintenance Organisations .
This topic is added in this dissertation in support of the ides
of manwpower planning considerdng the costs involved to be
mininized,

The besic objective of Heslth Maintenance Orgonlsetion
is to prdvide to specified subscrider populotion a comprehensive
set of pervices in an orpanised murmer for a fixed anmuel foe.

The HMO concept has boen proposed as o potentisl cure
for a number of problems present in the Anorican Heqlth Care
System. Among the most frequontly cited are rislng' costs, the
eplsodic rather then proventive nature of hegith care delivery
and mal distyribution of seyvices resulting in imndequate aemm
to cade in immer city and rursl nﬁaa@ HM) have the incomtive
end rosources to contain cocts through greater use of anmiliary
persommel, increused levels of technology, wore effecisnt
organigation, and effective use of sayvices purchased amMYa
The plonning decisions required to dotermine the proper mix of
sarvices staffing patterns, and lovel of techmology for a specified
subseriber population are complex and Iinterrelated to the point of
initial sorvice delivery,



In support of the third cheptor the vork publiched
by Uarnovr Michesl D.{15] 1o vory useful. Throe importont
decfolons has to Yo talton staffing in nurse schoduling
(1) Staffing Doeisiont mado ommually speeifying the nucber of
| fuu tioe oquiv}nlaat nursing porsonnel of cach skill class.

(2) Scheduling nacia:l,um made each four or six wooks, Opocie
fying whon ench miflo will be on and off duty in a scheduling .
horizon in ouch o woy thot soms gpecifiod minimun numbor of
cach skil) claso 45 previded onch ohift of sach day (3) Allocaw
tion decisiont cade cach chift o fino funing of the schoduling
decicion a!.lacai:ing a Wl of avallehle f£loat nursing porsonnel
among nursing wmits to a&wmﬁ for largely unforzooable variabi-
1ity of domond for nursing care and for abosntecism (The float
pool i.e. nuses vho can do allocated to sny unit after tmy
orrive for duty, can be considored o wwraw umit for tho
achoduling docision).

The quality of & sechedule rofors to an exprossion
of tho industrial nursos julgemont as to how wall the schodule,
She 1s acsigned conforns with hey dosires to bo off and on duby
this scheduling poriod and with hor foelings about other proporties
of tho schedule, such s work streteh, rotatfon pattarm, ote.



CHAPTER IX
SCHEDULLING OF PLANT MAINIENANCE PERSONNEL

2,1 Noture of tho Pmblnm

| Uo are hore concorned with tho scheduldng of
percomnol 4n o plant to carry out the paintenonte function.
In thooo piants, a vaintonones departnont io charged wvith
tho rooponeibility of accopting malntonsnes rogqueots and
pmcoaning thone Thisc includes coalysing the regquosto and
deciding vhot is to be done, how it 43 to bo done, by vhoo
1t {0 dono, ond vhat matoriels and parts are roquired, for
oach job. For each job, the estimntod tinme for soch suddask
and tho cltills required are determined. |

The naintonance .;!'@be may e broadly charactorized
a5 proventive mnintenance of jobs (which are nominally scheduled
o be carried out peﬁadmmw end waplomod minwmcra Jobs
{(vhich aro pecepted as the noed arisoes)s The unplonned jobs of
gourso are malyzéd hera,

The sehodule and monagonomt decdde vhieh Jobs are
to ‘be procaused by setting uzz 4 priority sehodulo and oequoneing
ths jobo vithin priority lovel, Tho Jobs in the queus thorofors,
onones jobs and tho wiplomnd
 Jobo. Dach doy, the schedulor checks the persomel roastor o
doteraino how many porsoms ore avaellable in eoth skill typs.
Vith this in nind, ho solects frog the queue of jJobs, those
Jobs to bo worited on by tho porsonnel ovalloble and cotobishos

econsicts both of preventive oatint
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g schedula, Since the nutber of J&ba alvays oxeseds the
capatity of the perosonnel to procoss them in a given day, the
scheduler has flexibility in matohing jobs and personnsl. Both
the 1ist of jobs poloctod to bo wirkod on and the list of

- personnel are volatile. The schodule of jobs ond porsonnel cen
bo dis rupted by emorgoncles. Under thoese circumstances, ono
or moro jobs currontly being worked on moy be abondoned or
holted and porsoncl switechod among Jobs to agccomdvdate tho
needs of the eumergency

| In ‘tm:.a dissertation the problem faced in coal
Industrios has been considorod, Bhere an Elect, and Hechenical
departoont oxicts. Under this department the meintonsnes of
the equipments uced in mining ic perforzed, Hany kind of
procossos axists in between mining the coal to despatching
of the coal. Fach process gosec under the follouving soctions
1. Locomotive/Saction . underground sining section 3. Vater
Punp Sectiom 4. Mining car section 5, Coal Hondling Plamt
| Bat::;iom& Voritchop 7. Suﬁatation Maintenanco 8, Batteyy
choping section.

To 4{lluctrate the une of optinisantion techniqus o
golve tho problom of ochoduling the manepower, the LOCONDRIVE
SECTION ia conoidoyod. Tho 1iset of the jJobs is following

1. Locomotive number 10 and 11 aro under mainteonaneca
2, Locomotive under yumning 13 s Under mainknance.
3, Coal cutting machinop is undor mmi:mawa

4. Drilling oschinc is under maintonance

5 Switch-geecte is under mainteonanco.
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The nunber cif okill hours required for anch job
48 given under tho following tables
TABLE 3

T
1 4

M

IETIE S EI

ERIEREER LRI ER ]
MR EM L

- ¥ designates for mechanic
E designates for Electricien
H dosignates for Helpers

sprmalagion of Jathomatlical So0el ,
Scheduling Problens are combinational prodlems

and as such, are nonlinear, The non linesrity nonfosts

1taolt in the fact thet Jod J cam begin at say, hour 1, or

hour 2, Or sass Or hour k, dut at only one hours and pinilarly
for other jobs, This O ring situstion, where sach job ecan
w&:upy a number of potential time slots, but can fm. one and
only one of them, 1¥ the cause of the nonlinearity. The solution
of the scheduling problenm selects when each job shall occur,

242
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To by pass the O ring nature of tho problen, we
vill introfduce two types of binary verfables, Yey and Zg
The Z,y varintle dotermine et what hour job 3 4hatl -start,
- For ench 231 vardeble, there 15 a corronponding set of ?m
variables that deterning which skille sholl be eoployed at
wvhat timos, The echoduling problenm congiets of throe kinde
of linear exprossionsd (1) the ﬁ@bah@w Balancs Incqualitioss
(1) the skfll«hour balancs inoqualitiosy (111) The coluction
equations that by pam the Oring wmﬁ%iom

For convoniones wn will aseume the Lollowings

(1) The jobo ore broken into tios intorvals of one hour.
" Smalior interval oan be used at the expunse of poro

varisbloo end equationg.

(2) ¥ithin eny intorvel, one or core pevsons of the pamo
skill pay be used, For example during the third hour
of a job. This nspumptions can bo relaxed to include
one or moro porsons of the oane akill, with one or nore
IRATY | |

(3) The tinms Horizon 18 fixod for tho soheduling o.gs tho
time Horizon could be 8 hourg, 1 doy, or 1 weok. |

{4) The ochoadulor has move jobs to gchedule than the porsoanol
availablo to prociss the jobs ovor the specificd tico
Horizon., This fe realistic, sinco there is always a back
log of jobs.scheduling too far in advance is not possiblo
due t¢ tho ploant oporations and conditions.

(5) The no. of porsons available in each skill is known for
sach tims intoywal over the tipe Horizon,
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Lot us dofine the following terns:

o oubscript, for tho ith chill}

= puboeripts for the jth jobg

= subpeript, for ¢he kth hour clock timsg

o oubgeript, for tho ith starting tine of a Joby

o puhoordpt, for ths tth hour from the stax? of 2
Job, incromontod timeg

= houre roguired for tha 1th ekill on the Jth job;
ot tho tth hour from tha start of a Joby

= hoyizon of scheduling, hours? |

= muchor of Jobs to be peheduleds

= ¢otol no. of skill types avatisblo}

« 411 hours available for the ith skill, kth hour

. clock tinag

299
3
(14}
{1}
5}

(,)

= binary varisble for tho ith skill on, Jth job, kth
hour clock time , lth storting tize for tho Jobj 12
Yikl= 1y the job is schoduloed if Yjﬁﬂ. o Oy, the job
1o not schoduleds |

= binary variadble for the jth job, ith stertipgn tim
for ¢ho Johg zw» 1, Sab 15 schoedulod

w Oy 305 Iy not schedulods

a job dumation, nuskor of cloek hours for job 33

» {ndex net for oieil) type roquired for jJob J&

w index et of ewill types that are used in hour iy

v index pet for Jobs that use skill { in hour k, for
all ¢ mmd 1 subperipty | .

» fndex set of hours vhere skill 1 is used.
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The index oot notation is used, since not a1l
torns way be cvalledble. For enniplo, 4 wo sean the skill
typeo for a job, we may acsumo thot skill 1 do not used in
Job 1, Asmm ma skiil typos 1,2 und 3 are avamam for

all Jobs, we ﬁm in tm Capss

{5} = {2,3} " |
The 146t of the jobe with tho requimed skill hours is
given in Toblo 1. Hero Eoch squire represents one hour. Ve code
the cRills as Mochante (M) okill 4ype 1, Electricisn (E) skill
type 2, and Helpor (1) » skill tvpe 3. |

Vo asoumn the cehoeduling tims Hordizon 4o 8 hours,
As a rosult, Job 1 guy bagin in hour 1 or 2 ér'ﬂ or & It can
not begin in hour 5, because 4t 16 o fivo~hour job and starting
in hour 5 would cause tho job to wma.‘ce in hour | o vhich i
boyoné on horizon. Cimilorly, job 2 cam bogin in hour 1 or 2
or 3 or & or 5 or 6 |

Yo ommsider first the PJobshour insqualitics, which
rapreoont the bolongs on the bours rogquired for oach job,
skill by skiil.

B Yun® Bfan® Masnat bnanwt basant Pas'nn
+ gy Tayae* Bas¥iasr® Pays¥mey S 15, Job 1. hour 13

M 11 %1120 a1 Ysn00* Byyo¥yyse * Bayo¥aygs * Doyg¥oyso™ans¥nas
oy To50* ByyiTsa5a * PyysTazen * BgysY 562 £ < 16, job 1, hour 23
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Byy1¥iaos* Py Yass® z”:.m * By Vs gt ‘“m 21533 053
* DaaToes* Mnatmes * Musturst Busturss 15
dob 1, hour 3,
My Fyyan® By ¥myan BraoYaase® Bna¥nss * Bastaent Baysfmen
-+ By Yoyt "m?mt." hy1s¥aa8h * PaysTayan S5
Job 1, hour 4.
Likowise the 3obmnuur‘ balatice inequalities can be
written for othar jobs, |

Here the first line says that, 1f $ob 1 begeo in hour 1,
. the gkill hours for skill 3} in hour 1 times its associsted
binary variables plus the skill hours for skill 3 in hour I’
times 3ts sssocieted binary veriesble, plus the =kill hours for
skill 1 in hour 2 %imes itz sssoclated binary varishle, plus
the skill hours for skill 3 in hour 2 ¢ines its sssvolsted
binory varieble, plus the okill hours for skill 2 in howr 3
times its sesotiated Linmavy ﬁsrw&ab&aﬁ gmx: the skil) hours

for akill ¥ in hour ¥ times ;m:ﬁ uswa!amﬁ binary verieblio,
plus the skill hours for skill 2 in hour 4 times its assocteted
binary varisble, plus the akill hours 3 iu hour & times ite
associoted binary vorioble, plus the skill hours for skill ]

in hour 5 times 1ts asscelated binary verioble, plus the skill
hours for skill ¥ in hour 5 times its sssoclated verieble is
ldes then or equal to the sun of all the skill hours (hy., ¢
Byyy * Bygp ¢ Byya # Boyg + Bgyy ¢ By # Byt Bygg ¢ Byg)y

in this inequality, 15 houra, The second equation gives the
same inforumstion ns the first equations, except job 1 now begins
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tn hour 2, Sinco Job 1 fa a Sehour Job (8,=5), end stnca tho
plomning Horizon is 8 hours (M = 8), the numbor of starting
times { number of dnoqualfties) for Job 1 oquals He & « 1
or 8 « 5 o} o &4, lote by tho dofinttion of hmﬁ‘ that thooo
terns are constant dowvn tho columnsgs The subsneript't!
reprasonts incremental time fm the start of a jobi so, no
oattor vhen the Job beging, tha increrontal time indox assumss
valuon 1,2,3,4,9 to correppond to the five-hour job duration
of Job 1, ‘

The Ymm binayy variables are uged mc:matinctim
with the Zﬁ variobles to dotornine vwhich of the four cquations
for Job 1 will by in tho schodulo. The Y‘l:lkl voriobles will bo
couplod ao that, if ono insqualilty fn the jobehour exprossiony
15 selectod, all the Yy, varicblos will be 1 in that row and
the remaining Ymm variaties in the other inequelities fopr
Job 3 w11 bo zovo, This neoumas that Job 3 {or 1 in this cace)
will be ochoduled once wad oaly omes within the time Horfzon.

tio hoko o distifction botwosn clock time to comploto
tho job, Job duration (8, for Job 3), and the skill hours
utilized within that clock timo, For oxample, 1f Job 1 requives
two type 0f ckill rathor than ono and the no. of sitill 3 is 2
for tho first bour, then Byyy h hgu = 2, Likewise the skill
heurs in othor concorvestive hourss then Bygo = 1y Byy = 2y

Bays = 10 By @ Je By @ 3o By 1o Byyge 1s hyyg @ 4 ond
the todal skill hours foy job 1.

Pt Bsu® Pz * Pyyp ¢ Bgyy v Byyythoyy ey thyygthinge 19
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vYhile the clock time to do the jJob remains oqual to 5.

The skill hour balence givea, for each skill, the
hour by hour skill requirements, which must be less than or
equal to the gkill aveilability at each hours The skill-hour
balance inequalities are extracted from the jobehour insqualie
" ties for eabh skill by swummuing the skill requirements for each
hour ‘across all the Jobehour inequalities. |

Byyfaan® Mot ¢ Ba T § SpeSkia 1, bour 1,

hyyy¥ry20* %a'uaz"‘m’”am * Bysg¥yaon ¢ Mysa¥yuont Byiatyion
( %g,ﬁkﬂi 1; m 2ﬂ

LTI Ma”nsa*hmzz."m» byosTiom* B ¥assrt "132”1532
| Maxlyam ¢ Dsataegs S By305k11L 1hour 3.
haaYaen® Brasiius™astionet Mas¥iaust BiseVase thsstase
Tyt Taseet Maties £ SpeSkiid 1, hour 4
M12%iase* Mastasm® Matiesst Prostazsy Myso¥asseMsstisss
* Byxaynsot BassTyzsy® MunTaugs £ SygeSRAAL 1, hour 5.
MasTieean1066* Pizshaoes® MssTaseuMantises Msstazez
By Tyugs SSygr SkALL Lyhour 6
By35%0175* Proshazrs ¢ PaseYasza® BrasVasyss SypeSidl 1, hour 7
Mastaiss * PrzsTioee® MissTases £ Syge SkALL 1, hour 8.



17

The first squation in ¢table 3 mmaants the skillehours of
skill 1 times its associatod Ymm variable summed over au
Jobs that used skill 1 in hour )}, The socond equalities reprew
sent the skill hours of ekill 1 times its mssootated ¥ygq
variable sumed over all jJobs that used skill 1 in hour 2, etc.
_The skills are found from the job~hour inequalities from the
_subscript 1 on h&at* and the clock time hours are found from
4he subsordpt R on Yiakﬂ;' The right hand side of thwese
inequalities are the Sm torms whioch aye input data, indepen-
dent of Job m:hwhud, and represents *ma whed\ﬂer'a rOSOUrces
of the ith skill at the kth hour,

Since each Job can be run oncoe ond only once, we need
a way to select from the jobehour inequalities when the jobs
(and the skille) are to be acheduled, To do this, we introduce
ansther class of binary varisbles Zy), vhich specify the Jthw
~ Job, begining at the 1 th starting time. To 1llustrate the use
of the zﬁ variables, we mcan that Job 1 mway begin at hour
1423 or 4. Yo therefore oxprass this

TR PR TRE TS

| vhiah enforces the mg&immt that only one zn" 1, Ve note
that 211 ia assoolated with the first equation of the jJobehour
equation for jJob 1} Zm i aseociated with the gzecond sguation
of the job-howr equation for Job 1 ete, Further more to assure

thet all the ¥4, ansoclated with Zyy will be 1 When Zyy « 1 -

and will be O vhen Zyy « 0, we write the following equsations
recognising that Job 1 $5 a five hour job, that 1s ke 1,2,5,4,5
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Corresponding to the first row of jobehour inequalities of
Table 2, wo have |
T = A T = A Taa < A ez * e Yans 2o
Toim * 2 Yoaa = 210 Tjua * 20 Tiam * 20 Yms® ue
Corresponding to the second yow of Table 2, we have
Tu22 * Zizv Yar20 * 2320 Yuamz * azr Ymuzz = 12 Youe Lo
Y5102 = 2120 Yops2 = 2300 Yz = Zypr Ypyeo = Lo Ypee® A2
In a similor marmer wo may write for the remaining rows
13 * 23 Pnms® Aawr Taags = Gy Tmas® Gz Yass = Ay
Y5153 * 213 Yae3* “13 Tmes = -y Yurs® 23 Ymzs < A

' | = for 3rd row.
Tynas = Zaar Tmpan = o Yase® Zuur Yoass = L Yoren * s
Yr66 = 2180 Yorz = 20 Yopon® Zrae Yraes * Zaae Ymen * fuue
The eguation

Maﬂ
:31 i "' 1, 3+ 1&2»“”?151
L 2‘1,%*‘&‘1‘?1

1 e:{l'&} .
W11l be roferred to collectively as the seloction equations,

for their utilization makes 1t possible to sslect the eppropriste
inequalities and variables in the jobehour inequalitics snd the
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skill hour fuequslities to create a schedula.

Om' ob,jective :.a to mi.nimi&a tha 1dle tmm This
objective mmtioz: pay be exprossed as

mhm(zmmn%:é;;%hm LT

 Whero the first term on the right side ropresents all the
8k131 resoureas over all the hours availablo and tha 2nd
tarns represents the skill hours requivoed. | Beeouse E,_'Ek Se
is a constant, instead of mintmiving ¥, wo are equivalently
maximizing ¥,

WMore Fao 2582 30,4y

i3 WYL

mF umxxzzzu k4
13k2t j‘atmm‘_

i’o generalize we nay write this as follows

mex F emx £ % g & g cdkx?:!kl “ne , (3‘1) |

ifmmu c:)ki are the valuos nasoaiama with ?Miﬁ

8 ﬁ ¢! .3 P WP | |
selr )u«:et«a Pstiga &a{z}tﬂ Pag 1w Lty |

®ow - (2"2).
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(11)
3eid,) Bistiaga S Swe
(144) chi
Mﬁﬂ' ‘
m at x.‘,;_ 3 = edseveels (2-8)

and Ty = 243 = O dm 142yeenotis] w 1,HeB 491, ks 1,0,

(2.3) Reduced Size Modal ) N

| %o reduce the number of variables by making the
following observetionss
Whon jJob § starting in the 1th hour, is chosen for achoduling,
all thé?iim variables in the 1th row of the job hour inequalie
ties ars equal to 1 and the remaining Yﬂ-dki varishles in the
other rows of the jJobehour insqualitios for Job § are equal to
2010,

" ohtr observation mesns that for each row of the jobe
hour inequalities, we can employ one ¥yqxy t0 Ploy the role
of each of the other Ymg Wa have chosen %311 to replace
gl the Yun terns 1rd row ¥ of the jebwhour bslance. Simi-
larly, in the skillehour balsnces and the selection equations
Ymn way bo used,

The modified job«hour bDalance inequalitios are

(Byyy #8290y 5 7¥yy 19 #(liggy gy ooy y#hsy 1+ Dy 5 0¥y 04
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Here again we sen that throe difforent binary vardsdle
Y1110 Yopyy ond Y3331 0 flrst row but if ?151‘.1 in this
row 18 equal to ono, the remaining ’i’mu sholl be zevel.

It means these variables con be modified agaln by Yyy4y
frrespective of pkill type ubed. Now the jobehour tnoqualie
ties are: |

TABLEmtid
"’m*“m‘%&“"m“ Byya + BgysBoyg#hs ooy getin ”mi:m";’ 1,
“‘m"‘m"‘m’*“m“*‘m*’“m‘*‘aw"m"‘m"“m )rngs.g:::;'
(hy1y m‘"ma“”m*"m‘%w *‘31@*’*515**‘2&3 2146713 }95;232 i'
"‘m’“ne”‘ns‘%n*“m‘%a ”3%"’"’315“‘213“‘21& Wwf-w;gz: i:

Tm skill-hour belaves inogualities for skill typs 1 are
TABLEWS |
Mar*aze ¢ Prafin ¢ Matme® Mndna ¢ st
‘ L 4 hl&lyt!& (812' Skill 1' houyr 2.

Byya¥ays ¢ ByaoYaoot M Yors® Buos¥ony * Bysy¥ays ¢ .
| * Bysa¥soz® Mysy¥aus® Praa¥ays SPyge Skill 1, bour 3.
Paanfaas * Prazfass® BasTaor® Man¥aus ¢ Muse¥an ¢ o

* Byax¥sant “132’333" Bysa¥aue * By Vounsyqedkiil 1"“"“*
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By1o¥a6e® Prastaaa® MaorTostMosTasst Byyo¥aes® PassTasg® Pyse¥sor
* Byss¥ana* Basy¥ags £ Syge Skild 1, hour 5.
BasTizet TaaTess® MasTous® Prss¥sis ¢ Mu¥ass ¢ Masiaze
* Bysa¥s66 S Sygr SKAN3 1, hour 6
ByysTass® BiosTass® MaguTaus * Paos¥asy & Sype SkALL 1, hour 7.
Bygs¥aant Pi2s¥oss* M1ss¥aus < Spgr SKUL 1, hour 8.
on ) (For Sob 1)

SR PRI VR TR

ot Rl T
Hp Vi
13 = Y333

a4 ™ Yy
(244)

| leduced Sire Formulation I3
~ In reduced sive formilation I, we £ind the jJob-hour
balanes insquelities as |
Y;}ll .f*; Ay Jely 2y sonpnond 1 w2y Hw “B'd* 1
where h for the first jubehiour tnequalities
By33=ls Bygo= 1y Byyg = 1s Bggy= 2y Buyg @ & Bgyyw 1y Diyy o 1.
Hapg® b By = 1o Boygm 2
gy #Byyp # Byyp ¢ Byt Byyp + Ryyg o« By thgygd Bpygthog a5

liko wise thia can be sesn with other jobswhour inequalities
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Bince Yy £1 really do not tel1(1) any more tham va knov
originglly, f.0. Yal boing a binary varisble, we can drop the
jobehour inequalities fron the Intoper Lincar Programming
problen optindzation.

Ve can not, hovover drop the Jobwhour suprosoions
fron tho oversll prodien formulation becauce we need those
expresclons to croate the skill hour balance inequalities and
to oreste the indox netn {E&}yﬂkh {3y }e {8y} Furtner more
vo noed thora Jobehour halance inoqualities to convert tho
solution of tho lincar program in terms of Yy, back 0 Yg,.
In other words wo upe the job-hour exprossions Offelino or
outside of the optimizotion to prepere the siill-hour inoquali-

tice and to interpret the solution

 The pelection equations eye.

Hm&&-i-l
Xf& 333‘ e X, §=2p 2owseg D
?311 = 351 J e 185 meep B

It meons that 24 £ 1 which is originally trus that 2y 15 a
binary vartable so we can use Z5y 30 place of Yy, in the
formulation, -

Hov the overall roduced nizo formlation II bacomes as it 1.0

AhA LRI SeIPiD SR RALE S

z hiaﬁzdl ,S ﬁm lﬁ-{tkh %{Kl}  ees (245)



Veriables Oenoral A | Raduaed
Formulation Eize gormulatiam

n T
Yiakl 351 coj)m.a;’a) 35 {Hw ‘”3 +1)

n | n_ |
25 aﬁztﬁ“ﬂf 1) 3§1m - Byt 1)

a B
Total 351 (8441 )(H-8,4%) afxm - 844 1)

L o

Reduced
Stze Ex‘gmxlatmn

0

Jul -

Jul

Exprossions Conmeral Reduesd Reduced size
Formulation ;‘:img formlation fomzlrgtzm
n n |

JobwHour £ (a—aan) z (MJ-#E} 0
Jul §=1

Skill~-Hour 13 gH s4

Yy u12 30 5 Jm.e fl) 3;*3 (3-63* 1) 0

n n

Total £ (edu)(a.aju) 2 £ (ﬁ-ﬂaﬁi) n+sH
J=l Jmd
+n » aH o1 » 8H
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HJ;M"

LB
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Now wrﬂ:ing the overall reduced size formulation II

Max F o max(Zyy + 2y, + Zn + Zyg)e1s
# (g ¢ Zyp ¢ 2y ¢ 2y ¢ 25 ¢ 2ghe6
#(Zgy + gy # Zyg + 3%3'21
* (z“l *Zpo * Ty + 2y, . Zyg * Zyg)es

+ (25 + Zgp » Zgg + Zg, 0025

'(a-s)



Subject to tho following constraints

29y Zpy 4 Zgy + 24y L2 (1)

Zyot Zyy ¢ 2pp ¢ gy 40y #2582 (2)

zw» Zyp * Za + 325 & z.w + Zga-i- * 23.3.* 243 Y 2z (3)

Zyu yy ¢ Zgp % Zop ¢ 2y ¢ Tygt gt Zppe B 82 W0
Zogt Zyy * Zg5 * Bpy 4 Tyt Dygt Zgor Zagt Uyg 22 (5)

2yt 26+ T * sk * Tt Bpt Bag 42 (6)

Zygt Zog + Ly + gy L 2 {7

Zyy* Zog + 2 82 (8)

25 & 2 {9)

Zyy * Zqt 200 %5y L2 (10)

¢ Zaat U ¢ Tyt Bytispt T 82 (W)

Zyp * 299 Ty ¢ 4zt Zyaele s Bgye 3524* Zn &2 (12}

Zyy + Zyp Zop ¢ Lyt LygeZons Logr oot Zgy $2(13) (2-10)
Zyy ¥ 2yt Zog * Zygt Lygtley lgzt Zgp £ 2 (18)

Zyg + Zgy, & (16)

2Zya ¢ Zopt Wigy# 2,44 28y £ 6 A7)
22 502yt Zyot azazmzw-z&@ Zat g L6 (18)
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2213# 32121*1..311# 14;223# Qaéﬁaa* Egﬂaﬁ mz,’s‘@hz%mz%

By 28y g¥102g 5 thaZyy halpy 0042 g 2L oy olilay ehZ g ohZyy
#2239 #1021 10T 580525920 420554005020y & 6 (20)
321 aﬁi * 213 *2&%*"-& zn*l ozas“a‘ﬁ 2@&*2@ 223 W&Z%*aa 335

402 ¥ 42 g #22g, § 6 B | {22)
12 4 ¢4y gHOZ 5 428 42T 5y $D2 gy ¥1 2 402 #20y #225486  (23)
g+ 2ot 2lgy ¢ OsZyg ¢ Py L 6 (24)

(SELECTION mm‘mzm}

I P TRS TR (25)
Zyy ¢ Lot Loy tTgut Lot Zg = 1 (26)
Zyy * Zygt Zyg gy @1 (27)
iy * Zyp® Zyg 4Tyt Zygt Zyg = 1 (28)
Zyy * Bgpr Zgg ¢Igy =L (29
(2,7) Algepisum

The =% intoger progran hag '!im form

N
ninfntze 2 = I C(3) X7y
3=l

| {2-11)

{2w12)
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N
subject to A(I) « = B(I) *azx Alx, ) x(r)o

Twl, 25 veay B
x(ﬂ') wOorl
T w1250, N
whore C(J) 2 0 3 3 = 1,2, saesN
The notation used iss

FREE « the set of subsceripts of the variables that have not
deen specified to be O or 1.

NFREE = the set of subscripts of the variables that have bdeen
spocified to be O or 1. If an element of NFREE 1s
negative, the torvesponding verisble hos been specified to
be Oy othorwise, 1t has boon specified to be 1, The
first clement {(loft most) in NPREE corresponds to the
first vardeble specified to be O or 1. Likowise the
second olement in NFREE corresponds to the second varie
able specified to ba O or 1 ete, '

ZMIN = the value of the objective function corresponding to the
bost feasible solution to date | T

ve = the set of violated comstraints.
T = the variables in FREE that have
{a) An objective function coofficient loss than BOUND,
vhere, BOUND « ZMIN « £ &{X) x(1)
IeNFREE
(b) A positive coefficient in some constraint in VC
xzmgaaum over all subseripts in NPREE
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Set FREE w (3, 2y sesp H)
NFREE w ¢, the empty set -
ZMIN = OI'Q

Calculate Z » I C(I) X(X)

Note that some of the X(I)’s in the above sum may bo spociffed to
hsve the V&h&& Ou

STEP 3 |

Evaluate each constraint Qf:)’l { I %1, 2 «s4s¥) using the NFREE
variables each set squal to O. If gach of the constraint ere
feasible (satiafied), then the values of variebles used to evaluate
the constraints constitute a feasible salution, |

Lot VC denote the set of violated constraints,

It VC ic empty, go to step 12§ otherwise, go to otep 5.
Set BOUND w ZMIN = 2
Select the FREE variables that heve a chance to make sll of the
constraints faasidle, mat is lot T be the sot of varisbles in
PREE that hove - -

1., A positive coofficient in some constraint in VC

2+ An objective function confficient < BOURD

e



%0

A violated constraint can only be made more’ infeasible
by setting to 1 » variable with negative cosfficlent in the
constraint, so only variadbles with & positive coefficient in a
given constraint have o chance to make the constraint feasible
(2 0). Likewize, o variadle X(K) in FREE such that

£ o(r) x(x) « C(x) 3 2MIN

JeNFREE _
should not be sonsidered for inclusion in NFREZ since the feasible
solution corresponding to ZMIN is already ntleast as good,

It T 1is empty, go to step 1j otheywise go to step B8,

For each constraint in VC

Set to 1 the FREE wariables in T that have mitzm coafficients
in the given constraint.

Set the NPREZ variables equal to their specified valuss.

It any of the vonstroints are atill vicloted, go to step 11
otherwice go to step 10s |

SIZEA0 ~

Remove from FRZIE and add to NFREE the variable in T that would
aininize the total distance frow feasibility over all constraints,
This process 18 coverod in detall in staps 10A ~ LOC,

For each varinble, say X(K), in T, svaluste each oomstraint



n

(1), (T =1, 2, eovsM)y using the NFREE varisbles with their
specified values, X(k) = 1, and the remaining FREE variables
oach set equal to O,

Sum the nsgative results from step 10-A and let ASUM be the abaolute
value of sum, The absolute valuo of esch nogative rosult is tho
ampumt the corresponding eonstraint must be incroased to be fonsible
Henco, ASUM repressuts in some sense the totsl distance from
foasibility using X(k) » 1.

Remove from PREE and add to NPREE the verieble in T that hes the
smallest total distance from fessibility (tho smallest ASUM). Go

to step 2. '

If NFREE is eaply, go to otep 21p otherwise no feasidls completion
of the partial solution Npm@maﬁ by NFREE has a smaller velue
than the current ZMIN, so go to step 16,

The variables in NFRET with their speciffed values, along with the
variables in FREE set squal tO 0, from o complete solution.

Go to stop 13 - a |

I Z <ZMINy go to step 147 otherwise, go to step 13,

SIEE3S ‘ . | |
Set ZHIN » Z, Save the complete zolution end go to step 15,



Baek track, If NFREE is empty, the feasible solution
R(1) = O(I = 1, 2, sessB) 15 optinal, s0 go to step 20:
otherwise go to step 16,

If the last alement in NFREE 1s nogative, go to step 183 otherwise
gc to step 17. The rightmost element in NFRET 1s considersd to be
tho last element in NFREE, |

STEP 3 |

Make the last (rightmost) element in NFREE pegative and go to

stap 2+ The varighle comapmﬁmg to the last olement hap baen
spaeiﬂcm to be 1 (mmapamng mbscripﬁ in NFREE has been
positive )e Wo now spacify the varisble to be zero (change the

sign of the last element in NFREE to minus),

SIEF 28
If all ements in NFREE aore negative, an optimal solution has
been reached, so go to step 203 otharwise go to step 19.

SIEE 29

Make the ﬁg&tmst positive olemant in NFREE negative and romove
_the renaining elemsnts to the right from mm Add the dropped
elements to FREE, Go to step 2.

STEP
The cowplete solution corresponding to ZMIN is optimel, If
ZMIN = 1010, no feasible solution. Print results. Stop,
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G ConnTF NFREE=#
¢ TR K1) -{PREE =022 N)
1€ KrRee ZMIN = 1010
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f YES
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COEFFICKHTS IN GIVEN CONSTRAINT,

THEIR SPECIFIED VALUES

ANY OF THE

YES

[

NO FE ASIBLE SOLL
TO PROBLEM

CONSYRAINTS STIL
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B

FIGURE ® B2 FLOWCHART FOR ALGORITHM

2.7.|



VARIABLES IN ‘NFREE
ALONG WITH THE

| VARIABLES IN FREE SET
EQUAL TO 2ERO FORM A
COMPLETE SOLUTION

Z<ZMIN

SAVE CURRENT

BACKTRAUK pw

IN NFREE
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YES

1

COMPLETE
’ SOLUTION.
VES .
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DROP ELLEMENTS 1O
RIGHT FROM NFREE
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COMPLETE SOLUTION
-1 CORRESPONDING TO
ZMIN IS OPTIMAL

ot

FlGURE‘g.!!' FLOWCHART FOR ‘ALGORITHM
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BIEP 2k
No fensidle sclution o ths problom. Stop.
The flow chert for the Algorithm is given in Fige2.7«14

Appondix. The following notations ore used in the programe

H o« Totel mumber of constraints
K « N3, of verisbles
NLET = Nugber of < OR e constraints
NGET - Number of > OR « constraints
RET « BNumber of = conatraints
NIYPE » O for minimizstion problem
1 for mexintgation pmblnm
CODE(Z)w O £f < OR = constraint
1 if > OR = constraint
2 if o comatraint
B(I) = Constant in the constraint
MI,7) = Coefficients in the constraints
C{I) » Cost coefficients of objective function

The program will solve both maxinization end m;nimizataén probiem
with positive or negative cost coefficients, Ths problec is
presented to tho propran in {ts originsl forw and the program
takes cars of the necessary bookwork to get it in tho standard
forn for the implicit emumeration elgorithm, The only roquirement
is that the objective function and/or the coustraints mst de
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miltiplied by proper comstants to znke all the input data in
the integer forme. '

2'6 ‘»'." ... 4 1 ! "‘.i"- ks '-"§

The results obtoined is shown in output listing
2483 The optinal velue of the obdjaciive function s 62,

Yo have used 0.3 :tntégar linear programuing approach
with implicit Enumeration method, The total number of variables
are 24, Sach has %o de assigned the value O or 1. The optimal
solution found gives the value 1 to some of the binary
variables while keeping the remsining values to 0. Interw
preting the blaary varichle we get sz w ly Zop = 1s 351 -]l
Za = 1 and Zg, = 1. Vhile the other variables have the value
zero. The Table 7 exhidbits the understanding of the solution
obtained, |

It provides a schedule for the jobs and achedule
for the skills, Second, it may be uned for manwpowsr planning
by constructively uﬁing the ﬂkwm $RINY mupply table, 17
excors skill hours are availeble, mansgoment can eleet to
utilize the panwpower by gschediuding more or diffeyent Jexbs@
or 1t can ressolign the excess skiil mpply to other éﬂa of
the plant,

The C P U timo for the problem iz 34.2 soc end
the no. of iterations sre 1064,



HOURS =

Skill
required

Sxil)
Supply

Egoess
SkiXl
Supply

w R A M X 5 ®moX

1

=

i

880,

1

1R
4

iM

1H

oo O e N W DN

I TR - N TR TR S

2,,

b
48
1E
1B

1H
4 H
1B
oK

O Ko o e o 3%

wawmmmmww%“

1H

1H
18

o3

0O M AN N %,

l,

3%

1
44

‘318

OH

o
= o

o

1M
2H

o

T T N

1 T




| CHAPTER ITT
AN OPTIMUM MAN POWER UTILIZATION MODEL FOR HEALTH MAINTENANCE
ORGANISATION |

The tmeic odbjective of n Health Maintenance
Organisations (HM0%s), Wnile specificnlly formulated is

to provide to spocified subzoriber population a comprohensive
sot of sorvices in an organised mannor for a fixed annual foe,

An HMO is an entity:

1) ~ that perves en enrolledpopulation that oomﬁméta
with the delivery system for provision of a prew
negotiated package of comprehensive health services,

2)  that provides these sorvices to all subscridars for
a8 fixed poyment on » pericdic basis without regard
to froquenocy, oxtent, or kind of servico sctuslly
provided during the period,

3)  that s managed in & manmer to ensure legal, Piscal
and professional accountability. |

| Principsl trade offs to ba considered in developing
the lem modell concern the delogation to auxiliary persomnel
off servicos that do not require the extended training of the
physician, This process, however, is complicated,

'i'ne delegntion of services t6 auxiliary persormel
in the models ia accomplished by introducing physicien Exten-
ders(PE’s) in each primary care departmant. The physoian
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oxtonders considercd aro the two types, The first type is
Physietan Assistant(PA). The other type is nurse and is
: desined o ‘
trained in a Progrom ,\ﬁé;cepteﬂursea(m“ah
Hilization of auxiliary persomnel in primary-care
delivery is usually done in a context of @ heolth care Team®,

Auxiliary personnel is to be superviszed by an IND,
The three team is comprised of

(a) & rhyaicmn; an AR, and poa#ibl« LPN (Licenced
Practical N). | |

(v) a physiolan, a physcian extend-or, and e RN,

(6) & phystetan extender, an RN and possibly on LPN,

Ultimate responsibility for the patient, however,
8till world reside with tho physcian,

5e2

Inftially we desoribe a very simple model to motivate
the structural relations. We then under toke a Step=byestep
tmbellishment thatcusiiminates in a more complex but more
flexible and reslistic model. The inpatient care and dental
care portions of an BRD aremt specifically addresped. This
implies hot that there is no relation of swbulatory care to
in patient snd demtal care but that those relation can be
handeled externally.

Also within the HNO structure, thore are serwvices and“
management gctivities (such au leboratory snd rediclogy scrvices
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clerical, administrative, snd financial function) that

support the medical care function. These are included in
the models to pernit an examination of the full costs of
providing a 'Mcz.nads,\‘;t services %o a subscriber groups

Vithin the modical oare system thore are two nain
populations to consider the subsoribers and the providers.

The subscriber servicos (requirements) must be
exprogsed in soma taxanony of health care dolivery, auﬂ
manpower (rosources) must Yo expresced in teyms of provides
types and capabilities,

Two objectives present themsolves for this elemantary

wodel ¢ _ _
(1) Minimize the medicsl power for a given no,of
subscriders. o
or (2)  Maximise the subscriders for a given no. of medical
" personnel. |

The f£irst objective takes the roquirements as fixed and ?ktm
rasources as variable, while the gerond shjective iz the
converse of the first,

Wo use the following set of names?
- set of medical personnel of type i,
" ot of M,D. ‘B*
got of Non MuD,%s
v get of modical services of typg s

Xgq nunuer of manpowar type i performing service j,
(eaneyoars)

T B P B
:
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4, = donand for sorvico § (modical serviees per year)
la;,“,j = rote at vhich manpowor type i producos servieo §
at o givon lovel of tochnology (annuel madical
pepvices per noneyoar) | |
H, = nuobor of nonpovor ¢ype { employed {maneycars)
By = salary for type 4 persomnol (dollers/yoar)

Vo can root the madical carc roquirsmonts with the
constraint:
Iy byy T3 2 84 #yel | (3-1) |
Ye can aloo dofino tho number of man pover type L employed ao

By wgy =Wy £0 Me) | (3=2)
and objectivo {1) bocomos

mtn I, N, o - (3-3)
Thio model does not allow a full exploitation of the structuro

of the medical care progess, It nleo ignors the cost structure
in vhich the rodical ayston oporates

32,  Davolopmomt of the Madical Care Aspects of the Hodel?
Madical core ean bo provided oither by Individusi or
by toans. Uthin a hoslth care toam tho leadar is typieally en
HeDe3 with tho following ndditionsl definations the previous
 mpdol supposed it Lo ¢o bo callod Ml can be reviced ¢o provido
the nooded gonorality,

Lot I’ o pot of individusl hoalth care percomncl

I* = imt ¢of hoalth caro tepno



I = ot of man power including teams,
Gggq = Danwycars of monepowey type i per maneyoar of
toun & providing sarvice 3.
B, »het andle ruI UL
The particular introduction sid definition of Oypqq 18 the
key to the generalizetion of the model. Since gzpressions
¢1) and 63) are unaffocted, the only change ocm.i.ra‘ in 62),
whith bacomes ‘ |

33” ®i3 * zkzd Ued By " Ny £ 0 ¥ et {3uts)

In addition, a mothod of incorporating indirect
supervision must be introduced, not only for PEenurse teanms
but also for FEB*s or nurses in an individual capecity.
Datining |

flé = Jlevel of indapendence for type i personnel to
porform service 3
x,_a, = O implies no indirect supervision required.
while tmm 1 luplies full indirect supervision,
Jp = Sot of services clase 1 el personmel. supervise,
x 3§ = Supervisory level manpower 17 assigned to the
supervisory service §* (maneyears) for each ',
there 15 only one 3", the double subscript is
retained for notational syzmetry.,

The supervisory constraint involves legal restrictions
and possidbly the quality of health core in that it constraints
the numher of persomnel s proffessionsl staff member may supervise



@

and tho lovol of independoncs enercisod by aml&aﬂtaa Thy
general ocuporvicory constraint is given by

tﬂ&ﬁzwl‘ ?'13 biﬂ KM 3 hfj*@ ﬂr 5* %‘f 81* (3.,5)

It 1o gonerally accepted that HeDo's do not want

€0 be burdonod by an excessive anount of edministrative work
or supervision of oncillary porsonnel. The amount of eupervision
" oon be limited without increscing the difficulty of the solution
by moking sty 4+ an upper bounded variable. Thus, defining SU,
as the naxiocam fraction of tims type 1 personnel vwill cngage
in indirect supervision of anelllary porcomnol, we zive the
upper bound by |

xg g S SU Ny B o1t (5-5)
The resourcas conoiderod thus for in the nodel are the svailable
hoglth manpovers Since an HED has g 2 principsl objoctive the
dolivory of effoctive health oore im a cost conscioud manNOrs,
the cost of providing tho nanpover resources muat alse bo |
evalusted, Alto, in many cases the eoployeos will be fulletirs
omployees onlys this canm bo ropersonted by intoger vartoblos in
the model, ?hw, Lot tﬁi bo roatricted to b an integor varieble
and dofing

xy = fLractional psrt of persomnel group & that
ig elack or idlie,

ciJ = ladour costy for type 1 poreonmel or tcam to porfora
one type J serviess (dollors/modieal servics)
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The rosult io |
Cyg = Syfogy ¥ tex’,
Cgq° ( %E ) (‘ tanc1® Safng ¥ ger® | (3.7)

To represent toams the definition for byy ousthe modified to
- Units of tims worked by team leader/yenar
137 Units of toan loader time/medical servico

¥ ge1®
Incorpoerating the integer manpower constraint mr t‘ﬁl and
noting that suzmation over 3 Includes the pupervising index,
ve soe thet constraintéh )

IR TR YT TR s A

and the objoctive bogoman

It 4o oloo posoible to genoralize and refine tho
repuiromonts conotraint, vhich Lo given by constreint &1).
Physically, It 1s lmpossible for a HEO to deliver more sorvices
than are demandod by the pationts. It is, howover, pocsible to
deliver fowor corvicos, but this would not be consistent with
the concopt of prepaid practico, The rewaining option is to
provide somo health nervicos by extra ordinary soang.

Thut, o ney varicblo ua con be dofinod oo
ny © nugbor of typoe § sorvicos denandod por yoar and not
providod by omdinapry coands
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This verieble con be incorporeted in constratnt (1) to givo

The ny variable has | several possible interprotation
with an HED structure. In o multiclinde HED It mny bo desirablo
to schedulo cons patfente into a more hoavily steffod olinie
during pedk poriodos Another interpretation (o that the HNO
nay contract out to othef health care providers for their
overlond pationts, A third ponsibility is that ny roprosents
thoge corvieas porforned on an overtims bsolse

Several restrictions must be placed on the ny
variable for the solutions to bo romsonsble, To dovelop theso
rostrictions, defins Yhe evefficlientst

233 = par unalt coat for provision of Sypo J sepvicss
by oxtroordinery income, and | |
de‘ e mavs fraction of porvices provided by oxtra ﬁmﬁmw neant
Constraintél0) showe tho requiroments cna be provided by By

vhich has no cost im the objective function, To rectify thhs
problen, £9) cen be modifiod to

min ‘:ﬁ&(bﬁs%?"‘m + 2, Sy + gzﬁ Uy (311)

In sddition, frou a stendpoint of convenionce to the pationt
and 'p».{sr work problem for the HMO, 1t is denirable o limit the
cervicos to Bo provided by oxtroordinary meous, This limitation
con easily be Included in the uedal by gsing on Ypper bound
constraint | '

g S Vigd, W (3-12)



Thus for the financial aspects of the model have
not been fully developsd., Henlth man-power costs have been
considerad, but.there are significant cost elements %o be
included, To dotermine the total cost of medicel service,

It in necessary to include Mpuwr ogverhead cases, facility

overhoad comts, and ancillary costo.

Tn wost cases, on HMO will be organized in .=
dopartments along medicsl specinlity lines such ap aduld
medicine, podistrics, and OB/OYN, This departmentalization
and patients raady acceas to any dopartment lead to 1ittle
overiap in the functions carried out in the various departments.
Defining: |

v” » Zero-one declsion variebles 42
Vm = 1 department m ie offered end if |
Vj’ = O depaplment in in not offereds
M = Set of o1l medical departuents under consideration
I® = Set of personnel in department my -
I w Set of services considered for provisiony
Lot I m (1,25 050030000 Jpgs I )
where ,j; ie the supervisory service yprovided by set o
personnal to supervise sst I” porsonnol indepazment my
3* = Subsat of § for vhich vm » 1} end
3™ = Set of services considered for provision or to be
provided in deopartmont m.
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Thus, J = (U 0" W(U,{J37)s The V, varioble cen
thus be used as g decision varisdble to deoclde wvhether it is
economically destrable to include a department in one or more
clinise of an HMWO or whethey these services can best de
obtained elssvhere . If an H docided not to maintain o
givan departmont, 1t could contract out to another heslth
cape provides or for an optionnl service mmva it from the
1ist of benefits, If the departments are fixed, then the V,
would be prescribed, which makes the model easier to saive.

In the devolopment of the cost model there will be
three main overhesd cost @atagortés manpower overhead costs,
facility overhead costs, and laboratory and xeraye costs,
The coats for these functions will be roflected in the model,
but no optimization w.r. to them will be done. Three major
variables are used to gllocate overhead costs to the revenue
cost centers: depaitmental service porformed dapart@n%ax
budget, and the number of departmental employees. For the
purposes of defining the model , the manpower owmmd coots

are broken down and allocated in Mewee basic partes

{a) medical records, mombership, appointments, otes
{allocated on tm basing of pationts visits to
department ), - |

(b) management, plenning, legal service etc, [allocated
on the basic of full time equivalent proffassionals
is a dependent]? '
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{c )  personnel servico, administrators of employee
benefits, ete., (allocated on the basls of FTE employees
in ¢ department)
With the above guidalines, definot
ADm = manpower overhead or adminstrative costs for |
departaent n (dollers per yesr) |
MAN » ponagoment and planning cost per FTE(full time
 Eaployee) profecsional '(deilem/mywr)
PER = porsomnsl cost per PTE employse (dollers/manwyear)
BY = man power overhead cost per patient visit
{dollers per patient visit), |
"bd* = punber of type J services physiclan can perform
per year by a given specialty and for a given level
of technology. “
The number of FIE proffessionals needed to provide medical
gervices for a department s given by

PIE, = Bgpyn (430 = )by (323)

which cen then be ueed to define the manpower overhead costs
for the nth departmont

s PR Eg oty | (3-24)
To continue with the model devalopment, define the following
terass N

g = initial cost per unit area for construction (doners per
unit area) |
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g8’ = anortized cost per unit area for construction
(dollers per unit ares peg year)

0_ = naintenance and utility costs (dollers per unit area
per area per year) | | |

P, = omortization rate for initiecl copitalizations

» ¢ost of equipment in department o per FTE professional

(dsilers/manwyears)

¢’ » amortized cost of squipment in department in per FIE
professional (dollers /man~years/year)

wy = Space required per type { person (units of orea per
maneyoars), |

¥ » initinl capitelization (Gollers)s

If an H¥ {5 in & plamming stage, there may be an upper limit
on capitsl evailedble for construction, which requires the

constraint
gLy wNy + T, 2 FIR, S | A (3~15)

The capitelization costs must sleo be anortized end appear
in the objective function, which will be shown shortly, The
| plant operstion ond maintenance cost must also be doveloped.
This cost is

8, I, w,N, . {3w16)
The overhood costs, axocept the ancillary costs for the |
laboratory and xeray departments, have mone all bean included.
With suppiclent date these dopartments could be treated like
- the medical departments and the following developmant excluded,
However, since optimal stiffing patterns would not be affected,
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by additionsl detoll in thoso deportmonts, thoy are troated
peporatoly.
Dofine tho folloving coeffictontas

CLT o average cost por loboratory test (dollors/ test)
CXR o avorape cost por Xeray sorvieo (dellers/service)
- HLT = no of Laboratory tests orderod in departmont m per
sorvieo providod,(tests per medical services)
I%Rm = nunboy of steray sorvieas ordercd in dopartmont in
per service provided (m-rey services/medical service)s
From tho obove dofinition tha loboratory and weray costs are thus

end nurses, constreints (5) and (6) sroce mainly from tims
requirermts ofor Physician to supervise aumiliary persomnel.
Foreover, from the poticmt care waoc point @ PE 1o not quolifiod
%o Aagmoso snd triat evory pationt under tho indirect supore
vision node, Por pany health gervicos, a PO can bo uooed only
wader direet suporvision, That limitations results in & upper
bounded variablea, mxi 3 the mainum percent of service § that
can bo ecarried out by porsonnel { 4w the indiract,supervision
rolo. This ccefficient vill bo used for thove indices LeT®

that refer to FE's., Tho uppor bound is thus

Two further rofinoment invelve the cost structurc. Even though
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Hroe B will ogsm% on a capitation baoin, o omil foo for
pervice {o.0.,0 100 to $ 200 per visit) may bo cofrocted.
Lot 7y denste the foo for porvice 33 the incomd f£rom the

fees s thon

By vy (2 Dygryy) |  (319)

Boeause N0 provide modlesl eore on a capx.taﬁen béa:la and
are furthoyr constrained 0 oporate within o budget dofinod
by the Ghpitation income plus any oxtornal source of revoenue,
the yearly oporating enpondituros must ba less than tho
budgeted amount to covar coot of oporation. Tho budget
constraint is developed for 2 non profét inctitution., For

& profit making institution appropriote chonges con easily
bo made. Dafine the coeffisiontn.

B* = Uppor 1imit on yearly budgot for oparating ond colory
expencen for madien) departoonts included in tho
optimization (dollers per year).

Ol » Othor nodical costo, such ag cocte of operating doporim
wents that are not included in the optimimation, inpationt
care, out of aroa professional services, edditionzl coot
of premiun plans, ote.(dollers ),

P = rato at vhich eapital fund aczumzatéa as o function of
gross income from subscriber capitation fooss

"R = Capitation rate (dollors/ocubscriber/yoarly
EXT= oxutornal cource of revenue such as plonning gronto or
ondovnonts (dollors/yoor ).
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Now sinco the initlel capitelization, Y', is boing

. ; *
amortizod ot tho rate Py tho result 18 B o (1 = P)S.R = P.Y
» OMet BXT (3w20)

The ontire model can nov bo surmorized. The
objective function must bo roaviped to reflect the incomd
fror fees, and FIE and AD, will be replaced by their
detinitions piven by (13) and (14) respectively. The result
is the ovor all plenning modal (OPM)s
oin{g g,y + £,5, (bysCyodnyy o By Synpe L (1aV)8, 50 a0,
+ Ty Ugny o By 48 (By,m(8,V ong Wgn ) & @20 «
gy By agghe O Tguyly = By (0 Bygmyy) +
+ tm(emwmm + m.mm 3.@:36Jmﬂmxm bijgiﬁ *

» z@(w Zi0qt Tyer® bmxm & HAN ijm(davma-n‘s )Ibaw

+ PIR I, 40 §,)) (5w21)
Subjoct to
‘EJ Byy + ):kiij Uea %4 * X} =~ Ny =0 ¥ 4 (3-8)
B30T g By pe €y by %y g By pp oS O, ¥ 1" (3-5)

xjra(zg‘ by 4%y )+ E(CLP,NIM + CARWNXR, s

| ,, sel™ iy i S . i
zjad'm mem bi;}”j_g- * ﬁm(?'ﬂ’tdaam}@ﬁ,& 5 +Man JQJMC ) Vi Jf

¢ PIR Eg.00 Ny ) S B5w14)0, (316, (3417), (320).
ge10 Yy ’

| 18 53.5
cmmmuummCmp@w

- rinnD
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"x;-‘-‘-s“ﬁz ¥1c1I., (3+6)

ny £ MRy, '#ae.r | {3-27)

| xm £ max, a,‘ ¥ g3, tetf (3-28)
Nys V. Integer |

Thus, the prodlon 18 to £ind tho ky 40 Nyo 1y ¥, to mmmma(m)

subject to the indicated constraints, Note that OPM has gbout

25 perc:enﬁ sore variables and about 5 porcent more constraints

then the Ml, Thus the model was enriched principally through
the rafinenent of constraints that existed in the M1 or the

| addition of upper bounded variebles. Upper bounds, added to a

nodel, cause fmly snall increates in solution time, *

P i P P XTIl ve sOglere- . - w-.«h' - “““"‘ v— + T ey,
T r—ﬁa . ( TR T T LR e el e PR
. - - -

I ET S B 4 ¢ g
AN M B 4" £oyE;



Tho vorious aopoctn of ochoduling m povoer &n
varfoun £i03d of oppiications have Boon distuocod fn €irot
chaptors Tho cathoratiesd odel for tho Plant Mogntonaneo
porsomnol wvon dovolopod in socond chopter. It wno found
that 4% coudd in corpornte diffapront valuos for tioy Hordzon
puch a6 day, vook otos ond cocordingly the jobs could bo
broken in intorval of soro thean 1 houre It was found thut
the oize of ¢tho original sodel coudd Bo roducod by using
tho phycical intosprototion of tho variablos and mothopatie
cally replocing tho bisory voriablo Yim by an«. 1% vag
vleo diseancod thot tho jobehour inmogusliitios reducsd <o
¥5p9 £ 1o This o truo by ths dofinotion, So tho Jobehour
inoquaiition vantiches fron tho Pormulation.

Agein It woo doeuscod thet 1f Yoy roplaccd Dy Zgo
¥ pouletion ogoln roduesd, The immsm sauntions
of ench mnlol Porgulation has shown the difforonce gemovatod
by roducing the tobdd no. of variedblos and totol onprospionn.

- Tho pracodonos conotraints could slso be incorporatod
in tho roducod olso modol 4f it vao neodod in cortain typo of
Jobo ochoduling, '

Tho proparotion of tho dots £410 wno a toious job
porticularly vhon tho npe of variabloo ond nos of onproosion
 $noroacod.
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In tho diceucoion of tho ropult, It wan found ¢hnt
wo could ot g pioturo of soch typo of okill unod ¢n ovoRy
hour of tho tico horizon. The oneoso ohild oupply eould ®o
ooconsdntod i othor worlin of tho plomt in tho apwmm
hours ' ’

The nmathoratienl todol Loy ¢the pamepover plomming ‘
for the maimtononco of honlth oppanicotion woo dovelopod 4n
third choptor. To oako 1% oK volevont to tho aetusl proctieo
thoe vartous pointo havo boon addog to dovelop tho over old
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