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context at sn. sasrging tØ is 	tad. The rodeZ treaty 
the to ract n bstween ffoeti e 	powerili o io , 

facility requL n e end avMl able copitel., It am , 
used effectively in plenning awe* 



With the lncreauing pee of li,duti'icgtzatjon, 

Efficienc to the prime aft* Cost factor it. to to portent 
parttn acoop1itton of a job. 

arrlvers at a ached ., Rts. ob3*cttvae are not clearly epeZ]ed 
out and: the quity of his admidide aideLe dLfZiCUIt to assess 
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off., Robarta &.$. and. EecWero, ear 	Ms contributd a iot. 
of attention In foriiilating the prober nfld to get it sOXP4 by 

OP tWtatlm tec!u4que, We coneidar the following situatton to 
80 through the Idest used in tor*Uleting the prble. Suppoøe a 
'List of jobs lei avattblø, all or soma of i ith. my be ethedules 
wthth the xt horizon. Each job has been brckm down into finite 
tim. 1ntervls, and the tAWs required for eh tt* Interval 
are known. Over the specittsd tine Horizon, the giber of personnel 
in each skill. available tskno, Kavingpickod.a set of jobs to be 
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requl.rnte of the jobs emed the total mUll avaUebUities; 

(2) total MM requJxommts at the jobs equa the tot4a skiU 

avaUabilitles; and (5) the total skill reqtAz*wmt of the jobs 
are loss then the tOW skir: *vail*biflti.s, In the firt ease 
there is no g6lutiono Ono =at dither deems the number of 

jobs to be stead or increase tho *IU eupply# A quick ohook 
on to totøl e*i*i .rq4xnt egaivut *e to ekUi av*U*bis' 
itties ski 	ektU 'eon decide this issue. to the second case, 

thin does not sure that teoe*e eaedU1e exoists. 

This cgao to voprosonto however, the ideal, ease whore 

It VAY not be pas*ble to tbid in schedule for the job tht OkM 

rqz4reents and Skill 	 t1biUttos. When this occurs, jobs 

ReItan I stern and rvin ftrahE43 has given the 
Idea of schitng for the Air line eleantme crwa# It elm* 
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Its bate structural- slams are *e3ated to the viable 
schedule wiri au flee M' size p oblea treated Oert  s k and 

(e [2O3 	the sinirnu Ueetsize it *, one reaour 

unit is required to process each activity ftorrnUy over the 
activittec duration. :eft this 	i s each aetivity seuires  
a different fixed quantity of resources, arid theøe zrnset be 

diributed. in n aDeotfic pattern over the avUable time span. 
of the activity, Mover s schedule horizon Is partitioned  
into 	s (ettr , each with a different cre cat.. 

Activities 	S Mat be processed wire a single  
e U  4for defence is that each crw ceiber atut process 

a special seUvity (the inoitleti 	 only 
during specified pc tons of the scbduo1i 	All ot times  
cosplexittea vtx idle within the frame * ot our Integer 

variables Able to guarirntoe•' the avoidenco of certain undesirable  
b 	:.. 	w , 	y :~ .. 	M 	#:-i 	-•. ,. 	Ap..,., , . 	.b 	d •ii 	M. 	' 	 _.. 	b 	b t•' 4. 

Concarr4ng worker inteupt1ons, it was fat that Most of  
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the number of workers weld to a pa tes job does not 
decrease over tiae until the job is coleted. This tends to 

reduce the possibility of the worker, once assigned 	 job, 
leaving it bettor* its coletion (Worker interruption).  
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jobschGduith8 approath for different ktnd of problems øuth ae 
(1) Pro 	() Du d*fie ( ) no* of operationscosts 

(5) Set up times ( ) 	1 	(d fora) 7) S 	(bad 

on processing time and duo dates) (a) Machines 	er Oriented 
mss) Approach-* 

4 r 	 • f 	f r R 	d 	 !a4 	A: 1 	'N' 	 k N i 

k 	m 	i" 	..•r 	a .. 	+F 	 it 	n v +' +~ 	L a 	r 	by ; 
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The 0 con.cept has been proposed an a potential cure 
for a number of emblems present In the uric Health Care 
Syst.a. Auong the most frequently Cited are rising post$* the 
episodic rather than preventivenature of health care delivery  
and mel distribution of sarvicee resultingInadequatesea*$$ 
to ce4o in inner city and rursi arse, 1D have tbtecentive  
and resources to contain. costs through mater use of eu*tlLery  
personnel,* thcrased levels of '+mac o o p mere effectent  
organisation, and •ffective use of 	 s purchased a 	tay. 
The planning dectøono reuirod to determine  the proms mix of 

services staffing patterns, and level Of technology for a specified  
subscriber population are coilex and interrelated 	 point of 
Initial service delivery, 
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a neheduie, Since tbo number of jobs always oceeds the 
capacity of the porconnel to prnceco them in a gIven day the 
scheduler bee flexibility In matching jobs and personnel* Both 
the list of jobs co1.ctod to be ttorod on md the Ust of 
personnel are voiatUeo i.e schedule of jobs and personnel can 
be die ruptod by emnergencl• . JnØr these ci mtancec, one 
or aom jobs ctuimtl7 beI1n tokod on may,  be sbaderied or 
halted and personel switched among jobs to cccomaodato the 
needs of the eaevgoncy 

In this dissertation the prblem faced in coal 
Induatrioc has been conoidorod. Shore 'en Elect. and Mechanical 
department ezicte, Under this department the maintenance of 
the equiponts uced in mining Le per'tozinad, Meny kind of 
procoseus exists in betioen mining the coal to despatchthg 
of the coal. Mach process goes under the following sections 
1. Locamotiv(?/Sactton Wo.tmdergmwd mining section 3. Water 
Pump Section 4. Mining car section 5# Coal Handing Plant 

; 

Ch*1"a section* 

To illuotreto the use of optiateation technique to 

1. Locomotive number U. and 11 are under maintenance 
20, 	l4cometive under running 13 is Under rnanknanee.. 

COal cutting mocbIno2 is under maintenance 
4. Drilling machine to tinder maintenance 
39 Swttch-gaTh is under maintonnca. 
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Tho nuaber at akill hotsrt ro utr d for e*ch job 
S given, wd r the following tublos  

Jon 
_. If 	* 	ii 

« 
rrrnrm*1ni I. 

I 20 	go 1ff 	10 40 

2 
10 	OI 20 

40 	40 40 	211 20 

10 	10 on 

a 
20 	20 20 	20 20 

designates for mechanic 
E designates for Zectricien 
if doeignatse for Helpers 

SieduUnProbleiae are combinattønal Problems 
and as mieh, are non1inear# The non linearly tutnfeats  
i sc f in. the fat* that 3 3 	begin 	 salt,* hour 1, or  
hour 2, or #  * * * or 	It, but at only one hour#* and sthilarly  
for other Jobs. This 0 ring situation,  where esch job 
occupy a, number of potential time *lots#., but can fill one and 
only one 'ot then, It the cause of the tortiineirtty The solution  
of the scheduUng problem selects when each job shell occur. 
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¶1ø by pot the 0 ri.ng nature of tho proW4ei, we 
tdU introtucô two types of btnr 'var Gblo;, ' 	 nd 
' . 9 	Varta e totemino at tt ho job 3 4iaft 

Per enob Z 	rtab1 teem i co ponLn not of 
vaj* asbleD that deterr3ineis skills oho. bo rp oy 	, 

i!;1 	̀  a u 	,x 	4. •s 

1_) the 1114 u a.n 	 Uioiction  
ca 	♦ Y t 	 i 	ar 	i 	t 	 wi tr• 	x 

r eonvonion,e to r ,l cnn the 	.. w * 

U) The Q O Oro brokon into too b' erve1 of one hour. 

vartabloc and equtiovi.. 

- 4'=. 	',S 	?rX 	i. 	'1Y'r 	•» 	`! G 	-.: 3: 	~v 	! 	C,R".. FA tfa' 

l 	w 	ww • t 	a A a w 	 G qi 	 a' 	she 

(3) The ti Horizon la edfor the ache8uUng o., the 
i4:~~ 	+,.k 	•. i : ' 	i1 	~ ~ 	ff". 	'awn 	$ i.. 	` r0. - 	-~} 'q .t 	,4 	?J ~ x: 

4) The och6titor ba 	e jobs to adulo than tho arcomol 
rAUbio to proc the Jobs over the po i 

	

or z. '' is le ral .o tc cinco there l • w 	a back 
log of jobs.  3obLachedulth too fr in advance ie not sai o 

5) The no of ,persons g able Ln each cIU tokriown for 
each tii intorval over the tine HHor n 



12, 

oubcpt, for to1iIsidil 

pubscrlpt# for tho Sth job$  
cubocr&pt for tho kth hour clock tSa 

ci'1p f*r tho Z*b atcrtth tlrnc; of ajob 
for the tth hour from the start of n 

11 

JO*00  Inomment.01 tftte$ 
m ouri rotiuLro6 for the ftb rkill. on the jth jobi  

at the tth hour frorn the start t t jotq 
H 	= horizon of hedu1iz, hours;  

ntrof jobs tobcteduiGd; 
iv totol no. of v&111 ty.s  avtlublo 

6 	a skill hourt nvntlabli for the ith GkIU, kth hour 

clock ti,ç 

Yon m binary variable for tho ith skill' on, jth job# kth 
hour dock tim q  Ith starting tie for tbo 3ob if 
Y$dtu 1#  the job .Lc echodulod it Yja  0 01, the Job 
to not 00hodU1640 
binary wirjb10 for the jtb jobs, Ith Stafti" ttn 
for tho oh 	l, joh in adbodvIod 

at 01, 	 In not cdhedulod*  
a job duration*, nubor of clock bourn for job 

Index cot for aldU typo roquind for job j 

{Ik} t index cot of kUl types that ore used in hour tt 
* ijdox ret for jobo that use akil I In hour k, for 

atL t m'i4  I swabvertptj 
{1c) 0  i not of ors whore skint iueod. 
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The Won sot notationis uced, since not all 
tee may be avui1ab1e4 For eIf sew tho aka 

ob 1' A u rtthe kiU types i2 a taro avi1Qb3e tar  
all joba, 	find in thin, oa 

given in Dablo 1. fro tath aqrcro t+ one hour* We code 
the i1tilis asr c . 	) kki11 type, 1t E1 	c 	(E) 131 cm 
type 2 and. 01 x* (1:0 0 k 1t type 3 .# 

Ae arotgt, 0 	begin In our ► 	r 4 
not beijtn in r booms* it is 	 o job and starting  
in hour io.d cause the job to torithste In hour9 hLCtis  

beyond on horizou. &itiiy, job can 'begin in hour 1 or 
or 3 or 4 or 5 or 6. 

WO oo4dorfirst the 	our , in!q t ' t so hi 

sidil by skU1.  

binyi111 3U3111 N12Y1121+  h3 Y * b2 Y 3+ b 3Y 

+ h3141%141+ h15T1151. 3153151 1 • 33t I.hour 1 

N 	4n yU + 

 

U2U32 b31 T3 3 + 	Ta42313T3l42  
~ 4 	4 31 ' ~ 	.g .0 + 	~Y 1+ a2 16 job 1, hour 2; 



4. 

hti3Yu~3+ 1U3t hU2YU43 + h,1 4? bT34Y3153 

+ 	 + W1173+ '414617A Z5. 
job i, hour 3. 

m1144 i5i4' bllAlse h3223154 	64 h3Y34 

+ b2 4 114# hY34+ hu5Yua4 + h 5Y381 5 
Job It hour 4, 

Z4iewise the job.hour balance Lntualities can be 
written for other 3cb* 

Here the first line says that, if Obb I began In hour I, 
the skill hours for akfll 3. In hour I times its o&sociated 
binary varLabie, plus the skill hours for skill 3 In how I' 
times Its aswelated bixxny variable# plus the skill hotire for 
skill 3. in 1oiw 2 tins its ezoocUted bin: 
the skin hours Xor skill 3 in hour 2 times its eaooiated 
binary variables P the skill hooirs for skill 2 in hotw 3 
ttaas its asocioted binary variable# plus the skill hows 

for ekLU3 In hour 3 tims its aeeoo&ated binary vartablo, 
pluatheUhourstoruki2inw4tia its associated 
binary variables plus tho skill hours 3 in hour 4 ties its 
associatad binary variable* plus the ekiU 	for skill I 

In hour 5 time its, associated binary variable, plus the skill 
hours for skill 3 in hour 5 tiffs its .associated variable is 
1*5* then or i 	to the sum of all the skill hours 

b323,'+ N22 
in this inequality's 15 hours. The second equation gives the 
saw information as the first equations, e%clpt job 1 now begins 
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In o 	-o 	 r job (e5), and tc 
plQflr4n florizon 	 8). the nubor of otu 
tizaoø . n z ot inaqu tin) for job I ego «» + 
or B 3 * o 0 Note by to dofinitton of Ist.0 that thorn 
tes are 	dotin thc, cguis t The bnc p ` ! 
z'eprecont thcr'ornent.tI tLie acs w+ stem ofa job# so, no  

hor ihen tIu job bet tat the in 	 nt tine tdo 	assume 
VCIIUOC Ie2, j, e3 to C0?VGpOUd to the '.L 	OUT job d 
of job I. 

is B9OCtO8 iU tbo o  vibio iU be I in t 
is rwinn 	v't" i b 	.tn. tho other' lw alftt :fob" 

job 	ill ' :# .* This 	 j , 	I h .o two ) 
LU be hh ule or + ' jtia oi once °4thtt th timoo i.n, 

tho ,3ob, job dtwatb( 1  for job 3), snd the skill how 
utilized Within that cio k tom. 1o* example, i job I rum i 

for the fLr. hour* ttlan U 3-0 	a Z4kewtse the sun 
hours . in oar ofl2eflrcetiVe bow., l c € 1 a  `' 3I ' #" 

Isb31It 'b 	2" '"3 4 'Lf 	11  h 	4 end  
the total skill hours '*r job 1. 

$ 	• ,1 • 13+ s z 1 +b + 3] 5  1`5 



While the dook tiue to do the Job ale ei to 5 

The ekiU hour balance gives, for each skill, the 
hour by hour ekill requireznta, which amt be lee than or 
equal to the skill aveileblltty at each hour# The ekiU"hour 
balance inequaUttee are extracted from the job.hour tnequaii* 
ties for oath skill by susing the OMIX requirements for oath 
hour across all the job.hou. inequaUttea, 

LZli M14U 	 hour 10 

h1Y12+ 	U2l'12222Z + 313 ¼3ti322 	Y4 
S 2,Skjfl 1, hour. 2* 

hiY,,* b 	t3241i!U,? b3Y1231+ 3.31I33 	Y1332 
+b433Y33%+ 1j 41Y 433  8130S111fl  ,hour 3# 

u2u43+N2jl242 h122l24,+  34U4l133l342 
h132?13431fl71344+ b141Y144 B 40 kiU It hour 4# 

h11954+  hiju1+ 1Z255' b223Y123  39Z354133Yl353  

+ 	b 35Y13%+ 	 j S15St11'L 10  buv 5, 

&116Z1266 h12  Z264  

41141Yl466 £Sz&. Skill i,bour 6 

I25173 ) L23tl275 	 I%135Y1373j 817,SkiU 1, 'UAW"? 
+ h12Y1206# 5l3eI  $, Skill 1, hour 



Therat auatton to table 3 represents the &i1*how of  
skIll I ties Its sesociatod ' 131a  variable sad over all 
jobs that used 5k1U 3 in 5 1Uhour 1. The second *qualities repre.  

sent the ;still hours of skill I times its associated 
variable auttaed over oU jobs that uecd ski 3 in hour 2# etc* 

The skims are foud from 	 amour inequalities fres the 

subscript . on j##  and the coo tine hours are found from 
the subscript on 	The- right 	 of  
inequalIties are the Stu  terse whiCh are iflput data, ape 
dent of job erected, 	 s the scheduler's ream s 
of the 	at the kh ham, 

a way to select 	job rInequalities when the job$ 
and the skiI) are to he 	d To do this, we -introduce 

another class of :nary vainbies 2331  which 	the jtbs 
job#  begining at the I th starting time. TO illustrate the use  
of the 	 ariab2es, we recall that job 3 say begin at hour 
1,2,3 or 	 e thereforeexpress- this 

which -enforces the re Itrasant that only one zu I W note 
that 	La associate with the fit equation of the jour 

q 	 associated with the acond equatIon 
of the jour equaticn for job I etc*, giber sore to assure- 
that all the 	associated with Z will b 3. When 

willbe OwnZ 	0  wt the 1loyI 	, s 
-recognisthg tbt job I is o five 	job, that 	 1,2,3,4 ,3 



Table 2, wo have 

Tnu u v U2 Y 	* uo 
ynn * Zn, Zj* 0 U. 0 ZI* 13151* Zn 

1122 * 3222 *.12*  U2 3132 12 2 42" h2o 

3142 l2 	152 	412# 1352  gig* 1Z62  212,  3162 	12 

Y1133 . z Z13, 13j43 213* 1,143* Z,,, T45  

'Ymm *  Z]y Z33* %63 * 213* lU15z 0  213 
- for 3rd rowe 

1l44 * 2141 1,144  214,  fl54* 214' 1,154 Z14 * 214 

1,164 * 214, 1 74  * 214, T574*  214* Y1184 214' t* 214, 

fl..93+l 
244 

140 
Aut 

3 * 20 

WiII be roforred to collectively g5: the teioctLOn equetions, 

for their ut1tzatton makes it possible to select the oppropriate 
thequslitie8 and variables in the 3obhour inequalities nd the 



1:9 

skill hour iuoquni ittes to create a schedule. 

Our cib3,ctive La to mlMmise the idle tlae, This 
ob$ectve function way be "pressed as 

min*min(ZSøZZZZ)h Y ), 
ik . tJk1tt 0cI 

Whero thef it ter& on the right aide represents *1:1• the 

MITT  VVIEZZIT-77'."I 	111111115 1 

to 	.nts the 3k&fl hôzw 	jarad* fieeiae 
is e constants  ifl$tAd of irtiitUng P, we are euislently 
rm3xtmLs p. 

Where P.t z z x I h 1 

To generAUw wo may write this as follows 

rnazF 000*22ttrC le ftl (2-i) 

Whore c3n  aro the values assocteted with 

U) jpriLj 
+ 4 i 4 	 03  

b T 	Z 
kr 	t 	it(x} t. 	10-01 



'' SIO 
	

(24) 

te(rk),c(rc}, 
(iu) 

* 1! 	1* 
	 (4) 

WW 	 Oj 	 ke,  i93  

,TFsD JiW è 

following observations* 
When Job J etarUng t, the Ith hour, is chosen for echoduling, 
all the Yijkl vartables In the Ith row óÈ, the job iour inequaUmw 
ties are equfli to I and the remaining Y13  variablee in the 
other rows of the jobhour .inequellttee for job 3 are equal to 
zero* 

O4Lz observation mans that for each row of the job. 
hour inequelittee, we can employ,  one YjjU  to play the role 
of each of the other 	We have chosen 	to rep2se* 
all the Y Jk, term t*4 row T of the Job-ho= balnnc. &irni. 
lary, in the ,ekiU..hour balances and the seleUon equations 
Y 	may heisod. 

The oditiod 3ob*hour bsLance Inequalities an 

Chiu +hu34hA, ).(h.4+ b31  )Y31  
+ b2 )Y 11 j 1,3ob l,hour I. 



EA 

Hera agaU ye eao that t1re d1fteroxt hina.7 variable 

üu 0  Y21U - T3IU It tLz't row but it Yi331  In thiø 
row is equal to one, the remaining 	ehtU bezL. 
It owwm thee variables con be taodlflad again by 

irz'ecpectie of skill type uod4 Now the Jobhour inequaU.* 
ties eve: 

WO 

(hiii+h.24Z+6,jI+ h 12 	 5Ob II 
hour  

UI25I23,I?h2Z4314U54Yl, )Y12  5.job 1, 
hour 24, 

hour 3. 

b 	 l5,3ob I 
hour 4. 

Tho skill-hour balance iuGqueUtisa for skill ypa  I e 

NUAll . bY+ h13jY,. 181-1  Skill 1, hour 10 

" II2111" U t13U 	1 L3232t 
+ bi4iyOa 0120 SkiU I t, hour 2'*-  

• huz 22  bi2.1? 23'2ZZ + 

+ b9322+ h133Y3it+ 'I4Y453 	SkU 10  hour 3 
+ h1 3+ b 3Y 2. h3Y 	+ 11130311 + 

+'133 	 h139333+ h331Y5j  + h143Y44$&1408kLIi i,houx 



22 

h112Y44. i5YU3+ ht23Y2023T233+ h 2Y34. h333Y333+ 

0 
	. 	, S, SkIll 1, hail 

hi:9t+ 	h123Y24, Ø3344 + 	+ 

SkIll I*  hour 6 

h 34%4 + h 5T333 	SkLU i., hour 1 

'¼,144 23266 	 BkXU l hour 8 

L9 	(V* $*b t) 

%22 

ZIA Y3.44 

TIN W174t 

b4anea imprAities W 

YZ, 3si, E, 

where h for the first b.ttour inoqU ties 

h* 4, ha3 0 10 h214* 

+ 	' 	+b322 + h33  b314  +h3 +  NIS 

Like wise tbis ean be seeu with other jql>shour inequelittes 



0119 

Since 	jil realydontt13(i)anytnknøtt 

ortLnUy, i,o$ 	bcthg ct b1navy variable*  e' cen drop the 

job-hour inaqualities f& the rntor t1nr Progrsr:r: 

expitsjoyi to emate the GiU hour baiwce inequalities and 

to cDecto the In4ex catA, 	11, 	(J), {K)#, 	t,er nre 

we need thornjob.-hour 10alsom Inequalities to I:oYG*t the 

solution of the Unow progran in trs or T back to 

In Other vords tm • ULe the job-hour expro&u4one Ott.*1ino or 

ou1Lde or the optatztitor4 to preparethe e iour ivaZi. 

ttoø and to interpret the solution 

The sThctin oo pr4lous OX. 

11-Qj 4:1 
1 	Zil Cs 10 	IV 20#0VO A* 

While Y e I 

It t2GL'fl13 that Zjj  I I 	to orlgtmny trwo that ZA i6 G 

binary variable so we can use Z32.  ft place Of YJ11  in tho 
fouatianq 

Raw the ovorU roducod ciao formantion IX becomes as it io. 

S 	i{rk} Kc{J} 	.  
it 
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3*1 
znaxtii  

p * 	2 Z Z C 	 (.2?)  
3 

it •  

34 3 

34 3  
+ 

jai 

Total 
3 

-- 

xpr'ouions OGnezj 

TI 

3 	 Jed 
..r en 

n 	 A 

I 	a(f +i) z 	 o 31 343 	1 

71 	 71 
Total. 	 (p1.44+1) 	.sn  

3*1 	 34  
• i. 	 *+. 



(2,6) 

j 	i*rNOW ,  

IN 
r1rlTu- nE-r1f.w* 

314 
w—  

3$ XE 
4F.rT1.* 	TT 

3M 
ZR 

TT1 
2K IR In 

1i 
60 

tfrrI 

23M 
IT.i 

3$ 114 
in OR 20 

5 IN 1$ IM IN IN 
4ff 4ff 4R 99 aR 

4 314 
sriwrri 

i. 

J 	Lt r1r '1Iu*i;, 	iW 

ZR ZR OR  
it is 3$ 3$ XE 
go 2H 20 20 211 

Now writing the øv.raU reduced øtze foradettlAn It 

max P*x(Z.Z .Z15 

'92 23 

4(151 +Z52 +Z,, 4Z%)45 



211+ Z21 Z51 (i) 

Z13+ Z2 + Za  + + Z 	 + + ¼ Z431 2 W 

Z 4+ Z 	+ + 4 Z34+ Z 3+ Z+ ¼ 	2 

Z12. Z26  + Zall  4' Z34 • 77,3e Z. Z46 j 	( 6 ) 

Z13+ Z25 z, 4 +Z,, (1) 

Z 4+ Z26 + Z34  2 (a) 

(4) 	
(2) 

(3) 

26 

2% 4 2 	() 
Z21 .414+Z32.Z5  

ZU • 	242 + Z+ Z.Z# Z91 , 2 	(u) 

212 + Z3+ Z2 	+ Z4. Z49454*Z. 2. Z 3 	2 (12) 

+ Z12+ 224 • Z+ Z4 +254+ 	. z 	 + ZS, 	2 () 	(2440) 

+ 213+ 225 + 245+ Z4 +Z54+ 253+ 252 .. 2 	. 	(14) 

214 . 226+ 246 	2454 Z+Z 	j 	(i5) 

246 + Z54 1 (16) 

22fl+ 221+ 42,1+ Z+ 2Z% 	(17)6 (i  *00 

2212+2211+ 222+ 	 2 1+ 2Zi j 	(is) 
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2Z. 2 14Z11. 1,Z23+ 0422* 2OZ2, 4Z33+ 3 +42 

. L4Z43fl.Z42. OZ417 az53.2z5 + 2Z52 +225 1 6 (.9) 

+'Z31+1 	 Z!W2Z52+2Z51 , 6 (20) 

2214+1 .Z13  .i.Z+4J+1.Z 	Z+2. ZaG4*Z%+44  Z33  

+2Z+2Z410Z44'1  

17-14+1213+47,12dZ26.GZ25.2Z24Z34+2Z33+2Z32+1Z44+1245  

6 	 (n) 

JZI 	 (23) 

2Z14.2Z34 	 + 546 

(SELECTIONEQUATIONS) 

( 24) 

z 21 + Z. 2 +Z+ Z+ Za 11(26) 

(v) 

241 + Z42+Z43 +244+ Z+ Z46 	(2$) 

Z5 .Z .Z 4 	 (29) 

(2.7) 
The )i LtO&GZ projrzn haa the Ilornm 

N 
minva" 2 	Z C(J) X(J) 

jai 

2-12) 



IMI 

N 
sttbj*ct to Q(1) 	+ Z A(t, ,i) x(i) 10 

j4 

I 0 10  20  0000 M 

x(J) a 0 or I 
s 1,2,..., N 

war C(J).0IJ*Z,2, ..,,N 
The notation used lot 

FM * the set of subscripts of the veviebes that have not 
been specified to be .0 or I. 

Alt 

able specified to be 0 or I etc. 

ZMXN *the value of the objective function corresponding to the 

beet fesetbie Solution to deft  

VC 	$ the set of violated con*trr*ints. 
T 	* the verSab1es In flES that bavo 

(a) Pn objective function coetficteit loss then BOUND, 
whex*, flOUNDZMIN .zc(z)x(r) 

IeNPREE 
(b) A positive coeffttent In SOW constraint In VC 

IXA) i 	.irFi: 



EB 

Set,  FREE 	U. a..... 
W. 	m 0, the oupty,  sot 

1010  

celcui*to z z c(Z) x(X) 
XeNFREI3 

Note that som of the X(I)'s in the Qb*VO sum may ho spcUied to 
have the value 0, 

Zm VC Iftnoto taw set of viø1atod constraints. 

MARM 
It VC ic ety go to step 12; otherwise, go to step 5, 

Select the MM variables that have a chance to sake AU of the 
constraints feasible. That is lot ? be the set of variables in 

i psttive coeftciont in sow conatrstht in VC 
2, An ob3*ctte fuctin coefficient <BOUND 



A. viojted constriflt can only be made more* infeasible 
by *ett*ng to I a variable With negative coefficent in the 
constr*tht, so only 'variebl•s with a positive cetticLent In a 
gjifl constraint have a thanco to make the conetrairt feasible 
Q. 0). Uewise,. a variable X(X) In PREE such that 

z c(r) x(x) + C(K) , znxn 
ICNFM 

77- i 	
77- 

jai,  11  711  ff 

Set to 3. the FR2 v*fl11ab1es in T that have poitive coefficients 
In the given constreint 

Set the RME vriab1*s eql to their Mmottled values. 

For each variable, 8* X(K), in 'Xi, evaluate *net constrain. 



(z), 	lip ar t+ yt 	using the N!RI'S vari tiles 'isi them' 
specittedbus*  x( 	, ond the 	ining SE vari&ie 
each set equal to 0. 

r tt 	 R 	i 	-v.rt  

to stop 2. 

t` NPRI isty go to stop 21#- Otherwise no tøasible ►! 1e on 
e 	s 	r 	r 	a r 	64r "J 	 r 

P 

The *rubles in NPR 4tb their specflt.d values, aloes dth 
variables in 1R ems, 	l 	 r Er 	cOiete solution. 

to stop l * 

XE Z <ZPIXU, go to step 14totherises go to s 15+ 

Set. ZtiXN go Z. 	r the 	to solution and go 	 step 15. 
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Back 'tick, If NPR1E is empty# the fear 	eo uti n 

x(t)  0(1 a # 20 .,.N) to 	 so go to stop 20 

then 	to step 16. 

Mk* the last r 	st) element in NEE negative end go to 

,M. #-'fi 1'.iF 	.R .t 	ti: 	♦ : M~ - ' 	♦ t 	f 	+ 	 'R : :.=t#= 

#"4 	 f 	.f C 	 s4. 	 Z 	d 	#. 	 4! . 

alp of thØ Zest le t in Nor,to minus). 

It all emonts 	RZ are negative, an optimal eolution has 

4-'.. 	11.11 	1  

elmenta to  Go to a 

The complete solutton corresponding to ZMIN in optima., If 
ZMIN r 1010, no o s M e solution. Print reu1ts, Stop, 



P 

tf 	S TA RI 

VC SE, I OF VIOLATED 

VAPIABIA:; P(US FPCE 	 M PT V 	OQ 
140 

CA01-IN 0 Z MI N 

LET I M: 	 PBLE COMPLETION or nir 
PARTIAL. SOLUTION REPRESENTU.O 61 	A WHtCH 	
NFREE NASA SMALLER VALUE 

OiECTvE FUNCTION 	 THAN THE CURRENT ZMIN VA4UE 
cc Ff  

;Df?A pOsIivr 

'CILNT fl4 
LS'TRAtfl IN '(. 

NO 

YES 
MPTY NFflE fl 

NO 

FOR fACI1 CONSTRAINT IN VC 
(u) SET 10 ONE ThE FREE VARIABLES 

IN I THAT HAVE POSITIVE 
COEFF ICI *4TS IN 01VEN CONSTRAINT, 

b) SET NFREE VARIABLES EQUAL TO 

THEIR SPtECIFIEt) VALUES 

NO FEASIBLE SOIL 
TO PROBLEM 

ARE \ 
ANYOFTHE\ YES 

CQP4SThAINTS STI1"" 

VIOLATED / 
	

STOP 

NO 

RLMOVE, FROM FREE AND ADO 

TO NFREE INE VARIABLE IN I 

THAT WOULD MINIMIZE THE TOTAL 

DISTANCE FROM FEASIBILITY 
OVER ALL rONSTRAINTS.  

FLGURE$ * 
2.7.1 

FLOWCHART FOR ALGORITHM 



v . 

VARIABLES IN 'NFREE' 	 I 
~~../ 	ALgNG WITN THE 	 NO 

VARIAIBLES IN FREE' SET 	 Z<Z MIN 

EQUAL TO ZERO FORMA 
COMPLETE 50l~UTION 

YES 

ZMIN = Z 

SAVE CURRENT 
COMPLETE 

ACK TR AC $t 

N YE S NFREE Ø> .~- ..__~ 

 

t N 1  NO 

	

A
AST 	 ""_ ' 

	

MENT 	 MAl(E LAST ELEMENT 

	

IN NFREE 	NO 	IN NFREE 

	

\NEGATIVE 	NEGATIVE 

YES 

MAKE RIGHT MOST 

	

ALL 	 POSITIVE ELEMENT IN 

	

ELEMF NT5 	NO NFREE NEGATIVE. 

	

IN NFREE 	 DROP ELEMENTS TO 

	

NEGATIVE 	RIGHT FROM NFREE 

AND ADD TO FREE 

YES 
~+ 

COMPLETE SOLUTION 

	

STOP 	C O R R E S P O N D U4 G TO 	 ----- 

ZMIN IS OPTIMA!. 

FIGURE .I.$ 	FLOWCHART FOR 'ALGORITHM 
2.7: 1 
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Nc fe&stble s*iutton to the 	 .e'n. Stop.  

The now thert "0r ̀ the ja 	.: 	L 	In tgo2. 4o 

K - b. of v rIeb e 
I "' +0 	` zo<OR*constz1einta  

MOST 	 o f> O Con& tnt 

MVP 0 for m im*ztIon Problem 

if> OR cnstraint 

B(t) 	constant in tbe coetreint 
A( X,J)CoetfLcientfi In the eoustrints 

C(3) Cost coeftitente. of obeotivi 

The proms vU coIv. both maxiiz*tton endminimization; b 
with positive or negttva + 	fficiante0 The problem is 
presented to the p 	t in its o?igins]1 for' f ond the program  
tae& Qe of the 	sEiIy lark to get it in tho B dQ 

torn for the implicit eivaeri*tion a1gorZ bn. The only quire nt 
is that Us objective tunotion and/or the conetraint8 must 



1H: 0RTG1fAL C(if'JCJET 

C UD 0 >  
CODE I > >0t1 
CO 	L)E 2 > 

CODE C1lSTP.T p(j,1) ACi,2 

I 	( 	 2 
+ 	 I 

(I 

ci 
20 	 2 

+ 	 I 
V 

3 	0 	 2 
+ 	 U 

4 0 	 2 

5 0 
+ 	 1 

1 

o 	c 	 2 
+ 	 U 

0 
7 	C) 	 2 

+ 	 U 

e 

V 

I 

U 

U 

1 
U 

0 

U 

U 



OuuT WrING  

ih; 	t)J(Jjj. 	CJEJCETb 	UF 	TH 	CL) VYJhi 	NT3 

C UDE U > ACONTSAINT  
COIJ 	I 	> AUNW518AIPT 
CO 	UK 2 

I CODE C3TIT A(1S) AU,2) AWA 	ALI4) 	A(i,U) A(I,j (j,7) 	ALL,) 

V 	 I 	C u 1 
U 

2 	C 
U V U 	V 

I 	 V 	C 1 U 
V 	 I U 1 

3 	V 	2 
+ 	 U 	1 	1 	u 1 1 	V 

V 	1 	1 
V 	Li 

1 0 U 	1 

V 

	

2 

U Li 	 U 
4 	 2 

+ 	 V 	V 	1 	1 U 1 V 	1 
1 	1 1 1 V 

V 	1 	V 	I 
S 	 2 

(I 	u 

4 	 1 	V 	V 	I U I 	U 
1 	 1 	1 1 U 
V 	V 	I 	V V U V 	1 

+ 	 U 	I 	U 	U U U U 	V 
U 	3 	 1 1 1 1 	V 
V 	U 	V 	V U 4) V 	V 

I 	 2 

I 	V 	V 	V 1 1 ii 	U 



.8 7 
U U 0 0 U U o 

+ U 
1 

U 
1 

U 
0 
U 0 

U 
U 

U 
1 
V 

U 
u 

U 

9 7 
* C 0 0 U U U 

U U ta 
V U 0 1 u 

4 t U U 0 1 0 U 

C U (U U 1 1 u 

U U 

V U U I 1 0 

+ 1 0 0 U C U 

1 U U 0 1 1 2 1 
13 7 

+ 1 1 U U U I 
U U U U U 

U 2 
+ U I I U 0 U 

U C) U U 0 0 
1 1 

iS 7 
+ V U V (U U U V 

U 
U 

1 
U 

0 
1 

0 
1 

V 
U 

U 0 
1 

0 
1 

10 2 
+ U U U U C U U U 



h) U 1 U U 0 	1 
17 h 

+ 2 u U U I U U 	v 
U 4 0 0 U 1 	0 
U V U 0 2 C U 

+ 2 0 1? 0 1 0 	u 
C 4 4 V U 1 	1 

19 6 
+ J 4 2 0 2 u U 

0 4 4 4 U U 	I 
I U 0 0 2 2 2 	0 

21? U 6 
+ 1 1 2 2 2 0 	1 

u 2 4 0 	U 
1 1 0 0 2 4 2 	2 

21 U 6 
+ 4 1 1 2 0 1? 2 	1? 

I 0 2 2 4 4 U 	U 
0 1 1 0 2 2 2 	4 

220 6 
+ 0 4 1 1 V iw U 	2 

23 6 
+ 0 4 0 0 0 	U 

U 0 0 2 4 U 	V 
U 0 0 1 0 1? 2 	2 

44 0 6 

2 0 0 1 4 0 	0 
C U U U 2 

252 1 
+ 1 1 1 1 0 U U 	U 

U U 0 0 U V 0 	0 



U 	 U U 
2b 2 1 

1 1 U 	 U V 	U 
v ( 	U U 

27  Lf 
1 
L 

+ U 1) 	V 	U V U 
p 	U 1 	1 	1 1 

0 	U 	U U 
1 

+ U 	U 	U U 
U 0 	0 10 u 	1 
I I 	• I 	1. 	U U 	U 

29 2 1 
+ U U 	C o 

U 0 	C 	U V 	U U 
U U 	0 	1 1 	1 

TlU ('cV 	1C1Vr3 	IN TH 	O1GJtAt1 U0UCiiYE FutofIUN £0 	, 	j1jU 	AK; 

15 1 5 	 b U 
b 21 	21 	21 21 

5 5 5 	5 	15 1D 	15 

0PI;AL SUL1i1(1 

V A? 1AL I HAS VAiU K UF 	0 
VAUAiE 2 10 VALUE UF 	V 
VA1I! 3 tjF 	i 
VIAL dA S VALUf 0 	U 
VAPItL 5 :1A 6 VAUf OF 	V 

HiAL E 6 4AS V A li  V OF 	& 
VAPI 7 tiS VA1UE OF 	o 



VZ%RIi~.3LE 8 HAS VAI4U►-: [IF 
VAKIA6GE 9 HAS VALUI; OF 
VARI 	MLE I ? r1At VAL,Ur.' UF 	a 
VAK.[ArdLE. 11. [HAS + ALUt<; U[' 	I 
VArI,AFB,I.,E 12 AS VAbUt; U?- 	U 
VARI_ ..\JL" 13 AS VAtitU ; U 	" 
VAkuA6L,,C 14 'LAS vALUh, O 	yr 
VARLA6Ti 15 HAS VA1,UL' UP 	1 
V A 	AAL fE 16 HAS V ALUh 0 
vARIA1;L': 17 HAS VA[JU►L' U 	tr 
V 	PIA~4Lt I8 HAS VALJL. UP 	U 
y i~k~~f~ 	ta;'~ ' 	R 	6' 1.9 HAS VA;..iUt<; 'U'F 	i 
VAR1A WE 20 HAS ViLUt U? 
VARiAlLE 21 HAS VALLJ OF 	U 
4' t5 I:aBL'r; 22 Ht; 	S VA'I,U tUFF' 	s,, 
VA 	;F9 i,r4 ;;3 l AS VA?r ti UP' 	t 
VaRIMBLE 24 HAS VA 	1J : UP 	I 

it OPTLMATJ VALUE OF THE O Jk.'C'. I.VL F UNE:TJ'rty kS 	 a2 
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mu3.tipUod by prpr constants to rnae an the Input data th 

the to r fo # 

eke- ijTJ 

0C4 "0 optinal V1U of the objective function Is 62.  

We have used 04 integer linear p g 	aproacil  
with . U Enumeration  mew, The total number of Tale: 
are 24.Eac.ilastobacsigdthevalu.Oori,Theoptinal 
solution found gives the value .1 to 	 of the binary 
irar ablez while keeping the remaining values to 0 inter- 
preting the t4nary variable we got h 1 Z2 	23, a I  

While the otbervaria s have a value 
zero. ble Table 7 exhibits the understanding of: ther ution 

it provides a schedule for tile Jobs and. schedule 

by construitivo1y using tile excess skIU supply t bl , if 
4M nkLU hour. are avai2ble, tegoaent can elect to 
utilize the 	by scheduling noror different jobs# 

or it can reasegn the excess skiU supply to other area of 

The C P U time for the problem is 34.2 soc and 
the no, of Iterations are 1064. 



+1, 
_ 

2 4 

lob I is 
20 20 Z R I 

2 3 

10 00 2 

4 8 4RI1 20  20 

1000 

2 0 20  
Sk 3 1 

aired 

E 2 2 

.6  

Skill 2 2 2 2 2 2 9 
Supply 

Eoeu M 0 1 0 0 1 1 3 1 
IU y.y 

Su " ly x:~t .9 r 

~+~, 
 R#  0 a1 

0 0 der 0 
a, 



OROANZSA?ION 

k 
The h*eic dbJeottva of a Health ftftteumoe  

Organsationa (RW*s)y  While ae*iftcilly forst4atod to 
to provide to npocitted cubacrIber papuitton a comprehensive 
sot of services in an organised annr for a Mod annual tee, 

An HM In an entty 

that serves an enrU*xt population that contracts 
with the delivery system for provision at a preow  
negotiated package of comprehensive hen2tb services, 

Tjr.yicj  

zj 

that Is aaneged In a aftmer to ensure legal fiscal 

Principal trade offs to be con idared in developing 

Of services that do not require the extended traIni, of the 
pbyeicion This process, hover, is complicated, 

The delegation of services to auxiliary personnel' 
In the models is accomplished by introducing physician Extere. 
dere(PEs) In each priway C5'5 department*  The physcien 



extenders considered  a the two types, The firet type ie 
Physician eiett 	A 	other type is nurse and is 

m cceNurses RN's 

Utilization of auxiliary persomel In prirnarycare  
delis is sual y done in a Conte of a health care Te * * 

Auxiliary ary 	onne is to supervised by an flD. 

The tie team is coapri ed of  

Practicl"),r 

tiltimate re onsibility for the patient, h*We"r, 

still world 'reside with the phyccinn, 

ZnitLaUy we describe a very she model to motivate 

the etructur, relations# We then under take a etep.b .etep  
i hrnent 	w 	oe In a more telex but re 

a.~  JTTTI  

i 	 i 	i 	'~ 	r.e• 	 a y 	y 	a. 

0 

Also within the 	structure, there are services and 

msnag.,ent acuities (euCh as laboratory end raidic logy services. 

12 
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clericn. adalnistrattve, and f. 	,cal function) thait,  
support the medtca2 cam? fiction. These are included in 
the medals to Peet an examinationof the full costs of 

sue+ 
providing a speciftad AOl services to a subscriber group.. 

With the medical care systam there are two main 

populations to consider the subscribers and the providers 

The euboribor eorvices Ir u&remerte)  

vo objectives present themselves  for this  et 	 tory  

model 

C i). Mtnimie the aedcsl power for a given nO.Ot 

or (2) 	 the subscribers for a given nor of medical  

peel 

The first cb3.ctve tattoo the requirements as fixed and the 

resources as v'iable, while the second obecttve is the 

converse Of the first 

We use the folloing set of names* 

set Of Modica personnel of type i, 
Sot of $) 's 

1 	set of Son MAD. #s, 

3 	eat of medical services of type j, 

nor of manpower type I perfOrming service 
( gaars 



'* 	 Q .• 	~. 	d 	p' '1dA4? 	Y O C a 	Y C 	- f 	f' "p 	Y 	# 	B 	i.p 

• rw 	rer 	rz. 

.f 	F 	
t 	r '' 	sC 	i 	- 	b 	* 	ia.a 	r r •: 	4peY 	a 1i ! 	r F ~: 4 	-x e. 

14 »N 	0 	TeX 	 (5i.2) 

e 
This model  +cues not all allott a full e2zploitation of the etructutU  

of the 1Gdtcl care process, I also ignorc the co&t strtzctux 

. 	
8 	s. 	'. N•C 	4. ... ;i 	xirkw 

- r0 4 	f 	f.' 	f w ] .•, M s:,'Y F 	i4 ti '~ 	+N m 	ii 3e . 	4 t Y 	.i~ h S 	'! 	wC: 	Y 	lC 

Let XS 	tiot of individual holt1 care pe ~!'l r 
I 	not of boaltb caro tearø  



1 
o ow-wyears of wwwpower L!Li 

k pr'v&ding service . 

1t and!. 

The particular introduction add definition of o 	is the 
key to the generalization at the model* Since OprM8S*OflO 
43) and *) am unattected, the only chas ocatwa in 12), 
tdch b.cc**s 

, Xj3 +tkZ3 %j3*kjUø 	 cZ 	OwO 

Zn addition, a method of Incorporating Indirect 
supervision must be int*duoed, not only for Pure teems 
but also for PZe or nurses man individual capacity,* 

flj

floflnth 
i: level of indopondence for type I personnel to.  

par-form tervics J1 
0 iu.pUos no 1.nd.ixeat supervision required 

I Implies M1 indirect aupervision#  
Set of services class tZ personnel supervise, 

j 3 	Supervisory lowl manpwor i assigned to the 
supervisory service 3 (man'.yar&) for each 

there is only one (, the double subscript is 
retgned for notational syrnetry.. 

The supervisory constraint invnlvez legal restrictions 
and possibly the quality at health core in that it constraints 
the number of personnel e profteesionel staff member may supervise 



41 

t 3  b 3 	 1f at 	1 i Z* 	 ) 

It it) gouoraU7 accepted that 114.*8 do not want 
MiTT 	 !IV 

or aupervlsion of ancillary porsounci. The amount of Ctipervizion 
can be IUAted without increasing the difficulty Of tO solution 
b7 mkt j* an upper bounded variable. Thus, deftutha SU j  
as the na,gc'aui traction of tim type j pez'sorrnoi t4U engage 
in Indirect ouporvtoton of ancillary porcOiinGl, we givo the 

the cost of proviftng ho owVouer reaources 

and dotinG 

xi m fractional part of parconnal group Lt 
is olack or idle, 

Cis  0 1ibonr costa for typo I porionnol or team to pori'orn 
one type 3 services (401 rafmttte31 servico) 



The ro4t to 

 

sqrqm 
UMI 

0,13 t' 

 

o ( 	) ( z n e it Sahni 14  

To repreent too= the definition for 	must modified to 
Units oftim worked by team leader/year 

• U iUUt1 	 -L 

Units of Una loader te/mdiorvic 

• +wo 

and the obSoct)-vo bocorrn 

Min Ylp A  )3t 	 (3-9) 

it it Sao posisible to genor fte and refine the 

Physically, It t3 iflpO5jbie for a H10 to deliver nioro corvicea 
than are dotedby tbe pationuo it iø h"ver#  poteible to 
deliver tetror corivicoso  but this would not be connietent with 
the concopt of propetd practico The reaizthg optin U to 
provide somo health rervLcoo by extra ordinary mowwo  

, 



This variablo cm bo incorporated in conctriflt (1) to givo 

110 s 	d 3teJ 	3 0 3* 

Tho a variable has several possible £nterprotttton 
With an HZ Otructureo In o £rnilttcUnic MZ It nay bo desirable 

my cont-mat out to othof he1th *are prvJ4r* for their 

variable for the solutions t* bo rossombleo  To dovolop thm 

ijrv& IW11wiiI] 
J ill 	IIIIIJ 	

111:
11
1

11111111 (T 

whioh has to opet, in the objective 	 Vi! 

dn ZiZj(bi3Cs )* + E 	+ E3  T4 	(3-u) 

cm ecili bo Inoludod In tLG modal by nsthg an Upper bound 
canctrizt 

its c3d3 4:Jc3 



Thus for the tinanciai aspects of the model have 
not been fully Arlo d,. Health osnpower coats have been 
considered, but. there are significant cost elid nts to e 
LflClUdOd. To dftterine the total cost of medical service, 
Xt In necessary to include empower overoverhead case5. feciftty 
overhood casts#  and anctUarr coate* 

departments  moo dLcal speciality line$ such as dU3: 

medicine, pedtatrice, 	* This departmentalization"  

and patients ready access to any dopartDent lead to little 
wrap in the Uncttons carried out in the various departxents. 
Defer: 

IV . e  decision variable; 

V` I department rn Is offered and if 

Vm *Odeprnmit inisnotofferd.$ 

M * Set of all medical departments under raider 
e Set of perscnel In department  

Set of services considered for pis n# 

I.# m  

' u' sot o 	, 	` rr which V and 
• Set of services consIdered for provision  or o be 

provided In department 'mo. 
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us 	f far 	~, The .vra' e 
thus be used as a decision variable  decide decIde whether it  
economicallydesirable to ;nude a department  one or more 

'*a of on B or whether those 	 ices can beet be 
obtained elsewhere• It an WO decided not to saintoth a 

given departaent, it cotad contract out to anotherhealth 
care promos or for an optional service room it from the 
list of betitø, I ` the departments are t d, than theVa 
would be p meted, which des the model easier to solve. 

the developsent of the cost del there will be 

three main overhead cost categories manpower  Overhead costs# 
facility overhead costs# end laboratory  and a ye costs. 
The costs for those functions will be reflected In the model, 
but no optimization w. z. to them will be done# Three major 

variabless are u8ed to allocateoverhead costs to the revenue  
toot centers t departmental service performs departmental  
budget, and the number of departs ntal employees.  Par the 
pulses of definingthe del 	.:ver ovethes4 gists 
are broken down and allocated in# 	basic parts# 

(a) medic records, morbershtp, a ** nt , etc.. 
(allocated on the basins of patients vtSLts to 
department),  

(b) 	 planning,  legal service etc. (allocated 
on the basic of full time equivalent proffeuionals 
is a dependent 



4 

Cc )  par 	ice, ad m 	to ► or of employee' 
benefits, etc. (aUoctod on the basis of " " eoaes  
In o departrnent)  

th the nba. gd4eiinos, deflnes 

; D 	*pove ► 	ad etrative coats for 
departeent in (dollars per year) 
inanagoinent end pennixig *oat, per E(fuU time 

PER ii personnel meat per F? employee 	llersf Nyyear ) 
powernan 	 overt e cost per patient visit 

(debars per patio visit),  
?Jo ' of type 3 serviceYai L an perform 

per year by a given specialty and for a gig level  
of fogy* 

aenri ass for a pertuent is given by 

d 	j) q 

for the nth department  departeant 

-ricZ b3 
+ MANt j5jin fl3  )1b3  

R i Ni 	 (344) 

To corztftxu with the model development., dofinS the fGflOWiflg  

test 

j,4tiaZ cost per unit are for construction (doU rs per 
unit area) 



47* 

rg' 

 

nnortized cost per unit area for conetruction 
(doUer per, wit area pot year) 

00 * maintenance and utility costs (dollars per unit area 
per as per year) 

- C 	tt at .of rate for initial CpitaitzattOflø  
cost of equipment in departnt n per 	professional  

ta amortized  Est of equipment eeuipment in c a n in per PJ  
professional (doers fmnmqears/year)  

w, * Space required per typo I person (units of area per 
man.year'e),  

~f* 	initialpit izati c (iol .era 

ZtanflMOisina pinthgate, there maybesnupperilmit 
on capital avafl. ble for constniction icb requires the 
constraint  

8 ZW1R1 4 e tJiE ,Y4 
	

(3045.) 

The cpit4.ization coats t also, be enorttzed and appear  
in the ob3sctive function, iiiCh viii be sboi showy* The 
plant operation and maintenance cost must also to doled.. 
This cast Is 

(3 16) 

The ov rtead Coots, 	the ancillary costs for the  
laboratory end x.ray pnrtceuts, have none all been included. 
With aupp.ic ent date these dopartment could be treated like 
the medical departments and the following dews opment excluded. 
However, since optimal stiffing patterns voud not be 'fe d, 



+;w 

y." j 	r 7t i 	,. p 	*b' 	' # 	• 	dR $.:'A 	'F # T' i 	
ce, 	 _ 	.. 	..' 	.. 4 f , 

p01%te y. 

LT b evorago cost per laboratory  test Uorci teat) 
CXR a a oro cost pr X*ray se L ( U &s i e ) 

	

per r ce provided ( »rey as 	/neicel aervico 

	

From the ebiwe detinition the .abortot1 and 	y costs are thus 

Previously imttrec cuperviaon of hyctcien ztendera 

♦ M 	t ." 	a t' 	t 	.t. 1~ 	s 	a 	s" ~1 	al3M. 	.- fi~ H 	1- 

vl Lon code* Per asny hselth senricos, a P can be zod only 
der dfroct supe v ion* That ltnJLtAtonaresults to a upper 

beundeti var abl ao ZIp the zirww peent of service J that 
can be carried out byperoonnel I &n the indtreet,ouperviaion 
role* This 000ffloierzt vifl be used for those indtceo L F 
that refer to PVc, The upper bound is  

Trio further ro fincuont in olvo the toot otucturo., Evon tbou h  
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H !* "" tU, o 	to on o capttQtton ba. +1op a onU 'co tai' 
0GD ice ( o p 100 to 4 2M per V Cit) may 	trG 	, 

Lot date too foo for 	lco j the 
fees to ôhort 

Z3 3 	 b 3z 3 ) 
	

( '9 )  

8ocnuGo Ham's  provido zrdtca1 car. on .a cpitition basis and 
are £t*rtbor tetra nod to operate withth a biz&ot doMod, 
by the tta jon incon, p.uc any e, to 	cow of ravonue, 
the yearly oporotng andituroa mist be loss than tho 
budgeted' omount to cover cost of operation.  e budget  

n tra is dov4opod for a non proSt mat tut$ . For 
a p f t aalUng Institution apprQpr o to oleo can easily 
be 	 .# 	the coetfioionto* 

teits ttt are 	ttt I tho 	misatton, Inpatient 
care, out of area p►f ssiona ee i;.c 	'adtjnl cost 
of p rr to plea,. c. (olle'ra 

P a rate at Bch capital fund accumulates ast fttiO.Of 
62,086 iflc° 	r 	bo ribe ► o.. itation toes* 

R a Capitatton rata (doUora/cubecr r/yo , 
MM= ortorna1 aour o of revenue such as plwu 	goo or 

ondm=ts (dol,lorafioor) 



Nov Gino* the jnttit3 CapittLiiZa%iOflY *0 is being 
wortizod et tho tC ' t. the result is * s (1 0. P )s.. 

«r+ OM * T XP (3u2O)  

:.. 	y 	 r 	YI
,. 	

d 	'r d. 	rr 	d 	f 	0 	.. 9i a, 	~7 	•ri1 - FS. 

fron tee teee Lind ?o and D v##l; be repice4 by t to r 

	

definitions ttven by 	 and (U) a ep Lvelir The result 
is the over all plythg iedal 0 ): 

on "Z 	+ Z 	b 3 	• 	+ (,*' 	j d?j 

+ 	+;gym ( 	►( V" ) 	 j& 

''&• 0 	E3 rj( b 3) + 

4 tJPV Z3b,tied 1, 	+ 7AN ZjCyII(d3VM )At+ 

R 	tt) 

Subject to 

t+ I j + Ek J gltl ft + x ► is 'm 0 *Lei 	(3.4) 

+fl3 , d M € , 	j J, 	` ', 	(3.l0 

JCL t , 

• MAN  

M 	rjea a'4j), t~ l4) ( 16),(347), (320). 

	

czOt LIM 	Ufa 



g,1 w NN • M 	 , 	, 3q45) 

Su 	I I 	 (3!P6) 

►. 	, 3 431 (347 

Ij 	1401  d 

#, V Integer 

Thus#  the problem La to ftnd t2140  , n3  V to ttnitiz*(a)  
snbect to the 1.ndtcted constraints # Note that OPM has abàut 
25 perms or variables and but 5 porcent or cotra&nta 
thanths  Thus the tode1 was a rioe :principality throes. 
the rt3ft*set ot co trnth that existed In the 	or the 

additionudditionof der bomde r b es Upper"  boundz, added to a 

+de Aso oiiy naU t 	ge• in out2m tite., .. 	Y  

r 	s 	:ti i.- -• 	 s  
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