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Abstract

Effective preventive healthcare services have aifgignt role in reducing
fatality and medical expenses in all human sodeigd the level of accessibility
of customers to these services can be consideradresasure of their efficiency
and effectiveness. The main purpose of this paptr develop a service network
design model of preventive healthcare facilitieshvthe principal objective of
maximizing participation in the offered services.hM¥ considering utility
constraints and incorporating demand elasticity cabtomers due to travel
distance and congestion delays, optimal numbemtilmts and capacities of
facilities as well as customer assignment o faedlitare determined. First, the
primary nonlinear integer program is transformed] then the linearized model
is solved by developing an exact algorithm. Comjatal results show that
large-sized instances can be solved in a reasoaatdent of time. An illustrative
case study of network of hospitals in Shiraz, Irenused to demonstrate the
model and the managerial insights are discussed.

Keywords: Preventive healthcare, service system designjeesmand,

utility, accessibility, nonlinear integer program

1- Introduction

The success of preventive healthcare programs, special field of healthcare services, requiagsful
and comprehensive considerations which may differs treatment-related programs and should be etiudi
from different points of view. Denoon (2009) expled that, diseases easily preventable by adultinegc
kill more Americans each year than car wrecks, &reancer, or AIDS and due to surveys by the Cerfiter
Disease Control and Prevention (CDC) and the Natidfoundation for Infection Diseases (NFID),
relatively few in the U.S know much about theseeds®es and far too few adults get vaccinated yat. Fl
Hepatitis B, Meningitis, Shingles and Tetanus ammes of Vaccine-Preventable diseases which taxieg th
families as well as economy. It means that, althdugman communities suffer from huge expensesectlat
to preventable diseases, acceptable participab@s dot occur, since the people are not awarerafuse
consequences as well as prevention and contralaf diseases. Actually, as it mentioned in Zhangl.et
(2010), in contrast with sick people who need utgeedical attention, the potential clientele ofyanative
healthcare often do not feel the necessity to vectiese services and may not participate in ptasen
programs offered in their region. Therefore, besidelture change programs like public advertising,
accessibility of people should be facilitated torgase the participation in preventive healthcaognams.
Indeed, accessibility of centers where preventiealthcare services offered has a critical role fuirt
effectiveness and efficiency. In this regard, teemork of preventive healthcare facilities shoudddesigned
properly. Nowadays, there are hospitals in popatationes and such Places can be considered agigdoten
locations for offering preventive healthcare progsa
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In this paper, a service network design probierstudied with the primary objective of maximizitige
accessibility of customers to preventive healthdamdlities. Actually, enough clinics with propeersice
capacity at convenient locations are needed inrdaodeffer such services. The purpose of thesecsliis to
avoid complications of preventable diseases aralaatrol of them. The optimal number of facilitidiseir
locations and capacities as well as customer asgigno facilities is determined in this problemeTthavel
distance is deterministic and the assumption ofasfehelasticity, due to travel distance and seririoe at
the facilities, resulted in congestion delays. tidition, the utility-related constraints represéme user-
choice environment of preventive healthcare. Scctistomer decision to participate in the programagie
based on the difference between their willingnesgdrticipate on one hand and the travel distamce a
waiting costs on the other hand. More details awhll be given in the problem definition.

The contributions of this paper can be stated as:

1. Mathematical transformation of the problem: Since wodel a user-equilibrium problem that
nonlinear, first, the model is transformed anddiimed, and then an exact algorithm to find thenagit
solution is applied.

2. Utility Constraints as discussed in “Horizontal ferentiation” by Hotelling (1929), are incorporated
the problem which ensure that customer assignmehhpppens if the utility of customers is not riega
comparing to the concept of “Coverage”, no fixedlarage radius is assumed in our problem.

3. An exact and relatively simple approach is propdsdthd the optimal solution of the problem.

The remainder of the paper is organized as foll@&estion 2 provides a review of the relevant liem In

section 3, the problem formulation is describetpfeed by its non-linear MIP model. Section 4 presehe

transformation and linearization approach for tba-hnear MIP model. To solve the model, we present
exact solution algorithm in section 5. Computatiomsults with an illustrative case study are régbiin
section 6. Conclusions and future research dinestaoe provided in the final section. Proafgpear in the

Appendices.

S

2- Literaturereview

Covering-type problems have long been studiesidvs of Schilling et al. (1993) and Farahani let a
(2012) extensively presented the covering problemiscility location. Pereira et al., (2015) devetd a
hybrid algorithm combined a metaheuristic and agcermethod to solve the probabilistic maximal cowgr
location-allocation problem where the objectivediuon is similar to ours but has differences instoaints
and the proposed solution approach. On the othet, lvée consider the concept of participation inwaork,
which is analogous to the concept of Coverage (gredral., 2009), but it differs in that the acchiity to
facilities is reduced as the distance increasestwiinot incorporated in the concept of coverdgeetwork
design problem considering service level constramit coverage radius is studied by Ghezavati ¢2@09)
such that, there may be customers who cannot eeseiwvices.

Stochastic demand and congestion delays arédesed in the model of Marianov and Serra (1998) an
Marianov and Rios (2000) through constraining theatiwg at the facilities. In some papers elasti@ty
demand is not considered explicitly, but penaltdes assigned to congestion delays; Models presémted
Wang et al. (2002) and Berman and Drezner (200872@im at minimizing the total time- travel and
waiting time at the facilities. Aboolian et al.,0(2) developed a profit-maximizing network desigadel
which incorporates demand elasticity and congestighe facilities. A class of location-allocatipnoblems
with immobile servers, stochastic demand and cdimgesims at minimizing the total cost consiststlod
fixed cost of opening facilities with sufficient macities, the travel cost and queuing delay castistl by
Vidyarthi and Jayaswal (2014) assuming multipleapiel servers with a given single capacity level.

The review by Daskin and Dean (2004) studied kealthcare facility location problems without
considering preventive programs. Other papers Beramal Krass (2002) and Marianov and Serra (2002),
also studied healthcare facility design problemisav@ndi and Mahlooji (2007) developed hierarchical
location-allocation models for congested systeméigalthcare environment allowing partial coverafie o
demand nodes and approximate determination of mdems To the best of our knowledge, the first pape
studied the network design problem of preventivaitheare facilities was presented by Verter andidrap
(2002). Furthermore, Zhang et al (2009) and Zhdrad €010) studied a location model with elasternd
and congestion delays in preventive healthcare@mvient.

The most relevant papers to our work are Abooétial. (2016) and Zhang et al. (2010). HoweVas, t
differences to comparing to our paper can be meetias: First, Zhang et al. (2010) aim at optingjzime
number of servers at each facility, whereas oukvegtimizes the service rate at each facility. $ecahe
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problem, in Zhang et al. (2010) is formulated ds-Bevel problem and we proposed an exact (singlel)
approach to find the optimal solution. Third, nafeghese two papers consider “Utility-related” ctvaits
in their problem formulation.

3- Problem definition

Suppose thal = 1,...,nrepresents the set of customer nodes in the inlendework and each node’s
demand happens according to a Poisson’s procelshathogeneous rate> 0, such that the maximum
demand rate that can be generated by nedd is indicated byi™> 0. Also, letM = 1,..., m M c Niis the
set of potential facility locations. We assume thahows the travel distance between nages M U N.
The fraction of the population of node& N that requests service from facilitg M is denoted by;. Then,
the demand rate of nodelj,

=32 yij (1)
JEM
And the aggregate demand arrival rate at facilidepoted by;:

Aj =A™ Yij (2)
iEN
Table 1. Notations Description
Indices and Parameters Description

[ index for customer nodeise N
] index for potential facility nodege M

tij Travel distance between customer node i and fagilit

AT maximum demand rate that can be generated by node i

Y Willingness to pay (participate)

wn® maximum waiting time at each facility

cmax Maximum available capacity

Variables Description

X Binary variables taking the value 1 the facilitynade j is open
and 0 otherwise

Vij Continuous variables in [0,1] which is the fraatiof the
population of nodé € N who request service from facilifjye M

M Nonnegative Continuous capacity allocation varig

As stated in the introduction, our main aim wagsraximize the total number of people who would take
advantage of the service. So, the objective funatem be written as follows:

Z(xy,W =X¥A™ Vi (3)
ieEN jeM
We assume that the service at each facilityekonentially distributed with service ratg> 0. We will

consider a single-server Markovian queMéyl/1 queue. Then, the expected waiting titg,can be
computed as follows:
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W= WA L) = V(= Ay) Aj< (4)

Also, we assume that a facilityaghosen by a customer if it has a posiutility, which is defined as follow

Ui=V-t; -1 (- 4Ay) iENjEM (5)

Where, due to horizontal differentiation model given Hotelling (1929), U; denotes theUtility of
customer at node i when receiving service fromlifggiand V is theWillingness to pay (participatewhich
represents the customnseévaluation of service and assumed to be homagentor all of then
Due to the above explanations, it is obvious tlhgtamers choose the faci- to receive service fro- such
that the corresponding utility will be maximized iatn, eventually, is wserequilibrium problem where,
equilibrium, no customer wants to change his/h@icgh Also, we want to incorporate it in the modeh
way that when customer i doesn’t receive servioenffacility j, U; needs not to be positive. In additi
morethan one facility can be chosen by a customer, ibihe relevant utilities are identic
Let W"®be the maximum waiting time at each facility suehtW < W"*for j € M. From (3) we hav

mar LU]
My — Z Ny e 2
= Wt g (6)

Table 1, summarizes the notations and the prolcan be formulated as follov
Formulation1:

MaxZ(x,y,}) =X X 2™ Vij (7)
ieN jeM
Subject to
> vi<lieN (8)
JEM
yij <Xj iEN,jEM 9
.
i — > Ay — —2= >0, JjeM
' ;v Tw (10)
> max (1D
h=C
JEM
1
V—t — — >0, i1eN,jeM
T Yien Ny / (12)
yi - Uj=0, IEN,jEM (13)
Xj- X' - Uj=xj-x - Uijj’ for yij,yij >0 (14)
Uij > Ujj’, if yij >0,yij’=0 (15)
y;>0x%€{0,1},u;>0ieN,jeM (16)

The objective function (6) aims at maximizing tleeat number of people who participate in the pu
service. Constraints (7) ensure that the total dehfieom customers at node i to all facilities canexceec
one. Constraints (8) stipulate that see can be received from only open facilities. Caists (9) limits the
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waiting time at each facility t8/"® Constraint (10) makes sure that the most totaill@ve service capaci
C™is distributed to the open facilities. Constrai(t4) guarantethat customer’s utility is nonnegative
case of assigning a customer to a facility. Actydhey are not necessary in the current formuatiot will
be useful later. Constraints (12) ensure that rsigament from customer at node i to facility j | be
occurred in case of negative utilities. Constraifif8) guarantee that, at equilibrium, a customer loa
assigned to more than one facility just if all twresponding utilities are identical. Constraifit4) ensure
that the assignment with great utility is chose

SinceUj is a function ofW, constraints (1:-(14) are nonlinear. Therefore, the problem is m@dr anc
since the location decision variables are bindrg,droblem is difficult to solve. Thus, the focdgte study
is on, fird, transforming and linearizing the nonlinear ilegodel as much as possible and then develc
an exact algorithm to obtain the optimal solut

4- Model transformation and linearization

This section aims at transforming the nonlinear ehadtroduced in the previous section into a lir
model in order to solve it as a Mixed Integer Paogming Model. First, we show that how the follow
lemmaaffects the mathematical formulation of jproblem:

Lemma 1. In the problem of jointly finding optimal locatiof, optimal server allocation = and optimal
customer allocation Y*,X*,p+,Y *), there exists an optimal solution such that4, for all i € N,j € M, at
most for one j.

Proof appears in Appendix 1.
Lemmal demonstrates that there exists an optinhatico in which the demand of each population zw
either not coveredr the whole covered demand assigns to one facllliys, since there is not any trade
between facilitiego be assigned to a population zone, the equilibraonstraints (1-14) aren’t necessary
any more. Therefore, by applying lemma 1, the prynmaodel can be rewritten as follo

Formulation 2

MaxZ(x,y,|) = ="y 17
iEN jeM
Subject to
2 yis1 ieN
(18)
JEM
Vi <X iEN,jEM (19)

M] B Z )\;nawyij - w’rrfaa; Z 0’ ‘7 6 ]\/[

€N (20)
> (21)
uj S Cmax
JEM
1
V—t — — >0, i1eN,jeM

Uij > Uijj’, if yij >0,yij=0 23)
yijZO,XjE{O,l},ij 0, € N,jE M (24)

This is not completely linearizedebause the constraint (23) remains nonlii

Let's consider a similar mathematical formulat
Formulation 3:
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MaxZ(x,y,1) = 3. ¥ 2™ij (25)

iEN jJeM
Subject to
Y yi<lieN (26)
JEM
Vi< X ieENjEM
(27)
T
Hi— Z Ay — # >0, jeM
iEN w (28)
> (29)
IJJS Cmax
JEM
1
V_tl_ max 207 ZEN,jeﬂf
T = Y ien Ay (30)
yi>0x€{0,1},,;>0,i eN,jEM (31)

Next, we claim that byapplying the following rule (Rulel) to the optimablution of the last mod
(Formulation 3), we will arrive at a solution thatoptimal for the model (Formulation 2), t

Rule 1. If Z<(X*,Y ~,u*) is an optimal solution in the problem of jointlynding optimal location X*, optime
server allocation p and optimal customer allocation Y*, Then, theresesxan optimal solution in which tl
facilities are assigned to the customers suchttagreatest Utilities are occure

Mathematically, let gpen= {j|¥>0,] € M},

Vj € JOpen,yii >0,

Then
Let .

g = arg{ ax Uy} (32)
Suppose “n” denotes the new values of the variaiesre “p” presents the previous valu

Yiis =Y Y= Q (33)

[ = N Y e = i — ATy (34)

In Appendix 2, we will show that after this suhdtion in theobjective function and constraints (wt
needed) we will arrive at the optimal soluti

5- Exact solution algorithm

In this section, we develop an efficient algorittorsolve the primary problem (7). The algorithmdvels
based on transforming the nonlinear model intonedr one and solving the obtained Mixed Inte
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Programming model and test the solution, whethe ignored constraint set is satisfied or not, famally
adjusts the optimal solution if is needed. The dlgm proceeds as follow

Algorithml

Stepl. Transform the problem formulation (7) udamgmal and ignore Constraint (1

Step2.Solve the prodan (25). This formulation can be viewed as a mikgdger programming mode
Step3. In the optimal solution of (25) ] € M constraint (15) is satisfied, Report the optimalison as the
optimal solution of (7).Else, if there exi§ € M such that onstraint (15) is not satisfied, apply Rul
Step4. Repeat step3.

In step 1, the problem formulation (7) is transfedrusing Lemmal and also the nonlinear constra
ignored, resulting in a Mixed Integer Programmingd®l, which is solved to optimty in step 2. In step 3,
the satisfaction of ignored constraint (15) is d¢eecand the optimal solution obtained in step &disisted if
needed.

6- Computational results

The purpose of this section is to analyze the perdoce of the proposealgorithm. Also, an illustrativ
case study is presented and analy
6-1-Theefficiency of thealgorithm

We designed a series of computational experimerdsapplied the proposed exact algorithm to thene.
properties of the experiments mentiolbelow.
The number of potential facilities (m) was set @ 20, 30 and 40, and the number of population 2dn§
was set to 100, 20800 and 400. So, there were sixteen problem ¥é&tggenerated 10 instances in eact
with the following properties: Tén maximum demand rate at each zci™ = 1, the travel times wel
randomly generated in the interval [0, 5] hours #m& maximum waiting timeW"® = 100. For problem
instances of different sizes, total service cagC""" = 5 where total number of population zones den
by n. All runs were performed on a machine with AMD-7600 Radeon R7 with 2.7 GHz CPU and 8
of RAM, running Windows 8.

Table 2. Average CPU times (sec)

nm | 10 20 30 40
100| 0.10 0.23 0.53 0.86
200| 0.28, 0.72 177 2.35
300 0.58 1.62 3.66 7.8
400 | 1.18 3.91 10.22 57.28
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Table 3. Average CPU times (sec)

C™=30 C™®=45
Loca Region No. of Postal| Facility Service Demand % Facility Service Demand %
tion hospi- code| Located rate served utiliz Lodate rate served utiliz
tals (1=yes) assigned atiagn (1=yes) assigned tion a
1 34 1 7134 1 22.0125 22 99.04
2 35 1 7135 1 3.0125 3 99.58
3 36 1 7136 1 3.0125 3 99.58
4 43 2 7143 1 1.025 1 97.56 1 2.025 2 98.76
5 45 1 7145 1 12.8 12.78 99.90 1 1.0125 1 98.76
6 46 1 7146 1 1.0125 1 98.76
7 53 1 7153 1 3.0125 3 99.58 1 2.0125 2 99.37
8 63 1 7163 1 3.0125 3 99.58 1 2.0125 2 99.37
9 64 1 7164 1 3.0125 3 99.58
10 73 1 7173 1 1.0125 1 98.76 1 2.8 2.79  99.64
11 87 1 7187 1 1.0125 1 98.76 1 2.0125 2 99.37
12 93 2 7193 1 2.025 2 98.76 1 1.025 1 97.56
13 94 3 7194 1 5.0375 5 99.25 1 1.0375 1 96.38
Total 9 30 29.78 98.99 12 45 4479 91139

The program was coded in and solved using M&M14a and a time limit of 3,600 seconds (1 haag
considered for applying the exact algorithm to easkance.
We evaluated the performance of the proposed #tgorin terms of CPU time, for which we set the tias

1 hour per instance.

Average CPU times for all problem sets are sumradrin Table 2. As it can be seen from Table 2has t
number of facilities increase, the average CPUgimerease accordingly.

6-2- An illustrative case study

Control and prevention of preventable diseasenée of major medical concerns of government ataded
decision makers have conducted several compreleepsigrams to coordinate the activities in thigfién
this case study, a hypothetical program of locatinget of preventive medicine clinics in Shiraanlis
discussed. This study is based on the network giublic hospitals in Shiraz, Iran in which presegtthe
mentioned services is conceivable. To representtdbed population network, we consider a 47-node
network. Each node represents a region definedhdo¥irtst 4 digits of the postal code. We placedrbdes
at the centroid of each region and consider a lietveen the nodes if the corresponding regions have
common boundary. Using GIS data, the shortestraisthetween all node pairs is calculated. Theréhaee
hospitals in one region: 7194, two hospitals in tegions: 7143 and 7193 and a single hospital 1in te
regions. Totally, it is assumed that there are dsphal sites as the potential locations to eshlilie clinics.
The total number of residential in the area represk in our model is 1.8 million. Now, by above
explanations, the government needs to decide:Higwexisting hospitals should be housing a newniclio
offer preventive medical cares)( (i) the allocation of service capacity at eadimic (i) and (iii) The
participation of people in the offered servicegg).(

A comparison between two scenarios with differtal system capacit¢™is depicted in Table 3.
Scenario 1C™=30 and Scenario Z™¥=45. Under Scenario 1, 9 clinics are establishetl wh average
utilization of 98.99 %, whereas under Scenario2Z¢linics are open (all sites except 7146), witragarage
utilization of 91.39 %. The results show that hgvinore than one hospital in the regions: 7143, 7498
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7194 did not result in higher service rates thdmeothe sites with just one clinic. It can be drdvam very
high service capacity which allocated to clinic Z18 Scenario 2 and to clinic 7145 in Scenario 4t,th
having a clinic with reduced waiting time can résol better accessibility of people rather thanuedg
travel times.

7- Concluding remarks and futureresearch

In this paper, we discussed the problem of asigpreventive healthcare facility networks. Thedtion
of facilities, assignments of customers to fa@#tand capacity decisions are determined, andbfeetive is
to maximize accessibility of customers to facibtigvhile utility constraints are satisfied. A methta
linearize the nonlinear model is described. Esfigcian exact approach is suggested in the papéchwh
performed very well in terms of CPU time. The masrég insights are derived based on the analysenof
illustrative case study of network of hospitalsSiniraz, Iran.

Our model can be generalized or extended innabeu of ways. First, our model can be extendedh¢o t
case where the demand originates over a regiotaae pAnother extension is to consider a fixed ¢ost
each potential location to establish a facilityirdhminimum capacity requirements at each opeititiacan
be enforced and more carefulness is needed iniagdRule 1. Fourth, multi-server queue can be amrsd
at each facility instead of a single-server one.
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Appendix 1

Proof. Suppose that fgp, j»: yj*1>0 , yj*2>0. We will show that we can substitute the additby;*1,y;*»
by two new variabley i, Y'j. such thaty'ijl =yij* 1 +vyij* 2 ory'ij2 =yij* 1 +vyij* 2 W'j1 = uxj1 +
ATyijx 2

W'j2 = pxj2 - A" yijx 2.

Now, we show that after this substitution in thgegbive function and constraints, the optimal Solu
remains optimal. Objective functic
ZHX Y ) = Y N by Yyl e )
——

IEN
y,ijl or y’ij2

== Z*(X*’u*’Y *) = ZO*(X’ *’u’ *’Y ¢ *)

Constraint 8:
YVi= Vint Vet ..+ Yim) < 1, ieN

JEM
== (0 +0 +... +yifityitat O+..+ O)S 1
Constraint 9:
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yij* 1<x4j1 == xj1 =
1

== X*JZ =
yijx 2<xxj2 1
Constraint 10:

*
max g1
Hjl Z )\ UUl Wma,x Z O

iEN .
P )\ma:z: )\macr le -
41 l/kJ2 U,Jl Tmar =
iEN
ES
! *)\maz( * * )7 )\maz mjl >
H k \ykjl + Ykj2 yz]l Wmaz —
’ iENi#k
Ykl
Z ak
* o )\’rnow g2 >0
Iu]2 UZJQ WTII,(I,(I? -
ieN

*
10 + )\ma:z: )\macr ﬂjj2
2 Y o — l/u2 :

>
Wm,u,:l; —
ieN
Th
Mo = M Wz = i) = D N — e 2
1€ENi#£k
0
Constraint 11:
Z i = Z /L;k + /1‘;1 + ‘u;2 — (max
JEM GEM,j#i1,52 ——

Mt or  pljo

== zu’ *J - Cmax
JEM
Constraint 12:

1
/u‘;l _ Z )\'rnowl/”l >

v — 1
€N ij1

1
azx, * max, *
Wit — A Yo — E ATyt > S T—
iEN U = Lij1

1
* * T, K
Wir — N (Yij1 + Ykia) — Z AT i > S
" icN.i£k il
Ylkj1

« v 1
Hjz — Z A 'I’yq‘_jg > —

-
iEN ij2

1
rnair ’”(II
Wio + A y,2 Z)\ ”2_ﬁ
i€EN ij2
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1

max (, * 0¥ max
Wiz — N (Yijo — Yhgo) — E Nyl >
~—_———

¥ IEN,i£k v — i
Constraint 13:
y;ﬂ (v= ft /1';1 - Z,;\/ )\?wwy?jl) =0
Vi — — L >y
yij* 1>0 - Hi1 — ZieN /\2”“"Lyij1
Hin ;V)\mw Yin= = v 1151‘_7’1
It's done due to previous constraint. .

Ylin(v —tijo — — )>0
ij2 17 /u’j2 - Zfi,eN )\'rnowUUQ

1
v —lija — — w20

yij*x 2>0 - Hjo — Doien ATyt

1
mow
w E Ay >
32 172 v *tijQ

ieN

It's done due to previous constraint.

Appendix 2

Proof.
U’J* + l/ul ngl l/w* + Ufjl

n oo __ yu P — rnar rar
e e +:U’j1_)‘ yky*_)‘ ykjl

Objective function: We have:

ZP(X,y,H) =Y. Y A yijP

ieN jeM
= Z N YhUn + -+ yin Uiy + 55, Uigse + -+ 91, Uin)
iEN ‘—\0’—’
After substitution
int 8- = Y AU+ 4 Y Uiy A5 Uge + - 4 95 Uin)
Constraint 8: = : y ,
Since
v #1,jx, yijP = yiy"
MUl =y Ay Yt U = Y <1
jEM — jeM

P
Yijn

Constraint 9:
j1,j* € JOpen —— Xj1 =xj* = 1,
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Constraint 10:

Due to (34)

Due to (34)

—

Constraint 11:

From (36):

Constraint 12:

n
Yij1 < 251
; n .
Yijse < Tjx

y4 max, P
Hj1 — E ,)‘ Yijr —
iEN

n n P
Fojwe T 11 — [,
iEN

L1
mar —

Jo—— Zi1
o max, P J >
Z )\Z yljl maer — 0

- . ; Tl
n max, P max, P max, P J
Hi1 + )\k yk:jl o )\k yk:jl o : : )\l yljl B mar —
1EN,i#£k
0
n g
o=y H —_ n _ H—
Yijr =¥ i 6=Kk, Yj1=0 i=k

; Tl
n mazx, n max, n J
Wi = Ay — § i i1 pmax =
Vn iEN,i#k
n max, n J
= D N - s > 0
1EN
PN ey s
MJ* ? y’U* rnar
i€EN
n [ § maxr, D J*
/j'j* + /le /le )\’L ‘Uij* wmaer —

icN

Tjx

n mar ) r rax P
Mj* o )\k yk?* o Z )\Z yl]* o qumar > 0

icN

. P
Yije = Yijx

i 6=K,

yijp*=0 =

k
n max, n mazx, n J*
Wi = A — § Ayl — >0

max
i€EN,i#k w
n mazx, n IJ *
M — ;Ai Yije = pmaz =
2
Yuj1P< C™
jeM

Py e, < O

P _ ,n

pp=pyo g #FILIH

e R U o P o
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1

N T -
iEN gl 0 (Yijpl>0—1zipl=1
1
Pt i = i = D N —— >0
. v 71
iEN
From (34)
N = N = Y A - —— 20
iEN itk ijl
n max, n 1
Mjlfz)‘i Yij1 — . >0
ieN v i
b fz,\mawy? B >0
o — P 7Z>\nmzllp o 1 >0
M T Hj1 — Hjp _ i Yijx vty
ieEN
From (34)
1
Mo DNy 20
iEN U b
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