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Abstract

in this paper we have proposed a model based on Mixed Integer Non-Linear
Programming for the blood supply chain under conditions of uncertainty in
supply and demand, from the stage of receiving blood from volunteers to the
moment of distribution in demand centers. The challenges addressed in this
optimization model are the reduction of blood supply chain costs along with
minimizing the shortage and expiration rate of blood products. The Markov
chain has been used to address the uncertainty of donor blood supply. And to
estimate the needs of medical centers, the received demand is considered
fuzzy. Then The proposed model is solved in small dimensions by GAMS
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software and in large dimensions by Bat and Whale meta-heuristic algorithms
and the results are presented. In addition, a case study is presented to show the
applicability of the proposed model. The results show a reduction in the level
of costs as well as a reduction in the shortage and expiration of blood products
in the supply chain.

Introduction

One of the important topics that is researched in the global healthcare systems
of different countries is the improvement of supply chain performance. The
health system has one of the most complex and challenging supply chains due
to its direct relationship with human lives. Issues such as uncertainty in blood
demand and supply, blood inventory planning, delivery schedule, ordering
time, attention to expiration date and limited human resources are among the
challenging issues in the field of health, especially the supply chain of blood
and blood products. A unit of blood, from the time it is received from the
donor to the time it is injected into the patient as whole blood or blood product,
includes many processes and challenges that must be taken into account to
ensure the health of the blood and the health of the supply chain. Redesigning
an existing blood supply chain is not possible in the short term due to
significant costs and time required, so using existing facilities and optimizing
conditions is more preferable than reestablishing equipment, blood centers,
and other facilities related to the blood supply chain. In this research, by
presenting a mathematical model, we try to optimize the tools and facilities in
a blood supply chain. The important goal in the blood supply chain is the cost
factor, the costs incurred on the blood supply chain include costs such as blood
collection from volunteers, product processing and blood inventory costs and
blood products in hospitals and blood centers, blood transfer costs to demand
centers. And on the other hand, the balance in storage and waste reduction is
also very important in this chain. High storage increases the amount of
inventory (increase in cost) and also increases the rate of perishability
(increase in cost) of blood products. It is important to pay attention to the fact
that the reduction of costs should be accompanied by the reduction of
shortages Waste must be done. In addition to the lack of blood, improper
distribution and untimely supply of blood to hospitals can be completely
disastrous. Requests to blood centers are made under certain conditions. In
such a way that the requested product(s) are separated in terms of blood group
or the presence or absence of a specific antigen. Paying attention to blood
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groups and compatibility indicators is one of the principles of blood
transfusion, and not observing them can cause unfortunate events.

Due to the disproportionate percentage of distribution of blood groups among
volunteers, there has always been a possibility of a shortage in the supply
chain. In the medical world, in case of a shortage of a blood product of a
certain group, it is tried to replace that product from groups that can be
matched . This will reduce the shortage and save the lives of patients whose
blood with the required blood group and RH is not available at the same
moment . In order to solve this challenge, in the upcoming research, a solution
based on the versatility of unanswered demands will be considered, which will
be included in the mathematical model. Another important issue is the age of
the demand for the requested product, which creates an age-based demand in
the supply chain. (Some special patients need fresh or normal products
according to the type of disease.)

Methodology

In this research, a comprehensive mathematical model has been developed in
the form of a MINLP model. The research model is based on a comprehensive
blood supply chain consisting of three components: collection, processing,
and consumption of blood products. There are three types of collection centers
in this model: first, vehicles that serve blood -donors at predetermined
locations and collect blood , second, fixed collection facilities that are located
in some areas of the city and only perform the task of collecting blood And
third, blood centers (blood transfusion centers), which actually perform both
blood collection work and other tasks related to product processing, testing
and transfer planning to demand centers and hospitals. The next part of the
model is related to the processing of the collected blood, in this part the blood
collected by the collectors in the blood center is aggregated, the percentage of
each blood group is determined and according to the need in the blood centers,
products such as red blood cells, platelets and whole blood, plasma Hospitals
are sent. It is worth noting that as long as blood is converted into other
products, some of the characteristics of the product, including the age of the
products, are different from each other, therefore, in the continuation of
transferring the products and responding to their demand, the age of the blood
product will be considered. And it should also be noted that the blood product
requested from the demand centers is in two forms. For some special patients
and in special surgeries, a series of blood products with a certain age (young
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blood) are needed. Therefore, the importance of the age of the blood sent to
the hospitals is also seen in the model. will be. In the real world, in the face of
a shortage in hospitals, a solution is thought out, and that is to use the principle
of adaptability of blood groups, that is, through a pre-accepted adaptability
matrix, a series of demands for blood groups g, in case of shortage, can be
satisfied with the supply of blood groups f turn around. Deterministic supply
chain network design models do not take into account the uncertainties and
information related to the future affecting the supply chain parameters and as
a result cannot guarantee the future performance of the supply chain because
due to the inherent and fluctuating and sometimes severe change in the
environment of many operating systems Parameters in optimization problems
have random and non-deterministic characteristics. In this research, two
different approaches have been used to face the uncertainty in blood supply
and demand values. For the demand, a triangular fuzzy approach has been
proposed, according to the conditions of uncertainty, the appropriate alpha cut
is selected based on the opinion of the decision makers, and the demand is
adapted to the conditions. Regarding the amount of supply, in order to estimate
the number of donors in future periods, we have used the Markov chain to
predict the number of donors based on the records in the past.

Findings

In order to evaluate the presented model, it is necessary to solve the research
in both small and large sizes in order to determine the reaction of the research
target function to the changes in the parameters of the problem . For this
purpose, first the research model in GAMS 24.1 software It is coded that
according to the designed sample problems, up to a certain size, it is possible
to solve the problem in a certain time by using GAMS software By increasing
the size of the problem and increasing the time to reach the answer, To solve
this problem, we had to use meta-heuristic algorithms such as WOA and BAT,
and the results show that Wall's algorithm performed better. In the following,
based on a case study, a problem has been presented in which the results
obtained for the objective function and the values obtained for the main
variables of the research show the efficiency of the model and its solution
method.

Conclusion
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Here goes the text for you The purpose of this article is to design a
comprehensive supply chain that includes three parts: collection, processing
and distribution of blood products. The supply chain has mobile and fixed
blood collection units that receive blood from donors and send it to blood
centers in the center. Blood is processed into required products. Blood
products are sent to the demand centers based on the demands that are based
on two categories of fresh or normal products. In this research, the objective
was to minimize costs such as blood collection, blood inventory in blood
centers and hospitals, as well as the cost of blood products expiring due to
non-use. It should be noted that in order to reduce blood deficiency, the blood
compatibility system is used in this model, that is, if a certain product of a
certain group is not available, according to the principle of compatibility, a
product of the group that can replace it should be sent to solve the model in
the form of an exact solution of GAMS software was used, but with the
increase in the size of the problem, we have used meta-heuristic algorithms in
larger sizes. Also, a fuzzy coefficient has been proposed for a relatively
accurate prediction of the demand and to predict the amount of blood donors
from the method We have used the Markov chain and the Kolmograph left-
hand theorem. The results obtained in small sizes by the accurate solver
algorithm and medium and large sizes are presented due to achieving a
reasonable time of solving using WOA and BAT meta-engineering algorithms
, Which acknowledges the efficiency of the designed model. At the end of a
sensitivity analysis based on the change In the fuzzy coefficients of demand
and coefficients, the alpha cut transformation function and its effect on the
objective function are presented.

Keywords: Blood supply chain, Markov chain, mixed integer Non-linear
programming, Whale metaheuristic algorithm, Bat metaheuristic algorithm



. “JU

Sl ik s e il s

ISSN:2251-8037

elSSN: 2476-5988

sxs S pde Sladlas

uﬂ uﬂ LJL& LJ.\A}& L? AJL«-: s? erJ
.atu.ac.ir
DOI:

355195 31 0okl b (g5 comoli 0 5 (S3luding Joto (150
40 5 9 Lol Cunlsd pue Lyl pw oo Sg5 sk 0 i 9 S3B

ulﬁ.ﬁl;‘wjﬁ.A;-l,‘dJl,\;’Lp-jc,ﬁ,l,uu,&.ﬁb‘wcﬁﬁmdﬁ(; ‘;’};ﬁ\b
%f_}ﬁb‘} ‘szl.,\;.w;&ﬁx.u oM\)gWQﬁJﬁo};)w‘b *

Ol ecpa 8 e eodnl 33T oKl g ot
e a@.}]: ‘szl.b.w 9 g e 0aSisls (ERwe S 05; sleal

|3 purdn

Ol OLg g lblb ot

4@)}3 .L>b ‘6)‘-‘\..)‘\”‘, <o pe o.\gijl: (P o pda o))? )Liét'..ul d‘) f‘ o ‘ L\b)

Ol eoms s el o137 o&ils
o LS

o O el o (11 b e alies s 3Ue (S5 el (e e S Lo dlie ol s
L.,LLEJ;\,U;G;,:nda’,_n:QL,Uo,\.U'\;;)s.c,élw.s41>f,'\4§cu,a;uw,>ot:¢|¢.\9@\,;
Sl ja ol cod sy (iluaigy die ) 53 7 oo Hle e gos 1l 03,8 e 3
Al G Sre2,3T 3 SLaBI Ol e 53 5008 Ol 035" 4ieaS ol yod 40 0 5 (0l 05 2 Jaonie
3 polie casnd (Sl 5 S ol o o3 51 OB Sl 0 4,8 Ol e Olisabl pde b sl e 51
S oS 3l 45 0t 1yl Jdo oo ol 0k 4 8 L5 55 (65 Sy g 0 Aol g (Lo ¢ Slays ST
B 5 eks = Jls s i 6, 6ur;i)}§n b s 855 Sl 5 508 Sl e bauy
Wl 45,5 513 s 13550 a3 )8 oy p g (3590 anlllan S5 OLL 3 el 0y S il
55 DY e SR 53508 Olje 2 355 s iy o Cgllas (a8 oias 0L dlol il oS

Ml{@&:&ﬂ\;eﬁqdjjb

mohtashamiO7 @gmail.com :J sus ey 5 *


https://journals.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/?lang=fa
https://jims.atu.ac.ir/?lang=fa
https://orcid.org/0000-0002-4008-2405
https://orcid.org/0009-0003-6226-0617
https://orcid.org/0000-0002-0650-2584
https://orcid.org/0000-0002-1734-100X

Ll (G 4 534l s B oS 5o o ooy (D9 U:ALU 6 ) HEYSTPRWLY
i 88113 05,080y 180l 3 0



Joad | $ oskei | € Il | (U526 95 sepp) Sy s Slalllas aslild | A

PRV
aqusugu,,zs@%guﬁ,wueéuwﬁsw:)p;\é
LUl s & St U b o ol 05 3 Shae 5 500 3,508 13 (s 1 5 G
Ly el o, cp 58 e 5 9 o jedony 3l (SO 3ol LOLl Ol b 45 aniiens
S35 30 S b O uf)uw,;ﬁ;.:*ur,\;‘}r;y Hlas Ll yls
3 Sl 3 9domn malio 5 Lokl o 3 4 o 5 (OIS 35l 0oy el (gisles e
S SbresysT 3 5 05 el ol oss 4 Cadlu Sojm 5o Al files alox
sl dal jesed 14 Sl Sl 0 dely oSG (YN (T Ll Tio) Al
338 2 5P S o081 pl S 0 lse e a8 Sli s S e il
2S5 Jlan 5 Lol a5 0803 8 ool sl ey 5 Ly T3 ol
Dol Camex O3l Sy Ay 338 e el o) St 5 O Sl
b Sl 5 )5 s Jo Al b LDl o Ol 5n 2153 ) 5B 5 Slacs e
Sy S 53 o s 41y bl gs ( S sl Sbslal 5 a3 5 S (K O g
Ohlas & Gloy Cadst 3 J86s 55 b 5 6,5 4 b anms Il o
OT las 5T 3 5 O ke by cpl 53l 03,5 O s ¢ 5 Ll 53 Lo puien

AT e 4 0l 6550 ¢ 53 55 > A Al
b 03y 2Rl BBt 5 03 Sl Osr Glosast 5 S Jsems VS 0
G113 Losas 0T GLolis 5 4,0 & el pdisld g OV guamn 5 O g5 (ol
S Sl ok a0 ) DS oyt 2 o n ol () LB o ol pts
Sabien oy o Ot 5 Sty Lo £l Oyl 5 Sl Ll 5 5o
s ools Gl 5 plal Blod 51 oYL aue S5 slres sl 3 5 05 558
el o i3 S5 53 (VY s b 5 ) 5 e 5 S8 e 5 5 Bl Cel Kl e
&S e b ol OMgud b 1 O s OUb gl bug LS O s
b5 ods (3T par 055 338 (o 3L 53 OB WS sl 51055 STie b 6,805
5 a8 5 T sy T 5o 5 edd Jame 05 ST, 4 o3l par DMged
4 055 0 S8 (gl g oo 65T 3 5L 3050 laos 5T 5 4 Dl &y s
3 Lgh g ool JUl Lok by 4 O olal & 5 Jo laoibe dews



w5 ONama Sl oslatal o s 53 35 Sl Gl 44 g LS okl
JSE5 sl ge 5l s 0T 055 sloa,5T 3 b S Y pramms il o0 (6,8 oS
5025 b b Sl dlos 4 il g o catdls Glajs 3 )5 o ites O oins
SV (ko) 38 45 05 JUiSl p g o (sl B35 S o3lial L 05 gad ezt
o oS il T ol S a3 Ul 5 ST Ll gl Jols Btes
o onnlS 5 el 555 V-0 IS KuS Sl Soslize pes J b 6)ls OV s
OT 3 s 5 ok o 5oy FY-YY lST 055 5 505 J oS 5 Jlo K s oy
Ayames gl O e & (G550 53 (Y IF ()05 8 pilgie b g ol e oe
Slp amds e 5 A Al a5 53 0T Sl g 5 B e 3 555 S e o3

3 a5 dal g (olazl s Jlo) a5 sl als 0 oni 5 ot
3530 0l 5 a5 B slaasn M 4 o pe O el 0 G s b
ool ] 15 (G 3ltingy 5 3 g g0 SUISGl Sl ol 1 o e Sk oS 55505
o) 4 by ONged Loy O S0 Dl )lgs HlEl 4 S 6 2
Ul 5 bl 3l (g5 lwaigs 55 o ¢ Bl y Jbo S1511L Gy ol 531003 13 0 g5 el
ja Jole 0 el o mis 53 rge Coula bl 0 O (el 03 G 53 3 0
S0 O sl Jal 0 el o) Jemie sladt (il
23 S ke 5 05 @ sbaauie 5 SV same (5T 5 OLb sl
s ashen Jalo Lo ST 4 0 Jisl glayjp Wt SThn 5 ok lay
S oYL Gl Slo oy opl s 50 Olauls il 5 (g5lwe 3y dsle b b
oI el 55 Caua (I3 (55 g0 Ol e Rl 31 Eel 3l (g5lue 55 Ll
LYY L 5 05b3) 55,5 o 55 Y pams (aisa 2l 531) (5505l Ol
dr 5 23T el sy 4 6 5 kb Ol 3le 5 G O pame 3508 B b 1
plowl il 315 35S 2alS Sl Ll baay o 2alS 4 S5 5 €SS ol 4
SCCPH P REN 235 05 3508 pede (VNP (glshn 5 6 3)5 2
OSn 5 i) dal o 3T anb 5l e Sl Wl 0 o Db sloy & 05

g gk 3,8 Do ool Ll i o 0 S e 4 oy LSl (Y20 Y

! Centrifugation
2 Cryoprecipitate



b | § oy | § Jlo | (U529 95 supp) ey e Slallas dslilad | Y«

@jdﬁT:ﬁjc.\pli.>}>_-3li63}5-@;)24’)'\(lﬁuu})@w‘)})sos)jTjéo\fo\f
3 Sy Gl slaatle 5 S Glaes S 4 ar g 38 0 S s
35T Jors (651 S0 BT Ll 5 o LOT 05,55 Culey 5 Sl 05 JUiml J g0l
s el 0 ESKS ol (255 el 1y G 03,575 8 5 0 0 i )
Tl 6oy ol Sz GLOSET 255 L sy al p LOS Sluped
Sl 4 BOL O 5 (s a2 e el 231 3505 05 50 5 S5
i RH- s RH+ ey £ 4 K5 oo bl 2 50 A AB B ws
33008 Ol OUbsls o 53 (S5 Glos S w55 bl doys & a5 L sl 0
S 35008 Ll go Sy g 3 (SCh 5 (5135 53 Sl axbls g g el 03 )3 Alnen
Ol a8 e S 51en 5T 3 0T (2 Sl 3 oam ol (255 51 s 03557 5
5508 Ol g aals Cely )18 o0l .(Y~\Vcoblgwjo_,lia).:ﬁ@m)b:ﬁjétw
3 g0 Al Olen 53 0T 5L 3,5 RH 5 Gt 05 S L0 s 8 Sl Ol Slowi
50 U G 5o Al sk 4 (VNP oty 5 (605 ) 258 00 LB
S Al Al 4:.'9;,25).5 ok o3l> il Salol &ﬂ%%ﬂ&d)&ﬁ‘)
Lo dal 2 Blad oLy dde 55 (V) Jod 5 s

Lt DY s bl Sl S5 OV puames 4 05 S oh S S 5k Oles
5o s ) 55 Lol Slao s a1 osdle dda Sams opl Lsh e
Sldllas 53 sl o 55 Sosline jas ghyls Lyl Sij e 3 (sl s 8
Sl ok a5 s pl @ (TAV) 0K 5 lslasl 5 (YY) O, s 5 s
b o S e 53 ol e &S5 o 1 i (551655 51 il il oo e !
Jyammn LS o Blod dr 5 )50 Koo s yd S 0,53 Olyie 4 Okl
) e e sl B o i 3 5 e e OB ¢l Bl el )
st Sl (Jpena b 5 050 SV game 6 4 5L Solew f 5 4 5 b ol Ol
YA O 5 (6l (asl

P Rri IR P P L W PRC R B PR



Il clawdl laal S O 4 faal e 3 clad 502 09,8 @8
OB LS sl eSS S o UGS e
' oS o8us oBus oS

oS TIPS ORHRO L oRy, ORHs O RH+
S Ses S et sy S i

AN N

c ) c ) O RH- O RH- O RH-
S sl S S5 sl S

gASNSer LA 2 ARHH A ARH+, ARH-0

;- ¢ RH- RH+, O RH- ARH+
ij;- 6@0}; AB !

O R ARH- ARH-, O RH- ARH-
ij;- 6@0}; A,AB
gAlSA B s s BRHH B BRH+ BRH- 0

. . RH- RH+, O RH- B RH+
é_;};- LSL“"JJS AB !

AN 4yl s
C_’U St B s B RH- B RH-, O RH- B RH-
S slaes S AB

‘y\ ‘;,QJA 6L&:a)J§ ‘f‘)‘“{ijﬁ
T MBI ABRHEAB & AB RH+
S sl S s
gl 5 e AB o4l AB RH-, ARH-, B

. 15512 ABRH- ' ' AB RH-

i ey S & RH-, O RH-

TRIF e
j‘} ) 0l 4:.&& O}" wi} oﬁdj} Q}> o pdae o)'}> BE L;JL:M: Y ke
Slllas ol ST Ol L ool 43 5 515 s 2350 § b 50 2 OF LS slaacr
5 Cails G Al Y e el o) o gt 53 (VAAY) aleaal Low g |
et ol 4Bl 5 (YD) VS 5 (VIAF) STl Ja 5 Solalllas (] Lany
Sl & 015 o c 05 el ey 21l S a5 b s sl Sl Dlalllas o 5

.:‘}Q.;O)Li"‘.}is
il o8 3 45 ol 0313 1) |y s 3o (S5 sy Jke (VAAF) oy 535 L
S et sl 53,8 e b a1y 0T O5g B b > O Sl

Lo gma sl 055 aeS OT Ooda 5 s o aads Ol jlew 4 O $os1s S



b | § oy | § Jl | (U529 95 supp) ey e Slalls aslilad | VY

Jeke 53 (1449) 01,0 5 55815 ol O3 510 4 Ol ylos Sl ok okils S50 0 5
S ny 7 e DN Ll s gy 81 b oo 3de G5y 4l
5055 Sl 0368 Ghs by Sl lp 1) i) LOT IS diles sa5 11 KT
2L (V0 V) O 5 Lamla ol 03,87 al 33,8 o plowil (55 ol 055 5055 8
4 dids s g oSSL gl il s 6 ol 1) B Sl o p (e b S50
ey AS o S TSSO Ga g Sy pe s M5 50 LOT dlis s,
ol 38 on 5315 e S (63 50 5 U5 40 ST (a0 T ke
L glaibate b O 5 ol dior 311y 0 ol 0 o3 e s (Y04 V) O,
Lgbo.s\:jh.sl.&.:.»ﬂ;.&ﬁu“@Lﬁs\fvuia:;d}»}c?w:.\.odk)MUJ.:)'U:U.:.»\
S S (YY) O 5 lesu bl sdd 5)a13 S 4S5 Er b s
LolE ¢ 5 93 Ol joe madss 81 OT (S5l e 5 B Sl 0 iy (G b gy (s 5 201
5 S Olan 51 Ol SN gammes Lol o8 distls ol Olyley (6l & slise

Ohley ple glp (2 L LSS
05,5 €S JUs 4 ot 8 gy aly Jde S ST L (YN ) g 5 by b
e b s 4 iy (sladlate g JEH S e 0S5 gl 05 S 5 slaas s
Sl S8 4 Oy Sl (G 555 e Sl O Jo 0 G151 Sl mb 03
4 Codn wl Js L 0T Al (g geske S 4 Jule O g ¥ 50 5 o 5l Sl i
"v.c:"—PMPLGJEJ“Uﬁ&QOT&#J&}CHQL‘Q%P@JJC%JW
w}?\)c?up:wsﬁ)mUﬁdM(Y~\~)Q\JL<Q.A3J.1L~.L¢.¢.~U\4:¢'-\:J.;JJAJ>
os Jlo)l O JUESH (gl phS Ol sl ngwdwﬁf@ma;s.u\ Osls
C..wJ.A.L;\ﬁ&wﬂi;'ﬁ&w}@hpJ&éﬁ)MUﬁéh‘}}).éﬁo.}bﬂﬁ
C.xposéjf,u;ﬁpauj,u,u\af)\;uu;.ﬂuwwuﬁ,gwL;u__)\ﬁogjﬂ
3300315 Oksles 2 5L 5y 50 0 s Ok ley bow 5 05 QLA 55 onkd
5oy ¥ b e 53 L1, CSM (635 g0 Wlas (Y411) 0,08 5 55 .58 pons
S 4l 3l s Jo sl s e ST o alad b lolE 5 S (s



Las ol a0 e S 5 53 Bl sl ke 608 55 o OT )3 5 diles S oslizul sy

.;,l;):s\,a.\.:@J“:b;,uwgua\&@\;d:)udﬁwwmxfw6
03155k 5 b Sl g il 55 05 SosT e sl (TVY) 0L 5 st palT
05 63138 alte ool T3 (oo g (gl 1 sladite WOT il 8 L
Sl i Gasts (1 s Lo S o3lil p3Y Sl mlin (OBmiS ae! 13,
il 03 ga o3lizal (ilwad 5 OB LS el b DU (g3 el S35 aebp 5 psY
Sl g Lalies o sde (5wl Jie S5 (YY) OLSGs 5 Ol
33 e ol 63T 55 3 05 L)) 55 OB LS el (g1 05551 a5l 55 5 s geeS
5 OB WS al 4 20 OB WS sl Aol |5 51 sl glaair o5 5 L s
pude L arln lite 4 Sl 0351 05 OB S ] Ol Dl Sl 31 g (slaers g
a.sLé:,w\Cﬁxﬁf.u\{q-\y%x)bjw)\v\iliL;J'i)«lsﬁjl}gulfiQ,t&bé
5 Gk 31> 513 0 ga3T 3550 Ol g5 55 (65 90 andllan EK L Iy Jke 3 5,18 5.5 ge
4 o2 Olejon oy g 4 4 L3 s 151 b 55 el o5 Jke S (YIA) sbpikiny
SIS (Jaome Sy ; SIST S 55 5 el 0o 4K o ja IS 2alS s
Lg;.i)sub'ﬂj\josﬁﬁ,:&ﬁvx«kg\)bdwd\):w,c;uw.@\o:ﬁww&il
b S el e Sulg 5o Sl eslinal Coabsd pke ol 4l 5e ) oo 4y ) g2l
565 Ll ok o 51EY (5LaslT o5 SIS bzl L ok 4] s 3
cL;)_gTCq-QMl{c?upJ.l&.hh&uL;ﬁ)MUﬁd.é.l.h})d.l.adg;_(\"\/\)ob&w
Ju:qg.wioﬁd\)\@};;‘;yw@lﬂwLg}i)ubjjc"j};'tgﬁ\{;—.\?‘js
Wl WOl sla 4 0 Jito 05 DY e S50 S sl 555 4 ST (s 5leatgs
,\;?G;gusw,_};‘uuﬂ;)iwa{v_@),)6uuuélsotﬁur»puiu,.d\x
Juo 6K dde Sty 4 a3 5 Lol 0 1)1 (S5 gl S s s dl> e
}a_uza\,\&-o\,Lg,)o,eaM:om@uS.x\aﬁa\,\@L&MSDVv\{,ﬂu
IS (51 (slalm o 33 (Bolas duke &S5 (Y+14) s 5 Ol .l 03 51 Jo 0255831

.MJ&)‘}JEJJ)}A‘)Q&&}Ls.\je-}a)u\.:‘jﬁ)wOLAMS»U‘OJ}QJ@‘)‘}A}



b | §osbai | § Il | (U529 95 supp) Sy s Olalllas dsliad | V§

).sx.fda&w.,;e:\)c\}c\élﬂ)l.:w;)}ﬁ-kg”ch-QU\ialal.wupy,a:'-):J)\AJLM
A3 g0 5l B ep a5 ) Mg 5 G2 503550 50 @—fw 033 dl e 53 &S
cb}.:[_)}ﬁ-&PJOU‘})WQ}Accﬁ@\é&h.&:—b:‘MQJJMJ&‘JQ-A{JM
os s dlis ¢S5 4 s aw s "5 gtoea— 0 g g 3l eslizl L oS
&(YW')O\)&“&)W.@\ a.\i:;&ca.;abl& w}ub’,:d{.i‘_;bj
Sl o3 G5l el s o e slp e 53 (2L e 5 sl ke
Copde 5 SN S Cambgn anads 4 bg e Oloanal Je ol 457 dilesls
laay o Jold el oo S au e 2alS 0T a5 didey a3 0 ) 357 0
ey a5 Slauls slaa i (535 5 SIS slaa 3 (Sllee laay o (b
23 jnebily Coalad e b agrlge sl 58 sl oluang oy Bl JB 5 e
o le bl p Lols 5 4 e ST e o JUasl dlie opl 5 ol ol slgiiny Gaios o

w5l ABO-RH
Qs g1 1y 23Uas ) gl 5L o 55 sl e &S5 (YY) 0L K0 5 03555 )
Oliry Jolao gl s culiles g slgidy 055 (el 03 S0 )3 (635 50 S
Olwlos o 33 308 S o &S5 o Bl s Couta 5 Slaslis 5 s g™ JS7 sltes
Je Jo- sl 51,5 GeplyT 5 s suoe O gl (oS5 gy Sl o35 Olsles
adllan oSG slaonls 3l oslial b Jke pl gl 3 ol o 3Ll 45ka 55 (g3 lgtinn
O 5 o g8 .3 OLaS 1) OT 0580 3 5,871 ol (g5 lwesly Ol sl 53 A8l s (63 ) 50
ot el o s IS wupa Al Gl 0 el 0y 4S8 &S (YY)
8 5 55 (g5l Jda (512 45 48 - sla il 03505 (b S 5 o 30 5 Lo
sodas oKile3T S0 cCd g0 5 alls O Jisl 51, dtal (sls ad g Juls odd
0 50l UKl g 0o 5 3105 paand ol 5 Gudiowd 505 Lol Consl 0 55 el bl
Sl JB 5 oo s (5 ol s 5 e Dl 0 VST 0L 2 gy i
(M\)ab&w,@‘,T.@\wﬁow\wJa{\,aﬁuw;,yyuw\f@,s
wﬂc‘qgu&\‘g\f&{m\)c@)%&uswfwuaﬁ_;,'&,z&_



< €8xk sABO-Rh sl 4o Wj;w,;61;1;6@0@;%;0}5;\”;}}5
s S5 0l OT andllas 53 pl 2 osdle bl o3 g0d (b ol (S DY s
ot b 8 5 53 gl oy (53 5 g sk (6518 ST 2 4 gl 4 LSS (635 50
Slaslas 4 & 358 o s " il " Olsis 4 6252 g0 o £ pl
Jﬁ)JQT.\ULAJQ}ﬁ-;fjbjyﬁjjﬁd}&ujﬁjtJ.GC)J}\é)bMJdo}\:.-\

S 03,5T 5 Bos Gl slo 352 50 (o b 51 5 LA ¢ Ol Loy
Ss il Jolge 38 53 b alb o s o1l S G Sl ¢ 5 L
o Rl 55 ey Dot Sl 55 Gl ol a1 5 5 sl 5 SSUS sl il
up\;’-5\.&;}”51)13QYW@\Swﬁ@jﬁ-QYWQJJH\Q)::)L»
ot 3 40l L3 4 Bl o el 0o 03 355 4 o sate e b 50
e G 3 a5 3550 Ko Jole il o S US Sl 0T oSS st 4 (5L
Olysl a5 b 3L o 40 5 LoLE (sl ol 8 8 a5 55 Conlid pte Lul g,
S oshie 4 e SIS ol S WS g 0 s Gl 085S 5o 0 3 S g G
Gl ozl sl 55 3 N 55 Caro 5 5 sbate & O 68 e o mei kil LS Ol jn st
O LB 10 Ol e (5103515 (K 31 55 Il ) Ja5 51y 55 ,a S| 0T 5 o8
53 0 JE! S e 3 Loses 8 Gl ol s 45,0 Oljms 30k 857 owsT 51 5
Slols 4 e Ol 015 oo wilale 5 SSLa 5 b 5 YU d &K @1 L 1A el o s
dor 5 b nlin SRSl oS 25 8 s (506 e 03 65 Sy 4 1 Olisesl ke
a\)\,w.s)y@ujwa)au,col},e,'lwue;,;Tﬁx\}:@oww.\;c@u{

RSV %)

G s (3 a4 sl pl 55 0 dal s JLis o8 4 o6 &y g 4 Gl walsl
S5 gls rme 5 s bl 35 5 Slb e G gls (55T 5 s el
@Q,g;umwdbcﬁg@}:L.p%\?):u.w}s-@,,:dthm

33 eaid K8 5 48,0 5 LB 55 Dlrebl pude p g o6 )3 25 1y sl O 50



b | §osai | § Il | (U529 95 sup) Sy s lalllas sl | V5

SIS bl B8 S e poler p8 U3 dal g 55 Oliabl pde (Tl gl
S eslizal b Jo 5 58 150 e 55 583 o Spse 4 Jde i slzel 4 5L Joe
Jite S oty o6 55 55 dal g e 51530 0 5 )3 St 5 goabie sl (.::),in
Olen o o8 53 28,8 alst 13 0505 35500 (5350 adlllan &G plal p Gt

S5 8 Al 5 1B g 2 3050 4, Ol 53 DS bl ol s ol

Al iy o5
(3T paz w5135 5055 male el 03 K el 5y ey Gl s
ﬁJuuwt)aL;),Tc,?;l,a.c,,,,ta.uJg,wwséuw)ﬂ;qw}@;uﬁ
OE LS Ial 4 o o i S O 53 o7 gladis filuy Jgl Al o g5
03 Sl 68T ma IOgd 93 S oa (65T raz O 5 0315 e g e O
O S o pam 5 s n planil 5 O 5 (65T oz ailoy o 5 okl Jis g GbLa |
4 by by pl 55 05 Golpax S oa @ls 5o o8 (0 sl ST50)
i o plal W0yl 5 LSS ST oty JUESH (5 525 40 5 ol T e e (55T
O Uit ool 53 8 Al e ol T e O 25105 40 b Jie (sl 23w
S50 ey ol reazd O 5 S a 53 ouliS (65T ez Lo g ol (65T e
05 5 ESN o i Ul s Y pammn 4 55 S0 53 5L el s e asnda
& (1) JSCays 55550 el 05 @SColet 5 5 n Iyl O slay Lesdly ¢ JulS”
N gamn & 055 &S alole &Sl opl 55 873 LB 4SS Ll ol 0 dliST s g
AL Y grams o e S| I gramms Sl gt 1 (5 235 o S 600
OT oo 0 4 5L WOT (6 Lo & gonly 5 DY uamen JUiSl aoll 5 140 bl o o pline
S 03,81 p S Chls wr g b 5 s b S Wl B s S Jsans
Sl 53 5 ool Ollen (& p 6l il e JSE 53 4 oS ST e 51wl 5555

ps P I dsb e 5L (Ol 0 ) padie jae b G slaes sl b 6 S5 4 ol



23 (#Bls sLis o b dal g odis Js 5o 50 Ok les 4 (L)l 05 e & el
Gaalas ool 3l enlizal OT 5 555 o0 odis Ll HIS oy &K Ok jlow 53 5 50aS b a] 5o
o by 3 51 S pdy Gl e 6K (b i Sl S ey S s
oy S b e b dilg o 35S Shse 550 S slaes S sl i S
At ize G ok sley 033 ObL @357 n ln clply 38 sloyl s
Jgame &5 3,5 plowil b pl 51 oy Sy GultS Sl dor 57 L) el oo i a0

(L3L Bl sy Jpamms 0T Loy S o0 S5

Q}> J:A‘U aj._.>u) &._JL»..J A }g_ﬁ

@WMMM%’EE

Lolas 3Sho 4 (153 5L 03,513 iy

093 OB 1ua | diws

botyle

A

095 08 (5351 gazr 45 JSLug 4 S sk - +

o o

093 S oz 4ddds Sy
o.La_TébL};JA&u&b%‘}h%(&wﬁaﬁ)Q@-\kﬂéhdw
ST Slas 015 g i 53 5 6,8 gad 5 53 15 b 0y Sl 5 e
Lo L BE 5 Slog s 515 b 4 a5 L aS |z diled e |y el 0 i

5 #3kad Ol sz Sls (ilwaigs Jilas 53 a2l 51 (6ol Flkos (slagtn



b | § oy | § Jl | (U529 95 supp) Sy e Slalllas aslilad | VA

ol e i I i oS el 0 i (b 3 Ll sl s s a8
b oale bl 3 Oliabl pue 358 0 sl 53 8 e OT s Sl 08,8
o,u.w:o%apo\?u{\»g;g&*»;@Pdubb@ﬁuw&u
sk G ol 53 YV (S5 ) 35,8 e O el e (S50 el
ol osliul Ciglize 3 gy 93 D oo 5 Lo polie 55 Coalad pde b gl s
pde Loyl 4 a5 L ST Sl o sl 2 (656 5 S0, &S LB (sl ol
4 Cod LOLE 5 ols sl o WT 35 08,8 e s il 5 Oliabs!
OE S Ial sldad padnd 5 ite & 35 45,8 Olsos o 53 il oo Gl Ll
Gy ol 5 OB ST T al 51w sy e psbiie 40 (98 oo i3 S ST sla oy ss
o3 god o3lital 258 )33 5o
JQJQYL&)H)QT}oM&;Jﬁ)J”Jﬁsé\i)d.ujsfduw}:éb)a
3l o pleze
o e b5 05 o5 e ol T il el o) (H1b
D35 S s N 5 03 (Jpame 5 B Al O e liS(6l
el 2 Lol S5 5 S DY s o (38 55 53 ¢ 55 DY g
Al ot ) JS 450 45 O
S bty SV pame 60 Gul skl 4 L B, &S @l Y
O A 3L S Jpame 0T Los 8 a0 oS S ps 53 4 550
338 Jlyl ¥ oyl Jsder il o Kl
Sl Glolis 5 Caalsd pde L ablie jshie 4 (36 Sl oS gl Y
Ol s Lo

oS Hlo o p e O OB S el Ol jae o S 51 Kl —F

dde Sls g 420

Bl r 2 gton b b 1> 68T e STa el



odge 1y G DN pame (55375 5 055 5T e S 2 O ST @
&L ,ls

Wl 55 Y S SN pama sl p g Sl AT 5 sk @

Dk o SSE Jseme 503l g5 s34 05 Sleadols ol e

Wil oo poe 93 W ()1 K3 g b il pl 03 S5 SV pama g5 @
25 g0 0315 Fealy doly slolw & J gemes o pwlal 5 g

.@lcﬁa.\iswfjwszc.:xlaér.\p °

Gebow ool Joe

G e a5 W el )l (B jee

e Sl

r S Sz o
[ Oy OB S 1l 4z

5 g ot s T 53 055 55T pazr a8 oS

T <

05 o3l parr 4l sl olns
| b 05 sl e S
(353 P+ Goslgax) 055 5
S DY e LOE S0 5 Okl
S5 Y pame

9. f ABO-RH ; o 5 slaes 5

t ESESTE

- - 3

sl
rl, P Jsyame 2 e Jsb
Yy P o5 DY pamn B e sl b 2) 50 o S
mat, , ¢ S Gose 55 S DVsams 055 Gl Gl 6L Sl

il 3 50 Lo Lol Cgzr PG5 g



demY

p.g.ht

demO

p.g,ht

Ch,
Cm
Cl,
Cih,
Cim,,
Cmh
Csh,
Cw
Cd
Zi,
2b,
Zl,
m,
Dy,
DI,
Dm,

,m

BM
29
Zp

g

p

alphac

rre

cf:(ct’ ,ct” ,ct

b | § oy | § Jl | (U529 95 supp) ey e lallas dslilad | ¥

h Wl S 0510 055 510l e b P G55 SV ame Gl
T ooy9s s

Lo 550 51 G es S 5l Jpmmaes b P st DY e sl
toyss o h

D s Lo 5 0k (o) 5T mer 05 a3

M O 5 o 5 0dkd (65 5Tmazr 05 a3

b osTpar 5 0 g ot 65T par 05 50

N obslay 53 St S pame (5 IS 450

M O3 8 0 G35 DN s (616K 3

h okl 4 M 05 550 51 G5 DY uamms JUisl a5

P s SOhama 35S w5

55 SV e N4 s

Sles alols STl

toygsyol o s sl ob b S

b s 05 2l s b b STl

|55 0 cilys b b ST

Mo S0 SiLys L b ST

Y 055 s per O LT OB S sl sl

o cobys 50 LT OB s sl alobs

M o5 S 0 LT 08 wS sl alols

)51 sl 3o &

M S e 53 0l 5T mazr 05 IS 55 G5 05,5 A e Ao
B 0204s 6ol gar 055 S 3P G pmarme s jMie Lo
m

S WT by b

) Lols bl 56 s b

G (S e

c?uo:xéuﬂi:n



MMbb,t tOJ)bjbbw}Ja.wjoM‘_g)}ch-Q)})l_ﬂu

MMmmvt ta)jé)}bﬂl:.w}bje.kﬁgg))T@?Q}})\@
MMIm,l I‘S‘)}TC?;‘JA)) ol GJ}T@? Q}SJ‘.«L&A
1P, o g r 0533 31 Qo3 SUP Jgame SIM O S 0055 5T (635 3o ylkie

t
PR, o g v toyso)ol b o5, 8 LP Jsuasms SN0k b 055 5T (63 9 5o 5ldie

Mngm.h.p,g.r,t h Okl & M O3 S50 5l JWEIT o L °)J? SIP e e

feyss s
SPhg, g tosss 53N okslay 550 65 8 5P Jsamen 35008 5lkie
Wh,, toys3 53 Nokulas 55 0us duwls PU grames M Ol 50
Wh,, toyss 55M O 5 e 55 ok Lwli) J geasee (M1 O o
KgM,, . toygs oMo S 0 530 6JJT@-’.' O JS s
MM, g, Loyso oMo S 5 50 0l (sl 055 350 S5 035 A e
MPM 5. Toyss oMb S 0 530 G55 05,5 LP dams o lutie
Niph, ;.0 B oy93 530 oy 8P Jpame 51N Oliwsloy 055 5T (630 50 ki
G5 $res S 6l Gl il b JS) L6 Olen oSSl g
NSph, .o ot Lerss 53l uGos B P Jgames 51N Ol jlos 0555 5T 5 5087 lutie
S SBes 8 6 pdy Gl Lo b JEH L6 Ol e S

G5 (6 b sl ke
CallB, . VOl o) dal 0 D s 4 Y O i o8 ws sl B
PB,.,. C syl b 53) 3,8 ) e yss 53 Y aikie 53 08 3T o abows A
CallL; sl 53) w0 | 5T rer S e 4 08 LS Il S
Callm, Vsl gy ) Ll 0 MO S e 4l O uS lual S

VLMl,m,t Q)}.ﬂ.’.i‘j:'c)b\M:JiﬁmQ}S;ja@‘)aué))TCzQ}}'bdrﬂ)f\

.

VBMb,m,t ).3\ .\A:J.Lﬁm‘)f;fbba.\.&é)}]’co:-uflQ?‘_g)}Tcs:-;f;‘

Vsl ol



b | § oy | § Jl | (U529 95 supp) ey e Slalls aslilad | YY

Cole (Sl e

5m,g,t @}5e}fﬁ)\}:&d‘ﬂW}Mﬁ}&Q&WJL@?&j|JL«§ﬂ>u&
te)p);m@y';,wgg

Hin,g 1 P 555 Jsams Ol gromes 38 p3lis & gliws Cogzr &K 5 a8 3l

te))b)bm@}&;ja)Jg e))fl;.

percent, o ine  Okwslew 53065 8 Glo sl w0 ST S 09,8 13 PUsuars It

ojUOjﬁ-breféjd,.@.’.-to))bjbh

!

percentp,g‘ f ht

Obwlen 530 5,5 Lol gbr 4 ST 55055 53 P yarms jl do s

JMQ?)}:&S&)%t‘a}}})}h

rr

percentpygv fht

Obanslo 539 05,8 Lol slr & 5T 5 05 8 53 PUsamme Sl do s

erQf&)ﬁyQ‘xﬁj‘t‘:)}JJJh

rr

percent, ., &l 20 058 GLols slr w ST om0y 8 03 PUsans Sl s

‘-éwojﬁ-é:ﬁfo‘_}fj‘to))bjbh

MinZ = MMb_. *Ch, + MMm_.*Cm_ + MMI_. *Cl
+ Nlph *Cih + Ipb *Cim

F3 S MogH, 5, *C,

m P g r

222 > > NSph, g, *Csh,

p g h rt

<YW, *Cw Y3 Wh,  *Cu

Subject to:

Z;CaIIBi'y,b'[ <1 vi,t

y

CallB, ,,, *dy, <cd Vi, y,b,t
YDcallB , *Zi, < Zhb, Vb, t
Py

YD callB,,,, *Zi,, = MMb, vh,t
Py

yzpbb,y,t =1 Vb, t

0]

@

®
(O

(©)

(6)



callB,,, < Pb

ZCaIIL, L S

Call;, , * DI,
callL,,, *Zi,, < Z|
ZCaIILi,,v[ *Zi,, = Mml,,

Z(:aui,m,t <1

Call,, ,*Dm,, <cd
dcall,, *Zi, <Zm,
D callM,,, *Zi,, < Mmm,_
ZZC""”Bi Jbt +ZCaIILm +yCallM, <1
Y o Tom o
dVBM, , <1

My e < Zz‘pamsi,y‘b_t

Ty

dVvBm, . *BM > ZZCaIIBi,y’b,I
m 1y
dDVIm, <1

m

vim, ., < ZCaIILm

Z\/I ne < BM >ZCaIIL

ZMme‘ *Vbm, ., +ZMmI| VI Mmm, < Zm

byt

<cd

mt —

ZMme,t *Vbm, ., +ZMm||.t Alm, ,  +Mmm, < Kgm,,

Mgm,, . + 6,4, = Kam, , *Zg,
Mpmm,p,g,t +/um,p,g,t = mgmm,g,t—z *pr
Opgr <1

lum,p,g,t <l

lpbcm,p,g,r,t = lpbcm,p,g,r—l,t—l + Mpmm,p,g,t _ZMngm,h‘p,g,r,l

r=rl r=rl r=rl
Ipbcmpgrl Ipbcmpgrltl ZXMngmhpgrt

r=3 r=3
r=ry, r=r
Z;Iphhpgrt: Nlphhpgrltl DemY g,ht
r= r

=ry,
+ Mngm h,p,g,r.t

Vi, y,b,t
vi,l,t

Vi, It
vi, It
vt

Vi, t

Vi, m,t
vm,t

vm,t
Vit
vh,t
Vb, m,t
vh,t
Vi, t
VI, m,t
Vi, t
vm,t
vm,t

vm,g,t

vm, p,g,t
vm,g,t

vm, p,g,t
vm,p,g,r=3t>3

vm, p,g,r>3t>3

vh, p,g,t

O
®

©
(10)

(1)

(12)

(13)

(14)

(15)

(16)

an

(18)

(19

(20

(1)

(22)

(23)

(24

(25)
(26)
@7
(28)

(29)

(30)

(1)



b | § oy | § Il | (U529 95 supp) Sy s Olalllas dsliad | Y§

r=rl r=rl
2 Iphh,p,g,r,t = 2 Nlphh,p,g,r—l,t—l - Demop,g,h,t
r=ry,+1 r=ry,+1
r=rl
+ Zj Mngm,h,p,g,r,t
r=ry,+1
r=ry, r=rl

Sphh,p,g,r,t = DemYp,g,h,t _Zg Mngm,h,p,g,r,t

r=3
r=rl r=rl
2 Sphh,p,g,r,t = Demop,g,h,t _i 2 Mngm,h,p,g,r,t
r=ry,+1 r=ryp,+1
percentp'g,fvhyt <1
’
percentpvg’f‘h‘t <1

s
percentp'g,f_h)t <1

rrr

percent, , ;. < 1

zpercentpyg,f,hyi <1
g
’

Zpercentpyg'fyhyl <1
g
rr

> percent, <1
g
rrr

Zpercentpygmhyt <1
g

r=r r=
Zpercentpvgmh_t *mat, ,  * ] Sphy e < Zn: SPN, b o
r= r=

r=rl r=rl

’
Zpercentp'g,mvt*matpvg,f * z Sph, o1 < 2 5P, 5.
r=ry, +1 r=ryp+1
I r=n r=ry,
* *
Zpercentpv(_]mhvl mat, IPhy o rre < D 1P o
r=3 r=3
sy r=rl r=rl
Zpercentpvgmhvl*matpvg,f* 2 Iph, o ¢ < 2 PR, g
r=ty,+1 r=ry, +1

> Niph, o0 = ij PRy pgri =

r

r=ry,
Zpercentp,gm *mat, ,  * Z; SPhy o ¢
&
r=rl r=rl
Nlphh,p,g,r,t = Iphh,p,g,r,l -
r=ry +1 r=ry,+1

P

Zpercentp,gmh,t *mat,  *

vh, p,g,t

vh, p,g,t

Vp;gy fyh!t
vp, g, f,ht

vp, g, f,ht
vp;g: f!hit
vp, f,h,t

vp, f,h,t
vp, f, h,t
vp, f,h,t
vp,g,h,t>3

vp,g,h,t>3

vp,g,h,t>3
vp,g,h,t>3

vp,g,h,t>3

vp, g,h,t

(32)

(33)

(34

(39

(36)
@7
(38)
(39

(40)

(41)

42)

43)

(44)

(45)

(46)

(47)

(48)



r=n r=n Vp, g, h,t (49)

NSphh,p,g,r,t = Sphh,p,g,r,t
r=3 r=3
" =
—Zpercentp,g'fvhvt *mat, ,  * ] o]
=
r=rl r=rl Vp, g, h,t (50)
Z Nsphh,p,g,r,l = Sphh,p,g,r,t
r:ryp+1 r=n p-v-l
o r
—Zpercentp,gmh,t *mat, * Iph, o ¢ e
r=ry,+1

— H 51
Whp't B r;mZ;Nlphth,g,m vp.t e

Wbpv' = Z Zzlpbm,p,g,r,t Vp,t (52)

r=end m g

Al O el il gy Jamete Slads 1o (Silapasie JLis 4 (1) s w0 o
6 3 s ST T oS Tual o5 8 a0 &Sl 4 a0, L3IY) 65led Sy gidoms
Aols (F) s gdomn diphos 03ls (hdn T Slejo)sn 530 dows &K Loy Y O
dools ST 5l ol toyss 13 Y 0K j3 D dlns 4 Lomass Sl 0B S Lal
35S LD o) sTram dhs 4 0dls sl 05 Oljn (F) Sy gioms Bl iy jlons
D s o ot 55Tpaz 05 Ole (0) Cydgiomn AiL s 23 b STt
QSJJTC»."-%NijS»‘.&:ﬂ‘JMM(V)j(?)&:»{-’jv\}uv\&:dﬁw‘)TO))J)J
05,5 24T 4 iSo o, L31 (A Ll o it o 03 55 Y bl 51 plas” 3b 0
é,ﬂcq,m}s@tam,sl Q?L;,,T@?;f&uwx;ﬂ»i RGNty RN
toys5 sl L;))ch-ffgu@ba%i OB S sl alols (1) s gutoen 3 43
F ke edd GosTmer 055 (V1) Cusgions dil s Aol ST 51 28”0
O3 Ol (V) Cysgdons il a8 (osTpar b b Sl 5l | o)sTrax
(1Y) Sydgome LSCn asiin |y L oygs 3 | 6)3T(~_~? Sy b g ol 6))%:«%
0053 A2 3M O 55 50 oS5 4 Olgn S 0L o 05 5 o Sl 4 aiSS7 oL
L O 81 p 4 amases S O S Tl Al (1Y) Sy s gudomn by arais Sl

;lja.E.«»}:c..u-:Lg))Tce-’,-0}5-O‘ﬁx(\f)%:;@&@,&f}‘eu@\éjg‘bﬂ



b | § oyl | § Il | (U529 95 supp) Sy s lalllas dslilad | Y5

05 0l5e (10) Sy gdomn A8l 1208 WL 05 ST (6,5 055 b b Sl 5105
ol (V) Cosgiomn uSe Gasetin Gl oysn 0 M O S 50 55 o (g)sTper
osTpar S oD s 51 SC 6 Wl5 oo Lo g5 T a8 i atuiin S it
JUsl 4 o Lal (VAVA-VY) Ll glacyss sbmee. les 1dal O M s S 0 L |
JUst 4 o,lal (YY=YV-Y+) Jlasl glacus o 3,05 M O ST a b 8 510
O IS Olze (TF) Cysgdomansyls LM o S 0w Soslpaz S 0 5 0
wib 05 S0 OV B (gl S 557 0l pan UM &5 S0 53 0k (65T per
=Y0) Cusgdoee 3yl 0 mlal O ST e 55 0l 6)}]’@"- O IS 4 (YF) Cusgdos
4 0 S 5 g 0dd (5o per O 53 (S5 Glos S g oS jattin (Y9
0335 55 5 DY gramme S5 Ol ol S5 p5Y) 350500l G s Y o
52057 S0 S o 02 edal Sy guamen @155 oy Sl 555 95l ST
S5 o8 hts bl ol Slals o5 Lal (YASYY) s ioms (A8l o 13 55,
Sresss AT @35 s Olim Cudgdoen 0 (F22Y4) Ly gioms 3505 DY pames
o3 gdomn ol (FY1). UL o aclona 5T 0,93 13T s LT 05 S LP Y gumes 0 55
Bt esss 3T g G 05,8 5IP ¥ pamme LN Ol sl 055 5T (635 5o Olse
2353150058 SIP e 2 3508 Oljn (FFYF) Suspdons Ll o drnlons
A Sl s 4 o Lal (FA-FY-Y9YD) Wl o demloes T o555 53 N 0lius Loy
Ya)s5d eyl ke BL Lol Lo )l Gz s oy ol s Slo Glad 457 (63 9> 50
R s S I I S g R e I\ AR L
35S Ol 51 L3 goaS 5 Ol e S o (FF-FY) 5,8 515 03lizl 35 5o JUis!
53 0dile 3 (352 a1 1 LS JUESl LB (639 go Ol e S 1 (FF—FO ) Ll
OT 8 51 g Olisloy 2 il (93550 Olse & 55 (FASFY) il iy o s
Ll 3,05 1y 535S 8 Sl 6 pd Gk Sl Gb S s Sl Cend
&S 5508 3l Caand O S 31 s Ol jlans 8 Ly 3 50aS” O an( 00 =F4). L LaS o0

OJ)JJJp@}&d}&»;'j)ﬁ"o\}:ﬁ(b\).@\aﬁwwcw&uébﬁybj



S5 WO 50 (OF) o gdes ilas o demloes 1) 358 o Ausls Ok slow j3 a8 T

u\.lLuuAMW‘)&}&@MUQ?;‘JAJJTc‘))JJJpJ}.,a;u

Lol 55 Oluebs! pate

Jlow 53 6oL 5 sl )8 plel 5 Lonbad pde b abilie )3 (556 (Slads gozes I o3lizal
al o OT U ol 0,20 ) oo b anlg 53 45 (glacoabs pde 51l el 0
5315 351 ity O slay Sl g3 Lo pas sl o LB 3 Sl pue (i oal
Sl 4 dex 51 ool Plus 4 2l Cwlp)s ol g dalss okl
S AL 4l Loy W15 on Ol slay OF 53 p g5 5kl 5 4 el ST Cd 55 5 Ol Loy
K 815 o a1 i ol et il by Wil od e e 1 1 55 G ]
= Jas 5o e (sl el syl BLI 0 ST o 55555 05 0T 4 Lol S e
Ololes 05 &3l 3 O Sdy 5k Oljee Sl el ol ol el 33 K5 eslinud
S 3 oo o 53 4T Glais 5y O Jn oS s i 3lse 53 (S35 e
Slo g paraae Ol Ol 4 2ete s 1,1 il sas Hlany 5L 3550 095 Sl (ool (e
Olge 4 CT o b 1l .aS S5 S o i S i S snS I Al dal s
Lols pmades shate 43,8 o 15 oalinul 55 50 Gaiows ol )3 LolE odias il bl o b
S Ly dom &S5 5 (5 ) pacion d K 5 o STl o &S5 gl 5 )
o> e (3B sde I8 Dy 4 0T £ o 5,800 15 Lil e S Lol Sl
Ol gl asin oL ¢S 4 2k sde s yskie 4 SIS-WWT 5, 5110 508 o
""’Jfgs‘ Silwdde 3 D)o 4 S 350 0 eslinal Lol

demy . +zdemy, . <(CT " —(alphac*CT " —cT " )*demy,, Pont 3
' e e rr Vp,g,h,t (54)

demo, , ;. +zdemo < (CT —(alphc™* (CT =CT ) *demo,, .

demy, . +zdemy, . >(CT +(AlphaC*(CT " -CT ))*demy, ,  “Pont ©3

demo;vg,hvﬁzdemopvgvhvt2(CT' +(AIphaC*(CT” —cT )))*demo, ;. vp.g.ht  (56)



b | §oyei | § Jl | (U529 95 supp) Sy o Slalllas asliad | YA

zdemy, ;<1 vp,g,ht  (57)

zdemo, ,, <1 vp,g.ht  (58)

0% 4o Olye 3550 5

o O a8 Olge 51 385 i 55T 5 6 0357 &lw-‘eé:i"ﬁ)-’wdtwiiﬁ
(V) 0L 5 Obslasl 5 (Y+19) O 5 kST 5,57 55 5sbite 4 il
s o3 g sl 18 el S i daly 5 DSl o 3l 6,0,
dasly Gb Ail as Oloj a atunl s 45T 058 5o 0 s JUES) s Sle & 514 Doy 50
.rﬁu@(,\Nm,;o\?a;fm\;\,ws;ﬁd:ﬁ,;@uqbfﬂ;y%

DN Y g n s 51 Ui SVl anlonn g [y (55 318 50l 57 o o

@\Q)LPAJJ[&AJ‘@‘GJ;VA‘JS‘)C?M)M

(n) _ (r)p(n-r)
i _ip‘k Ry 59)

k=0
n>r>0 }@Mﬂmr) n
oy ] wl Camss AN 3l de Aol p 0T Cov o5 Col Jlozsf 0 PO

Ndsb 3] camdsal sy )l garb Al p S ol OT Jlez| PRI

S o g JUt el 1 s K Cm 51487 (6 e 53 Izl

Pij(n) = Pr(xn = J | XO y I) :;Pr(xn = j' Xr = K I XO = I) (60)

=Y Pr(X, =jlX,=1,X, =K)Pr(X, =k | X, =) 61)

= 2Pr(X, = §1X, = K)Pr(X, =K)| X, =i) = SRiIpO 62)
k=0

338 8l 3 s b g Sl g0 4 556 day S

pMm _ p(® p-n (63)



pMm — p.p-n
p-) _ p p(-2) 64)

P®=pPP..P=P"

o5 oS Aazas OE S el o S el Sl w3 1y 08 S Tl JUst e 5le
el o Ng ) dules o sl O Jsl b gl a5 08 aeS™ Tal ¢ (N D led oo ol &,
ool T 6l ks gl osls bl 1y (NG Ddisl oo 05 el abli (5115 87 S8 s
d...wlz-.a a}wézjﬂ' L;JJ.:)\;A&SUMUZOL:)J rﬁl&a@“bﬂ &0) 4194‘) &Uﬂﬁ)})

.;:;@@fi} O azS sl sl

t

NN N R-R R-oE R-Z
N‘Z{VRVEVZ} E-5R E-E E-Z (65)
Z-5R Z-E Z-Z
S sl 5, sl M

G Jde Jo 5 (o (gl

5 e Sl s g 5 ((0l)) Jia LT & Wles o adniee 1dde (ot liel
old 1yl s bl sl 1 L b s oo Sislad 1) OT (6 ol i (SlaC0 5 glons
MWJM@U%UUM!@g)ﬁj&fﬁbﬁﬁééﬁ&%}@
SR e 53 G dde Il ke o 338 pamia dlee Gl il Ol 4
ol 03lizul ANTIGONE ) Sl 51 due Jo 5 shate 4y s 0 i GAMS 24.1
L Cori7-2630QmM 2HGZ dlws Jo &l ockss oslinul i gunlS Slaaseiin .ol
sl 0 1)1 ¥ Y J st 53 0s o dlis 53 slis .l o3, RAM: 8GB

s Jo g o > b gladlis Y Jgu
Ls o/ u L] p t h m | y b i
) Jle \ A Y Y \ Y \ Y

Y Jke \ A Y Y \ Y \ Y




b | § oy | § Jl | (U529 95 supp) ey e Slallas asliad | ¥

Ls Jleo/ s 1 p t h m | y b i
¥ Jl 3 A v Y \ v v
f ke 3 A ¥ Y Y v v ¥
0 Jw v v ¥ Y Y v v ¥
F e v v ¥ Y Y v v ¥
Y Jl Y v ¥ Y Y Y Y 0
A Jle Y Y 0 v Y v v s
4k ¥ v v v v ¥ ¥ $
Ve Jle ¥ v 3 ¥ v ¥ ¥
N Jle s v VY ¥ v \ i A
VY Je s Y \$ 14 Y & & \
g3de Jle = o el ¥ J g
qu,:abg L ol qu,m,g e
s Lol Sl
DI, uniformint(1,5) DemY, ;. Uniformint (1,3)
Dm, , uniformint(1,5) DemO, ; 1. Uniformint(1,5)
[O+0.34, O- 0.04, A+ 0.27,
Z9, A-0.03, B+ 0.22, B-0.02, Ch, Uniformint(5,10)
AB+ 0.07, AB- 0.01]
Zl, uniformint(1000,3000) Cm, Uniformint(3,5)
Dy, uniformint(1,5) Cl, Uniformint (3,6)
Zb, uniformint(1000,5000) Cmh, . Uniformint(10,12)
&wﬁb,@b}&ujséngmy.f d‘g.\.?
78 e g
dlws Jo 0l Do b s s
8 27345 \ ke
10 47546 Y Jls
10 49031 v Jks
13 73245 f Jle

VYO Jks




Gy b S s edd Fl dlas Ol @ Oy s Lo BIHIL ol p
JLM@;«{&[?L;T;UL;;ﬂtf,ip\@,kf,\yv,;);u5uq;}w
Ale Lo 2153l danl y oles &y g 4 s Jor Oletily o™ 35— g O ¢ 5 51
i ol iy Ol gans Oloj 53 (kB ol 4 Oy 5 bl (0 SB1530 l> )o
slaple s pl sl

053 s (L) (ol 4 5L 5 Hle s i Ol a ol 55k o
bl 3 gur;i,,isu\ o3lizal L 0T J> s MATLAB 53!

Sl o35 I

5 S e Sl 4 Aes Syl g5 LOT des 6 510K Ol gl s ilis
1555 D 3l eslisel b O e 4k Ul 31 LOT 51 (65l ¢ ostomen
oslizul Lol exgdoes 3 WlST B L S I O pan gl bl LS
S Az g jme Jie S 8 gla il o plis laas S ples Obe 3 S o
Gl 6o 58 gla plis S e eslinel 0 s 6l Golpl Olge 4 Sgw
plaart b byl o) 5 51 (BU &STg5 Sl cen S sble st 51 iy Dl (5w
e KoL) S e 50 1y bOT claoms

Sy SSL B 05 dawg b e 6l YoV Jle s & il (g luaig r;win
oshaie Sl 58 (g gt 53 S S gla i gbsy Sls sas I aldl s
o Lol LT 4 55 55 &5 Canl o oslizul IS 5l 51 (iluang (.:wﬁl o) Lo
335

aad Cpimman 5 L3 o jaseii |y alol &S5 oSLS @ b ilis aen 9l 093
At oy Ol gal g OB placrl 5 148 1 (50 0 s S35 (sl 55 La0)T

Sl WAL R Camdsn 5o 5V Sy b (ol O 50 4 b Sl 190 096

4 Wl 03 S s o5 JSE R Spo i b 5 Calies (sl 50 b 5 £y

1 NP-HARD



b | §oyed | § Jl | (U529 95 spp) ey e Slalls dslilad | YY

Sosp s LT e[01] s Il Gla b & 5 comman 5 = n d b L83 5 &) 50
b ol b sl Sglize SV 31 (6l 53 Ll gie S oo il 4 ST ipgw 0936
39dn Ry Ol & plde 0 208 B R e o iy 51 el 4573 50 23
sl

03 el V':i)}g‘ @")‘b)‘)}é&)‘iﬂ: s 8 (gl esle gl 5 ,40) e gde
Blze oS 5,05 505 [, foo ] aels s T Ll 5 e poe eyt aile .l o a3 8 L
)LE.::»J'SJA}L;OH Ls.5\\'~ u..;lfje asls e ol Sl [Ain s Amax] s Jsb asls b
T sk 2 51015 e dlan b Gillae aedl L3l a0 (Lo W B Y g n J g aiels L
.:}QJV,“.E;JUJ,;K}QCj»d}lawbo\,uw.:}&asu;w\sﬁs

X oy $ilepKn o (S 8s o Col (il G 4 L BA (2, S s
DV S X e b g WS e e |y gt im0 (5Ls 53 v s

Wibgr 5 e at SlojelE

fi = fmin + ( fmax - fmin )ﬁ (66)
vi= v (X - x) (67)
X =Vt v (68)

ol Sambin o i Xe bl 53 el SIS 5l Bl s B €[01] S
g g al BN Ol 53 b o oy ded dunlie j dn &7 Sl C1 5SS
NG S 465 oolas LS 3 I $3Lal Oy g0 4 Sl a4 Il o
oy ¢ sloen (g st Al o (615 355 oo 0313 ol | T oo s [T Fr ] (03
Ssbip Mg 55 Ospe a3l o6 K b S Bl e sl b

Xogw = Xopg + EA' (69)
tor Sgo ghb o Kle Hldie A=< Al > 5 ol golar lie SGee[0,1] &
el t Ol s b il
Sl 02 S b olaald ls bl 53 Cudpn 5 o ($5leplin &
23S o J ST el S o dials 5 ey OT 53 STy 45T il 0 S1p3 plos



D3 el (g loangs 025 S Sl S 5 1 Sl 2, S Sl Sl Wl @l
3Gk e (Jos (5t ol pan o pll 0,5 Joms sy o g 1 (S ime e Ok
il el Lesl £
S oS5 b Olen L 55 p B 4 Lyl ST 3 (b s il L LIl 55 A sy
Sl #5485 bl o 8l b e 1y s SIS ST Glej s O s
b Rl el iz
5 A=L 015 e ol (ol gl 5 g ealinel ool il Sl o 51 015 e ol 61
55 5 i e 8 B fre Ay =0 5 S 550 w8 i s Ay, =0
b g o Bn 4 5 Do palie AL e s s (B e

At =ah, =g [1-exp(-y1)] 70
@2 7>0 5 0<a<l jMae o gl s A 206 poliaa sy ny

A 0,1t —r° as t o D

o 3 e ol Sles il )3 540 S laT & 5L W el )l clie Solse]
b s Lt ol 45T Sle) 53 W e 535 o0 0013 Galal Do) g 4 il
OlLSan 5 EGL) bl oo atgy Jom oy oo 0 S o ne 4 &S g e o
Yoy

Iy &l 0 oS
B 35 50 Slaaanb ol b 8 ol 558 Gladls el U 3l 05 831 !
o i3S Kagi susm 53 s p il Az S S 5 S ab A 0T
Lo 255 g plal (5o 515 srlete Salom bl b i 2l ) ol IS
4 sanb Ob1 s (ol JS5 4 gl sl by 48) 4r b ekl oo
uaT;uwb&p&,@gh‘:ﬁ,}su,ao\w\uw@L-..:cluw

! Megaptera novaeangliae



b | § oy | § Il | (U529 95 supp) Sy s Olalllas dsliad | ¥§

S sl ool gy wdi gy ol Ll T U5 sladil 5 VL e 4 el |
oo 4 ol 4 gole sl I r:iui“ 2 el ok oy s aeSigs 5 g

(VP sy (Ml e ) oSl 0 Juls (g5l plasil 6l 251

D =[C.X"®)-X (1) (72)

X(t+1) = X*(t)-AD (73)
X ol o 086 415 2 X7 el 85032 € 5 A (b ) ST TV go 3 3 o
);)fl6.@\@,;@@&.&35)}.;.)5110,45@)&4| O s,
By Sl say e XTSI s 6 e Sl 1SS
:x};@wwﬂja)ygé 9A slayls

_ T4)
C=2F

Mo eSO T 5l Sl IS5 (b 0¥ 5l (bt Sy w ) S s 8 S
el [+ 9 ] o o5

e 93 03 o 5 (BLE o 515 & slael )3 e | Cig3 S Jlg dem i) 5

93 ol om St B0 Jlasl (53 b, ol (iledie gl e L S e se

oy s s Sl 55 4 S3le gy b ls Lol g0 53 8 o Ol oS
Wl ) S

X*{t)-A.D,p < 0.5

X(t+1) =3 |
D e”.cos(2zl)+ X *(t),p = 0.5 7

e | o 8 sl IS8 G i 6l 2D el V50 o Lt sae eSS P S
oV 5= o (Bolas polie LA Ll il s glal O s s V5 o ol

255 8055 o pn Iy 4 e Jalo b 555 e 8 51

L upward spirals
2 double loops



LSS 58 53 A8 o 5lS 4 g5 B3las Gl ol S slae saee LWOA o, S
L ods Ol (Bolad & (g gt oo 4 a5 L 1 05 Condpe gt Julse
03,57 o213 S @ el S o Sleyias 4 csoler (AT ooty ol o g
$33La5 (5 e Jolo &K b o AT BY e Sl 5 4 ez Bl 5 LS
bl Sl o oly op e oS Gl b 53 cpl sd e ol APL] S s
P olie 4wty sl AL ot Jalge Camisn Slosisp Car S 250
bl ) (K amnbe b s ol &S m byl 1y Skl ot WOA r;wisl
oslitul gl 4 ¢ atua Jole Sumb e Sluylsp 6l g denb gl tea ol dlsaS
3 o 23bal Ol Sl e Jule o 2 Slaesls
—)?|
X({t+) =X, -AD
S5 0K 5l e sl (bslar $Kig &) dolal Cumdgo Sl G Ky S

rand

D =|C.>Z
76)

.C.M‘C.::uq-
Sl Jfs e
b A 3 S 5 e e ($3lad g 4 s sl Ol 15 adgl Cames

K1 K2 K3 K4 K5 K6 K7 K8
A A+ Y vy A+ vy vy a8

o S ESS IS 4 | OB ST Ial s o7 ol 0T mbeiia g s 1 Ul e
S dsl alys FA Hlaas (Jle b 4 ).l osls jawass O LS))TC)’: Lol
v 23las sde FA olas QLiJ)a.LaTCM.\{\‘););iZZ BY) ‘...)J.p!t:8 < pllol-
2l pasie 02 SIS ol l & bgy e Ol s 093 i (sl e S
i s 0313 anas 0 D 51K S 4 0 il 1D Sl o) s



b | § oy | § Il | (U529 95 supp) Sy s lalllas dslilad | 5

Sl D) e 93 85 Sl s Do Ol s Dler SR 05 esls Jarass
S (So3e 93 iy I g8 3l Garadi 0 O S e eSS M O S
2,58 55y C\JSJJLabjlc\JS,aJ‘.U:ﬁks)}T@q-\)ojs-b4.:1.5.15&41:..»}
2 b s gladey P a4 ol Ol godins OLE Ol Jla p bl s
N3y phn hde dislad oo 1) 05 05 S0 5SS pliS 4 05 il o5
Sl eSS ol 1) 055 05 osTpar S50 5l S 0 dled oo padeds Ol
4 M ST 0 8 ol oyl odias DL Ol o2l i3udias fi o M O
A gd 051> amais lah i eSalus”

S8l 3 slapn), S ods 7 b Pl Jo sl dls Sl Sl (b S
YRV L ol 5SS 5 ) adyl Camesr Ol ok |l 5L Y Jliwe 2 BAT ; WOA
.;.Mlc,\i;,?asl,lad,.\?bcm.«:\,\@g&@umafﬁp

dle Ol 0 g

‘};LSJ 548 S5l o5 WOA BAT
. Sha i . Lo ) .

Chda 4y Time Jsl s =6 Time Jsl &b Time
1 27345 8S 27867 40s 32891 49s
2 47546 10S 53904 118s 59172 48s
3 49031 10S 54947 29s 63512 26s

o it 4 73245 13S 74957 27s 82768 65s

5 No No 165999 115s 934567 119s
6 No No 1961505 565s 1737473 725s
7 No No 1978919 64s 2817094 127s
8 No No 7940432 117s 8539593 100s
9 No No 14170431 1919s 15791068 1907s
10 No No 17530499 1681s 19307376 1994s
11 No No 23265498 8052 11830736 1994s

No No 25241879  459s 2524559  10312s

-
N



Jc,.w\wo,u.wowou;,Q}aéuuﬁuuﬂpﬁ@wdw;\yu@u
Coda w503 S Bl r;wiu;\ Jls r;win,;mhwga,u b Ol
u:u;rq,,islgw(;%&;ﬁq?au6.@\03}@3\;;\\,6,;5,1@,
3, s Iy 020, S 35 (L 5 b5 4 Dy 0L3) s o Olej o st 350

el oy B 5 b 4 5395 s axils B 5 ple b Plas 53 6 e sl

$3,50 asdllas

OAS Okl O 5710 anle &S5 SleMbl bly lis 5 odd €l Jube b5, 6l
DA syl sy ol O S e anw Ol sl s Gl s OBl O ) 4S8
F ATy 4 Gl 0 aibs s dins o plnil [ 0k (65T pasr sla0 5 (5,5 03,57 3
13 0dgs 51y i V) 5o Lol

s

+
Talesh

At

Bandar-e Anzali

Rezvanshahr ey Astaneh-ye Ashrafiyeh
+++
Mkl SomehSara +++ + Langarud
451?' -Iﬁ Amlash
o

Qman_'_ aF 4F

= ).
shat <
N Siahkal +
+<+ Rudsar
Rudbar
Hospital : +

Blood center : jﬁ{
Fixed collection facility <>

SWb s pldal &g Ol gae ymedes



b | §oybei | § Jl | (U529 95 supp) Sy o Slalllas aslilad | YA

4 OS 05 JEst S e sl el 51 (algiig ()SKaly o5l s shie 4 ibu al 5o
OE STl e ¥ (sla o313 bl 2 oyl gn o3lizal DS Ial 3lutad raind gt

Sy or bl O oty Sloslowe JUST s Sl ol
oS Il at-1 oy 5 53 5 S oS laal HIIE Sl Jla| (8) J gt by S 5 4
05 gas 1al 35 t-To,gs 43 45, S 08 S lual sl b ol ol p T o3 53, S
sat-l 0, S Q\f.\;;fl.uldfqr.:..&: il os ST Iaal O o tey e 5o Ll
Il 48 55 4 5 Lol 0l aaloma 0 ) Ol 0 43 (IS a2 &S 1555 S0l 5b
sl Jle ys ole Olen u:i“':" slaesls plal «iJ8 sla esls ol dlasl

(O LS sl 5 055 1l uad S o S 40 Dok o5lizl
oS al 3130 sluas Ng ¢ pocienes S Il 5130 sl Ny 3L N =[N, Ng,N,] S
SOt Toerage 55L dlas o Ial 055 457 (o303 sl 5 N, ¢ ls aile 5 sl 5L
Jador g0 4 Ol g5 oo 1y I8 Il oK a Jles | il 095 b 138 JUisst Jlez|

als d:.il.u )

[€t,.t, —B+{t, —Lt, — 22 +{t, — 2,t, — 3H{t, — 3,t, — 4H{t, — 4,t, — 5H{t, - 5,t, — 6}]

= 77
average 6 ( )
09> JA )lv\f C,\.“?- JLQ.Z?‘ .? d".)-?
0 )9 Prr Prg Prgz Pe g Pe g Pe g Pz Pz g Pz g
_ Ne g _ Ne ¢ _ Ne o _ Ne g _ Ne ¢ _ Ne s _ N, 5 _ N, ¢ _ N, g
N, N, N, N N N, N, N, N

T 0.601 0.361 0.038 046 047 0.07 0.008 0.130 0.977

Avreage

338 or dslms 33 O goo a0 JUH s 5l (8) g b

R->R R-E R-Z 0.731 0.161 0.108
p=| E-R E—-E E-—Z|=| 0512 0439 0.049
Z-5R Z-E ZZ 0.001 0.105 0.894



et S dlg A sl WAL 5 S 0 STe eVl glal 0 IS
V5 anlul do )5 YA ats 0ias O s Ao ;3 08 S ol 51 a8 Gl 0l 03

sl 3 g5 457 0 55 (g1 al dntas Comam S| (il 03 g0 1al O 55 L sl (51 Aoy
to o))Jé‘jﬁﬁMﬁ)|}bV" ‘)V\-&sw

t a)}J)ae&S‘M‘e};JAMM A% JJJ;-

0

Jo S sl ol ty 0395 §9.5 Sl 595 e 23131 510s 5 o sl
N, =54870
R N, = 54870 _ gy
365
N = 28830
: o 28830 o
365
N, =700000 _ 700000

N, =1917
365

Db oo dmlne 33 D00 & ) el T s Il sl Ol e ol 5l

t

0.731 0.161 0.108
N, :[150, 79, 1917] 0.512 0.439 0.049
0.001 0.105 0.894

OLis 1y Sl eyss o 53 O Mal IS Ol (A) Jsd= 53 NF+NT Q}:"”Ji"u““s
.MJdﬁ

e)jéuja): oS Il A)Jffhbu.xj/\dj.\?

ST N Nf N7 N + N
T=1 141 116 1884 257
T=2 153 130 1854 283
T=3 167 140 1826 307
T=4 179 150 1800 329
T=5 191 159 1776 350
T=6 202 167 1754 369




b | §oslei | § Il | (52995 sur) Sy s lalllas dolilad |

Ny
Cgr CSW 5 RBC Jgamn 53 bl g ok Oliusl aale &S5 65k 4 o 5 L
o ke Gl ) S (g 5 el s b 533 8 e OBl ke (e
Gl 5a & Jsl mb S8 ol s 5 ol S el o] Sy H1LSS LY
w5n (aoksley 5 055 S50 53 05 IS (G357 30 438 W05 S8l par
O Al 4 5a 5 0 35S i N O S0 0 M 05 ST 5l 05 Jlel

w‘c“&)‘;* d}u\q-)J Ls:}>- cJ)_gTjé

s oslizal ISl 3 lanz ), s S eslizal b s b (5l skl oty it 8 g

iy 22,8 Sl oz, S els sk e ml g
FAFTIFD OFAA-F+ o3 a0
VAYYFY] VFASD S35 30 4158
AQOFYYY Ve OVEVD Jl,las 5a
\YBRAY VeVAYS WCUER
FYYVPVA FYOFAVY Ol dwls 4 58
Y YOFPVY Y7 \WYPA J.f <

I 02558 5l oslizal b o alal gy ok Sy ok w5 3lie G b Jbor 4 4 551
J’-)Jou\.ATC,.wJudjfkb-jbwd‘gw‘obygﬁbﬁ)}i“)‘j&»{

0038 5 e 55 g3de Jlie Sl oslitul b omim Lzl

Sl ol e 54 OF 53 457 (6T oz S bl 0l (65T ez 05 Ol
jo.@;@qam Mg 53D 51 Mg 05 STl ois 1,1 (V0) Sy s
S5 Slres, T 3 alas 55y o planil M ST, 55 S slaen 5T 3 A 55 0T 3

Ll 0l &1, (VY) st s 50

b oS (55T o Lo g o ()3T e 0 Nt g

3T o S 53 0dd (555T e 055 okd (55T o JolS 0
(M1)es, 2994




(M2) sy 1067

(11)s5 5% 703
(12) s, 486
(13) J5! 506
(14) e 426
(m3) _x6 680
(D™ 250
(b1, b2) . o3 T Vs 721

M5 glaes,sl s 0 S1e s ol ezl 05 NV g

OF Sl kb 5ysTpar 05 edd 3T ARBC ous o), 5 5™
M1 FVVS FPEY VPOV
M2 YA YY00 0
M3 400 avq ¢

x;u..jaumu“Jﬁsﬁau..,udm;RBCﬂaw@}:JMQg{@%}:g
.@loﬁﬁb\\“ Jj.,\q-))ov\..iddj.m

uob)uﬁ)é CJY}M 6‘0&&5}»}})@5“;“)‘ﬁ3m.‘fJ9v\?

S A e el gl sl sdd b sl
'” RBC
s Lol u,-“-w ‘ old Awld :”5 Lf)br .s‘,..‘.f Ol ylows s
)
H1 337 3 8 91 6 4
H2 115 22 0 13 1 1
H3 16 76 0 0 0 0
H4 230 2 0 12 1 3
H5 437 2 1 75 1 3
. H6 16 51 0 0 0 0
Ty 211 4 0 57 1 3
H8 827 1 0 634 20 28
H9 432 7 0 14 1 1
H10 276 1 0 133 4 6
H11 204 2 0 90 1 4
H12 57 8 0 0 0 0




b | §osbai | § Il | (U529 95 supp) Sy s Olalllas dsliad | FY

H13 28 22 0 0 0 0

H14 426 0 143 6 6

>$  HI5 91 0 8 0 0

e H16 185 0 0 0 0

H17 18 31 0 1 0 0

LT HI8 123 3 0 16 2 1

H19 11 23 0 0 3 0

sbsss H20 16 17 1 0 0 0

H21 32 9 0 0 0 0

Sl H22 29 3 0 0 0

ooy H23 66 1 0 10 0 0

~ H24 278 1 11 1 0 0

° Hs 61 1 0 0 0

3353 H26 200 2 0 10 0 0

5 H27 395 1 0 17 0 1

S H28 342 4 0 23 2 1

skl H29 138 1 2 1 1 0
Ars g2

g H30 143 4 0 2 0 0

Jul  H31 103 2 0 2 0 0

Cowlo LT

s 3050 s GUIST o a3y 53 it 4y a5 b 1y O b Sl i 2 ol 5
5345 ol g sl 05 U055 OB 0,87 el 5 Ol e (51 315 al g 13
7ol Jlo ol 0o AT e 3 n Ll o 5 S 03 D D) s
CldiS sl

—&JT@U HféjsﬁiS}CTﬁ:Lb);ﬂb"Q)y@uwﬁ:uﬁ)s‘}é:ﬂbg
23 CT o b 0l 0s 555 L33 8 o dalin ¥ S8 4 a5 L b o OIS
el adly 2151 (Z) 4 5a s w1

CT bl pslie comwlas U1 IS



~

w

-

% of objective function change
(=] N
o e e bnwin s 0w

[11.52] [1.522.5] [22.53] 2533.5] [33.54]
Changes in fuzzy demand values

[0.,0.9] ol uis o3L 55 0T pyslis oS il s ALPHAC i 55 s Koo gl
33503 656 YL O1S sde w 81E ol ol rhe palis & Sl oy § Ol
ool s Sl o sll (5B sde ol OLST polie 4 ell o Fomly ol
walie ous SLIALPHA O b Slis il 2 Ous 16 i s (0) S
Aal s il el 6o s il Al 5a e b pslie bl Bl IL 53 S e

3l
ALPHAC . b ol LT 0 K2

3.7

% of objective fuction change
=) = o w
w (= w N wu w (%] B~
N
N
W
t

o

0.1 03 0.6 0.9
change in the ALPHAC coefficient

ol 5 55 4o



b | § oy | § Jl | (U529 95 supp) Sy e Slalllas aslidad | £ ¥

4‘5‘)}"7@}u;}uM‘J.AL&4{0.}}:waﬂ%oﬁ)&i@‘k‘duﬁuﬂ‘rl}u\)‘dﬂ
O GosTpar Sladly lyl ool ooy Wb G VS SEERCSEE
sl O ST a5 03505 Sl ,s O A sl 511, g5 45 035 ol 5 S ee
2 DY pame 550 S5l A 5L 2y s DY pame 4 0 O S e 0 lel e
Léw;\f@‘m leicj\? C)‘}!_}M ALwd 9> wb‘ﬁ&&buw uﬂLﬂ‘
O pbausr 035 e JUis 4 Sus w5 e o oyl 53 5 8 e Jll
aren O i 4 38 55 5 Ok oy 5 05 ST j0 53 05 (635 30 06,5 0%
grsu'uls,}mwgm@t)gqﬁw\dxjf.@mﬁuj@,mcxwg@}s
o 03 8 5l (ol Jgame ST g ol o3linel O (5 iy oS e S| G55
0T 28l Llgzn oS (25 8 U eame 4203 01 31 6 1y Gl Jool G 555 3.5 50
b Ll s oslizal 508 153005 51 G Jor Sose 4 Je o (sl 35 8 Ll 552
o gas oslizal (6,805 slann ;S 51 55 slanle 5 Al ple 25
i 81 5 sl 0 3lgiin (636 b K Lo 1 585 s o i (8l oo
O 8 sal s o 4028 5 OS5k oy ey ) 05 OB ST sl Ol
b 3 G383 oS Jor 025 801 o &S 557 (sl s dhol il e g oslic
L;ur;iuill)'lc;u;,ﬂ\Q&Jﬂuobjé_{ic\{&étﬂ@;;ﬁlp@df)j'{jhﬂ}:a
233, oledleds b Jde 1S a0 aS Conlois 61, BAT ;WOA (¢,5%1 5
WT L5 mb o b 5 Lol 56 cal b 55 ok lel sl o oS5 0LL

Wl 0 S a1 OT 5T 5 ol

ST Olds jekue 4 Ollgiy
133 8 or oLty b3 550 5m 5 iy Ot late o
b O dln ST Slidont 55 55 Koo sl G (sl anny skt 4y @
PE N 53k 5038 Do 4 05 65T per S e B Jiluy
i 53 s gl s £ 5 5 b b 50 Sl Ll i Sla s gioes 5 n e



5 Obslen 5 055 ST,m 53 (bloml o3 Blod G anmy j e 4 @
SEEL s 55008 J 25 g 4 0T o J 25

Sl a 050 S1im 5 g €)1 0bej 228 0I5 (o Gooss (pl aslsl 5o @
505 Blodd 5l o 5o Cota o Ol | Lol

odd paie S5 b enyslpplg) ST ol s s leile @

@,:.L;umu:w)tptcstyﬁQ\ﬂ,.a)\ja;.ﬂm&\ .

Reference

Akita, T., Tanaka, J., Ohisa, M., Sugiyama, A., Nishida, K., Inoue, S., &
Shirasaka, T.J. T. (2016). Predicting future blood supply and demand
in Japan with a Markov model: application to the sex-and age-specific
probability ~ of  blood donation.  56(11), 2750-2759.
https://doi.org/10.1111/trf.13780

Arani, M., Chan, Y., Liu, X., & Momenitabar, M. (2021). A lateral resupply
blood supply chain network design under uncertainties. Applied
Mathematical Modelling, 93, 165-187
https://doi.org/10.1016/j.apm.2020.12.010

Alfonso, E., Xie, X., Augusto, V., & Garraud, O. (2012). Modeling and
simulation of blood collection systems. Health care management
science, 15(1), 63-78. https://doi.org/10.1007/s10729-011-9181-8

Bain, B. J. (2014). Blood cells: a practical guide: John Wiley & Sons.
https://doi.org/10.1002/9781119820307

Belién, J., & Forcé, H. (2012). Supply chain management of blood products:
A literature review. European Journal of Operational Research,
217(1), 1-16. https://doi.org/10.1016/j.ejor.2011.05.026

Cohen, M., & Pierskalla, W. (1975). Management policies for a regional blood
bank. Transfusion, 15(1), 58-67. https://doi.org/10.1046/j.1537-
2995.1975.15175103512.X

Derikvand, H., Hajimolana, S. M., Jabbarzadeh, A., & Najafi, S. E. (2020). A
robust stochastic bi-objective model for blood inventory-distribution
management in a blood supply chain. European Journal of Industrial
Engineering, 14(3), 369-403.
https://doi.org/10.1504/EJIE.2020.107676



https://doi.org/10.1111/trf.13780
https://doi.org/10.1016/j.apm.2020.12.010
https://doi.org/10.1007/s10729-011-9181-8
https://doi.org/10.1002/9781119820307
https://doi.org/10.1016/j.ejor.2011.05.026
https://doi.org/10.1046/j.1537-2995.1975.15175103512.x
https://doi.org/10.1046/j.1537-2995.1975.15175103512.x
https://doi.org/10.1504/EJIE.2020.107676

b | § oy | § Jl | (U529 95 spp) Sy s Slalllas aslidad | §5

Dillon, M., Oliveira, F., & Abbasi, B. (2017). A two-stage stochastic
programming model for inventory management in the blood supply
chain. International Journal of Production Economics, 187, 27-41.
https://doi.org/10.1016/].ijpe.2017.02.006

Ensafian, H., Yaghoubi, S., & Yazdi, M. M. (2017). Raising quality and safety
of platelet transfusion services in a patient-based integrated supply
chain under uncertainty. Computers & Chemical Engineering, 106,
355-372. https://doi.org/10.1016/j.compchemeng.2017.06.015

Eskandari-Khanghahi, M., Tavakkoli-Moghaddam, R., Taleizadeh, A. A., &
Amin, S. H. (2018). Designing and optimizing a sustainable supply
chain network for a blood platelet bank under uncertainty.
Engineering Applications of Artificial Intelligence, 71, 236-250.
https://doi.org/10.1016/j.engappai.2018.03.004

Fortsch, S. M., & Khapalova, E. A. (2016). Reducing uncertainty in demand
for blood. Operations Research for Health Care, 9, 16-28.
https://doi.org/10.1016/j.orhc.2016.02.002

Ghandforoush, P., & Sen, T. K. (2010). A DSS to manage platelet production
supply chain for regional blood centers. Decision Support Systems,
50(1), 32-42. https://doi.org/10.1016/j.dss.2010.06.005

Ghahremani-Nahr, J., Nozari, H., & Bathaee, M. (2021). Robust Box
Approach for Blood Supply Chain Network Design under
Uncertainty: Hybrid Moth-Flame Optimization and Genetic
Algorithm. International Journal of Innovation in Engineering, 1(2),
40-62. https://doi.org/10.52547/ijie.1.2.40

Haijema, R., van der Wal, J., & van Dijk, N. M. (2007). Blood platelet
production: Optimization by dynamic programming and simulation.
Computers &  Operations  Research,  34(3), 760-779.
https://doi.org/10.1016/j.cor.2005.03.023

Hamdan, B., & Diabat, A. (2019). A two-stage multi-echelon stochastic blood
supply chain problem. Computers & Operations Research, 101, 130-
143. https://doi.org/10.1016/j.cor.2018.09.001

Heidari-Fathian, H., & Pasandideh, S. H. R. (2018). Green-blood supply chain
network design: Robust optimization, bounded objective function &
Lagrangian relaxation. Computers & Industrial Engineering, 122, 95-
105. https://doi.org/10.1016/j.cie.2018.05.051

Hemmelmayr, V., Doerner, K. F., Hartl, R. F., & Savelsbergh, M. W. (2010).
Vendor managed inventory for environments with stochastic product
usage. European Journal of Operational Research, 202(3), 686-695.
https://doi.org/10.1016/j.ejor.2009.06.003

Hosseini-Motlagh, S.-M., Samani, M. R. G., & Homaei, S. (2020). Blood
supply chain management: robust optimization, disruption risk, and
blood group compatibility (a real-life case). Journal of Ambient



https://doi.org/10.1016/j.ijpe.2017.02.006
https://doi.org/10.1016/j.compchemeng.2017.06.015
https://doi.org/10.1016/j.engappai.2018.03.004
https://doi.org/10.1016/j.orhc.2016.02.002
https://doi.org/10.1016/j.dss.2010.06.005
https://doi.org/10.52547/ijie.1.2.40
https://doi.org/10.52547/ijie.1.2.40
https://doi.org/10.1016/j.cor.2005.03.023
https://doi.org/10.1016/j.cor.2018.09.001
https://doi.org/10.1016/j.cie.2018.05.051
https://doi.org/10.1016/j.ejor.2009.06.003

Intelligence and Humanized Computing, 11(3), 1085-1104.
https://doi.org/10.1007/s12652-019-01315-0

Jacobs, D. A, Silan, M. N., & Clemson, B. A. (1996). An analysis of
alternative locations and service areas of American Red Cross blood
facilities. Interfaces, 26(3), 40-50.
https://doi.org/10.1287/inte.26.3.40

Medicines, E. D. f. t. Q. 0. (2013). Guide to the preparation, use and quality
assurance of blood components. In Recommendation No. R (95) 15.

Mirjalili, S., & Lewis, A. (2016). The Whale Optimization Algorithm.
Advances in Engineering Software, 95, 51-67.
https://doi.org/10.1016/j.advengsoft.2016.01.008

Nahmias, S. (1982). Perishable inventory theory: A review. Operations
Research, 30(4), 680-708._https://doi.org/10.1287/0pre.30.4.680

Najafi, M., Ahmadi, A., & Zolfagharinia, H. (2017). Blood inventory
management in hospitals: Considering supply and demand
uncertainty and blood transshipment possibility. Operations Research
for Health Care, 15, 43-56.
https://doi.org/10.1016/j.0rhc.2017.08.006

Pierskalla, W. P. (2005). Supply chain management of blood banks. In
Operations research and health care (pp. 103-145): Springer.
https://doi.org/10.1007/1-4020-8066-2 5

Prastacos, G. P. (1984). Blood inventory management: an overview of theory
and  practice.  Management  Science, 30(7), 777-800.
https://doi.org/10.1287/mnsc.30.7.777

Products, C. f. P. M. (2007). Guideline on influenza vaccines prepared from
viruses with the potential to cause a pandemic and intended for use

outside of the core dossier context
(EMEA/CHMP/VWP/263499/2006). Euro Agency Eval Med Prod,
24,

Ramezanian, R., & Behboodi, Z. (2017). Blood supply chain network design
under uncertainties in supply and demand considering social aspects.
Transportation Research Part E: Logistics and Transportation
Review, 104, 69-82. https://doi.org/10.1016/j.tre.2017.06.004

Sahin, G., Siral, H., & Meral, S. (2007). Locational analysis for
regionalization of Turkish Red Crescent blood services. Computers &
Operations Research, 34(3), 692-704.
https://doi.org/10.1016/j.cor.2005.03.020

Sapountzis, C. (1984). Allocating blood to hospitals from a central blood
bank. European Journal of Operational Research, 16(2), 157-162.
https://doi.org/10.1016/0377-2217(84)90070-5



https://doi.org/10.1007/s12652-019-01315-0
https://doi.org/10.1287/inte.26.3.40
https://doi.org/10.1016/j.advengsoft.2016.01.008
https://doi.org/10.1287/opre.30.4.680
https://doi.org/10.1016/j.orhc.2017.08.006
https://doi.org/10.1007/1-4020-8066-2_5
https://doi.org/10.1287/mnsc.30.7.777
https://doi.org/10.1016/j.tre.2017.06.004
https://doi.org/10.1016/j.cor.2005.03.020
https://doi.org/10.1016/0377-2217(84)90070-5

b | § oyl | § Jl | (U529 95 supp) ey e Silalllas aslilad | £A

Sasser, S. M., Hunt, R. C., Bailey, B., Krohmer, J., Cantrill, S., Gerold, K, . .
. Morris, J. (2007). In a moment's notice; surge capacity for terrorist
bombings: challenges and proposed solutions.

Yang, C.-S., Lu, C.-S., Haider, J. J., & Marlow, P. B. (2013). The effect of
green supply chain management on green performance and firm
competitiveness in the context of container shipping in Taiwan.
Transportation Research Part E: Logistics and Transportation
Review, 55, 55-73. https://doi.org/10.1016/j.tre.2013.03.005

Yang, X.-S. (2010). A new metaheuristic bat-inspired algorithm. Nature
inspired cooperative strategies for optimization (NICSO 2010), 65-
74. https://doi.org/10.1007/978-3-642-12538-6 6

Zahiri, B., & Pishvaee, M. S. (2016). Blood supply chain network design
considering blood group compatibility under uncertainty.
International Journal of Production Research, 55(7), 2013-2033.
https://doi.org/10.1080/00207543.2016.1262563

Zahiri, B., Torabi, S. A.,, Mohammadi, M., & Aghabegloo, M. (2018). A
multi-stage stochastic programming approach for blood supply chain
planning. Computers & Industrial Engineering, 122, 1-14.
https://doi.org/10.1016/j.cie.2018.05.041

Zhou, D., Leung, L. C., & Pierskalla, W. P. (2011). Inventory management of
platelets in hospitals: Optimal inventory policy for perishable
products with regular and optional expedited replenishments.
Manufacturing & Service Operations Management, 13(4), 420-438.
https://doi.org/10.1287/msom.1110.0334



https://doi.org/10.1016/j.tre.2013.03.005
https://doi.org/10.1007/978-3-642-12538-6_6
https://doi.org/10.1080/00207543.2016.1262563
https://doi.org/10.1016/j.cie.2018.05.041
https://doi.org/10.1287/msom.1110.0334

	طراحی مدل بهینه‌سازی زنجیره تأمین خون با استفاده از رویکرد فازی و زنجیره مارکوف تحت شرایط عدم قطعیت تقاضا و عرضه

