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Abstract

This study explores the optimization of blood supply chain inventory management through
innovative approaches, specifically Bee Colony Optimization (BCO) and Genetic
Algorithms (GA). The research addresses challenges in healthcare logistics, emphasizing the
integration of organizational units involved in blood sourcing, production, distribution, and
marketing. Key considerations include the potential conflicts between cost minimization in
sourcing decisions and the focus on throughput in production and distribution. The study
highlights the significance of achieving an optimal balance to ensure a reliable and efficient
blood supply for patient care. Bee Colony Optimization and Genetic Algorithms, inspired by
natural processes, offer promising solutions to the complexities of blood inventory
management. BCO mimics collaborative foraging behavior, creating optimal paths marked
by pheromones. Genetic Algorithms replicate natural selection to iteratively enhance
solutions. The research aims to provide valuable insights into the application of these
algorithms, contributing to the evolution of efficient blood supply chain management. The
anticipated outcomes include improved healthcare logistics, ensuring timely access to blood
products and enhancing patient safety and outcomes.

Keywords: Blood supply chain, inventory management, Bee Colony Optimization, and
Genetic Algorithms

1. Introduction

In the fiercely competitive landscape of healthcare logistics, the optimization of blood supply
chain inventory management emerges as a critical factor for ensuring superior patient care. A
healthcare facility's success is intricately tied to its ability to navigate challenges, such as
minimizing lead times and costs, while simultaneously elevating patient service levels and
maintaining the highest quality standards for blood products. Throughout the evolution of
healthcare logistics, the organizational units involved in blood sourcing (procurement),
production, distribution, and healthcare marketing have often operated in silos. Despite sharing
common overarching goals, these units frequently harbor distinct and sometimes conflicting
objectives. Healthcare marketing seeks toptier patient service levels and seamless availability of
blood products, goals that may clash with the priorities of production and distribution
departments. Sourcing decisions often lean towards cost minimization, while production and
distribution decisions tend to focus on maximizing throughput and minimizing unit production
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costs, occasionally neglecting the implications of maintaining high blood product inventory
levels and enduring extended lead times. At its core, blood supply chain management strives to
harmonize and integrate disparate healthcare organizations, each pursuing its unique objectives,
towards the unified goal of ensuring a dependable and efficient blood supply for patient care.
Recent advancements underscore the potential for substantial enhancements in these objectives
through skillful orchestration of blood supply chain management mechanisms. The challenge of
blood inventory management revolves around maintaining an optimal supply of specific blood
types in alignment with forecasted patient demand patterns. Achieving this equilibrium
necessitates shrewd management of the costs associated with blood product holding, while
mitigating the adverse effects of shortages, including compromised patient care and potential
health risks.

The scope of blood products subject to inventory management spans from everyday blood
components used in transfusions to essential plasma derived medications. Notably, a diverse
array of ostensibly unrelated healthcare challenges can be mathematically modeled as intricate
interwoven blood supply chain inventory control dilemmas. Various blood supply chain models
have been conceptualized, each characterized by three fundamental expense categories: (i)
administrative costs associated with blood product order placement, often termed reorder or
setup costs; (ii) ongoing maintenance costs of blood product inventory, encompassing holding or
carrying costs, including storage charges, refrigeration, and more; (iii) shortfall costs reflecting
the cascading repercussions of patient health risks and compromised healthcare reputation in the
event of shortages. The foundation for achieving efficient blood supply chain management lies in
optimizing these facets. Innovative optimization algorithms, such as Bee Colony Optimization
and Genetic Algorithms, draw inspiration from nature to enhance the efficiency of blood product
routing, storage, and distribution within the healthcare system. Bee Colony Optimization
Algorithms ingeniously mimic the collaborative foraging behavior of ants, creating paths marked
by pheromones to signify path quality. Similarly, Genetic Algorithms replicate the principles of
natural selection and evolution to iteratively improve solutions. These algorithms contribute to
the efficient orchestration of blood supply chains, ensuring timely and safe access to blood
products for patient care through the reinforcement of optimal or near optimal solutions over
successive iterations.

2. Related Work

Supply chain management can be defined as: "Supply chain management is the coordination of
production, storage, location and transport between players in the supply chain to achieve the
best combination of responsiveness and efficiency for a given market. Many researchers in the
inventory system have focused on a product that does not overcome spoilage. However, there are
a number of things whose meaning doesn't stay the same over time. The deterioration of these
substances plays an important role and cannot be stored for long {Yadav et al. (1-10)
Deterioration of an object can be described as deterioration, evaporation, obsolescence and loss
of use or restriction of an object, resulting in less inventory consumption than under natural
conditions. When raw materials are put in stock as a stock to meet future needs, there may be a
deterioration of the items in the arithmetic system which could occur for one or more reasons,
etc. Storage conditions, weather or humidity. {YYadav, et al. (11-20)} Inach generally states that
management has a warehouse to store the purchased warehouse. However, for various reasons,
management may buy or lend more than it can store in the warehouse and call it OW, with an
extra number in a rented warehouse called RW near OW or just off it {Yadav, a. al. (21-53)}.
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Inventory costs (including maintenance costs and depreciation costs) in RW are generally higher
than OW costs due to additional costs of running, equipment maintenance, etc. Reducing
inventory costs will cost-effectively utilize RW products as quickly as possible. Actual customer
service is only provided by OW, and to reduce costs, RW stock is cleaned first. Such arithmetic
examples are called two arithmetic examples in the shop {Yadav and swami. (54-61)}.
Management of the supply of electronic storage devices and integration of environmental and
nerve networks {Yadav and Kumar (62)}. Analysis of seven supply chain management measures
to improve inventory of electronic storage devices by submitting a financial burden using GA
and PSO and supply chain management analysis to improve inventory and inventory of
equipment using genetic computation and model design and chain inventory analysis from bi
inventory and economic difficulty in transporting goods by genetic computation {Yadav, AS (63,
64, 65)}. Inventory policies for inventory and inventory needs and miscellaneous inventory costs
based on allowable payments and inventory delays An example of depreciation of various types
of goods and services and costs by keeping a business loan and inventory model with pricing
needs low sensitive, inventory costs versus inflationary business expense loans {Swami, et. al.
(66, 67, 68)}. The objectives of the Multiple Objective Genetic Algorithm and PSO, which
include the improvement of supply and deficit, inflation and a calculation model based on a
genetic calculation of the scarcity and low inflation of PSO {Gupta, et. al. (69, 70)}. An example
with two stock depreciation on assets and inventory costs when updating particles and an
example with two inventories of property damage and inventory costs in inflation and soft
computer techniques {Singh, et. al. (71, 72)}. Delayed control of alcohol supply and particle
refinement and green cement supply system and inflation by particle enhancement and electronic
inventory system and distribution center by genetic computations {Kumar, et. al. (73, 74.75)}.
Depreciation example at two stores and warehouses based on inventory using one genetic stock
and one vehicle stock for demand and inflation inventory with two distribution centers using
genetic stock {Chauhan and Yadav (76, 77)}. Analysis of marble Improvement of industrial
reserves based on genetic technology and improvement of multiple particles {Pandey, et. al.
(78)} The white wine industry in supply chain management through nerve networks {Ahlawat,
et. al. (79)}. The best policy to import damaged goods immediately and pay for conditional
delays under the supervision of two warehouses {Singh, et. al. (80)}. The research by {Yadav et al.
(81)} centers on improving inventory management for perishable commodities through the lens of green
technology investments, considering factors such as selling price, carbon emissions, and time-sensitive
demand. In another analysis, {Yadav, Yadav, and Bansal (82)} utilize an interval number technique to
explore a two-warehouse inventory management model for perishable goods, addressing demand and cost
uncertainties. Their optimization methods highlight how investing in preservation technology can reduce
waste and enhance inventory efficiency. Focusing on a two-warehouse approach to optimize inventory
levels, {Yadav, Yadav, and Bansal (83)} present a model that addresses the deterioration of goods during
storage, emphasizing the importance of managing degradation costs to improve overall inventory
performance. In order to maximize inventory levels while lowering expenses related to degradation and
backlog, {Negi and Singh (84)} investigate an inventory system that controls uncertainty, takes into
account time-varying demand patterns, and assesses inventory control tactics in the event of stockouts.

3. Assumptions and Notations:

The following assumptions are used in this paper
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The amelioration rate of livestock items is a two parameter Weibull distribution which is
a decreasing function of time and is greater than the deterioration rate which is also a two
parameter Weibull distribution

The production rate is considered greater than the demand rate and the deterioration rate
Cooperation between Regional Blood Center’s and Hospital has been considered and the
partial backlogging is allowed to the retailer

Lead time is assumed to be negligible

Amelioration and deterioration start when the livestock is bought by the Regional Blood
Center’s.

The deterioration units are not used.

Multiple deliveries per order are considered

Only one Regional Blood Center’s and one Hospital are considered in the supply chain.
The discount rate is compounded continuously

Notations

Gp: Time Discounting rate

no: Scale parameter of Improve rate.

m . Shape parameter of Improve rate Improve

00 : Blood material’s scale parameter for the deterioration rate.

o1 Blood material’s shape parameter for the deterioration rate.

o2 Blood goods scale parameter for the deterioration rate.

03 : Blood goods shape parameter for the deterioration rate.

n: Number of deliveries per order.

Ty : Time period of Improve occurrence

T : The production period

T3: The nonproduction period

Ty : Period of positive inventory level T4 =To +T3

Ts: In stock period of retailer

T : Out stock period
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T7 : Time period between deliveries T7 = Ta =T5 +Tg
n

T : Length of cycle time T =T; +Ty + T3
(Xg +Yot) : The Blood Donation production rate
(Zg +2Z3t): The Blood Donation demand rate

i bdc - Blood Donation Centers order quantity per order form the supplier

i rbc- Regional Blood Center’s Blood goods production lot size per production.

i hp: Hospitals Blood order quantity per order taken form the Regional Blood Center
Ipqci (tj) - Blood Donation Centers inventory level at any time(tj), 0<tj <Tj

Iy (tj) : Regional Blood Center’s Blood goods inventory level at any time (tj), 0<t; <T;
IThpi (tj) : Hospitals Blood goods inventory level at any time (tj), 0<t; <T;

¢ pgc - Blood Donation Centers maximum inventory level

¢ rpc - Regional Blood Center’s Blood goods maximum inventory level

¢ np - Hospitals Blood goods maximum inventory level

¥ pqc1 : Blood Donation Centers ordering cost per order cycle

¥ rpc1 - Regional Blood Center’s setup cost per production cycle

¥ hp1: Hospitals ordering cost per order cycle

¥ g2 : Blood Donation Centers per unit holding cost per unit time

¥ pc2 - Regional Blood Center’s Blood goods per unit holding cost per unit time

¥ hp2 : Hospitals Blood goods per unit holding cost per unit time

¥ 3: Hospitals per unit backlog cost per unit time

¥ 4 : Hospitals per unit shortage cost for lost sale

¥ 5 : Ameliorating cost per unit time
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¥ pqc - Blood Donation Centers per unit cost

¥ rpc - Regional Blood Center’s Blood goods per unit cost

¥ hp - Hospitals Blood goods per unit cost

TCpqc : Blood Donation Centers net present total cost per unit time
TCrpc : Regional Blood Center’s net present total cost per unit time
TChp : Hospitals Blood net present total cost per unit time

4. Formulation and Solution of The Model
The proposed blood supply chain inventory system includes donors, hospitals, and
collecting centers. The process begins with the decision to donate blood. The process is
then transformed into a mathematical model with the aim of lowering the total costs
related to blood supply chain inventory management. The three stages of the blood
center, as shown in Fig. 1. The following is the formulation of the proposed model:

Blood Donation
Center 1 _

— & \

Regional Blood

Center 1

- ™ e Hospital Blood
‘ Blood Donation J - P _ o
. . < Centet
Center 2 .

-, - —

Center 2

Regional Blood y

—- -

| Blood Donation } ‘,’ -

Center 3

Figure 1: Blood Supply Chain Inventory Management Flowchart.

(a) Blood Donation Centers Inventory

dI1 () -1 -1

% = nomty™ Tl (1) - o0ty g () 0<y <Ty 1)
dIT (t) -1 ]

% =momF Tz (t2) ~ 303155 T (2) 0<t <Ty @

The boundary conditions are given by Ilpg4c2(0) = pge and Ipge2(T2) =0
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Using the above boundary conditions, the solutions of (1) and (2) are given by

(notfl ~optd j

Hpger () =i pace 0<h <Ty
(5otgl ot jTZ (qou”l —gM % )
Mpge2(t2) =€ [ (Xo+YoM)e dM 0<ty, <Tp
2
The maximum inventory level is given by
¢ bde =pdc2(0)
T2 (noVo’71 ~5oM % )
¢bdc = | (Xo+YoM)e du
0
T2
¢ bdc = | (Xo +Y0M)(1+770M’71_50M50 R )dM
0
2
¢ bac = | (XO FYQV + XV M — XV %L + Yrov M —Yo50V§l+l)dv
0

2 +1 +1 +2 +2
Yol | XomoTt™ XodgTsL Yoo YodgT?

2 m+1 o +1 m+2 o +2

¢ bdc =| Xol2 +

Since ¢ pgc =Ipgce1(T1) =Ipge2 (0) the order quantitly per order form outsider suppliers is given by

(50T15l —770Tl’71 jTZ (,70 M -6M a
[ (Xg+YgM)e

0

i bdc =€ dMm

2 +1 +1 +2 +2
Yol | XomT™ XodgTSL  YonT" YodpTst

2 m+1 o +1 m+2 o1+2

i bde =@+ 50T1§l —noTy )| XoTo +
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2 +1 +1
YoTZ  XomTt™ XodgT42 ]
2 m+1 o +1

XOT2 +

+2 +2
YonoTy ™ YoopTst
m+2 o+2 ]
2 +1
ST HYoT X soT  XomoT
m+1
2 +1 +2 2 +2
2T X TS X SoT WomoT 2 56°T YT,

ST X Ty +
i bde =@+ 50T]_§'L - ,701'1771) +
2
o +1 m+2 o+2
2 2 +1
noTl”l\(oT2 o T1’71 x0T2’71
m+ 1
+1 2 +2 +2
0Ty X gSpT 0 YT oY SoTSY
o+1 m+2 o+2

oty XoTo +

The net present initial replenishment ordering cost is given by
OdeC =¥ pdcl

The inventory occurs during the time periods T and T,. The net present inventory carring cost is given by

f G i Go(T1+t2)
HC e =¥bdc2| [ Tpge (e 0%dty + [T 4o (tp)e™ 0V 2dty
0 0
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1 1
v : T4 ™ st A .
bdc2 V1 bdcl| '1 771+1 :31+1 2
) , , .
. T seTLt oT2
1— —Golily ——=
m+1 o +1 2
1 1 2 2
KTy XomTy ™ XoopTt* +Y0T22 +Y0770T2m+ YodoTtt
m+1 o +1 2 m+2 o1+2
2
XoTZ  pT3  XomTAt
2 6 (771+1)(771+2)
~(1-GoTr) 542 m+3 5+3
XoébTZ YbnoTz YbébTZ
—_ + —
(S+1)(a+2) (m+3)(m+2) (A+2)(3+3)
3
HC,,, = XoT3 Yoy XomoT/A*
2 8 1 3
Codcz| +Gq : (rm+1)(m+ )4 4
+ + +
 XodgTst Yoot YodoT2
(S+1)(a+3) (m+4)(m+2) (a+2)(a+4)
2 3 2
XgTP2 yor At X XongT{HH
5 o +2 2(6,+3) (m+1)(a+m+2)
—0 261+2 3 251+3
XodgTy L YopoTHI YT
2(5+1)%  (A+m+3)(m+2) (d+2)(20+3)
2 3 2 +2
XoTA™ YoTA™  XonoT, *
. y+2 2(7/1+3) 2(7/+1)
0
~ X050T§I'+m+3 Y07]0T22m ~ X050T§'L+m'+2
i i (a+1)a+m+3 (2m+3)(m+2) (q+1)(q+m+2)] ||

The net present ameliorating cost during the time periods T; and T is given by

T

T
1 ~Got -1 —Go(Ty+t
AC, . =¥a| | nomtl ™M1 g (t)e O0Mdty + [ ot 11, ()6 S0 ),

0
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2
Tn T,
1~ 04

2m o +m m+1

i bdc

2 + +1
N T T, ™ STt GemTt GoT
mo2m At m m+l

2 1 2 1 1
XoTh XomoTZM XodgTal M Yo ygpgr2m*h yogpritme
+ - + + -
m 2m op+m m+1 2m +1 op+m+1

XoTA™  XonoT/A™ Xpagrfttmtt

m+1  (m+1)(2m+1) (S +1)(&+m+1)
YOT2771+2 YOUOT22m+2 Y050T251+77l+2

"2m+2) a2l (rmr2)(+2)

X0T£7l+2 XOUOT22m+2 X050T251+m+2

m+2  2(p+1)?  (A+D(a+m+2)

~(1-GoTy)

+Go
YOT2771+3 p1770T227+3 YO§OT261+771+3
+ + -
2(m+3) (m+2)(2m+3) (& +m+3)(5+2)
XOT251+;/+1 X0n0T2§l+277l+1 ) XO§OT22§1+771+1
| At (meyGean sl D@ m e

. YOT251+771+2 . YonOT2§1+2771+2 _Y050T22§l+771+2
2(0+m+2)  (S+2m+2) (261 +m +2)
XOT22771+1 X0770T23m+1 X050T261+2771+1
2m +1 (Bm+1) (S +1) (S +2m+1)
YOT22771+2 ) Y0’70T23m+2 XO50T251+2771+2

am+1) (me2)(3me2) (e +D)(d+2m+2)

0

The net present item cost of livestock is given by
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ICy 4 = [¥ bdc][i bc]

[ +1 +1]
YoT2  XomoTA XoogTst
XoTo + + -
2 m+1 o+1

+2 +2
Yoo YodoT,2
m+2 o +2 |
+1
ST WYoTZ X SoT X omoTH
y+1

50T1§l XoTo +

IChgc =¥bdey+| Sy o+l 8 M2 o 20Oy o OL42

o +1 m+2 o+2
2 2 +1
;70T1’71Y0T2 o T1’71 xOTZVl
y+1
+1 2 +2 +2
1T X BTt R noTyYodgT st
o1+1 m+2 o +2

770T1'7l Xol2 +

The net present total cost per unit time of Blood Donation Centers Inventory for the livestock
during the cycle is the average of the sum of the ordering cost, the holding cost, the ameliorating
cost and the cost given by

_ Odec + HdeC +AC
bdc T

de+IC

TC bde (A)

(b) Regional Blood Center’s Inventory system

H —
d%c;(@: (Xo +Yot2) - (Zo +th2)—5253t2§3 Mibe2 (t2) O<tp<Tp  (03)
dnrgf 308) 70+ 24t9) - 525353 b (ia) O<t3<T3 (04)
3

The boundary conditions are given by IType2(0) =0 and Iype3(T3) =0

—52t53 t 5 M53
Mepca(t) =€ 22 [|{(Xg+YoM)—(Zg +Z1M)}e?2™ = dM 0<ty<T,
0

313 &

—oot 3

pe3(tz) =e 23 J[(ZO+21M)e52M dMi| 0<t3<T3
0
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The Regional Blood Center’s maximum inventory level is given by

¢ rbc =rpc3(0)

T3 P
¢ roc = | (Zo+ZaM)e”2M ™ du
0

T3
€ rbe = | (Zo+ZaM)(A+5M 3 +....)dM
0

2 53+1 53+2
‘o 20T3+21T3 L 522013 o
oe 2 53 +1 53 +2

The production lot size per cycle is given by

T
i roc = [ (Xo+Yoto)dty
0
2
YoT
i rbc =| XoT2 + 2

The initial production setup cost ¥ (1 isat tp =0
The net present setup cost is given by

—GqT
SCrpc =¥ rhcre Ot

SCrbc =¥ rbe1(1-GoTp)
The inventory is carried out during the time periods T2 and Ts.

The net present holding cost is given by

_TZ Go(Tp+t '3 Go(T+T2+t3) |
— + ~ +To+
[ Mrpea(to)e ot 2)0|t2+IHrbcs(t:«;)e 0L1™127 8 dty
0 t3
HCrhe =¥ rhc2

k: ~Got & icgTy,~GgT

1 [ Mipes(ts)e™0Bdtg +| 3" e™"07¢72011
0 i=0 J
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03+2
2

209+2
52T2 3

¥ rbc2

2

03+3 55T

.
o —
2} 53+2 (53+1)(205+1)

253+3

203+2
52T3 %3

T353 +2
_ 52
03+1

HCrbc =| +¥ rbc2

3
T3

S3+2

(53 +l)(253 +1)

203+3
52T3 3

+9Zq| =+

T353 +3
6 2

! -0
{53+2 53+3

(53+2)(253+3)

5

2 2 03+2
—¥ rhc2

3
ZoTs | ZyTe' .

Zpoo Ty

3 03+2 03+3
7T L ATs  Zo%aTs 3 L 297 3

53-1—3

03+3 o03+4

Z167Tg

~(%2-1)— 2

The net present item cost is given by

ICrpc = [¥ rbc][i rbc]e_GOTl

YoTz2 ~GgTy
ICroc =¥ rbc| XoT2 M

—GoT 2
Crme ~0'1YqT.
—GgT m 0

2(63+3)

2(63+4)

.
s _
2} 53+3 (33+2)(253+3)
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The net present total cost for the Regional Blood Center’s Inventory system during the cycle is
the sum of the setup cost, the holding cost, the item cost and the cost given by

HCrbc + SCrhc + ICrhe
T

TCrpc = { (B)

|

(c) Hospitals Blood Inventory system
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d st -
—:ﬁ:( o) _ [—(Zo +24t5) - 5,855% Tips (ts)} 0<t5<Ts (05)
1
dThpe (t) —[-B(29 +Z1t)] 0<tg <Tg (06)
dtg

The boundary conditions are given by IT,5(Tg) =0, I1;5(0)=0

Using the above boundary condition the solutions (05) and (06) are given by

52153 = 5HM93
th5(t5)= e <o I(Zo+le)e 2 dMm OS'[S STS
t5
th62
Mhoe (t6) = ~B| Zote +—> 0<tg<Tp

The retailer maximum inventory level is given by

¢ hb =IThp(0)

T

5
¢hp= [ (Zo+2zM) e%2M 3 dm

t5

Zy12 . 5,213 . YArE

¢ hb =| ZoT5 + 5

o3 +1 03+2

The quantity given to the retailer per delivery is given by

le62
i hb =Mlpp +B| ZgTg +
YT KA K T2
i hb=|ZoT5+ + + +B| ZgTg +
2 o3+1 03+ 2

The inirial ordering cost is Cy1. The net present ordering cost is given by
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The inventory at the retailer is carried out during time period T5 . The net present holding cost is given by
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The inventory at the retailer is carried out during the time period Tg . The net present backlog cost is given

by
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SChb =¥ hb3 [ [TThos (t6) B 0(T5+16)

0

Te

SChi =¥ hb3B |
0

2
29t | _
[ZOtG + —126 :|E GO(TS_HG)dtG

Zo(1-GgTs)TE .

SChp =¥ hbSB[ >

74 (1~ GqTi
( 1( : 05)—ZoGoJ

3 8

The net present total cost during the Hospitals Blood Inventory system is the sum of the ordering
cost, the holding cost, the backlog cost and the cost given by

OCypy + HCpp +SC
TChp { o+ HChy hb} ©)

The net present total cost during Blood Donation Centers Inventory system, Regional Blood
Center’s Inventory system and Hospitals Blood Inventory system
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TChbsc =TChdc + TCrhc + TChp (D)

5. Bee Colony Optimization (BCO) And Genetic Algorithms (GA) Methodology:

1. Blood Donation Centers Stage:

Demand Forecasting with Genetic Algorithms (GA): Genetic Algorithms are applied to
historical demand data to optimize demand forecasting. GA adapts to changing patterns and
identifies influential factors in demand prediction.

Production Planning using Bee Colony Optimization (BCO): BCO optimizes production
scheduling by finding the most efficient allocation of resources. Adaptive algorithms adjust to
resource availability and demand fluctuations.

Quality Assurance and GA: Genetic Algorithms assist in quality control, improving product
quality by identifying and minimizing defects. GA based anomaly detection enhances quality
assurance processes.

Inventory Management with BCO: Bee Colony Optimization optimizes inventory control by
dynamically adjusting reorder points and order quantities. BCO adapts to variations in demand
and lead times.

2. Regional Blood Center’s Stage

Inventory Optimization using GA: Genetic Algorithms optimize inventory levels in the
Regional Blood Center’s by minimizing holding costs and stockouts. GA adapts to changing
demand patterns.

Smart Storage and Retrieval with BCO: Bee Colony Optimization enhances storage and
retrieval processes by optimizing routing within the Regional Blood Center’s. Adaptive BCO
algorithms minimize travel times and improve efficiency.

3. Hospitals Blood Center’s Stage:

Local Demand Forecasting with GA: Hospitals Blood Center’s employ Genetic Algorithms for
local demand forecasting, adapting to local market dynamics. GA models capture seasonality and
changing consumer preferences.

Order Optimization and BCO: Hospitals Blood Center’s utilize Bee Colony Optimization to
optimize order quantities and lead times. BCO based order optimization considers factors like
transportation costs and inventory constraints.

Collaborative Decision-making with GA and BCO: Hospitals Blood Center’s collaborate
using Genetic Algorithms and Bee Colony Optimization to share demand and inventory data.
Algorithms enable Hospitals Blood Center’s to make coordinated decisions, reducing supply
chain inefficiencies.
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Supply Chain Coordination with Hybrid GABCO: A hybrid approach combines Genetic
Algorithms and Bee Colony Optimization to optimize the entire supply chain. Coordinated
decision-making considers both global and local optimization objectives.

This supply chain model integrates Bee Colony Optimization and Genetic Algorithms
throughout the supply chain, enhancing decision-making, optimizing processes, and improving
adaptability to changing market conditions. The synergy between advanced optimization
algorithms and traditional supply chain functions creates a highly efficient and responsive supply
chain ecosystem

4. Numerical IHlustration

Let for the production rate X =500,Yy =400 and for the demand rate Zy=>500,Z; =400, Blood

Donation Centers ordering cost=400, Regional Blood Center’s ordering cost =450, Hospitals Blood
ordering cost =550, Blood Donation Centers holding cost=200, Regional Blood Center’s holding
cost=250, Hospitals Blood holding cost=255, deterioration cost

5 =0.04, 53=25,50=0.05,6, =25 ameliorating rate Zq =500,2; =400 discount rate Go =0.06
and fractional backorder B=0.8

Table:-1 Optimal solution Blood Donation Centers Inventory

K T Ty T3 Ty Tg TCovrm TC GA BCO

1 0.013 0.130 1.130 1.100 0.149 841.130 | 111.45 | 411.45 | 111.45
2 0.013 0.140 1.140 0.185 0.139 851.130 | 131.45 | 411.45 | 131.45
3 0.014 0.145 1.150 0.175 0.134 811.130 | 141.45 | 411.45 | 141.45
4 0.015 0.150 3.130 0.115 0.133 871.130 | 171.45 | 411.45 | 171.45
5 0.015 0.155 3.139 0.155 0.139 881.130 | 181.45 | 481.45 | 181.45
6 0.011 0.110 3.135 0.145 0.137 891.130 | 191.45 | 491.45 | 191.45
7 0.011 0.115 3.135 0.140 0.134 991.130 | 301.45 | 501.45 | 701.45
8 0.017 0.170 3.140 0.135 0.131 993.130 | 311.45 | 511.45 | 711.45
9 0.017 0.175 4,131 0.130 0.119 995.130 | 331.45 | 531.45 | 731.45
10 0.318 0.180 4,150 0.130 0.111 997.130 | 331.45 | 531.45 | 731.45

Table:-2 Optimal solution Regional Blood Center’s Inventory system

T T T3 Ty Te TCom | TC GA BCO
0.03 0.30 1.30 1.00 0.49 1841.30 | 1111.45 | 4111.45 | 1111.45
0.03 0.40 1.40 0.85 0.39 1851.30 | 1311.45 | 4311.45 | 1311.45
0.04 0.45 1.50 0.75 0.34 1811.30 | 1411.45 | 4411.45 | 1411.45
0.05 0.50 3.30 0.15 0.33 1871.30 | 1711.45 | 4711.45 | 1711.45
0.05 0.55 3.39 0.55 0.39 1881.30 | 1811.45 | 4811.45 | 1811.45
0.01 0.10 3.35 0.45 0.37 1891.30 | 1911.45 | 4911.45 | 1911.45
0.01 0.15 3.35 0.40 0.34 1991.30 | 3011.45 | 5011.45 | 7011.45
0.07 0.70 3.40 0.35 0.31 1993.30 | 3111.45 | 5111.45 | 7111.45
0.07 0.75 4.31 0.30 0.19 1995.30 | 3311.45 | 5311.45 | 7311.45

OO N U~ W|IN|F]| X
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Table:-3 Optimal solution Hospitals Blood Inventory system

K T Ty T3 Ty Te TCor | TC GA BCO

1 0.03 0.30 1.30 1.00 0.49 3841.30 | 1111.45 | 4111.45 | 1111.45
2 0.03 0.40 1.40 0.85 0.39 3851.30 | 1311.45 | 4311.45 | 1311.45
3 0.04 0.45 1.50 0.75 0.34 3811.30 | 1411.45 | 4411.45 | 1411.45
4 0.05 0.50 3.30 0.15 0.33 3871.30 | 1711.45 | 4711.45 | 1711.45
5 0.05 0.55 3.39 0.55 0.39 3881.30 | 1811.45 | 4811.45 | 1811.45
6 0.01 0.10 3.35 0.45 0.37 3891.30 | 1911.45 | 4911.45 | 1911.45
7 0.01 0.15 3.35 0.40 0.34 3991.30 | 3011.45 | 5011.45 | 7011.45
8 0.07 0.70 3.40 0.35 0.31 3993.30 | 3111.45 | 5111.45 | 7111.45
9 0.07 0.75 431 0.30 0.19 3995.30 | 3311.45 | 5311.45 | 7311.45
10 0.38 0.80 4.50 0.30 0.11 3997.30 | 3311.45 | 5311.45 | 7311.45
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Figure 2: Optimality of Blood Donation Inventory.
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Figure 3: Optimality of Regional Blood Inventory.
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Figure 4: Optimality of Hospital Blood Inventory.

5. Conclusion

In conclusion, optimizing blood supply chain inventory management is imperative for healthcare
facilities to meet the demands of a competitive and dynamic healthcare landscape. The success
of a healthcare organization hinges on its ability to efficiently navigate challenges such as
minimizing lead times and costs, while simultaneously enhancing patient service levels and
maintaining the highest quality standards for blood products.

The evolution of healthcare logistics has highlighted the need to break down silos within
organizational units involved in blood sourcing, production, distribution, and healthcare
marketing. Despite common overarching goals, these units often harbor distinct and occasionally
conflicting objectives. Sourcing decisions tend to focus on cost minimization, while production
and distribution decisions prioritize maximizing throughput and minimizing unit production
costs, sometimes overlooking the implications of high blood product inventory levels and
extended lead times.

At its core, effective blood supply chain management aims to integrate diverse healthcare
organizations, each with unique objectives, towards the unified goal of ensuring a dependable
and efficient blood supply for patient care. Recent advancements underscore the potential for
substantial enhancements in these objectives through the skillful orchestration of blood supply
chain management mechanisms.
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The challenge of blood inventory management involves striking a delicate balance in
maintaining an optimal supply of specific blood types in alignment with forecasted patient
demand patterns. This requires strategic management of the costs associated with blood product
holding, along with mitigating the adverse effects of shortages, such as compromised patient care
and potential health risks.

The scope of blood products subject to inventory management is vast, ranging from everyday
blood components used in transfusions to essential plasma-derived medications. Intriguingly,
seemingly unrelated healthcare challenges can be mathematically modeled as intricate
interwoven blood supply chain inventory control dilemmas.

Various blood supply chain models, characterized by administrative costs, ongoing maintenance
costs, and shortfall costs, form the foundation for achieving efficient blood supply chain
management. Innovative optimization algorithms, including Bee Colony Optimization and
Genetic Algorithms, draw inspiration from nature to enhance the efficiency of blood product
routing, storage, and distribution within the healthcare system.

Bee Colony Optimization Algorithms replicate the collaborative foraging behavior of ants,
creating paths marked by pheromones to signify path quality. Similarly, Genetic Algorithms
emulate natural selection and evolution to iteratively improve solutions. These algorithms
contribute significantly to the efficient orchestration of blood supply chains, ensuring timely and
safe access to blood products for patient care through the reinforcement of optimal or near-
optimal solutions over successive iterations.

In summary, the integration of advanced optimization algorithms into blood supply chain
management processes holds the promise of revolutionizing the efficiency and effectiveness of
healthcare logistics, ultimately benefiting both healthcare providers and, most importantly, the
patients they serve.
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