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Abstract

A Corona virus vaccine supply chain Inventory system has been investigated in which a single Corona virus vaccine manufacturer
procures raw materials from a single Corona virus vaccine supplier, processes them to produce finished products, and then
delivers the products to a single Corona virus vaccine Warehouse center using Deep learning and Artificial Bee Colony. The
customer’s demand rate is assumed to be time-sensitive in nature (ramp type) that allows two-phase variation in the demand and
Corona virus vaccine production rate. Our adoption of ramp type demand reflects a real market demand for a newly launched
Corona virus vaccine product. Shortages are allowed with partial backlogging of Corona virus vaccine demand (only for the
Corona virus vaccine Warehouse center), i.e. the rest represent lost sales using Deep learning and Artificial Bee Colony. The
effects of inflation of the cost parameters and deterioration are also considered separately. We show that the total cost function is
convex. Using this convexity, a simple algorithm is presented to determine the optimal order quantity and optimal cycle time for
the total cost function using Deep learning and Artificial Bee Colony. The results are discussed with numerical examples and
particular cases of the model discussed briefly. A sensitivity analysis of the optimal solution with respect to the parameters of the
system is carried out using Deep learning and Artificial Bee Colony.

Keywords: -Corona virus raw material, Corona virus vaccine manufacturer, Corona virus vaccine Warehouse center, Deep
learning and Artificial Bee Colony

1. Introduction
e Role of Mathematics in Corona virus vaccine supply chain Inventory model Models

Mathematic is used in most aspects of daily life. Commercial organizations use mathematics in accounting, inventory
management, marketing, sales, forecasting and financial analysis. Mathematics teaches patience, discipline and step-by-step
problem-solving skills.

As mathematics is not an assumed science but basic foundation of almost every other subject, hence the rules of mathematics are
very sturdy in any formulation. The importance of this science lies in the fact that every single law and principle has been proved
through both theoretically as well as numerically. And this makes this as a rock-solid strength of this science. Hence, the results
obtained from an analysis based upon the facts provided by mathematics are rather unquestionable and acceptable. There have
been instances when decisions taken by management were considered to be very fruitful, but when they were tested upon the
fundamentals of mathematics, they were found to be quite faulty. This saved the management from jumping into the wrong wagon
and from subsequent loss of finances and time.

Hence, it is very imperative that any decision that is taken be acutely measured on the tests of mathematics. Only after that we can
be sure that the decision has been a valid one. If a decision has the backing of theoretical fundamentals of management and the
validation of mathematical aspects, then it is bound to prove itself worthy of the trust of the management. Some people might
argue that even the solutions provided by mathematical tools are not satisfactory since they are found by assuming a very ideal set
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of conditions which needless to say that it is not to be founded in real life. However, under such circumstances, one can fairly
argue that although the assumptions are taken to be very ideal even then the performance of sensitivity analysis provides us with a
method to predict the behaviour of the model if the conditions change from ideal. If sensitivity analysis also predicts the solution
to be quite stable, then the solution can be in all fairness regions that assumed to be quite accurate and achievable.

Also, with the onslaught of Soft computing techniques in the field of inventory, we have the additional advantage of varying from
fixed and rigid assumptions. In fact, Soft computing techniques provide us a way to find a ‘range’ of acceptable solution instead
of just an ‘optimal’ solution. Using Soft computing techniques, we have the freedom to wander away from crisp realities and take
a range of acceptable values for all or some of the system parameters. This way, even crisp mathematics has also ventured into the
field of Soft computing techniques reality. With the onslaught of rapid developments in all the fields of science with every passing
day, principles and methods are undergoing very quick change. This in turn, results in rapid up gradation of the theory concerned.

The role of mathematics in the present scenario has become that of a mentor who sets the guidelines for others to follow. The tools
and techniques as provided by this science are getting transformed day-by-day and providing an ever-improving platform for the
development of other theoretical and practical studies. Scientists and researchers are engrossed in obtaining newer insights into the
complexities of this science so that the newer found ground can act as a guiding force for the whole human kind in return. Since
the advent of human beings in the perusal of advancements to improve the quality of their lives, mathematics has always been a
very constant and loyal friend and will continue to be so. Many vaccines are proving effective worldwide to protect against Covid-
19 infection. Although this happy news has come after a long wait, but this is not the time to sit down complacently. To make the
vaccine accessible to the majority of the world, many arrangements will still have to be made at the policy level. International
trade is an important aspect of these efforts. Trading is essential for the manufacture and Warehouse of Covid-19 vaccine and
other medical products. Efforts are on to bring the world back on track after the epidemic. Business is an important link for new
experiments related to this effort.

The Covid-19 pandemic also underscored that even though the virus or quarantine measures have not directly impacted the
factories in a particular area, it may still happen that the areas from which the raw material was found She picks up the area in the
grip of Corona. The crisis that has taken over half the world in its own power is bound to affect the rest of the region due to the
complex supply chain present in the world. This type of barrier is, no longer an uncommon thing. A study by the McKinsey
Global Institute has found that companies, now anticipate disruptions in their supply chains lasting a month or more after every
3.7 years. The reasons behind this can be the growing natural disaster, pandemic, terrorism, cyber-attack or uncertainty related to
trade policies - whatever. Due to the increasing risks in international trade, many policy makers are emphasizing self-reliance in
times of crisis. However, self-reliance is not in itself a guarantee of better security. Researches show that ending dependence on
foreign products and raw materials directly means increasing dependence on indigenous products. But the risk of time-to-time
crises on indigenous products also remains. The fact is that international trade can act as a shield in the event of unforeseen events,
because through this, the diversity of supply can be ensured. For example, if a factory comes to a standstill at one place,
companies can easily ensure their supply from the factories at another location. With the help of international trade, countries of
the world can create many sources of demand and supply. International trade is also necessary to promote new discoveries in the
long run. The latest issue of the World Trade Report also states that open trade gives access to big markets, which motivates
businesses to take risks for new discoveries. The import of capital and intermediate goods through international trade gives access
to the latest technologies of the developing countries. This gives them a chance to participate in the global value chain.
Competition is also encouraged through trade. As a result, companies are always vigilant and they are encouraged to keep
experimenting. In view of the increasing risks in the business, the development of the ability to make new experiments is
absolutely necessary. In modern times, many people got the facility to work from home due to digital measures of settling work.
3D printing technology helped them find immediate solutions to a wide range of problems related to personal protective
equipment, medical supplies and isolation wards. The Covid-19 epidemic has made it clear that the outbreak spread in one area in
this interconnected world can reach other countries in a few days. No one is safe until everything is safe. At a time when all the
countries of the world are starting to use life-saving vaccines, the need to promote international trade and cooperation is the
highest today. Some member countries of the World Trade Organization have proposed a deal under which there is talk of
completely abolishing the import duty on medical goods. Along with this, proposals have also been made to bring about the
necessary reforms in the international rules and systems during the crisis for the trade of essential commaodities. The experience of
Covid-19 has been the same for the entire human race. This can be a reason to start a continuous effort with each other keeping in
mind the future preparations for the countries of the world. ANKAI XU (https://www.orfonline.org/hindi/research/international-
trade-is-essential-in-tackling-the-pandemic/)

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. {Yadav, et al. (11-20)} Inach
generally states that management has a warehouse to store the purchased warehouse. However, for various reasons, management
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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)}. 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 {YYadav 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)}.

3. Assumptions and Notations:
The following assumptions are used in this paper

1.  The amelioration rate of livestock items is a two parameter Weibull Warehouse which is a decreasing function of time and is
greater than the deterioration rate which is also a two parameter Weibull Warehouse
2. The production rate is considered greater than the demand rate and the deterioration rate
3. Cooperation between manufacturer and Warehouse center has been considered and the partial backlogging is allowed to the
Warehouse center

Lead time is assumed to be negligible

Amelioration and deterioration start when the livestock is bought by the manufacturer.

Multiple deliveries per order are considered

4
5

6.  The deterioration units are not used.

7

8. Only one manufacturer and one Warehouse center are considered in the supply chain.
9

The discount rate is compounded continuously
Notations

Gg: Corona virus vaccine Time Discounting rate
7 - Corona virus vaccine Scale parameter of Improve rate.

1 : Corona virus vaccine Shape parameter of Improve rate Improve

o : Corona virus vaccine Raw materials scale parameter for the deterioration rate.

o1 : Corona virus vaccine Raw materials shape parameter for the deterioration rate.

07 : Corona virus vaccine Finished goods scale parameter for the deterioration rate.

03 : Corona virus vaccine Finished goods shape parameter for the deterioration rate.

n: Number of deliveries per order.

Tq : Time period of Improve occurrence
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T : The production periods

T3 : The non-production periods

Ty : Period of positive inventory level T4 =Ty +T3
Ts : In stock period of Warehouse center

Tg: Out stock period
. . _— Ty
T7 : Time period between deliveries T; = —* =Tg + Tg
n

T : Length of cycletime T =Ty +T5 +T3
(Xg +Ypt) : The Corona virus vaccine production rate
(Zg + Z3t): The Corona virus vaccine demand rate

(CV)rmq : Corona virus vaccine Raw material order quantity per order form the supplier

(cv )mq : Corona virus vaccine Manufacturer’s finished goods production lot size per production.

(CV)ch : Corona virus vaccine Warehouse center’s order quantity per order taken from the manufacturer

I eyrmi (t) : Corona virus vaccine Raw materials inventory level at any time (t;), 0 <tj <T;

I eymi (t;) : Corona virus vaccine Manufacturer’s finished goods inventory level at any time (tj), 0<t; <T;

Ieywei (ti) : Corona virus vaccine Warehouse center’s finished goods inventory level at any time (tj), 0<t; <T;

(CV)rmmi : Corona virus vaccine Raw materials maximum inventory level

(CV)immi : Corona virus vaccine Manufacturer’s finished goods maximum inventory level

(CV)wemi : Corona virus vaccine Warehouse center’s finished goods maximum inventory level

(CV)rmoc : Corona virus vaccine Raw materials ordering cost per order cycle
(CV)moc : Corona virus vaccine Manufacturer’s setup cost per production cycle
(CV)weoc : Corona virus vaccine Warehouse center’s ordering cost per order cycle

(CV)rmnc : Corona virus vaccine Raw materials per unit holding cost per unit time

(CV)mnc : Corona virus vaccine Manufacturer’s finished goods per unit holding cost per unit time

(CV)wehce : Corona virus vaccine Warehouse center’s finished goods per unit holding cost per unit time

(VC )ch c Corona virus vaccine Warehouse center’s per unit backlog cost per unit time

C, : Corona virus vaccine Warehouse center’s per unit shortage cost for lost sale

(Vc)ac : Corona virus vaccine Ameliorating cost per unit time

(VC)rmuc : Corona virus vaccine Raw material per unit cost

(VC)mu . - Corona virus vaccine Manufacturer’s finished goods per unit cost

(VC )WCU c Corona virus vaccine Warehouse center’s finished goods per unit cost

TCoyrm : Corona virus vaccine Raw material net present total cost per unit time
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TCeym : Corona virus vaccine Manufacturer’s net present total cost per unit time

TCeywe : Corona virus vaccine Warehouse center’s net present total cost per unit time

4. Formulation and Solution of The Model
(a) Corona virus vaccine Manufacturer’s Raw Materials Inventory

dI1 1(t1) -1 -1
dIl (t2) -1 -1
%22 — ot Meyma (t2) — St Teyrma (t2) 0<ty<T, @

The boundary conditions are given by TTyy(0) = (CV) g and Ty (T2) =0

Using the above boundary conditions, the solutions of (1) and (2) are given by

(notlm ~opt )

Heyrm1(t) = [(CV)rmq ]e 0<t<Ty ©)
Meyrma (t2) =€ [ (Xg+YoM)e dM 0<ty<T, (4)
2
The maximum inventory level is given by
CV)rmmi =Heyrm2(0)
oo 6154
nmvVo "™ —5M
(CV)rmmi = | (Xo +YoM)e du
0
T
(V) rmmi = | (Xo +Y0M)(1+770M771—50M50 S )dM
0
T
(Cv)rmmi = J. (Xo +YOV + Xonovm- — X050V51 +Y0770V m+1 _Y050V 51+1)dv
0

2 +1 +1 +2 +2
YTy XomoTt XodgTSY +Y0770T2’71 _Y060T2§1

Cv i=| Xglo +
(CV)rmmi 0'2 2 m +1 5 +1 m+2 S5 +2

since (CV)rmmi =Hevrma (T1) = Heyrm2 (0) the order quantitly per order form outsider suppliers is given by

(50T1§l —770T1’71 )TJ‘Z (X +YoM )e(UOM Y a )

0

+1 +1 +2 +2
YoTZ | XomoT XdgTt YowoTA YodoTs2

CV)ymg = L+ 8oTL — 5T XoT +
(CV)rmq =@+ 60Ty =~ —moTy )| XoT2 il 51 2 5 +2
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2 +1 +1 ]
YoTy | XomoTpt™ XodgTSL

XoTo +

2 m+1 o +1
+2 +2
YonoTA % YoopTst
m+2 o1+2 |
| SoTGTZ ST X T+
SoTxgT,+ 2L 02 %00 70T,
(V)rmg = L+ 0Ty g™+ 2131y o1+ a f;ﬂ 2131y T O1+2
S0 T M XoTp" | STy YormoT,t 50"y 1YoT,
i o+1 m+2 o1+2
| TAYGT2 52T X T AT ]
WOTlmXOTZJFnOl 0'o +770 1~ "0l
m+1
+1 2 +2 +2
10T, X BTy YT oty SoTSY
i o +1 m+2 o+2
The net present initial replenishment ordering cost is given by
OCeyrm = (CV)rmoc ®)
The inventory occurs during the time periods T and T2. The net present inventory caring cost is given by
it 1 Go(Tp+t
—Got - +
0 0
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o'
cv T -
(CV)rmhc {Qua| TL + m+L B+l 5
A . . _
Tt ST et oS
m+l | s+l 0t2TT
1 2
KTy s XonoTE ™ XoaoTSE™ YoT2 YonoTAH2 YoseTtt
m+1 op+1 2 m+2 o+2
2
XoT . pTS  XonoT,A*
2 6 (771+1)(771+2)
~(1-GoTa) 5+2 m+3 5+3
 XodoTptt | YomoTT Yoo,
(a+1)(a+2) (m+3)(m+2) (+2)(3+3)
HCoyrm = XT3 YoTy  XomoTJt* (6)
2 8 D) (1 +3
(CV)rmhe| +G, (m +1)(m.+3)
C XodTP Yol Yosert
(a+1)(a+3) (m+4)(m+2) (a+2)(5+4)
XOT251+2 X YOT251+3 X Xono.l.zél+m+2
5| At 2(6+3) (m+1)(q+m+2)
-5
X0§0T2251+2 Y0770T2§l+m+3 Y0§0T22§l+3
2(5+1)%  (A+m+3)(m+2) (&+2)(20+3)
XoTA 2 YTA*3 XgnoTZM+2
+ +
. 7 +2 2(71+3) 2(;/+1)
0
x050T251+771+3 Y0770T22m+3 XO§OT2§l+m+2
(a+1)d+m+3 (2m+3)(m+2) (A+1)(a+m+2)

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

T

il
m-1 e m-1 G (Ty +t
ACourm =(VC )y ,[ oty T gy (t1)e Oty + I oty T gyrmp (t2)e ol 2)dtz

0
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ACeyrm = (VC )ac o

1 ]
QW — 4

2 + +1
o STt T

2
m 2m o +m m m+1

2 + +1
Tt ™ ST GoTTL  GoT

2 + +1 2m+1 +m+1
XT3t XomoTp™ XoogT L Yo YonoTy ™ YodpTy LR

m 2m o+m m+1 2m +1 on+m+l

+1 2m+1 +m+1
XoTL . XonoT, ™ XodgT{t

m+1  (m+1)(2n+1) (G+1)(q+m+1)
YT YopgTZR*P2 ypepTfttmt2
+

“2m+2) ppe2f  (@rm+2)(0+2)

+2 2m+2 +m+2
XoT +x0;70T2’71 XoogT L

m+2  o(p+1)?  (A+L)(A+m+2)
YOT2771+3 p1770T227+3 ) Y050T2§l+771+3

+ +
2(m+3) (m+2)(2m+3) (d+m+3)(6+2)
XOT251+7+1 Xono.l.251+2nl+l X050T2261+771+1

-(1-GoTy)

+GO

+ —
a+m+1  (m+1) (S +2m+1) (G +1)(26+m +1)
. Y0T251+771+2 +Y0770T251+2'71+2 _Y050T2251+771+2
2(00+m+2) (+2m+2)  (20,+m+2)
XOT22771+1 X0770T23771+1 XodoT. 2§l+277l+1
2m +1 (Bm+1) (S +1)(8+2m +1)
YOT22771+2 Y0770T23m+2 X050T261+2771+2

Tam+1) (m+2)(3m+2) (Gr+1)(6+2m+2)

_50

0

The net present item cost of livestock is given by
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2 +1 +1]
Yoty XomTt™ XodgTSL

XoTo +
072 2 m+1 o +1
+2 +2
+Y0770T2771 . YodoT,2
m+2 o1+2 ]
I SoTOYGT2 ST X T |
50T1§'LX0T2 + 01 072 + 01 070 2 —
ICqurm =(VC), 1+ 2 7+
cvrm — rmuc 2 +1 +2 2 +2
30T A X gTSL . SoT WongTyA % 6T MYoTy!
i o +1 m+2 o +2
i TAYGT2 52T X T AT |
770_|_771X0_|_2_i_7701 0's +770 1 0l
1 y+1

0Ty XosgTS ™ P YT A2 T/ MYpsTs L
— J’_ —
i o+1 m+2 o1+2

(®)

The net present total cost per unit time of raw material 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

TC _ [Occvrm +HCoyrm + ACcyrm + ICcvrm}
cvrm = T

(A)

(b) Corona virus vaccine Manufacturer’s Finished Goods Inventory system

dri t ~
%(2) = (X0 +Yot2) = (Zo + Zat) ~2035> Tlayma(ty) 0=t <Ty
dMgyma(t )
<:(\;+3(3) = (20 -+ 21t9) - $2543° " Tlouma(a) 0<t3<Ts

3

The boundary conditions are given by Ty (0) =0 and I3(T3) =0

—52t53t2 SoM 3
Moma(t2) =€ <2 [[{(Xo+YoM)—(Zg+ZM)}e’2V = dMm 0<ty<T,
0
R 13
5ot
Meyma(t) =€ 23 I{(ZoJerM)e&ZM%dM} 0<t3<Ts (12)
0

The manufacturer’s maximum inventory level is given by

(CV)mmi =Ileym3 (O)
13

(CV)mmi = | (Zo+ZM e92M3 g,
0
13

(CV)mmi = | (Zo +ZaM)(A+5M % +......)dM
0

2 o+l oR+2
N TS 5ZoTyS " SZyTy3
2 53 +1 53 +2
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The production lot size per cycle is given by

T
(CV)mg = | (Xo+Yotp)dt
0
YoT

The initial production setup cost (CV)moc isat tp =0

The net present setup cost is given by
—GoT
SCevm =[(CV)mocJe™ 01

SCeym = [(CV)moc ](l - GOTl) (13)

The inventory is carried out during the time periods T, and Ts.

The net present holding cost is given by

_T2

0

HCevm = (CV)mhe
T5

0

T3

t3

k-1 .
i=0

203+2
52T2 3

-Gp(Tp +t -Go(Tp+T2 +t:
| Mevma (t2)e d 1+2)dt2+jHCVm3(t3)e 0(T1+T2+13) g,

(CV)mhe

2
T
24 1 -0
2 534—1

03+2
2

53+2 (83+1)(255+1)

02T,

203+3

T53+3
— 5y b2 -
53+3  (03+2)(253+3)

03+2

0213

253+2

HCcvm =

+(CV)mhe

I
_52} 3

53+2 (83+1)(255+1)

253+3
52T3

=+ -0
6 {53+2

ZgT2 X TS ZosT 3

1 T353+3_
2(53+3 (03+2)(205+3)

2167
+

03+3
Ts

2

—(CV)mhe

~(52-r)

2

208 7T ZgoT B

53+2

53+3

205,78

6

8

2(63+3) 2(53+4)

(14)

The net present item cost is given by

—GoT-
ICeum = (VC)e [ (€V)mg Je™0
Y0T22 —-GoTp
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-Gy 2
Cme ~0'1YT;

—GqT
ICoum = | (VC )y &0 L XgT2 + .

(15)

The net present total cost for the manufacturer during the cycle is the sum of the setup cost, the holding cost, the item cost and the
cost given by

HCoym +SCoym + 1C
TCeym :[ cvm cvm cvm }

B

T (B)

(c) Corona virus vaccine Warehouse center’s Finished Goods Inventory system

drt t -1

%5(5) = [—(Zo +Zit5) ~ 5p33t3 " Tloywes (t5)} 0<t5<Ts (16)

I1
IMowes () _ [-B(Zo +Z1t6) ] 0<tg<To 7
dtg
The boundary conditions are given by I1y5(Tg) =0, I1,5(0)=0
Using the above boundary condition the solutions (22) and (23) are given by
53 T5 5
oot
Mowes(ts) =] €725 [ (Zg+2zM)e2M ™ dm O<ts <Tg (18)
L 5
thg

Heywes (ts) =| —B| Zptg + T 0<tg<Tg (19)

The Warehouse center maximum inventory level is given by
(CV)wemi =evdc (0)
k oM %3
(CV)wemi = [ (Zo+Z1M) e dM
t5
T5
CVwcmi = [ (Zo+Z1M) (1+85M B .| M
t5

5
2 53+1 53+2

2 o3+1 03+2
(V) weri =| ZoTs + ZlT5 . 5ZZOT5 02Z4T,

The quantity given to the Warehouse center per delivery is given by

zyTE
(CV)weg = (CV)wemi +B| ZoTe + >

o3+1

2 03+2 2
22 5,ZT, ST, Z(T
(CV)weq =| ZoTs + 25 5 i — % i >— | +B| ZoTe + 6

The initial ordering cost is Cyq . The net present ordering cost is given by

OCowec =(CV)weoc (20)
The inventory at the Warehouse center is carried out during time period Tg . The net present holding cost is given by
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T5
-Gt
HCewwe = (CV)wene I Mewwes (t5)e 00 dts

0
T5 —52t553 —-Gots 4T, 2 th52
HCewwc = (CV)wche I e ZoTs + —| Zotsg +T dts
0
k: 5 T2 29t2
HCcwwe = (CV)wehe j (1_ Ootg® — Got5) ZoTs + - Zots + = dtg
0
(5 12 3 5342 5343 T
2Ty 275 Zod2Ts 3T 796,13
HCewwe = (CV)wche 1)
5 208 1 200,78 75,18
~(52+Co)| ==+ 5>+ ¢
3 + 3) 2(53 + 4)

The inventory at the Warehouse center is carried out during the time period Tg . The net present backlog cost is given by

Te
—Go(Tg +t
SCewwe :(Vc)wcbc ,“:_HCVWCES (tG)]e o(Ts + 6)dt6
0
Te 7.2
15 | —Go(T5+t
SComc =(VC)yyepc B | | Zots +T6 0(T5+16) g,
0
Z9(1-GoTs)Tg _ ( 22(1—GoTs) To  ZiGoTg
SCewwe =(VC) yepe 5 + , e $-2%e 22)

The net present total cost during the delivery is the sum of the ordering cost, the holding cost, the backlog cost and the cost given

by
oC +HC +SC
TCoume = [ CVWC 1(_:vwc CVWC } ©)

The net present total cost during Corona virus vaccine Manufacturer’s Raw Materials Inventory, Corona virus vaccine
Manufacturer’s Finished Goods Inventory system and Corona virus vaccine Warehouse center’s Finished Goods Inventory system

TCevsc =TCourm + TCoym + TCowmc (D)

5.  Deep learning on singular value decomposition

These methods are Artificial Intelligence used in Deep learning on singular value decomposition In Deep learning, statistical and
mathematical methods are used to learn from data sets. Dozens of different methods exist for this, whereby a general distinction
can be made between two systems, namely symbolic approaches on the one hand and sub-symbolic approaches on the other.
While symbolic systems are, for example, propositional systems in which the knowledge content, i.e. the induced rules and the
examples are explicitly represented, sub-symbolic systems are artificial neuronal networks. These work on the principle of the
human brain, whereby the knowledge contents are implicitly represented. The singular value decomposition of a matrix A is the

T
factorization of A in to the product of three matrices A=UDV " \yhere the columns of U and V are orthonormal and the matrix
T
D is diagonal with positive entries. Where U and V are orthogonal matrices with orthonormal Eigen vectors chosen from AA
T T T
and A Arespectively D is a diagonal matrix with r elements equal to the root of positive Eigen Values of AA" or A" A (both

matrices have the same positive Eigen values). The diagonal elements are composed of singular values
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4//11 o
1
K
02
D= D=
| ~Mr ] | Oy
is if A is an m x n Matrix can be factorized as
T
Al =[A] __[D [A J
(Al = Al [P | AT ]
a1 @ an | | U Up jo1 O O 0 |1 Vin
ay1 Ay agn 0 o
=| . S . 0 0 o4 . O
[8m1  &m 8mn] [Um Upm ]l O 0 amn | Vn1 Vin |
We can arrange Eigen vector in different orders to produce U and V to standardize the solution we order the Eigen vectors such
> > >
come before these with smaller values OL=02 = e =%m

6. Artificial Bee Colony

We can express the general structure of the algorithm as follows Okula, et, al (81) Investigation of Artificial Intelligence Based
Optimization Algorithms. (Karaboga, 82) (Karaboga, 83):

Step 1 (Installation Phase): Build N food sources. Specify the corresponding bee particles as numbers in this context. Set the
initial algorithm parameter values (eg resource incapacity counter, extinction limit). Make arrangements for the problem.

Step 2: Repeat the following steps during the iterative process (eg until you reach a certain number of iterations or until you reach
a desired value in the objective function): (For each bee; for each purpose function size)

Step 2.1: (Worker Bee Phase): Ensure that worker bees select and send food source regions, taking.

Step 2.2: Calculate the objective function value (fitness) depending on the location of the food source and determine the nectar
(quality) in the food sources with the objective function values (fitness) found. Increase or decrease the counters of nonfood food
sources according to nectar values.

Step 2.3 (Observer Bee Phase): According to the information from the worker bees to the beekeepers, the nectars in the food
sources, perform the probabilistic selection process for the food sources (solutions) to be chosen by the beekeepers. To do this,
determine the probability of selection of each source. After the beekeepers choose the food source zones and are sent to these
areas as workers, Perform the processes described in step 2.2.

Step 2.4 (Exploring Bee Phase): Check the development counters in the food sources and turn the worker-in-source worker into an
explorer bee (usually an explorer bee is formed in each cycle). Make the explorer call the food source.

Step 3: Iteration - At the end of the cycle the value (s) obtained according to the global best position is considered to be the
optimum value (s).

7. Numerical Illustration
Let for the Corona virus vaccine production rate Xqg=500,Yy =400 and for the Corona virus vaccine demand rate

Zy=500,Z1 =400 Corona virus vaccine ordering cost  (CV)rmoc =RS. 200 Corona virus vaccine set up cost
(CV)moc =Rs. 250 ordering cost (CV)geoc = RS. 350 holding cost (CV)rmnhe =35, (CV)mnc =50, (CV)gchc=15and item

cost (VC) =45,(VC) =40,(VC) =75 backlog cost (VC)dCbC =Rs. 54 Lost sale cost C4 =Rs. 34 and

rmuc muc dcuc
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ameliorating  cost (VC)ac =Rs. 154 deterioration cost 0o =0.04, 53 =2.5,69 =0.05,0, =2.5
Zg =500, Z1 =400 discount rate Gp =0.06 ang fractional backorder B =0.8

Table: -1 Optimal solution Corona virus vaccine Manufacturer’s Raw Materials Inventory

ameliorating rate

K N Ty T3 T4 Tg TCeurm TC SvD ABC

9 0.02 0.50 9.20 9.00 0.49 849.20 9999.45 | 4999.45 | 6999.45
2 0.05 0.40 9.40 0.85 0.59 859.20 9599.45 | 4599.45 | 6599.45
5 0.04 0.45 9.50 0.75 0.54 869.20 9499.45 | 4499.45 | 6499.45
4 0.05 0.50 2.20 0.65 0.55 879.20 9799.45 | 4799.45 | 6799.45
5 0.05 0.55 2.29 0.55 0.29 889.20 9899.45 | 4899.45 | 6899.45
6 0.06 0.60 2.55 0.45 0.27 899.20 9999.45 | 4999.45 | 6999.45
7 0.06 0.65 5.25 0.40 0.24 999.20 2099.45 | 5099.45 | 7099.45
8 0.07 0.70 5.40 0.55 0.29 992.20 2999.45 | 5999.45 | 7999.45
9 0.07 0.75 4.26 0.50 0.99 995.20 2299.45 | 5299.45 | 7299.45
90 0.28 0.80 4.50 0.20 0.99 997.20 2599.45 | 5599.45 | 7599.45

Table: -2 Optimal solution Corona virus vaccine Manufacturer’s Finished Goods Inventory system

K i Ty T3 T4 Tg TCeum TC SvD ABC

9 0.02 0.50 9.20 9.00 0.49 9849.20 | 9999.45 | 4999.45 | 6999.45
2 0.05 0.40 9.40 0.85 0.59 9859.20 | 9599.45 | 4599.45 | 6599.45
5 0.04 0.45 9.50 0.75 0.54 9869.20 | 9499.45 | 4499.45 | 6499.45
4 0.05 0.50 2.20 0.65 0.55 9879.20 | 9799.45 | 4799.45 | 6799.45
5 0.05 0.55 2.29 0.55 0.29 0889.20 | 9899.45 | 4899.45 | 6899.45
6 0.06 0.60 2.55 0.45 0.27 9899.20 | 9999.45 | 4999.45 | 6999.45
7 0.06 0.65 5.25 0.40 0.24 9999.20 | 2099.45 | 5099.45 | 7099.45
8 0.07 0.70 5.40 0.55 0.29 9992.20 | 2999.45 | 5999.45 | 7999.45
9 0.07 0.75 4.26 0.50 0.99 9995.20 | 2299.45 | 5299.45 | 7299.45
90 0.28 0.80 4.50 0.20 0.99 9997.20 | 2599.45 | 5599.45 | 7599.45

Table: -3 Optimal solution Corona virus vaccine Warehouse center’s Finished Goods Inventory system

K T Ty T3 T4 Tg TCevdc TC SvD ABC

9 0.02 0.50 9.20 9.00 0.49 5849.20 | 9999.45 | 4999.45 | 6999.45
2 0.05 0.40 9.40 0.85 0.59 5859.20 | 9599.45 | 4599.45 | 6599.45
5 0.04 0.45 9.50 0.75 0.54 5869.20 | 9499.45 | 4499.45 | 6499.45
4 0.05 0.50 2.20 0.65 0.55 5879.20 | 9799.45 | 4799.45 | 6799.45
5 0.05 0.55 2.29 0.55 0.29 5889.20 | 9899.45 | 4899.45 | 6899.45
6 0.06 0.60 2.55 0.45 0.27 5899.20 | 9999.45 | 4999.45 | 6999.45
7 0.06 0.65 5.25 0.40 0.24 5999.20 | 2099.45 | 5099.45 | 7099.45
8 0.07 0.70 5.40 0.55 0.29 5992.20 | 2999.45 | 5999.45 | 7999.45
9 0.07 0.75 4.26 0.50 0.99 5995.20 | 2299.45 | 5299.45 | 7299.45
90 0.28 0.80 4.50 0.20 0.99 5997.20 | 2599.45 | 5599.45 | 7599.45
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8. Conclusion

A model for a three echelon Corona virus vaccine supply chain Inventory system with deteriorating items and a ramp type demand
rate and ramp type production rate under inflation is studied using Deep learning and Artificial Bee Colony. In this model, the
Corona virus vaccine Warehouse center is allowed to have shortages which are partially backlogged. The model assumes an
individual deterioration rate for each party using Deep learning and Artificial Bee Colony. The possible ordering relations
between the time parameters lead to four different situations. The optimal production policy was derived for one of them.
Convexity was also proved for one case. An easy to use algorithm to find the optimal production policy and optimal production
time is presented. Some numerical examples are studied to illustrate the proposed model. The sensitivity of the solution to changes
in the value of different parameters has also been Collaborative strategy for a three echelon Corona virus vaccine supply chain
Inventory system 99 discussed using deep learning and Artificial Bee Colony. Here the Warehouse center’s shipment time is
completely independent of the production using Deep learning and Artificial Bee Colony. This time, it is dependent on the cycle
time T, number of shipments n and the factor means that we can choose the value of n. The proposed model can be used to
determine the total system cost when all the parties work together, together with the optimal production time. This paper may be
extended by using a two-parameter Weibull Warehouse to model the deterioration rate using Deep learning and Artificial Bee
Colony. A very interesting extension would be to permit delays using Deep learning and Artificial Bee Colony.
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