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Abstract

Our suggested a method comprising of system
monitoring, evaluation, and forecasting. This
method consist of system monitoring and
optimization approach which consist of a sim-
heuristic method where hospital operations and
inventory optimization at different levels are
considered. As time passed, to observe the relevant
system performance measures over time, methods
like control-chart are used. When significant
deviations occurs in system performance, a re-
evaluation of the inventory decision variables
factors and/or system operations is conducting for

maintain an effective and efficient inventory
system.
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Introduction

> Healthcare expenditures in the India reached Rs
63,830 crore in the year 2019, more than ten times
the Rs. 24261.06 crore spent in 2010 .

» Numbers of research indicate that cost used in
supply chain in a hospital take share of 30 to 40%
of the total healthcare investment.

> Inventory collection and devolution of products
are partially the cause for the high expenses of
hospital supply chains
'
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Figure 2 System components of interest in this research with
inventory decision flow

Supply Chain Management :

e “The right product for the right person, in the
right quality and right quantity, at the right place
and at right time , at right cost” these seven
principles of the supply chain should also obey by
the hospital supply chain for efficient working.

« Efficiently managed inventory in hospitals would
balance the ordering costs and holding costs.

Inventory Management System

Inventory management refers to the process of
ordering, storing and using a company's inventory.
This includes the management of raw materials,
components and finished products, as well as
warehousing and processing such items.

Inventory management methods
* FIFO and LIFO

= ABC

» FORECASTING

= Economic order quantity

= Just-in-time (JIT)
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, System Cost

Figure3 : A depiction of cost due to inefficiencies in the internal
supply chain within a hospital

Literature Review

1. Ozlem Akcay Kasapoglu (2016) Forecasting is
one of the first steps in planning; the success of the
plans depends on the accuracy of the forecasts. In
the service industries like the hospitals, there are
many plans that depend on the forecast, from
capacity planning to aggregate planning, from
layout decisions to the daily schedules. The
accuracy of the forecasts could be determined by
the error indicators after the trial of the many
methods that fits our data.

2. Oscar Trul et al (2020) This work proposes new
initialization methods based on the adaptation of the
traditional methods developed for a single
seasonality in order to include multiple
seasonality's. Thus, new methods to initialize the
level, trend, and seasonality in multiple seasonal
Holt-Winters models are presented. As a
consequence of the analysis carried out, which
initialization method to use for the level, trend, and
seasonality in multiple seasonal Holt-Winters
models with an additive and multiplicative trend is
provided.

3. Faraz Khan et al (2019) This study investigated
the effect of various inventory management factors
on firm’s efficiency. These factors included
Capacity Utilization, Inventory Accuracy, Lean
Inventory, and Stock Availability. Data was
analyzed using Structural Equation Modeling. The
results showed Inventory Accuracy, Lean
Inventory, and Stock Availability has positive and
significant impact on efficiency. Hence, main
indicator of inventory control comes out to be
inventory accuracy which allows having an
effective control of the outputs of the different
goods.

4. 5.Vahit YigiT (2016) Around 35-40 % of the
annual health care organizations budget is spent on
purchasing medical material and supplies. This
situation requires effective and efficient inventory
control management of the medical materials. With
the advent of medical technology, the hospital
medical ~material expenditure is increasing
disproportionately. However, hospital resources are
limited, it is essential that the existing resources be
appropriately utilized, and health managers must be
use scientific inventory control methods of the
medical materials. Rational utilization of resources
IS an important aspect of functioning of hospitals.

6.J.M.Maestre et al (2017) In this paper, present
experimental results from the application of model
predictive control (MPC) to inventory management
in a real hospital. In particular, the stock levels of
ten different drugs that belong to the same
laboratory have been controlled by using an MPC
policy. The results obtained after four months show
that the adopted approach outperforms the method
employed by the hospital and reduces both the
average stock levels and the work burden of the
pharmacy department. This paper also paper
presents some practical insights regarding the
application of advanced control methods in this
context.

The potential to save money in healthcare supply
chain and conclude that much needs to be
accomplished with respect to developing an
efficient system.

> A effective system must be design and establish
for monitoring system approach to recognize and
decide the scope of evaluation required in a hospital
supply chain system management to maintain
system efficiency.

> By this system re-evaluate the inventory tactics
to the extent identified using established methods.

Objectives
The primary objectives of this research work can be
summarized by :

e Find out techniques that have the capability
to monitor and forecast system metrics over
time for effective and efficient system
management;
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e Re-evaluate the inventory tactics to the
extent identified using established methods;
and forecasting method.

Background of Research
» Categorized these hospital into large and small

category by their expenditure and number of beds.

» For this research work we have survey top 10
hospital in Sagar, Madhya Pradesh.

LARGE HOSPITAL SURVEY REPORT

ATTRIBUTE BMC TILI HOSPITAL BHAGYODAYA SAGARSHREE KHEMCHANDRA
INVENTORY
SOFTWARE phes il NO A3 NO
EXPENDITURE
3LACOR MORE L % yEa s NO
FORCASTING USED NO NO MO NO NO
INSURANCE
COVERAGE NO NO OTHER YES NO
AUDIT YEARLY YEARLY 5 MOMNTH YEARLY YEARLY
STAFE 5 4 4 3 3
CARE UNIT 10 8 7 10 8
NUMBER OF BED 100 100 100 80 70
DISTRIBUTORE 18 22 18 15 15
ORDER LEATD TIME 1 MONMNTH 15 DAYS 15 DAYS 15 DAYS 15-20DAYS
VARITY OF
PRODUCT 120 150 110 130 110
B]:L_L e ﬂ? LESS THAN LESS THAMN LESS THAM LESS THAMN LESS THAM
(50% ADV)
STOCE. OUT FREQUEMNTLY FREQUENTLY S50ME TIME SOME TIME FREQUEMNTLY
SMALL HOSPITAL SURVEY REPORT
ATTRIBUTE SAGARCARE I SUYASH SHRICHITNAYA | MEERA HOSPITAL LOKPRIYA
INVENTORY
SOFTWARE MNO NO NO NO MNO
EXPENDITURE
(50000-1T.AC) YES YES YES YES YES
FORCASTING TTSED NO NO MO NO MNO
INSURAMNCE
COVERAGE MNO NO OTHER YES MNO
AUDITMONTHLY YEARLY YEARLY 5 MONTH YEARLY YEARLY
STAFF 2 3 2 2 2
CARE UNIT 5 ] 10 5 5
NUMBEFR. OF BED LESS THAN 30 LESS THAN 50 30-40 LESS THAMN 30 LESS THAM 50
DISTRIBUTORE 18 22 18 15 20
ORDER LEAD TIME 2 WEEK 2 WEEK 10-15 DAYS 15-20 DAYS 15-20 DAYS
VARITY OF
PRODLICT 120 150 110 130 110
BE%,_E%A} ]EI%:}]—T LESS THAMN LESS THAM LESS THAMN LESS THAM LESS THAM
{(S0% AT
STOCE OUT FREQUEMTLY FREQUEMNTLY SOME TIME SOME TIME FREQUEMTLY

Methodology

hospital care units.

» The supply chain in healthcare this research
work is comprised of three echelons, namely: the
distributors, the central storage, all the individual

» Supply chain operations in a hospital include
inventory activities including placing orders for
product, receiving the orders, replenishing the
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product stock and reconciling the inventory. The
order of activities facilitates the coordination of
multiple echelons is represent in Figure.

Fulfill daily
demands
at unit

Replenish
inventory at
care units

Place orders
to central

storage

Review ™
inventory level
at central

qtnragﬂ

Figure 4: Sequence of actlvmes in supply chain operations of a
hospital
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Figure 6 Applicability of the adaptive supply chain framework in
a hospital

Attributes Factors Description
A hospital with 20 products, 3 care units and 50
Small . L
L unit-product combinations.
Hospital Size — -
I A].Iospltal with SﬂPmc.tucls. 10 care units and 250
unit-product combinations.
Hospital Increasing Hospital demand increases by 10 + 1% annually
Demand Constant Hospital demand remains constant with variation
of £ 1% of the expected demand.
. Mean of the demand increasing with variations
aeae (R according to the pattern table
Demand Pattern . Mean of the demand decreasing with variations
(Pattern Table) Decressing demsand according to the pattern table.
Variable demand with : .
s, Change in mean demand is set to 0
Hish Demand deviation for products varies between 10
Demand and 20
Deviations . Demand deviation for products varies between 1
and 10
Best combination of & and £ to provide good
Forecasting Forecasting parameters | provide good predictions on expected evaluation
points.
. ; Exponential weighted smoothing parameter a,
Tracking Charts | Smoothing parameter that provides the best evaluation point

System Monitoring, Evaluation and Forecasting
» The monitoring system determines the point at
which the system has diverged significantly from
the optimal configuration through control — chart
type methods (tracking charts) to make necessary

adjustments in the system for restoring the
efficiency.
» On identifying a re-evaluation point, the

evaluation module establishes the range of
optimization required; i.e. inventory policies at
three levels: the system, the location and the
product.

» Performance measures are monitored at each of
the three levels simultaneously to maintain the
system efficiency.

» Threshold limits set on the tracking charts with
respect to level of change that is significant enough
from the optimal values help in identifying the re-
evaluation point .

Tracking Charts using Control Chart Methods
» A control chart like method is employed to
monitor performance metrics such as service level
and cost at various levels of the hospital system.

» For instance, if we were to plot actual values of
the cost monitored at the system level, it would
exhibit high variability from its mean value .
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‘;}'ﬁl&.ll'l Cost

Time

i —Raw Cost Data —Cost Threshold
Figure 7: A plot of actual cost values at the system level

An effective approach would be to make decisions
based on the average or smoothed values of the
actual cost. On smoothing the raw cost values, the
variability of the data around the mean would be
reduced as shown in Figure . The concept of
exponentially weighted moving average (EWMA)
is employed in smoothing the raw values of the cost
obtained from system monitoring.

: ‘ Anmﬁ(\/'/\W
:M 1Ur
System

\ Evaluation

System Cost

—Smoothed Cost Data ~Cost Threshold
Figure 8 : A plot of smoothed cost values at the system level

Forecasting

« The level (l) and trend (b)) component of the
cost statistic is used to predict the estimates using
forecasting method developed by Holt in (1957)
(see also Holt 2004).

% Holt’s linear trend forecasting method is an
advance form of simple exponential smoothing that
considers the trend and level component of
historical values.

+« The forecasting method involves determining

level and trend corresponding to the actual values.
The level and trend parameters are then used to
forecast the future performance for a given period

(h).

¢ The forecasting equation is given by:

‘?t+h =1, = hb,
The level and trend parameters are calculated as
follows:

ly, =aX, + (1 —a)(l—y + be_y)

by = By —lg—1) + (1 — B)br_1

where,
a is the smoothing parameter for the level, such that
0<oa<l1;and

B is the smoothing component for the trend, such
that 0<p <1

» The precision of the forecast generated is very
important to identify the evaluation points.

» We will calculate the accuracy of the forecast
only after realizing the actual future values (A:) and
comparing them with the forecasted values (F; ) of
all the fitted points (n ) of the data.

» The performance of a forecasting process is
measured using Mean Absolute Prediction Error
(MAPE).

» The formula for MAPE is:

MAPE ==Y 1(

Ap—

) % 100.

HOLT FORECASTING FOR LARGE HOSPITAL (BHAGYODAYA HOSPITAL)

0.9 B
o 0.2
(LACS) HOLT FORECASTING
MONTH |COST C(t-1) Lt Bt Yt error
Jan-19 9.75
Feb-19 10.09 9.75 10.090 0.34
1JSMER202011 867
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Mar-19 10.27 10.09 10.286 0.311 10.430 0.0156
Apr-19 8.98 10.27 9.142 0.020 10.597 0.1801
May-19 8.79 8.98 8.827 -0.047 9.162 0.0423
Jun-19 8.23 8.79 8.285 -0.146 8.780 0.0669
Jul-19 8.24 8.23 8.230 -0.128 8.139 0.0122
Aug-19 8.97 8.24 8.883 0.028 8.102 0.0967
Sep-19 9.03 8.97 0.018 0.050 8.912 0.0131
Oct-19 9.31 9.03 9.286 0.093 9.068 0.0260
Nov-19 10.25 9.31 1.000 9.379 0.0850
Dec-19 9.5 10.25 2.000 9.472 0.0029
Jan-20 10.05 9.5 3.000 9.566 0.0482
Feb-20 9.73 10.05 4.000 9.659 0.0073
Mar-20 0.48 9.73 5.000 9.752 0.0287

MAPE [4.8076

HOLT FORECASTING FOR SMALL HOSPITAL (MEERA HOSPITAL)
0.9 B
(v} 0.2

(THOUSANDS) HOLT FORECASTING
MONTH COST C(t-1) Lt Bt Yt error
Jan-19 93
Feb-19 92 93 92 -1
Mar-19 95 92 94.600 |-0.280 [91.000 0.0421
Apr-19 97 95 96.732 |0.202 [94.320 0.0276
May-19 93 97 93.393 |-0.506 [96.934 0.0423
Jun-19 92 93 92.089 |-0.666 [92.888 0.0096
Jul-19 89 92 89.242  |-1.102 [91.423 0.0272
Aug-19 01 89 90.714  |-0.587 (88.141 0.0314
Sep-19 92 91 91.813  |-0.250 [90.127 0.0204
Oct-19 94 92 93.756  |0.189 [91.563 0.0259
Nov-19 93 94
Dec-19 92 93
Jan-20 93 92
Feb-20 90 93
Mar-20 92 90

Simulation Implementation
> The daily operations in a hospital are
modelled by discrete event simulation .The process
of patient arrival, inventory audit, administering
the demands, and daily operations of replenishment
are modelled using the SIMIO simulation software.

[ EmergencyStock

Figure 9: Data table relationships
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ProductNumber | Unithumber | Demand Met | Demand Not Met | Smoothed 5L | Smoothed Cost | Upper Cost Threshold
i3 ¥ 525
1 451
A1 477
n 2 246
i 18 825
L1 578
A 343
Lt] 102
o1 121

0987 159.9930 239.5139
1.0000 71.5875 227.2292
1.0000 49.2942 182.4814
1.0000 45,4884 2447038
1.0000 106. 1086 247.9345
1.0000 79,8302 1962576
0.9934 101. 1666 189.6622
0.9393 94.8508 204.7659

MWW W e e e
o o o o o o o o o

1.0000 29,0887 207.7625

Figure‘lo : Monitoring performance metric for products

This process is executed iteratively time to time to
identify all the evaluation points at various levels of
the system

Result

Performance parameter Metrics :

» To make effective decisions, performance
metrics are monitored at different levels and
analyzed for deviations from optimal values.

> In this research we consider service level and
cost as key performance indicators at various levels
of the system to monitor and capture the evaluation
points.

Test for Analysis and Detection of Evaluation
Points :

> In the experiments, the performance review
period is set to 1 week. The thresholds for different
levels and performance measures are determined
using the product of expected values and a
multiplier provided in Table

Measure Multiplier
Swystem cost threshold 1.06
Unit cost threshold 1.1
Product cost threshold 1.5

Table 1: Multipliers to determine the threshold
Large Hospital System :
» The expected values for performance measures
are determined in initial set of runs in the steady
state for optimal system design.
» The expected system cost in the steady state run
was found to be Rs 3,50,000 per week. Hence, the
system threshold cost for the experiment was set to
Rs 3,75,000 per week.

4,560,000
4,26,000

% 4,00,000|

<

£ 3,75,000]

S

o' 3,50,000

3.25.000|

3.00,000|

o 2 L 6 8 10 12
Time (in weeks)

Figure 11: Evaluation points at different levels of the system with
high demand deviation

4,650,000

t

F 4,00,000

sl

stem Co

=.3,50,000

Sy

3,00,000

0 2 4 0 8 10 12
Time (in weeks)

Figure 12: Evaluation points at different levels of the system with
low demand deviation

85,000

System Cost

76,000

Ty

Time (in weeks)
Figure 13: Evaluation points at different levels of the system with
high demand deviation

Swystem Cost

Time (in weeks)
Figurel4 : Evaluation points at different levels of the system with
low demand deviation

» The system evaluation in week 12 results in a
cost reduction of the order of Rs 1,40,000 per week
for large hospital.

» The quarterly evaluation policy maintains high
system service level with series of small changes in
inventory policies.

» The system evaluation in week 12 results in a
cost reduction of the order of Rs 5600 per week for
small hospital.

Conclusion

» The evaluation hierarchy provides an visceral
way to understand the identification of extent of
evaluation for both the system configurations.

» Overall, the research methodology detects the
points for evaluation and the extent required when
significant deviations are observed from optimal
values caused by the dynamics of the system.

» The control chart like method effectively
monitors the service level and cost to trigger an

IJSMER202011

869



ISSIN: 2455-6203

International Journal of Science Management & Engineering Research (IJSMER)

Volume : 05 Issue : 02 | July - 2020

www.ejournal.rems.co.in

evaluation.

» The exponential smoothing method ensures that
sudden sharp drops in the service level or sudden
sharp increase in the cost does not cause an
evaluation.

» The research methodology provides an integrated
approach for monitoring the performance and
optimizing the inventory policies under dynamic
conditions of the hospital to keep the costs low
while maintaining the service level.

Future Scope

» The research methodology developed has several
areas for future work. The research methodology
does not consider the space availability for storage
of products. Analyzing the size and shape of
products for storage will require adaptations from
the research method.

» Further adaptations are possible if the perish
ability of the products is considered.

» The smoothing technique used to monitor the
service level at product level is vulnerable to the
operations and activities at central storage.
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