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Abstract: This paper develops a simulation model for determining
safety inventory associated with a certain value of cycle service
level in a fixed-time period system. The model takes into account
actual amount of materials received from suppliers, and deviation
from probability distribution of daily forecast demand.
Constraints on order size are also embodied into the model. This
model was constructed by using Visual Basic Application added
in Microsoft Excel. After developing the model, hypotheses testing
is employed to verify the model. This model allows identifying
safety inventory under uncertain conditions which prohibits from
the use of ordinary mathematical formula. The model was locally
verified. Stochastic variables including customer demand and
supplier’s lead time are assumed to be normally distributed.
Independent demand items are considered and backorders are not
allowed. Under specific conditions, such as distributions of
demand and lead time are normally distributed, and fixed-time
period system is being used. This model allows materials planner
promptly identifies safety inventory associated with a certain level
of cycle service level. Furthermore, planner can perceive the
affects of changing input parameters on the amount of safety
inventory required. There were very few researches focus on
variations of demand and lead time at the same time. In reality,
this case usually happens, thus the firms have been facing highly
variations form both supplier and customers. Therefore, this
paper intends to close this gap by simulating these factors and
taken into account for determining safety inventory.

Keywords: independent demand, safety inventory, simulation,
fixed-time period system,

I. INTRODUCTION

According to Chopra and Meindl (2016), inventory
management is one of the three logistical drivers of supply
chain management. Inventory appears in the supply chain in
several forms, including raw materials, work-in-process
(WIP), and finished product. The responsiveness and
efficiency of a firm, or a supply chain as a whole, can be
altered significantly by changes in inventory policies. Given a
generic product, selecting the inventory policy for that
product encompasses three major issues (Heizer and Render,
2008). Firstly, a method for auditing inventory must be
established.
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Auditing inventory may be carried out either on a continuous
basis or on a periodic basis. Secondly, with respect to each
method of auditing, the amount of product to be produced or
to be purchased needs to be determined. Finally, a firm also
has to make decision on which level of safety stock they
should hold. This paper focuses on determining level of
safety stock because it can be controlled flexibly by the firm,
as long as they are able to fully guarantee other parties their
service level.

Safety stock, also refers as buffer stock, is an amount of
additional inventory carried to meet unexpected demand. A
fixed-time period system, which is also known as periodic
inventory system or periodic review system, refers to an
inventory system in which amount of inventory in stock is
identified after a fixed period of time, such as every week, or
every month. Fixed-time period system is important because
it can provide advantages of joint orders. Joint orders refer to
a situation in which materials are transported in the same
vehicle, purchased from the same supplier, or manufactured
by the same machine. As a result, a significant reduction in
ordering cost and shipping cost may be possible because
items are processed under a single order and several items are
ordered simultaneously (Tersine, 1994). The objective of this
paper is to develop a simulation-based model calculating
safety inventory under fixed-time period system when both
daily demand and supplier’s lead time are normally
distributed. The model consists of two main processes:
simulation process and process of determining safety
inventory.

Il. LITERATURE REVIEW

Chopra and Meindl (2016) suggested a formula for
identifying safety inventory under fixed-time period system
when demand is normally distributed and lead time is
constant. By using Microsoft Excel as a platform, Mielczarek
and Zabawa (2002) employed Monte Carlo method to
simulate a continuous inventory system (s, Q), where s is
reorder point and Q is order quantity. The objective is to
minimize total inventory cost, including holding cost,
shortage cost, and ordering cost. Stochastic variables include
daily demand and lead time. These variables are simulated by
using Monte Carlo method. Data of these variables is
collected from observations of past orders. Then, the
historical frequencies will be converted into a probability
distribution and cumulative distribution for simulation
purpose. Other fixed parameters include beginning inventory,
ordering cost, holding cost, and shortage cost.

The authors aim to find a combination of Q and s, which
provides the lowest total inventory cost. In order to validate
the model, they utilize ANOVA
to compare the outcomes of this
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model with results that Heizer and Render (2001) obtained by
using the same set of data.

A simulation model was built by Garcia et al. (2002) in order
to test the validation of an analytical expression which Garcia
and Machado (2001) developed to determine appropriate
safety stock levels. The model simulates a periodic review
inventory system with lot-for-lot replenishment principle, i.e.,
orders equal net requirements. The difference between
quantity received and order placed is considered as random
variable. This uncertainty exists because of defective items
found in supplier’s shipment; fail in quality control, and
difference between actual production output and desired rate
may also occurred. In addition, uncertainties are also
appeared in customer’s demand. Input parameters include
forecasting of demand, probability distribution of deviation
between demand and forecast, probability distribution of
deviation between quantity ordered and quantity effectively
received, cycle service level (CSL), and on-hand inventory at
the first period. After that, the model simulates these two
probability distributions, which are assumed to be normally
distributed, to obtain actual demand and order quantity
received. And then, safety stock and on-hand inventory at the
end of each period are calculated. Output parameter is CSL,
i.e., percentage of periods that on-hand inventory is larger
than 0, obtained by simulation. Finally, the value of CSL
provided by simulation is compared with expected value of
CSL according to normal distribution, which is one of the
inputs. The absolute deviation between them is expected to be
as small as possible. If the deviation is small, it means that
there is a good agreement between simulation model and
theoretical expression. In other words, the authors expect that
the simulated model converges to normal distribution. Based
on absolute deviation obtained, the study shows that the
analytical expression is adequate and valid to many practical
cases. In this model, lead time is constant whereas forecasted
demand and quantity of inventory received from supplier are
stochastic. Verification is conducted at three level of cycle
service level (CSL): 99.865% (30), 97.725% (20), and
84.135% (10).

I11. SIMULATION PROCESS

Table 3.1 shows two groups of parameters included in the
model. These parameters will be described in detail.

A. Input Parameters

In periodic review policy, inventory levels are reviewed after
a fixed period of time. This fixed period of time is called
review interval (T), which is the time between successive
orders. Daily forecasted demand is future demand projected
for the coming periods on a daily basic. Forecasted demand of
each day (DFD;) is a random variable and follows normal
distribution (ug,6%).

Lead time for replenishment (L) is the gap between when an
order is placed and when it is received, and also follows

normal distribution (UL,G?).

Desired cycle service level (CSLO) is expected likelihood that
at least one stock-out will not happen within a replenishment
cycle.

Retrieval Number: L25661081219/2019©BEIESP
DOI:10.35940/ijitee.L2566.1081219

Table 1.1. Model Parameters

Input o Review interval (T)
Parameters | e Daily forecasted demand — DFD ~ N (Ug,o%)

e Lead time — L ~ N (U,0%)

o Desired cycle service level — CSL (%)

o Deviation between daily forecasted demand
and actual demand —r

o Deviation between quantity ordered and
quantity effectively received — a

o Restrictions on size of order: minimum,
maximum, and multiplier (MIN, MAX,
MUL)

o Accuracy levels (Upper bound and lower
bound)

Intermediate | e Demand during review interval and lead
Parameters time -

DTL~N ((T +p g, (T + 1y )od + o2

o Estimated safety inventory — ESS (units)
o Order up-to-level — OUL (units)
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Garcia et al. (2002) demonstrated deviation between

forecasted demand and actual demand by using a random

variable which is defined by:
DAD;

" T DFD,
Where
ri: the quantifier of deviation between forecasted and actual
demand.
DAD;: daily actual demand on day i
DFD;: daily forecasted demand on day i

(3.1)

Due to quality issues and variability in production yield,

quantity received at consignee’s dock is likely to be different

from the amount which was ordered before. To quantify the

deviation, Garcia et al. (2002) employed a random variable

which is defined by:
SR;

PO;
Where:
a;: quantifier of deviation between quantity ordered and
quantity received
PO;: planned order on day i
SR¢: schedule receipt on day t, associated with planned order
onday i

(3.2)

a;

This project acknowledges the contribution of Garcia and his
followers, and assumes that these random variables r; and a;
are normally distributed, i.e. ri ~ N (Wyi,61i) and a; ~ N (Jzi, 04,
respectively.

There are three types of constraints on order size: maximum
size (MAX), minimum size (MIN), and multiplier (MUL).
These constraints are summarized
by the following expressions:

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




International Journal of Innovative Technology and Exploring Engineering (1JITEE)

MIN < Order Size < MAX, and Order Size = MUL x Integer
Number 3.3)

Accuracy levels, including Upper bound and Lower bound,
are used to evaluate average of simulated cycle service level
(CSLy). It is necessary for a quick evaluation. If CSL;
satisfies expression 3.22, the process of revising safety
inventory is terminated and the current amount of safety
inventory is considered as a solution.

CSLq — Lower bound < CSL; < CSL, + Upper bound
(3.4)

B. Intermediate Parameters

Given the above inputs, another three intermediate
parameters are determined. They include demand during lead
time and review interval (DTL), estimated safety inventory
(ESS), and order up-to-level (OUL).

According to Chopra and Meindl (2016), distribution of
forecasted demand during review interval and lead time,
when demand is normally distributed and lead time is stable,
is as follows:

DTL ~ N(iipry, 0hr,) (3.5)
With:

Hpry, = Mg X (b, +T) (3.6)
And

O, = Oy + T) (3.7

Where:
DTL: demand during review interval and lead time
T: review interval (days)

_average demand during lead time

HpoTL*
. standard deviation of demand during lead time

SpTL

... average of daily forecasted demand

o standard deviation of daily forecasted demand
> average lead time
Hp

Based on distribution of demand during review interval and
lead time, and given cycle service level, estimated safety

inventory (ESS) is calculated as follow:

_r-1
ESS = FS (CSLo) X OpTL (38)
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Where:
ESS: estimated safety inventory

Fs_l: inverse of standard normal cumulative distribution

CSL,: desired cycle service level
(Chopra and Meindl, 2016)
Order up-to-level (OUL) is calculated as follow:
OUL =ESS + HpTL
Where:
MpTL: average demand during review interval and lead
time
ESS: estimated safety inventory
(Chopra and Meindl, 2016)

(3.9)

C. Process

Figure 3.1 illustrates the mechanism of simulation model.
This mechanism is described in the following paragraphs.

Actual On Hand Inventory (AOH) and Projected On Hand
Inventory (POH)

Actual on hand inventory (AOH) is the actual inventory
maintained at the end of each period. Actual on hand
inventory at the end of day 0 (AOHy) is assumed as a random
variable which is evenly distributed from PSS to PSS + g x
T. This assumption bases on the fact that on hand inventory
most likely falls into this range if unusual demand does not
happen. So,
PSS<AOH <PSS+pupxT (3.10)
Where:
PSS: proposed safety inventory (units)
Me: average of daily forecasted demand

T: review interval
Because backorder is not allowed; therefore, actual on hand
inventory at the end of day i (AOH;) is calculated as follow:

AOH; = AOH;; + SR; — DAD;if AOH;; >0 (3.11)
AOH; = SR; - DAD;

if AOH;; <0 (3.12)
Where:

AOH;_;: actual on hand inventory on day i-1
SR;: schedule receipt on day i

DAD;: daily actual demand on day i
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Figure 3.1: Simulation Process

Projected on hand inventory (POH) is the projected inventory
position which takes into account the amount of actual on
hand inventory (AOH) and the amount of purchased orders
(PO) which have not been received yet. Projected on hand
inventory at the end of day i (POH;) is calculated as follows:

POH; = POH;; + PO; - DAD;, if AOH; >0 (3.13)
POH; = POH,, + PO; — (DAD; + AOH))

if AOH; <0 (3.14)
Where:

PO;: planned order at the beginning of day i
DAD;: daily actual demand on day i

Planned Order (PO;) and Schedule Receipt (SR))
Atthe end of every cycle (review interval - T days), it requires
that the systems reviews projected on hand inventory (POH).
If POH is lower than order up-to-level (OUL), an order needs
to be placed on the beginning of the next day, which is the
first day of the next review cycle. This order is called planned
order (PO). Planned order at the beginning of day i (PO)) is
identified as follow:
PO; = OUL - POH;
Where:

(3.15)

OUL.: order up-to-level
POH;: projected on hand inventory at the end of day i

Planned order at the beginning of day i (PO;) is revised
according to constraint on order size. After that, a random
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variable, which is called lead time (L;), associated with this
PO; is generated.

The actual arrival of PO; after L; (lead time) days is called
Schedule Receipt at the beginning of day (i + L), which is
denoted as SR, t = i + L;. So, schedule receipt at the
beginning of day t is determined as follow:
SR;=PQO; x g;

Where:
PO;: planned order on the beginning of day i

(3.16)

a;: order quantifier associated with PO;
t= I—i +i

L;: lead time associated with PO;

D. Process of Determining Safety Inventory

Figure 4.1 presents processing of determining safety
inventory. This process is going to be described in detailed on
the follow sections.

Revising proposed safety inventory

If a proposed safety inventory (PSS) does not satisfy accuracy
level or is rejected after conducting verification, it is revised
by adding or subtracting a certain amount of inventory. After
revising, a new PSS is created and inserted in final model to
determine average of simulated cycle service level (CSL,).
The amount of inventory added to or subtracted from the PSS
depends on magnitude of error and CSL, itself. The error is
the difference between CSL, and desired cycle service level
(CSLy), defined as follow:

Error = CSL,— CSL, (4.1)

Equation 3.7 Estimated
Input Data (to calculate Safety Safety Inventory
Inventory)

.| Simulation
Process

Proposed Safety
Inventory (PSS)

-

Revising Safety

Simulated Cycle
Service Level (CSL;)

Satisfy

Inventory 4=NO accuracy
level ?
YES
Verification
Legends: YES
Process @
NO
+
Accept Revised Safety
Inventory

Figure 4.1: Process of determining safety inventory

Value of CSL; also affects the
amount of inventory added to or
subtracted from PSS. The reason is
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that, by adding a fixed amount of inventory to safety
inventory, marginal increase in cycle service level reduces as
the value of cycle service level increase. Diminishing return
principle is applied here. This statement is illustrated by
Figure 4.2.

Cycle Service Level (CSL) versus Safety Inventory

100.00%+

90.00%+

80.00% -

CSL

70.00% -

60.00%

50.00%

0 1000 2000 3000 4000 5000
Safety Inventory

Figure 4.2: Cycle Service Level versus Safety Inventory

Proposed safety inventory (PSS) is calculated by the
following formula:

PSS = PSS,.; — Error x Dj;

Where:

PSS;: Proposed Safety Inventory at loop t
Error: difference between CSL; and CSL,
Dj;: Estimated average amount of change in PSS in order to
increase or decrease 1% in CSL, Dj; is defined in table 3.9

(4.2)

Table 3.1: Average Inventory Needed to Change 1% in
Cycle Service Level

ISSN: 2278-3075, Volume-8 Issue-12, October 2019

1 Demand quantifier- ,, =1 45 =0

- T il

1
2 Order quantifier -a; ;= l,o, 0

a; i
3 MIN, MAX, MUL  MIN =0, MAX = oo, MUL =
1

4 Lead time - L oL~ 0

Other numerical inputs are shown in table 4.3.

Table 4.3: Other Numerical Inputs

No. Inputs Numerical value

1 Daily forecasted demand N (2500, 50%)
(DFD)

2 Lead time (L) 2 days

3 Review interval (T) 4 days

4 Desired cycle service level 90%

(CSLy)
5 Accuracy levels Lower bound = 0.1%

Upper bound = 0.1%

The model was run 30 replications. Proposed safety inventory
(PSS) at each replication was recorded and shown in table
4.4,

Table 4.4: Running Experiment for Verification

Replicatio PSS  Replicatio PSS Replicatio PSS

Cycle Estimated Estimated inventory

service safety needed to change 1% in
level inventory CSL (Dy)

(CSL) (ESS)
80% ESS;
85% ESSZ D12 = (ESSZ - ESSl) /5%
90% ESS; Dy = (ESS; — ESS;) / 5%
95% ESS4 D34 = (ESS4 - ESS3) /5%
99% ESSs Dys= (ESSs — ESSy) / 4%

For example, if CSL1 is equal to or lower than 85%, D12 is
used to calculate PSS. If CSL1 is greater than 85%, and equal
to or lower than 90%, D23 is used.

E. Model Verification

A model, which considers fluctuations in customer’s demand
and supplier’s lead time, deviation between planned order
and schedule receipt, and constraints on order size, has not
been found from literature review. Therefore, the model is
run under special input conditions which make it identical to a
theoretical model discussed by Chopra and Meindl (2016).
This theoretical model assumes the followings. Firstly,
distributions of daily forecasted demand and daily actual
demand are identical. Secondly, there is no difference
between scheduled receipt and planned order. Thirdly, there
is no constraint on order size. Finally, lead time is constant.
By doing, the result obtained from the simulation model can
compare with the result calculated by the theoretical model.
Special conditions are described in table 4.2.
Table 4.2: Special Conditions of Inputs

n n n
1 1548 11 1548 21 1611
2 1607 12 1611 22 1498
3 1566 13 1592 23 1607
4 1592 14 1465 24 1551
5 1544 15 1566 25 1488
6 1572 16 1622 26 1583
7 1613 17 1557 27 1563
8 1551 18 1560 28 1598
9 1546 19 1531 29 1585
10 1569 20 1526 30 1547

Average X =1564

Std. Dev. s=38

No. Inputs Special Conditions
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According to Chopra and Meindl (2016), regarding to this
particular case, safety inventory required to satisfy CSL =
90% is 1570 (units). Hypothesis testing was conducted to
compare mean of proposed safety inventory and 1570 (units).
Hypotheses (a = 0.05):
HO I Upps = 1570
Hi : ppps # 1570
Sample size, n =30

x—1570
S =—0.865

I\

t'VaIUe, to.05/2‘ 29 = 2.054
Because t-value is larger than absolute value of test statistics,
null hypothesis cannot be rejected. In other words, mean of
proposed safety inventory is not
significantly  different from

Test statistics,
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1570 units. Therefore, it can be concluded that there is a
strong agreement between the proposed simulation model and
the theoretical model. As a result, the proposed model is
locally verified.

1V. CONCLUSION

A simulation-based model for determining safety inventory
under fixed-time period system was fully developed and then
verified using specified inputs. The model takes into account
the fluctuations in the amount of materials received from
suppliers, lead time and customer demand. Constraints on
order size are also embodied into the model. The proposed
model allows user to quickly identify safety inventory which
can absorb the above fluctuations.
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