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Abstract

The paper describes the course of study on the stock replenishment process
in a production company. The study has proven that improvement in the infor-
mation exchange between the Producer and the Supplier of raw materials brings
business-related benefits. The example shown concerns the reduction of stock
of a selected material, replenished as part of a system based on the reorder point.
The automation of activities related to information processing has shortened
the duration of certain stages of stock replenishment, which, on the basis of basic
dependencies within the replenishment system, has allowed reducing the safety
stock kept to ensure production continuity in conditions of uncertain demand. It
was possible to introduce changes in the replenishment process (both on the Pro-
ducer’s and the Supplier’s part) owing to a profound analysis of the process itself.
The example presented applies the BPMN 2.0 standard and the iGrafx tool.
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Introduction

Despite the development of alternative concepts of managing flows of goods,
stock management under conditions of random changes of demand still remains
an important issue. The task gets even more challenging when, in addition
to random demand variability, there are also changes (often of a random nature)
of the replenishment lead time. It is also important to properly identify all time
components of the total replenishment lead time. In many cases it is the pur-
chaser, not the supplier, that is responsible for some of them (order preparation,
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transportation, reception of goods). All these subprocesses have their own “times”
and time deviations.

Thus, it is important to develop a model for calculation of basic parameters
controlling a given replenishments system (e.g. the reorder point model), where
all the identified lead time components (mean values and standard deviations)
are included. In order to make use of the model most efficiently one has to look
for all possibilities leading to potential process improvements by reducing some
of the lead time components and their variabilities. Business Process Modelling
was used for the purpose of the research reported in this paper.

The main research goal was to investigate what impact the application of busi-
ness process modelling may have on the stock replenishment process and one of its
key performance indicators — the safety stock level. The research was conducted
in an industrial environment.

1. Methodology and theory

The considerations presented below refer to stock replenishment based
on the reorder point (Figure 1), where the stock replenishment cycle should
commence at the moment of achieving (or dropping below) the so-called reorder
point (level) B.

Stock

Time

Figure 1. General stock replenishment rules in a system based on reorder point
Source: (own elaboration)

In general, the reorder point B may be calculated as follows:
B=D T+ XX +1/Ss} + Ss7 + 2.5s% 1)

In the foregoing formula:

D - the average demand in a specific unit of time;

T — the mean time of the stock replenishment cycle;
X; — the mean values of other factors, related to:

— shortages in the quantity or quality of a delivery;
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— placing orders when the economic stock level S, is significantly lower than
level B, which, consequently, is related to:
* increased demand in a nominal replenishment cycle, resulting from the actual
stock control cycle or the order placing cycle’;
* with the nature of demand distribution.

Ssp — safety stock resulting from random demand variability:
Ssp = wp (aSL)- o NT, @)

where wD(a SL) is a safety coefficient corresponding to the adopted service level -
the probability to serve demand in a stock replenishment cycle (Tempelmeier,
2000), for the distribution to which demand applies. It is the standard distribution
that usually applies to fast-rotating goods, while it is Poisson’s distribution or
exponential distribution that applies to slow-rotating goods.

Ssy — safety stock resulting from the replenishment cycle time variability:
Sst = wr(aSL)-D-or, 3)

where wT(aSL) is a safety coefficient corresponding to the adopted service level
(the probability to serve demand in a stock replenishment cycle), for the distribu-
tion to which the replenishment cycle time applies — in practice, it is not standard
distribution but, for example, triangular distribution.

Ss,;—safety stock resulting from other above listed factors. This part of the safety
stock may generally be presented as:

Ss, = w,(aSL)-o,, 4)

where wx(aSL) is a safety coefficient corresponding to the adopted service level
(the probability to serve demand in a stock replenishment cycle), for the distri-
bution to which the analysed factor applies. It may be standard distribution, but
in certain situations a different distribution (e.g. rectangular) may apply (Krzyza-
niak, 2015, 2017).

The constituents of the above listed safety stock depend on factors that may be
minimised or even eliminated as a result of process analyses.

The main area for potential changes discussed in the present article is the short-
ening of the stock replenishment cycle time and its variability. Attention should
be drawn to the fact that the cycle replenishment duration is a sum of the number
of partial stages.

Most of them are the supplier’s responsibilities, except for a few, where the
responsibility rests with the ordering party. Figure 2 shows an example of such
a structure of time (T).

A process analysis was conducted by the authors to verify the impact of the pro-
posed solutions. Process maps, created on the basis of process interviews, were made
to ensure the proper quality and readability. The maps were prepared in accordance

1 For example, placing orders at a specific time of day (e.g. in the evening) requires taking into account

the expected demand volume in the period from meeting the order conditions (S, < B) to the actual
commencement of the stock replenishment cycle. Failure to meet this organisational condition may,
in certain situations, result in lower availability of service.
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with the BPMN 2.0. standard — currently the most popular tool for describing
business and production processes (Briol, 2010). The maps were later complemented
with lead times of individual activities, waiting times between activities, the num-
ber of employees involved in the process and schedules of operation to ensure
the proper quality and readability. Process models were developed as a result.
The models underwent simulations with the use of specialist software (iGrafx)
(Ragin-Skorecka, Nowak, 2016).

Replenishment cycle lead time (T)

Ty Orderlead time (including delivery) -T, T,
.l

pre[?;‘::t’ion Order lead time (production or Transport Delivery

fime picking) on the supplier's part time reception time

! Y

1

Supplier's responsibility

Producer's responsibility

Figure 2. Structure of stock replenishment cycle time (T) for the discussed example
Source: (own elaboration)

2. Results and discussion

The example assumes that direct transport to the Producer’s headquarters
is the Supplier’s responsibility. The total stock replenishment cycle time (T)
is the sum:

T:T1+T2+T3,

where:

T, — the time spent on preparing and releasing the order;

T, — the time required for the supplier to complete the order (including delivery);
T5 - the time spent on delivery reception (unloading, inspection in terms of quan-
tity and quality, transport to the warehouse and making an entry on the delivery
reception in the IT system).

Considering the processes of order preparation and delivery reception (i.e.
the issues for which the producer is responsible), it should be noted that they
form a set of operations carried out simultaneously, which have separate lead
times (including possible deviations), which is the subject of the process analysis
described below.
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The adopted assumptions allow presenting the safety stock as follows:

Ss= \/wD(ocSL)-rrf)-(T1 +T,+T)+D - {Y 5 [wTi(OtSL)]Z'G%}/ (6)

where:

D, o1, - the average demand and its standard deviation in a specific unit of time;

Ti,3 o7, — the mean times T, T, and T, according to the formula (5), including
their standard deviations;

wp(aSL) — safety coefficient corresponding to the service level, for the observed
demand distribution;

wr(aSL) - safety coefficients corresponding to an adopted service level, for observed
distribution of times T;, T, and T5.

It was initially assumed that, from the Producer’s perspective, a process analysis
should, above all, cover times T; and T, both with reference to the mean value
and the standard deviation, as well as, in certain situations, the features character-
istic for the distribution frequency of these times. On the other hand, at the stage
of implementing improvements shown by the process analysis, time savings were
found in T, (the time spent by the Supplier on formal services related to the order),
as well. The savings are a result of the information exchange automation achieved
due to the integration of IT systems. T; remains unchanged and is not taken into
consideration as a source of possible improvements in the present publication.
The potential for improved efficiency was determined by comparing two models
of stock replenishment processes: the current process (AS IS), presenting the current
course of executing orders for raw materials necessary to maintain current produc-
tion, and the target model (TO BE), providing a new stock replenishment method.

It should be borne in mind that, both for the AS IS and TO BE models, the pos-
itive course of executing the researched process only was assumed — the appro-
priate business roles (Decision-Maker and Manager) always approve the order
and the dispatch of goods.

On the basis of the information obtained from warehouse or production
employees, an employee responsible for the purchase of raw materials prepares
the order (activity: order preparation), which is then verified and approved by
a Decision-Maker (activity: order acceptance). The order is sent by the employee
responsible for the purchase of raw materials to the Supplier (activity: order place-
ment). The Supplier’s Customer Service Department analyses the order (activity:
order analysis) and passes it to the manager for review and acceptance (activity:
acceptance). The next activity is the picking and release of goods (activities: picking
and release) in compliance with the Delivery Note document. The goods (raw
material to be used in production) supplied together with the Delivery Note are
received by the Producer’s target warehouse, which marks the end of the analysed
process — the current stock is replenished.

The process model presented below (Figure 3) displays a potential for optimi-
sation — the activities which may be eliminated or the duration of which may be
shortened by introducing certain improvements, presented on the target process
model (Ragin-Skorecka, Nowak, 2017).
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The target process model (TO BE) presented in Figure 4 shows an improved
method of ordering raw materials required for current production.

Area of delivery reception (Ts)

H Batween Norm (5:30) m

Area of preparing and releasing the order (T;) recdived s replanished
2| s Onder Order
AR preparation pacemen. Il
E || Nosdtorestock T Ordesernt
’ Wt e B
L sm
; ‘Orde
E
£ e
R Area of completing the order (including defivery) (T2)
T
s
3é T+ ot anayss
Sy S
Between Norm (30.60) m 10m Delivery.
£l4 B vaws | i (0
5|3 | &
wm‘F Time Transport  Raw material sent
s
Note sm
£

Figure 3. Stock replenishment process map, current status — AS IS
Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-
housing, Software used: iGrafx Process 2011 for Enterprise Modelling)

Course of the target process (TO BE):

Due to the automation of activities related to information processing when stock
drops to a level at which information urging the Producer to replenish the stock
is sent, the Producer’s IT system initiates an order directly in the Supplier’s IT
system. The integration is supported by a data bus (Integrator) serving as a medium
for exchanging messages between them. The data bus should operate based
on EDM (Enterprise Data Management) or ETL (Extract, Transform and Load)
solutions (Christodoulou, Scherer, 2016). The Supplier’s system generates a Delivery
Note document and orders the picking directly in the warehouse. At the same
time, it sends an Order Confirmation to the Producer’s IT system. Then, similarly
asin the case of the AS IS model, goods are picked and released, and finally received
by the Producer.

The volume of orders which are subject to such automation should remain
within the limits set out in framework agreements concluded between the Pro-
ducer and the Supplier. The basis of such agreements may be the data concerning
the planned order volume, delivery times and delivery frequencies. Appropriate
planning of the terms of framework cooperation is crucial because individual orders
will be executed automatically without the need of their approval by decision
makers representing the Producer or the Supplier.
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The following assumptions were adopted for the current process (AS IS):
the number of orders per day — 1 order/day;

the amount of resources as part of individual business roles — 1 resource in each
business role;

the time of work: 8 hours/day, 5 days/week, 22 days/month;

the process observation time — 1 year.

D=71,06p=20

T, = 255.53 [min] T, = 607.56 [min] T5 = 22.68 [min]

oT; = 0.85 [min] 6T, = 5.1 [min] 6T; = 2.5 [min]

wp(aSL) = 1.64

wr(aSL) = 1.64

The following assumptions were adopted for the target process (TO BE):
the number of orders per day — 1 order/day;

the amount of resources as part of individual business roles — 1 resource in each
business role;

the time of work: 8 hours/day, 5 days/week, 22 days/month;

the process observation time — 1 year.

D=71,0p=20

T, = 0.0 [min] T, = 355.02 [min] T; = 22.68 [min]

oT; = 0.0 [min] 6T, = 4.99 [min] 6T = 2.5 [min]

wp(aSL) = 1.64

wr(aSL) = 1.64
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Figure 4. Stock replenishment process map, target status — TO BE
Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-
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sing, Software used: iGrafx Process 2011 for Enterprise Modelling)
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Results of comparative process simulations for AS IS and TO BE models:

With the purpose of comparing the efficiency of both processes, the simulation
results were compared, focusing on the mean service time and the mean use
of resources, which were considered key indicators for studying the efficiency
of changes in the process (see Table 1).

Table 1. The degree to which resources were used for the execution of tasks assigned
to individual business roles in analysed processes

Business roles AS IS TO BE
Stock / Producer/ Purchasing manager 2.18% 0%
Stock/Producer/Decision-Maker 3.11% 0%
Stock / Supplier / Customer Service 4.69% 0%
Stock/Supplier/Manager 3.11% 0%
Stock/Supplier/Warehouse 34.19% 34.33%
Stock/Producer/Warehouse 14.10% 14.15%

Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-
housing)

Use of resources — part of work (in %), in which a resource (business role)
is involved in a specific process (Figure 5).
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Figure 5. A graphicillustration of the degree to which resources were used for the execution

of tasks assigned to individual business roles in analysed processes
Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-

housing)
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Mean service time = T — mean time necessary to serve one instance of stock
replenishment (Figure 6).

16
14
12

b O ®

N

HASIS mTOBE

Figure 6. Mean service time in hours
Source: (own elaboration based on research conducted by the Institute of Logistics and Warehousing)

Conclusions

The operational result of the change was the shortening of the complete
stock replenishment process lead time from almost 15 hours to approximately
6 hours. It is therefore possible to perform full stock replenishment on one shift.
Furthermore, the operational availability of business roles responsible for accepting
orders (decision-maker, manager) and roles handling the formal service of orders
(purchasing manager, customer service representative) was increased for other
processes carried out by enterprises. It was possible to achieve by reducing their
activities in the analysed stock replenishment process.

m Delivery time m Flow of information

Figure 7. Structure of safety stock
Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-
housing)
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Stock maintained to ensure production continuity (safety stock) will also
be significantly reduced (by 31%) (Figure 8). It is a measurable economic effect
of the change, which has directly influenced the decrease in the costs of maintaining
the stock of raw materials to be used in production. The initial safety stock (1033 pcs)
may be divided into stock securing the flow of raw materials (713 pcs) and the stock
securing information flow, which accompanies the stock replenishment process
(321 pcs) (Figure 7) — following the automation of the information flow between
the producer and the supplier, this part of the stock does not need to be kept.
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Figure 8. Projected change in safety stock, in %, after target model (TO BE) implementation
Source: (own elaboration based on own research conducted by the Institute of Logistics and Ware-
housing)
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