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Abstract: In this paper, we mainly investigate the dynamic performance of VMI-APVIOBPCS in apparel industry.
With the increasing important integration of supply chain system, VMI-APVIOBPCS can integrate various kinds
of elements in the operation, which is proved to be very effective in solving complex problems. Apparel industry
supply chain has relatively more complicated dynamic behaviors because of the volatile demand, the strong sea-
sonality of sales, the wide number of items with short life cycle or the lack of historical data. In order to clear these
behaviors and come up with new ideas to solve existing difficulties, we apply classic control theory to build up
the model of VMI-APVIOBPCS in apparel supply chain. Then we analyze the dynamic performance of apparel
industry supply chain and use Routh-Hurwitz Stability Criterion to analyze the stability on the expectation that the
outcomes of our research can be useful in the practical occasions.
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1 Introduction

Supply chain, which generally includes supplier, man-
ufacturer, distributor and retailer, has been proved to
be able to solve various problems in management and
operation, including reducing high cost, promotion of
efficiency and so on[1]. The related parameters and
factors in supply chain are displayed in figurel. Ac-
cording to figurel, we can refer that the supply chain
system is very complicated. Besides, this model is
widely used in different industries and its model, at the
same time, was improved into a so-called supply chain
family, mainly including OBPCS, VIBPCS, IOBPCS,
APIOBPCS, APVIOBPCS (Automatic Pipeline, Vari-
able Inventory and Order Based Production Control
System) and so on.

As for APVIOBPCS model, the problems of in-
ventory and production have posed lots of significan-
t problems in the history of manufactured goods. A
lot of different analytical techniques and operational
research methods, have been used with no one tech-
nique being wholly adequate in providing all the nec-
essary solutions to planning and optimisation. How-
ever the consideration of the information flows, the
effects of batch sizes and scheduling has now reached
a position where the economic penalties of excess s-
tock and the western poor practices are thrown into
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sharp relief by lean production regimes, such as that
practiced by Toyota in the global market place. Fur-
thermore, as the requirement for integration of infor-
mation and resources in the whole supply chain, VMI-
APVIOBPCS, (vendor managed inventory combined
with APVIOBPCS) was developed. VMI, a scenari-
o where vendor totally coordinates the inventory in
supply chain, enables the operators to coordinate the
overall finished goods inventory of the whole supply
chain[1].

In recent years, this high-efficient model has been
applied in apparel industry management [2]. CHI-
U.SHUI, a famous Chinese apparel brand, targeting
at city female customers, has achieved excellent oper-
ation performance by adopting VMI policy.

However, we all know that it is an unprecedent-
ed challenge to manage such a complex system. On
one hand, the management of supply chain is involved
with so many factors that it is tough for managers to
obtain good performance. Therefore, some problem-
s, such as bullwhip effect, inventory backlog, are in-
evitably [3].

Disney and Towill [19] at Cardiff University,
White and Censlive [20] and others have analysed
Supply Chains with Automatic Pipeline, Inventory
and Order Based Production Control Systems (API-
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Figure 1: Causal loop diagram of VMI supply chain

OBPCS) and more latterly APVIOBPCS, extensively,
to determine system stability and optimisation [21].

On the other hand, the apparel industry is more
complicated in nature, which is showed in figure 2.
The production of garments includes some procedures
such as weaving and dying that are correlated and are
supposed to share information in all aspects in order
to offer qualified products to their clients. Besides,
as is shown in the figure3, the garments always have
varied categories with different sizes, colors and de-
partments for the sake of excellent consumer service
level. Therefore, the integration of materials requires
comprehensive coordination of all the related supply
chain units.

Whats more, these problems appear to be much
tougher when the demand is not practically pre-
dictable [4]. In the apparel supply chain, factors liking
the volatile demand, the strong seasonality of sales,
the wide number of items with short life cycle or the
lack of historical data malfunction the traditional fore-
casting techniques. In addition, the development of
electrical commerce greatly changes the running sur-
roundings of the fashionable apparel industries. Con-
sumers are more sensitive to the information of fash-
ionable trend and prices of different brands. The great
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pressures from both inside and outside really chal-
lenge the apparel industry supply chain.

In conclusion, the unnecessary waste of material
due to the incapability of integration and the back-
logged inventory that incurs inventory holding cost
and reduction of expected profit burden the supply
chain operation. The decrease of profit is definite
because the price discount that try to attract the cus-
tomers who are already ignorant of out-dated fashion
styles [5,6].

The complexity of the supply chain itself and the
special features of apparel industry supply chain pose
obstacles to manage successfully supply chain.

Thus, with the existences of those practical draw-
backs and obstacles, how to management the apparel
well enough? How to identify the impact of chang-
ing related parameters on the whole supply chain? Is
the VMI-APVIOBPCS model so perfect that this ex-
isting performance cannot be improved further? How
to achieve new breakthrough in the present model?

Finally, this paper, in order to optimize the op-
eration of apparel industry, applies the classic con-
trol theory which makes an overall coordination pos-
sible in the already-proved excellent model—-VMI-
APVIOBPCS.

The following part of this paper mainly focus-
es on the general introduction of VMI-APVIOBPCS
model, the simulation of the model under differen-
t parameters changes and the analysis of the results
of simulation. Besides, we come up with a simple but
effective method to analyze the stability of the sys-
tem. At last, we come up with the management in-
sight which aims to help the managers and operators
in the workshop to do the correct decision-making.

2 VMI-APIOBPCS Model

General speaking, supply chain is consisted of retailer,
distributor, manufacturer, supplier. However, the ap-
parel industry supply chain is different. To be specific,
the apparel industry supply chain is usually consist-
ed of retailer, distributor, core business (brand own-
er), manufacturer, supplier [7]. In this supply chain,
the brand owner is the dominant character, unlike in
the other supply chains, the manufacturer is dominan-
t. The brand owner always outsources their manufac-
turing to the third part. In this case, the integration of
the whole supply chain tends to be destroyed because
the brand owner cannot completely control the manu-
facturer. But, in this paper, we assume that the brand
owner and the manufacturer are the same as the one
unit such as the brand owner can totally control the
manufacturing part.
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2.1 Demand Policy

In this paper, we use simple exponential smoothing
prediction that is widely used in literatures [1][8-9].
Differently, in this model, it is used in several peri-
ods. At first, retailer and vendor have to reach an a-
greement on the re-order point that enables managers
to guarantee adequate availability and avoid excessive
stocks. The retailer will make decision about a re-
plenishment order if the actual inventory is below the
re-order point every planning period. Therefore, both
of them also need to agree with the order-up-to point,
O [8]. (All the marks used in this paper are explained
in Tablel.) And its mathematical model is (1). Then
the whole system prediction formula is (2).

AVCON; = AVCON;_4
+—7p— (VCON; — AVCON;_1) 2
I+7 YAt

As to the relationship between smoothing con-
stants o, g, T, and Ty, it is shown in (3) and (4)

1 - g
T,=-—2 3)
Qg
1 _
T, =~ 4)
Qyq

Generally, the values of T;, and T}, are always set
to be equal so as to make the system more simple and
easier to be understood. And in this paper, we also
consider that T}, equals to Tj,.

2.2 Production Delay

In apparel industry, the production delay or produc-
tion lead time is extremely important. Fashion ten-
dency is hypersensitive to particular time period. The
tedious production delay can lead to the decrease of
sales [6].

In this paper, T}, means the time of production de-
lay. Its transform function is (5).

1
G(s) = T, s+1 )
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Here we assume that the production capacity is
infinite. Actually, it is very reasonable in the real
world. Especially, the development of e-commerce
changed the customers purchasing habit from limited
time to broader time period [10]. In other word, peo-
ple not only buy summer clothes in summer but also
very likely in winter. Therefore, in order to keep the
precious customers loyalty, the brand owners are sup-
posed to preserve some stock even it can bring extra
inventory holding cost to preserve good relationship
quality between brand and consumer. After all, the
production capacity is always bigger than the demand.

As to T'pbar, estimate of the production lead-
time, it is used to decide desired work in progress
(DW1IP), such that

DWIP, = AVCON; - Tpbar ©6)

Usually, T'pbar is considered to be equal with 77,
in simulations[1][8]. However, in [11], the inequality
between the real transportation delay (the transporta-
tion delay is equal to production delay in the paper)
and perceived transportation delay acts as an impor-
tant unstable factor that can lead to chaos in the sup-
ply chain. Here we remodel this unstable factor us-
ing classic control theory and observe its impact on
stable system in time domain, which can allow us to
be informed of the real tendencies of related variables
vividly.

2.3 Work-in-progress Feedback

Actually, in the real business world, most of apparel
brand owners outsource the manufacturing part to the
third part for the sake of reducing manufacturing cost.
Under this condition, the brand owners can avoid the
management of raw material stock cost, supplier rela-
tionship management that is energy consuming for re-
quiring evaluating the trust, reputation and so on[12].
However, it is not approved in this modern economic
world because today we positively call on integration
of the use of resources in order to save as much pre-
cious resources as we can[16].

Besides, the requirement to the materials that are
used to be made of clothes is complex and change all
the time. Unlike the work-in-progress management of
automobile manufacturers, the materials needed to be
dyed in various colors even in only one shape.

Therefore, it is necessary for us to set the work-
in-progress feedback in the control process, which can
enable the managers make more accurate decisions
[19]. The calculation of the is in (6).

WIP, = WIP,_1+(ORATE;—COMRATE;)+At
(N
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Figure 2: Effects of T, Ty, T;, Ty, on inventory re-
covery following a step input

2.4 TINV and ORATE

The ideal TINV condition is 0, which means there
is no inventory holding cost. Here is a shortage of
this model. In real condition we need to take the
customer service level into consideration such that
TINYV should be changed according to the demand.
In this paper, in order to make this model more prac-
tical and reliable to the real world conditions, we just
set TINV changes with the assumed consumption.
Therefore, in figurel, we use TINV = zAVCON
to define the level of T/ NV. But in order to simplify
the model when investigate the other performances of
the system, we set TINV = 0O[1][1].

AINV, = AINV;_,;

ORATE; = AVCON;_1
DWIP,_—-wipP,_, I (9)

TINVy;_1—AINV;_
+ t 1Ti t=1

Tw

3 Simulation

The simulation is conducted in the simulink, Mat-
lab2011a.

3.1 Dynamic Performance

In the figure5, we can clearly know the dynamic
performances in time domain of ORATE, TINV,
WP which are three most important state parame-
ters we always assess.

Figure6, figure7 and figure8 show us the changes
of ORATE, TINV, WIP stimulated by the
changes of T;, Ty, T;, T,. In the simulation, we
make the four important parameters increase by 25%
respectively.
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Figure 3: Effects of Tj, Ty, T;, T, on order rate regu-
lation following a step input

L

Figure 4: Effects of Ty, T,,, T;, o, on W I P following
a step input

Generally, T'p and T'pbar are regarded as the
same in simulation. Actually, in the real world, ran-
dom factors always make it impossible. For example,
in the apparel manufacturing workshop, equipments
collapse or nature disasters can inevitably change the
Tp [11]. When T'p is equal to Tpbar, the dynamic
performance can be the best. In order to specifically
identify the difference when T'p is not equal to T'pbar,
we set a big difference in the simulation. And finally,
we can receive the result that the differences change
the dynamic very dramatically. It is easy for to find
the reasonable explanation in the real world. When
make prediction based on an evaluation that actually
doesnt happen, the dynamic performance will suffer
from severely deviation away from the expectation.
From Figure9 we can know that the difference lead-
s to the actual inventory deviates the target inventory
which directly raises the inventory holding cost.

In Figure8, we can figure out that the effect of the
changes of T, T;,, T;, T\, on WIP is relatively small.
It means that in the practical world, the factors related
with the decision-making parameters have moderate
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Figure 5: Effects of different actual and perceived pro-
duction lead times on the AI NV dynamic response

Figure 7: Effects of the different actual and perceived
production lead times on the W I P dynamic response

ply chains tend to seek the win-win state that is the
Imaximized total benefit. Taking this issue into con-
sideration, we investigate the influences of different
targets of inventory level on the dynamic behaviours.
1 Firgurel3, 14 and 15 show us the dynamic
behaviours of AINV, WIP and ORATE when

TINV = 0, TINV = 024VCON, TINV =
10.2AVCON and TINV = 0.5AVCON. However,
he influences are not obvious. Figure 16 shows the

Figure 6: Effects of the different actual and perceived
production lead times on the ORATE dynamic re-
sponse

impact on the inventory of work-in-progress.

In this paper, we apply a measure of /T AF to
indentify the dynamic inventory performance changes
when T'p is not equal to T'pbar. The advantage of us-
ing IT AFE is that persistent error after long time is to
be penalized by the time weighting. The system that is
regulated by reaching the minimized IT AFE objective
can have good dynamic performance finally [8].

From figure 10 and figure 11, we can con-
clude that the difference generated between T'p and
T'pbar can greatly influence the dynamic behaviours
of AINV, ORATE and WIP, which makes the
management difficult to control. In figurel2, the
sharply changes of IT' AF produced when there is d-
ifference generated between T'p and 1'pbar, indicat-
ing the vital importance to make perceived production
lead time more approximate the real production delay.

Generally, the target of inventory is considered
to be zero for the minimum inventory holding cost.
However, the holding cost is not equal to the total cost
in supply chain. At present, different partners in sup-
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“ITAFEs in different TINV levels. Apparently, the
ITAE decreases when the target of inventory level
increases. In real world, we can coordinate the inven-
tory system based on this conclusion. To be concrete,
we can keep proper level inventory to raise the total
benefit in the supply chain.

Figurel7 displays the dynamic changes when G
changes. Obviously, it is much easier to predict linear
effect on the system dynamic performance. Besides,
we can know that the higher G can lead to higher stock
level fluctuation. Therefore, the managers need to find
a balance between remaining a proper G which can
keep consumer loyalty and reducing inventory hold-
ing cost.

3.2 Deviation Analysis

It is inevitably to generate some deviation in the pro-
cess of controlling. The actual inventory level cannot
reach the targeted inventory level immediately, creat-
ing some deviations that lead to excess stock or insuf-
ficient stock which further break the consumer loyal-
ty. According to the figure19, we can clearly observe
the error changes in the time domain, which, at the
same time, provides us another way to improve system
dynamic performance in VMI-APIOBPCS such that
minimizing ITAE by changing the decision-making
variables.

As to bullwhip effect [6], it refers to the phe-
nomenon that the orders to the supplier tend to have
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Figure 11: the response of ORAT E's under the con-
Figure 8: IT AFEs under the conditions of different ditions of different TINV

actual and perceived production lead times
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Figure 9: Response of AINV's under the conditions

of different I'TAFE's
Figure 12: Effects of changes of G on the ATNV re-

sponse to a step unit input
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Figure 10: Response of W1IPs under the conditions

of different TINV s Figure 13: Dynamic responses of ORATFE and

AINYV to random input
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Figure 14: Effects of Ty, Ty, T;, T’, on regulation fol-
lowing a step input

Figure 15: Bullwhip effect

larger fluctuations than sales to the buyer and the dis-
tortion propagates upstream in an amplified form.

In control theory background, we always use
noise bandwidth to quantify and measure bullwhip ef-
fect [13].

Wy = /07r ‘F (e"w)fdw (10)

ORATE(s) -

The transformation of the CONS(s) 18

ORATE(s) _
CONS(s) —
2G(Tp-Ta+Ti-Tp+Tp-Tp-Ti/Tw)s3+
2G(Ta+Ti+Tp+Tp-Ti/Tw)+
(Tp-Ta+Ti-Tp+Tp-Tp-Ti/Tw)

(Ta+Ti+Tp+Tp-Ti/Tw) + 2G| s+ G
(14+Ta-s)[1+(Ti+TpTi/Tw)s+Tp-Ti-s2](Tq-s+1)(s+1)
1

s+

Both the I'T'AF and bullwhip effect can be called
the deviation in the VMI — APVIOBPCS con-
trol, which always generates unnecessary operation
cost. In figure 19 and 20, we know the tendencies
of ITAFE and bullwhip under different decision pa-
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Figure 16: The changes of bullwhip effect under the
changes of T, T;, Ty,

rameter configurations, and thus we can successfully

|control the supply chain in practice. From Figure21,
Twe can clearly refer that the increase of and leads to
the reduction of bullwhip effect, which is a meaning-
1ful conclusion in the practical world.

'4 Deviation Analysis

“The decision parameters are influenced by many ran-

dom factors, such as weather changes, transportation
condition and so on. In order to reduce the unnec-
essary cost, we need to use some simple methods to
judge the stability analysis when some of the parame-
ters are changed unpredicted. In this paper, we intro-
duced a kind of simple and understandable method
Routh-Hurwitz Stability Criterion to evaluate the sta-
bility of system.

4.1 The Routh-Hurwitz Stability Criterion

Actually, in the real business world, most of appar-
el brand owners outsource the manufacturing part to
the third part for the sake of reducing manufacturing
cost[17-18]. Under this condition, the brand owners
can avoid the management of raw material stock cost,
supplier relationship management that is energy con-
suming for requiring evaluating the trust, reputation
and so on[12]. However, it is not approved in this
modern economic world because today we positively
call on integration of the use of resources in order to
save as much precious resources as we can.

We assume the characteristic equation of the
closed-loop linear system can be expressed like the
following equation[14]:

ags” +a1s" M 4+ -ap_15+a, =0

Then the prerequisite for the system stability can
be explained liking the following: a. the coefficients
of the characteristic equation a; (i =0,---,n — 1)
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cannot be zero b. all the coefficients of the character-
istic equation a; must be positive numbers or negative
numbers at the same time

S apg a a4 Qg
s ay as as ar
N2 by by bg by
3 cp ¢y c3 -

82 dl dg d3

81 €1 €9

s fi

The first two rows of the Routh-matrix are con-
sisted of the coefficients of the characteristic equation.
The first row includes the first, third, fifth, coefficient.

The second row includes the second, fourth, sixth,
coefficient.

In the Routh matrix

bl — aiaz—aopas b2 — a1a4—apas b

I

3:A,
c3 = B,

)

bras—aib
__ 01a5—a103
) Co =

ai
_ biaz—aiby
b1 ’

C1 b

fi= erda—dyes
1 e1

_ aiae—aopar _ biar—aibs
A= e g b

This process should be repeated until the nth row
can be expresses out. All the coefficients together are
showed in a shape of inverted triangle.

4.2 The Stability of the VMI-APIOBPCS
Apparel Industry

Under this condition, the brand owners can avoid the
management of raw material stock cost, supplier rela-
tionship management that is energy consuming for re-
quiring evaluating the trust, reputation and so on[12].
However, it is not approved in this modern economic
world because today we positively call on integration
of the use of resources in order to save as much pre-
cious resources as we can.

The transform function of ALYV ig (11).

CONS
AINV(s) _
CONS(s) — I
Ti{(Tp+Tw)—(1+Ta-s)[Tp+Tw(1+Tp-s)|}G(2s+1)
(1+Ta-s)[Tw(1+Ti-s)+Ti~Tp~s(1+Tw-s)](Tq-s+1)(s+1)12)
Its characteristic equation is (12)
(1+Ta-s)(A)(Tq-s+1)(s+1)=01 (13)

A=Tw(1+Ti-s)+Ti-Tp-s(1+Tw-s)]
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Figure 17: Responses of WP in stable and unstable
states

Figure 18: Responses of ORATE in stable and un-
stable states

For example, (Ta,Tw,Ti,Tp,Tq) =
(1,1,1,1,1) its characteristic = equation is
s° +5s* + 1083 +10s*> + 5s +1 =0

Its Routh-Matrix is

s° 1 10 5

st 5 10 1

3 8 24/5

s 7 1

st 128/35

s0 1

To the same argument, when
(Ta, Tw,Ti,Tp,Tq) = (1,—1,1,1,1)

the system is unstable. 7w = —1 means the influ-

ence of work-in progress on the order is negative in the
decision-making. In the following, we compare the
dynamic behaviours of the VMI-APVIOBPCS system
in the following pictures.

From the Figure 22 to Figure 25, we can identify
the differences between stable and unstable VM I —
APV IOBPCS systems. Obviously, the unstable be-
haviors change turbulent and pose many problems to
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Figure 19: Responses of /T AFE in stable and unstable
states

the management. In the contrary, the stable system
is relatively predictable and easier to manage for the
simple behaviors.

According to the prerequisites of The Routh-
Hurwitz Stability Criterion, we can conclude that the
system is stable.

Generally, the values of controlling parameters
change in relatively small scale or predictive scale.
In addition, the calculation of the Routh-Matrix can
be realized by efficient computer programs. Thus us-
ing Routh-Hurwitz Stability Criterion is practical and
useful. This method is familiar with the optimization
method used in [15].

S Summary

The turbulent fashion apparel industry market poses
challenges to the frontline managers. In order to over-
come this difficulty, we have to be clear about the in-
fluences of internal parameters on the dynamic per-
formance which can be used to evaluate the operation
cost in supply chain system.

When the dynamic performance is excellent with
minimum deviation and fastest time to be stability, the
supply chain can stay good operation condition, all the
factors of which can be orderly organized. In the con-
trary, the supply chain system that suffers from poorly
dynamic performance, like staying in periodic state or
even in terrible chaotic state can always buy bills for
some unnecessary cost.

In this paper we use the VMI-APVIOBPCS con-
tinues model for enjoy its accuracy to investigate
the dynamic performance of fashion apparel indus-
try. Furthermore, we use analyze the dynamic per-
formance changes under the main parameters changes
and obtain some useful conclusions
(1) Deviations cannot be avoided in any supply chain,
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but can be minimized according to particular objective
function.

(2) As to the production delay Tp and the perceived
value Tpbar, if the Tpbar can be precisely predicted
or valued, the dynamic performance can be improved,
vise verse.

(3) The Routh-Hurwitz Stability Criterion presents us

|a simple and effective way to identify the stability of
_the system.
“%.(4) Enable the retailers to avoid the risk that the re-

duction of profit brought by demand fluctuation. The
overall coordination help the manufacturers make the
right decisions based on the sufficient information
from both retailers and suppliers.

After all, the coordination of the whole VMI-
APVIOBPC apparel industry is kind of micro system
engineering. We can achieve good coordination per-
formance when we fully regulate and organize all the
related elements properly. This paper provides us with
a foundation or reference to how to change the deci-
sion in order to minimize the cost and maximize the
profit.

Since the issue of inventory and order-based con-
trol in the supply chain is so complicated that we are
not capable to overcome it on one setting, we are sup-
posed to insist this direction and go further.

To be specific, we can continuously research on
how to improve the dynamic performance by chang-
ing the critical decision-making parameters.

6 Symbols
AINV Current Inventory level
AVCON Average sales rate CONS
CONS Sales consumption or market demand

COMRATE Rate of production
CSL Customer service levels
CLGW estimated cost for lack of goodwill
EINV Error in inventory level
EPOS Electronic point of sale
EWIP Error in WIP
DINV Desired inventory
i Interest rate
ORATE Outstanding level of supplier orders
TINV Target inventory
T; Inventory order constant time
Tw WIP order constant time
Tp Production delay time
Tpbar Multiplier from smoothed sales to WIP
Ty Constant multiplier to AVCON
T, Smoothing time constant
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