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Responsiveness Optimisation in the Fractal
Supply Network

Sameh M SAAD and Ramin BAHADORI
Department of Engineering and Mathematics, Shdffi¢hllam University
Sheffield S1 2NU, UK

Abstract. Responsiveness is one of the significant performance unasasn
today's market based on which organisations can measursubeess in seizing
markets opportunities within Fractal Supply Chain. faper aims to present this
fractal supply network and also proposes a new mathernatiodel through
which replenishment; transportation, production arahdfing time can be
optimised at different stages of the fractal supplywodt. Both the proposed
Fractal Supply Network and the mathematical model arelermgnted and
validated using Supply Chain GURU Software. Apgima of the proposed
mathematical model has led to a reduction in the tofeméeshment time and
enables practitioners to systematically decide upon fgtienom replenishment
time at different stage of the network.

Keywords. Fractal supply networks, replenishment time, supplywout
optimisation.

1. Introduction

For customer satisfaction and better understanding of the market, comgraniesng
to achieve the best performance using different supply chain paranietérding
accurate prediction of demand, inventory, responsiveness and etc. Supgdy chain
responsiveness is an important issue in the supply chaiagearent. Lead time is an
important indicator for measuring the responsiveness which means peritme
where the final products reach to the target customers. Lead time inpihlg sbain
can be divided to manufacture lead time and distribution lead timeSHgrtening the
lead time in the supply chain is very important, because its changesebetequential
stages of the supply chain is often has much impact on supgly chordination and
can provide order winner for the firms. It can be achieved byedsitrg in the order
transmission, production time, handling time in the warehouses, and ritavietie.
Therefore, this research tried to measure and optimises replenishment tiveerbet
each node in order to decrease lead time in the whole fractal suppbrketw

Fractal supply network can be defined as a reconfigurable supplyrketcch
has the ability to present problem solving methods under the ternasiafis variables.
Each part in the fractal supply network has the ability to optimize itsetincmusly
[2]. Fractal Supply network attracting many of industrialists becalige capabilities
such as self-similarity, self-optimization, self-organization, goal oriemtateEnd
dynamics [3]. An optimal structural representation of the fractal matuuiiag
partnership (FMP) which facilitates achievement of flexibility and swift resgpoos
uncertainties in the manufacturing environment was proposed]b# framework of
collaborative in terms of supply chains based on fractal concept was prelsgritdd
and also analysed a trust model for production planning in automotiustry. Fractal



manufacturing systems (FrMS) including its concepts, architecture, andr majo
characteristics have been defined and developed by [6] using IDEFO, éetaiad
UML. Another framework of e-biz Company in terms of fractat@ept in the network
supply chain was developed by [7] by using "unified modellingdagg (UML)".

In terms of responsiveness in the fractal supply network, the literagwiew
indicated there is very few technical research carried out in this area. Thefdhiss
paper is to optimise the replenishment time in the fractal supply netwaritder to
improve responsiveness. The fractal supply network featurestayduced to enhance
the practitioners understanding of this type of relationship. In additienproposed
model provided an appropriate method to recognising of bottlenecksder to
optimise the replenishment time and decompose of a complicated suppbyknigite
smaller entities (i.e. fractals) with a unified goal to achieve and ability to adépe to
dynamically nature of today's markets.

2. The proposed mathematical model and optimisation planning

Figure 1 displays a framework of a fractal supply network wtsaksed to present the
mathematical model of replenishment time. Whole supply network considerad as
fractal with chains as sub-fractals (e.g. Fr-chain (n)). Each chaded in to upstream
and downstream stages (e.g. Fr-Upstream (n), Fr-DownstreamUfmgiream stage
consists of suppliers, hubs and manufactures based on raw materialtheand
downstream stage consists of manufactures, distribution centres and retaitgioh
finished products. Each node and combination of ttsesso considered as fractal (e.g.
Fr-S x (n)). As a fractal features, Due to self-similarity, duplicate models weliedpp
in the framework which can decrease complexity of system andreatdl hasts own
structure while they have same inputs and outputs. Thereforemsysia be
understood and managed clearly. Abilities to use appropriate methoojstitaise
responsiveness and recognition of bottlenecks in the each obd®es and whole
supply network by itself and divided large problem to small problgesorm a goal-
formation process to generate their own goal by coordinating procitssthe
participating fractals and modifying goals if necessary, and finally &achal has
ability to adapt to the dynamically environment changing.

Fr-chain (n)

Fr-Upstream (n) Fr- Downstream (n)

Fr-S1(n)

Fr-52(n)

Fractal supply network

Fr-Ssx(n)

Fr-Hj(n)

Fr-Mg(n) Fr-Dq(n) Fr-Ry (n)

Figure 1. Fractal supply network framework
According to the fractal supply network framework presented and ghrou
understanding the mathematical equations governing the problem lehisgment



time, a new mathematical model to measure replenishment times in the fraptsl su
network is presented as follows and Table 1 displays all the notatiedsiughe
proposed mathematical model.

Table 1. Mathematical notations

Notation Description Notation Description
S Supplier L Transportation distance
Hub A% Transportation velocity
M Manufacture L,_,.(n) Transportation distance from so
to destination in the chaiim)
D Distribution Centre Vi_.(n)  Transportation velocity from sc
to destination in the chaim)
R Retailer Q Order quantity
i Source z Index name of different node
r Destination Iy Loading time
(n) Index name of different chain 1¢p, (1) Loading time of node in the chai
(n)
X Index number of different Uy Unloading time
Suppliers
S (n) Supplier number x in the chain (r  ug),(n) Unloading time of node in the ch
(n)
y Index number of different Try Traveling time
Retailers
Ry(n) Retailer number y in the chain (N Tr); (n) Traveling time from destination
source in the chaifm)
j Index number of different hubs digy Dispatch Time
Hj(n) Hub number j in the chain (n) diy; _,(n)  Dispatch Time from destination 1
source in the chaitm)
g Index number of different Pe Production time
manufactures
Mg (n) Manufacture number g in the Py, Production time in the node z
chain (n)
q Index number of different Py, Production time of product numk
distribution centres e in the node z
Dq (n) Distribution centre number q it P Production time per unit of prodt
the chain (n)
e Index number of different Pk Production time per unit of prodt
products and components numbere in the node z
Ce Components numbeg P Production preparation time
K. Product numbere P )z Production preparation time in tt
node z
R (Onetwork Total _supply ne_twork P, (. Production prepar:_:\tion time of
replenishment time product number e in the node z
Ry Replenishment time L._;(n)  Transportation distance from

destination to source in the chd
Reyi_:(0) Replenishment time from sourc V,_;(n)  Transportation velocity f

to destination in the chaim) destination to source in the chdi
R chain () Replenishment time in the chain 8 Fixed service time
(n)
T, _,.(n) Transportation time from source fS(p), Fixed service time in the node z

to destination in the chaim)

VS(p) Variable service time hgy Handling time

VS(0), Variable service time in the node hy, Handling time in the node z
z

Replenishment timéR;)) in the whole fractal supply network is equal to the sum
of theR, in the different chains which deal will, in the own chainAs mentioned



before, each chain is divided in to upstream and downstream stages. Repdanis
time of a chain is equal to the sum of fyg in the upstream and downstream stages.
Upstream stage deals willy; from suppliers to hubs and from hubs to manufactures
and downstream stage deals with replenishment time from manufadturthe
distribution centre and from distribution centre to retailer in the chainT@@refore,

R, in the whole supply network can be calculated as follows:

Lyj s, () Ls, —j(n) Lyg —uj (M)
R, =—d 74 =2 2 g (n) + fsgg g (n)+ A(n)xQ) +— = 7
Onevork =y T ) O (n) Ve (1) Ugopj () + By 115 (H(VS o (1)*Q) Vatg oty (@)
Lij —mg() Lpg Mg (D)
() +——E 4 + + + 178 T )+ +
Lo )+ U g () (Peokoe (MQ) Vo @ Hove @)
Lyg —pq (0) Lk, ~pq () Lpq g, (0)
— + fi + +————(n)+1 " +
Vag oy (1) 08 () + f59p g () + (Vs(op g (M)*Q) Vi, oa @ () +1pq @ Vou @ Ugyr, ()

Figure 2 displays the proposed optimisation planning in the fractallysugovork
to improve responsiveness in which each fractal try to optimisH itsth own
decision and methods.
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Figure 2. Optimisation planning in the fractal supply network




3. Application of the proposed model

In this paper we assumed a fractal supply network with two chaingch&mchain (A)
and Fr-chain (B)Fr-Chain (A) includes three supplieffe-S, (A) , Fr-S,(A), Fr-S,(A),

one hubFr-H(A), one manufacturgr-M, one distribution centrBr-D (A), and three
retailersFr-R,(A), Fr-R,(A), andFr-R,(A). Fr-chain (B) includes two suppliers
Fr-S,(B), Fr-S,(B), one hulFr-H(B), one manufacturér-M which is common with
Fr-chain (A), one distribution centi&-D(B), and three retailed&r-R, (B), Fr-R,(B),

and Fr-R;(B) . Fr-Chain (A) deals with producK, made from three different
components qj, ¢, andc;) and are supplied from three different suppliers in the Fr-
chain (A). WhileFr-Chain (B) deals with produ@, which made from two different
componentso; andc,) which are the responsibility of another two suppliers in the Fr-
chain (B).

Each supplier considered as a fractal deals with replenishment to the el in t
chain and each hub considered as a fractal deals with replenishment to tifi@cioeg
Moreover, manufacture as a fractal deals with replenishment to the both distributio
centres in the chains A and B. In addition, distribution centre in eath cbnsidered
as fractal deals with replenishment to the retailers in their own chairh veach
retailers considered as a fractal as well. On the other lthratit routes applied in the
baseline model:

Vehicles start from hubs in thEr-chain A&B and pickup components from
Fr-S,(A), Fr-S,(A), Fr-S,(A), Fr-S (B) andFr-S,(B) respectively and deliver to hubs
To replenish manufacture, vehicles start from manufacture and pickapooents
from hub in theFr-chain (A) and from hub in theFr-chain (B) and deliver to
manufacture. To replenish distribution centres, vehicles start from distrilmetidres in
theFr-chain (A) & (B) and pickup products and deliver to distribution centfekicles
start from retailer§'r-R,(A), Fr-R,(A), Fr-R,(A), in theFr-chain (A) andfr-R,(B),
Fr-R,(B), Fr-R;(B), in theFr-chain (B) and pickup products and deliver to retailers.

According to the propose mathematical model, replenishment time in tHe who
supply network was 55.28 hours which is equal to the sum aégienishment time in
chain (A) & (B) with 28.77and 26.51 hours respectively. Replergstinime in the
chain (A), including replenishment time from suppliers to hub, hubaoufacture and
manufacture to distribution centre was longer in comparison to chaiex(@pt from
distribution centre to retailers. Replenishment time in downstream stage Agis 1
hours in the chain (A) and 18.35 hours in the chain (B). On ather hand,
replenishment time in upstream stage was 11.16 hours in the chaamd/8.16 hours
in chain (B). In terms of constituent elements of the supplyar&tyveplenishment time,
traveling time was leading with 33.28 hours, followed by produdtime and handling
time close behind with 12 hours and 10 hours respectively.

Since, in the baseline model traveling time had significant amount ameng th
constituent elements of the supply network replenishment time, basegtimisation
planning its optimisation has been focused. Therefore, fractals instagé of the
supply network are tried to use own suitable routing approachdar ¢o optimise the
baseline model aiming to reduce route lengths:

To replenish components to hubs, vehicle starts fiarl (A) and pickup
components fronfr-S,(A), Fr-S,(A), andFr-S,(A) respectively and come back to



Fr-H (A). On the other hand, vehicle starts frérrH (B), pickup components from
Fr-S, (B), Fr-S, (B) respectively and come backRoH (B).To replenish components
to manufacture from hubs, vehicle starts frérnAM and pickup components from
Fr-H (A) andFr-H (B) respectively and come backkoM. To replenish produd{; to
retailers, vehicle start froffr-D (A) and deliver td'r-R,(A), Fr-R (A), andFr-R,(A)

respectively then pickup produkt from Fr-M to replenishFr-D (A). On the other
hand, for replenishing produkt, vehicle start fron¥r-D (B) and deliver tdr-R, (B),
Fr-R,(B), andFr-R,(B) respectively then pickup produgtfrom Fr-M and delivery to
Fr-D (B).

In the optimised model, replenishment time of whole supply netwaik 40.77
hours and replenishment time of the downstream stage was about twice of
replenishment time of the upstream stage. Moreover, in terms of censéflements
of the supply network replenishment time, traveling time still was teevith 23.77,
followed by production time with 12 hours and handling time Wwihours.

Due to space restriction, the graphical presentations of both the direct routes and
the multi stop transportation routes will be presented at the conference.

4, Conclusion

In this paper, a new framework of the fractal supply netva#t its mathematical
model of replenishment time were proposed to analyse and measure respsssinen

the supply network in terms of time. The hypothetical fractal supptwork as the
baseline model was implemented and validated using Supply Chain GURU Software.
Traveling time recognised as a bottleneck in the baseline model and multi stop
transportation routes were used to optimise the situation between nodss.irrhu
comparison to the baseline model, replenishment time in the whole fractal supply
network dropped from 55.28 hours to 45.77 hours in thiengged model. Application

of the proposed mathematical model has led to a reduction in the total repkmishm
time. Most importantly, the novelty of the new proposed é&aork will enable
practitioners to systematically decide upon the optimum replenishmesgt dim
different stages of the supply network, which is hardly fourttiéniterature.
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