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Abstract: The physical flow in distribution networks is highdusceptible to fluctuations caused by demandrtaingy.
These fluctuations contribute to variability amigition across supply chain stages, known as thievBip Effect. This
paper investigates the conceptualization, modeéind,optimization of Demand-Driven Distribution Resce Planning
(DDDRP) as a strategic management tool to mitigaiteissue. We begin with a systematic literatendaw, covering
(1) the causes, consequences, and solutions f@ulwhip Effect and (2) conventional flow managerhenethods,
including lean distribution and the theory of coastts. Next, we present the theoretical foundabicthe DDDRP model,
outlining its core principles and stages. We thexppse an optimization strategy of the first stége, Buffer positioning)
through mathematical modeling to enhance systefionpesince. This model can be applied by practitisterimprove
decision-making. We validate its effectivenessulgtoa real-world case study, demonstrating sigmitiGmprovements
in flow stability and supply chain performance. &s emerging flow management approach, DDDRP o#embust
alternative to traditional forecast-driven methagysaligning supply with actual market demand. itsvgng adoption
reflects its potential to enhance agility, reduadability, and build more resilient distributioetvorks.

1 Introduction authors affirm that the most impactful causes @mahd
The concept of supply chain management (SCM) ferecasting imprecision and inventory policy inadacy,
perceived as the organization of a set of netwdnks Which negatively affect lead times and consequettiy
manage physical, information, and financial flohese Service level. In this context, the DDDRP model hesn
networks involve relationships between the diffetiarks ~ Proposed recently to mitigate the bullwhip effétbrings
in the supply chain (SC) that provide a produc service the concept of demand-driven d|§tr|but|on and takes
to satisfy the end customer (Christopher, 1992éi@r, advantage of push-flow approaches like DRP andftoul
SCM s currently facing many challenges in a dyramiOnes like lean distribution and the Theory of Caaists
fuzzy, and increasingly competitive market. Onetref  [7]. The model phases are:
main challenges is reducing the gap between plaandd ~ * Buffer positioning at strategic points of the wetk
shipped sales (i.e., variability), which may amplthile in order to protect flow from variability amplifitans.

we pass from retailer to factory (i.e., the bullp/eiffect). * Buffer sizing, taking into consideration demand
Managing this issue involves the consideration haf t covering, safety stock, and replenishment frequency
following question: How efficiently does the digtition * Dynamic adjustment of the buffer according tokear
flow manage variability amplification in multi-eclo fluctuations. _ _
distribution networks?" In fact, many authors hight the * Demand-driven  planning to determine when

importance of flow efficiency, mentioning that anreplenishment orders should be triggered.

organized and well-managed flow helps to adapt °Execution ofplanned orders by priority, not diages.
distribution to unpredictable variations in the ggss and

customer demand. On the other hand, inefficientyflo ~ This work gives a contextualization, descriptionda
management can lead to several undesirable CONEEERje evaluation of the DDDRP model. It is structured as
Causing an amp]ification of demand and procesabﬂit'y follows: .In the firs_t SeCtiOﬂ, a systematic Iitslarm_rev.iew
through distribution networks [1]. This amplificati has exhaustively illuminates the bullwhip effect intdilsution
been recognized in many markets, such as Procter n&tworks. It also analyzes conventional approatéiew
Gamble and Walmart, the pasta industry, the autsmot Management, such as DRP, lean distribution, and the
industry, and retail [2-5]. In literature, the casof this theory of constraints. Secondly, a section is deVdb
phenomenon are widely studied, as are its effé}tsThe dissecting DDDRP phases, presenting its algoritass
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well as the theoretical elements. Finally, an appnofor 2 Systematic literaturereview

Buffer position optimization is detailed in this o 21 Bullwhip effect in distribution networks

presenting a mathematical model as well as itdutian. The bullwhip effect (Figure 1) is a supply chain
phenomenon describing how small fluctuations in aedn
at the retail level can cause progressively larger
fluctuations in demand at the wholesale, distribugmd
manufacturer levels.
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Figure 1 lllustration of the bullwhip effect

The phenomenon is recognized in many structureSigure 2 shows four cases related to the auto jpaitistry,
especially those with large-scale distribution ret. computer sales, washing powders, and fresh oramgg j
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Figure 2 Real cases of the bullwhip effect [8]
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The illustration above indicates the gap betweeshows some quantitative benefits, based on a tadgis
customer demand and shipped/produced orders farSerbian company, of implementing lean concepts in
different industry sectors. Many works of litera@address  distribution units [7].
the direct and indirect causes of this phenomenable 1

summarizes the different causes reported in lilegat Table 2 Comparison of lean distribution and traulital
. Digtribution | | raditional N
Table 1 Causes of the bullwhip effect [2] distribution Lean distribution
N° | Cause N° | Caus elements management
1 Demand Foreca | 9 Multiplier effect Isolation of
2 Batch Order 10| Inadequate control Systems Variations cause| variations and
systen variations continuous taking them into
3 Price fluctuation 11| Lack of resetting of plansiconsideration in g
synchronisatio lean practice
4 Lack of| 12 | Timeframe for The constraint ofUsed only for lon-
transparenc implementatio Forecasts being more |term and aggregd
5 Storage policy 13| Poor perception |of accurate planning
feedbac The inventory
6 | Business proce | 14 | Fear of empty sto should be close tp
7 | Capacity limits 15| Lack of learning The inventory | the source and
and/or trainin Inventory |should not be close redirected
8 | Replenishement | 16 | Number of echelons to customer orders. according to
policy replenishment
needs
To summarize, the bullwhip effect amplifies demand tis deman-driven
fluctuations across supply chain echelons, leading _ It is forecast- and takes into
inefficiencies. The key causes include inaccura®ahd | Transportations driven consideration
forecasting, inadequate inventory policies, and rpoo ' dell\_/_ery
information flow. Understanding these factors isctal for conditions
mitigating variability in distribution networks. management
2.2 Flow management policiesin distribution Table 3 Quantitative benefits of lean distribution -
This literature review focuses on two main topi¢s, Area of improvement | mpr ovement quantity
which are lean distribution and the theory of cant, and Before After
illuminates their importance to improving conventib | nventory accuracy 9.299 .97%
DRP. In fact, they have been used in the constict the |_Reducing lost-time accidents | 15-20 day | 7-10 day
demand-driven MRP model [9], where a fundamemtal Reducing picking error 0.17% 0.01%
rethinking of MRP logic incorporates ideas fromrea Inventory levels Decrease of 76
principles and the theory of constraints. Thiseavallows Required stor age space Decrease of 51
us to call into question some tenets of DRP, legattirthe | Warehouse productivity Improvement of 9.43

substitution of dynamic buffers for static safetgck as
well as demand-driven distribution for forecastwvdri 2.2.2  Theory of constraints

management. The theory of constraints (TOC), which was origial
conceived as a continuous improvement philosophg, h
221 Leandistribution now developed and broadened its methodological

In general, lean principles have been integrated foundation. In its original form, TOC was created Dr.
minimize waste and increase productivity [10]. In &liyahu Goldratt and included a systematic method f
distribution context, it is defined as a pull-flapproach resolving organizational issues [13]. Its "5 focwgssteps”
that replaces conventional methods in terms ofctsts, allow for the identification of the constraints thmevent
inventory [11], and replenishment in order to cagith  an organization from achieving its objectives a$§ agthe
fluctuating customer demand (Table 2). The mairceph "breaking" of those constraints and subsequeraititers of
is to place the right product in the right placeilevh improvement.
minimizing waste in the downstream supply chair].[12 The TOC technique presently consists of two major

Lean distribution mitigates the Bullwhip Effect bycomponents, which can be categorized as logistics
isolating  variations and using demand-drivepparadigms and thinking process (TP) tools.
replenishment instead of forecast-based systems Th
improves inventory accuracy and reduces waste.eTabl
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Table 4 Categorized tools and general descriptibf@C components
TOC Componel Descriptior Tools Role
The system schedule or the pacg

Drum which the constraint wor
Logistics It is managed using time buffers I-Br[Jffer Inventory to protect the output frg
paradigms Bs) and the drum-buffeepe (DBR system variations
approach. It provides communications betwe
Rope critical control points to ensure th

synchronizatior

It identifies actual problems a
negative impacts in order to determ
their "root causes

It focuses attention on problems with
CRT that have not been resolved

a general strate takes steps to resolve th

for examining an Future Realit{lt studies the effects of the identif
resolving comple Tree (FRT solution

situations through It focuses attention on the problems
challenges that may arise when shifi
from CRT to FR1

It assists in determining which actig
are necessary to accomplish the intel
goals and which are second:

Decide What t{Current Realit
change Tree (CRT)

Evaporating
Decide What t(Cloud (EC)
change to

Thinking Process

Prerequisite Tre

Decide how t(PRT)

change

Transition Tre
(TT)

By focusing research on the TOC literature, we can
conclude that it offers the solution of pull-flow2.3 Synthises
management. The central point of this axis is thtéon of From the axes discussed previously, several fatcilis
capacity constraint resource (CCR). It stipulatessrieed are to be considered in the new model to allowstesyatic
to promote protection at points with capacity cauists assessment (Figure 3). These axes serve an effectiv
(high system variation), which has negatively affeldlow  mechanism for conventional DRP improvement.
performance. In addition, the DBR concept inspifes
setting up of protection buffers at strategic pmimhore
specifically those with high demand or processakility.

—— ~
Distribution Resourc Adapt inventory to mee
Planning customer demat

Forecast only for long term

Isolation of variation Demand-Driven
Distribution Resource

Planning
Demand-Driven Transport

Inventory close to th
source

Lean Distribution

Facilitators

Buffering the capacit
— constraint resource

Theory of Constraints

) Pull-Flow based on re;i
demand

\ J

Figure 3 Facilitators of DDDRP model
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Figure 3 illustrates how Demand-Driven Distribution3 Demand-Driven DRP (DDDRP) steps

Resource Planning (DDDRP) draws upon foundational

concepts from traditional DRP, Lean Distributiondahe
Theory of Constraints. These paradigms contribgg k
operational principles—such as variation isolatio
decoupling, and pull-based logic—that act as fatdrs in
building a demand-driven, responsive distributipstam.
This synthesis highlights the theoretical cohereufcthe
DDDRP model and supports its relevance as a mdidsvn
management approach.

and theoretical elements
The demand-driven DRP has been proposed as a multi-
echelon planning and execution solution for optift@ah

nh’nanagement, and then was subject to an empirical

comparison with the conventional DRP [7]. In faitte
model exploits DRP, lean distribution, and theorfy o
constraints concepts. It allows for reducing the
amplification of variabilities that spread through
distribution networks. Figure 4 describes the esalen
phases of the DDDRP model.
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Figure 4 DDDRP

Phase |: Buffer positioning (figure 4.a)

essential phases

The equations above use a variety of distribution

The DDDRP model uses the concept of positioningarameters, where:

“Buffers” at strategic points of the distributioptworks. It
allows us to stop the amplification of variabilighile we
pass from upstream to downstream in the supplynchi
addition, buffering is a way to decouple lead tinzesl
reduce distribution delays. Numerous configuratians
possible for buffer positioning in distribution netrks,

- LT (Lead Time): distribution delay between a dypp
center and a receiver center. It involves time dad|
transport, unload, prepare an order, launch, aek ¢he
product.

- DLT (Decoupling Lead Time): It is the longest
cumulative nonbuffered sequence for each buffedtp

among them the hub-and-spoke, make-and-ship, aichybin the network.

configurations [14]. Otherwise, an optimization eggeh
was illustrated to buffer positioning in a manufagig
context based on the minimization of the total imteey
cost [15]. They propose a non-linear mathematicadieh
and study its complexity as well as its linear@atiwhich
permits them to determine the optimal positionBfoffer.

Phase I1: Buffer siziing (figure 4.b)

Buffer profile and sizes refer to various mathepaiti
formulas (1), (2), (3), (4), (5), that specify ttienensions
related to the three buffer zones.

Red part: responsible for safety stock.

Yellow part: responsible for demand coverage.

Green part: responsible for frequency and number
orders.

Red Base = ADU * DLT = LT_ factor (1)
Red Safety = Red base * Var_ factor  (2)
Total red zone = Red Base + Red Safety (3)

- ADU (Average Daily Usage): Historical or forecadt
amount of an item utilized on an average day.

- LT _factor: It reflects the height of delays ineth
network.

- Var_factor: It reflects the variability of custem
demand.

Phase I11: Buffer adjustment (figure 4.c)

Demand-driven DRP considers market changes as well
as fluctuations in operating factors such as ADlddjust
buffers continually. It ensures a dynamic adjustnfi@rthe
buffer, in which the level of protection flexes apd down
depending on the condition of those parameterdyingp
tiat the buffer situation is constantly updated.

Phase 1V: Demand-Driven Planning (figure 4.d)

This stage involves generating supply orders. The
notion of “Net Flow Position” (NFP) in the buffes i
central; it is calculated to decide whether to &ua supply

Yellow Zone = ADU = DLT (4) order or not. It includes the quantity of inventory hand,
Green Zone = ADU * DLT = LT_factor  (5) the quantity of open supplies, and qualified satber
than forecasted sales (6). The Net Flow PositioRRN
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determines when to trigger a supply order. It isidated company. The manufactured products at the factoey a
as: delivered to hypermarkets through one of the seven
distribution centers (DC) (Figure 5). The exploittata in
NFP = OnHand Inventory + Open Supply —  this study concerns:

Qualified Sales (6) - Historical sales data for the last five years.
- Lead time for distribution.
If NFP is high: The inventory level is sufficiemind no - All distribution and inventory costs.

order is needed.

If NFP drops below TOY (Top of Yellow Zone): A Baci
supply order is triggered.

This ensures that replenishment occurs only when | == DG (0G| [DC4| (0G| [DC6 ]| DC7
necessary, reducing excess stock while preventing | |

shortages." A: J\r At J\ A A A

Hypermarkets

Phase V: Visible and collaborative Execution (figure
4.e)

The last phase considers the execution of the queli 41
planned orders. The decision is based on the fyriofi
execution for each article, which has an indicaiated
“Buffer Status”. Articles with low status form arezution
emergency among the other articles.

Figure 5 Case study distribution network

Buffer positioning model
To address this model, it is necessary to formudate
objective function that reduces the total costofage. We
consider the customer delay as a constraint, and we
elaborate on decision variables correspondingedttifer
locations. Each node in the network has a singbpl@r

Oon_Hand .
Buffer Status = (%)* 100 (7) considered the parent node, and all delays are
o deterministic.
4  Optimisation of Buffer Positions A general distribution network with N echelons is

modelled by a matrix with L rows and C columns. The
network points are located atei L and je C. The
coordinates where there are no nodes have nulesalu

Buffer positioning is considered a stock locatissuie.
The purpose of addressing this issue is to determhere

buffers should be placed in the distribution netwtorbest
meet client demand. The study concems a thredegche'VN€n reading the tree structure from the top efhe top

distribution network belonging to a Moroccan foodight. The following notations are used in the fatation
of the positioning problem (Table 5).

Table 5 Positioning problem notations

LT Lead time in the nod(i,j)

DLT:; Decoupling lead time at the no(i,j)

Suppi As every node in the distribution network has algirsupplier, it indicates the
column position of the supplier located at the n(i,j)

Clientijx It indicates the column position of thé klient

TS Tolerated service by the final customer

ADUi,j Average daily usage in the No(i,j)

SCi,j Storing cost in the Noc(i,))

TC Total storage cost in distribution netw

BAli,j Buffer Average Inventory at the no(i,))

UPi,j Unit price at the nod(i,))

AlHi,j Average inventory holding rate at the n((i,))

LT Fad,j Lead time factor at the no«(i,j)

Var Fad,j | Variability factor at the nod(i,j).

Decision variable consideration precedes th&he overall cost of storage in the distributionwark will
development of the objective function to be miniediz be (10):
They are linked to the decision whether or notdsiton

the buffers in the nodes (i, j) (8), (9). TC=YieLXjccSCij* Xy (10)
{x,ji€LjeC} (8) If the node has no supplier (factory in our studi
Y = {1 Bufferin the node (i,j)} ) decoupling lead-tim®LT:; is equal to the lead timlel; ;.
v o else

@ OB ~ 662~
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Otherwise DLT;:; expression must integrate the situation
of the direct supplier (located at« 1, Supp(i, j))). The
final expression oDLT;; is (11):

LT, Node (i,}) has no suppli
DLT,; = ' J ppier 11
v {LTi,j +[(1- xi+1,Supp(i,j))DLTi+1,Supp(i,j)] else D

The profile levels are expressed using the follgwin BAl;; = Red_Zone; +XGreen Zone,
’. - ’. 2 -

expression, exploiting equations from 1 to 5 (12). J

(13)

Red_Zone,; = (1+Var_Fac,;) * LT_Fac,; * ADU,, Given that the possession rate is the proportiothef

* LTy storage cos§Cij to the value of the average stotkH; *
Yellow_Zone;; = ADU;; * LT, ; (12)  BALI;j, the storage cosSC:; in a Buffered noddi,j) is
Green_Zone;; = LT_Fac;; x ADU; ; = LT;; written (14):
The buffer average inventory is defined for a dethan SC;; = UP;j = AlH;j * BAI; (14)
driven model at a decoupled point by the followiogmula
(13): With the previous notations and equations, the

mathematical formulation of the objective functiof
buffer positioning problem is as follows (15):

TC = Z Z UP,; « AIH;; » (1.5 + Var_Fac; ;) * LT_Fac;; * ADU; j LT, j  x; ;
ieLjecC \
With (15)

VjeC DLT,; <TS

J
The last constraint indicates that the total deliogp The following table (Table 6) presents the top-

lead time DLT1,j must be lower than the toleratedperforming configurations.

customer dela¥'s. These times concern the first line nodes

in the first Echelon, as they represent the finstrithution Table 6 Inputs Data for optimisation

points to deliver the product to customers. Node uP |AIH LTEFa VaL_Fa AD | DLT
DH % U days

4.2 Optimization results OR) | & ) | (%) (days)

Since the network includes eight nodes (excludijgFactory | 02 | 05) 05 | 05 | 706 1

Hypermarket Echelon), the objective function valse DC1 02 | 05| 05 05 |58 2
calculated for all the possible combinations. Thewg DC2 02 | 05] 05 05 |29 2
minimal function value that respects the constgaiist DC3 02 | 05] 05 05 |72 2
retained as an optimal configuration of the buffgr DC4 02 | 05] 05 0.5 100 2
positioning. The optimization results indicate thafffer DC5 02 | 05| 05 05 |10 2
placement at DC5 leads to the lowest total stoxams. DC6 0.2 05| 05 0.5 58 2
Three key findings emerge: DC7 02 |05 05 | 05 [379] 2
- Buffering at DC5 minimizes costs while keeping
service levels high. _ The number of combinations is equal to 28. Thus, 25
- Configurations with multiple buffers (e.9., DC2 +esyits are obtained, and the minimal value isireth The
DC6) provide stability but increase costs. 256 values are calculated (Table 7), and Table/8sgan
- Lead time constraints influence optimal positionsextract of the results related to all possible ealof the
requiring dynamic adjustments. objective function.
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Table 7 Extract from possible objective functioluea

Configuration Decision variabl Objective
number Xon X1 Xip Xi3 Xi4 Xi5 Xi6 Xy, function value
1 o|Jo0|O0O]O0O|O0O|]O0O]O0]|1 75.8
2 o|jo0o|oO0jO0|O0O]|]O]12]|0O0 11.6
o Jlejojejojajijojefl & |
5 foJofJofJofJo]1]o]1] 80.2
10 ojo0o|jojo0o|1]0]1]|0 95.8
52 o|o0|1}1(0|21]0}|0O0 108
100 o|j1|1,0|0|212]0}|0O0 105
202 111002 ]0|1]0O0 179
256 1111|121 |1]1 215

The minimum value corresponds to the™ 4  horizons. In our study, we adopted a one-week time
configuration, where a buffer must be placed at the window, as it offers a more responsive measure than
distribution center 5 (¥Xs=1). For this configuration, the longer-term averages.
delay values respect the constraint 15 given in the DLT, the second cornerstone, is defined as théleatd

mathematical model presented previously. time from the decoupling point to the final deliyer
point. It includes the distribution lead time oétparent
Table 8 Constraints value for the optimal position node, capturing the full time span across the
Facton |DC1|DC2|DC3|DC4|DC5|DC6|DC7 distribution network.
X 0 0 0 0 0 1 0 0
DLT 1 3 3 3 3 2 3 3 Regarding the optimization of buffer positioninget

model involves evaluating total storage costs acilb
Table 8 shows that all delays are less than thécser possible buffer configurations. However, minimizing
tolerance. For the illustrated week in the takiles optimal  storage costs alone does not always lead to thé mos
configuration consists of a buffer in CD5. Howevielis ~ effective solution. Strategic buffer placement stialso
possible to obtain different configurations fromeomeek consider other performance metrics, such as selenes,
to another due to the weekly updated ADU. responsiveness, or financial indicators. A moreistiol
Moreover, costs as well as factor values play a#pproach—such as incorporating a Return on Invegtme
important role in determining the optimal positiogi (ROI) framework—could provide a better balance teetw
configuration. In our case, the unit price (PU) andrage cost efficiency and flow reliability by aligning wentory
inventory holding rate (AIH) are considered equaldll ~ decisions with broader supply chain goals.
distribution units. On the other hand, the time and

variability factors are set at an estimated valu@.s. 5 Conclusion
This article aims to enhance the theory and practfc
4.3 Discussion flow management in distribution networks by introthg

In assessing the DDDRP framework, we began k® demand-driven model that replaces traditionahous
establishing the relevance of our proposed modelith reliant on forecasts and push-flow notions, thereby
a thorough literature-based justification. We destiaied mitigating the emergence of the bullwhip effect.
that key concepts such as demand-driven distributio Grounded in a systematic literature review, the
variation isolation, and protection buffers aretesbin proposed Demand-Driven Distribution Resource Plagni
well-established paradigms, including lean distidou (DDDRP) model integrates principles from lean
principles and the theory of constraints. distribution, the theory of constraints, and trexial DRP

Following this theoretical grounding, we presertteel frameworks. Central to the model are the concepts o
model’s formulation, including the set of equatiansl the buffering, decoupling points, pull-based logic, and
implementation algorithm. The mathematical model fodemand-driven management.
buffer positioning relies on two core parametergerage Building on these theoretical foundations, we idtroe
Daily Usage (ADU) and Decoupling Lead Time (DLT). a mathematical model designed to optimize buffer
« ADU represents the average consumption rate of p@sitioning. The model minimizes total inventonjidiog

product at a specific location and plays a cemtialin  costs across the distribution network, offeringractical

buffer calculation. It is important to note that WD and strategic approach to mitigate the BullwhipeEff To
accuracy increases when calculated over shortdustrate its applicability, we applied it to aateworld
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distribution context, showing how it can supporatgic
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improvements are not quantitatively assessed srstidy,

the model provides a structured framework that ban
adapted and extended to various industrial settings
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2011.
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Capacity considerations:

The current model assumes infinite storage capatity

distribution nodes. Future work should incorportée
capacity constraints to increase realism and agility.
Product family considerations:

Most distribution networks handle multiple product
flow complexity.

families, significantly increasing

Extending the model to account for multiple prodypes

(N products) will improve its practical relevance.
Supply and Management Variability:

While this work focuses on demand variability, athe
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