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EXTERNAL ENVIRONMENT2. top-down decision process in traditional SMEs
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4. production planning model for simulation
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5. production planning model

Mixed integer linear programming (MILP)
Production planning model

Cbc (COIN-OR 
Branch and cut) 

solver

Optimization model

SIMULATION USE



8

5. production planning model data

Uncontrollable parameters

t indexes of period

HP total number of periods

i,j indexes of items

ITEMS set of items

BOMi,j BOM links between any items,

Controllable parameters

Di,t Demand of any end-items

r indexes of resources

R Sets of resources

ROUi,r Usage of resource for each items

ci
unitary cost of a sourced items

ici inventory cost

bci backorder cost

rcr resources cost

Cr Capacity of resources

Variables

INVi,t≥0 inventory of any items

BOi,t≥0 backorder of any items

Tri,t≥0

Transfert or deliveries of any

items

Xi,t≥0
supply of any resources, either

internal or external
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5. production planning model

𝐼𝑁𝑉𝑖,𝑡 − 𝐵𝑂𝑖,𝑡 = 𝐼𝑁𝑉𝑖,𝑡−1 − 𝐵𝑂𝑖,𝑡−1 + 𝑋𝑖,𝑡 −෍

𝑗≠𝑖

𝐵𝑂𝑀𝑗,𝑖 ∗ 𝑋𝑗,𝑡 − 𝑇𝑟𝑖,𝑡 , ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑗 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃

෍

𝑖

𝑅𝑂𝑈𝑖,𝑟 ∗ 𝑋𝑖,𝑡 ≤ 𝐶𝑟 , ∀𝑡 ∈ 1: 𝐻𝑃 , ∀𝑟

𝑇𝑟𝑖,𝑡 + 𝐵𝑂𝑖,𝑡 = 𝐷𝑖,𝑡 + 𝐵𝑂𝑖,𝑡−1, ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃

𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ෍

𝑡=1

𝐻𝑃

෍

𝑖

𝑝𝑣𝑖𝑇𝑟𝑖,𝑡 −෍

𝑖

𝑖𝑐𝑖𝐼𝑁𝑉𝑖,𝑡 −෍

𝑖

𝑏𝑐𝑖𝐵𝑂𝑖,𝑡 −෍

𝑖

𝑐𝑖𝑋𝑖,𝑡 (1)

(2)

(3)

(4)

𝑇𝑟𝑖,𝑡 , 𝐵𝑂𝑖,𝑡 , 𝐼𝑁𝑉𝑖,𝑡 , 𝑋𝑖,𝑡 ≥ 0, ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃 (5)

s.t.



6. focus on an industrial problem 

choice between two alternatives: deliveries 

aggregated every 15 days or continuous 

deliveries

3 decider : Executive officer, Marketing director, 

and industrial director

10

3 decision criteria Executive officer Industrial director Marketing director

Inventory impact Global cost Inventory quantity Back-order quantity

Corporate Social Responsibility 

(CSR) performance

CO2e/unit of added

value

M3 lost by truck

CO2e/unit of added

value

Client satisfaction Delivery time Delivery time Delivery time

KPI for each deciders

SMEs strategic decision

(planning horizon of one year)
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6. production planning model usage

Demand recuperation for each items

Back-order risk Inventory risk

0

1

x-%alpha +%alpha

First step to take care of human behaviour
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6. production planning model usage
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6. production planning model usage

Demand aggregation depending on the alternative for each items

𝑪𝒍 = {𝑪𝒍𝟏, 𝑪𝒍𝟐, . . , 𝑪𝑳𝒏}

Delivery cycle for each alternative in period of time

𝑭𝑫𝒊,𝒕, ∀𝒊 ∈ 𝑰𝑻𝑬𝑴𝑺, ∀𝒕 ∈ {𝟏:𝑯𝑷}

The forecasted demand is aggregated in function of each alternative: 

𝒏𝑨𝒍𝒕 =
𝑯𝑷

𝑪𝑳𝑨𝒍𝒕
, ∀Alt ∈ {1;2}

Number of aggregations in the planning horizon for each alternative

𝑬𝑪𝑨𝒍𝒕,𝒊,𝒅𝑨𝒍𝒕∗𝑪𝑳𝑨𝒍𝒕 = ෍

𝒕=(𝒅𝑨𝒍𝒕−𝟏)∗𝑪𝑳𝑨𝒍𝒕

𝒕=𝒅𝑨𝒍𝒕∗𝑪𝑳𝑨𝒍𝒕

𝑭𝑫𝒕 , ∀𝒅𝑨𝒍𝒕 ∈ {𝟏; . . ; 𝒏𝑨𝒍𝒕}

𝐸𝐶𝐴𝑙𝑡,𝑖,𝑡 represent the delivery plan for each alternative, items and period

For each alternative, a demand 𝐷𝑖,𝑡 equal to the delivery plan for each alternative is 

extract and treated by the model:

𝑫𝒊,𝒕 = 𝑬𝑪𝑨𝒍𝒕,𝒊,𝒕 ∀𝒊 ∈ 𝑰𝑻𝑬𝑴𝒔,∀𝒕 ∈ 𝟏:𝑯𝑷



14

6. production planning model usage

Bills of Materials

Routes between product and resources

Resources capacity

Items sourcing cost Items backorder cost

Items inventory costItems sale price
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6. production planning model

𝐼𝑁𝑉𝑖,𝑡 − 𝐵𝑂𝑖,𝑡 = 𝐼𝑁𝑉𝑖,𝑡−1 − 𝐵𝑂𝑖,𝑡−1 + 𝑋𝑖,𝑡 −෍

𝑗≠𝑖

𝐵𝑂𝑀𝑗,𝑖 ∗ 𝑋𝑗,𝑡 − 𝑇𝑟𝑖,𝑡 , ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑗 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃

෍

𝑖

𝑅𝑂𝑈𝑖,𝑟 ∗ 𝑋𝑖,𝑡 ≤ 𝐶𝑟 , ∀𝑡 ∈ 1: 𝐻𝑃 , ∀𝑟

𝑇𝑟𝑖,𝑡 + 𝐵𝑂𝑖,𝑡 = 𝐷𝑖,𝑡 + 𝐵𝑂𝑖,𝑡−1, ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃

𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ෍

𝑡=1

𝐻𝑃

෍

𝑖

𝑝𝑣𝑖𝑇𝑟𝑖,𝑡 −෍

𝑖

𝑖𝑐𝑖𝐼𝑁𝑉𝑖,𝑡 −෍

𝑖

𝑏𝑐𝑖𝐵𝑂𝑖,𝑡 −෍

𝑖

𝑐𝑖𝑋𝑖,𝑡 (1)

(2)

(3)

(4)

𝑇𝑟𝑖,𝑡 , 𝐵𝑂𝑖,𝑡 , 𝐼𝑁𝑉𝑖,𝑡 , 𝑋𝑖,𝑡 ≥ 0, ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑆, ∀𝑡 ∈ 1:𝐻𝑃 (5)

s.t.
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6. production planning model usage

Executive officer Industrial director Marketing director

Inventory impact Global inventory cost  

෍

𝑡

𝐼𝑁𝑉𝑖,𝑡 ∗ 𝑖𝑐𝑖 + 𝐵𝑂𝑖,𝑡 ∗ 𝑏𝑐

Inventory quantity

෍

𝑡

𝐼𝑁𝑉𝑖,𝑡

Back-order quantity

෍

𝑡

𝐵𝑂𝑖,𝑡

Corporate Social 

Responsibility (CSR) 

performance

CO2e/unit of added value

෍

𝑡

෍

𝑖

(
𝐷𝑖,𝑡
𝐶𝑇

) ∗ 772

M3 lost by truck

෍

𝑡

෍

𝑖

𝐷𝑖,𝑡
𝐶𝑇

∗ 𝐶𝑇 − 𝐷𝑖,𝑡

CO2e/unit of added value

෍

𝑡

෍

𝑖

𝐷𝑖,𝑡
𝐶𝑇

∗ 772

Client satisfaction Delivery time

𝐹𝐷𝑖,𝑡 − 𝐷𝑖,𝑡 , ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑠, ∀𝑡 ∈ 1: 𝐻𝑃

Delivery time

𝐹𝐷𝑖,𝑡 − 𝐷𝑖,𝑡 , ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑠, ∀𝑡 ∈ 1:𝐻𝑃

Delivery time

𝐹𝐷𝑖,𝑡 − 𝐷𝑖,𝑡 , ∀𝑖 ∈ 𝐼𝑇𝐸𝑀𝑠, ∀𝑡

∈ 1:𝐻𝑃
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6. production planning model usage

Executive officer Industrial director Marketing director

Inventory impact Global inventory cost  

ALT.1 : 93 211 euros

ALT.2 : 95 744 euros

Inventory quantity

ALT.1 :514 end−items + 40 produced

items

ALT.2 :834 end−items + 603 produced

items

Back-order quantity

ALT.1 :309 end−items

ALT.2 :21 end−items

Corporate Social 

Responsibility (CSR) 

performance

CO2e/unit of added value

ALT.1 :172.6 CO2e/UVA

ALT.2 :184.9 CO2e/UVA

M3 lost by truck

ALT.1 :0,52 m3

ALT.2 :0,825 m3

CO2e/unit of added value

ALT.1 :172.6 CO2e/UVA

ALT.2 :184.9 CO2e/UVA

Client satisfaction Delivery time

ALT.1 :1,49 week

ALT.2 : <1 week

Delivery time

ALT.1 :1,49 week

ALT.2 : <1 week

Delivery time

ALT.1 :1,49 week

ALT.2 : <1 week
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6. production planning model usage

executive officer industrial 

director

marketing 

director

comparison 

matrices

comparison 

matrices

comparison 

matrices

1. Matrices aggregation

2. Matrices normalization

3. Computation of priority vector

4. Consistency ratio

5. Ranking of alternatives

𝑎𝑖,𝑗 =
1

𝑛
∗ (𝑎𝑑𝑒𝑐1 +⋯+ 𝑎𝑑𝑒𝑐𝑛)

𝑎𝑖,𝑗
𝑛𝑜𝑟𝑚 =

𝑎𝑖,𝑗
σ𝑖=1
𝑛 𝑎𝑖,𝑗

𝑤𝑖 =
1

𝑛
෍

𝑗=1

𝑛

𝑎𝑖,𝑗
𝑛𝑜𝑟𝑚

AHP METHOD PROCESS

The analytic hierarchy process—what it is and how it is used – Saaty, 1987

(6)

(7)

(8)
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6. production planning model MCDM

AHP Method implemented in Julia result
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7. perspectives

Take care of 

the human 

behavior 

facing 

uncertainty

Improve our 

model and 

use it with a 

user interface 

tool

Implement 

different 

decision 

support 

systems

?
Solutions you use ?



21

7. conclusion
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