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The Problem

—Closing the Food Waste Gap
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The Problem
— Industry Partner

Downtime
Capacnlethann
Cycle Time Variation
Major Agricultural

Spoﬂage

and Food
Manufacturing
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The Problem

— Gaps in the Literature

IR Gopi e e
Incorporate Demand Incorporates demand forecasting, production scheduling,
Forecasting and service level optimization.
St o Paralsli Addresseq at supply chain n'etwork Ievel,. lf)ut not via
scheduling or manufacturing at the facility level.
itels Garliaine Sbiasivs Comblnat.lop of.multlple objectives in theduImg
optimization for food manufacturing.
. Minimize food waste within the context of food
Minimize Waste .
manufacturing.

ARV VAV v/

Dependencies Across all Incorporating dependencies across all stages of
Manufacturing Stages manufacturing processes.
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Introduction
— Industry Client’s Process

Scope Equipment
« 3 extruders
1 dryer
1 coater/cooler
6 packaging lines

e
|
|
Raw |
—t+—> Material =+ Batching =l Extrusion =+ Drying =+ Coating =+ Cooling =+ Packaging
|
|
|

Palletizing =—t—>

Receiving

_____*___J

Products

1200 SKUs

172 formulations
- « 280 ingredients

9 -° -n -n
B

Perishable Constraint

Drying < 16 hours from
slurry formation
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Customer Finished Goods

Proposed Model Qe ey
_ 552 < oo "] |«
— QOverview n
«  Preliminary simplified model ﬂ —
: : FCST+WIP+FG<ROP
«  Optimal weekly production schedule Queve Forecast ' ANB )
) Lo—D; FT Within Horizon
. > || = min(n7,) h
Solution Methods %
* Mixed Integer Linear Program (MILP)
« Algorithm: Branch and cut '
*  Programming Language: Python
— Libraries: gurobyipy, GRB, pandas, time, numpy 5
- Solver: Gurobi :E
T

Extrusion Drying Coating/Cooling Packaging
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Proposed Model

— Primary Assumptions

Economic Production Quantity (EPQ) batch size

1 2ID;cSetup

L = =X _— _
T~ Fvex R i
j T
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Input of finished good j on extruder [
Production yield of extrusion

Production yield of drying machine
Production yield of coating machine
Production yield of packaging machine
Annualized demand of finished good j
Generalized setup cost ($29.52 per hour)
Inventory holding cost of finished good j
Average hourly demand of finished good j

Production rate of finished good j on extruder [

iise.org/annual #IISEANNUAL2025




Proposed Model

— Parameters, Decision Variables, Constraints

Decision Variables

Availability Start Time Task Assignment

Demand Start and Finish Times Sequencing

Inventory Machine Assignment Precedence

Perishability Inventory Runtime

Costs Job Initiation

Production Inventory
Perishability
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Proposed Model

— Primary Assumptions

Choice of Reorder Point (ROP) Method

« Static (level set by user)

 Dynamic
_ Lj
Rf - (dlj + Zaj R; Reorder point of finished good j
o d; Demand of finished good j during replenishment lead time
(d]j - (dlj Lj Z Z-score (based on service level, ;)
L 2F ajff Standard deviation of demand of finished good j during replenishment lead time
o, = |0;
] 7 _
g j Average lead time of finished good j
_ 1 K7 o Variance of demand of finished good j
= ——= (o} — &) ;
T max(KJ, 1) Lux K K Set of jobs (K) producing finished good j
o Finish time of job k
€x Start time of job k
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Proposed Model

— Primary Assumptions

One job = One finished good
Finished good (j) = Package type + Recipe (i)
One job assigned to at most one machine

« Real case
— Extrude, dry, coat as recipe
— Only at packaging does it become a finished good
— Stored as a finished good
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Proposed Model

— QObijective Function

o ) -
MinC = Z Z Z(CSetupuklt + CLaboruklt + (C{Sxtuklt) + Z Z Z((CSetupokldt + (CLaborokldt + Cdryokldt)
Tkt d k¢ M facturing Cost
— anuracturing Cos
+ Z Z Z(‘Csempgkzct + kPTG e + Cgoatgklct) + Z Z Z(‘Csetuppkmt + LT Py e + CTP;laCkpklmt)
c k t m k t
............................................................................................................................................................................................................................ .
. s
+ z Z hjle + z Z hy Tt — Inventory & Stockout Cost
7t 7t
order Safety .
+ z Z(‘Cj Yjt ¥ G Sj) — Service Level Cost
Tt
+ Z 2 Z 2 Ciaste MaSittire + Z 2 Z Z Cyaste EkaViaOkiat + Z Z Z Z Cifasre SePicTrict + Z Z Z Z Cifasce DemXjmPrimt = Waste Cost
t I k i t d k i t m k j
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Case Study

— Scenarios

« Simulated data representative of industry partner data set
 [|llustrative example

Number of Starting Work Schedule
Finished Service Demand Finished Inventory Forecast

Scenario Goods Level Horizon Good (j) (Ibs) (Ibs) Hours Days
1 1 99% 1 Week 3 - 2,000 8 5
2 1 99% 1 Week 3 10,000 8 5
3 1 99% 1 Week 3 500 10,000 8 5
4 1 99% 1 Week 3 1,000 10,000 8 5
5 1 99% 1 Week 3 2,500 10,000 8 5
6 1 99% 1 Week 3 500 2,000 8 5
7 1 99% 1 Week 3 1,000 2,000 8 5
8 1 99% 1 Week 3 2,500 2,000 8 5

5?% ANNUAL iise.org/annual #IISEANNUAL2025

A\

CONFERENCE & EXPO 2025




Case Study

— Results

Starting Cost per Amount Reorder Average
Inventory Forecast Running Optimal Production Production Produced Point Lead Time

Scenario (Ibs) (Ibs) Time (min) Solution Job MIP Gap Jobs (Ibs) (Ibs) (hrs)
1 - 2,000 419 $1,816.32 $1,816.32  0.00% 1 2,434.58 450.00 9.00
2 - 10,000 8.19 $4,891.98 $244599 4.33% 2 10,966.66  3,125.00 12.50
3 500 10,000 16.24 $4,682.65 $2,341.33  3.58% 2 10,966.66  3,250.00 13.00
4 1,000 10,000 20.95 $4,593.32 $2,296.66 2.93% 2 10,966.66  3,125.00 12.55
5 2,500 10,000 15.62 $3,635.33 $3,635.33 1.71% 1 937.31 2,750.00 11.00
6 500 2,000 3.81 $1,729.41 $1,729.41 0.00% 1 2,434.58 950.00 19.00

7 1,000 2,000 6.74 $1,240.00 - 3.88% 0 - - -

8 2,500 2,000 0.02 $1,180.00 - 0.00% 0 - - -

E
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Starting Cost per Amount Reorder  Average
Inventory Forecast Running Optimal Production Production Produced Point Lead Time

Scenario (lbs) (lbs) Time (min) Solution Job MIP Gap Jobs (lbs) (lbs) (hrs)
‘ a s e S t u d y 1 - 2,000 419 $181632 $181632  0.00% 1 243458  450.00 9.00

2 10,000 819 $489198 $244599 4.33% 2 10,966.66 3,125.00 12.50
] 3 500 10,000 16.24 $4,68265 $2341.33 3.58% 2 10,966.66 3,250.00 13.00
) I I | u St rat I Ve EXa I I I p | eS 4 1,000 10,000 2095 $4,59332 $2,296.66 2.93% 2 10,966.66 3,125.00 12.55
5 2,500 10,000 15662 $3,63533 $363533 1.71% 1 937.31 2,750.00 11.00
6 500 2,000 381 $172941 $1,729.41 0.00% 1 243458 950.00 19.00
Sce n a ri o 2 7 1,000 2,000 674 $1,240.00 - 3.88% 4]
8 2,500 2,000 0.02 $1,180.00 - 0.00% 0
Ll
Starting Inventory = 0 |lbs | Forecast = 10,000 Ibs
Week 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Day 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5
Hour 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 5 6
Scenario Job T 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
2 0 Extrude
Dry
Coat
Package
2 1 Extrude
Dry
Coat
Package
7,500
6,500
5,500
§ 4,500
‘g 3,500
S 2,500
S 1,500
Z 500
(500)
(1,500)
(2,500)

E

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

Time
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Starting Cost per Amount Reorder  Average
Inventory Forecast Running Optimal Production Production Produced Point Lead Time

Scenario (lbs) (lbs) Time (min) Solution Job MIP Gap Jobs (lbs) (lbs) (hrs)
‘ a s e S t u d y 1 ] 2,000 419 $1,81632 §181632  0.00% 1 243458  450.00 9.00

2 10,000 819 $4891.98 §$244599 4.33% 2 10,966.66 3,125.00 12.50
] 3 500 10,000 16.24 $4,68265 $2341.33 3.58% 2 10,966.66 3,250.00 13.00
—> I”ustratlve I Xal I Iples 4 1,000 10,000 2095 $4,593.32 $229666 2.93% 2 10,966.66  3,125.00 12.55
5 2,500 10,000 1662 $3,63533 $3,63533 1.71% 1 937.31 2,750.00 11.00
6 500 2,000 381 $172941 $1,729.41 0.00% 1 2,434 58 950.00 19.00
Scenario 5 7 1,000 2,000 674 $1,240.00 - 3.88% 4]
8 2,500 2,000 0.02 $1,180.00 - 0.00% 0
Ll
Starting Inventory = 2,500 |bs | Forecast = 10,000 Ibs
Week 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Day 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 5 5 5 5 5 5 5 5
Hour 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Scenario Job T 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
5 0 Extrude 0 0 0 0
Dry
Coat
Package
7,500
6,500
5,500
§ 4,500
E: 3,500
o 2,500
1S
g 1,500
£ 500

(500)
(1,500)
(2,500)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 206 27 28 29 30 31 32 33 34 35 36 37 38 239
Time
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Starting Cost per Amount Reorder  Average
Inventory Forecast Running Optimal Production Production Produced Point Lead Time

Scenario (lbs) (lbs) Time (min) Solution Job MIP Gap Jobs (lbs) (lbs) (hrs)
‘ a s e S t u d 1 - 2,000 419 $181632 $181632  0.00% 1 243458  450.00 9.00
; 8.19 433% 10,966.66  3,125.00 12.50

2 10,000 $4,891.98 $244599 2
] 3 500 10,000 16.24 $4,68265 $2341.33 3.58% 2 10,966.66 3,250.00 13.00
—> I I | u Stratlve I Xal I I p | eS 4 1,000 10,000 2095 $4593.32 $2,29666 2.93% 2 10,966.66  3,125.00 12.55
5 2,500 10,000 15662 $3,63533 $363533 1.71% 1 937.31 2,750.00 11.00
6 500 2,000 381 $172941 $1,729.41 0.00% 1 2,434 58 950.00 19.00
Sce n a rio 5 7 1,000 2,000 674 $1,240.00 - 3.88% 0
8 2,500 2,000 0.02 $1,180.00 - 0.00% 0
L]
Starting Inventory = 1,000 lbs | Forecast = 2,000 lbs
Week 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Day 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 5 5 5 5 5 5
Hour 1 2 3 4 5 6 7 8 1 2 3 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 8
Scenario Job T 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
7 0 Extrude
Dry
Coat
Package
7,500
6,500
5,500
§ 4,500
E; 3,500
o 2,500
1S
o 1,500
£ 500 e —
-  E——,—
{500)
{1,500)
{2,500)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Time
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Case Study

— Numerical Analysis: Impact of Forecast and Starting Inventor

Forecast (lbs)

2000
0

Starting Inventory (lbs)

500 1000 1500 2000 2500

Running Time
{min]
< 2
2- &

Forecast (lbs)

2000
0

1000 1500
Starting Inventory (lbs)

2000

2500

Optimal Selution

(€ost, 5

< 1500
1500 - 2000
2000 - 2500
2500 - 3000
2000 - 32500
3500 - 4000
4000 - 4500

= 4500

Forecast (lbs)

500 1000 1500 2000 2500
Starting Inventory (lbs)

Amount Praduced
[lbs)

< L]

0 - 2000
2000 - 4000
4000 - 5000
6000 — 3000
2000 - 10000
= 10000

Forecast (lbs)

10000
Cost per Production
Jab (5)
9000 < 2000
2000 - 2400
2400 - 2800
8000 2800 - 3200
3200 - 2800
> 3600
7000
5000
5000
4000
3000
2000 |
0 500 1000 1500 2000 2500

Starting Inventory (lbs)
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Forecast (lbs)

1000 1500
Starting Inventory (lbs)

2000

2500

Average Lead
Time (hrs)
< 0
- 4

@ o
@

EEEN
=]
I
@

Forecast (lbs)

Starting Inventory (lbs)

Rearder Paint (lbs)

< [

0 - 500

B soo0 - 000
1000 - 1500
1500 - 2000

B zo00 - 2500
W 2500 - 3000
] » 3000

1500 2000 2500
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Future Research

« Combine recipes to finished goods
* Include additional decision-making scenarios
— Work schedules
— Capacity
« Develop model for perishability
* Improve computational efficiency
— Capability to include >1,000 SKUs and >400 recipes
— Lengthen forecast horizon to 1-month
* Incorporate larger data set
— Actual cost data
— Actual inventory data
— Actual forecast data

 Build GUI
— User input
— Visualizations

® ANNUAL
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Proposed Model

— Parameters

Availability

Working weeks per year
Working days per week
Shifts per day

Hours per shift

N R E (>R

Time horizon
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Proposed Model

— Parameters

d; Demand of finished good j at time ¢t
Demand It 9008
D; Annualized demand of finished good j
Hlj Average demand of finished good j
oj Standard deviation of demand of finished good j
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Proposed Model

— Parameters

Z

Y;

safe
Rjt

Inventory

® ANNUAL
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Z-score (based on service level, ;)
Desired service level of finished good j

Safety inventory level of finished good j at time t
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Proposed Model

— Parameters

S; Inventory shelf-life of finished good j

S; Stockout cost

Perishability

5?% ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Parameters

Costs

| ANNUAL

CONFERENCE & EXPO 2025

Inventory holding cost of finished good j
Stockout cost of finished good j

Generalized equipment setup cost per hour
Generalized labor cost per hour

Cost per unit of additional safety stock of finished good j
Waste cost per unit of extrusion

Waste cost per unit of drying

Waste cost per unit of coating

Waste cost per unit of packaging

Order cost per unit of finished good j

Cost per unit of finished good j

Production cost per hour of extruder machine [
Production cost per hour of drying machine d

Production cost per hour of coating machine c

Production cost per hour of packaging machine m

iise.org/annual

$0.02
$0.10
$29.53
$28.55
$0.02
$0.02
$0.02
$0.02
$0.02
$0.02
$0.02
$1.00
$1.00

$1.00
$1.00

HIISEANNUAL2025




Proposed Model

— Parameters

jt
(le

Bja

Production 3

E

ANNUAL
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Amount produced of finished good j during time t
Production rate for finished good j on extruder machine [
Production rate for finished good j on drying machine d
Production rate for finished good j on coating machine ¢
Production rate for finished good j on packing machine m
Production yield on extruder machine [

Production yield on drying machine d

Production yield on coating machine ¢

Production yield on packing machine m

iise.org/annual

60,000 tons per week
60,000 tons per week

100%
100%
100%
100%

HIISEANNUAL2025




Proposed Model

— Parameters

U Input (batch size) of finished good j on extruder machine [
ni Output of finished good j on extruder machine [ ; njfl =Ny *<

Input of finished good j on drying machine after extruder machine [ ; ;= n;fl

it Input of finished good j on coating machine after extruder machine [ ; (ﬁ ={1*
Y Input of finished good j on packing machine after extruder machine 1 ; 9;; = (j;
Production 19;{ Output of finished good j on packing machine after extruder machine [ ; 19;1’ =V * X
Pin Setup time of extruder machine [ for changeover n
Gdn Setup time of drying machine d for changeover n
Ten Setup time of coating machine ¢ for changeover n
Smn Setup time of packing machine m for changeover n

E

Calc
Calc
Calc
Calc
Calc
Calc

10 minutes

10 minutes

10 minutes

10 minutes

ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Parameters

Tj; Run time for finished good j on extruder machine [; 7;, = pi, + Z—’i
]
Diia Run time for finished good j on drying machine d after extruder machine [; ¢;iq = gan + %
J
Wjic Run time for finished good j on coating machine c after extruder machine [; wj;c = 7¢, + %
jc
9t
Production Pjim Run time for finished good j on packing machine m after extruder machine [; pj;;, = 8mn + ST’;
n; Total number of jobs required to satisfy the demand of finished good j for the entire period; mirﬂl))(’;m
jl

E ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Decision Variables

Start Time

Xglt Takes the value of 1 if job k starts on extruder machine [ at time t; 0 otherwise

Vildt Takes the value of 1 if job k starts on drying machine d at time t after extruder machine [; O otherwise

Zrict Takes the value of 1 if job k starts on coating machine c at time t after extruder machine [; O otherwise

Wiimt Takes the value of 1 if job k starts on packing machine m at time t after extruder machine [; O otherwise

E ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Decision Variables

Notation Description

Start and Finish Times Ty Start time of job k on extruder machine
T Finish time of job k on extruder machine
br Start time of job k on drying machine
0 Finish time of job k on drying machine
o Start time of job k on coating machine
wi Finish time of job k on coating machine
Pr Start time of job k on packing machine
o Finish time of job k on packing machine
Okt Takes the value of 1 if job k starts at time ¢; 0 otherwise
O Takes the value of 1 if job k finishes at time t; O otherwise
Vit Takes the value of 1 if job k can be finished within time T; 0 otherwise
Ot Takes the value of 1 if product j need to starts a job at time ¢; O otherwise
ekt Takes the value of 1 if job k is still in the work in process at time t; O otherwise
€k Start time of job k

E ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Decision Variables

Notation Description

Ukt Takes the value of 1 if job k is assigned to extruder machine [ at time t; O otherwise
. . Okldt Takes the value of 1 if job k is assigned to drying machine d at time t after extruder machine [; 0 otherwise
Machine ASSIgnment Jxict Takes the value of 1 if job k is assigned to coating machine c at time t after extruder machine [; O otherwise
Primt Takes the value of 1 if job k is assigned to packing machine m at time t after extruder machine [; O otherwise
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Proposed Model

— Decision Variables

Notation Description

Hjt Inventory levels of finished good j at time ¢
Hj‘-st Stockout levels of finished good j at time t
Inventory Ej Average lead time of finished good j
(dlj Demand of finished good j during replenishment lead time
O—J_L_j Standard deviation of demand of finished good j during replenishment lead time
Sj Safety stock of finished good j
R; Reorder point of finished good j

5?% ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Constraints

Task Assignment Notation Description

2 U <1,VIELVLET Extruder machine [ can only be assigned one job k in each period t
k

zkzlokldt <1,vdeDVteT Drying machine d can only be assigned one job k in each period t

Z z Jrict <1,VceC,VteT Coating machine ¢ can only be assigned one job k in each period t
k&=

Z z Prme <1,Vm e M,Vt €T  Packing machine m can only be assigned one job k in each period t
k=il

E ANNUAL iise.org/annual #IISEANNUAL2025
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Proposed Model

— Constraints

Notation Description

Sequencing, Precedence, and Runtime e, >0,Vk €K The start .time. ofjpp k on the extruder machine [ must be before or
’ at to the time job is initiated

The start time of job k on extruder machine [ must be greater or

¢r = €k, Vk €K equal to the time job is initiated

b =T} + Z 0w Yk EK The start time of job k on drying machine d must be greater than the

= finish time of job k on extruder machine [

Wi = F + Z 0w VK EK The start time of job k on coating machine ¢ must be greater than

= the finish time of job k on drying machine d

pr = i + Z 0w Yk €K The start time of job k on packing machine m must be greater than

e the finish time of job k on coating machine ¢

pr <T,Vk€EK The finish time of job k on packing machine m must be within T
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Proposed Model

— Constraints

Machine Assignment Decision

Sequencing, Precedence, and Runtime

T—le _
Z <z xklt> = z (pkt ,Vk (S K
leL t=0 =
T—¢jia T—Tj;
Z Z Viidt | = z Xrie ,Vk €K, VI €L
deD t=0 t=0
T_wjlc T—T]'l
Z z Zklct :Z Xkt ,VkEK,VlEL
ceC t=0 t=0

T—pjim T-tj
Z z Wiimt | = z Xkit ,Vk € K,Vl eL
meM t=0 t=0
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Proposed Model

— Constraints

Sequencing, Precedence, and Runtime

»| ANNUAL

CONFERENCE & EXPO 2025

Job Starting and Processing Decisions for Each Stage

Z Ukt = Tji *Z Xpie Vk € K,VIEL
teT teT

Z Oriat = Pjia *Z Ykiat »Vk EK,VIEL,Vd € D,Vj €]
er teT

t
Z gklct:wjlc*z Zklct,VkEK,VlEL,VCEC,VjE]
teT teT

Z pklmt:pjlm*z Wklmt,VkEK,VlEL,VmEM,VjE]
teT teT

t'+7j-1
Upit! > le Xkt ,Vk € K,Vl € L, VvVt € [O,T - le]

t’+¢)jld—1
Ok1at’ = d)jld VYkidt ,Vk e K,Vl € L,vd € D,Vt € [O,T - ¢jld]

t’+wjlc—1
Ikict’ = wjlc Zklct ,Vk € K,Vl € L, Vc € C,Vt € [O,T — wjlc]

t’+pjlm—1
Primt’ = p}lm Wekimt ,Vk €K, Vi e L,Vvm e M,Vt € [O,T — p]lm]
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Proposed Model

— Constraints

. ) Determine Start and End Times of Each Job on Each Machine
Sequencing, Precedence, and Runtime
teT (t * zleL ZdeDykldt) vkeK
( Z Z Zklct) ,Vk eEK
teT leL ceC

T Y S
teT leL meM
Tk =T — Z(pkt+z Z Ukie ,Vk € K
lel &=iteT

teT

br = di — Z‘Pkt+z Z Z Olae »Vk €K
teL £igep Later

teT

wg = W — Z‘Pkt Z Z Z Gkict Yk EK
leL ceC teT

teT

Pk =P — Z(pkt+z Z Z Pikimt »Vk € K
leL dmimem LiteT

teT

g

=

I

H
>

M

)
NG

+

M D]
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Proposed Model

— Constraints

Determine Job Initiation and Processing Decisions

Job Initiation Z on, <1,k € K

teT

Z Qe < i, VjEJVLET

kekJ

Z(p]:t < ]/k,Vk EK

teT

t 2 t k t '
k- = e il — - _ ! j
Zt,=0 (pk+1’t - Yk+1 * T (Zt’=0 6]t Zk’:k]‘,o Zt’=0 (pk’;t,> 1' Vk € K ’Vt € T

t t )
S =Y ppvkekivier
t'=0 ’ t'=0

zektng—fk—ifpl}'VkEK

teT teT

€ =) trgp+tT(= ) g) vk €K

teT teT
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Proposed Model

— Constraints

Inventory

® ANNUAL
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Determine Production, Inventory, and Stockout Levels by Product

Zt*‘P;t=P;Z‘PI:t'VkEK

teT teT
Z(pltt :z(pl:t ,Vk € K
teT teT

pjtzz <Pzt,t*z<l9ﬁ*zxku'> ,VjEJLVtET

kEK; leL t’er

s _ s .
e =1 =leq =g —dje + P ,VJEJVLET
L, I, 20,Vj €]Vt €T

L

Li _ | 27
o =54

1 Ko
L-=—.Z _
7 max(K/,1) Lag (e = &)
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Proposed Model

— Constraints

Notation Description

The lead time from the start of extrusion to the end of drying must be less than or equal

>t — 1o
Sj = ¢ ~ Tk to the recipe’s perishable life

Perishability
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