Towards Al powered
manufacturing services,
processes, and products in an
edge-to-cloud-knowlEdge
knowlEdge continuum for humans

Pilot 1 — Intelligent scheduling of production
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http://www.parmalat.it/prodotti/malu/index.htm

Collecchio Plant
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 Totale Area 143.000
* Totale Covered Area 45.000
 Warehouse (Distrib Center) 29.000 pallets
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Current situation
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eduling process

The process of scheduling packaging lines with a finite capacity has many
constraints and requires a lot of knowledge for operations to proceed at an
efficient and possibly leveled pace within the plant, in order to eliminate
bottlenecks and organize resources in the best possible way.

Planning volume Packaging lines Production
rom Suplply chain scheduling e SINAPSI is used to
| support the scheduling
| Preparation area Scheduling process, but all the
| scheduling 5 | variations constraints and
| . .
| management optimizations are
| : : managed by human
| Raw material arrivals Unexpected being
| t
| schedule Svens | » Difficult to swiftly react
———————————————————————— TSt to unexpected events
Variations
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KnowlEdge Contribution

* Our expectation is to create a finite capacity scheduling
tool, able to optimize production sequences respecting
constraints and limits of the entire production process,
improving efficiencies and reducing losses.

* The connection with the field data and their analysis will
offer a realistic model of the production plant, allowing to
recognize in real time the limits of the plant's production

capacity and therefore to react more promptly to changes.

* Through the use of Al technologies we would like to be
able to carry out predictive simulations reducing human
input to a minimum (prediction of demand for capacity
planning)

* Provide convenient and intuitive real-time visualisation
tools
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What-if Production Scheduling
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Parmalat Al-Scheduler

* The goal is to generate a production plan given a set or orders.

List of yogurts

to be scheduled

5 ¢
List of machines ‘ 1’ I ‘ C()
N 3%

Machine data E
|

Yogurt cost info

(scraps, time) Scheduler scheduling

Compatibilities
yogurt-machine
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Overview
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* The plan minimizes the money loss generated
by the scraps for fruit and mix yogurt types and [====

1linclude "alldifferent_except.mzn";

the ti me from Cha ngi ng fru its- ;% COMMON HEADER, probably independent of modelling.

4 enum MACHINE;
LI . . 5 enum YOGHURT_TYPE;
L4 Yogu rt qua ntltles are ComputEd In mlnutes Of 6 array [MACHINE, YOGHURT_TYPE] of bool: compatib::Llity; % Whether_' a ma_zchine can prod
7 array[MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of int: clean_machine_time; % How long
: H g array[MACHINE, YOGHURT_TYPE] of int: yoghurt_speed; % Assuming yoghurt_speed repf
work using the kg and the speed of machines |
0% Parmalat constraints
. . . 1 array[MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of int: kg_fruit_change; % kg of scraf
When starting an order, it starts on a single > array [MACHINE, YOGHURT TYPE, YOGHURT TYPE] of int: kg mix_change; % ko of scrap:
’ 3 array [MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of int: monetary_kg_fruit_change;
M M M M M 4 array [MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of int: monetary_kg_mix_change;
machine and does not stop until it is finished. 272 FGe, YoRT e, YOGURITYPE] of int: nanetary-tine.rois. cronge:
6 %array [MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of float: monetary_kg_raw_change;
7 %array [MACHINE, YOGHURT_TYPE, YOGHURT_TYPE] of int: kg_raw_scraps; % kg of scraf

Yogurt quantities are converted to the ;

9% Different orders with different amounts requested and time to deliver (before 4

o int: num_orders;

Corresponding money IOSS 1 set of int: ORDER = 1..num_orders;

2 array[ORDER] of YOGHURT_TYPE: order_type;
3 array [ORDER] of int: yogh_minutes; %yoghurt - free time unit

The Sum Of the different money Iosses :array[ORDER] of int: deadline;
is minimized Snapshot of the model
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Model Output
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List of solutions sorted by loss stort tine: 17657, 106, 6204, 6908, 6483, 265,

end time: [7876, 144, 6234, 6964, 6660, 669, 25
1274, 6119, 7194]
workers: [COMAN, HAMBA6, COMAN, ILPRA, HAMBA7,
HAMBA6, COMAN, COMAN, HAMBA6, COMAN, ILPRA, HAM
Loss value: 48.0

Per eaCh SOIUtiOﬂ: start time: [6659, 7905, 7704, 6624, 9496, 1394

] 5392, 6874, 5399, 4945]
O Per eaCh maChlne: gzgstiggiz[eggé 8232617734, 6630, 9534, 1778,
*  List of assigned yogurt order, time start,  [iigha; com, Coua, HavBA7, ConmN, FLPRA, Han

Loss value: 47.0

time end

start time: [9692, 7277, 5616, 8553, 6163, 608,
o Loss 2270, 2988, 2524, 65601

end time: [9911, 7454, 5646, 8609, 6195, 1066,
2326, 3020, 2982, 6561]

workers: [COMAN, HAMBA7, COMAN, ILPRA, HAMBA4,
HAMBA6, COMAN, COMAN, HAMBA7, COMAN, ILPRA, HAM
Loss value: 0.0

Example of direct output from the model (* no
postprocessing included
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Demo
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&« Home Workspaces v APl Network ~
(2) Learn from experts and join the Postman community at POST/CON 24. Register by March 26 to save 30%. m X
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o ~  Parmalat 1 i 1
- PosT Post schedule production z | il
3 “task_name": "Parmalat production schedulling",
4 “method”: {
5 “strategy_list®: ["ParmalatSchedulexr'],
6 “preprocessor”: - "ParmalatSchedulerPreprocessor”,
7 "arguments®: {
8 “params":-{
9 “num_orders”: 28,
18 “order_type”: ["y4042118", "y4837518°, - "y4038718", "y4026526", "y4821338", - "y4621342", - "y4B021348",
11 "y4842110", - "y4837510", "y4030710", “"y4026526", "y4021338", "y4821342", "y4021348",
12 "y4842110", - “y4837518", "y4030716", - “y4026526", - "y4021338", - "y4821342", “y4021340"°,
13 "y4842110", - “y4837518", - "y4030716°, - "y4026526", - "y4821338", "y46821342", -"y4021340"],
14 “yogh_quantity": - [8080600, 6480, 10880, 2166, 6488, 86000, - 2160,
15 80000, 6480, 10880, 2160, - 6480, 80000, 216,
16 800600, - 6480, 10800, 2160, 6488, 80000, - 2160,
17 800608, 6488, - 10880, 2160, - 6486, 80000, -216],
18 “deadline": [1866@, 16000, 10000, 18608, 16080, 18060, 10000,
19 10666, - 18606, - 10008, 10000, 10000, -10000, -16008,
28 10666, - 18000, - 10060, 10000, - 10008, -10000, - 16008,
21 106860, 18606, - 10000, 18600, 10008, 10006, 10086]
22 1B
23 “input_attributes": ["*"],
24 “target_attributes": []
25 ¥
26 b
27 “processing”: [
~o B
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2 "agentId®: "aiml parmalat agent",
3 “deployStatus®: “deploy:pending",
a “environmentId”: null,
5 “environmentType": null,
6 "instanceId": “db2afdbe 333c_4a5f 955d_5d123e709bc9",
> "meta”: “{\"ENVS\": [{\*TASK_CONFIG\": \"{\\\"task\\\": 3, \\\"task_name\\\": \\\"Paxmalat production schedulling\\\*, \\\“method\\\": {\\\* categy_ t\' : [\} armal ct 3
\\\ “preprocessor\\\": \\\"ParmalatSchedulerPreprocessor\\\", \\\"arguments\\\": I\\\"params\\\*: f\\\"'num_ordexs\\\": 28, \\\"oxder type .*: [\\ 4& 18' 5 \"y 375 \\" =
WA\ Tp48387200\ 1\, WA "y4026526\0\ 7, \\\"y4021338\4\ ", A\ "y40213424\\ ", \\\"y4021348\0\ ", YN\ "y4042110\ Y, \\\ 48375180\ ", AW\ 4030710\ VY, YA 'Y4820520.0\ ", 11\ Ty=02133b44, L
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Impact

Scheduling hours

Decrease time devoted for production planning or
scheduling.

"""""
v 4
.......
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Yogurt OEE

Improve the theoretical OEE of yogurt production

Response time

Time to create a new production plan responding to real-
time changes/variations based upon real-time data will
decrease more than 50%

Productivity

Decrease the number of man hours needed to produce
one ton of product

Downtime

Decrease the time of downtime and setups

Scrap

Decrease the amount of scrap
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