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Product Routing for Product X

Product X Segment
Dependencies

B must follow A
D must follow C
F must follow E
G must follow B
G must follow D
H must follow G
H must follow F

Process Segment Capabilities

500 boards/hour of Product X on Process
450 boards/hour of Product X on Process
300 front-panels/hour of Product X on Prc
300 front-panels/hour of Product X on Prc
500 power-supplies/hour of Product X on
500 power-supplies/hour of Product X on
350 boxes/hour of Product X on Process
450 boxes/hour of Product X on Process



Routings and
Material Dependencies

Process Segment

Process Segment A
produces material A1
produces material A2
produces material A3
produces material A4

Process Segment B
consumes material A1
consumes material A2
produces product B1

Process Segment C
consumes material A3
consumes material E1
produces product C1
produces material C2

Process Segment D
consumes material A4
consumes material E2
produces material D1

Process Segment E
produces material E1
produces material E2

Process Segment F
consumes material C2
consumes material D1
produced product F1

Process Segment
Dependencies

B must follow A
C must follow A
C must follow E
D must follow A
D must follow E
F must follow C
F must follow D



Process Segments Product Segments

Product Class X can be manufactured by segment A,B,C, or D
Product Class Y can only be manufactured by segment B

. E Product Class Z can only be manufactured by Segment B or C

Product Class W can only be manufactured by Segment D

500 Kg of Product Class X on Process Segment A
450 Kg of Product Class X on Process Segment B

325 Kg of Product Class X on Process Segment C '
600 Kg of Product Class X on Process Segment D .

Process Segment Capabilities | $xa /| $xe /| $xc /| $x0

467 Kg of Product Class Y on Process Segment B
330 Kg of Product Class Z on Process Segment B
521 Kg of Product Class Z on Process Segment C
489 Kg of Product Class W on Process Segment D
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>

_T.[TB

B may run in parallel to A

Start B at A start

Start B after A start

Start B no later than T time after A start
Start B no earlier than T time after A start

v

B may not run in parallel to A

Start BatAend

Start B after Aend

Start B no later then T time after A end
Start B no earlier than T time after A end
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The shaded elements are the points of interest, they
define the information that flows between main Level 3
areas and information which may flow to other Level 4
systems.

Production Maintenance
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ISA 95:
Process Diagram
made up of Physical Operations & Physical Routing

Deliver

Batch
Batch

Y

CTejst Fill
Cap
Test ' ={ Label |—

Mix

APICS:

Process Diagram

made up of Operations & Routing (Bill of Operations, Instruction
Sheet, Manufacturing Data Sheet, Operation Chart, Operation List,
Operation Sheet, Route Sheet, Routing Sheet)
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Business Operational View

Deliver

A

N

Batch
Batch
A\ 4

Cap

Mix
Test Fill
Te?
Physical View

>{ Label |—

Manufacturing Operations Management
View

Note: Some industries/companies have the views more in alignment than

others.
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Make Material
Product Segment

N

Common Material Final Material Final Product

Product Segment Product Segment Product Segment
N7 N/ A
< i k<]
Batch : E E
v i I
Batch : :
: :
: :
v :
1
¥

\ 4 v

l TeSt l Test |
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Inventory
perations
1agement

roduction
perations
1agement

'Y

- ™~

ality Test
yerations
agement

itenance
»erations

agement

Make Material
Product Segment

Common Material
Product Segment

Final Material
Product Segment

Final Product
Product Segment

_________ IR EEE

[ Cast ]—P[Heat Trea

Work Order

_._._._._._:\_F ______________________________________ i {( ______________________ E_I
(o) pCem)i
g g =
o '_'1:'_'. P DRI S '_'15'_'. [N BURSuREng EubEuR '.'."i'.'.'.i
f | |
Machine ! ! :
| | D
' Weld \ : |
E Mac‘:;]ine|— i i :
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————————— |-__________________________-___-——_ 1 v 1 |
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______________________ ‘ _._._._._._"._._._._._._._._._._._._._._._._._._._._._._._._._i
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Batch

E{ -------------------------------------------------------- {Package

Implied time axis on the vertical operations slices
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Template Operations Activity Object Model

Detailed
<Category> <Category> <Category> <Category>
Schedule Schedule Performance Record
1.n 1.n 1.n 1.n
<Category> 0..n 0..n <Category> 0..n 0..n <Category> <Category>
Request < relates to Work Order relates to > Response Record Section
0..n 0.n
0..n
<Category> 1.1 0.n <Ce_‘|fz§|? ry>
Task < records the execution of Record 0..n
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Template for Operations Category Schedule

<Category>
Schedule
Is made up of ?
1.n
<Category>
Request
Is made up of T
1..n
Corresponds
Work toa< <Category>
S <----------==F Work Segment
egment -
Requirement
May contain
0..n 0..n 0..n 0..n 0..n 0..n
Work Personnel Equipment Consumable
Parameter Requirement Requirement Expected
1..n 1..n 1..n 1..n 1..n
Personnel Equipment Consumable
Requirement Requirement Expected
Property Property Property
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Template for Operations Category

Performance

<Category>
Performance

Is made up of ?
1.n

<Category>
Response

Is made up of
1..n

Work Co”es‘:t’gr;ds <Category>
Segment -—--------== 4 Work Segment
Response
‘ May contain
0..n 0..n 0..n 0..n 0..n 0..n
Work Personnel Equipment Consumable
Data Actual Actual Actual
o..nT o.j o.j o.j o.j
Personnel Equipment Consumable
Actual Actual Actual
Property Property Property
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Level 3 Equipment Model

Add Equipment Level (area, site, ...)

v

May be made up of

> Implemented by

quipment Equi
uipment
Class 0..n Defined by < auip 0..1
Has Has
properties values for >
of >
0..n 0..n
Equipment e« - _Mapsto | Equipment
Class Property Property
1.n 0..n < records the
testing of
on Equipment on

Capability Test

< defines a procedure| Specification

for how to test

is used to test >

A MIMOSA segment seems to map to the S95 equipment object.

| <records use and removal of asset

Maintenance
Asset

I to implement equipment
1

Maintenance
Asset Utilization
History

Equipment
Capability Test
Result

Need to differentiate the use of an asset, when it is performing a role for production, test, warehouse, etc. from the piece of equipment
with a serial number. Since the actual serialized number is usually an asset on the company books (independent if it is being used or
is in the spare parts store) the physical needs a name (asset) and the logical use of the equipment (role) need to be separated.
Equipment IDs are TAGs (which define a role, TC184), while the asset has a serial number (TC_WED_9982002922).
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]

Enterprise

+userlD : string(idl)

+enterpriselD : long(idl)

*

SiteType +Type pbf EnterpriseType
- 1 +enTypelD : long(idl)
+stTypelD : long(idl) 1 AP
+userID : string(idl) D S ()
+mobile_YN : boolean(idl) +Type of * +Composed of
S} Site
* +sitelD : IOng(IdI) +Maintains
+Maintains . 1 +userlD : string(idl) K>
<>+temp|ateYN : boolean(idl) 1
+Compoged of AssetUtilizationHistory : +Names
+utclnstalled |
Segment +utcRemoved Asset
+segmentID : long(idl) * * +assetlD : long(idl)
+userlD : string(idl) ! +userlD : string(idl)
| -Houses ‘
. - 1 +Type Q_f—‘ 1 +Type of 0/.1 |* *Model of
—
SegmentType AssetType * 4 Model

+sgTypelD : long(idl)
+userlD : string(idl)

+asTypelD : long(idl)
+userlD : string(idl)

+modelNo : string(idl)
+modelRevision : long(idl)

* gMaintains

+Contains

j 1 &L

Database

+dbID : long(idl)

+type of
1 -Made by
+Maintains Manufacturer

+manuflD : long(idl)

1 kK> +agentID : long(idl)
+userlD : string(idl) +userlD : string(idl) +userlD : string(idl)
* 0..1
Q )
—‘ +M1aintains *
AgentType 1
+agentTypelD : long(idl)
+userlD : string(idl)
+Type of

* +Names

Agent

Y

*
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Measurement 0..n Measurement
Location 1.1 , , Event
- is made against <
0..n OR 0..n
is against a < > is against a
Resource
View
0..n ? ? 0..n
< May be made up of 0.n 0.n > May be made up of
0..n 0..n 0..n 0..n
> Implemented by > is an instance of
Equipment 0..n Equipment 0..1 Physical 1.1 Physical
X T
Class 0..n Defined by < 0..1 | < records use Asset 0..n MakeAndModel
| and removal of
| assetto
Has Has I implement Has Has
properties values for > : equipment values for > properties
of > of >
Physical
0.n 0.n Asset Utilization 0.n 0.n
History i .
Equipment e - Mapsto | Equipment Physical Maps to Physical
Class Property Property Asset  F---------- > MakeAndModel
Property Property
t.n 0.n < records the -
testing of Equipment
ipment | . [T °7° Capability Test
on Equment on p Yy
. Capability Test Result
< defines a procedure Specification is used to test >
for how to test

A MIMOSA Asset maps to a S95 Physical Asset object

A MIMOSA Asset Utilization History maps to a S95 Physical Asset Utilization History object
A MIMOSA Segment maps to a S95 Equipment object

A MIMOSA Network maps to a S95 Resource View object

A MIMOSA Model maps to a S95 Physical MakeAndModel object

A MIMOSA Agent would map to a S95 attribute or property, where needed



Things to still talk about

e Samples
e (alibration

e Maintenance Requests, Work Orders, Responses
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Template instantiated for production

Production information
--" model defined in Part 1

-
-
-

- v
-
//’ i \\ '/ \\\
\ !
. ! Detailed ' :
1 Production | Production i Production I Production
' Schedule ! Schedule ! Performance ' Record
1 1 1 1
1 1
| 1
1 1 1 1
1 1
1 1.n : 1.n : 1.n 1 1.n
1 1 1 1
1

: Production 0..n : 0..n Production 0..n :0..n Production 1 Production
1 1 1 1 i
l Request ;F relates to Work Order relates tq > Response ’| Record Section
\

v S e e e e e e e e e e - ’, 0.n \\ S e e e e e e e - /’ o

0..n
. Production Work
Production 0..n Segment 0.n
Work Segment  [1..1 < records the Report
execution of
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Product
Capability

Isa
1 collection of

0..n

0..n 0..n 0..n
Product
Personnel Equipment Material Segment
Capability Capability Capability Capability
) gfas properties ) gfas properties ) gfas properties ‘ Is a collection of
0..n 0..n 0..n
Personnel Equipment Material 0 0 0
Capability Capability Capability N N -n
Property Property Property Personnel Equipment Material
Segment Segment Segment
Capability Capability Capability
Has properties Has properties Has properties
of of of
0..n 0..n 0..n
Personnel Equipment Material
Segment Segment Segment

Capability Property

Capability Property

Capability Property
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Template instantiated for maintenance

) Detailed )
Maintenance Maintenance Maintenance Maintenance
Schedule Schedule Performance Record
I/ _______________________________________________ 4
. 1..n 1.n 1.n : 1.n
1
1
' Maintenance 0.n Maintenance 0..n Maintenance ! Maintenance
! Request 0..1 Work Order 1.1 Response : Record Element
' I
| 1
\ i
A . 4
0..n
1.n
Maintenance information Maintenance 0..n| Maintenance Task | O-"
model defined in Part 1 Task 1.1 <records the Report
execution of
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Template instantiated for Quality Test

Detailed )
Quality Test Quality Test Quality Test Quality Test
Schedule Schedule Performance Record
1.n 1.n 1.n 1.n
Quality Test 0-n 0..n Quality Test 0..n 0..n Quality Test Quality Test
Request <relates to Work Order relates to > Response Record Element
0..n
, o
1
1.n :
) < records the 1 Qualit
Quality execution of 1 0.n 4
Test | UCES
1.1 ' Results :
| |
/

/\
N e e e e e e e e e 2 4

Quality information
model defined in Part 1



Template instantiated for Inventory

Movement

Inventory Move
Record

1..n

Inventory Move
Record Element

Detailed
Inventory Move Inventory Move Inventory Move
Schedule Schedule Performance
1..n 1.n 1.n
Inventory Move 0.n 0..n Inventory Move |0..n 0..n| Inventory Move
Request < relates to Work Order relates to > Response
1..n
Inventory Move 0..n| Inventory Move

Segment

1.

1

Report




0..n 0..n has an execution dependency on

May be on
made up of Test = T
Segment !
. . Test
is a collection of
Segment
Dependency
0..n 0..n 0..n 0..n
Equipment i
Personnel quip Material Material Test
Segment Segment Segment Results
Specification Specification Specification
Has properties Has properties Has properties
of of of
0..n 0..n 0..n
Personnel Segment Equipment Segment Material Segment
Specification Specification Specification
Property Property Property
1 1 1
0..n1 Corresponds 0..n1 Corresponds 0..n1 Corresponds
: to element in : to element in : to element in
| | |
| | |
\1/1"1 \1/1"1 \1/1"1
Personnel Equipment Material
Model Model Model




Defines
Material a grouping > Material 0..n Made up of Material
Class 0..n 0..n Definition 1.1 <Defined Material Lot 0..n Sublot
by
*
Has Has Has |
properties properties values for > |
of > of > May be made up
| of sublots >
L _
0..n 0..n 0..n [
Material Material |
- Maps t i
Class < - _M_a§ - = Definition < - il M;trigzlrtl;ot : Is associated
Property map to Property | with a
Is tested | 1..n Is tested | 1..n 0..n |
by a > by a > Recor?s the}
_execution of_ | QA Test
0..n QA Test 0..n Result
Specification Defines a
0..n procedure for

obtaining a >



Defines
Material a grouping > Material 0..n Material Lot Made up of Material
Class 0..n 0..n Definition 1.1 <Defined 0..n Sublot
by
*
Has Has Has |
properties properties values for > |
of > of > May be made up
| of sublots >
L _
0..n 0..n 0..n [
Material Material |
- Maps t i
Class < - _M_a§ - = Definition < - il M;trigzlrtl;ot : Is associated
Property map to Property | with a
1. 1. 0.. |
: : : < records the
testing of
<defines aproceduref | _ | [TTTTTTTTA QA Test
for how to test |__0-N QA "I'esj[ 0..n Result
Specification is used to test >

< defines a procedure 0--n

for how to test




o

Production information

______ model defined in Part 1
:
v
, e eTTTTTETEEEEEES \\
\ '/ \
. : Detailed 1 . :
Production ] Production ! Production 1 Production
Schedule ' Schedule ' Performance X Record
1 I 1
1 1 1
1 ! 1
1 1 1
1 1 1
1 1 1
1 I 1
1..n 1 1..n 1 1..n 1 1.n
1 : 1
Production 0.1 Production 1 0.n Production i Production
Request I 0.1 Work Order 1.1, Response ! Record Element
1
; | ;
,’ ~ ,/ A

——— - - _———— -

\‘/

1..n 1n
Production on Progtuec;?on
Step 11 Response




Production
Capacity
Utilization

Isa
1 collection of

0..n 0..n 0..n 0..n
Personnel Equipment Material Process Segment
Capacity Capacity Capacity Capacity
Utilization Utilization Utilization Utilization
Has properties Has properties Has properties
11 of 1] of 1] of
0..n 0..n 0..n
Personnel Equipment Material
Capacity Capacity Capacity
Property Property Property
0..n : Corresponds 0..n: Corresponds 0..n: Corresponds
: to element in : to element in : to element in
1 1 1
11..1 11..1 !
v v V1 .1
Personnel Equipment Material
Model Model Model




Production

Capability
Isa
1 collection of

0..n 0..n 0..n 0..n
. . Process
Personnel Equipment Material Segment
Capability Capability Capability Capability
Has properties Has properties Has properties
11 of 1] of 1] of
0..n 0..n 0..n
Personnel Equipment Material
Capability Capability Capability
Property Property Property
0..n : Corresponds 0..n: Corresponds 0..n: Corresponds
: to element in : to element in : to element in
1 1 1
1 1 1
v1..1 v1..1 V1"1
Personnel Equipment Material
Model Model Model




Capability Property

Process _ Corresponds to Process
Segment Capability Segment
Is a collection of
0..n 0..n 0..n
Personnel Equipment Material
Segment Segment Segment
Capability Capability Capability
‘ Has properties ‘ Has properties ‘ Has properties
of of of
0..n 0..n 0..n
Personnel Equipment Material
Segment Segment Segment

Capability Property

Capability Property

1
0..n1 Corresponds

1
0..n1 Corresponds

1
0..n1 Corresponds

: to element in : to element in : to element in
1 1 1
1.4 1.4 !
v v V1 A
Personnel Equipment Material
Model Model Model
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Work Schedule Work Performance
relates ! Made up of ! Made up of
.. to may relate to
Work Definition <------ Work Request «------------- Work Response
l Made up of Made up of Made up of
Work P relta;esw K Definiti related v may relate to v
Oork Frocess orkK pefinition to
- D Work Order <----------- Work Order Response
Segment Segment 0 ,O de P
' \ | Specifies what i Defines what
Sse . Whatresources are I is to be done | was done
RN N needed for a ' !

“~._ specific task

What resources are T T =--—_ ~
needed for a common task

Activities in Manufacturing
Operations Management

Defines what | What can be done | i What was the resource
canbedone | for g specific task . utilization for a task
for common task ! I '

v v v
Work Work Definition  Capability
Capability Capability Utilization

l l l

Work Process Work Definition = Segment
Segment Segment Capability
Capability Capability Utilization



