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Context

¥

@

Software development point of view on Holonic Manufacturing
Systems

- Software Quality [sohoma 2017]
- Separate core concepts from case specific concepts [sohoma 2018]

-  Communications & maintenance [sohoma 2019-2020]

We need
- Clear semantics of the HMS models R

- Base implementations (frameworks)
? Focus on Aggregation

L
o
. More information ¢ Ask a question
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. Problem statement Object of study =
- Modelling issues Aggregation P
- HMS Aggregation patterns .

- Design concerns
- Conclusion
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. Holonic Manufacturing System ’ SOHOMA
- Focus I

ke 0.*

)

5 . \

> . . ___t " Production - B

g AggregOTIOﬂ (WhO|e-pCH'T) IS , Order holon knowledge | Product ho!on—‘

o) . 0.+

o a key concept in HMS e ‘

= 0 \ O“‘.‘:

= Process execution . Process knowledge

§ « Prosa [van Brussel 1998] Riranledge \],_* WE

% ) | “wessirestholon | [Van Brussel 1998]
c “Aggregated holons are defined as a set of related ] ‘

2 holons that are clustered together and form on their

O . . . . . P > | .

o turn a bigger holon with its own identity. parts | o = J composite

§ “holons may belong fo multiple aggregations,”  =========="""""""""""""""["""alon )

whole

“Aggregated holons are no static sets of holons, but
can dynamically change their contents”

ProductHolon

« ARTI [Valckenaer2018]

“PROSA aggregation remains a non-optional feature in
ARTI. “

N
N
@)
—
LU
>
[

‘0

L
LS
c
<
o

A Different from Data Aggregation OrderHolon ResourceHolon
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Problem statement

a) Behind the shared
idea of grouping
holons, the models
vary from one

interpretation/model

to another

ADACOR [Leit@o and Restivo 2004]

[Baina et al. 2006]

product/task/supervisor/operational

product/strategy/supervisor/operational

> Not comparable
> Not reusable

» Not interoperable

[Blanc et al. 2008]
[da Silva et al. 2014]
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0..* 0..*
- ROMS s
5 o -’fﬂ’ﬂ_ __H‘h—\\
OpH
-prodid[sk:String optimization and
-namels]:String supervision — ;Zide[f:jsélrrfg
~descriotion]s]:String S
-drawing[s]:String / L. HJocation[s]:String
-subProd[m];Product / ypels]:String ;
-prod Plan]s]:ProductionPlan i <arvlog[m]:Servicelog
(0 Mhred Ffallures]m]:Disturbance
+reguest() )1".! i
+proposel] \\\\ +prnposeu
+award() SuH +E5['-ab|lsh [l
+establish() +register()
#register() -reProdPlan|s|reProductionPlan Hinform (}
rocompose() -schis):Schedule +refuse()
+verifyl ] -compHollsl:Com positeHolarchy +agree()
o.* -reCom pHol[shreCompositeHo larcy +quew|:_}
Lt  — -reSchishreSchedule +subscribe()
e +|nf_m-r;1”__ i +request()
Sh: proposel) +propagata()
-prod Orderld]s|:String :ca: celf) \l...”
| ~clientOrderld[s]:5tring refusel)
production plan -prodPlan [m]:Prod uctionPlan tpropagate () \I
-guantity[sl:integer +qu§w{?
-earliestDate[d]:Date taubseribel] ‘
-duelate[d]:Date 1. z}

-serv[m]: Service
-rm[s]:RawMatery

.

/

. production stratetegies

tintorm{)
treqguest|)
+ouery()
+subscrinel)
+proposel)
+eallforproposal{)
+rejectproposal()
+acceptproposal()
+awardcontract()
+establ shl:_}

production allocation
faut treatment

degeneration
—
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o) Q SOHOMA
(@
B Problem statement
O]
g Shop holon Workstation holon Eqplipmant halad
g b) Misunderstandings / A 1% e
9 Interpretations i [ 1 | e
% n Assembly shop| | Milling shop Robot {| NC-machine Conlveyor :‘i
T & ™ Y
<+ PROSA [Van Brussel 1998] | ' 1_
>
el %) 2 .
4052 A " 2' i '3, ‘ %ﬂ station| |Milling station| |Assembly statioﬂ Aggregation vs gen/spec
= regation ,
& <dred -4 0 + Q3 homogeneity 2
,}_5 « QI Transitivity 2 !1 CY———— Assembly shop composed of
239 S4=S10S2or | Milling Stations?
g S4n (S10S82)=0
<

« Q2 shareability 2 N s5
N 0..* 0..* \ 0..*
.
N 0..* 0.. 0.* 0..* 0..% 0..
O Equipment holon| """ ~ Workstation holon > "~ Shop holon| ~ Factory holon
— 4
S . S1 - s2 s3
: n 0..
‘0 . ] \ / 0" 0..%
S > Lack of precision e ¢ s4
£ - =
= > Lack of details 9 &

> Lack of semantics

ﬁ Free inferpretations lead to software issues
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Outline

- Introduction

- Problem statement

- Modelling issues

- HMS Aggregation patterns
- Design concerns

- Conclusion

Object of study =
Aggregation
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Modelling issues
1- Meaningless models

Formal assertions (OCL)

Resource holon

0)
.£
)
=)
0
2
)
<
o
>
L
C
9
o
T
£
[%2]
C
P
o)
=
o
o
C
Q
=
o
@)
L
)
o)
<

£
2 PROSA [Van Brussel 1998]
& ?
nfs
Aggregation e < e
. - ¥ 0..*
* QI Transitivity @ '1 . >, . R =
4 o1 o on Equipment holon| 9" " __|Workstation holon ©-*  0--" |Shop holon 0..* " _|Factory holon
SA =S T 0 S20l ~ EEE—— m"——<>s2 aa
S4n (S10S2) =0 ——gr ¥ ,
4 N \ / Du* | 0..*
| s4 g

context Shop_holon
inv non transitive: — A shop consists of :
self.workstation_holon.equipment_holon—> excludesAll(self.
equipment_holon)

P. André — VELO'22
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Modelling issues
2- Type/Instance confusion

Shareability
5 PROSA [Van Brussel 1998] Instanciation — aggregation or metaclass
>
2 a?>
X o - .
Aggregation types instances

* Q2 shareability

0..* — e
TProduct Product / part _
N 5 {
NS N 0.1/

|
J
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—

components | 0..* whole Q _Q«

Types : YES — many 0..* Instances : NO —one 0..1

P. André — VELO'22

Key axis in ARTI

~

More information 2 Ask a question

7= 1A
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MOdelllng ISSUES Instanciation vs aggregation
. . <<metaclass>>
|ﬂSTCIﬂCICITIOﬂ - fOCUS Car class
instanciation features
Metaclass aggregation .
- Class features |
Attributes (shared by instances) [ car Model <<instance_of>>

I
options < features |

Operations Car

e.g. new number plate
options

e.g. nhumber of doors

- Instances features

Attributes
eg registration number --
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Operations -
eg drive _--

- A metaclass instance is a class

- A class instance is an object

P. André — VELO'22
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o . . SOHOMA
C
M Modelling issues
©)
el 3- Recursion failures
O
= Avoid infinite loops
@ _
fe) TProduct composite
O (%]
= ;E_) Aggregation properties 0.*
23 * Concise but complex
57 « Not reflexive components | 0. P
& «  Asymmetric ‘;’f»i
C 1
o
= « Transitive 4‘
o L 1.* t *
8) ) Product components Product 1 1-
(®)]
< OCL invariants
nomenclature
nomenclature {disjoint,
complete} N\
N Protocols & 5 o
® : —a ™ .
E Aggregation protocols ;‘r ComplexProduct 0.. | BaseProduct ComplexProduct
\é « Reduce complexi’ri}"‘d’ composite
g (testing)
< . .
: . - " , Separate atomic- composite - abstract
o Modularity, Reusability Seporo’re Composfre ‘.

i

i

) i
. e

« Documentation
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q?;, Aggregation vs gen/spec
(@) ° ° o W SOHOMA
= . ity 2
M Modelling Issues it Q3 homogenelty
2 o e . !1 Assembly shop composed of
S 4- Specialisation errors - Miling Stations? .
5 PROSA [Van Brussel 1998] < /‘
: Inheritance side-effects o] varslor ] compaste ,’) -
S 0." ol "<\ Inherited aggregation =
o¢g ST . oen whole a product holon could be
© Aggregation inheritance 0.. 0.
£g o - made of resource holons !
= @ »  Polymorphism 2 S i)
= = i
< * Heferogeneity g < ProductHolon é‘
5 8 S parls | 0 composite
= « Exceptions - -
o) 0.* Holon
o
B o
< e
‘ .
o OrderHolon ResourceHolon
- \ 0. 0.
Precision A
Restrictions /composite

« Homogeneity

* Inheritance Schema % homogeneity
OCL invariants

ResourceHaolon
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Outline

- Introduction

- Problem statement

- Modelling issues

- HMS Aggregation patterns
- Design concerns

- Conclusion

Object of study =
Aggregation

o)

SOHOMA

)
U




o)

o . SOHOMA
C
M HMS Aggregation patferns
s |
) e fype
= HolonType e
> - o ks
0 A non-trivial structure that implies several classes "rﬂ ; narts
C . . . . . . . o
B with aggregation and specialisation relations .;ﬂ'ﬂ instances >
L GE) — J;’ compaosite Holonlnstance | 0..1
= Product Holons XEBIOMIL, / \ ] por
@ o complete) \ - K
o . Product Holons B
% / % (} whola
% . Resource Holons BaseHolonT ComposileHolonT
ke
% Equipment Pools A ,./-fj’f—.— Product
g Organisational units type
<€ .
Transportation / r A
ProductT | P8
- Order Holon Pattern —
N T 1
N 2] %
9 . . 'J b CENTIpGETY
0 Non exhaustive list N
\é | 0.1 whdte
© FUUNT . ; \
= + Specialisation : - :
R BaseProductT CompositeProductT ‘ FragileProducl
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M HMS Aggregation patferns
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0 Pattern combination FolonType |

5 1 pars

]—? g . : parts 0.* container | 1

£ "?7': \ composita o i Holonl &1 3

7 - Product Holons (disjoint \ ' e

= complete} — 7~ 1"~ N” " cpi A ;

o plete} ol 0. containg
= - Storage Holons ok L {disjoint.

o .3 Q whae complete) S R

g BaseHolonT CompositeHolonT

= |

% I A /_ff,;_—-— Product ProductContainer CompositeContainer
g type 0.

g U A 5 A

Shema

 ProductT . Frontainer | 1+

specialisation (again) Fo
:_..*-.l 8 : (o el g e ettt cantaing
J/ {disjoint,
g R e | completel — 7 T T T T .
Fi \ 0,1] whdle

BaseProductT CompositeProductT FragileProduct . FragileContainer FCompositeContainer

N
N
O
—
L
>
|

O

Pt
O

C
<
o




o)

SOHOMA

HMS Aggregation patterns

A non-trivial structure that implies several classes with TR
. . e . Resource holon
aggregation and specialisation relations

« Product Holons [%

« Resource Holons

Equipment Pools

holon] Workstation holon

Transportation - -zx A %

- Order Holon Pattern 1'——3—* : — |

Assembly shop| | Milling shop} Robot ‘NC—machine Conveyor

Equipment holon

Organisations Shop
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Non exhaustive list b -

CMM station; |Milling station| |Assembly station

P. André — VELO'22

[Van Brussel 1998]
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0 A non-trivial structure that implies several classes with

Eg aggregation and specialisation relations

T

£ - Product Holons

e

o) - Resource Holons

O

o .

c Equipment Pools Fool located-in .‘DrganisatiﬂnUnit ocated.in
?‘9 Organisations Resource : & ooy 0+ \scation 0.1 | x

g Transportation 0. 0.1 | request 0 1 includes | 0 )

< contains | 0.

« Order Holon Pattern

Non exhaustive list
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HMS Aggregation patterns

A non-trivial structure that implies several classes with
aggregation and specialisation relations

« Product Holons

. pot—
i

Résource holon
« Resource Holons

Equipment Pools /\

Organisations

Transportation O
- Order Holon Pattern o 0.* N
iEquipment holon{ - " __|workstation holon 0-* 0. i "\;Factory holoni
1 X E |
Non exhaustive list 0.x\ ~J9-°
i 0..*

[Van Brussel 1998]
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HMS Aggregation patterns

A non-trivial structure that implies several classes with
aggregation and specialisation relations

« Product Holons

« Resource Holons

Equipment Pools Layout Section located-in OrganisationUnit
. . -\-\-\--d-
Organisations 0.1 0.* 0.* R
path 0~ located-in
Transportation o :
0.1 [ *|connecls 0.1
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0| tpe |0~

Non exhaustive list
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HMS Aggregation patterns

A non-trivial structure that implies several classes with
aggregation and specialisation relations

« Product Holons

« Resource Holons

Equipment Pools
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Organisations OrderManager fordered] Order {ordered) Task 1% fordered}
; drives * < . I
Transportation 0. state 0. -
—‘-"'__\_\_:-_1

« Order Holon Pattern 0.*/'\ fordered)

{dizjoint,
complete}

Non exhaustive list contains

AtomicTask ComplexTask
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Outline

- Introduction

- Problem statement

- Modelling issues

- HMS Aggregation patterns
- Design concerns
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Aggregation

o)

SOHOMA

)
U




SOIa/IA
:

avakdng R
fysteresls Bridge

Design concems ¢, ==
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Software design patterns

Command
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Others

« Creation chongrgatin i, ]
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cefinin
algonifm'a

sps~_ ]
Template Method afferr oes

3 Factory Method

< configure ety

Implamant using

!maci Factory

A Just an architectural aingi ﬁ
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sketch atigi [GOF 1995]
SinglaF
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Conclusion and perspectives

Aggregation is a key concept in HMS

Systems

- Many modelling issues may reduce the model quality
- We identified basic patterns for HMS.
- We tracked design concerns.
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Next requirements Ambifious open

1. Common HMS reference model project
2. Customisable HMS framework

3. Instanciation to different contexts and case studies § -

b 4
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HMS Software factory

manager mx__..m; 7
4 SoHMS
— [ <<Module>>
Manufacturing <<Module>>
Editor SOHMS
\ & |k Framework
| @

JSON <odule>> |} Q
Workshop , TCPP | <Glodder> N
component SOHMS

Manager 4
“— Specific Part
\ pos J
<odde» |
fibrari Workshop £\
Editor TCPWP
L
b
[ <awmie> |
Quality Workshop
Manager ~
g —_— Simulation Real
7 <<Module>> (Arena...) System
> 7
17 Monitoring
\ J

Application Architecture

b Model

o)

SOHOMA

After
Modelling Layer
Workshop Manufacturing
(Resources) (product, orders
“pbstract

Models
Engineering Layer

Correctness
Properties
Verification Consistency

Qos..

13

>ou=2=o: C<2
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Software Construction Process
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% | n Tro d U CT' O n Business processes 27
8
2
O =33 interaction during the
pS Pro b | ems gl planning level
% dstwbapce 4 |
. . interaction the
4 ' Behindthe sharedidea € Glocaton process
o of grouping holons, the -,
e models vary from one level
% interpretation/model to p—
= another
9 J," coordination
% / level
) /
3 [Blanc et al. 2008] TR
< -
e operational
OpH % — — — — =3 OpH ¥— — — — — -3 OpH level
N > Non comparable _____*_*_vr_;. :1
O —;I (e physical
g > Non reusable to other case [ = =] level
| studies and other = A .
L manufacturing systems ol i
C Resource Capability
<(. " provides1.?
o

ADACOR holons repartition [Leitdo and Restivo 2006]

I \\_/ D
[da Silva et al. 2014]




