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Information system: structure and process

MELBOURNE

Process modeling

Flow of tasks
Who manipulates data, and when?

How is data transferred from A to B?

Select best bid rO

Deliver product

Information modeling

Structure of data
Data retrieval and querying

Data manipulation

Send bid

Process models
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For each product:

create order, let suppliers bid, select the best offer
Constraint: at least two different suppliers should bid!

Create order Select best bid -.O

Organization

Send bid Deliver product

Supplier
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supplier

For each product:

create order, let suppliers bid, select the best offer
Constraint: at least two different suppliers should bid!

SIBAI|9p

contains

Create order Select best bid -.O

Organization

Send bid Deliver product

Supplier

I
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Information model
Process model: Petri nets with identifiers
Specification to define the manipulations

SSEINIETS

Create order Select best bid -’O

Organization

Send bid Deliver product

Supplier
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[Vo € order, s, € supplier : (receives(sl, 0) = 3s, € supplier: (bids(s,,0) As; # sz)) ]

Information model

Entity types
Relation types| Subtype

Constraints Unigueness
Mandatory

supplies

product

Population
Sets for each entity & relation
Valid if all constraints hold

SENE

: Transaction
contains
Add & remove entries from sets

Valid: if it results in a valid population
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Each place has a /ength, denoted by C(p)

Implied by the vector of variables on the arcs

Variable vectors on arcs
“Creator” variable: only on output

Binding:
C=T1 Maps each variable to ID
If “new”, use fresh ID
2 Create order p Select best bid
produ order ar N order -

» g (supplier,

product \ order)
2order ord orde der 2 order Gupplisr
Send order)

bid
(supplier, order Deliver
g lier, ord lier, ord i
Requedt bid (supplier, or er);d (supplier, order) Time
T \g;// B
~ i max 8 i
C=2 J supplier =®_‘ supplier

Supplier
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Mode: order — o1, product - pl

Petri nets with identifiers

Each place has a /ength, denoted by C(p)

Implied by the vector of variables on the arcs

Variable vectors on arcs
“Creator” variable: only on output
Binding:
Maps each variable to ID
If “new”, use fresh ID

(01) ;
2 Cr order Select best bid
. Ns) rodug; order »(®) order -
@ » g (supplier,
product order)
5 iyl ord orde der 2 order Gupiliss
Send order)
bid
(supplier, order, Deliver
g supplier, order supplier, order i
Requedt bid (supp )=u (supp )< Time
vV out
supplier max _fmé supplier
r\Q;;ﬁ

Supplier
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Mode: order » o1, supplier » s1

Petri nets with identifiers

Each place has a /ength, denoted by C(p)

Implied by the vector of variables on the arcs

Variable vectors on arcs
“Creator” variable: only on output
Binding:
Maps each variable to ID
If “new”, use fresh ID

(01) ;
2 Create order 9] Select best bid
produ »®) order 5o
.‘u > ' g (supplier,
product order)
5 iyl ord orde der 2 order Gupiliss
Send order)
(s1,01) bid
(supplier, rrder Deliver
Rewiagt bid (supplier, order)k,‘, (supplier, order) Time
vV out
supplier max Lfr@é supplier
bt

Supplier
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supplies

product

SEINET

contains

(o1) .
Create order 9] Select best bid
r product| | order »(®) order > >
[ . (supplier,
product ) order)
2 order e (supplier
order)
Deliver

Time
out

(supplier, order)

Requedt bid

supplier max “.r.-é supplier

(0T) Supplier
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supplies

SEINET

contains

Create order p Select best bid

r product | order »(®) order
|| (supplier
product order)

2"order transactlon sendBld (supplier: supplier, order: order) { }

insert (s,o0) into bids;

Deliver H

Time
out

Requedt bid

supplier “.r.-é supplier

Supplier
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supplies

product

@
Q
@

a >

@ 7

b7 (ST,O])

Yo € order,s, € supplier : (receives(sl, 0) = s, € supplier: (bids(s,,0) As; # sz))]
Cq
contains
o1
Create order ©) 9] Selectbegt bid
3 product | order o) order >
e » L = upplier,
product r)
2'order arg — transaction selectBid (supplier: supplier, order: order) {
S insert (s,o0) into receives;
! bil_}
(supplier, order, Deliver | |
Request bid | (supplier, order)=v (supplier, order) Time —
— vV —out
supplier max ‘fm\s_ supplier
gt i

Supplier
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Process model: Petri net with identifiers
(built on top of ePNK)

= tutonial
& webshop
o et order —_—
1 @ (o)
!
Product store ® Qpén drder
o) ©
(order, supplier) send bid
request bid fog) (o)
© open bid
(0.5)
8 Outline 2 st =0 @ © \
0 response
Supplier store Q e ©
(o) -
(ol ©)
@t o o
9] 2(0) O (order)
max concurrent suppliers
=
B3 ePNK: Applications
Runtimena.. Applicationname  Net Info
[ ISMsuit.. Simulator Purchase process idle

(s)
select best bid

2(0)

Supplier store

(0,5

(order, supplier)

selected offer

(0s)

deliver

=]

[ IMSuite: Simulation &2

- X

Q g | R R

=0

Currentworld Warnings Conjectures

contains (5)

contains(ed, p1)
contains(e2, p1)
contains(o1, p2)
contains(e3, p1)
contains(el, p1)

supplier (3)
supplier(s3 )

supplier(s2 )
supplier(s1 )

delivers (1)

delivers(s3, o1)

product (3)

product(p2)
product(p1)
product(p3)

bids (2)

bids(s2, 01)
bids(s3, 01 )

order (5)

order(e1)
order(ot)
order(e4)
order(e2 )
order(e3)

supplies (5)

THE UNIVERSITY OF

MELBOURNE

supplies(s2, p3)
supplies(s3, p3 )
supplies(s1, p1)
supplies(s2, p2)
supplies(s1, p2)

Information model:
sets and relations

receives (1)

receives(s3, o1 )

H%Xx=18
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Information Systems Modeling Suite

deliver

2019-2020/T purd I/#p - Eelipse IDE
File Edit Diagram Navigate Search Project ISM Suite Window Help
=l v fl v % & v o v | A Tehoma WIS s 7 |a~vbw sv—v|BivRvLv|i]| s T~| 100%
1% Package Explorer 21 BS|% § -0 %GTkkpoml % *purchaseProc % Page (id): purchaseProcess 1
> @onk Application: ISMSuite Simulator
> & utorial
> & webshop
Supplier store
()| |65
create order (order) selectbest bid | (order, supplier)
© ol (o) sy ) (©s)
e | o, " No:
Product store () gpenrder selected offer
0 (o)
(order, supplier) send bid
request bid, L@i (09
]
85 Outline s i -0

ies ™3 ePNK: Applications

Runtimena.. Applicationname  Net

Info
[J IsMsuit.. Simulator Purchase process idle

open bid
) |

Q

0 response
Supplier store s (©)

i}

3

2(0)

§ (order)

o

2(0)

max concurrent suppliers

»
ot

THE UNIVERSITY OF
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X
Q iRy R
[ IMSuite: Simulation 25 =g
14| | Currentworld Warnings Conjectures

typing_product

Information model:
sets and relations

(!10:order] : ((![S:supplier]:((bids(S, 0) => (2 [P:product]:(( contai
supplies(S,P)))))))))

Information model:
Constraints in
First-Order Logic

c4_mandatary_contains

P MY X =8
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File Edit Diagram Navigate Search Project ISMSuite Window Help

2019-2020/Tu purct pnmi/#pi

Information Systems Modeling Suite

Byl RSP i~ §l v b v D v rtifEhoma 9 R R T A b R e | =~ || 100% o
[2 Package Explorer &2 E%|le 3§ =0 2% GTKKpnml  ®% *purchaseProcesspnml | i Page (id): purchaseProcess &5
> B Application: ISMSuite Simulator
> & utorial
> & webshop
Supplier store
© |©
o See oder (G selectbestbid | | (order, supplier)  deliver
RN (0) (o) | (0.5 08 _|
= "3 s o
Productstore (P | © Opfﬂ)w N A selected offer
©
N (order, supplier) send bid
request bid {og) 5 ... I
© open bid
- s) (o) |
85 Outline sEE: -0 @ o
0 response
Supplier store D s @
()
G (°)}

2(0)

= e 20) |

A

max concurrent suppliers

riies ™3 ePNK: Applications £

Net
Purchase process

Info
idle

Runtime na.. Application name
[ 1sMSuit.. Simulator
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[T IMSuite: Simulation &2

Currentworld Warnings Conjectures

sendBid([s->s2] [o->e2])

Transaction violates the following conjectures:
* d1_supplier_only_bids_on_product_they_supply

sendBid([s->53] [o->e3])

Transaction violates the following conjectures:
* d1_supplier_only_bids_on_product_they_supply

sendBid([s-> s3] [0->e2])

Transaction violates the following conjectures:
* d1_supplier_only_bids_on_product_they_supply

Y/ sendBid([s->s2] [o->ed])

Transaction violates the following conjectures:
* d1_supplier_only_bids_on_product_they_supply

sendBid( [0 ->e1] [s->s21)

Transaction violates the following conjectures:
* d1_supplier_only_bids_on_product_they_supply

8 t8([s->e5]) K7
(A vocs>ipops)

) ©9([p->pl] [s->52]) f

S8 19([s->s2][p->p2]) ¥

b +10([s->s1i [p->p1])

AT T~ a8 s

Transitions firings
that will violate
constraints
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supplies

product

Information Systems Modeling Suite

Internal Petri net simulator
Internal automated prover on finite sets

SEIVEL)

Interplay between information and processes

contains

Future work
Incorporate information modeling in the suite itself
Develop modeling & analysis strategies
Extensive experimentation with students

. Create order p Select best bid
produ order ) order
;j (supplier,
product order)
e > 2'order

2’order

Deliver

Requegt bid

supplier max _,m;i supplier
gt 5

Supplier
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Modeling the Interplay between
Information and Processes

www.informationsystem.org/ismsuite/
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Artem Polyvyanyy
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