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|i EI Our Team W Fdeus

Dr. Bernhard Schatz  |Model-Based Software Development

Michael Meisinger Service-Based Software Development
Sabine Rittmann Service-Oriented Software Engineering
Doris Wild Automotive Software and System Design
Maria Spichkova Verification of Embedded Systems

Jorge Fox Aspect Oriented Software Development
Dagmar Koss Compatibility

Birgit Penzenstadler |Requirements Engineering for Subsystems
Marco Kuhrmann Process Models

Florian Holzl Tool Support in Model-Based Development

TLTI

TECHNISCHE .
UNIVERSITAT Department of Informatics

MUNCHEN 2 Chair IV: Software & Systems Engineering



|E EI Responsibilities / Contributions

Theory

Service Architecture Level

Logical Architecture Level

Deployment Level
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Part I: The FOCUS Component Model

MONOGRAPHS IN COMPUTER SCIENCE

SPECIFICATION

System Model OF INTERACTIVE
yS °m 0ae SYSTEMS
St reams :gguge%r:‘gt“rg:?'ls, Interfaces,
Strong Causality
Composition
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|§ zi System Model Wi Fabus

Ic ‘|f i cr

LM al Control rc RM

System consists of

« named Components (with encapsulated States / State Machine)
« named Channel (possibly typed)

TI.ITI with a model of DISCRETE GLOBAL TIME

TECHNISCH.E Department of Informatics
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|§ zl Modelling Channels: Streams WFaus

Terminology

« Channels connect two Subsystems or a System and
its Environment (Input or Output Channels)

« Streams model Communication History of Channels

« Composed Systems are defined by Recursive
Equations over Streams

TUT
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|§ zi Streams

Let M be the set of messages

M
9
Moo

Set of finite sequences over M
empty sequence
Set of infinite sequences over M IN\{0} > M

Set of streams: M® =M™ U M=

Set of timed streams over M -
a sequence of messages for each time interval
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|§§I Timed Streams 'f’u@

Semantic Model for Interface Behavior

Set of messages: ’ N

// \\ Infinite Channel
M={a bgc ..} . \ History
—\

A
r Y
TI.ITI Messages in time
interval t
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|§ zl Interface Model W Fakus

| ={x1, x2, ...} set of input channels

O ={yl,y2, ..} set of output channels

Interface Behavior: map input histories to output histories

FT—>P(6)

X1: S — yi: Ty
F
Xn S“ — Ym Tm —
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|i z I Strong Causality 'f’ns’

Interface Behavior F:1 — ;D(ff)

Strong Causality

— —

r,2€ I,ye O,teN

rle =zl = {yltr1:y € F(z)} ={yliv1:y € F(2)}

A causal component F is total, Il T O
e.g. FEx =+ Jforallx,
TI.ITI OR Fx = O fur alle x
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Composition of Specifications

in X1- Ml , X9 M2 5 eos
out Yi: Nl » Yo N2 y eee

ElCl,Cz,...IPl/\.../\Pn
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Part ll: The CoCoME Model

Functional / Service Architecture
Logical Components Architecture
Deployment

Implementation
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|§ EI Functional / Service Architecture Level Mg

 Identify abstract components
* Identify communication dependencies

* |dentify modes of operation of components

« Specify the services of each component as MSC

« Compose services using higher-level MSCs

« Refactor components, modes and services as needed

« Semantical Interpretation into Behavior Automata

TUT
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Functional System Decomposition Wi Fabus

« System decomposes into communicating entities

cdd SYSTEM
Manager
Enterprise Bank
BarCodeScanner
Store CashBox
CardReader
CashDesk ExpressDisplay
Printer
m CashDeskGU!
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|EZI Component Mode Diagram

o

cmd SYSTEM/CashDesk'Modes

C S CLY
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|§§I High-Level Message Sequence Chart W@

msc SYSTEM/CashDesk

'

( ProcessSale )

( ManageExpressCheckout )

o~

s

TUT
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|g2l Hierarchical HMSC Decomposition '*’ui

msc SYSTEM/CashDesk. ProcessSale

N

( BeginSale )

!

( Scanltem )

X
Y

( SaleFinished )

|
( Payment )

% » Ganc:ISale ),

C EndSale )
o

TUT
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Service Message Sequence Chart 'f&n@

msc SYSTEM/CashDesk[Normal]. Scanltem
BarCodeScanner CashDeskGUI Store Printer i CashDeskControl SaleRecord
| | | | | | | | l | | | |
|
itemSdanned{prod| D) : P
[
|
|
( Addltem | )
|
| {, ....... -
] I I I ] I

TUT
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Subservice Message Sequence Chart

msc SYSTEM/CashDesk. Addltem

e

CashDeskGUI Store Printer CashDeskControl ~ SaleRecord
|
i H i I i |
» getPrn:!uctlnfc[pmdl D) : |
| returnF‘ro-i:I uctl nfo(pmdlnhl:u}
E I | .
I | |
i I‘ECGFﬂHEI‘f‘II:pI‘CldeG}H
| running Total(rt) !
I
I T
| PrepardOutput
I H
PAR i
< displayltem|nfolguiCutput) :
1

< printitemInfo(printOutput)
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Semantical Interpretation

Behavior Automata

eps

? itemScanned(prodID)

? finishSale()

I getProductinfo

I displayltemInfo

I printTotal(total . | displayTotal(total)

? returnProductinfoFail
(prodinfo)

(prodID)

? returnProductinfoQ
(prodinfo)

| recordlterg
(prodinfo)

| displayltemlInfo ? runningTotal
prodinfo) (rt)
! printitemInfo

(prodinfo) PrepareOutput ‘

! prepareTots . 2 saleTotal ()

| printltemInfo
(prodinfo)

prodInfo)

TUT

. I displayTotal(total I printTotal(total)

PrepareGUIOutput
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|§ EI Functional Architecture Properties WFaus

« Consistency
— Service specification comply with mode switches

— Interaction with externals comply with interface specification

« Completeness

— Internal and external services have a service specifications

— Service specification exist for each mode and mode transition

* Closed World Assumption

— Complete consistent set of services form the exact
specification of the components’ behavior

TUT
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Functional Architecture Level Results ~ Mffguw

cdd SYSTEM msc SYSTEM/CashDesk msc SYSTEM/CashDesk.ProcessSale
Manager
BeginSale
Enterprise Bank
Scanltem
BarCodeScanner —Iu I P Sal ~ }\
[ rocessSale
A /
CashBox
St 4 N
ore L ManageExpressCheckout ) SaeFinshed
CardReader
Payment
e h |
CashDeskGUI i
msc SYSTEM/CashDesk[Normal].Scanitem cmd SYSTEM/CashDesk:Modes
BarCodeScanner CashDeskGUI Store Printer CashDeskControl  SaleRecord
[ ] [ ] [ ] [ ] [ ] [ ]
| Sale >
itemSdanned(prodiD) -
Express
¢ Addltem ) —_—
< Bale -
] ] L] I ] ]
? returnProductinfoFail
msc¢ SYSTEM/CashDesk.Addltem (prodinfo)
CashDeskGUI Store Printer CashDeskControl ~ SaleRecord 2 itemScanned(prodiD) ! getProductinfo
I : ] I ] I ] [ ] [ ] (prodID)
| ) getProductinfo(prod| D)
relumPrggucunloggmdlnh‘ag »
recordltem(prodinfo] ( T )
> prodinfo;
g funningTolaliy ! displaylteminfo
3 PrepargQutput
PAR ]
displayltem nfoguiGtlput) ? finishSaleQ
! printTotal(tota
< printiteminforprintQutputy
| displayTotal(total) ! printTotal(total)
TECHNISCHE [ N e I . PrepareGUIOutput
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|§ zl Logical Architecture Level

« Map Services to Logical Components
 Map Messages to Data Types
« Specify System Structure

 Transform Behavior Automata to FOCUS Timed
State Transition Automata

« Complete the FOCUS specification

TUT
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Mapping Services to Logical Components'f’uf

Service Focus Component| Type

CashDesk.ExpressChecker |ExzpressChecker component logic (CashDeskCoord)
CashDesk.Coordinator Coordinator component logic ( CashDeskCoord)
CashDesk.SalesCache Coordinator local variable
CashDesk.CashDeskControl| CashDeskControl |component logic
CashDesk.ExpressStatus CashDeskControl |local variable

CashDesk.SaleRecord CashDeskControl |local variable
TECHNISCHE _
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Mapping Messages to Data Structures 'fjuf

MSC Message out in Data Type Channels
startSale( ) CashBox CashDeskControl |[CashBoxInfo chi
finishSale() CashBox CashDeskControl |[CashBoxInfo chi
cashBoxClosed() |CashBox CashDeskControls||CashBoxInfo chi
openCashBox() |CashBox CashDeskControl ||CashBoxInfo chi
cashPayment() |CashBox CashDeskControl ||PaymentKind |kindb
cardPayment() |CashBox CashDeskControl ||PaymentKind |kindb
itemScanned(. . . )|BarCodeScanner|CashDeskControl ||ProductBarcode|cs
getProductInfo() |CashDesk Inventory ProductBarcode|c
TECHINSCHE
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CashDesk System Structure Specification'f’uf

bdata[/]: BankData start[/]: Event

mcode[/]:
Bank ackb[i]: PaymentAck ProductBarcode

mcard[/]:
PaymentKind

mcash[i]: N

ExpressDisplay(7)

stop[7]: Event

y -t

7 expOfi[i]:Event
express[i]: Bool Node(7) - pOfil7]

CashDeskCoord _ info[/]: Salelnfo

mchange[/]: N

\

expEnabled[/]: Event

. 4 .
infoc: ackinv:
ProductBarcode . Event

c[7]: ProductBarcode

Store pd[#]: ProductAck
A 4 A
receive: i€ [l.n]
InventoryData
changeprice: ord: N
ChPrice .
ackrev: Event allpr: ProductDescr
- »
changed: Bool deficiency: ProductDescr
TECHNISCHE _
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CashDesk Node Structure Specification 'f’u@

abort: Event
mcode: ProductBarcode
mcard: PaymentKind
mcash: N
start: Event
expEnabled: Event expOff: Event
AP e
stop: Event
pd: ProductAck
mchange: N
ackb: PaymentAck YY VYV VYN
i .
_ cbi: CashBoxInfo
express: Bool
kindb: PaymentKind
cs: ProductBarcode cash: N
BarCodeScanner(7) > ~ CashBox()
cb: ProductBarcode
activate: Event expDisabled: Event
numr: CardNumber CaShDe§§COHHOI
> i
CardReader(7) pinr: CardPIN - change: N -
acked: PaymentAck printHeader: Event
c: ProductBarcode print: Bool
info: Salelnfo given: N Printer(7)
bdata: BankData pdata: ProductData
- Rl
kind: PaymentKind
amount: N
y A
N 1
cleanOut: Event
»  CashDeskGUI(7)
eModeViol: Event

TECHNISCH.E Department of Informatics
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|§ zl Transformation of Behavior Automata W

« Merge parallel output actions
* Remove epsilon transitions
« Merge local variable transformations

« Remove internal communication

« Merge general computation

« Transform messages into FOCUS syntax

« RESULT: FOCUS time state transition diagrams

TUT
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Merge Parallel Output Actions

e

? returnProductinfoFail
(prodinfo)

? itemScanned(prodID) ! getProductinfo

. (prodID)

? returnProductinfoQ | recordlterg
(prodinfo) . (prodinfo) .

TUT
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eps
. . | printltemInfo

(prodinfo)

I displayltemInfo

prodinfo)

? runningTotal

I displayltemInfo

I printlteminfo

(rt)

prodinfo) . (prodinfo) PrepareOutput .
! prepare Tolg . 2 saleTotal ()

| printTotal(total . | display Total(total) ‘
. I displayTotal(total I printTotal(total)

? finishSale()

PrepareGUIOutput

Department of Informatics
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Remove Epsilon Transitions

? returnProductinfoFail
(prodinfo)

? itemScanned(prodID) I getProductinfo

. (prodID)

eps

? returnProductinfoQk

| recordltem,
(prodinfo

(prodinfo)
C O
! printltemInfo . 2 runningTotal
(prodinfo), N )
! displayltemInfo(prodinfo) repareQutput . (rt)
? finishSale() | prepareTotal() I 2 saleTotal (
PrepareGUIOutpu .
! displayTotal(total), ! printTotal(total)
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Merge Local Variable & Internal Comm. 'fjuf

» Local Variables are updated

 Intra-component communication is removed

? returnProductinfoFail
(prodinfo)

! getProductinfo
(prodID)

. ? returnProductinfoQk | recordltem
? itemScanned(prodiD ) (prodinfo) (prodInfo
! printlteminfo

. (prodinfo),
! displayltemInfo(prodinfo)

? runningTotal

PrepareOutput . ()

? finishSale()
!
. | prepareTotal() 2 saleTotal ()
PrepareGUIOutpu .
! displayTotal(total), ! printTotal(total)

TECHNISCHE Department of Informatics
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Merge General Computation

? returnProductinfoFail
(prodinfo)

I getProductinfo
? returnProductinfoOk (prodinfo),

s' = s + price(ft.pd), | = descr(ft.pd) & |

? itemScanned(p
! printlteminfo
(prodinfo), PrepareOQutput

| displayltemInfo(prodinfo) Oﬁ
? finishSale() @

PrepareGUIOutput

I displayTotal(total), ! printTotal(total)

Department of Informatics
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Transform to FOCUS Syntax

s

? returnProductinfoFail
(prodinfo)

? itemScanned(prodID I getProductinfo
(prodID)

I printltemInfo
(prodinfo),

\

N\ 2 finishSale()

~
=~ — -»O.

I displayTotal(total), ! printTotal(total)

? returnProductinfoOk (prodinfo),

TUT
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CashDeskControl Behavior Specification 'fju@

pd # <>, pd = <invalid> / -

cb#<> /c =cb

pd # <>, pd # <invalid>/ s’ = s + price(ft.pd), I = descr(ft.pd) & |, sum’ = <s’>  pdata’ = pd

\ cbi = <finishSale> / amount’ =<s>
\

\—

TUT
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Complete FOCUS Specification (1) 'f’uf

— CashDeskControl timed —

expEnabled, expIisabled : Event; c¢bi : CashBoxInfo:

i cash : N; ¢b, cs: ProductBarcode; pd: ProductAck; ackb : PaymentAck;
numr : CardNumber:; pinr : CardPIN:; kindb : PaymentKind;
¢ : ProductBarcode; info : Salelnfo; bdata : BankData; express : Bool;
amount, sum, giwen, change : N; acked : PaymentAck;

out print : Bool: printHeader, activate, cleanOut, eModeViol : Event;
pdata : ProductData; kind : PaymentKind;

local st = Status: [ € ProductDeser™: cnum € CardNumber:
mode, modecash € Bool; s € N

univ.  x,y: Event ™; xzcbi € CashBozxInfo™; zk € PaymentKind™; xcash € N”
xch, xes € ProductBarcode ™, xpd € ProductAck™; zackb € PaymentAck™;
znumr € CardNumber™; zpinr € CardPIN *;

Department of Informatics
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Complete FOCUS Specification (ll) 'f’uf

asm  disjoint(ch, cs)
msg, (cbi) N msgy (kindb) » msg,(cash) A msg,(cb)
msg, (cs) A msg,(pd) A msg, (ackb) A msg, (numr) A msg, (pinr)

gar  ti(e,0) = () Ati(info,0) = () Ati(bdata,0) = ()
A ti(eleanOut, t) = () Ati(eModeViol, t) = ()
A ti( express,0) = () A ti(amount,0) = () A ti(sum,0) = ()
Ati( given, 0) = ()
A ti(change,0) = () Ati(acked,0) = () A ti(print,0) = ()
Ati(printHeader,0) = ()
A ti(activate, 0) = () A ti(kind, 0) = () A ti(pdata,0) = ()

tiTable ExzpressCheckerTable

tiAutomatCashDeskControlAutomat

Department of Informatics
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bdatal]: BankData sl Event
meodeli]:
Bank ackb[i]: PaymentAck ProductBarcode
meard[il:
PaymentKind
‘meash(i]: N
ExpressDisplay(i}
" Pl stoplil: Event
ex :Event
(cxprcss[l]: Bool | Nede®d PO
foli: Salelnf
CashDeskCoord infolf): Salelnfo mchangelil: N
expEnabledil: Event
infoc: ackinv:
ProductBarcode Event
e[i]: ProductBarcode
Store pdli]: ProductAck
receive: ieln]
InventoryData
changeprice: ord: N
ChPrice —
ackrev: Event allpr: ProductDeser
changed: Bool deficiency: ProductDeser

meode: ProductBarcode.

meard: PaymentKind

meash
start: Ex
xpOIt: Ev

stop: Ev

h

cbi: CashB

==

abort: Event

N

ent

Kind: PaymentKind

es: ProductBarcods. cash: N

eb: ProductBarcode

CashBox(i)

activates Event expDisabled: Event
oume: CardNumber Ci“’”‘;‘;f‘“‘““‘
CardReader(d) | pine: CardPIN change: N
acked: PaymentAck printHeader: Event
print: Bool
info: Salelnfo given: N Printe()
b BankData Pt ProductData
kind: PaymentKind
amount: N

CashDeskGUI()

TECHNISCHE
UNIVERSITAT
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Logical Architecture Level Results

— CashDeskControl timed —
expEnabled, expDisabled : Event; cbi : CashBoxInfo;
in cash : N; ¢b, es: ProductBarcode; pd : ProductAck; ackb : PaymentAck;
numr : CardNumber; pinr . CardPIN; Fkindb . PaymentKind,
¢ : ProductBarcode; info : Salelnfo; bdata : BankData; express : Bool;
amount, sum, given, change : N; acked : PaymentAck;
out print : Bool; printHeader, activate, cleanOut, eModeViol : Event;
pdata : ProductData; kind : PaymentKind,;
local st € Status; | € ProductDescr™; cnum € CardNumber;
maode, modecash € Bool; s € N
univ. @,y : Event™; zchi € CashBoxInfo™; zk € PaymentKind™; wzcash € N*
zch, zes € ProductBarcode™; zpd € ProductAck™; zackb € PaymentAck™;
znumr € CardNumber*; zpinr € CardPIN *;
asm  disjoint(ch, cs)
msgy (ebi) A msg, (kindb) A msg, (cash) A msgy(eb)
msg, (es) A msg, (pd) A msg, (ackb) A msg, (numr) A msg, (pinr)
gar  ti(e,0) = () Ati(info,0) = {) Ati(bdata,0) = ()
A ti(eleanOut, t) = () Ati(eModeViol, t) = ()
A ti(express, 0) = () A ti(amount, 0) = () A ti(sum,0) = ()
Ati( given, 0) = ()
A ti(change, 0) = () Ati(acked,0) = {} A ti(print,0) = (}
Ati(printHeader, 0) = ()
A ti(activate, 0) = () A ti(kind, 0) = () A ti(pdata,0) = {}
tiTable EzpressCheckerTable
tiAutomat CashDeskControlAutomat
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|§ zl Deployment Level "Fﬁs

 Technical Architecture

— Components are arbitrarily clustered into Tasks
— Tasks form executable objects implementing the behavior

« QOperational Architecture

— Deployment Infrastructure
« Thread

« Remote Method Invocation Facility

— Execution Environment / Target Platform
« Java Virtual Machines

'"m  TA + OA + External IFC = Executable System

TECHNISCH.E Department of Informatics
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Deployment Methodology 'f}n@

« Embed every logical
component in a Task

*% Technical Architecture
E ‘
- Embed entities of the &
technical architecture into
entities of the operational - ________ _______________________
architecture , | mnson Operational Architecture

VirtualMachine

 Mostcode is generated ------------------m o

 External interfaces

TI.ITI connected manually

TECHNISCH.E Department of Informatics
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|§ EI Deployment Example W Fakus

Java VM Java VM
CardReader Thread

‘ P/C | RMI |¢——— activate : Event———e CashDesk Thread

e numr: CardNumber—— | RMI | P/C \

CardReader
Code

CashDeskControl
Code

o

pinr : CardPIN-————» RMI | P/C |

| P/C | RMI |&—— acked : PaymentAck—|

« RMI calls synchronized by Producer / Consumer
« Strong Causality ensures Dead-lock freedom

« Synchronous Message Exchange + NoVal Messages
= Asynchronous Communication

TUT
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AutoFOCUS 2 Model: Mock-up Prototype 'f’us

T0.Car1Buzn.

simulatecBank
ey
26 P aymentiok:
1 g i

027 :ProduxtBacode

=29 CardNumbar:

CastBox e a2 Evert
TATCHa T ype
L B L — e
L 1 —
»

Cashdeseipp

ExpresstisplayF rosy 4

eE3:Event;
cfiEvent:

7 afrint  cThig:

cHIEVeNt coaizvert:

ailnt: olilnt:

PP )
1 10:Paymertiind: o]0:Faymentkind

e11a:Productygta o11:F oductDala

it
cquieve CashbesGUIP oy
et
b o1zin)
- - -~ - - N
I
inventors

<35 ChPrice:  c3%Buol e32:ibentoryDara; o8 Event 36 Inwenony,

#1Z:int

InventeryEry
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Handwritten Implementation: Mock-up PT *’lﬁ

* Manual part override dummy automata

private JTextField field;
private COhject lock = new Obhject()]:;
private Integer code = null:

public void do step() |
synchronized (lock) |
if (code!'=null) {
cs.setValProductEarcode (FroductBarcode. valuedf ("Code ("+oode .. Co3tring (1 +7) ")) ;
code = null:;
h
el=se
cs.setNoVall) ;

i
public void setCode (int c) |
synchronizedlock) |
code = new Integer(c):
i
public void actionPerformedictionEwvent argld)
try |
int x = Integer.parselnt(field.getcText()]):
this.zetCode (x)

field.zecText (")
} catch (NunberFormatException ex) {1}
m }
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Part Ill: Conclusion and Experiences

Summary

Lessons Learned
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Functional/
Service Arch.
Level

Summary

Service Model

cdd SYSTEM

S o

cmd SYSTEM msc service1

[eme) ity i

. Semantical
! Interpretation

Implementation Step: N
Transformation

Refinement-
REeMACerH

Logical
Architecture
Level

Logical Architecture Model

=] |G

I\ Implementation Step:
{| Infrastructure Mapping

Deployment
Level

Replication

Technical Architecture Model

Source Code Gen

. Implementation Step:

Implementation
Level
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Manual Impl.

ECU
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|§ EI Lessons Learned "lﬂn@

 Instantiation changes system structure in Deployment

— Connecting N cashdesks with the inventory changes the
inventory behavior

— Using a merger / bus component changes delay in the
communication from cashdesk to inventory

« Our methodology works for distributed teams
— Service Level Team analyzed requirements
— Logical Level Team used service architecture specification

— Deployment Team used logical architecture specification

TUT
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[ I

Part IV: Demonstration

AutoFOCUS 2 Model

System in Action
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Detailed Service Specification | "*’ug

cmd SYSTEM/CashDesk:Modes msc SYSTEM/CashDesk

( FrocessSale )
msc SYSTEM/CashDesk.ProcessSale

v ( ManageExpressCheckout )
BeginSale )

hl‘
Scanltem )

SaleFinished )

!

Payment )

Y
é Cancel5ale )

C EndSale )

TUM |
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Detailed Service Specification I Wi Fabus

msc SYSTEM/CashDesk.BeginSale

CashBox CashDeskGUI Printer CashDeskControl SaleRecord

i
L 1] L 1 L 1 i I
|
! < Ready =
| S T
|
staftSalel) i
T I
|
|
startSale
|
printHeader()
“ |
[
I [P S
: Sale
|
] ] I . _ I
msc SYSTEM/CashDesk.SaleFinished .
CashBox CashDeskGUI Printer ! CashDeskControl SaleRecord
[ ] [ ] [ ] | [ | [ |
| < sk
finighSale() i N
i prepareTotal()
i < saleTotal(total)
: PrepareGUIOutput
PAR/ . displayTotal{total) i
|
< printTotaII[totaI]
i  Bayment
m [ N e | — ——
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Detailed Service Specification 'f’u@

msc SYSTEM/CashDesk[Normal].Scanltem

BarCodeScanner CashDeskGUI Store Printer I CashDeskControl SaleRecord
| | | | | | | | | 1
itemSdannad{prodID) i >
|
( Addltem i )
|
I ....................
I {f Sale K
I I I I I I

TUT
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Detailed Service Specification IV Wi Fabus

msc SYSTEM/CashDesk[Express].Scanltem

BarCodeScanner CashDeskGUI Store Frinter
L ] L ] L ] L ]

CashDeskConfrol SaleRecord
_ L

............................

itemSganned(prodlD)

ALT

( Additem

expresshModeViolationiMsg()

TUT
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Parallel reaction problem

iT

if ti(
then

then

infoc, t) # ()
else ti(ackinv, t +

YteN:
if ti{ changeprice,

else ti( changed, t -

Vie[l.n]: Yt N:
if ti(e;, t) # ()

then ti(pd;,t + 1) = takeProductData(ft.ti(c;. t), invtable)
else ti(pd;, t+ 1) = () fi

vteN:

s

. {3 STD: Inventary 55

ti{ ackinuv, t 4

if dx € invt
then ti( chan
else ti( chang
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sreceive Yinvdata:
ackrovl EvertO ocoured:
instable=receiveP rodlinvtable invdatal:
(1§

sol P odelpbe’pdd HakeP rodudData i ode (pbo invtakle T
0

Cinfoc?Codelplc):
ackinWE wventOcoured:
instable=del=aldP rod(invtable phoT
0:

changeprice PR cw Codelpbc) por:
changeditestC hange Price(invtable chpticeZinverntoryd stal o C odel phbe), ppe
inwtable=changeP rcelindable charice ZinventorydataE o Codelphc) ppriT
0:

cord?xallpd invtable; d eficiencydinvDe ficiencylinvtakbl e <)
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Department of Informatics
Chair IV: Software & Systems Engineering



