rCOS

Define Meanings of Component-Based Software

Architectured
I

I"HSHY&, (H#)
HSYBE& () S ++, %6-$) (/%4
0.4#11)1/112/%3*4&'5167)7./%%*&$.-4/818197 /<=
2$<00$&#-%12$: @'A&SB7<>$: @5'Ad
|



D{ E-<!IDF!G/4B-4&42H0

(! E-<!IJF!07%-&4.\K/*&L-4/&!

J( E-<\JK2HOM7B7)/3% 7 & E</.7>>!
!



Aim, Theme and Scope of rCOS
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Are Software Systems Reliable?

Nuisances caused by software bugs
! Web browser freezing while performing an important task

o/ Windows 7 'Black Screen of Death' blamed on malicious
software, (BBC&Deletegraph, 2 Dec 2009!:::(:7)7'<-3#(./(*= X




Ariane-5 Explosion in 1996

Caused by an exception in software
Cost about 300 million Euro
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Therac — 25 Accident 1985-1987

Therao25 Unit
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Figure 1. Typical Therac-25 facility
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Chinese High Speed Train Accident 2011

Signal Flow Fault?



Economic Cost of Software Bugs

http://www.cse.lehigh.edu/~gtan/bug/softwarebug.html

! Software bugs costing the U.S. economy
$59.5 billion each year,

o/ More than half borne by end users, the rest
by the vendors and developers

o/ Improvements in testing could reduce it by a
third, or $22.5 billion

o/ But testing won't eliminate all software errors

WASHINGTON (COMPUTERWORLD) , 2/2002



1994: “Software’s Chronic Crisis”

Il “Software engineering! a term of aspiration “[Gibbs 94]

Il Problems: Late deployment, budget overflows, unreliable and
unsatisfactory systems, systems never delivered!

Used as delivered

Used after change

Abadoned, or reworked The fate of US

defense projects
according to US

. . government statistics.
Paid for, but not delivered (Connel & Shafer 1989)

projects

Delivered, but not used

_Project Value $M

0 1 2 3 4



Il Ap software debacles are routine. And the more ambitious the project, the
higher the odds of disappointment.AjyCarr 05]

K?a!

" 1Since 2001: a database on suspected terrorists

" 1Jan. 2005: $M170, Afot even close to having a working systemAy
1 K/<LIG/:/<>]

" 1Since 2000, project ApverestAybuying supplies, replacing legacy

" 1 Aug. 2004: $M200 over budget, abandoned (" -version slower than

legacy)

1T G.M/&-)L A=l

" 1Since 1999, project AlpnovateAybudget $M1,000

" IKilled in 2002, writing off $M170



Inherent Complexity of Software (Software Crisis)
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Aphe major cause of the software crisis is that the machines have
become several orders of magnitude more powerful! |. AGAG

--- Edsger Dijkstra



State of Practical SE
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Verification and Validation
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67>4&'Fdetermines the correctness of the execution of a program for
a given initial condition and input set.

0:-4.1S&-) @>%determines program properties such as data-flow

paths and control flow paths that can be deduced from the static
structure of the program.

G/L7)!12#7.=%$& Fdetermines the correctness of a temporal property
for the executions of a program for all initial conditions and inputs.

K/<%-)'E<//1determines whether a program conforms to a
specification of behavior, such as an input/output relation for all
executions of the program.

0*&4%7'G/&$:/<$&dynamically checks whether the execution of a
program conforms to a specified condition.!



Sate of Formal Methods
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" levent-based modeling of interaction protocols and verification by
model checking

" Ipre-post conditions specification of functionality and formal
proofs by theorem proving, runtime checking and testing

" Istate-based modeling of dynamic and timing properties and
verification by model checking

" Irefinement calculi for model transformation
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Objectives of rCOS
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" Imodel different views and analyze correctness of different
concerns with different VV techniques and tools

" lautomate verified design patterns and strategies to reduce the
burden on (automated) verification

2.1 E</BSL71-1>7%-84.11/*&L-4/&\1/<I<T)-4&'V:HT\%T #/L>1-&L!
HTI$&:T'<-4& 11/)>111ggl:$:#:#>T11ILT>$'&!

3.!Support new software development paradigms — e.qg.
3</'<-%%%$&":-Q)/$L!./%3*. 7<>h!

EXI&H#TI<ST>51%7 #/L>1-&L!/)>.1&>$>7&:) @[T #T<I$&!!
L7>%$'&!13</.7>>7>]



D( 6#7/<@d& modeling language, its semantics, refinement
calculus, analysis and verification of models

I(! 6//)!>*33/<:Fan integrated tool suite to support model
construction, model transformation and model
verification

J(' S33)%.-4/&>develop a set of verified case studies,
trading systems, healthcare systems, environmental
monitoring systems, etc

(" C&/)7LT7-&LT7 #&ND'@!:<-&>17<telach a coherent and
comprehensive methodology that begins with design for
verification and validation and integrates verification into
development process!
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Computers, Computation and Programs

" 1 Computer carries out a computation by executing a program

" 1 A program consists of a number of variables and a sequence of
commands

" 1 At the beginning of the execution, the computer receives an input

" 1 During the execution, the commands are carried out according to the
flow of control defined by the program

" 1 At the end of the execution, an output is produced.

" 1 The same program can be executed for different inputs and produce
different outputs.

" 1 This is mainly about sequential programs,
" 1 But concurrent, distributed mobile, web-based computing?



I input and output take place in different ways one different systems:

" 1'input from keyboard, output on screen or audible device
" linput through hardware, output by printers
" lyour own programming exercises?

I what goes on internally is common for all systems

it is during the period from the end of the input to the beginning of the
output that the real process of computation takes place

| at the end of the execution, the final values of the variables are

converted for output.

abstract the concrete input and output technology and focus on the
real process of computation



| after compilation and before execution, each variable is allocated an

address of memory to remember the data

at the beginning of the execution, the input sets initial values of the
variables

at anytime during the execution, a command is carried out and the
data of the variables are changed according to the meaning of the
command

| state describes the mechanism of remembering values of the

variables

Input is to determine the initial state and at the end the final state is
what must be the output



Abstract from input and output

Focus on what goes on from the moments when the input is
completed and the output is ready

A computation is a change from an initial state to a final state

An execution of a program on a computer as (effecting) a
computation

I Questions:

" Igiven an initial state, what determines what must be the final
state?

" 1given an initial state, must there be a final state?
" Igiven an initial state, is there only one possible final state?



I the semantics of a program is the meaning of the program
I the semantics of the program determines for a given initial state

what must be the final state(s)

I the semantics of a command should not be dependant on in which

program it occurs

" lallow a systematic, generic and inductive way of defining the
semantics of all programs



| given a program P, assume a finite set of program variables " P
I for the study of all programs, need an infinite set of program

variables, denoted by Var

| each variable x in P has a type
| operations, such as +, * and on integers, are defined to form

expressions

I e do not formalize the notion of data types, but assume a set of

values for each data type, and

I assume a universal value space Val when the types of variables

are not relevant



Il a state over #(P) is a mapping from P to Val

"(P)={x1,!, xn }

s:"(Py——> Val

sxi=vi,bi=1,! n

Il a program is a sequence of commands

Il the execution of each command changes the values of some
variables, and thus changes the state
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.var int x, y; x:=x+1/y

.var int x,y; x:=1

.var int x,y; x:=1; if x>0 then y:=x

_ W NdDRr

.var int x,y; while true do x:=x!



Semantics of Sequential Programs

'l A semantic definition is about a way to observe the execution of a
program

I'l' For a sequential program P, we observe the relation between the
Initial states and final states
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Refinement of Sequential Programs
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Il X: integer, y: set of integers, programs to add, delete and find a value
can be refined by

" Iprograms with X: integer and z: array of integers, operations on
arrays?

" Iprograms with x: integer and z: list of integers, operations on
lists?



Link to Dijkstra wp and Hoare Logic

¥! {pre} p CIR {post} Cmp C; pre) Bl (R C; postAl
¥'wp(p CIR, q) Cmp C; = (R; -q)
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Semantics of OO Programs
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OO Programs

N S&IN3</'<-%IELI&>$>:>1-1)$>:1/11.)->>IL7.)-<-4/&>1-&L1-1%-$&I%7 #/L!

0! 2)->>M7.)>!.-&IQ7I<73<7>7&: TLNZ@E .. L#+&T7+$ 5!Q*10@!-!
L$<7.:7L1-&L1)-Q7)!'<-3#1$&!<2HO!!

o! SI>:-:7/1IEL-&!IQ7!<73<7>7 & NIM\U]-*5' L#+&7+$@*: ! Q@ !-!
</[:7TLSNL$<7..7L!-&LN-Q7)7L!'<-3#!

o! 6#717b7.*4/&\1\-IL7:7<%$&S>4.11./%%-&L! .| #-&'7T>&T>:-:71'<-3#!
N-&[HT<IVVILT)-T1-&1$&$4-)1>:-: 71 /1- 1P &-)!!

O! JHT&\&I&VLT . 7T<%$&S>%!-))/;>5#71>7%-&4.>1/11.1.-&!Q7IL7P&7L!->
11

1N11310VV!IO!
ME#7<7131$>1-13<7LS.-: 71/&!>:-: 71'<-3#>1-&LIO1$>1<7)-4/&!1Q7:; 77&!'<-3¢



Person acct A ccount
annt nt
trans
G uest Transacton
stays resv
Room Reservatbn
no:Int

G uest

Tesv

Reservatbn

Person

Room

Int

Transacton



State Graph

What is the corresponding
UML object diagram?

The root is the instance of &
main class

An object and its related
objects is a sub-graph
rooted with object

Primitive attributes are
leaves

Object (graph) and state

graph are typed by class O
graph (0810,Int)

(r5,Reservation)

(rgAccount)

trans

(1000,Int) (rs,Transaction)
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Reactive Designs

Z Z

Z Z

Z Z
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W(D) Cnif wait then wait A#llse D!

F<L7LIL7>$'&H&D Cnf g then D else wait Al
E</37<47>!
1) W(W(D))=wW(D)
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3)b&(p CIR)=9&W(p CIR)
IXIM/%-$&!/11<7-.4B7IL7>$'&I$>1.)/>TLI*&L7<I>7TU*7&4-)!

3</'<-%%$& !
O7P&7%78I%¥>IL7P&7L!->1$%3)$.-4/&!
07U*78&4-).1&>:<*.:>1-<71%/&/:/&$ .\ - &L ./ &4 &*[*>



Concurrent Programs

¥! skip: W(true Cfwait Af; x ALX)
¥! x:=e: W(true Cfwait Af; x ASe C;y Ady)
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variable T X =init_X
action
[al : g1&D1 CE& C8&n: gn&Dn]
}
N 2/&.*<<7&:13</'<-%>1-<71)/>7LI13</'<-%>F #7707 . *4/&\/1V:#7!-.4/ &>
$>1./&:<))7LIQ@!":#7!3</'<-%!$:>7)1!
N 6fS5!1?-.58%1-.4/&!>@>:7%>5!0Sf5!!
N -*:/%-:-11/<1:<-&>$4/&I>@>:7%>1&) @ILTP&T :HTIY/ V11 I&: <&/ #7!
L-:-11*&.4/&-)$:@!
N K-$)*<7VLIB7<'7&.7!>7%-&4.>!!



DIl E<$%%$4B7!./%3/&78& mlg5!a&$:5!3aK5!KLX!
ol KLI%IXXmM!'830WO&!aZ/!-*:/%-:/&!Z!)/.-)IL-:-11*&.4/&-)$: @!!
ol ICmlg5a&$:5!3aK5K5IELT<7'KLI%IXXm! 3@V IL-:-!
1*&.4/&-)$: @2\ >7TU*7&.7LS-'<-%!>7TU*7&. 7! #-<>X!
o/ K-$)*<7VM$IB7<'7&.7'07%-&4.>F!IK-$)ICX5IMEBICXX!
(1 2)/>7L1./%3/&7&:'Cm!lg5a&$:53aK5$S5KLX!
o )/.-)1*&.4/&-)$.@!z!a&:7<1-.7'S*:/%-:-!!
ol f/)11*&.4/&-))@'2!>7TU*7&.7IL$-'<-%>!
ol K-$)*<7VM$IB7<'7&.7'07%-&4.>!!
J(' KVMI<7P&7%7&:!!
1! 6#7I<T%FE@!.)/>7L!.1%3/&7&:1$>I TU*$B-)7&:!:/1-13<$%$4B7!./%3/87&

_(H37&!./%3/&7&:>!-&13</.7>>THK!.[%3/>$&-&L!./I<L$&-4 &'
J%3/&7&:>!



Example : A memory component

|
component M {
Z d;
provided interface MIF {
W(Z v) {d:=v};
R(;v) { vi=d };
protocol {
2W({?W,?R})*
}



component B{
Z* d;
provided interface BIF {
put(Z v) { d:=<v> };
get(;v) { vi=d; d:=<> };
protocol {(?put?get )*}
}



D( 2)/>7L!./%3/&7&:! CmlgaR$8ak!K5!S.:X!

KI%IXXB8 oV@!-&!aZ/1-*:/%-:/&1Z)].-)IL-:-11*&.4/&")$:@!!
IS.:ImIn"*-<L7L!-.4/&>p!

S*:/%-:/&1%/L7)!
K-$)*<7VM$B7<'7&.7!107%-&4.>F! KVDIEEXE!



component fM {
Z d;
provided interface MIF {
W(Z V) {d:=v};
R(;v) {v:=d },
protocol {?W({?W,?R}) }
}
actions {
fault {true|- dA€>d }

}

}
fMi=fM[fMi.W/W,iMi.R/R], i=1,2,3

fM= F(M,fault) [LJTOPLAS96]
!



D{ H37&!./%3/&7&:! K=(V, Init, pIF, Fd, Act, rIF)
of FA(M()={;in()!} cl#7<71&IX!I$&!<aK!!
! 1Act = {guarded actions}
! Automaton model
o/ K-$)*<7VMIB7<'7&.7'07%-&4.>F!IK-$)ICX5IMEBICXX!
(! Wb-%3)7V!
component C{ Zd;
provided pCIF {shift(){getl(z);put2(z)}
required rCIF {getl(),putl()}
}



D{ SI3</.7>>'P=(V, Init, rIF, Act)
o rIF={g1l&m1()! gn&mn()}
! Act = {gaurded designs}— autonomous actions
! Modeled by an automaton
! Failure-Divergence Semantics: (Fail(P), Div(P))
(! Wb-%3)7!
I
process glue {
Z X;
required interface {
shift()
protocol {!shift*}
}



component K {
T x = ¢ // state of component — K.F
provided interface | {// provided methods — K.pIF
m(parameters) { / functionality definition / }
protocol {?ml1(?m2+?m3) } // regular expression};
actions {// no parameters and autonomous actions — K.iA
a{g& c} J;
internal interface {// locally defined methods — K.ilF
nl(parameters) { functionality definition }
I3
required interface J {// required services — K.rlF
m(parameters) { / functionality definition /}
protocol {?m1(?m2+?m3) } // regular expression }
class C1{...}!. class C{...} } // used in the above specification
N S))/;IL$d7<7&:N)7B7)>1/11-Q>:<-.4/&>!
N O7P&7%7&:!.-).*)*>11/<I<7->/&$&'Ic!Q->TLY&!>T7%-&4.:#7/<@!



2)/>7L1.1%3/&78&:: C(<aK!m!7%3:@!
E<$%$4B7!./%3/&TRC($S!M!7%3: @!
E</.7>>7>C(3aK!m!7%3:@!
O7P&7%T7&: 1) .1%3/&78&:>!!
2/%3/>$4/&!

D{ CDoo@!3</B$L7L!

JI O7&-%P&'S!-&LIASLEE'!!
1(! EDoooEl!
_( CIEBL#T<TICIS>I-1)/>TLL./%3/&7&:!



Example: Build Two-Place Buffer

BB =B[getl/get]||B[put2/put]
BC = BB<<C

B2= BC@glue



component fM {

Z d;

provided interface MIF {
W(Z V) {d:=v};

R(;v) {v:=d },

protocol {?W({?W,?R}) }
}
actions {

fault {true|- dA€>d }

}

}
fMi=fM[fMi.W/W,iMi.R/R], i=1,2,3



Example: Build a Fault-Tolerant Memory

component V {//a connector
provided interface VIF {
W(Z v) { t ML.W(v);IM2.W(v);fM3.W(V) };
R(;v) { v := vote (fM1.R(v), fIM2.R(v), fTM3.R(V)) };
protocol {?W({?W,?R}) }
}
required interface { // union of fM1, fM2, fM3;
protocol {// interleaving of all fMiAdiprotocols }

}

}
o M C¥<<(fM1||FM2||fM3) 3</BSL7L!-:1%/>:1/&T1%7%/<@!$>!./<<*3:7L!!

o/ Verification, &77L!-*b$)$-<@!B-<${QYTOPLASI6]
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::cashDeskLine

Caslhier S
1
XD mode=on
disableExpress()
VY- ———-—————"—=%>3 -
mode=off
enableExpress()
-
startSale()
-
Alt mode=off

loop ) max

enterltem(Barcode, Quantity) |
finishSale() -
Alt ) mode=off
cardPay(CardInf) -
T 1" " T T T T T T e T T T T T T T I
cashPay(Amount, Amount) -




CashPay{Am ountAm ount ) ' com plete I fnihSak( )
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Use Case Process Sale
Component Cashdesk {
enterltem(Barcode c, int q) {
pre: /* there exists a product with the input barcode c */
store.catalog.find(c) <> null,
post: /* a new line is created with its barcode ¢ and quantity g, and then */
line' = Lineltem.New(c,q)
[* the subtotal of the line item is set, and then */
A line.subtotalO = store.catalog:nd(c):price q
/* add line to the current sale */
A sale.lines” = sale.lines CXfine}
}
endSale(){!'},
iInvariant store <> null » store.catalog <> null ~ sale <> null



Part 4. Development Process and Tool Support
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rCOS in Model-Driven Development
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public ensbleExpress() (
[ bre : true , post : this.exwode’ = true ]

)

public disableExpress() (

[ pre : true , post : this.exwode’ = false ]

public startSale() (

[pre : true , post : this.sale' = Sale.new(false, empty, this.clock.date()) )

public enterIten(Bacode code, int qry ; ) {
VAR Linelten item ;
[pre : store.catalog.find(c) I= null , post : line' = LineItem.new(c, q) :
line.subtotal' = this.store.cs
this. sale. lines.add(1ine))

public fingshsale() (




Component-Based DeS|gn with rCOS

MK %5-7=+*-"$<1-,."+, <!

c! $&L737&L7&:)./1%3/&T7T&:>ILT7T>$"
L7B7)/3%7&:!1-&LIL73)/@%7&:! |

Cl *>71./%3/&7&: >V $:#/*: 1 #7!
&TTL:N=&[HTS<ILT>$'&!-&L!
$963)7%7&:-4/&!

c! <7*>71/11IL7>$'&>5!3<//1>511-&L

L7
QH<$><.#3<%'<>-7+5<7.'+,,<A!

c! ./%3/>%$4/&!-&L!./I<L$&-4/&]
H<[F'H J&ET /<> -&L!
JI<L$&-:/<>!

¢! 1%3/>-Q$)$:@!.#7.=$&1Q@!
<7->/8$&1-Q/*:11*&.4/&-)$: @
<TP&T%T&ELI$&:7<-.4/&!
1%3-4Q%$)$:@!

]

wii "CoCoME ComponentModel reosdi 82\

/CoCoME/cocome usease_reﬁnementhoCoME_ComponentModel.rcosdi

ﬁ Select

Component Model CoCoME ComeanentMode! )
| Marquee

i Objects d

<<component>>
< Service Componenl

<<ServiceComponent>>

1Process Component ProcessSale

2 Interface

i Port

.- Connections ¢
/& Interface Realization
< Usage

< Composition

/i Delegation
L& Comment d
= Comment

~ Comment Link

]

<<component>>

<<ServiceComponent>>

CashDe

L
CathPavme’ntlI s

d

<<component> > g]

<<ServiceComponent>>
CardPavment

<<component>> @

<<ServiceComponent>>
CashPavment

@ Pmblems[f Javadoe |(€, Declaration & Console| ¥ Error Logw

E— <contractinterface> > <nterface> CashDeskiF

, | Property Value

w v Contract Interface

Operation: Contract i <<contract>> <Package> _fSaloKfwEdyy8P40YI-5Dg_Contract

Stereotype Attributes



i . A 'c=' * 0/!
2*§)LIsystem models /! -$&! J&PL7&.7! $& DomainUse  A(-6-'<=+U57+73<%

<7TU*$<7%78&:>1-&LIL7>$'&>! Cases, G
NA>74U.57+*3<H/<I$& 1/<%-4/&HSL$&! _

NNl 7))Va/ *> 7L -

IININCI3</Q) 7%V/<$T7&:TL! Design

NAS7L-*<$>< #3<% &L'.->+7+3<%'<="*<%*-7%.

- C
N cL$BSL7!I1-&LL/&U*7<!I _|:- {‘ c1 \”"‘ co \ }
MM cl$&.<7%7&:-)'L7B7)/3%7&:! Implefnentation
—! integrate different techniques and tools in b#-7+7*""'<:'*<$><%-°/§5 :

design process
N*>77#&<70=<7$%+,#a+3<%
HiNel<737-:-Q)713</.7>>!
Hncl-&-)@"-Q)7!-<41-.:>! ¥ MData functionality spec

) § Class model
N

Basis for Tool Support Interaction model

! Reactive behavior model




N 2)->>7>1-&LI/QR7.:>!-<71&/:17b3)$.$:)@!./%3/>-Q)7!!

N G/>:1./1%3/&7& VQ->7TL!:7 #&N/'$7>!-<71$%3) 7%7&: 7LI$&!HH!
)-&*-'7>11

N A>71%)IL7>$'&!3-Y7<&>!-<71%/>:)@!3</3/>7LI1/<IHH!>:<* 1 *<

N 0:-4.11*&.4/&-)$:@!L7./%3/>$4/&1$>17>>784-)) @ .#-<-.:7<$"7
Q@'Wb37<:IE-Y7<&!!

N Wb37<:IE-Y7<&!$>!-*:/%-:-Q)7!!

I

HHI$>1-&!1$%3/<:-&:13-<:1/11<2HO



N c7+1#3<%+,'7-?%-$-%5"*+,*),#'>7<6#1-' . "%5+*3*'7),-.'=<7'57+%.=<7$#%¢
S H?*+ 3<%

c! E<7>7<B7!>7%-&4.)./<<7.:&7>>!

c! 0*33/<:13</'<-%IL7<$B-4/&!!

c! O7TP&T7%7&:)-;>1-<71:/['P&T7T!'<-$&T&L!.-&&/:1Q7!./%3)7: 7!

c! O7P&7%7&: /1 HH!3</'<-%>1$>1&/:1;7))IL7B7)/37L!!

N Zc.'>7-.-76-'.-$+%3**<77-*5%-..’

c! M7>$'&!3-Y7<&>1-&LN1%/L7)!I<71-.:/<$&'1.-&!Q7'$%3) 7% 7 &:7L!->11G6:
B #I>7%-8&4.1./&L$4/&>/1:#71-33)$.-4/&!

c! 6#7>71./&L$4/&>-<T"'"7&T7T<-7L!3d//11/Q)$'-4/&>Q@!-!:<-&>1/<%-4/&!

c! S*:/%-4/&!$>!.<*.$-)11/<IG6!:/1>*33/<:L/L7V'7&T7T<-4/&5!-&L!
<-&>1/<%-4/&!Q7:;77&'E0G>!



component M
provided interface IF
D X

public m()

class C implements |{
D Xx;
m(O){x.m1();x.m2()}

;
class D{
EE ,
\ m10{E}m2({E}

M = M1 only if m1() does not
change x

component M1
provided interface IF
D X

public m()

class C implements |{
D Xx;

L mowmo;

class D{
EE ,
mLO{E}M2({E}
mO{m1();m2()}



Further Aspects of rCOS

D{

I(!
J(!
I(!
5.!

07<B$.7!/<$7&:7L1>@>madeling and verification of web-
services, choreography, orchestration and long running
transactions [ICTAC 2010, FACS 2010]

O7-)V4%7!-&L!11-*):V:)7<-&.7!uf920! ] ]5!\\xV!
07.*<$:@adtess control connectors [ISoLA 2008]
S>37.:11/<$7&:-4/&BAspect] as connectors

Workflow modeling, analysis, control and simulation
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