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MODELS OF COMPUTATION AND
MODELING LANGUAGES

1. System Specification

2. System Modeling and Formal Models
3. Models of Computation: What'’s that?
4. Concurrency

5. Communication & Synchronisation

6. Common Models of Computation
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From Specifications to Implementations

» Specification: A description of basic requirements and properties of a system

o The designer gets a specification as an input and, finally, has to
produce an implementation.

This is usually done as a sequence of refinement steps.

o Specifications can be:

- informal (natural language)

- more detailed and unambiguous (based on a formal notation)

Solimlsll 2L 1
2 Loy cdinilins (2 Loy callanll dlady o) cazmy W 381 Capmgll Le) 'Sy 13Le" Aad (2 olamlsll b Luay
53989 839>
s Jba
sbadl alad Jaid (Autonomous Mobile Robot) 83L&l 13 pius cigag; pusias codls olyliw 38,4 ol paiadd

"aladll Jat Cigagy uyi " (3 pe) oY 5,SaN e

e dliad e Adpaatl 4,131 2 (Specification) clawlgll

(p152 548 20 D) Sigag I dhazey o) cazmy gl (028l Jazll sa e ©

https://manara.edu.sy/



https://manara.edu.sy/

iz

6)liaJl
(A6l 3 e 1) Sugugyl goumill Aoyl 2l ©
(Jsolsie Jae oilelun 8:Mie) S il Bale] Jub Byl dl JeaT o o delue oS ©
(e 24 A8ty Slia) Sillazell e L caBgny o cmy @ 81l s e ©
LIDAR ilaslua lseialy cpas) Sanllls 4S,mall 35lsall s pdatan o e da - ©
(& 4lSy
Jlad s Lilsdie oS Lilas O gty "clinaloll” 2 2esLall s

s gl oF e L1 ds « (input) U5 S wlawlsll isl pasall 2
JEL 8 Lal,S3 a1 "y 13k 2asld 22 (Input) Slaswlsll o
Lol a5lisSa S colinim gl Ladmdl igag, Il oo daall Ll zudl sa: (Output) duasddl o
oliolsll 2als § Alass S 3azs I (Software) 4zl a9(Hardware)
s sy Bye saladl cigug Il ) culdlasll 4ailE ¢y 3485 Y ¢y ¢ (Refinement Steps) et cilglas
iy e
lulusd! £45 28zl £45 « (Microcontroller) g yaall gllall Hlas | gsraudl Jle guaias 1
ldall ity oMl Lz pdl linilg sl LUS (g ASTY Sl cpasass Jodl puasas 2
(Prototype) lsf z 393 by .3
Jazig AST Jpolas Capas coo « "Refinement Step” p sia (0 3skas S, Jyuadlly HLasd| 4
28101l 3T pasal]

lislsll g5l 3
o Sl gl L;l_: ol oS

(Informal)des; pe Slawlge v

(natural language)dualall ydadl 44l 2,385 555
Aaadl Q) Adadl o Basbiall Jasd Ty T3 Tigsgy J aias o el iell U5y pivall e Jlie @
"5LLB
s § oLl s a9l L Cau cayal o e €7 (3" (Gae L (ambiguous) Lasle bl sda: Lellae e
oichls Jaaall (b 6 30 ey (G (o0 ST Jatns LK)
(Formal)alaies dpesey lisslsa ¥/

g gae ¥ Jernt ¥ @ Baasell 390,y calE M1 cnlin Lyl alusral Wle (Hads Bl Ly1Se 063

https://manara.edu.sy/



https://manara.edu.sy/

iz

6)liaJl
(o)l e Jlall Az 3) Jlio o

(x2,y2)d! (x1, y1) @lélas¥l (0 3820 0592 Ugar Jas gyl (de oy ©

(t <605)ausls 60 cpo J8T (pe3 § A8luadl ahady () ey ©

(s 50y J3T iy (e sylana oo panr (61 costd) 13] Tolals pllasll B, of s ©
o)) e g of LAl Yo ety ¥ ¥ Gguenidl dliady Lo s Slisolsll (e poall lin
5,88 igons (P Bdas 4dgu95 )3 dl 483 oy Aebis oo oo allas (¢ by § Lol Bolas Jol 0]t 2l
W 819 sl Ll mull o Aiaio Slisolsll colS LS Axislgy 2a,80 lasolge 2eils ) aalal) Jpasll
wollas 5o

System Specifications

= A specification captures:
7 The basic required behaviour of the system

- E.g. as a relation between inputs and outputs

o Other (non-functional) requirements
- time constraints
- power/energy constraints
- safety requirements
- environmental aspects

- cost, weight, etc.
iSleglall (o Ctsatdy (e gs e Goixd wlasalsll Aa o
Salasll das, 13Ls : (Functional Requirements) duads odf iledlazl! 1

Selld Jasy of iz a8t (Non-Functional Requirements) duads ol e csldlazll 2

(el ol Lllazll) cogllall bl glud! .1
" ciloyielly s Al o A8Madl " Aol dzinlsg caUasll LB g lda

A8y AMall sda cages A b oll ldball (ol y5)

https://manara.edu.sy/



https://manara.edu.sy/

2\
deola
6jliall
Bolall 313 aiuall cigag) e JoSid : Jlie
A adsy Jle o
3 03y peeddl Aoz J) oladdl LS Tyal Jidtug cigag) 1 (Input) Jsukl - o
3 o8 dasell csldlus ) ety dundiy olus iy Sig99,01 : (Output) zyxdl o
2 adsy Jle o

day e g9l sl @ ady Jale 5929 <2 4ISG (LIDAR) plu¥l ol : (Input) J>ull - o

E PR
198 o lzall ()lygs iy oSl § @Sll allas: (Output) )&l o

Ladass cagugll e o 31 ALl 2asl (p il gl lidlaal) bl

(dadals o1 1) 381 Slllazl 2

saees G (2 Less Jena O s Gl bogyddly 3guall aias s cpllasdl dlasy "13L" Caas ¥ ldlazll sia
oo eal 0985 8 ldbaill sda cdzmaall Aakas¥l @Jle G el adlodl gmu of Lexbs dlazess plladl 85g>
Aads gl aldlagll

(999,01 Jlie e Ladaty clillaill sda (e 2ails isld
: (Time constraints) w3l 348 @
Al Mes 150 IM5 Cadgiy o oy eoln @ Mole igu9,]l CadiSs Lodie ©
pall 3255 ool alas o GyLall 58 gwpll uall lda o
: (Power constraints)48lkall 5448 o

Bl sla ) Jae olasat i€y o LT bolg 40 (e auy ¥ Juasy A8l cigugydl cllaun of ey ©
kel 10

Acbu S uais dllay (S dradsg 955 igagy (e 85 Y o

: (Safety requirements) LY Sldhie o

https://manara.edu.sy/



https://manara.edu.sy/

ZAY
dsola
6jliall
Ll e zislyy =1 (Emergency Stop) gslsb Ly 5 e igagll oty of s ©
(lizmays Loz uals) lised JSg T8 Sl puazr aBans o) camy cdule
: (Environmental aspects)dsied| il gxt| @
%85 I Juas Lskoyg Agie 4253 5090 (o zolAs 8yl ilays @ 8:LaSH igugpll Jamy O om0
pisall dslo 5yl el of Hl oo @ dbasy o su9,dl O rasie 1da 0
: (Cost, Weight) (59319 4S5l o
- 59933000 wlsdl 909, auisns 4G joleis ¥ my O
ilog 4lai Syt Lol 25168 40 diyllay o 909,01 0139 3ol ¥ cmy 0
System Model

= As an early step in the design flow, a system model is produced (you
remember the design flow!).

= The model is a description of certain aspects/properties of the system.
Models are abstract, in the sense that they omit details and concentrate on
aspects that are significant for the design process.
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System Model

m  Models are formulated using modeling languages

= Modeling language:
o well-suited to expressing the basic system properties and basic aspects
of system behaviour in a succinct and clear manner

a lends itself well to the, preferably automatic, checking of requirements
and synthesis of implementations.

m Depending on the particularities of the system, an adequate modeling
language has to be chosen.

The language has to contain the appropriate language constructs in order to
express the system’s functionality and requirements.
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System Model

] Modeling Languages can be
o graphical
o textual

L] Modeling languages can be
a “ordinary” programming languages (C, C++)
o hardware description languages (VHDL, Verilog)

o languages specialised for modeling of systems in particular areas, and
with particular features;
they are often based on particular models of computation.
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state(IDLE) {
on(start_command) -> transition_to(MOVING);
}
state(MOVING) {
on(obstacle_detected) -> transition_to(AVOIDING);
}
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System Model

What do we want to do with the model of an embedded system?

1. To validate the system description in order to check that the specified
functionality is the desired one and the requirements are stated correctly:

- by formal verification
- by simulation
2. To synthesise efficient implementations
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Semantics of System Models

We would like modeling languages to have well defined semantics = models are
unambiguous.

o The semantics is the set of rules which associate a meaning to
syntactical constructs (combination of symbols) of the language.

n The semantics of the language is based on the underlying model of
computation.

It depends on this underlying model of computation what kind of sys-
tems can be described with the language.

The model of computation decides on the expressiveness of the
language.
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Semantics of System Models

Do we want large expressiveness (we can describe anything we want)?
Not exactly!

= Large expressive power: imperative model (e.g. unrestricted use of C or Java):
o Can specify “anything”.

o No formal reasoning possible (or extremely complex).

n Limited expressive power, based on well chosen computation model:

a Only particular systems can be specified.
0 Formal reasoning is possible.

o Efficient (possibly automatic) synthesis.
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Language L1} |Language L2}

process P1 Synchronous: module P1

{ ................. send and receive b|ocking; { .................
send m to P2; P1 and P2 are waiting for each m!P2;
----------------- } other to handshake and hand PR

. over the message: .

process P2 - No buffering needed. module P2

{ ................. - P1 and P2 run at the same { .................
receive m from P1; rate in lockstep. m?P1;
................. } }
| Language L3| Asynchronous: | Language L4|

process P1 receive blocking but send not; module P1

P1 and P2 are not waiting for { e
send m to P2: each other; P2 only waits if mlP2:
................. y @ thereis nomessage available: @) "7 4

- Buffering is needed!
process P2 - P1 and P2 can run at different
{ e rate. {

receive m from P1; m?P1;
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