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A transition system is a tuple
T = (S, Act,—, S5, AP, L)

e S is the state space, i.e., set of states,

e Act is a set of actions,

e — C S X Act X § is the transition relation,

i.e., transitions have the form s 4, s’
where s,s' € S and o € Act

e Sy C S the set of initial states,
e AP a set of atomic propositions,
o L : S — 24P the labeling function
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state space S = {pay, select, coke, sprite}

set of initial states: So = {pay}
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actions:
coin
T
get_sprite
get_coke

state space S = {pay, select, coke, sprite}

set of initial states: So = {pay}
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actions: L
coin
T
get_sprite
get_coke

state space S = {pay, select, coke, sprite}

set of initial states: Sp = {pay}

set of atomic propositions: AP = {pay, drink}
labeling function: L(coke) = L(sprite) = {drink}
L(pay) = {pay}, L(select) =@
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actions:
coin
-
get_sprite
get_coke

state space S = {pay, select, coke, sprite}

set of initial states: So = {pay}

set of atomic propositions: AP = $

labeling function: L(s) = {s} for each state s
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Let TS = (S, Act,—,I, AP, L) be a transition system. For s € S and a € Act, the set of
direct a-successors of s is defined as:

Post(s,a) = {S’ES\ 5245 }, Post(s) = U Post(s, ).
acAct

The set of a-predecessors of s is defined by:

Pre(s,a) = {S!ES | ' s }, Pre(s) = U Pre(s, a).
acAct
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L. TS is called action-deterministic if || < 1and |Post(s,a)| < 1 for all states s
and actions a.

2. TS s called AP-deterministic if | I| < 1and |Post(s)N{s" € S| L(s') = A}| < 1]
for all states s and A € 247,
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0 = SpQ18]Q...0p5, such that s; —F s 5,1 for all 0 < i < n,
gs'“l-‘*“ Lsl>! e
p = Spais;agsgas... such that s; —+1s 5, for all 0 < 1.
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n sget n sget
pay ~2 select = soda —2= pay 2% select - soda 2= ...

sgel ' byet
select T soda 2% pay <2 select - heer —2< .

01 T sqet 01 7
pay —2, select T soda —225 pay —2s select - soda .
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—¥ 1 xor NOT y

output function: A, =-(x@r)

transition function: 4, =xVr
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XOR
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output function

)\y = —I(X oF. r)
transition function
0, =xVr
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XOR
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output function

)\y = —I(X oF. r)
transition function
0, =xVr
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x—t e output function

LDR Ay =-(x@r)

transition function
—{r] 6, =xVr

transition system

( x=0r=0 ) (x=1r=0 )

[ x=0 r=1 ) [ x=1 r=1 J
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o — — output function

LDH Ay ="(x&r)

transition function
—Lr] 6, =xVr

transition system

( x=0 r=0 ] ( x=1 r=0 ]

[ x=0 r=1 ) [ x=1 r=1 J

initial register evaluation: r=0
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o — — output function

LDH Ay ="(x&r)

transition function
—Lr} 6, =xVr

transition system

\ \
( x=0 r=0 )—{ x=1 r=0 ]
@

[ x=0 r=1 ) [ x=1 r=1 J

initial register evaluation: r=0
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e — output function

LDR Ay =~(x®r)

transition function
L] 0, =xVr
transition system

\
( x=0 r=0 ) ( x=1 r=0 ]

[ x=0 r—l/{x=lﬂr—1 J

initial register evaluation: r=0
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e — output function

LDR Ay ="(x®r)

transition function
—{r] 6, =xVr
transition system

\ \
( x=0 r=0 )—{ x=1 r=0 j
U
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[ x=0 r=1 | [ x=1 r=1 J
@) U

initial register evaluation: r=0
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o — — output function

LDH Ay ="(x&r)

transition function

—Lr] 6, =xVr
transition system
{yI\ \ {x}

( x=0 r=0 )—{ x=1 r=0 ]
@

[ x=0 r=1 | E x=1”r:1 J

{ry U (O{x,r,y}

initial register evaluation: r=0
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input bits - circuit - output bits

register r, ..., ry




output

. XLy, X o )

input bits 1r--->7n  [SCRE 4  Ym, functions
transition ALy -5 Am
functions
01, ...,0k

register r, ..., ry
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_ X1y ey X
input bits =" | circuit

output
functions

Yi,---2¥Ym

transition ALy - -+ Am
functlons
51, ..

register r, . ..

8j, Ai = switching functions {0,1}" x {0,1}* — {0,1}

input values ay, ..., a,
for the input variables

+ current values ¢, ..., ¢k
of the registers

output value Ai(...)
for output variable y;

next value d;(...)
for register r;
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output

. X1 ..., X .

input bits 1r--->7n  [SCREE Yir---s Ym, functions
transition AL -5 Am
functlons
511--

register ry, . ..

initial register evaluation [n=cp1, - . ., =0cok]
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output
input bits +{ circuit - functions

transition ALy oo Am
functlons
01, ..

X1y« ey Xn Yi,---3¥m

Ly

register ry, ...

initial register evaluation [n=cp1, . . ., k=Cok]

transition system:
e states: evaluations of x3,...,X,, 11, ..., Ik
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output
input bits - circuit - functions

transition ALy oo Am
functions
01,...,0k

Ly

X'l,...,x" y]_,...q?ym

register ry, ..., ry

initial register evaluation [n=cp1, . . ., =Ccok]

transition system:
e states: evaluations of xq, ..., %y, 11, ..., Ik
e transitions represent the stepwise behavior
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output
input bits | circuit -~ functions

transition ALy - - ey Am
fu nctlons
61, ..

x1,.-.,x" yl'!'"?ym

register ry, . ..

initial register evaluation [n=cpy, . . ., k=Cok]

transition system:
e states: evaluations of xq, ..., X%y, 11, ..., Ik
e transitions represent the stepwise behavior
e values of input bits change nondeterministically
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output
input bits - circuit functions

transition ALy .- Am
functlons
51, .

X]_,...jx" y ?.ym

Ly

register ry, ...

initial register evaluation [n=cp1, . . ., =0cok]

transition system:
e states: evaluations of x3,..., Xy, 11, ..., Ik
e transitions represent the stepwise behavior
e values of input bits change nondeterministically
e atomic propositions: X1, ..., Xpy Vi« Yy My -« -, Tk
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Data-Dependant-System

If x %2=1 then x=x+1 else x=2x
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nsprite=0 :sget

S sttt and selet =eenmes it

select <

nsprite=0 and ncoke=0: retcoin

select == = start
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uses two variables #sprite, #coke € {0,1, ..., max} e
for the number of available drinks (sprite or coke)

uses the following actions:

enabled effect
get_coke if #£coke > 0 | #coke := Ffcoke —1
get_sprite if ##sprite > 0 | #sprite := F#sprite—1
: . HFsprite := max
refill any time Hcoke = max
insert_coin | any time no effect on variables

if machine is empty and user has
entered a coin (no effect on variables)

return_coin
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refill ;

start L refill
E- oo |
: linsert_coin .
get_co IEE':'" get_sprite
sel|act
=T = T
| R—
start start
@ ee oo -
Iinsert_coim 'nsert—é'gft'sprite
electpet_coke sel|ect]
[ =] - []w] -
=t _coke _jﬁ
= start -
start ° et_sprite start
- - ) oD
insert_coin Insert_coin insert_cdin
electoet_sprite e tget_sprite select
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Data-Dependent System
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ifx::»wxgo

example: sequential program
WHILE x >0 DO
x = x-—1;

= y+1
D y=Yy




Data-Dependent System
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ifx}w,xﬂﬂ

example: sequential program
WHILE x > 0 DO _y+ .

x :=x—-1:

ﬁx{O

: ®
0D y=ytl |fx.‘:=-01:hen

x :=x-1




Data-Dependent System

ifx}w.xgﬁ

example: sequential program

f1— WHILE x>0 DO _y+
x = x-—1: .

pmgram graph

ﬁx{O

. ®
f= 0D y=ytl |fx > 0 then

{3— x = x-—1

{1, 05, U3 are locations,
I.e., control states




Data-Dependent System

ifx}Wxiﬂ

example: sequential program

f;— WHILE x >0 DO -y+
x = x-1; .

program graph

|fx<~’.0

.
b 0D y =yt |fx > 0 then

{3— x = x-—1

states of the transition system:

locations + relevant data (here: values for x and y)
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initially: x=2, y =0 (Gx=2y=0)
{3— WHILE x> 0D0
x = x—1 (lhbx=1y=0)
tr— yi=y+l
0D ‘
lr— ... (hx=1y=1)

program graph

(ng=hy=1]

) (fl g b = 2J
|fx >0 the

x :=x—1 (fgx=by=2]




Data-Dependent System

initially: x=2,y=0 (0 x =\2 y=0)
{;— WHILE x>0 DO o
x :=x—1 « action o [92 X = ]_ y= 0]
lr— y:=y+1 « action 3
0D !
fos Gx=1y=1
o

program graph | (G x = 0 y=1)
| if x <0 then 3
-5: loop_exit

A ((ix=0y=2)
N loop_exit
LL::&O (Lx= 0 y=2)
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Program Graph

Let Var be a set of typed variables.
A program graph over Var is a tuple
P = (Loc, Act, Effect,—, Locy, go) where




Program Graph

QY

Let Var be a set of typed variables.

A program graph over Var is a tuple
P = (Loc, Act, Effect,—, Locy, go) where

e Loc is a (finite) set of locations, i.e., control states,

e Act a set of actions,
o Effect : Act x Eval(Var) — Eval(Var)

1

function that formalizes the effect of the actions

example: if « is the assignment x:=x+y then

Effect(c, [x=1, y=T7]) = [x=8, y=7]
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Let Var be a set of typed variables.

A program graph over Var is a tuple
P = (Loc,Act, Effect,—, Loy, gy) where

o Loc is a (finite) set of locations, i.e., control states,

e Act a set of actions,

o Effect : Act x Eval(Var) — Eval(Var)
o = C Loc x Cond(Var) x Act x Loc




Program Graph

Let Var be a set of typed variables.

A program graph over Var is a tuple
P = (Loc, Act, Effect,—, Loy, go) where

e Loc is a (finite) set of locations, i.e., control states,

e Act a set of actions,

e Effect : Act x Eval(Var) — Eval(Var)
e — C Loc x Cond(Var) x Act x Loc

. . " g
specifies conditional transitions of the form £ —— ¢’

¢, ¢ are locations, g € Cond(Var), o € Act
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Program Graph

ATA

Let Var be a set of typed variables.

A program graph over Var is a tuple
P = (Loc, Act, Effect,—, Locy, go) where

e Loc is a (finite) set of locations, i.e., control states,

e Act a set of actions,
o Effect : Act x Eval(Var) — Eval(Var)
e — C Loc x Cond(Var) x Act x Loc

. . " g«
specifies conditional transitions of the form £ —— ¢

e Locy C Loc is the set of initial locations,

e go € Cond(Var) initial condition on the variables.
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* Set Loc={start,select}

Ly

* Var={ncoke, nsprite}

e Act={sget,cget,insert-coin,ret-coin,refill}

* Effect(inser-coin,n)=n

* Effect(ret-coin,n)=n

* Effect(sget,n)=n|nsprite = nsprite — 1]

* Effect(cget,n7)=n|ncoke = ncoke — 1]

 Effect(refill,n)=n|nsprite = max, ncoke = max|

* go=(ncoke=max and nsprite=max)
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S semantic of program graph

program graph P over Var

\

transition system Tp
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S semantic of program graph
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program graph P over Var

U

transition system 7p

states in 7p have the form

(¢, n)
7N

location variable evaluation




TS semantic of program graph

Let P = (Loc, Act, Effect,—, Locy, gy) be a PG.
The transition system of P is:

Tp = (5, Act,—, 5, AP, L)
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TS semantic of program graph

Let P = (Loc, Act, Effect,—, Locy, gp) be a PG.
The transition system of P is:

Tp = (Sr Act,—, 5, AP, L)
e state space: S = Loc x Eval(Var)
e initial states: 5y = {(E, n) : L € Locy,m £ gu}

The transition relation — is given by the following rule:

e ES ¢ A nEg
(¢,m)y — (€', Effect(cr, n))




TS semantic of program graph
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Let P = (Loc, Act, Effect,—, Locy, gy) be a PG.
transition system Tp = (S, Act,—, S, AP, L)

state space: S = Loc x Eval(Var)

initial states: Sy = {(€,n) : £ € Locy, 7 = g}
— is given by the following rule:

0550 A Eg
(€,m) = (¢, Effect(n, ))

atomic propositions: AP = Loc U Cond(Var)
labeling function:

L({¢,n)) = {{}U {g € Cond(Var) : n | g}




