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Guarded Command Lanﬁuaﬁe‘GCL=
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GCL-program

l
program graph

|

transition system
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Guarded Command Lanﬁuaﬁe‘GCL= QE"E

Ly

guarded command g = stmt «|enabled if g is true

g :guard, i.e., Boolean condition
on the program variables

stmt : statement




Guarded Command Lanﬁuaﬁe‘GCL=

guarded command g = stmt «|enabled if g is true

o

N

Ly

g : guard, i.e., Boolean condition
on the program variables

stmt . statement

repetitive command /loop:

DO :: g =>stmt OD «| WHILE g DO stmt OD

f R A
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Guarded Command Lanﬁuaﬁe‘GCL= 1'&

guarded command g = stmt « enabled if g is true

g  :guard, i.e., Boolean condition
on the program variables

stmt : statement

repetitive command/loop:

DO :: g =>stmt (0D «| WHILE g DO stmt OD

conditional command:

IF = g = stmtfy IF g THEN stmty

i g = stmtp A ELSE stmt,
FI FI

: R A
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Ly

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




*

ssling cpuislo l GCL ol

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

uses the following actions:

enabled effect

get_coke if #coke > 0 | #coke := F#coke —1

get_sprite if #£sprite > 0 | #sprite := #sprite—1
: : sprite 1= max
refill any time #
Y #coke = 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




ssling cpuislo l GCL ol

DO :: true = insert_coin;

IF :: +#sprite = #coke = 0 = return_coin

2 Fcoke >0 = Fcoke := F£coke — 1

#sprite > 0 = #sprite := #sprite—1

FI

true = #sprite := max; #coke := max

uD




DO :

0D

ssling cpuislo l GCL ol

*

true = insert_coin; (* user inserts a coin *)

IF i #sprite = #coke = 0 = return_coin
(* no beverage available *)

#coke >0 = #coke := #coke — 1
(* user selects coke *)

#sprite > 0 = #sprite := #sprite—1
(* user selects sprite *)

FI

true = #sprite := max; #coke := max
(* refilling of the machine *)




ssling cpuislo l GCL ol

DO

0D

true = insert_coin;

IF i #sprite = #coke = 0 = return_coin

2 Fcoke >0 = get_coke

= Fsprite > 0 = get_sprite

FI

true = refill




ssling cpuislo l GCL ol

*

AR

DO :: true = insert_coin;
IF i #sprite = #coke =0
=> return_coin
#coke >0 = get_coke

- :s Ftsprite > 0 = get_sprite

true = refill

L
[ ]

0D

... yields a program graph with

e two variables #sprite, #coke € {0,1,..., max}




ssling cpuislo l GCL ol

VY

start — DO :: true = insert_coin;
select— IF :: #tsprite = #coke =0
=» return_coin
i+ Fcoke >0 = get_coke
- :r #fsprite > 0 = get_sprite
it true = refill
0D

... yields a program graph with

e two variables #sprite, #coke € {0,1,..., max}
e two locations start and select




ssling cpuislo l GCL ol

VY

refill Istar‘t - refill
L;. ooee |
; Jinsert_coin .
get_col!-gﬁ" get_sprite

aEet_E prite

insert_coin
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transition system

T=T|.. |7

“real” parallel system ‘
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<!y interleaving X

“real” parallel system ‘

P=P| ... | Pa

.

compositional analysis
design J semantics

transition system

T=T|... |7

el PG LTS L loass 13 (55lse sl (g5l Jow sdon




—
=
o

IR g A ‘Sli.interleaving ﬁ’

Dgd o glwesls interleaving L 138 wivaw )0 atwly e sla)ls @ -
Db op Silw oe oakad e Ulll lawgs Interleaving e

o

N

effect(al||3) = effect(a;3+5:a)
a e 3
al ||| |8
B8 a
parallel execution serial execution on
of wand 3 on = a single processor
two processors In arbitrary order

1 R A
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Ly

T, = (5,Act;,—1, 501, APy, Ly)
T = (5,Acty,—2,52,AP, L))

V'V
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4185 w1 interleaving X

T = (5,Act;,—1,5,1,AP, L)
T, = (5,Act, —,%2,AP,, L)
The transition system T ||| 73 is defined by:
T ||| o = (51X 52, Acty U Acty, —, Sp.1%X 502, AP, L)

where the transition relation — is given by:
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IR g A ‘Sli.interleaving ﬁ’

Ty = (51,Act;,—1, 501,AP1, L1)
T2 = (52, Acty, —2, 502, AP, L)
The transition system T ||| 72 is defined by:
T ||| T2 = (51% S0, Acty U Acta, —, S91% S02, AP, L)

where the transition relation — is given by:

o

N

Ly

51 —ﬂu S{ 52 —&*2 55
(51, %) — (5], %) (s1,%) — (s1,5})

4 R A




4185 w1 interleaving X

Ti = (51,Act;,—1, 50,1, AP, L1)
T, = (S5 Acty, —2, 5.2, AP, L2)
The transition system 7; ||| 72 is defined by:
T ||| T2 = (51% Sz, Acty U Acty, —, Sp.1X 502, AP, L)

where the transition relation — is given by:

s —5y s 5 —5, s
(51, %) — (5], ) (51, %) — (51, 5)

atomic propositions: AP = AP, W AP»
labeling function: L({s1,5%)) = Li(s1) U La(s2)
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SOS-notation ‘structured oEerationaI semanticst

just a simple notation for operational semantics

o

N

Ly

premise
conclusion

E.g., "the relation — is given by ...”

51 —1 5] S —2 5
(51, %2) — (51, %2) (s1,%2) — (s1,53)

means that — i1s the smallest relation such that:
(1) If sy —>1 s, then (s1, %) — (s, )

(2) If 55 =5 55, then (s1, 5) — (51, 55)

" R A
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————— light 1 light 2

“2

(green red red green)

52 green green/ﬁl
Y ek e s

light 1 ||| light 2
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dependent actions & = x:=2x and J = x:=x+1

(=6)

representations in
transition systems

=3
x1=6 ( x=r4 )

Y¥




YO

dependent actions o = x:=2x and [ = x:=x+1

( x=3 ) x=3

8

transition systems 1 B
( x=06 } x=4

interleaving operator |||

[x=3 x=3 ]

B
(x=6 x=3 < >( x=3 x=4
1o ] 8 4

[x=6 x=4 ]

representations in




dependent actions @ = x:=2x and 3 = x:=x+1

G  Gs

jox 8

( x=6 ) x=4

interleaving operator ||| for transition systems “fails”

representations in
transition systems

[:x=3 x=3) 8
fs"
[ x=6 x=3 < >( x=3 x=4 J
s [x—ﬁ x—4] ¢ iInconsistent
— — states

¢ R A
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Interleaving for program graph
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Interleaving for program graph

program graph P program graph P>
(Lﬂc].!"'!‘_}l!"') (Locza"'aﬂ_lii"')

interleaving operator
Pllll'Pz = (Lm:l X LOCz,...,"—},,,_)

e e
flg—*lf-"i fzg—*zf’z

x —a
(b1, £2) 5 (6,6)  (6,0) &5 (6, 05)




Interleaving for program graph

X:=2x = Xi=x+1
(&
x:=x+1" < x=
4 6

Y4




Interleaving for program graph

P P2
X 1= 2x x:=x+1
Py ||| P transition system Zp, | 7,
N
(60 x3)
x:=2x 7= x:=x+1 N

(E (662 x=6 ) (&40, x=4 )

x:=x+1" [ f; f,z — ] [ fi 5 — ]

: x1=2x
6 6

note: %ﬂ"?"z # Tp, ||| Tr,

T R A

g
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utual exclusion with semaphore

process Py

process P

shared variables 4+ semaphor y




Mutual exclusion with semaphore

process Py process P,

e

shared variables + semaphor y

protocol for process P;

LOOP FOREVER
noncritical actions:
AWAIT y>0DO

y=y-1

0D
critical actions:
y:=y+1

END LOOP

2971




Mutual exclusion with semaphore

process Py process Pa

-

shared variables + semaphor y

protocol for process P;

program graph P;

LOOP FOREVER
noncritical actions:

AWAIT y > 0DO

yi=y—1 S
oD yi=y+1! (Walti
1':,: y’}ﬂ .

P y:=y—1

END LOOP

critical actions:

30 /145
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utual exclusion with semaphore

VY

noncrity noncrits
Py : Py —

y=y4l y=ytl

4
)

y >0 y=y-1 y >0 y=y-1




Mutual exclusion with semaphore

” -

4
o
"

p—y —y
iy >0: yi=y—1 iy > 0: y:=y—1
;r?"g;am graph "(num:rltl nnncrltz}*
(waltl nnncrltz)* *(noncrltl wath)
Ty >0 Ty >0
; ‘ Tysy-1 L yimy—1"",
(crit, nnncrltﬁ lfwaitl waitg)' (nuncntl crit, )
. y'—y+1 L L r"—r+1 7

( crlt1 Wﬂltg )FE}_I ( waltl Cl’ltg )

r-"‘

= £« =y+1
i 41" R cr|t1 crity ) y=y+

327145
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S for Mutual Exclusion with Semaphore

A4

. .
y:=y+1=i_' -

- ymy+1{
ly > 0: yi=y—1 ly > 0: yi=y—1

reachable fragment of the transition system 7p, | p,

N

noncrit; noncrit y=1
(wait; noncrit, y=1 oncrity wait, y=

.

€

rity noncrit; y=0) (wait; waity y=1) (noncrity crit; y=0)

~. /.~ =\ _—

(crity wait, y=0) (wait, crit, y=0)




Peterson Algorithm for mutual exclusion

process Py | |process P;

N\ /
shared variables
+ by, by, x

by, b, Boolean variables, x € {1, 2}




Peterson Algorithm for mutual exclusion

YA

process Py | |process P

N\ /
shared variables

+ by, by, x
by, by Boolean variables, x € {1,2}

LOOP FOREVER (* protocol for Py *)
noncritical actions;
bi:=1,; x:=2;
AWAIT x=1V —b, DO critical section OD
by :=0

END LOOP




Peterson Algorithm for mutual exclusion

A

process Py | |process P> ,
N / ib:=1; x:=
shared variables b,:=0
+ by, by, x n, X=1V b

b1, b, Boolean variables, x € {1, 2}

LOOP FOREVER (* protocol for Py *)
noncritical actions;
bi:=1; x:=2;
AWAIT x=1V —b, DO critical section 0D
by:=0

END LOOP
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Program Graph for Peterson Algorithm <E"E
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Program Graph for Peterson Algorithm

A

P P;
b=l xe=2 S =1 xe=1
by:=0' by:=0!
. x=1V b . x=2V b

\

~~Tnoncrity noncrity .

program graph .-
Pl P "

(crity noncrity) A waity waity - (noncrity crity)

[ crftl ﬁuafitz ] ( w:; iti cFitz ]




TS for the Peterson Algorithm

\[nnm:ritl nnncritz‘ [noncntl noncrltz

X=2 x=1
wait; noncrit; nancntl W‘&Itg
xX=2 x=1
_ _ ‘,..--"" ""h-..__HL
[cnt1 nmicntg } nuncntl Cl‘ltz
X=

¥Y




Handshakin

A5l Jels 0SS b ol Gk 5l a5y e slaon] s aS e5ilSe
SoloplBan s, Wb sl atils Jobss oo b dislys o a5 Slaas] s
b

«8,5 L o handshake action lge cov H Klos acgosme S5
Db oo L0080 5l Jaiwwe H ol 215 sl Soe olod 08 o
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Handshakinﬁsxnchronous messaﬁe Eassing‘

Ti = (51._, ACtl._. —1,.. .), 'Ié = (52, Actz, —9, .. ) TS
Syn C Act; N Act, set of synchronization actions

o

N

Ly

composite transition system:
T1 ||syn T2 = (51X 52, Acty U Act, —, .. .)
interleaving for all actions a € Act; \ Syn:
51 —1 5] =25
(s1,52) = (8], %2) (s1,%2) = (51, )
handshaking (rendezvous) for all « € Syn:
s —1 51 A s 59 S5

(s1,%2) = (s1,53)

¥ R A




protocol for process P;

LOOP FOREVER DO
noncritical actions
request
critical section
release

noncritical actions
0D

Yo




Ly yore L (5 laxil 4l

¥ 7

Ll L:

~
noncrit; noncrity

Arbiter:

( crity noncrits

release

noncrity crit )

request

crity crity




(71 ||| 72) |lsyn Arbiter where Syn = {request, release}

“pure’ handshaking
interleaving for actions
for TS request and release

Py e et et




-~

[_rmncrin noncrit; unlnckJ

release / \e]ease
request request

( crit; noncrity lock noncrity critz lock )

YA
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Scanner || BP || Printer

Scanner

(0)
scan . code
L)

Booking -Program

(0,

code price

Printer

O
price . print
O




. S)LO ) )o . ‘.‘.

Scanner D) Scanner || BP || Printer
scan . code

Booking - Program

code price
_ rint
Printer P
price print transfer

sCan

3 R A
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signal

"approach"
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signal
"approach”

modeling by a transition system with 3 processes:

Train || Controller | Gate

ox R A
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oY

Eignal

"approach"

far

near

In

far

Eignal
nexitll
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‘approach”

s sy bl

Train




Con tmﬂer

oo




far 0 up]

approach

(near 1 up)

Iowey enter

(near 2 d-::.wwn]

OF

reachable fragment
of the transition system

Train || Controller || Gate
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= S, 0, up)

approach
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lower ender

approch

near, 2, don
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vam, 1, i)
enter

doum)

exit approach lower

ey ifor, 2, down)
apgrroach
erit

Line, 3, doin

exit

near, 3, down
TR

{near, O, wph

exit enter
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Channel Systems
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Channel Systems

o4

:J.S)L) slools Gi.lm.gb as 6}‘9‘ LQL“W 6‘)-.’ Cn] LSM...:LQ.:
(oo JUB e )b) lojen ol Jlisl @
(o @b JUS cod b) Glojen e ploy Jlasl @

Nb glals slaws L el plp s b @




Channel system

e Gialed Jlo b Ojg0 ) o (nl pelsse S

Program L1, sl s ,» 45 o)l Py v Pran] 3N a5 (S 553
o oo lis graph

bl sl action g Jatews sle action aiws g0 4 |, b Action




Communication action

S o Jlsyl JUS & 1,V Jaie :CIV o

Dl 0dls JIBX Lwe ;0 gl € U 5l els :CPX e

* communication action = {c!v,c? x|c € chan,v
€ dom(c),x € var with dom(x) 2 dom(c)}

7
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Channel system

cap(c)eN U {0} o

Dom(c) -

4 JUIS aiels 5 JUIS o b 139 e ooy iule ameie g0 b JUIS
ateiin 3 JUIS el il el b g oalite wlsf o JUIS <ol b

Ly




Channel sxstem‘csz

['Pl | P2 | -.. |'P.,] where P; are program graphs
over a pair (Var, Chan)

o

N

Ly

Var  set of typed variables

Chan set of typed channels with
capacities cap(-) and domains Dom(-)

program graphs P; = (Loc;, Act;, Effect;, —;, Logy i, g0)
with conditional transitions

14 “ﬂ ¢ guarded command

clv , :
£ ——; £ sending value v via channel ¢

£ -;h,- ¢ receiving a value for variable x via channel ¢

Al R A




channel system ,o> communication action ,.5G

enabled if ... effect
ending | channel ¢ not full | add(c, v)
receiving | channel ¢ not empty X 1=V
cix v = front(c) remove(c)
‘ ‘ clv ‘
i|...| v e V| .. |V | v
T T
‘ ‘ c?x ‘
v | v V| |— V2 Vr
T T




TS of channel system

7o

channel system over (Var, Chan)

C = [Pi]...|Pa]

Y

transition system 7

states of 7¢ have the form
(Elj '“1fm s E)

locations of channel evaluation
Pl:l = '.IPﬂ

variable valuation
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return the received bit y

via a reliable channel

: sender‘r/\receiver
timeout -
// send message + bit y

timer via unreliable channel

LOOP FOREVER

(1) send message + bit y and activate timer
(2) AWAIT timeout or acknowledgement DO
IF timeout THEN goto (1)
FI ELSE turn off timer; y:=-y

0D

Y R A
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Ly

(un)reliable channel d

Sender Receiver

channel f : i
unreliable channel ¢

Timer channel e

channel system: [ Sender | Timer | Receiver |

synchronous message passing between
Timer and Sender «— channels e and f

asynchronous message passing between
Receiver and Sender <« channels ¢, d

A R A




Program graph for timer

(un)reliable channel d

Sender Receiver

channel f ) i
unreliable channel ¢

Timer channel e

channel system: [ Sender | Timer | Receiver |

Timer e?z
f ltimeout

A R A




Program graph for sender

N
generate generate e
message(0) message(1)

x=1:
| timer_off

activate
timer(1)

Itimer_on

activate

timer(0)
Itimer_on

x=0:
ltimer_off

: Jd"
(check ack([})] (check ack(l}j

V. R A




Program graph for receiver

reliable channel d

f /’ Sender R Receiver

Timer __/3' unreliable channel ¢
\ :
wait for wait for J
[message[ﬂ) message(1)
y=1( ety c?y( )y=o
process process
message(0) [message(l)J
rJ.f'={l y=1|
[acknowledge acknowledge]
receipt(0) receipt(1)
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