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@ Lecture 1 - Definition of Petri nets

Agenda
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Lecture 1 SOIUtion A.

give_little
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little_choc
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Lecture 1

Solution B.
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Lecture 1

Exercise 1.2

give_little

give_big
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Lecture 1
Students Enrolled_Students Registered_Students_of _Course_A
Enrollnent Registration_to_Course_A

Exercise 1.4

Registered_Students_of _Course_A

Students Enrolled_Students

Registration_to_Course_A

. . Registered_Students_of _Course_B
Registration_to_Course_B

Enrollnent
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Lecture 1 ExerCiSe ]-5

Deregistration_fron_Course_A

eced_Students_of _Course_RA

Students Enrolled_Stydents
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. . Registered_Students_of Course_B
Registration_to_Course_B

Enrollnent
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Maté Tejfel

Every prefix of ty, t4 and ty, t3, to, t4.

Lecture 1

Exercise 1.7
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Lecture 1

Exercise 1.8
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Lecture 1

Exercise 1.9
Every prefix of ty, t1, t2, t3, to.

Exercise 1.10
Every prefix of t1, t3, t2, to, t1, t3.
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Lecture 2

Exercise 2.1

From A initial marking:
o M;: ty,t3,t1,1t3, 1, t1, 13
e M; : not reachable

From B initial marking:
® Mi Dty 83, 0, B, B, Uy, B3, 1, B3, B0, B, B3
o Mj: t1,t3,t2, t1, ty, t1, t3, b2, t1, t1, t3, 13, t1, t1, b2, b2
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e Exercise 2.2

Reachable markings:
e {1,0,1, 0}
e {1,0,0, 1}
e« {0,0,1,1}
e {1,1,0, 0}
e {0,1,1, 0}
e« {0,1,0, 1}
e {0,002}
e {0,0, 2, 0}
e {2,000}

Lecture 2
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Maté Tejfel

Lecture 2

Exercise 2.3

Ex 2.1, A initial marking
e Boundedness : No
e Safety : No

e Liveness : t is dead

Ex 2.1, B initial marking
e Boundedness : No
e Safety : No

e Liveness : L

Ex 2.2
e Boundedness : Yes (k=2)
e Safety : No

e Liveness : L,
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Lecture 2

Exercise 2.4
(o) (o)
2 W p1 1 p4 A4
P
p2 t2 [=k]

The p» = t; edge was added.

=]
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Exercise 2.5

®(_,

p1 =)
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Exercise 2.6

O_,

p1 5
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Lecture 2

Exercise 2.8
®
b1 t1

()
Ny

t3

t2

t3 is Lo but not L3
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Exercise 2.9
®
b1 t1

()
Ny

t3

t2

t1 is L3 but not Ly
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pl

Exercise 2.10

p2



Analysis of
Distributed
Systems
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Exercise 2.11
Mailbox capacity is 4.

Lecture 2

write mail recgive il

ORC

resting received waiting

send mail awvailable

read mail
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© Lecture 3 - Analysis methods
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Exercise 3.1
Reversibility: Yes

Lecture 3

Home states:
e {p1,ps}
* {ps,ps}
o {p2,p3}
e {p3,pr}

It models mutual exclusion, e.g. an intersection with two traffic
lights.
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Lecture 3

Exercise 3.2
e Mi : Yes
e My : Yes
e M3 : Yes
° M4 : No

o Ms :

No
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Lecture 3

Exercise 3.3

Exercise 3.1 :
e Not persistent, (t1, t2) is the reason.

e Persistent after reversing p4 all four edges. It is now a
counter instead of a mutex!

Exercise 3.2 :
e Not persistent, the reasons are (t1, t1), (t1, t2).

e Persistent without t.
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Lecture 3 EXe I’Cise 3 4

e My: dhp=1d3p=1
° M12d173=1. d273=0
o My: do3 =2
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Lecture 3

Exercise 3.5
Reductions:

e fusion of series places: (yellowl + ygl + greenl) and
(yellow2 + yg2 + green2)

e fusion of series transitions: (ryl + yellowlgreenl + grl)
and (ry2 + yellow2green2 + gr2)

e elimination of self-loop places: (red1) and (red2)

e fusion of series transitions: (rylyellowlgreenlgrl + safe2
+ ry2yellow2green2gr2)

e elimination of self loop transitions:
(rylyellowlgreenlgrlsafe2ry2yellow2green2gr2)

O

safelrylyellowlgreenlgrisafe2ry2yellow2green2gr2
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Lecture 3

Exercise 3.6

Reductions:

e fusion of series places: (p2 + t2 + pl)

e fusion of series places: (p2t2pl + t1 + p4)

Note: the (t3 = p2t2pltlp4) edge is double!

t2

O

p2t2pltipd ta p5

p3
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M3té Tejfel
(1o000)
Lecture 3 kL
i
(tooo1y) (oo1o0)
tz
({0100 ca)
tz
1
t3
(1000 ) (0010 o)

“y @

(00 100o0)
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{11000)
eject
inserk brew

dispiagse
@i100) (10001

rejeck

bre )
accepk insert

(01010) (oo101)

accept
brew

{oo11)
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//:\
1 t2

p3

B Y
\_/

t6 P8 t8

p4

3 p2 ta

CD 3

3

[=1]
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Exercise 3.10

Yes, because it is live and safe (k=1 bounded).
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Agenda
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Lecture 4

Exercise 4.1
Not AC (p2, p4), not live (t4) and not safe (p3)!
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Lecture 4

Exercise 4.2
MG, live and not safe (p3)!
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Lecture 4

Exercise 4.3
FC, not live and safe!
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Lecture 4

Exercise 4.4
Modifications:
e t5 = p4 edge reversed
e p5 = t4 edge added

p4, p5 are the interesting ones!
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Lecture 4

Exercise 4.5
Modifications:

e t5 = p4 edge reversed

p4, p5 are the interesting ones!
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Lecture 4

e pl is a source place
e {p2, p3} is a siphon
o {p4, p5} is a trap
e pb6 is a sink place
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Exercise 4.7

o {t2 = p3, t3 = p3} is a minimal FAS
Lesimniz & e {pl = t2, t3 = p3} is a minimal FAS
e {t2 = p3, pl = t3} is a minimal FAS
{pl = t2, t1 = t3} is a minimal FAS

p3 = tl is a minimum and also a minimal FAS

tl = plis a minimum and also a minimal FAS

x set of edges is a FAS if x contains at least one of the
previous 6 FAS-es
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Lecture 4

Exercise 4.8

It is safe, because for every reachable marking, the set of
marked edges is a minimal FAS.
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Exercise 4.9

tE“ pl p5“
Lecture 4
6 t2 b =

ts p4 t4 p=




Analysis of
Distributed
Systems
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Exercise 4.10

tG“ pl p5“
Lecture 4
<\\ > <
p6 2 B =
A 4
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@ Lecture 5 - Coloured Petri nets

Agenda
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Exercise 5.1
Binding: P0®1 (p.2)+1 (p.4)+17(q.3)
<x=p, i=2>
Lecture 5 (p 2)
case x of (x. )
p=>2e T2
lq=>1e 1)

/ (x.) 1'(p.2)
E @92__,.:2\9 ,

@D 3e
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Lecture 5

Exercise 5.2

Binding:
<x=q, i=3>

case x of

E

S

p=>2e

lg==>1e

e

1

1e

@3\9

(P.2)+1°(p.4)+17(q.3)
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Lecture 5 Exercise 5.3
CPN Tools can be dowloaded from http://cpntools.org/




Rilbeb el Exercise 5.4

Distributed
Systems

17 (1,"Modellin)++
1'(2,"g and An")++
1°(3,"alysis##")++
1 (4, "#HE#488E")

INTXDATA

h

DATA [

Lecture 5

if Ok str
then 17 (n,p) INT=DATA ol
Transmit) 2/58 empty :@ (n.p) el
N~ p<>stop
then strop
else str

then empty
else|l’e

if Ok
then empty
lse1'a

Receive
Acknow,

Transmit
Acknow.

else empty )
Sender Netwark Receiver
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Systems

(1,"Modeallin”)++
“(2,"g and An")++
(3, alysis b")++

(4,"y Means")++
(5,"of Calou")++
(8,"red Petr')++
(7, Nets##")++ (LostPack
(B, EEHEHEEH)

INTxDATA

(Received 1,10

[N

Lecture 5 (n,p) if Ok(s,r) ;
then empty [l
alse 1'n andalso
- <>Sto|
Send \n.pJ tphem stE"D
Packet else str

INTXDATA

PackSeq

then k+1 then [(n,p)]
else k if n=k else [1)
then k+1

else k

o]
Receive
| ack

If Qk(s,r)
INT then1'n
(i,n) alse empty

n
if Ok(s,1) ki
then true
alse false

INTXINT BOOL
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Lecture 5

Exercise 5.6

PH.all()

Take
Chopsticks

Unused

Put Down
Chopsticks

Chopsticks,

waln=5;

colset PH = index ph with 1..n;

colset CS = index cs with 1..n;

wvar p: PH;

fun Chopsticks(ph(i)) =

1" cs(i) ++ 1" cs(if i=n then 1 else i+1);

3]

il
=
a
o,
i
T
+

I
I
T
T

Chopsticks(p)
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Lecture 5

Exercise 5.7

wTvaln=>5;
vcolset PH = index ph with 1..n;
vcolset CS = index cs with 1..n;
¥varp: PH;
wfun Left(ph(i)) = 1" cs(i);
wfun Right{ph(i)) =
1" cslif i=n then 1 else i+1);
Tfun Release(ph(i)) =
1 cs(i)++1" cs(if i=n then 1 else i+1);

PH.all()

PutDown

e e

es(1)++
cs(2)++
cs(3)++
cs(4)++
es(5)
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Systems
té Tejfe
wyaln=2;
¥colset PH = index ph with 1..n;
¥colset €5 = index cs with 1..n;
wvar p: PH; Rl
wfun Chopsticks(ph(i)) = Outside (2 1" ph(1)++
17 cs(i) ++ 1" es(if i=n then 1 alse i+1); 2 1" ph(2)

¥fun LeftChopstick (ph(i)) =
cs(i);

Lecture 5

LeftChopstick(p)
Chopsticks(p)

Unused
Chopstick:
cs

Poi 4 Put Down
clsone Chaopsticks

~

Chopsticks(p)
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E1l
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@ Lecture 6 - Labelled Petri nets

Agenda
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Exercise 1.1

Yo = (S0, To, Wo, Ao, Mo)

So = {po, p1}

To = {to, t1, t2}

Wo = ((TSUST)x{1HU(((Sx T)\STU(T xS)\ TS) x{0})
Ao = {(pov i)’ (plv i)? (t07 rr)v (tlv br)’ (t2’ bb)}

Mo = {(po,2), (p1,1)}

where

TS = {(t1, po), (to, p1)} and
ST = {(po, to), (Po, t1), (P1, t1), (p1, t2) }

Exercise 1.2
The Petri net is 2-bounded, therefore not safe.
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Lecture 6

Exercise 1.3

B

21

-
H'\-{
4=

w
(10)

bk

12

=
=
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Lecture 6

Exercise 1.4
Only the first three step is applicable. Two markings left on pl.

Exercise 1.5
It is applicable. No markings left at the end.
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Exercise 1.6

Lecture 6

write

pl

send

t1

Feceive

2

p3

O

read

i3
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Exercise 1.7
The Petri net is unbounded, therefore not safe, but live.
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Méité Tejfel Exercise 1.8

Lecture 6 (1oo1i0)

write

(0o110)

send

(10 10)
S

read

send write

receive

il

- m;: - read Eeiil

send

rite

W
De101)

YECRivE
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Lecture 6

Exercise 1.9
MO — {(pla 1)’ (p47 1)}

Exercise 1.10
The last step is not enabled. It would require to have tokens

simultaneously on p4 and pb.
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@ Lecture 7 - Petri Boxes

Agenda
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Lecture 7

Exercise 2.1




Analysis of
Distributed
Systems

Maté Tejfel

Lecture 7 Exercise 2.2

The net is ex-directed but not ex-exclusive. Marking
(0,0,0,0,0,1,1) is reachable (applying step sequence
{to},{ts}). The following transitions are independent of
transition ty: ts, tp.

Exercise 2.3
The ex-asymmetric transitions of the net are the following: ty:
t1.
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Lecture 7

Exercise 2.4
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Maté Tejfel

Pl pl

Lecture 7 e e
. [

pz“ pz“

Exercise 2.6
The net is a Petri box, but the marking (0,1, 1,1) (which is not
clean) is reachable from Mex, namely, it is not a static box.

Exercise 2.7
The net is a Petri box, but the marking (0,0, 0,2) (which is not
safe) is reachable from M.y, namely, it is not a dynamic box.
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Maté Tejfe

Lecture 7

Exercise 2.8

Marking (0, 1,0, 1) is reachable from the initial marking
(applying step {t1}), so the net is not ex-exclusive.
Exercise 2.9

The net is an entry box, since it is a Petri box, and every
marking reachable from M.y and Ms. is safe and clean.
Exercise 2.10

Transitions ty, tp are independent. Marking (0,1,0,0,1) is
reachable from the initial marking (applying step sequence
{to},{t2}), so the net is not ex-exclusive.
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© Lecture 8 - Operator Boxes |.

Agenda



Maté Tejfel

Exercise 3.1
Yes. The following execution is enabled.

({ro, 1}, 0) [{to,t3} > ({p2, p3},0) [{ta}:{t:}" >
(p}At}) [ts}:{t}” > ({po.p3}.0).

Exercise 3.2

Lecture 8

Yes. The following execution is enabled.

({po,p1},0) [{to,ts} > ({p2,ps},0) [{to}: {ts}* >
({pa, ps}, {ts}).

Exercise 3.3

The following complex markings are directly reachable from

M" = ({po},{ts}).
({po, ps}, 0); ({P2, ps}, 0); ({p2}, {ts}): ({ps}, {t0}): (0, {to, t5})
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Exercise 3.4
M3té Tejfel No. Execution

({ro}.0) [t} > ({p2.ps}0) [{ts}:{to}" > ({ps},{t0})
is enabled. However t; is not enabled in ({ps}, {to}).
Exercise 3.5

Yes. The following execution is enabled.

({po},0) [{t2} > ({p2.p3},0) [{to}:{ts}* >
({pa}, {ta}) Htr}" :{ts}™ > ({ps}, {t}).
Exercise 3.6

Yes. The following execution is enabled.

({po,p1},0) [to} > ({p2,p3},0) [{ts}: {ta}" >
({pa} {tr}) {2} :{ta}” > ({p2}. {t2}).
Exercise 3.7

Yes. The following execution is enabled.

({po, 1}, 0) [t} > ({p2,p3},0) [{ts}:{ts}" >
({pa} At}) [t2}" > (0, {11, 12}).
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Maté Tejfel

Lecture 8

Exercise 3.8
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Maté Tejfel

Lecture 8

Exercise 3.9
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Lecture 8

Exercise 3.10
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Lecture 9

Exercise 4.1




Analysis of
Distributed
Systems

Maté Tejfel

Lecture 9

Exercise 4.2

213 21 23
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Lecture 9

Exercise 4.3
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Maté

Lecture 9

Exercise 4.4
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Systems

Maté

Lecture 9

s1d4_22_32
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Lecture 9

Exercise 4.6
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Lecture 9

Exercise 4.7

=13_23_31_33
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Lecture 9

Exercise 4.8
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Lecture 9

Exercise 4.9
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Lecture 9

Exercise 4.10
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@ Lecture 10 - Labelled Transition Systems

Agenda



Analysis of
Distributed
Systems

Maté Tejfel

Lecture 10 -
Labelled
Transition
Systems

Exercise 1.1
p = a(bnil + cnil)

Exercise 1.2
p = a(bnil + cq), q = dp

Exercise 1.3

a(bnil + c(dnil + bdnil)) || acbnil
2 bnil + c(dnil + bdnil) || cbnil
5 dnil + bdnil || bnil

L dnit || nil

7

Consequently the process corresponds to the environment.
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Maté Tejfel

Lecture 10 -
Labelled
Transition
Systems

Exercise 1.4

- abdnil + a(dnil + cnil) || a(bnil + cnil)
2 dnil + cnil || bnil + cnil
S nil || nil
7

- abdnil + a(dnil + cnil) || a(bnil + cnil)
2 bdnil || bnil + cnil
2 dnil || nil
7

Consequently the process corresponds to the environment.



Analysis of .
Distributed Exercise 1.5

Systems

Msté Tejfel - abnil + adnil || abnil + adnil
2 bnil || bnil

Lecture 10 -

Labelled b . .
Transition — nil | ’ nil
Systems 7L)

- abnil 4 adnil || abnil + adnil
2 dnil || dnil
% il || nil
Yas

- abnil + adnil || abnil + adnil
2 bnil || dnil
WA

- abnil 4 adnil || abnil + adnil
2 dnil || bnil
A
Consequently the process does not correspond to the
environment.
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Maté Tejfel

Lecture 10 -
Labelled
Transition
Systems

Exercise 1.6
nil, anil, a(bnil + dnil), anil 4+ cnil, a(bnil + dnil + cnil), ...

Exercise 1.7
T(a(bnil + c(dnil + bdnil)) = {ab, acd, acbd}

Exercise 1.8
7'(a(bnil + c(dnil + bdnil)) = {e, a, ab, ac, acd, acb, acbd}

Exercise 1.9

abnil + a(cnil + dnil)

22 2(bnil + (cnil + dhnil))
AL 2((bnil + cnil) + dnil)
2 a(bnil + cnil) + adnil
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Maté Tejfel

Lecture 10 -
Labelled
Transition
Systems

Exercise 1.10

a((bcnil + dnil) + d(cnil + nil))

& a((benil + dnil) + dcnil)

2 a(benil + dnil) + adcnil

2 (abcnil 4 adnil) + adcnil

A abenil + (adnil + adcnil)

4 ab(cnil + nil) + (adnil + adcnil)
2 ab(cnil + nil) + a(dnil 4+ dcnil)
A ab(cnil + nil) + a(d(nil + cnil))
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Lecture 11

@ Lecture 11 - Communicating Sequential Processes




Analysis of
Distributed
Systems

Maté Tejfel

Lecture 11

Exercise 2.1

CSP =10 — CS10,

C510 = (5 — CS15 | little_choc — CS)
CS15 = big_choc — CS,

where aCSP = {5, 10, little_choc, big_choc}

Exercise 2.2
M:(a—>M1’b—>M2’C—>M3)
Mlz(b—)M2|C—>M3|d—>M)
M, =c— Ms

M3=d— M

where aM = {a, b, ¢, d}
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Distributed Exercise 2.3

Systems

P = ADgy, ADy = prodl — BDy,

BD; = (prod2 — AD; | consl — BC;j_1), where i € N,
BC; = (cons2 — BD; | prod2 — AC;), where i € Ny,
AC; = (cons2 — AD; | prodl — ACit1), where i € Ny,
AD; = (prodl — ADjy1 | consl — AC;_1), where i € N,
BDy = prod2 — ADy,

aP = {prodl, prod2, consl, cons2}

Maté Tejfel

Lecture 11

Exercise 2.4

P = null — Ay,

A,' = (a — AiJrl | null — B,'70),
where | € Ny,

B,’J = (b — B,',l,jJrl | null — CJ"o),
where i € N, j € Ny, (i > 0),
Boj = null — C;), where j € Np,
Ci = (c — Cj_1 | null - STOP), where j € N, (j > 0),
Co = null — STOP,
and aP = {null,a, b, c}
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Exercise 2.5

P || Q, where

P = bl — meetB — meetE — el — P,
aP = {bl, meetB, meetE, el},

Lecture 11 Q = b2 = meetB — meetE — €2 — Q,

a@Q = {b2, meetB, meetE, €2},

Maté Tejfel

Exercise 2.6

(P Q)| R, where

P = b3 — meet2 — meet3 — P,
aP = {b3, meet2, meet3},

Q = bl —» meet_ 1B — meet2 — meet_1E — meet3 — Q,
aQ = {bl, meet_1B, meet_1E, meet2, meet3},

R = b2 — meetl_.B — meet2 — meetl_E — R,
aR = {b2, meet_1B, meet_1E, meet2}.
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Maté Tejfel

Exercise 2.7

P=(a— (b— STOP | c— STOP) | b — d — STOP),
Lecture 11 OéP: {a, b, C,d}

Exercise 2.8

P=(a— (b— STOP | c— STOP)
| d - STOP
| b— (¢ — STOP N ¢ — d — STOP)),

aP ={a, b, c,d}
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Exercise 2.9

Lecture 11

Exercise 2.10
acbdnil + cabdnil
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© Lecture 12 - Axiomatic Semantics of CSP

Agenda
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Exercise 3.1
PllRQ=(a—=c—=>b—=(P||Q)|c—a—b—(P]| Q)
Lecture 12

Exercise 3.2
PllQ=b—=(a—=c—=(P||Q)|c—a—(P]| Q)

Exercise 3.3

P || Q@ =a— R, where
R=b—(a—c—-R|c—a—R)
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Exercise 3.4
PllRQ=a—=b—(P]| Q)

Exercise 3.5

Lecture 12

PllRQ=x—=y—=>(w—=z—=y—(P|| Q)
lz=w—=y—= (P Q)

Exercise 3.6
PllQ=(a—STOP) N (a—b— (Pl Q))

Exercise 3.7
P\{b}=(a— P|d— c— P), where aP ={a,c,d}
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Exercise 3.8
PllRQ=(a—=b—c—(P||Q) N(a—c—d—(P]l Q))

Lecture 12

Exercise 3.9

P|| Q=e— R, where
R=a—(b—e— W]|e— b— W), where
W=c—(d—e—R|e—>d—R)

Exercise 3.10
PllQ=(x—y—=z=>(P||Q)N(x—=z—=w—=(P]|l Q)
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O Lecture 13 - Denotational Semantics of CSP
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Exercise 4.1
1. traces(R(a)) = {<>,< b>,< b,c >}
2. traces(R(b)) = {<>,< d >}
= traces(W)
Lecture 13 :{<>,<a>,<a,b>,<a,b,C>,<b>,<b,d>}

Exercise 4.2

1. traces(P) = {<>,< b>,< b,c >}
2. traces(Q) = {<>,<d >, <d,c>}

= traces(P M Q)
={<>,<b><bc><d><dc>}
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Maté Tejfel

Lecture 13

Exercise 4.3

1. traces(R) = {<>,<d >, < d,c >}

2. traces(W) = {<>,< b>,< b,d >, < b,d,c >}

= traces(R O W)
={<>,<d><d,c><b><bd><b,dc>}

Exercise 4.4

e traces((P M Q) || (RO W))
= traces(P M Q)N traces(R O W)
={<>,<b><d><dc>}
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Lecture 13

Exercise 4.5

e Here F(X) = coin — choc — X.
e According to the 3. item of definition of function traces it

is enough to see:
Vn € N : traces(F"(STOP)) = {s | s < < coin, choc >"}.
Using induction:
n=0 traces(F°(STOP)) = traces(STOP) = {<>}
={s|s < < coin, choc >},
n=k+1 traces(FK*1(STOP,))
= traces(F(F¥(STOP,)))
= traces(coin — choc — FX(STOP))
= {<>, < coin >}
U {< coin, choc >" t | t € traces(F*(STOP)))}
= {<>, < coin >}
U {< coin, choc >" t | t < < coin, choc >" )}
={t |t < < coin, choc >"1}
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Systems

Maté Tejfel e traces(P) = {<>,<a>,<ab><ac>}
o Vt € traces(P) : (t| a) > (t | ¢),
= P sat ((tr | a) > (tr | ¢)).

Exercise 4.7

Lecture 13

e Pl|lQ=a—b—c— STOP,

e traces(P || Q) ={<>,<a>,<ab>,<a,b,c>}
o Vit € traces(P || Q) : ((t ] a) < (tl b)),

= (P Q) sat ((tr | a) < (tr | b)).

Exercise 4.8

e traces(PM Q) ={<>,<b> < bc><a><ab>}
o Vtetraces(P M Q):((tda)+(tlc)<1),
= (P 1 Q) sat ((trda)+(trlc)<1).
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Lecture 13

Exercise 4.9
Let be MySpec = ((tr | a) < 1+ (tr | b) + (tr | d)).
1. (tr =<>) = MySpec
= STOP sat (tr =<>) = STOP sat MySpec
2. Suppose X sat MySpec
traces(F(X)) = {<>,<a>,<ab><a,c>}
U{<a,b,c>"t|tE¢€ traces(X)}
U{<a,c,d>"t]te traces(X)}
2a (<>l a)=0, (<>l b)+ (<>l d)=0,
(<a>la)=1(<a>lb)+(<a>|d)=0,
(<a,b>la)=1(<ab>lb)+(<ab>|d)=1,
(<a,c>la)=1(<ac>lb)+(<ac>|d) =0,
2b (<abyc>"tla)=(t)a)+1,
(<a,b,c>"t]b)=(tlb)+1,
(<a,byc>"tld)=(tld),
so ((< a,b,c>"t] a)
<l+(<abc>"tlb)+(<abc>"tld))
equivalent with ((t L a) <1+ (t] b) + (t] d))
(which will hold because of the assumption).
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Maté Tejfel

2c (<ac,d>"tla)=(tla)+1,
(<a,c,d>"t]b)=(tlb),
(<a,c,d>"tld)=(tld)+1,
so ((<a,c,d>"t]a)

Lecture 13 <l4(<ac,d>"tlb)+(<ac,d>"tld))

equivalent with ((t L a) <1+ (t] b) + (t] d))

(which will hold because of the assumption).

e (2.a) A (2.b) A (2.c) = F(X) sat MySpec.

e (1.) A (2.)) = P sat MySpec.




Exercise 4.10

1. Psat (0 < ((trla)—(trl b)) < 1)
2. Qsat (0 < ((trdb)—(tric)) < 1)
= Pl Q
sat (0 < (((tr 1 aP) La)— ((tr T aP) L b)) < 1)
A < (¢ 1aQ) L B)—((tr 1 aQ) L)) < 1))
= Pl Q

sat ((0 < ((trla)—(trl b)) < 1)
A < ((trdb)—(trlc) < 1))
= P||Qsat (0 < ((trla)—(trlc)) < 2)
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Lecture 14

Exercise 5.1
P||Q = c1?x — c2.(x +5) = ¢3!(2x x + 10) — STOP

Exercise 5.2
(P]|Q) \ {c2} = c1?x — ¢3!(2* x + 10) — STOP

Exercise 5.3
P|| Q10 = in?x — cl.x — ¢2.(10%x) — out!(10%x) — (P||Q10)

Exercise 5.4
(P]|@s) \ {cl, c2} = in?x — out!(5xx) — ((P||@5) \ {c1, c2})
Exercise 5.5
(PllQ) =
(inl?x — in2?y
— cl.x — c2.(x +y) = out!(x +y) — (P||Q)
|in2?7y — in17x
— clx = c2.(x +y) = out!(x +y) = (P||Q))
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Lecture 14

Exercise 5.6
(PQ) -
inl?x — cl.x
— (in2?7y — out!x — c2.(x * y) — out!(x x y) — (P||Q)
loutlx — in27y — €2.(x * y) — out!(x x y) = (P||Q))
Exercise 5.7
Q = (in?7y — outl(y1 xy» +5) = Q)
Exercise 5.8
Q = (in?y — outl(y1, (y1*y2 +3)) > Q)
Exercise 5.9
Q = (in?y — out!(y1, (y2 + (y1 % y3)), (11 ¥ y3)) = Q)
Exercise 5.10
Qi = (in?y — out!(y1, (y2 + & xy3), % x y3) = Qi)
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