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{a} 2] {a, b}

path m=sys155155S1 ---
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B B—ED apion)
{a} 7] {a, b}

path m = 5951551551 - - - trace(w) = ({a} @)
mEaUb?
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m = aUb assofEband sy fEavhb
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Correct or wrong ? LTLSF. 1T

B B—ED apion)

{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb

m = Ob— (aUb) ?
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Correct or wrong ? LTLSF. 1T

B B—ED apion)

{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb

m = Ob— (aUb) asw [~ Ob
T EOO-b?
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B B—ED apion)
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Correct or wrong ? LTLSF. 1T

B B—ED apion)

{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb

m = Ob— (aUb) asw [~ Ob

rEQQ-b as sp = b
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Correct or wrong ?

LTLSF3.1-7

AP = {a, b}
{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb
m = Ob— (aUb) asw [~ Ob
rEQQ-b as sp = b
7 £ Oa as s [~ a
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Correct or wrong ? LTLSF. 1T

B B—ED apion)

{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb

m = Ob— (aUb) asw [~ Ob

rEQQ-b as sp = b
7 £ Oa as s [~ a

mEO0a?

2206 / 7159



Correct or wrong ?

LTLSF3.1-7

AP = {a, b}
{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb
m = Ob— (aUb) asw [~ Ob
rEQQ-b as sp = b
7 £ Oa as s [~ a
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as [JQ = infinitely often
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AP = {a, b}
{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb
m = Ob— (aUb) asw [~ Ob
rEQQ-b as sp = b
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Correct or wrong ?

LTLSF3.1-7

AP = {a, b}
{a} o {ab}
path m = 5951551551 - - - trace(w) = ({a} @)
m = aUb assofEband sy fEavhb
m = Ob— (aUb) asw [~ Ob
rEQQ-b as sp = b
7 £ Oa as s [~ a
7 = O0a as (0O = infinitely often

m £ O0a

as Q0= eventually forever
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Which formulas hold for 7 ?

(ol To)——(%2L)
a8 & {ab)

LTLSF3.1-11

AP = {a, b}
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Which formulas hold for 7 ? LILSF3.1-11
B B—ED ey

T E a assFaand s Fa
T = o0Oa as 50515851 ... £ O0a
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Which formulas hold for 7 ? LILSF3.1-11

(] Ts)——(=2) AP = {a, b}

{a} 7] {a, b}
T E a assFaand s Fa
T = o0Oa as 50515851 ... £ O0a

T = 0Ob v OO(—a A -b)
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Which formulas hold for 7 ? LILSF3.1-11

() Tsp——(2 AP = {a, b}

{a} 7] {a, b}
T E a assFaand s Fa
T = o0Oa as 50515851 ... £ O0a
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Which formulas hold for 7 ? LILSF3.1-11

() Tsp——(2 AP = {a, b}

{a} 7] {a, b}
T E a assFaand s Fa
T = o0Oa as 50515851 ... £ O0a

T | 0Ob v O0(-aA-b) ass |=b, s £ a,b
T E O>(@— (O—a Vv b))



Which formulas hold for 7 ?

(o Ts)——(2])
{a} o {a, b}
T E a
T ¥ O0a

T E 00Ob v OO(—aA-b)
T E O(@— (O—a Vv b))

LTLSF3.1-11

AP = {a, b}

assgFaand s Ea
as 551591 --- fF O0a
ass = b, sy Ea,b

ass Eb, s EQOa



Correct or wrong? LTLSE. 112

For each path m we have: m =@ or m -
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Correct or wrong? LTLSE. 112

For each path m we have: m =@ or m -

correct, since 7 |= —p iff T [£
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Correct or wrong? LTLSE. 112

For each path m we have: m =@ or m -

correct, since 7 |= —p iff T [£

For each state s we have: s =@ or sy




Correct or wrong? LTLSE. 112

For each path m we have: m =@ or m -

correct, since 7 |= —p iff T [£

For each state s we have: s =@ or sy

wrong.
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Correct or wrong? LTLSE. 112

For each path m we have: m =@ or m -

correct, since 7 |= —p iff T [£

For each state s we have: s =@ or sy

wrong.

s %]
s~ Qa and s £ Qa

{a} o
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LTL-formulas for MUTEX protocols LTLSF3.1-16
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LTL formulas over AP = {waitl, crity, waity, critg}
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e the mutual exclusion property

Pmutex =

2260 / 7159



LTL-formulas for MUTEX protocols UTLSF3. 116

LTL formulas over AP = {waitl, crity, waity, critg}
e the mutual exclusion property

2261 /7159



LTL-formulas for MUTEX protocols UTLSF3. 116

LTL formulas over AP = {waitl, crity, waity, critg}
e the mutual exclusion property
Cmutex = O(—crity V —crity)

e ‘“every process enters the critical section infinitely
often”

Plive = ?
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LTL-formulas for MUTEX protocols UTLSF3. 116

LTL formulas over AP = {waitl, crity, waity, critg}
e the mutual exclusion property
Cmutex = O(—crity V —crity)

e ‘“every process enters the critical section infinitely
often”
Plive = O&crity A Ocrits

e starvation freedom
“every waiting process finally enters its critical section”
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LTL-formulas for MUTEX protocols UTLSF3. 116

LTL formulas over AP = {waitl, crity, waity, critg}
e the mutual exclusion property
Cmutex = O(—crity V —crity)

e ‘“every process enters the critical section infinitely
often”

Plive = D(}Cfitl A D(}critg

e starvation freedom
“every waiting process finally enters its critical section”

wsf = O(waity = OQcrit)) A O(wait, — Ocrity)
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Provide an LTL formula over AP = {a, b} for ... ...
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ag A1 Ay ... € (2AP)w such that:

Vi20.(aeA = iZ1ANbeA_)
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ag A1 Ay ... € (2Ap)w such that:

Vi>0.(aeA = i>1AbeA_)
Vi>0.(beA V agA)
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Provide an LTL formula over AP = {a, b} for ..

= LILSF3.1-17

e set of all words Ag A1 Ay ... € (2Ap)w such that:
Vi>0.(a€eA = iZ1ANbeA_;)
>0.(beA V ag Ai)
Words( O(b Vv O—a) )

I g
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ag A1 Ay ... € (2AP)w such that:

Vi20.(aeA = iZ1ANbeA_)
Vji>0.(beA V ag A1)
= Words( O(bVv Oma) )

e set of all words of the form

{b}™{a} {b}™{a}{b}™{a}...

where m,m,m,... 2 0
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Provide an LTL formula over AP = {a, b} for ... ...

e set of all words Ag A1 Ay ... € (2AP)w such that:

Vi20.(aeA = iZ1ANbeA_)
Vji>0.(beA V ag A1)
= Words( O(bVv Oma) )
e set of all words of the form
{b}™{a} {b}™{a}{b}™{a}...
where ny, np, n3,... >0

= Words( O((bA—a) U (aA=b)))
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Correct or wrong? LTLSFS. 126

NeVy) = Op Vv OU
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Correct or wrong? LTLSFS. 126

NeVy) = Op Vv OU

correct
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Correct or wrong?

LTLSF3.1-26

OleVy) = Op VvV OY
correct
Ve AY) = O A OY
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Correct or wrong? LTLSFS. 126
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correct
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Correct or wrong? LTLSFS. 126

NeVy) = Op Vv OU

correct

(e AY) = Op A OV
wrong, E Ob A Qa
oo () 8——@ (2} - o(ora)
similarly: O(pAv) = Op A Ov
O(pvy) # Op v Oy




Correct or wrong? LTLsE 127

00 = Qv
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Correct or wrong? LTLsE 127

00 = Qv

correct

iff

k>0 A2k st AAnAs... o
3>20 st AjAj+1Aj+2 |= (1)
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

k>0 A2k st AAnAs... o
iff 3>20 st Aj Aj+1 Aj+2 ce |= (1)
Vk>0V, >k st AjAj+1Aj+2...|=(p
iff Vi>0 st Aj Aj+1 Aj_|_2 ce |= 1)
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

Obyp = OOy
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

Obyp = OOy

correct
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

OOp = OO0y £ ¢

correct

note that:
A0A1A2... I=“”¢’ iff A,'A,'+1 |=(p for all I) 1
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

Obyp = OOy
correct

O0p = O¢
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

Obyp = OOy
correct

. 0O = infinitely often
Ol = Doe OO = eventually forever
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Correct or wrong? LTLsE 127

OOp = Op
correct  analogously: [y = O

Obyp = OOy
correct

. 0O = infinitely often
Ol = Doe OO = eventually forever
wrong

\ E O¢a
5 {a} = Ola
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The weak until operator W

LTLSF3.1-WEAKUNTIL

o W 9

© (pUy) v Op

deriving “always” and “until” from “weak until”:

Oy

pUy

W false

(P W) A O
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Does T |= aWb hOId ? LTLSF3.1-32

{a}
{6}

I 1
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Does T |= aWb hOId ? LTLSF3.1-32

{a}

= aWb ®
@ = {b}

I 1
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Does T |= aWb hOId ? LTLSF3.1-32

= aWb

ONCN
I 1 1
——

o
—

aX
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Does T |= aWb hOId ? LTLSF3.1-32

= aWb

f I aWb (even aUb)
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——
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Does T |= aWb hOId ? LTLSF3.1-32

= aWb

f I aWb (even aUb)

= aWb

ONCN
I 1 1
——

o
—
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Example: CTL semantics omLss4.1-16
T (start T k= 3OVO-start ?

try

lost ) (error) (delivered)

&, = IO VO —start
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Example: CTL semantics omLss4.1-16
T (start T k= 3OVO-start ?

try

lost ) (error) (delivered)

&, = IO VO —start

Sat(VO-start) = {error}
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Example: CTL semantics omLss4.1-16

T start

try

T k= 3OVO-start ?

lost ) (error) (delivered)

&, = IO VO —start ~» IO error

Sat(VO-start)
Sat(3QVO-start)

= {error}
_ 7
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Example: CTL semantics omLss4.1-16
T (start T k= 3OVO-start ?

try

lost ) (error) (delivered)

&, = IO VO —start ~» IO error

Sat(VO-start) = {error}
Sat(3QVO-start)

Sat(3Qerror) = “all states”
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Example: CTL semantics omLss4.1-16
T (start T = 3OVO-start  /

try

lost ) (error) (delivered)

&, = IO VO —start ~» IO error

Sat(VO-start) = {error}
Sat(3QVO-start)

Sat(3Qerror) = “all states”
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Example: CTL semantics omLss4.1-16

T (start T k= 3QVO-start
try T = VOIQOVO-start ?

lost ) (error) (delivered)

&, = VO 3O VO —start
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Example: CTL semantics omLss4.1-16
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Sat(VO-start) = {error}
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Example: CTL semantics omLss4.1-16
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try T = VOIQOVO-start ?

lost ) (error) (delivered)
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Sat(VO-start) = {error}
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Example: CTL semantics omLss4.1-16

T (start T k= 3QVO-start
try T = VOIQOVO-start ?

lost ) (error) (delivered)

&, = VO IO VO —start ~~ VO A0 error

Sat(VO-start) = {error}
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Example: CTL semantics omLss4.1-16

T (start T k= 3QVO-start
try T = VOIQOVO-start ?

lost) (error) (delivered)

&, = VO IO VO —start ~~ VO A0 error

Sat(VO-start) = {error}
Sat(AQVO-start) = {error, try}

3227 /7159



Example: CTL semantics omLss4.1-16

T (start T k= 3QVO-start
try T = VOIQOVO-start ?

lost) (error) (delivered)

o, = VO IO VO —start ~» V(O (error V try)

Sat(VO-start) = {error}
Sat(3OVO-start) = {error,try}
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Example: CTL semantics CTL884.1-16
T (start T k= IOVO-start

try T = VOIQOVO-start ?

lost) (error) (delivered)

o, = VO IO VO —start ~» VYO (error V try)

Sat(VO-start) = {error}
Sat(3OVO-start) = {error,try}
Sat(VO3AOVO-start) = ?
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Example: CTL semantics omLss4.1-16
T (start T | 3OVO-start
try T EVO3IOQVO-start  +/

(lost) (error) (delivered)

o, = VO IO VO —start ~» VYO (error V try)

Sat(VO-start) = {error}
Sat(3OVO-start) = {error,try}
Sat(VO3AOQV-start) = {error, lost, start}
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?
lost ) (error) (delivered)

&3 = A0 VO VO —start
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?
lost ) (error) (delivered)

&3 = A0 VO VO —start

Sat(VO-start) = {error}
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?
lost) (error) (delivered)

&3 = IO VO VO —start ~~ IO VQerror

Sat(VO-start) = {error}
Sat(VOVO-start) = 7?7
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?
lost) (error) (delivered)

®; = 30O VO VO —start ~~» IO error

Sat(VO-start) = {error}
Sat(VOVO-start) = {error}
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?

lost ) (error) (delivered)

&; = 40O VO VO —start ~» Q) error
Sat(VO-start) = {error}
Sat(VOVO-start) = {error}
Sat(3QOVQOVO-start) = ?
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Example: CTL semantics omLss4.1-16

T start T E IOVO-start

t@\ T E VO3IQVO-start
T | IOVOVO-start ?

lost) (error) (delivered)

&; = 40O VO VO —start ~» Q) error
Sat(VO-start) = {error}
Sat(VOVO-start) = {error}
Sat(3OVQVO-start) = {error, try}
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Example: CTL semantics omLss4.1-16

T (start T k= 3QVO-start

t@\ T E VO3IQVO-start
T = IOVQOVO-start

lost) (error) (delivered)

&; = 40O VO VO —start ~» Q) error
Sat(VO-start) = {error}
Sat(VOVO-start) = {error}
Sat(3OVQVO-start) = {error, try}
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)

does T | AQVO-a hold ?
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So 51 52
O )
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does T | AQVO-a hold ?

answer. no

Sat(VO-a) = {s}
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)
does T | AQVO-a hold ?

answer. no

Sat(VO-a) = {s}
Sat(AI0QVO-a) = {sp,s1}
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)

does T | AQVO-a hold ?

answer. no

does T |= VO3IO—a hold ?
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)

does T | AQVO-a hold ?

answer. no

does T |= VO3IO—a hold ?

answer: yes
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)

does T | AQVO-a hold ?

answer. no

does T |= VO3IO—a hold ?

answer: yes

Sat(30—a) = {s, 51,9}
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Example: CTL semantics oTLss4. 117
So 51 52
O )
%) {a} %)

does T | AQVO-a hold ?

answer. no

does T |= VO3IO—a hold ?

answer: yes

Sat(EIO—-a) {507 S1, 52}
Sat(VIZEIO—na) = {507 s1, 52}
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Example: CTL semantics orLssd 118

s ® ={a}
: u @ = {b}
O=2

T = 303(aU b) ?

3246 / 7159



Example: CTL semantics orLssd 118

s ® ={a}
: u @ = {b}
O=2

T = 303(aU b) J assE3(aUb)

3247 /7159



Example: CTL semantics orLssd 118

s ® ={a}
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Example: CTL semantics orLssd 118

s ® ={a}
t u ® ={b}
O=o2
T E303(aUb) v assss...E0O3(aUb)

T b 3((30a) U b) as t £ 30a, u £ 30a
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Example: CTL semantics = cuss 4118

s ® ={a}
t u ® ={b}
O=o
T E303(aUb) v assss...E0O3(aUb)

T b 3((30a) U b) as t £ 30a, u £ 30a
T = 3(aUV(~aU b)) v/

S u

O—O = aUV(-aUb)
I V?—\-an)




Correct or wrong? CTL8s4.1-19

Let 7 be a transition system and ® a CTL formula.
Is the following statement correct ?

if TF-® then TE®
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Is the following statement correct ?

if TF-® then TE®

answer. no
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Let 7 be a transition system and ® a CTL formula.

Is the following statement correct ?

if TF-® then TE®

answer. no

TE® iff s = ® for all initial states sp

3256 / 7159



Correct or wrong? CTL8s4.1-19

Let 7 be a transition system and ® a CTL formula.

Is the following statement correct ?

if TF-® then TE®

answer. no

TE® iff s = ® for all initial states sp

T = —® iff there exists an initial state sp with
so @
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Correct or wrong? CTL8s4.1-19

Let 7 be a transition system and ® a CTL formula.

Is the following statement correct ?

if TF-® then TE®

answer. no

TE® iff s = ® for all initial states sp

T = —® iff there exists an initial state sp with
so @

iff there exists an initial state sp with

soF®
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Correct or wrong? CTL8s4.1-19

Let 7 be a transition system and ® a CTL formula.
Is the following statement correct ?

if TF-® then TE®

answer. no

transition system 7 with 2 initial states:
{a} o T B 30a
T W= -30a
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Correct or wrong? CrLssd.1-23

I0(aAb) = 30a A 30b
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Correct or wrong? CrLssd.1-23

I0(aAb) = 30a A 30b
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Correct or wrong? CrLssd.1-23

A0(aA b) = 30a A AOb
wrong, e.g, \O<g
VO(aAb) = VOa A VOb
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Correct or wrong? CrLssd.1-23

A0(aA b) = 30a A AOb

wrong, e.g, \O<g
VO(aAb) = VOa A VOb

wrong, e.g., \C 0O .:3
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Correct or wrong? CrLssd.1-23

I0(aAb) = 30a A 30b

VO(aAb) = VOa A VOb

wrong, e.g., \C ® e

but:

VD(CD]_ A ¢2)
30(®1 V )

Ve, A VO,
A0, v 0P,
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Correct or wrong? CrLssd 124

VOVOa = VIVOa
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.
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Correct or wrong? CrLssd 124

VOVOa = VOOVOa
correct.

both formulas require computation trees
of the form:

arbitrary

®a
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

3030a

I030a
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Correct or wrong?

VOVOa = VIVOa

correct.

CTLSS4.1-24

3030a

wrong,

I030a
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a

wrong, e.g.,

58
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a

wrong, e.g.,

\50 o 8 s £ 30O30a
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a

wrong, e.g.,
S0 so £ 3030a
58

note: Sat(d0a) = @
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a

wrong, e.g.,

S0 so £ 3030a
\6 ® 8 s | 3030a
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Correct or wrong?

VOVOa = VIVOa

correct.

CTLSS4.1-24

Jd030a = JO30a

wrong, e.g.,

58

s £ AO3A0a
so = A030a

so =30a
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a

w;;)ng, e.g., o 123090
\6 ® 8 % = 3030a

so =30a
= s5%% --- FO030a
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Correct or wrong? CrLssd 124

VOVOa = VIVOa

correct.

Jd030a = JO30a
wrong, e.g.,
S0 so £ 3030a
\6 ® 8 % = 3030a
so =30a

= s5%% --- FO030a
= 50 F303A0a
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CTL vs LTL o

Does VO(a A 30a) = ¢(a A Qa) hold ?
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CTL vs LTL o

Does VO(a A 30a)

O(a A OQa) hold ?

answer: no.
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CTL vs LTL

Does VO(a A 30Da) =

answer: no.

T
S0

S1 L)

O(a A OQa) hold ?

® = {a}
O=9
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CTL vs LTL o

Does VO(a A 30a)

O(a A OQa) hold ?
answer: no.

-
%0 T = O(a A Qa)

S1 L)
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CTL vs LTL conprmsoNd 2.

Does VO(a A 30a)

O(a A OQa) hold ?
answer: no.

-
%0 T = O(a A Qa)

S1 L)

note: M = S % %S ... is a path in T with

trace(r) = {a}@@a ... € Words(O(an (O a))
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CTL vs LTL o

Does VO(a A 30a) O(a A OQa) hold ?

answer: no.

-
%0 T = O(a A Qa)

. S T EVO(an3IDa)
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CTL vs LTL o
Does VO(a A 30a) = ¢(a A Qa) hold ?

answer: no.

T
%0 T = 0(a A Qa)
. S T EVO(an3IDa)

Sat(A0a) = {so,s1}
Sat(VO(aA3Da)) = {s0,s1}



Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a
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Correct Or wrong? COMPARISON4.2-10

s | 3d030a iff there is a path m € Paths(s) with
m = O0a

wrong.
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Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a
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Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a

wrong.

SB O 6 s = 30302
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Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a

wrong.

SB O 6 s = 30302

note that: s = 30a

3465 / 7159



Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a

wrong.

SB O 6 s = 30302

note that: s = 30a
thus: sss...E O30a
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Correct or wrong? —

s | 3d030a iff there is a path m € Paths(s) with
m = O0a

wrong.

SB O 6 s = 30302

note that: s = 30a
thus: sss...E O30a

but there is no path where (0¢a holds
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Correct Or Wrong? COMPARISON4.2-12

If 71 and T3 are trace equivalent TS then for all
CTL formulas®: T1 & iff HhE®

3493 /7159



Correct Or Wrong? COMPARISON4.2-12

If 71 and T3 are trace equivalent TS then for all
CTL formulas®: T1 & iff HhE®

wrong.
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Correct or wrong? conpanrson 212

If 71 and T3 are trace equivalent TS then for all
CTL formulas®: T1 & iff HhE®

wrong.

Ti: T>:

{a} {b} {a} {b}
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Correct Or Wrong? COMPARI SON4.2-12

If 71 and T3 are trace equivalent TS then for all
CTL formulas®: T1 & iff HhE®

wrong.

Ti: T>:

{a} {b} {a} {b}

T1 and T3 are trace equivalent
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Correct Or Wrong? COMPARI SON4.2-12

If 71 and T3 are trace equivalent TS then for all
CTL formulas®: T1 & iff HhE®

wrong.
Th: To: consider the CTL formula
® = JdJ0a A 3Ob
TL @
T2E®

{a} {b} {a} {b}

T1 and T3 are trace equivalent
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