O b Se r\la t i O n LF2.6-NEED-FOR-FAIRNESS

liveness properties are often violated
although we expect them to hold
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Two independent traffic lights LF2.6-3
3] light 1 light 2

[®9)

[greenlj [greenzj
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Two independent traffic lights LF2.6-3

3] light 1 light 2
red1 red2
[0

[greenlj [greenzj

light 1 ||| light 2 /21 red2>](\

[greenl red, red; greenQJ

\(greenl greenzj/
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Two independent traffic lights LF2.6-3

3] light 1 light 2
red1 red2
[0

[greenlj (greenQJ

light 1 ||| light 2 /21 redz>](\

( green; red, red; green, )

\Lgreenl greenQJ/

light 1 ||| light 2 [~ “infinitely often green;”
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Two independent traffic lights LF2.6-3

3] light 1 light 2
red1 red2

[®9)

[greenlj greenzj

/

light 1 ||| light 2 /{ redy reds ...
( green, red2< /[ red1 green, |
\Lgreenl greenQJ/

light 1 ||| light 2 [~ “infinitely often green;”
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Two independent traffic lights LF2.6-3

3] light 1 light 2
red1 red2

[®9)

greenlj greenQJ

light 1 ||| light 2 /21 redz>](\

( green; red, red; green, )

\Lgreenl greenQJ/

light 1 ||| light 2 }~ “infinitely often green;”
although light 1 = “infinitely often green;”
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Two independent traffic lights LF2.6-3

3] light 1 light 2
red1 red2
[0

[greenlj greenQJ

/

light 1 ||| light 2 /21 redz>](\

( green; red, red; green, )

\Lgreenl greenQJ/

light 1 ||| light 2 [ “infinitely often green;”

interleaving 1s completely time abstract !
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Mutual exclusion (semaphore) LF2.6-4

Tsem noncr|t1 noncr|t2 }
/Taltlnoncrltg [noncrltllwaltg]
y= /
| / ~N

walt; walt,

[crltl noncrltg]
y=1

y=0
™~ .
[ crit; walt,

y=0

noncrity crits
[ y=0 ]

waity crits ]

y=0
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Mutual exclusion (semaphore) LF2.6-4

Tsem noncr|t1 noncr|t2 }
/Taltlnoncrltg [noncrltllwaltg]
y= /
| / ~N

walt; walt,

crit; noncrits
y=1

y=0
[ crit; wait, waity crits ]

y=0 y=0

liveness ~ “each waiting process will eventually
property enter its critical section”

[noncrltl Crltz]
y=0
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Mutual exclusion (semaphore) LF2.6-4

Tsem noncr|t1 noncr|t2 }
/Taltlnoncrltg [noncrltllwaltg]
y= /
| / ~N

crit; noncrits walt; wait, noncrity crit,
y=0 y=1 y=0
[ crit; walt, wailty crits ]
y=0 y=0
Toem b “each waiting process will eventually
sem enter its critical section”
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Mutual exclusion (semaphore) LF2.6-4

Tsem noncr|t1 noncr|t2

e

Wa|t1 noncr|t2 [noncrltl waits

f’:l\]/

-
\“‘
R
RY
RY
R

\

crit; noncrits walt; waity noncrity crit,
y=0 y=1 | . y=0
[ Crit; waitp } \[ warty crit
y=0 y=0
Toem b “each waiting process will eventually
sem enter its critical section”
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Mutual exclusion (semaphore) LF2.6-4

Tsem noncr|t1 noncr|t2 }
/TaltannCHtg [noncrltllwaltg]
y= /
| / ~N

walt; walt,

crit; noncrits
y=1

noncrity crit,
y=0 [ ]

y=0

crity waits walit; crit,
y=0 y=0
Teom V- “each waiting process will eventually
sem enter Its critical section”

level of abstraction is too coarse |
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Process fairness LF2.6-5
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Process fairness LF2.6-5

interleavin_g_
two independent
non-communicating actions actions
processes Py ||| P> of Py of P,

possible interleavings:

P, P, P Py Py P P, P P, P, P, P, P ...
P, PP, Pr Py P, P Py P, P, P, P, Py ...
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Process fairness LF2.6-5

interleaving

two independent
non-communicating actions actions
processes Py ||| P> of Py of P,

possible interleavings:

P, P, P Py Py P P, P P, P, P, P, P ...
P, P, P,P,P,P,P,PL P, P P P, P ..
P, P, P, P,P,P,LP,P,PLPL P PP ..
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Process fairness LF2.6-5

interleaving

two independent
non-communicating actions actions
processes Py ||| P> of Py of P,

possible interleavings:

P1P2P2P1P1P1P2P1P2P2P2P1P1... fair
P1P1P2P1P1P2P1P1P2P1P1P2P1... fair
P1P1P1P1P1P1P1P1P1P1P1P1P1... unfair
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Process fairness LF2.6-5

interleavin_g_
two independent
non-communicating actions actions
processes Py ||| P> of Py of P»

possible interleavings:

P1P2P2P1P1P1P2P1P2P2P2P1P1... fair
P1P1P2P1P1P2P1P1P2P1P1P2P1... fair
P1P1P1P1P1P1P1P1P1P1P1P1P1... unfair

process fairness assumes an appropriate resolution
of the nondeterminism resulting from
interleaving and competitions
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Nuances of fairness LF2.6-6

e unconditional fairness

e strong fairness

e weak fairness
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Nuances of fairness LF2.6-6

e unconditional fairness, e.g.,

every process enters gets its turn infinitely often.

e strong fairness

e weak fairness
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Nuances of fairness LF2.6-6

e unconditional fairness, e.g.,

every process enters gets its turn infinitely often.

e strong fairness, e.g.,

every process that is enabled infinitely often
gets its turn infinitely often.

e weak fairness
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Nuances of fairness LF2.6-6

e unconditional fairness, e.g.,

every process enters gets its turn infinitely often.

e strong fairness, e.g.,
every process that is enabled infinitely often
gets its turn infinitely often.

e weak fairness, e.g.,

every process that Is continuously enabled
from a certain time instance on,
gets its turn infinitely often.

72/189



Fairness for action-set LF2.67
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Fairness for action-set LF2.67

Let 7 be a TS with action-set Act, A C Act and

Qo 03] 0%, o .
p=5 — S — S — ... infinite execution fragment
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Fairness for action-set LF2.67

Let 7 be a TS with action-set Act, A C Act and
07 a1 8%)

p=5 — S — S — ... infinite execution fragment
we will provide conditions for

e unconditional A-fairness of p

e strong A-fairness of p

e weak A-fairness of p
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Fairness for action-set LF2.67

Let 7 be a TS with action-set Act, A C Act and
07 a1 8%)

p=5 — S — S — ... infinite execution fragment
we will provide conditions for

e unconditional A-fairness of p

e strong A-fairness of p

e weak A-fairness of p

using the following notations:

Act(s)) = {B€Act:3 st. s ﬂ s'}
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Fairness for action-set LF2.67

Let 7 be a TS with action-set Act, A C Act and
87 a1 8%)

p=5 — S — S — ... infinite execution fragment
we will provide conditions for

e unconditional A-fairness of p

e strong A-fairness of p

e weak A-fairness of p

using the following notations:

Act(s)) = {B€Act:3 st. s ﬂ s'}

=

1y

“there exists infinitely many ..."
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Fairness for action-set LF2.67

Let 7 be a TS with action-set Act, A C Act and
87 a1 8%)

p=5 — S — S — ... infinite execution fragment
we will provide conditions for

e unconditional A-fairness of p

e strong A-fairness of p

e weak A-fairness of p

using the following notations:

Act(s)) = {B€Act:3 st. s ﬂ s'}

1y

“there exists infinitely many ..."

3
v

1

“for all, but finitely many ..."
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A

|

“actions in A will be taken
infinitely many times”
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if

Ji>0.ANAct(s)#2 = 3Ji>0.0; €A

“If infinitely many times some action in A
is enabled, then actions in A will be
taken infinitely many times."

82 /189



Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if

Ji>0.ANAct(s)£S = Ji>0.0; €A
e p is weakly A-fair, if
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if

Ji>0.ANAct(s)£S = Ji>0.0; €A
e p is weakly A-fair, if

0@ o0
Vi>0.ANAct(s;) # 2 T=> 3i>0.0;, €A
“If from some moment, actions in A are
enabled, then actions in A will be
taken infinitely many times."
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Fairness for action-set LF2.6-TA

Let 7 be a TS with action-set Act, A C Act and

Qo Qg Qi o .
p=5S — S — S — ... infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if

Ji>0.ANAct(s)£S = Ji>0.0; €A
e p is weakly A-fair, if

Vi>0.ANAct(s) 22 => 3i>0.0;€A

unconditionally A-fair = strongly A-fair
—> weakly A-fair
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Fairness for action-set LF2.6-Th

Let 7 be a TS with action-set Act, A C Act and

87 a1 0%, C e :
p=5S — S — $ — ... an infinite execution fragment

e p is unconditionally A-fair, if OECID 1>20.0,€A
e p is strongly A-fair, if

Ji>0.ANAct(s) 228 =—> 3i>0.0;€A
e p is weakly A-fair, if

Vi>0.ANAct(s) 228 => 3i>0.0;€A

unconditionally A-fair = strongly A-fair
—> weakly A-fair
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Strong and weak action fairness LF2.6-8

strong A-fairness is violated if

. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
''''''''
. . . .

e no A-actions are executed from a certain moment
e A-actions are enabled infinitely many times
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Strong and weak action fairness LF2.6-8

strong A-fairness is violated if

. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
''''''''
. . . .

e no A-actions are executed from a certain moment
e A-actions are enabled infinitely many times

weak A-fairness is violated if
SO—»-S]_ ------------ >$2 >-$3 >S4 >-55 > >-S7 > "SQ > oo

~~~~~
ccccc
~~~~~
~~~~~
~~~~~
ccccc
.....
~~~~~
.....
.....
00000
..........
~~~~~

e no A-actions are executed from a certain moment

e A-actions are continuously enabled from
some moment on
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Mutual exclusion with arbiter LF2.6-9

g [noncritlj & [noncritgj
request; | request; |
[wait@ [Wait2>
enter;| / release enter,| / release

(crit; ) (‘crity )
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Mutual exclusion with arbiter LF2.6-9

T [noncritlj Arblter[un oc ] L [noncritgj
request; | enter, request; |
[Wa |t1> rel |entenr [wa Itz)
enter;| / release enter,| / release

(crity ) (lock (_crita )
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Mutual exclusion with arbiter LF2.6-9

- i
h (noncrit ) Arblter[unlock] T (noncrit; )

request; | enter, /| request; |
[Wa |t1> < re> enters [wa Itz)
enter;| / release enter,| / release
(crity ) (lock (_crita )

Th || Arbiter || 75

release release

m | crity J

\? 4&[‘1 enl%s /

wy | Critgj
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Unconditional, strongly or weakly fair? L¥2.6-10

/
T, || Arbiter || 75 U
| Abiter JLLEy
(w1 um muw )
a%terl ente}-

[critl / ngj [ Wil U wp J

[nl / Critzj
~

. enter; enter, /
(crity | wy wy | crity )

92 /189



Unconditional, strongly or weakly fair? L¥2.6-10

fairness for action set A = {enten }:
w
("1, u, n2>_)(<n1» u, W2>_)(W17 u, W2>_)<Cﬁt1» Iz W2>)

e unconditional A-fairness:
e strong A-fairness:
e weak A-fairness:
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Unconditional, strongly or weakly fair? L¥2.6-10

fairness for action set A = {enten }:
w
("1, u, n2>_)(<n1» u, W2>_)(W17 u, W2>_)<Cﬁt1» Iz W2>)

e unconditional A-fairness: yes
e strong A-fairness: yes «— unconditionally fair
e weak A-fairness: yes «<— unconditionally fair
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Unconditional, strongly or weakly fair? L¥2.6-10

\ enter; enter, /
(crity | wy wy | crity )

fairness for action-set A = {enten }:

((nlm u, n2>_)<nl» u, W2>_)<nlz Iz Crit2>)w

e unconditional A-fairness:
e strong A-fairness:
e weak A-fairness:

95 /189



Unconditional, strongly or weakly fair? L¥2.6-10

(crity [ vﬁ uk en%l | crit, )

fairness for action-set A = {enten }:

((nlm u, n2>_)<nl» u, W2>_)<nlz Iz Crit2>)w

e unconditional A-fairness: no
e strong A-fairness: yes <« A never enabled
e weak A-fairness: yes « strongly A-fair
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Unconditional, strongly or weakly fair? L¥2.6-10

Th || Arbiter || 75

[critl / ngj

N,

[critl | wy

“
9
""""
"
9

enter; enterp = K
(_V;ll / Crltgj

fairness for action-set A = {enten }:
W
(nlz u, n2>—>(<W1, u, n2>_)<wlz u, W2>_)<nlz I» Cfitg))

e unconditional A-fairness:
e strong A-fairness:
e weak A-fairness:
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Unconditional, strongly or weakly fair? L¥2.6-10

Th || Arbiter || 75

[critl / ngj

N,

[critl | wy

“
9
""""
"
9

enter; enterp = K
(_V;ll / Crltgj

fairness for action-set A = {enten }:
W
(nlz u, n2>—>(<W1, u, n2>_)<wlz u, W2>_)<nlz I» Cfitg))

e unconditional A-fairness: no
e strong A-fairness: no
e weak A-fairness: yes
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Unconditional, strongly or weakly fair? L¥2.6-10

\ enter; enter, /
(crity | wy wy | crity )

fairness for action set A = {enten, enter,}:
w
(('71, u, m)—(ny, u, wa)—(ny, u, Cfitz))

e unconditional A-fairness:
e strong A-fairness:
e weak A-fairness:
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Unconditional, strongly or weakly fair? L¥2.6-10

\ enter; enter, /
(crity | wy wy | crity )

fairness for action set A = {enten, enter,}:
w
(('71, u, np)—(m, u, wo)—{m, u, Cfitz))

e unconditional A-fairness: yes
e strong A-fairness: yes
e weak A-fairness: yes
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ACtion-based fairness assumptions LF2.6-DEF-FAIRNESS-ASSUMPTION
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ACtiO“-baSEd fairness assumptions LF2.6-DEF-FAIRNESS-ASSUMPTION

Let 7 be a transition system with action-set Act.
A fairness assumption for 7 is a triple

F = (f ucond F. strong F, weak)

Act
where Fcond, ]:strong, Fweak © 27,
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ACtiO“-based fairness assumptions LF2.6-DEF-FAIRNESS-ASSUMPTION

Let 7 be a transition system with action-set Act.
A fairness assumption for 7 is a triple

F = (f ucond F. strong F weak)

Act
where F,cond, ]:strong1 Fweak © 27

An execution p is called F-fair iff

e p is unconditionally A-fair for all A € Fcond
e p is strongly A-fair for all A € Fstrong

e pis weakly A-fair for all A € Feak
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ACtiO“-based fairness assumptions LF2.6-DEF-FAIRNESS-ASSUMPTION

Let 7 be a transition system with action-set Act.
A fairness assumption for 7 is a triple

F = (f ucond F. strong F weak)

Act
where F,cond, ]:strong1 Fweak © 27

An execution p is called F-fair iff

e p is unconditionally A-fair for all A € Fcond
e p is strongly A-fair for all A € Fstrong
e pis weakly A-fair for all A € Feak

FairTracesz(T) & {trace(p) : p is a F-fair execution of T}
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Fair SatiSfaCtiOrl relation LF2.6-FAIR-SAT
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Fair SatiSfaCtion rEIation LF2.6-FAIR-SAT

A fairness assumption for 7 is a triple

F = (f ucond F. strong F weak)
Act
where Fcond, fstrong, Fweak © 27,

An execution p is called F-fair iff

e p is unconditionally A-fair for all A € F,cond
e p is strongly A-fair for all A € Fstrong
e p is weakly A-fair for all A € Feak

T br E & FairTracesy(7T) C E

If 7 isa TS and E a LT property over AP then:
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Example: fair satisfaction relation LF2.6-11

J

) * b

1b}

fairness assumption JF
e no unconditional fairness condition
e strong fairness for {a, 5}

e no weak fairness condition
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Example: fair satisfaction relation LF2.6-11

J

) * b

1b}

fairness assumption JF

e no unconditional fairness condition <« F ond = O

e strong fairness for {a, 8}  — Fapone = {{, 5}}
e no weak fairness condition — Foeak = 9
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Example: fair satisfaction relation LF2.6-11

J

T =7 “infinitely often b" ?

) * b

1b}

fairness assumption JF

e no unconditional fairness condition <« F ond = O

e strong fairness for {a, 8}  — Fapone = {{, 5}}
e no weak fairness condition — Foeak = 9
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Example: fair satisfaction relation LF2.6-11

J

T
@

)

{b} answer: no

= “infinitely often b" ?

fairness assumption JF

e no unconditional fairness condition <« F ond = O

e strong fairness for {a, 3}

e no weak fairness condition

— fstrong — {{% /6}}

— S weak = 9
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Example: fair satisfaction relation LF2.6-11
%)

T =7 “infinitely often b" ?

) * b

{b} answer: no

fairness assumption JF

e no unconditional fairness condition <« F ond = O

e strong fairness for {a, 8}  — Fapone = {{, 5}}
e no weak fairness condition — Foeak = 9

ot e —0teo—0Le- - TFfair

actions in {a, 3} are executed infinitely many times
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Example: fair satisfaction relation

J

) * b

1b}

fairness assumption JF
e strong fairness for a

e weak fairness for (3

e no unconditional fairness assumption

LF2.6-12
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Example: fair satisfaction relation LF2.6-12

J

T =7 “infinitely often b" ?

) * b

1b}

fairness assumption JF

e strong fairness for a — Farong = {{a}}
e weak fairness for 3 — Fueak = {{0}}

e no unconditional fairness assumption
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Example: fair satisfaction relation LF2.6-12

J

T =7 “infinitely often b" ?

) * b

{b} answer: nNo

fairness assumption JF

e strong fairness for a — Farong = {{a}}
e weak fairness for 3 — Fueak = {{0}}

e no unconditional fairness assumption
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Example: fair satisfaction relation LF2.6-12

J

T =7 “infinitely often b" ?

{b} answer: nNo

@ B

)

fairness assumption JF

e strong fairness for a — Farong = {{a}}

e weak fairness for (3 — = {{8}}

e no unconditional fairness assumption

Yo %o Yo F-fair
P N
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Example: fair satisfaction relation LF2.6-124

J

T =7 “infinitely often b"

@ B

)

{b}
fairness assumption F
e strong fairness for (3 — Fetrong = {{8}}

e no weak fairness assumption

e no unconditional fairness assumption
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Example: fair satisfaction relation LF2.6-124

J

T =7 “infinitely often b"

) * b

{b}
fairness assumption F
e strong fairness for (3 — Fetrong = {{8}}

e no weak fairness assumption

e no unconditional fairness assumption

e Yo Y@ isnot
e Far
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Which type of fairness? LF2.6-13A
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Which type of fairness? LF2.6-13A

fairness assumptions should be
as weak as possible

119/189



Two independent traffic lights LF2.6-13

light 1 light 2
— g g
- enter enter enter - ~enter
reen red reenys < red
g 1 1 g 2 2
i
red red }...

.
.
.
-
.

-
.

)

"""O.n “‘
(green red]/ /'(red green)
‘(green green]/
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Two independent traffic lights LF2.6-13

light 1 light 2
— g g
- enter enter enter - ~enter
reen red reenss < red
2 1 1 g 2 2
/
/[red red J... ]

(green red]/ “(red green)
fairness assumption F: x\‘[greexﬁ green]/
Fucond = ? _ _

Fstrong = 1 light 1 ||| light 2 = E
Foeak = ? = “both lights are
infinitely often green”
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Two independent traffic lights LF2.6-13

light 1 light 2
o g g
- enter enter enter - ~enter
reen red reenys < red
green; 1 g 2 2
pd
A; = actions of light 1 red red J.... ]
A2 = actions of i ght 2 «
(green red}” {red green)
fairness assumption F: x\‘[greexﬁ green]/
Fucond = 71 _ _
Fotrong = ? light 1 ||| light 2 = E
Foeak = 1 = "both lights are
infinitely often green”
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Two independent traffic lights LF2.6-13

light 1 light 2
o g g
- enter enter enter - ~enter
reen red reenys < red
2 1 1 g 2 2
/
A; = actions of light 1 red red] ....... ]
A2 = actions of i ght 2 «
(green red}” {red green)
fairness assumption F: ‘%"[greexﬁ green]/
Fucond = 9 _ _
Fotrong = @ light 1 ||| light 2 = E
Fueak = {A1, A2} = “both lights are
infinitely often green”
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Example: MUTEX with fair arbiter LF2.6-15

T =T, || Arbiter || 73
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Example: MUTEX with fair arbiter LF2.6-15

T =T, || Arbiter || 73

L : / /
g (noncrit | Arblter[unlf)ck] & (noncrit; )
requestll enter, requestzl
(wait; ) o rel |enter; (wait ) ol
enter, | enter, |

(crity ) (lock ) _critp )
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Example: MUTEX with fair arbiter LF2.6-15

T =T, || Arbiter || 73

/ : /
T (noncrit | Arblter[un loc k) & (noncrit; )
requestll enter, requestzl
(wait; ) o rel |enter; (wait ) ol
enter, | enter, |

(crity ) (lock ) _critp )

7, and 7, compete to communicate
with the arbiter by means of the
actions enter; and enter,, respectively
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Example: MUTEX with falr arbiter LF2.6-15

T n1 u n

LT property E: each waiting process eventually
enters Its critical section

T E
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Example: MUTEX with falr arbiter LF2.6-15

T n1 u n

LT property E: each waiting process eventually
enters Its critical section

fairness assumption F
Fucond = Fstrong = D does 7 = E hold ?
Fuwesk = {{enter1},{enter,}}
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Example: MUTEX with falr arbiter LF2.6-15

T n1 u n

LT property E: each waiting process eventually
enters Its critical section

fairness assumption F
F, ucond — F. strong — %)
Fuwesk = {{enter1},{enter,}}

does 7 E=£ E hold ?

dansSwer: no
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Example: MUTEX with fair arbiter LF2.6-15

\ s enter; enter,

[ crit; | wy ] [ wy | crity ]

LT property E: each waiting process eventually
enters Its critical section

fairness assumption F T WeF E

Fucond = fstrong =9 as enter, is not enabled
Fweak = {{enterl}, {enterg}} in (crity, [, wy)
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Example: MUTEX with fair arbiter LF2.6-16

\
T m unm
[ wj m u w ]
[ crity 1 n ]enterl [ wi uw ] enterg[ m I crit, ]
\ 4&1 en% :
[ crit; | wy ] [ wy | crity ]

E: each waiting process eventually enters its crit. section

fucond =7 T I;é E.
fstrong =7
fweak — ? but 7 — T E
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Example: MUTEX with fair arbiter LF2.6-16

T m unm

[ wj m u w ]
[ crity I ny ]ente enterg[ m | crity )
[ crit; | wy ]enterl enter, [ wy | crity ]

E: each waiting process eventually enters its crit. section

fucond = 9 T .# E
Ferong = {{enter1},{enter,}}
fweak — O but 7 —F E
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Example: MUTEX with fair arbiter LF2.6-16

T m unm

[ wj m u w ]
[ crity I ny ]ente enterg[ m | crity )
[ crit; | wy ]enterl enter, [ wy | crit) ]

E: each waiting process eventually enters its crit. section
D: each process enters its critical section infinitely often

F, ucond = D T E
Fweak = T béf b
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Example: MUTEX with fair arbiter LF2.6-16
T

( crity :I

enter; enter,

[ crit; | wy ] [ wy | crity ]

E: each waiting process eventually enters its crit. section
D: each process enters its critical section infinitely often

fucond = g T E
Fweak = D T béf D
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Example: MUTEX with fair arbiter LF2.6-16

% eq1

[ wq [ crity |

E: each waiting process eventually enters its crit. section
D: each process enters its critical section infinitely often

F ucond — = J T E
.Fst,o,,g {{enten}, {enter}} =r E

Fuweak = {{reql} {reqz}} T |:j:’ D
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Process fairness LF2.6-19
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Process fairness LF2.6-19

For asynchronous systems:

parallelism = interleaving + fairness
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Process fairness LF2.6-19

For asynchronous systems:

parallelism = interleaving + fairness

A

I
should be as weak as possible
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Process fairness LF2.6-19

For asynchronous systems:

parallelism = interleaving + fairness

A

I
should be as weak as possible

rule of thumb:

e strong fairness for the

*x choice between dependent actions
*x resolution of competitions
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Process fairness LF2.6-19

For asynchronous systems:

parallelism = interleaving + fairness

A

I
should be as weak as possible

rule of thumb:

e strong fairness for the

*x choice between dependent actions
*x resolution of competitions

e weak fairness for the nondetermism obtained from
the interleaving of independent actions
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Process fairness LF2.6-19

For asynchronous systems:

parallelism = interleaving + fairness

A

I
should be as weak as possible

rule of thumb:

e strong fairness for the

*x choice between dependent actions
*x resolution of competitions

e weak fairness for the nondetermism obtained from
the interleaving of independent actions

e unconditional fairness: only of theoretical interest
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Purpose of fairness conditions LF2.6-198

parallelism = interleaving + fairness

Process fairness and other fairness conditions
e can compensate information loss due to interleaving
or rule out other unrealistic pathological cases

e can be requirements for a scheduler
or requirements for environment

e can be verifiable system properties
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Purpose of fairness conditions LF2.6-198

parallelism = interleaving + fairness

Process fairness and other fairness conditions

e can compensate information loss due to interleaving
or rule out other unrealistic pathological cases

e can be requirements for a scheduler
or requirements for environment

e can be verifiable system properties

liveness properties:

safety properties:

fairness can be essential

fairness iIs irrelevant
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Fairness LF2.6-22

T \.{a} fairness assumption F:

unconditional fairness
for action set {a}

(D o

does T £ “infinitely often @" hold ?
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Fairness LF2.6-22

T \.{a} fairness assumption F:

unconditional fairness
for action set {a}

(D o

does T £ “infinitely often @" hold ?

answer: yes as there is no fair path
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Fairness

T e{a)
(D o

LF2.6-22

fairness assumption F:

unconditional fairness
for action set {a}

|

not realizable

does T £ “infinitely often @" hold ?

answer: yes as there is no fair path
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Realizability of fairness assumptions LF2.6-22

T \'{a} fairness assumption F:

unconditional fairness
for action set {a}

(8%
(O o T

not realizable

does T £ “infinitely often @" hold ?

answer: yes as there is no fair path

Realizability requires that each initial finite path
fragment can be extended to a J-fair path
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Realizability of fairness assumptions LF2.6-22

T e{a)
(D o

fairness assumption F:

unconditional fairness
for action set {a}

|

not realizable

does T £ “infinitely often @" hold ?

answer: yes as there is no fair path

Fairness assumption J is said to be realizable for a
transition system 7 if for each reachable state s in 7
there exists a JF-fair path starting in s
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Realizability of fairness assumptions LF2.6-23
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Realizability of fairness assumptions LF2.6-23

falrneSS assumptIOn f — (fucond, .Fstrong) fweak) for S T
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Realizability of fairness assumptions LF2.6-23

falrneSS assumpt|0n f — (fucond, .Fstrong) fweak) for S T

e unconditional fairness for A € F,cond

e strong fairness for A € Ftrong

e weak fairness for A € F, eak
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Realizability of fairness assumptions LF2.6-23

fairness assumption F = (Fycond, Fstrongs Fweak) for TS T

e unconditional fairness for A € F,cond
~» might not be realizable

e strong fairness for A € Ftrong

e weak fairness for A € F, eak
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Realizability of fairness assumptions LF2.6-23

falrneSS assumptIOn f —_ (fucond, .Fstrong) fweak) for

e unconditional fairness for A € F,cond
~» might not be realizable

e strong fairness for A € Ftrong

e weak fairness for A € F, cak

|

can always be guaranteed by a scheduler, 1.e.,

an instance that resolves the nondeterminism in 7

ST
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Safety and realizable fairness LF2.6-24
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Safety and realizable fairness LF2.6-24

Realizable fairness assumptions are irrelevant
for safety properties
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Safety and realizable fairness LF2.6-24

Realizable fairness assumptions are irrelevant
for safety properties

T

=33

iff 7T

If F is a realizable fairness assumption for TS 7T
and E a safety property then:

_ . E
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Safety and realizable fairness LF2.6-24

Realizable fairness assumptions are irrelevant
for safety properties

If F is a realizable fairness assumption for TS 7T
and E a safety property then:

TeE iff TksrE

. wrong for non-realizable fairness assumptions
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Safety and realizable fairness LF2.6-24

Realizable fairness assumptions are irrelevant
for safety properties

If F is a realizable fairness assumption for TS 7T
and E a safety property then:

TeE iff TksrE

... wrong for non-realizable fairness assumptions

o {a} JF: unconditional fairness for {a}

]
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Safety and realizable fairness

LF2.6-24

Realizable fairness assumptions are irrelevant
for safety properties

T

=33

iff 7T

If F is a realizable fairness assumption for TS 7T
and E a safety property then:

_ . E

... wrong for non-realizable fairness assumptions

a(_® {a}

]

JF: unconditional fairness for {a}

E = invariant “always a"

T

= E, but T

£ E
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