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Temporal and modal logics



[Ex. 1] Two processes p; and py want to access a single shared resource r.
Consider the atomic propositions:

req;: holds when process p; 1s requesting access to r;

use;: holds when process p; has had access to r;

rel;: holds when process p; has released r.
with ¢ € |1, 2]. Use LTL formulas to specify the following properties:

1. mutual exclusion: r is accessed by only one process at a time;
2. release: every time p; accesses r, it releases r after some time;
3. priority: whenever both p; and py require r, p; is granted access first;

4. no starvation: whenever p; requires r, it is eventually granted access.



Ex. 1 LTL

req; USE; rel;
AN AN AN
p; requests r p; has access to r p; releases r
mutual exclusion G —(use; N uses)
release G (use; = F rely)

priority G ((reg; A reqy) = ((—uses) U (user A —usesz)))

no starvation G (req; = F use;)

1. mutual exclusion: r is accessed by only one process at a time;
2. release: every time p; accesses r, it releases r after some time;
3. priority: whenever both p; and py require r, p; is granted access first;

4. no starvation: whenever p; requires r, it is eventually granted access.



[Ex. 2] Three dogs live in a house with two couches and a front garden.
Let couch; ; represent the predicate “the dog ¢ sits on couch j7 and garden;
represent the predicate “the dog ¢ plays in the front garden”.

1. Write an LTL formula expressing the fact that whenever dog 1 plays
in the garden then he keeps playing until he sits on some couch (but
he may also play forever).

2. Write a CTL formula expressing the fact that dog 2 eventually plays
in the garden whenever couch 1 is occupied by another dog.

3. Write a p-calculus formula expressing the fact that no more than one
couch 1s occupied at any time by dog 3.



Ex. 2, logics

couch; ; garden,
N\ . .
1 Sits on ¢ plays in the garden

LTL
G (garden; = ((G gardeny) V (garden; U (couchi 1V couchy2))))

CTL AG ((couchi 1 V couchs 1) = AF garden,)

u-calculus  vz. ((—couchs 1 V —couchs o) A Ux)

1. Write an LTL formula expressing the fact that whenever dog 1 plays
in the garden then he keeps playing until he sits on some couch (but
he may also play forever).

2. Write a CTL formula expressing the fact that dog 2 eventually plays
in the garden whenever couch 1 is occupied by another dog.

3. Write a p-calculus formula expressing the fact that no more than one
couch is occupied at any time by dog 3.
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[Ex. 3] Given the p-calculus formula & = px.((p AOx) V (-p A Qx)) write
its denotational semantics [®] p and evaluate it on the LTS below (where

V= {31, 52,53, 84} and P = {P})

S1 S9

p@ S3



Ex. 3, mu-calculus

p(p) = {54}

[pz.((p A Dz) V (=p A Ox))]p

2 fix AS. [(p A Dz) V (=p A 02)]p[5 /2
= fix AS. [p A Oz]p[° /s

= fix AS. :pﬂp[ /az]

I

p(p) = {s1, s2, 53}

U [[_'p A Oxﬂp:s/x]

z]p[° /=])U

[-p]p[° /=] N [Cx]p[°/2])

p(p) N {v | Jw € [2]p[*/s]. v — w})

= fix AS.

(
(
= fiz AS.  (p(p) N{v Vw. v — w = w € [z]p[°/.|}HU
(p
5{54}H{U|Vw v—w=we SHU

{s1,80,83}N{v | Jw e S. v — w})

8



Ex. 3, mu-calculus

- T fiz AS. ({s4} N{v | Vw. v > w=w e S}HU
P (59 53 ({s1,82,83}N{v | JweS v—w})

So

1

I

{sa}N{v | Vw. v - w=we Sy})U

181,82,83} N{v | Jw € So. v =+ w}) deadlock

(

(

({s4} N{v | Vw. v%wéwé@)/
(

(

(

{s1,82,s3} N{v | Fw e . v — w})

N emptyset



Ex. 3, mu-calculus

- T fiz AS. ({s4} N{v | Vw. v > w=w e S}HU
P (59 53 ({s1,82,83}N{v | JweS v—w})

So=0 S5 ={s4}) deadlock or
can reach only s

{ss} N {v | Vw. v = w=we S }HU
{s51,89,83} N{v | Jw € S1. v = w})

(
(
— 5{34} N{v | Vw. v = w = w € {s4}})U
(
(

Sy =

{s1,89,83t N4{v | Jw € {s4}. v — w})

TS

{s4} N{s2,s4})U has a transition to s«

{51, 82,831 N{s3})
{33784}



Ex. 3, mu-calculus

- T fiz AS. ({s4} N{v | Vw. v > w=w e S}HU
P (59 53 ({s1,82,83}N{v | JweS v—w})

So =0

O3

Si={s4} So={s3,54} deadlock or
can reach only s3, S«

{s4} N4V | Vw. v = w=w e S })U
{s1,89,83}N{v | Jw € S5. v — w})

(
(
({s4} N{v | Vw. v > w = w € {s3,54}})U
({s1,82,s3} N{v | Jw € {s3,54}. v = w})
(
(

™~

{s4} N {ss,s4})U has a transition to sz or s
{81 S92, 83} M {81 83})

{31783784}



Ex. 3, mu-calculus

- T fiz AS. ({s4} N{v | Vw. v > w=w e S}HU
P (59 53 ({s1,82,83}N{v | JweS v—w})

So =0

S4

S1=1{s4) S2=1{s3,81} S3={s1,53,54}

{s4} N{v | Vw. v > w= w € S3})U
{s51,89,83} N{v | Jw € S3. v — w})

(

(

({s4} N{v | YVw. v > w = w € {s1, 83,84} })U
({s1,82,83tN{v | Jw € {s1,83,84}. v = w})
(
(

{81 S92, Sg}ﬂ{Sl 83})

181,83,84} = 53 fixpoint reached!

12



Ex. 3, mu-calculus

lpz.((p ABx) V (-pAOx))]p = {51,53,84}




Google Go



[Ex. 4] Write a GoogleGo function that takes one channel ini for receiving
integers and one channel ins for receving strings and returns a channel outp
where all the messages received on ini and ins will be paired.

Hint: define a struct to form pairs



Ex. 4, pairing in Go
package main
import "fmt"
type Pair struct {

N int
S string



Ex. 4, pairing in Go
package main
import "fmt"
type Pair struct {
N int

S string
}

func pairing(ini chan int, ins chan string) (outp chan Pair) {

return



Ex. 4, pairing in Go
package main
import "fmt"
type Pair struct {
N int

S string
}

func pairing(ini chan int, ins chan string) (outp chan Pair) {
outp = make(chan Pair)

return



Ex. 4, pairing in Go

package main
import "fmt"

type Pair struct {
N int
S string

}

func pairing(ini chan int, ins chan string) (outp chan Pair) {
outp = make(chan Pair)

go func() {
for {

}()

return



Ex. 4, pairing in Go

package main
import "fmt"

type Pair struct {
N int
S string

}

func pairing(ini chan int,

outp = make(chan Pair)
go func() {

for {
1 1= <=ini
s := <-=1ns
}
}()
return

ins chan string) (outp chan Pair) {
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Ex. 4, pairing in Go

package main
import "fmt"

type Pair struct {
N int
S string

}

func pairing(ini chan int,
outp = make(chan Pair)
go func() {

for {
1 1= <=ini
s := <=1ns
outp <- Pair{i, s}
}
}()
return

ins chan string) (outp chan Pair) {
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Ex. 4, pairing in Go

func main() {
chi := make(chan int)
chs := make(chan string)
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Ex. 4, pairing in Go

func main() {
chi := make(chan int)
chs := make(chan string)
chp := pairing(chi,chs)
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Ex. 4, pairing in Go

func main() {
chi := make(chan int)

chs := make(chan string)
chp := pairing(chi,chs)
chi <=1

chs <- "Alice"
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Ex. 4, pairing in Go

func main() {
chi := make(chan int)
chs := make(chan string)
chp := pairing(chi,chs)
chi <=1
chs <= "Alice"
v := <- chp
fmt.Println("got",v)
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Ex. 4, pairing in Go

func main() {
chi := make(chan int)
chs := make(chan string)
chp := pairing(chi,chs)
chi <=1
chs <= "Alice"
v := <- chp
fmt.Println("got",v)
chi <- 2
chs <- "Bob"
v = <- chp
fmt.Println("got",v)
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[Ex. 5] Write a GoogleGo function that takes two channels f and q and tries
to send the stream of Fibonacci numbers on £ but quits when it receives true
on channel q. Write a main program to test the function by printing the first
10 Fibonacci numbers.
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Ex. 5, Go Fibonacci

package main
import "fmt"

func fibonacci(f chan int, g chan bool) {

28



Ex. 5, Go Fibonacci

package main
import "fmt"
func fibonacci(f chan int, g chan bool) {

X, vy =0, 1
for {
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Ex. 5, Go Fibonacci

package main

import "fmt"

func fibonacci(f chan int, g chan bool) {
X, vy =0, 1

for {
select {
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Ex. 5 Go Fibonacci

package main
import "fmt"

func fibonacci(f chan int, g chan bool) {
X, vy =0, 1
for {
select {
case f <- x:

X, ¥ =Y, Xty
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Ex. 5 Go Fibonacci

package main
import "fmt"

func fibonacci(f chan int, g chan bool) {
X, vy =0, 1
for {
select {
case f <- x:
X, Y = Y, Xty
case <-Q:
return

}
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Ex. 5 Go Fibonacci

func main() {
fib := make(chan int)
gquit := make(chan bool)

fibonacci(fib, quit)

}
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Ex. 5 Go Fibonacci

func main() {

fib := make(chan int)
gquit := make(chan bool)
go func(){

}()

fibonacci(fib, quit)

}
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Ex. 5 Go Fibonacci

func main() {
fib := make(chan int)
gquit := make(chan bool)
go func(){
for 1 := 0; 1 < 10; 1++ {
fmt.Println(<-fib)
}

}()

fibonacci(fib, quit)
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Ex. 5 Go Fibonacci

func main() {
fib := make(chan int)
gquit := make(chan bool)
go func(){
for 1 := 0; 1 < 10; 1++ {
fmt.Println(<-fib)
}

gquit <- true

}()

fibonacci(fib, quit)
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r-calculus
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[Ex. 6] The asynchronous mw-calculus requires that outputs have no contin-
uation:

pur=mil | Z(y) | z(@y)p | 7p | lr=ylp | p+p | plp | (x)p |!p

Show that any process in the original m-calculus can be represented in the
asynchronous m-calculus using an extra (fresh) channel to simulate explicit
acknowledgement of name transmission.
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Ex. 6, async pi
we want to encode ordinary processes in asynchronous ones
A(nil) = nil

A(z(y).p) = z(y)- Ap)
A(1.p) = 1. A(p)
A([r = ylp) = [z = y]A(p)
Alp +q) = Alp) + A(g)
A(plq) = A(p)|A(g)
A((x)p) = (2)A(p)
A(lp) ZLA(p)



Ex. 6, async pi

we want to encode ordinary processes in asynchronous ones

e

deadlock (z) (ﬂil

problem: A(p) can be executed before Ty is received
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Ex. 6, async pi

2nd attempt: wait for an ack

A((z, v)(Z|z|a.p)) £ (z,w)[T]a.nil |[z)@nil) | @la.A(p))
(z,u)(nil|niljz.p)  (z,w)(nilla.nil |[alnil | Tle.JAd(p))
deadlock lT

(2, u)(nil|a.nil | nil|nil | TA(p)|

problem: possible interferences on channel a
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Ex. 6, async pi

3rd attempt: wait for a private ack

A(zy.p) = a) [ay) |[adA(p)) a,x, fresh
A(SC(Z)-CI) = 513(%) Ta(2) - (Tq | A(Q))

problem: possible self-interferences on channels a
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Ex. 6, async pi

4th attempt: use 2 private channels

A(@y.p) = (a)(@(a) | a(zy) . (T (y) | Alp)))
A(x(2).q) = x(x,) . (k)(Ta(k) | k(2).Aq))

a, k,x,, ) fresh
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Ex. 6, async pi

4th attempt: use 2 private channels

A(@y.p) = (¢)(@(a)| A(p)))
A(x(2).q) Zlz(za) |(

A(q))
a, k,x,, ) fresh

problem: 3 communications involved, can we do better?
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Ex. 6, async pi

5th attempt: let the receiver start

A(zy.p) = x(x,) . (Taly) | Alp))
A(x(2).q) = (a)(@(a) | a(z).A(q))

a,x, fresh
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Ex. 6, async pi

5th attempt: let the receiver start

A(zy.p) A. | A(p))
A(z(2).q) 2 (d)@{a)| | a(2)A(q)

a,x, fresh
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[Ex. 7] The polyadic m-calculus allows communicating more than one name
in a single action, i.e., its action prefixes are of the form:

o= 7 | (21,20 | (21, ...2p)

The polyadic extension is useful especially when studying types for name
passing processes. Show that the polyadic m-calculus can be encoded in
the ordinary (monadic) w-calculus by passing the name of a private channel
through which the multiple arguments are then passed in a sequence.
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Ex. 7, polyadic pi

we want to encode polyadic processes in ordinary ones




Ex. 7, polyadic pi

we want to encode polyadic processes in ordinary ones

M((2)(@(a,b) | 2(y1,2)p | 2(21,22).0)) 2 (@) fEafzo | ey} e (ye) M) | rzol2(z2). M)
() it (1, 2).0) - (2) il 2)- 91 L deadiock

P =0 ) ¢ =q[") ) () (mil|z(yo).p" |2(22).q")

p'=MD))y]  d =M@

problem: interference between multiple senders / receivers
49



Ex. 7, polyadic pi

fix a private channel and send all data on it

a,x, fresh
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