
Using Z 20–1

A Telecommunications Protocol

Using Z

Woodcock & Davies

Using Z 20–2

External view

[M ]

Ext

in,out : seqM

∃ s : seqM • in = s � out



U
sin

g
Z

2
0
–3

In
itially

ExtIn
it
=̂
[

Ext ′|
in ′=

〈〉]

U
sin

g
Z

2
0
–4

T
ra

n
sm

it

∆
Ext

m
?
:M

in ′=
〈m

?〉
�

in

ou
t ′=

ou
t



U
sin

g
Z

2
0
–5

R
eceive

∆
Ext

in ′=
in

#
ou

t ′=
#

ou
t+

1∨
ou

t ′=
ou

t

U
sin

g
Z

2
0
–6

Sectio
n

al
v

iew

[SPC
]

Section

rou
te
:iseq

SPC

rec,in
s,sen

t
:seq(seq

M
)

rou
te
≠
〈〉

#
rou

te=
#

rec=
#

in
s=

#
sen

t

rec=
in

s
��

sen
t

fron
t

sen
t=

ta
ilrec



U
sin

g
Z

2
0
–7

[X
]��

:seq(seq
X
)×

seq(seq
X
)�→

seq(seq
X
)

∀
s,t

:seq(seq
X
)|

#
s=

#
t•

∀
i
:d
o
m

s•
(s
��

t)i=
(s

i)
�
(t

i)

U
sin

g
Z

2
0
–8

Section
In

it

Section ′

∀
i
:d
o
m

rou
te•

rec
i=

in
s

i=
sen

t
i=

〈〉



U
sin

g
Z

2
0
–9

ST
ra

n
sm

it

∆
Section

m
?
:M

rou
te ′=

rou
te

h
ea

d
rec ′=

〈m
?〉
�
(h

ea
d

rec)
ta

ilrec ′=
ta

ilrec

in
s ′=

in
s

sen
t ′=

sen
t

U
sin

g
Z

2
0
–1
0

SR
eceive

∆
Section

rou
te ′=

rou
te

rec ′=
rec

fron
t

in
s ′=

fron
t

in
s

la
st

in
s ′=

fron
t(la

st
in

s)
fron

t
sen

t ′=
fron

t
sen

t

la
st

sen
t ′=

〈la
st(la

st
in

s)〉
�
(la

st
sen

t)



U
sin

g
Z

2
0
–1
1

D
a

em
on

∆
Section

∃
i
:1
..#

rou
te−

1|
in

s
i
≠
〈〉•

in
s ′i=

fron
t(in

s
i)

in
s ′(i+

1)=
〈la

st(in
s

i)〉
�

in
s(i+

1)
∀

j
:d
o
m

rou
te|

j
≠

i∧
j
≠

i+
1•

in
s ′j=

in
s

j

U
sin

g
Z

2
0
–1
2

C
o
n

sisten
cy

∃
s
:seq

M
•

in
=

s
�

ou
t

Section
h

ea
d

rec=
( �
/

in
s)
�
(la

st
sen

t)



U
sin

g
Z

2
0
–1
3

B
ase

case

( �
/

in
s)
�
(la

st
sen

t)

=
( �
/〈in

s
1〉)

�
(la

st〈sen
t
1〉)
[#

rou
te=

#
in

s=
#

sen
t=

1
]

=
(in

s
1)
�
(sen

t
1)

[b
y
d
efi
n
itio

n
o
f
�
/]

=
rec

1

[fro
m

Section
]

=
h

ea
d

rec

[b
y
d
efi
n
itio

n
o
f

h
ea

d
]

U
sin

g
Z

2
0
–1
4

In
d

u
ctiv

e
step

h
ea

d
(fron

t
rec)=

( �
/(fron

t
in

s))
�
(la

st(fron
t

sen
t))

( �
/

in
s)
�
(la

st
sen

t)

=
( �
/((fron

t
in

s)
�
〈la

st
in

s〉))
�
(la

st
sen

t)

[#
in

s=
#

rou
te
>
1
]

=
( �
/(fron

t
in

s))
�
(la

st
in

s)
�
(la

st
sen

t)

[b
y
th
e
d
efi
n
itio

n
o
f
�
/]

=
( �
/(fron

t
in

s))
�
(la

st
rec)

[fro
m

Section
]



U
sin

g
Z

2
0
–1
5

=
( �
/(fron

t
in

s))
�
(la

st(ta
ilrec))[#

rec=
#

rou
te
>
1
]

=
( �
/(fron

t
in

s))
�
(la

st(fron
t

sen
t))

[fro
m

Section
]

=
h

ea
d
(fron

t
rec)

[b
y
th
e
in
d
u
ctive

h
yp
o
th
esis]

=
h

ea
d

rec

[b
y
a
p
ro
p
erty

o
f

h
ea

d
]

U
sin

g
Z

2
0
–1
6

R
etriev

e
relatio

n

R
etrieveExtSection

Ext

Section

in
=

h
ea

d
rec

ou
t=

la
st

sen
t

∀
Section

•∃
1

Ext•
R

etrieveExtSection



U
sin

g
Z

2
0
–1
7

In
itialisatio

n

∀
Ext ′;

Section ′|
Section

In
it∧

R
etrieveExtSection ′•

ExtIn
it

U
sin

g
Z

2
0
–1
8

T
ran

sm
issio

n

∀
Ext;

Section
|

p
re

T
ra

n
sm

it∧
R

etrieveExtSection ′•
p
re

ST
ra

n
sm

it

∀
Ext;

Ext ′;
Section

;
Section ′|

p
re

T
ra

n
sm

it∧
R

etrieveExtSection
∧

ST
ra

n
sm

it∧
R

etrieveExtSection ′•
T

ra
n

sm
it



U
sin

g
Z

2
0
–1
9

T
h

e
d

aem
o
n

∀
Ext;

Section
|

p
re
Ξ

Ext∧
R

etrieveExtSection ′•
p
re

D
a

em
on

∀
Ext;

Ext ′;
Section

;
Section ′|

p
re
Ξ

Ext∧
R

etrieveExtSection
∧

D
a

em
on
∧

R
etrieveExtSection ′•

Ξ
Ext

U
sin

g
Z

2
0
–2
0

In
sertin

g
a

n
ew

sectio
n

〈a,b,d
,e,f〉

in
sert(2,c)

=
〈a,b,c,d

,e,f〉



U
sin

g
Z

2
0
–2
1

[X
]

in
sert

:seq
X
×
(N
×

X
)→

seq
X

∀
s
:seq

X
;

i
:N

;
x
:X

•
s

in
sert(i,x)

=(1
..i)



s
�
〈x〉

�
sq

u
a
sh((1

..i) −

s)

U
sin

g
Z

2
0
–2
2

In
sertSection

∆
Section

s?,n
ew

?
:SPC

s?∈
ran(fron

t
rou

te)
n

ew
?
∉
ran

rou
te

∃
i
:1
..(#

rou
te−

1)|
i=

rou
te ∼

s?•
rou

te ′=
rou

te
in

sert(i,n
ew

?)
rec ′=

rec
in

sert(i,sen
t

i)
in

s ′=
in

s
in

sert(i,〈〉)
sen

t ′=
sen

t
in

sert(i,rec
i+

1)



U
sin

g
Z

2
0
–2
3

�
/

in
s ′

=
�
/(in

s
in

sert(i+
1,〈〉))

[p
ro
p
erty

o
f

in
s ′]

=
�
/((1

..i

in

s)
�
〈〈〉〉

�
(sq

u
a
sh(1

..i −

in

s)))

[p
ro
p
erty

o
f

in
sert]

=
�
/(1

..i)



s
�
〈〉
�
�
/

sq
u

a
sh((1

..i) −

in

s)

[p
ro
p
erty

o
f
�
/]

U
sin

g
Z

2
0
–2
4

=
�
/(1

..i

in

s)
�
�
/(sq

u
a
sh(1

..i −

in

s))[p
ro
p
erty

o
f〈〉]

=
�
/((1

..i

in

s)
�
(sq

u
a
sh(1

..i −

in

s)))[p
ro
p
erty

o
f
�
/]

=
�
/

in
s

[p
ro
p
erties

o
f


an
d
−

]


