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Outline of Lecture 1

- Background :-)

- An informal presentation of the protocol :-)

- Step by step formal design :-|

- Short Conclusion. :-)
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IEEE 1394 High Performance Serial Bus (FireWire) 2

- It is an international standard

- There exists a widespread commercial interest in its correctness

- Sun, Apple, Philips, Microsoft, Sony, etc involved in its development

- Made of three layers (physical, link, transaction)

- The protocol under study is the Tree Identify Protocol

- Situated in the Bus Reset phase of the physical layer
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The Problem (1) 3

- The bus is used to transport digitized video and audio signals

- It is “hot-pluggable”

- Devices and peripherals can be added and removed at any time

- Such changes are followed by a bus reset

- The leader election takes place after a bus reset in the network

- A leader needs to be chosen to act as the manager of the bus
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The Problem (2) 4

- After a bus reset: all nodes in the network have equal status

- A node only knows to which nodes it is directly connected

- The network is connected

- The network is acyclic
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Informal Abstract Properties of the Protocol 9

- We are given a connected and acyclic network of nodes

- Nodes are linked by bidirectional channels

- We want to have one node being elected the leader in a finite time

- This is to be done in a distributed and non-deterministic way

- Next are two distinct abstract animations of the protocol
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Development Strategy 10

- Formal definition and properties of the network

- A one-shot abstract model of the protocol

- Presenting a (still abstract) loop-like centralized solution

- Introducing message passing between the nodes (delays)

- Modifying the data structure in order to distribute the protocol
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Initial Model 11

sets: N axm0 1: finite(N)

variables: l inv0 1: l ∈ N

init
l :∈ N

elect
any x where

x ∈ N
then

l := x
end
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First Refinement: Defining the Free Tree 12

constant: g

axm 5: ∀h, S · h ∪ h−1 = g
h ∩ h−1 = ∅
S ⊆ h[S]

⇒
S = ∅

axm1 1: g ∈ N ↔ N

axm1 2: g = g−1

axm1 3: g ∩ id(N) = ∅

axm1 4: ∀s · S ⊆ N
S 6= ∅
g[S] ⊆ S

⇒
N ⊆ S

- axm1 4 expresses that g is a strongly connected graph

- axm1 5 expresses that any partition of g has no cycle

21



First Refinement: Extending the State 13

variable: l
n

inv1 1: n ⊆ N

inv1 2: ∀s · S ⊆ n
S 6= ∅
(n � g � n)[S] ⊆ S

⇒
n ⊆ S

- Variable n is a subset of N

- The graph reduced to n is still connected
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First Refinement: the Events 14

init
l :∈ N
n := N

elect
any x where

n = {x}
then

l := x
end

progress
status

convergent
any x, y where

x ∈ n
g[{x}] ∩ n = {y}

then
n := n \ {x}

end

- A leaf x of the reduced graph is removed from n

- The remaining unique element of n is elected

variant1: n
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Second Refinement: Extending the State with Messages 15

variables: l, n, m

inv2 1: m ⊆ g

inv2 2: m ∈ n 7→ n

inv2 3: ∀x, y · x 7→ y ∈ m ⇒ g[{x}] ∩ n = {y}
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Second Refinement: the Events 16

send msg
any x, y where

x ∈ n
g[{x}] ∩ n = {y}
x /∈ dom(m)

then
m := m ∪ {x 7→ y}

end

progress
any x, y where

x 7→ y ∈ m
y /∈ dom(m)

then
n := n \ {x}
m := m \ {x 7→ y}

end
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Third Refinement: the Problem of Contention 17
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Third Refinement: the State 18

variables: l, n, m, c, bm

inv3 1: c ⊆ g

inv3 2: m ∪ c ∈ n 7→ n

inv3 3: m ∩ c = ∅

inv3 4: bm = dom(m ∪ c)
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Third Refinement: the Events (1) 19

send msg
any x, y where

x ∈ n
g[{x}] ∩ n = {y}
x /∈ bm

then
m := m ∪ {x 7→ y}
bm := bm ∪ {x}

end

progress
any x, y where

x 7→ y ∈ m
y /∈ bm

then
n := n \ {x}
m := m \ {x 7→ y}

end
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Third Refinement: the Events (2) 20

discover contention
any x, y where

x 7→ y ∈ m
y ∈ bm

then
c := c ∪ {x 7→ y}
m := m \ {x 7→ y}

end

solve contention
any x, y where

c = {x 7→ y, y 7→ x}
then

c := ∅
bm := bm \ {x, y}

end
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Fourth Refinement: Simplification 21

variables: l, d, m, c, bm

inv4 1: d ∈ n → P(n)

inv4 2: ∀x · x ∈ n ⇒ d(x) = g[{x}] ∩ n
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Fourth Refinement: the Events (1) 22

init
l :∈ N

d :|
(

d′ ∈ N → P(N)
∀x · ( x ∈ N ⇒ d′(x) = g[{x}] )

)
m := ∅
c := ∅
bm := ∅

elect
any x where

x ∈ dom(d)
d(x) = ∅

then
l := x

end

send msg
any x, y where

x ∈ dom(d)
d(x) = {y}
x /∈ bm

then
m := m ∪ {x 7→ y}
bm := bm ∪ {x}

end

progress
any x, y where

x 7→ y ∈ m
y /∈ bm

then
d := ({x} �− d) �− {y 7→ d(y) \ {x}}
m := m \ {x 7→ y}
bm := bm \ {x}

end
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Fifth Refinement: Introducing Cardinality 23

variables: l, d, m, c, bm, r

inv5 1: r ∈ N → N

inv5 2: ∀x · ( x ∈ N ⇒ r(x) = card(d(x)) )
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Fifth Refinement: the Events(1) 24

init
l :∈ N

d :|
(

d′ ∈ N → P(N)

∀x · ( x ∈ N ⇒ d′(x) = g[{x}] )

)
m := ∅
c := ∅
bm := ∅

r :|
(

r′ ∈ N → N
∀x · ( x ∈ N ⇒ r′(x) = card(g[{x}]) )

)
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Fifth Refinement: the Events(2) 25

elect
any x where

x ∈ N

r(x) = 0

then
l := x

end
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Fifth Refinement: the Events(3) 26

send msg
any x, y where

x ∈ N

r(x) = 1

y ∈ d(x)

x /∈ bm

then
m := m ∪ {x 7→ y}
bm := bm ∪ {x}

end
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Fifth Refinement: the Events(4) 27

progress
any x, y where

x 7→ y ∈ m

y /∈ bm

then
d := ({x} �− d) �− {y 7→ d(y) \ {x}}
r := ({x} �− r) �− {y 7→ r(y) − 1}
m := m \ {x 7→ y}

end
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