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States, labels & arrows

σ

s

d

lab

type � state =
| Star
| State of � ��� ��� �	 
� �

id


 � � � � �	 
 � �
names


 � � � � � � � � � � �	 
� �

group

type � label =
| Tau of � � � � �
| BIn of � � � � � 
 � � � � �

| BOut of � � � � � 
 � � � � �

| In of � � � � � 
 � � � � �

| Out of � � � � �	 
 � �� 
 � � � � �	 
 � ��

type � arrow =
Arrow of � � ��� ���	 
 � �

source


 � � ��� ���	 
 � �

dest


 � �� � � �	 
� �

lab
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Bundle & Automata

bundle :

� � � � � �� � � � � �	 
 � �

with the same source

type � automaton =
HDAutoma of � � � � � �	 
� �

start

 � � � � � � � � � � � �	 
� �

states


 � � � � � �� � � � � �	 
 � �

arrows
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Blocks

Bundle

block

label arrow automatonstate

st
at

es

norm
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Blocks

Bundle

block

label arrow automatonstate

st
at

es

norm

At the end of each iteration,

blocks represent the states of the�-th approximation of the minimal
automaton while

their norm components are the ar-
rows of the approximation
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Blocks (2)

type � blocks =
Block of

states : � state list 


norm : � arrow list 


active_names : � list 


group : � list list 
�

: ( � state � ( � 
 �) list list) 
��� �

: ( � state � ( � 
 �) list)

x

q

q

θ
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Blocks (2)

type � blocks =
Block of

states : � state list 


norm : � arrow list 


active_names : � list 


group : � list list 
�

: ( � state � ( � 
 �) list list) 
��� �

: ( � state � ( � 
 �) list)

x

q

q

θ
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Initially...

q

All the states are (considered)
bisimilar

No norm, group or

 
is given

This corresponds to map each
transition in ’unit’

[ Block(states, [ ], [ ], [ ], (fun q � [ [ ] ]), (fun q � [ ])) ]
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Generic step

!
"#"%$

x

q
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x

q
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'#'%(

split

; ................... ; ; ................... ;( , )
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q

x

q ( , )
x
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x
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x

q
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Splitting: a closer look

x

q

q

θ

x

qq

BIN x q2;s  [*/y]

x y sIN
q BIN x s [*/y]

q3;s3Tau

q3

q2

Tau s3

x
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Splitting: a closer look

x

q1

q2

q3

q1

q2

q3

q

x y* + σ

x

,-.
σ [*/y]/102 σ3

BIN x q2;s  [*/y]

qq

Tau q3;s3

q2

q3

x

x

x

let bundle hd q =
List.sort compare

(List.filter (fun h � (Arrow.source h) = q) (arrows hd))
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Splitting: a closer look

x

q1

q2

q3

q1

q2

q3

x

q

x y* + σ

x

,-.
σ [*/y]/102 σ3

x

qq

Tau q3;s3

BIN q2;s  [*/y]

q2

q3

x

x

List.map

354 bundle
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Splitting: a closer look

x

x

q1

q2

q3

q1

q2

q3

/102 σ3

x

x

q

x y* + σ

x

6 7 8
x

,-.
σ [*/y]

/102 θ3;σ3

θ2

θ3

θ2;σ  [*/y]

3 4 9 : ; <=> ? @ � ��� ��� �BA C @D A E A 3F4 �HG I � A J IHK J LM G NPO QSR R R� G I T J IVU � 4 � G I �W L

let red bl = ......
let bl_in = List.filter covered_in bl
in list_diff bl bl_in
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Splitting: a closer look

x

x

q1

q2

q3

q1

q2

q3

/102 σ3

x

x

q
θ

q

x y* + σ

x

6 7 8
x

,-.
σ [*/y]

/102 θ3;σ3

θ2

θ3

θ2;σ  [*/y]

let an = active_names_bundle (red bundle) in
let remove_in ar = match ar with

| Arrow(_,_,In(_,_)) � not (List.mem (obj ar) an)
| _ � false in

list_diff bundle (List.filter remove_in bundle)
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Splitting: a closer look

x

x

q1

q2

q3

q1

q2

q3

/102 σ3

x

x

q
θ

q

x y* + σ

x

6 7 8
x

,-.
σ [*/y]

/102 θ3;σ3

θ2

θ3

θ2;σ  [*/y]

�YX Z � � G � ; �\[ �] ^_ � � _ �� �_ ^ � � �� ] bundle

� � K  � �`
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Termination

...informally, when

aX Z � is isomorph to

aX

!
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Termination

...informally, when

aX Z � is isomorph to

aX

!
"#"%$

x

q

; ................... ;
x

q

; ................... ;
x

q

&
'#'%(

; ................... ; ; ................... ;( , )
x

q ( , )
x

q ( , )
x

q

T

no further names are added
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An example

b �Hc A dA e � ; c f dhg i �Hc A dA e ��j d f c g i �Hc A dA e �i �Hc A dA e � ; c k �Hl � g b �Hc A dA l �j d k �Hl � g b � dA c A e �
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An example

b �Hc A dA e � ; c f dhg i �Hc A dA e ��j d f c g i �Hc A dA e �i �Hc A dA e � ; c k �Hl � g b �Hc A dA l �j d k �Hl � g b � dA c A e �
+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))+(x!y.R(x, y, z), y!x.R(x, y, z))

x!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!yx!y

y!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!xy!x

R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)R(#0, #1, #2)

#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0

#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1

#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2#0?#2

#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)#0?(#3)

#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0

#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1

#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2#1?#2

#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)#1?(#3)

S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)S(#0, #1, #0)

#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1

#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0

S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)S(#0, #1, #1)

#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1

#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0

S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)S(#0, #1, #2)

#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1#0!#1

#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0#1!#0

R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)R(#0, #1, #1)

#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0

#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1

#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)

#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0

#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1

#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)

R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)R(#0, #1, #0)

#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0#0?#0

#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1#0?#1

#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)#0?(#2)

#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0#1?#0 #1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1#1?#1
#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)#1?(#2)
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Minimal representation

state b0 2 [ [1 ; 2 ] ; [2 ; 1 ] ]
state b1 2 [ [1 ; 2 ] ; [2 ; 1 ] ]
b0 � b1 out[1 ; 2 ] [1 ; 2 ]
b0 � b1 out[1 ; 2 ] [2 ; 1 ]
b0 � b1 out[2 ; 1 ] [1 ; 2 ]
b0 � b1 out[2 ; 1 ] [2 ; 1 ]
b1 � b0 bin[1 ] [1 ; 2 ]
b1 � b0 bin[1 ] [2 ; 1 ]
b1 � b0 bin[2 ] [2 ; 1 ]
b1 � b0 bin[2 ] [1 ; 2 ]
b1 � b0 in[1 ; 1 ] [1 ; 2 ]
b1 � b0 in[1 ; 1 ] [2 ; 1 ]
b1 � b0 in[1 ; 2 ] [1 ; 2 ]
b1 � b0 in[1 ; 2 ] [2 ; 1 ]
b1 � b0 in[2 ; 1 ] [1 ; 2 ]
b1 � b0 in[2 ; 1 ] [2 ; 1 ]
b1 � b0 in[2 ; 2 ] [1 ; 2 ]
b1 � b0 in[2 ; 2 ] [2 ; 1 ]
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Final remarks

Extend to
open bisimilarity
asynchronous E-calculus
complex terms

Try big automata

Optimization: handling of permutations

Integrations (HAL and Mobility workbench)

Ocaml compiler
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