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• Introduction

• Requirements Specification

• Desired Properties

• Kinds of Requirements

• Analysis Techniques

• Documents

• Dictionary, Specification

• Specification Languages

• Natural Language

• Decision Tables

• Syntax, Semantics

• Completeness, Consistency, . . .

• Scenarios

• User Stories, Use Cases

• Live Sequence Charts

• Syntax, Semantics

• Working Definition: Software

• Discussion
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• Formal Methods in Requirements Engineering

• Software & Software Specification, formally

• Requirements Engineering, formally

• Examples:

• Decision Tables

• Use Cases

• Live Sequence Charts

• LSC Semantics:

• Full LSC syntax

• Activation, Pre-Chart, Chart Mode

• Automaton Construction

• Loop / Progress / Exit Conditions

• LSCs vs. Software

• Excursion: Symbolic Büchi Automata

• Methodology

• Requirements Engineering with scenarios

• Strengthening scenarions into requirements

• Requirements Engineering Wrap-Up
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Definition. Software is a finite description S of a (possibly infinite)
set JSK of (finite or infinite) computation paths of the form

σ0

α1−−→ σ1

α2−−→ σ2 · · ·

where

• σi ∈ Σ, i ∈ N0, is called state (or configuration), and

• αi ∈ A, i ∈ N0, is called action (or event).

The (possibly partial) function J · K : S 7→ JSK is called interpretation of S.

Definition. A software specification is a finite description S

of a (possibly infinite) set JS K of softwares, i.e.

JS K = {(S1, J · K1), (S2, J · K2), . . . }.

The (possibly partial) function J · K : S 7→ JS K is called interpretation of S .
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σ0
0

α0
1−−→ σ0

1

α0
2−−→ σ0

2 · · ·

S = {(S0, J · K0)}

σ1
0

α1
1−−→ σ1

1

α1
2−−→ σ1

2 · · ·

(S1, J · K1)}

σ2
0

α2
1−−→ σ2

1

α2
2−−→ σ2

2 · · ·

(S2, J · K2)}

I

M

S1 implements S

via I andM

I ′

M ′

S2 implements S

via I andM
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• Formal Methods in Requirements Engineering

• Software & Software Specification, formally

• Requirements Engineering, formally

• Examples:

• Decision Tables

• Use Cases

• Live Sequence Charts

• LSC Semantics:

• Full LSC syntax

• Activation, Pre-Chart, Chart Mode

• Automaton Construction

• Loop / Progress / Exit Conditions

• LSCs vs. Software

• Excursion: Symbolic Büchi Automata

• Methodology

• Requirements Engineering with scenarios

• Strengthening scenarions into requirements

• Requirements Engineering Wrap-Up
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Full LSC Syntax
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LSC: buy water
AC: true
AM: invariant I: strict

User CoinValidator ChoicePanel Dispenser

C50

pWATER

water_in_stock

dWATER

OK

A full LSC L = (PC ,MC , ac0, am,ΘL ) actually consist of

• pre-chart PC = ((LP ,�P ,∼P ),IP ,MsgP ,CondP , LocInvP ,ΘP ) (possibly empty),

• main-chart MC = ((LM ,�M ,∼M ), IM ,MsgM ,CondM , LocInvM ,ΘM ) (non-empty),

• activation condition ac0 ∈ Φ(C),

• strictness flag strict (if false, L is permissive)

• activation mode am ∈ {initial, invariant},

• chart mode existential (ΘL = cold) or universal (ΘL = hot).
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From Concrete to Abstract Syntax
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• locations L,

• � � L× L, � � L × L

• I = {I1, . . . , In},

• Msg � L× E × L,

• Cond � (2L \ �)× �(C)

• LocInv � L × {�, •} × �(C)× L × {�, •},

• � : L �Msg � Cond � LocInv � {hot, cold}.

I1 I2

c1

I3

A

B
C

D

E

c2 � c3

c4

l1,0

l1,1

l1,2

l1,3

l1,4

l2,0

l2,1

l2,2

l2,3

l3,0

l3,1

l3,2

l3,3

• L = {l1,0, l1,1, l1,2, l1,3, l1,2, l1,4, l2,0, l2,1, l2,2, l2,3, l3,0, l3,1, l3,2, l3,3}

• l1,0 � l1,1 � l1,2 � l1,3, l1,2 � l1,4, l2,0 � l2,1 � l2,2 � l2,3, l3,0 � l3,1 � l3,2 � l3,3,
l1,1 � l2,1, l2,2 � l1,2, l2,3 � l1,3, l3,2 � l1,4, l2,1 � l3,1, l2,2 � l3,2,

• I = {{l1,0, l1,1, l1,2, l1,3, l1,4}, {l2,0, l2,1, l2,2, l2,3}, {l3,0, l3,1, l3,2}},

• Msg = {(l1,1, A, l2,1), (l2,2, B, l1,2), (l2,2, C, l3,2), (l2,3, D, l1,3), (l3,3, E, l1,4)}

• Cond = {({l2,1, l3,1}, c4), ({l2,2}, c2 � c3)},

• LocInv = {(l1,1, �, c1, l1,2, •)}
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am = initial am = invariant

Θ
L

=
c
o
ld

∃w ∈ W ∃m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog (∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

Θ
L

=
h
o
t

∀w ∈ W ∀m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m + 2 ∈ Lang(B(MC ))

• Here,W is a set of words (for the moment, think of computation paths, like JSK).

• w ∈W is a word (for the moment, think of a computation path, like σ0
α1−−→ σ1

α2−−→ σ2 · · · ∈ JSK).
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ΘL am = initial am = invariant

c
o
ld

∃w ∈ W ∃m ∈ N0 • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

h
o
t

∀w ∈ W • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

• Here,W is a set of words (for the moment, think of computation paths, like JSK).

• w ∈W is a word (for the moment, think of a computation path, like σ0
α1−−→ σ1

α2−−→ σ2 · · · ∈ JSK).

Example: Vending Machine
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• Positive scenario: Buy a Softdrink

(i) Insert one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Get a softdrink.

• Positive scenario: Get Change

(i) Insert one 50 cent and one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Get a softdrink.

(iv) Get 50 cent change.

• Negative scenario: A Drink for Free

(i) Insert one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Do not insert any more money.

(iv) Get two softdrinks.
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LSC: buy softdrink
AC: true

AM: invariant I: permissive

User Vend. Ma.

E1

pSOFT

SOFT

am = initial am = invariant
Θ

L
=

c
o
ld

∃w ∈ W ∃m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

Θ
L

=
h
o
t

∀w ∈ W ∀m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))
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LSC: get change
AC: true

AM: invariant I: permissive

User Vend. Ma.

C50

E1

pSOFT

SOFT

chg-C50

am = initial am = invariant

Θ
L

=
c
o
ld

∃w ∈ W ∃m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

Θ
L

=
h
o
t

∀w ∈ W ∀m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))
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LSC: buy water
AC: true

AM: invariant I: strict

User CoinValidator ChoicePanel Dispenser

C50

pWATER

water_in_stock

dWATER

OK

am = initial am = invariant
Θ

L
=

c
o
ld

∃w ∈ W ∃m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

∧ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

Θ
L

=
h
o
t

∀w ∈ W ∀m ∈ N0 •

∧w0 |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 •

∧wk |= ac∧¬ψexit (C
P
0 )∧ψprog (∅, C

P
0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ¬ψexit (C
M
0 )

=⇒ wm+1 |= ψprog(∅, C
M
0 )

∧ w/m+ 2 ∈ Lang(B(MC ))

LSC Semantics

–
9

–
2

0
17

-0
6

-1
9

–
S

p
re

ch
ar

t
–

18/54

LSC: buy softdrink
AC: true
AM: invariant I: permissive

User Vend. Ma.

E1

pSOFT

SOFT

ΘL am = initial am = invariant

c
o
ld

∃w ∈ W ∃m ∈ N0 • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

h
o
t

∀w ∈ W • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))
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LSC: get change
AC: true
AM: invariant I: permissive

User Vend. Ma.

C50

E1

pSOFT

SOFT

chg-C50

ΘL am = initial am = invariant

c
o
ld

∃w ∈ W ∃m ∈ N0 • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

h
o
t

∀w ∈ W • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))
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LSC: buy water
AC: true
AM: invariant I: strict

User CoinValidator ChoicePanel Dispenser

C50

pWATER

water_in_stock

dWATER

OK

ΘL am = initial am = invariant

c
o
ld

∃w ∈ W ∃m ∈ N0 • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

h
o
t

∀w ∈ W • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))
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• Positive scenario: Buy a Softdrink

(i) Insert one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Get a softdrink.

• Positive scenario: Get Change

(i) Insert one 50 cent and one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Get a softdrink.

(iv) Get 50 cent change.

• Negative scenario: A Drink for Free

(i) Insert one 1 euro coin.

(ii) Press the ‘softdrink’ button.

(iii) Do not insert any more money.

(iv) Get two softdrinks.

LSC Semantics

–
9

–
2

0
17

-0
6

-1
9

–
S

p
re

ch
ar

t
–

22/54

LSC: only one drink
AC: true
AM: invariant I: permissive

User Vend. Ma.

E1

pSOFT

SOFT

SOFT

¬C50 ! ∧ ¬E1 !

false

ΘL am = initial am = invariant

c
o
ld

∃w ∈ W ∃m ∈ N0 • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

∃w ∈ W ∃ k < m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
hot (∅, CM0 )

∧ w/m + 1 ∈ Lang(B(MC ))

h
o
t

∀w ∈ W • w0 |= ac

∧ w0 |= ψCond
hot (∅, CP0 )

∧ w/1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))

∀w ∈ W ∀ k ≤ m ∈ N0 • wk |= ac

∧ wk |= ψCond
hot (∅, CP0 )

∧ w/k + 1, . . . , w/m ∈ Lang(B(PC ))

∧ wm+1 |= ψCond
cold (∅, CM0 )

=⇒ wm+1 |= ψCond
cold (∅, CM0 )

∧ w/m+ 1 ∈ Lang(B(MC ))
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TBA Construction Principle
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“Only” construct the transitions’ labels:

→= {(q, ψloop(q), q) | q ∈ Q} ∪ {(q, ψprog (q, q
′), q′) | q  F q′} ∪ {(q, ψexit (q),L) | q ∈ Q}

q

q1 . . . qn

ψloop(q) =

=:ψhot
loop

(q)

︷ ︸︸ ︷

ψMsg(q) ∧ ψLocInv
hot (q)∧ψLocInv

cold (q)

ψexit (q) =
(
ψhot

loop(q) ∧ ¬ψLocInv
cold (q)

)

∨
∨

1≤i≤n

(
ψhot

prog(q, qi)

∧
(
¬ψLocInv,•

cold
(q, qi)∨¬ψCond

cold (q, qi)
))

ψprog (q, qn) = =:ψhot
prog (q,qn)

︷ ︸︸ ︷

ψMsg(q, qn) ∧ ψ
Cond
hot (q, qn) ∧ ψ

LocInv,•
hot

(q, qn)

∧ ψCond
cold (q, qn) ∧ ψ

LocInv,•
cold

(q, qn)

true
I1 I2

c1

I3

A

B
C

D

E

c2 ∧ c3
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ψloop(q) = ψMsg(q) ∧ ψLocInv
hot (q) ∧ ψLocInv

cold (q)

• ψMsg(q) = ¬
∨

1≤i≤n ψ
Msg(q, qi) ∧

(
strict =⇒

∧

ψ∈E!?∩Msg(L)

¬ψ
)

︸ ︷︷ ︸

=:ψstrict(q)

• ψLocInv
θ

(q) =
∧

ℓ=(l,ι,φ,l′,ι′)∈LocInv, Θ(ℓ)=θ, ℓ active at q φ

A location l is called front location of cut C if and only if ∄ l′ ∈ L • l ≺ l′ .

Local invariant (lo, ι0, φ, l1, ι1) is active at cut (!) q
if and only if l0 � l ≺ l1 for some front location l of cut q or l = l1 ∧ ι1 = •.

• Msg(F) = {E! | (l, E, l′) ∈ Msg, l ∈ F} ∪ {E? | (l, E, l′) ∈ Msg, l′ ∈ F}

• Msg(F1, . . . ,Fn) =
⋃

1≤i≤nMsg(Fi) I1 I2

c1

I3

A

B
C

D

E

c2 ∧ c3
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ψhot
prog(q, qi) = ψMsg(q, qn) ∧ ψ

Cond
hot (q, qn) ∧ ψ

LocInv,•
hot

(qn)

• ψMsg(q, qi) =
∧

ψ∈Msg(qi\q)
ψ ∧

∧

j 6=i

∧

ψ∈(Msg(qj\q)\Msg(qi\q))
¬ψ

∧
(
strict =⇒

∧

ψ∈(E!?∩Msg(L))\Msg(Fi)

¬ψ
)

︸ ︷︷ ︸

=:ψstrict(q,qi)

• ψCond
θ

(q, qi) =
∧

γ=(L,φ)∈Cond, Θ(γ)=θ, L∩(qi\q) 6=∅ φ

• ψ
LocInv,•
θ

(q, qi) =
∧

λ=(l,ι,φ,l′,ι′)∈LocInv, Θ(λ)=θ, λ •-active at qi
φ

Local invariant (l0, ι0, φ, l1, ι1) is •-active at q if and only if

• l0 ≺ l ≺ l1 , or

• l = l0 ∧ ι0 = •, or

• l = l1 ∧ ι1 = •

for some front location l of cut (!) q.

I1 I2

c1

I3

A

B
C

D

E

c2 ∧ c3



Tell Them What You’ve Told Them. . .
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• Live Sequence Charts (if well-formed)

• have an abstract syntax.

• From an abstract syntax, mechanically construct its TBA.

• A universal LSC is satisfied by a software S if and only if

• all words induced by the computation paths of S

• are accepted by the LSC’s TBA.

• An existential LSC is satisfied by a software S if and only if

• there is a word induced by a computation path of S

• which is accepted by the LSC’s TBA.

• Pre-charts allow us to specify

• anti-scenarios (“this must not happen”),

• activation interactions.
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