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rel_right

rel_left rel_right

think
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think
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A. Cerone, UNU-IIST — p.3?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Philosopher’s Goal and Task

rel_right
~
rel_left rel_right
think
Intend eat
()
think
rel_left
/

Goal: O<think
Task: O((<think) A (Oeat))

rel_left

A. Cerone, UNU-IIST — p.3?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Philosopher’s Task Failure
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)
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(Othink) A (O— eat)
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (Oeat) not a philosopher
(&think) A (O— eat) further decomposed
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(Othink) A (O—eat) further decomposed
(Cintend) A O(— left A —right)
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts

(O((left A Oright) Vv (right A Oleft))) A O- eat
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts

(O((left A Oright) Vv (right A Oleft))) A O- eat

cannot use chopstics
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts
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((Cleft) v (Cright)) A O(— left v = right)
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts

(O((left A Oright) Vv (right A Oleft))) A O- eat

cannot use chopstics

((Cleft) v (Cright)) A O(— left v = right)

unable to get two chopstics
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Philosopher’s Behaviour
leading to (0= think) A (O- eat)

(0= think) A (<eat) not a philosopher
(&think) A (O— eat) further decomposed

(Cintend) A O(— left A —right)
distracted by thoughts

(O((left A Oright) Vv (right A Oleft))) A O—eat
cannot use chopstics

((Cleft) v (Cright)) A O(— left v = right)
unable to get two chopstics
further decomposed
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Philosopher’s Behaviour

((Cleft) v (Cright)) A O(— left v = right)
unable to get two chopstics
further decomposed
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Philosopher’s Behaviour

((Cleft) v (Cright)) A O(— left v = right)
unable to get two chopstics
further decomposed

(Oleft) A O-right
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((Cleft) v (Cright)) A O(— left v = right)
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(Oleft) A O-right
physical problem
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Philosopher’s Behaviour

((Cleft) v (Cright)) A O(— left v = right)
unable to get two chopstics
further decomposed

(Oleft) A O-right
physical problem

(Oright) A O— left
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Philosopher’s Behaviour

((Cleft) v (Cright)) A O(— left v = right)
unable to get two chopstics
further decomposed

(Oleft) A O-right
physical problem

(Oright) A O— left

physical problem

(Oleft) A (Cright) A O(— left vV = right)

does not understand
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Big Picture

Human Interface
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Big Picture
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Experiments
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Big Picture

P hol
Human =" lo =) Interface

Experiments

l

Cognitive Model
+ Behavioural Theory
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P hol
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Cognitive Model ——
+ Behavioural Theory

Y
Formal Model
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P hol
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. Model-checking
[Emerson and Clarke]
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Hardware Verification
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. Model-checking
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Hardware Verification
State Explosion Problem
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State Explosion Problem
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History of Model-checking

. Model-checking
[Emerson and Clarke]
Hardware Verification
State Explosion Problem

Symbolic Model-checking [MacMillan]
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History of Model-checking

. Model-checking
[Emerson and Clarke]
Hardware Verification
State Explosion Problem

Symbolic Model-checking [MacMillan]
Abstraction

A. Cerone, UNU-IIST — p.&?



Philosopher|| Psychology and Model Checking ||ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams | Refs
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[Emerson and Clarke]
Hardware Verification
State Explosion Problem

Symbolic Model-checking [MacMillan]
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History of Model-checking

. Model-checking
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Hardware Verification
State Explosion Problem

Symbolic Model-checking [MacMillan]
Abstraction

State Explosion Contained

Infinite Model-checking
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History of Model-checking

. Model-checking
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Hardware Verification
State Explosion Problem

Symbolic Model-checking [MacMillan]
Abstraction

State Explosion Contained

Infinite Model-checking

Software Verification
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MC and Cognitive Psychology
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Experiments Processmg

Y

C Cognitive Model \

I o Model

verification against Checker
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Y
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Y
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AlIr Traffic Control (ATC)

- Aircraft fly along straight-line segments —
called flight paths — between waypoints
within a fixed sector of airspace.
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AlIr Traffic Control (ATC)

- Aircraft fly along straight-line segments —
called flight paths — between waypoints
within a fixed sector of airspace.

- Aircraft horizontal separation must be at least
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AlIr Traffic Control (ATC)

- Aircraft fly along straight-line segments —
called flight paths — between waypoints
within a fixed sector of airspace.

- Aircraft horizontal separation must be at least

- A pair of aircraft violate separation when the
horizontal distance between them Is
(separation violation).
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AlIr Traffic Control (ATC)

- Aircraft fly along straight-line segments —
called flight paths — between waypoints
within a fixed sector of airspace.

- Aircraft horizontal separation must be at least

- A pair of aircraft violate separation when the
horizontal distance between them Is
(separation violation).

- A pair of aircraft is in conflict when their
pathways are such that the two aircraft will

A. Cerone, UNU-IIST — p.12°?



Philosopher|| Psychology and Model Checking ||ATC ||OCM ||/Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

ATC Simulator

- The ATC operator’s task involves monitoring
the movement of aircraft on a screen, looking
for pair of aircraft that may violate separation.
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ATC Simulator

- The ATC operator’s task involves monitoring
the movement of aircraft on a screen, looking
for pair of aircraft that may violate separation.

- When such a conflict is detected, the operator
uses a mouse to select one of the aircraft and
change its speed using a pulldown menu.
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ATC Simulator

- The ATC operator’s task involves monitoring
the movement of aircraft on a screen, looking
for pair of aircraft that may violate separation.

- When such a conflict is detected, the operator
uses a mouse to select one of the aircraft and
change its speed using a pulldown menu.

- The goal of the task is to resolve all conflicts
before they violate separation, while
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ATC Simulator

- The ATC operator’s task involves monitoring
the movement of aircraft on a screen, looking
for pair of aircraft that may violate separation.

- When such a conflict is detected, the operator
uses a mouse to select one of the aircraft and
change its speed using a pulldown menu.

- The goal of the task is to resolve all conflicts
before they violate separation, while

- We have a task failure when
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e EEELBOHTED WE

334 km/h
& 5aSNBOEX

T
/ 47
927 Hindh

KRE S ERARWH WA
/ 30
EED kmh

€ WE NIMKD EX

Rilw/
/ 767
873 kméh
0 £nENBOEX
/ ?g}” MEY
210 km/h / rer

@ —0UT BO MK AEBU OUT qf Il
QUT KR WE
280 knn/h

= QUT BO MKO AS DU OUT

LCL
/?E?
592 km/h

& WEDDOUT
LR
/ 767

542 kmvh
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ATC Simulator Screenshot

Operators interact with the simulatQr via

IFR

two main Ul functions®:..

ERO
/ 747
337 km/h
SN0 ey BO EX
MT5
/ 767
30 kmh

O QUT KIwE

JDA
/ 60 D
EE0 kmvh / 767
®  UTBD EXc of - ET3 kiR
Dt EEELBOHTED WE

334 km/h
& 5aSNBOEX

[T
/ 7
327 Kmih

KRE S ERARWH WA
/ 30
EED kmh

€ WE NIMKD EX

Rilw
/ 767
873 kmh
0 £nENBOEX
Lo

MEY
767
/ a1l krn/h / 767
@ —"ouT B0 WA%BPEU auT g Bk |
280 kn/h
S __QUT BO MKD A5 DU OUT

LCL
/?E?
592 km/h

& WEDDOUT

LIR
/?E?
552 kr'h
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ATC Simulator Screenshot

Operators interact with the simulatQr via

IFR

two main Ul functions®:..

BRI
/ 747
927 kindh

SH BO EX

selecting {by highlighting) a single
alrcraft;
o e

> ®  UTBD EXc of - ET3 kiR
e EEELBOHTED WE

334 km/h
& 5aSNBOEX

T
/ 747
827 Hm/h
KRE S B Ak wH WA
/ 30
BED km/h

€ WE NIMKD EX

Rl
/ 7hE
873 km'h

0 £nENBOEX

/ e MEY
/ 767
310 kméh
@ —"ouT B0 WA%BPEU auT g Bk |
280 kn/h
S __QUT BO MKD A5 DU OUT

LCL
/?E?
592 km/h

& WEDDOUT

LIR
/?E?
552 kr'h
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ATC Simulator Screenshot

Operators interact with the simulatQr via

IFR

two main Ul functions®:..

!
7

.
selecting(by highlighting) a singl

OUT Kl 'wE

aircraft;

SH BO EX

JDA
/ 60 D
_ EE0 kmvh / 767
> ®  UTBD EXc
/?4? EEFLBDRTED W7
334 km/h
A

changing the speed of the

elected
aircraft. . ..

MBY
/ 7E7
532 krn/h

$ QUTKRwWE

E DO OUT
LIR
/?E?
s 552 kr'h

A. Cerone, UNU-IIST — p.13"?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Speed Menu

TS
iB7
10 kmdh
QT Kl 'wWE

A. Cerone, UNU-IIST — p.14?
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Speed Menu

AMT5
T

10 kmdh

Open the menu by clicking the right button.

A. Cerone, UNU-IIST — p.14?
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Speed Menu

AMT5
T

10 kmdh

Open the menu by clicking the right button.
The menu appears at the position of the cursor.

A. Cerone, UNU-IIST — p.14?
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Speed Menu

AMT5
T

10 kmdh

Open the menu by clicking the right button.

The menu appears at the position of the cursor.

Selected the speed by left clicking on the desired
menu entry.

A. Cerone, UNU-IIST — p.14r?
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
< selction task closure (cognitive problem)
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
< selction task closure (cognitive problem)

- mistaken identity: change the spead of an
aircraft different from the intended one

A. Cerone, UNU-IIST — p.15?
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
< selction task closure (cognitive problem)

- mistaken identity: change the spead of an
aircraft different from the intended one
<— the menu appears at the position of the
cursor (usability problem)

A. Cerone, UNU-IIST — p.15P?
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
< selction task closure (cognitive problem)

- mistaken identity: change the spead of an
aircraft different from the intended one
<— the menu appears at the position of the
cursor (usability problem)

- mis-classification, mis-prioritization, conflict
generation

A. Cerone, UNU-IIST — p.15P?
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Operator Erros

- slip: Inadvertedly select a wrong or the current
speed
< selction task closure (cognitive problem)

- mistaken identity: change the spead of an
aircraft different from the intended one
<— the menu appears at the position of the
cursor (usability problem)

- mis-classification, mis-prioritization, conflict
generation

The operator can recover from these errors with-
out causing ( )

A. Cerone, UNU-IIST — p.15P?
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OCM for Air Traffic Control

Scanning: The operator scans among each pair of aircraft
searching for a pair that may violate separation.

|dentification: The operator identifies a pair of aircraft.

Classification: The operator

* assesses whether the identified pair of aircraft will eventually
violate separation ( ) or not (not in conflict);

* if so, gives a priority to the conflict according to its urgency
to be resolved.

Decision on how to resolve the conflict.

Action to be performed as a series of interaction with the inter-

face . A. Cerone, UNU-IIST — p.1&"?
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Model Interpretatlon for ATC

@ Scan 25\

S

S — ([l p:part(Sp = Cp)) IS

Cp = (¢ — (SDp))[[(Np — S)

Dp = (dp — (SJA)) [ (Np — 9

S
a .
Cp| /ldentify - <Actlon
Part g I
Np S, |
. C
(C assify p>i<3§ﬁ'8 '”t&?tﬁ)")
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Model Interpretation for ATC

p = Pair of aircraft S=s— (({|,:pairs(S — Cp)) IS
Cp = (¢ — (SDp))[[(Np — S)

@ Scan 25\

Dp = (dp — (SJA)) [ (Np — 9

S
a .
Cp| /ldentify - CAC'[IOH
Part g I
Np S, '
. C
(C assify p>—p<3§ﬁ'8 '”t&?tﬁ)")

eeeeee UNU-IIST — p.17P
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Model Interpretation for ATC

p = Pair of aircraft

@ Scan 25\

A S

The pair is classified
In conflict:

\ a /

Action

Cp| [ldentify
Part \

C
\<C assify p} D*CDgﬁ Ig '”t&? tFI)OD

eeeeee UNU-IIST — p.17P
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Model Interpretation for ATC

p = Pair of aircraft

@ Scan 25\

A S

The pair is classified
In conflict:
e not in conflict: ny

\ a /

Cp| /ldentify
Part \

>

C
\<C assify p} D*CDgﬁ Ig '”t&? trl)orD

\Action

eeeeee UNU-IIST — p.17P
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Model Interpretation for ATC

p = Pair of aircraft

@ Scan 25\

A S

The pair is classified
In conflict:
e not in conflict: ny

The pair is re-classified
e Not in conflict: ng

\ a /

Cp| /ldentify
Part \

>

C
{(cussiy p} r{)gg'g 'ntgg“,@

\Action

eeeeee UNU-IIST — p.17P
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OCM for Air Traffic Control

Scanning: The operator scans among each pair of aircraft
searching for a pair that may violate separation.

|dentification: The operator identifies a pair of aircraft.

Classification: The operator

* assesses whether the identified pair of aircraft will eventually
violate separation ( ) or not (not in conflict);

* if so, gives a priority to the conflict according to its urgency
to be resolved.

Decision on how to resolve the conflict.

Action to be performed as a series of interaction with the inter-

face . A. Cerone, UNU-IIST — p.18”
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Environment Model

S :SH((UpPalrs(Sp_)Cp))US)
Cp = (Cp — (SIDp))[|(Np — S)
Dp = (dp — (] )0 — S

Ap =(Ip—a—S
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Environment Model

S :SH((UpPalrs(Sp_)Cp))US)
Cp = (Cp — (SIDp))[|(Np — S)
Dp = (dp — (] )0 — S

Ap =(Ip—a—S

=s—a— n
(resolvedy, — Np)|]
(noeffecty — Ip))
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Environment Model

S :S%((UpPalrs(Sp_)Cp))US)
Co = (6o — (P [ (N — 9
Dp = (dp — (S]Ap))[(Np — S)

Ap =(Ip—a—S

=s—a— n
(resolvedy, — Np)|]
(noeffecty — Ip))

N, = s — a— ((unnecessary, — Np)]]

(noeffecty, — Np))
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Environment Model

S :S%((UpPalrs(Sp_)Cp))US)
Co = (6o — (P [ (N — 9
Dp = (dp — (S]Ap))[(Np — S)

Ap =(Ip—a—S

=s—a— n
(resolvedy, — Np)|]
(noeffecty — Ip))

N, = s — a— ((unnecessary, — Np)]]

(noeffecty, — Np))

OCM =S| ( | pmityIp) || || pinity Np)

A. Cerone, UNU-IIST —p.1
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Task Failure Analysis

Three levels of decomposition of task failures.

A. Cerone, UNU-IIST — p.2ar



Philosopher|| Psychology and Model Checking ||ATC ||OCM ||/Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Task Failure Analysis

Three levels of decomposition of task failures.

A first decomposition of task failures is based on

- the intention of the operator to resolve a
conflict (ip);

A. Cerone, UNU-IIST — p.2@"?
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Task Failure Analysis

Three levels of decomposition of task failures.

A first decomposition of task failures is based on

- the intention of the operator to resolve a
conflict (ip);

and on the result, benign or , of the
operator’s action:

A. Cerone, UNU-IIST — p.2ar
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Task Failure Analysis

Three levels of decomposition of task failures.

A first decomposition of task failures is based on

- the intention of the operator to resolve a
conflict (ip);

and on the result, benign or , of the
operator’s action:

- the fact that the initial conflict |, Is effectively
resolved (resolvedp);

A. Cerone, UNU-IIST — p.2ar
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Task Failure Analysis

Three levels of decomposition of task failures.

A first decomposition of task failures is based on

- the intention of the operator to resolve a
conflict (ip);

and on the result, benign or , of the
operator’s action:

- the fact that the initial conflict |, Is effectively
resolved (resolvedp);

- the fact that in absence of initial conflict (Ny) a

( )-

A. Cerone, UNU-IIST — p.2ar
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Failure of Scanning

no_intended._responsey, :
N\
Scan /E\\
A A S
a

Cp| /ldentify - Actlon>
Qa” g .
Np S W Ny,
. C
\CC assify p>_p<D§rc]:|g Intgrrlltlgo>

eeeeee UNU-IIST - p.22P
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Failure of Scanning

no_intended._responsey, :

O\
Scan /E\\
A A S

a

\AC'[IOH

:
2
"

Decide Intention
onp onp

eeeeee UNU-IIST - p.22P
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Failure of Making Decision

no_intended._responsey, :

Cp| /ldentify
Part

Y

N\
Scan /E\\
1 Is

\CC assify p>—<

O A L

a

K\
—

)n

Cp

Decide
onp

\AC'[IOH

Intention
onp

:
"

eeeeee UNU-IIST — p.22r




Philosopher|| Psychology and Model Checking ||ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams | Refs

Failure of Making Decision
no_intended response, : 0= s,

O A L
N\
Scan h\
i S
S
Cp| /ldentify - a<Action
Part - ;

{c assify "H gg'ge> '”tg,?tg))

eeeeee UNU-IIST — p.22r
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Persistent Mis-classification

no_intended._responsey, :

Scan

A

)

ldentify
Part

assify p

T\
-
e

D_I%
O A L

\ a /

\ Acti on

DeC|de> Cntent|o>
onp onp

eeeeee UNU-IIST - p.23P
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Persistent Mis-classification
no_intended_response, : L= S,

@ Scan }ﬂ\
e

A

S
a .
Cp| /ldentify - < Action
Part - ;

{C assify p Dgr(]n(r:)le) Cntggtg)o)

eeeeee UNU-IIST - p.23P
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Persistent Mis-classification

no_intended_responsey, :

Scan

A

)

ldentify
Part

assify p

~
F—
e

D_I%
Osp A D(sV Cp — Onp)

\ a /

\ Acti on

DeC|de> Cntenﬂo)
onp onp

eeeeee UNU-IIST - p.23P
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Persistent Mis-prioritisation

no_intended._responsey, :

\A

Scan

Cp

)

ldentify
Part

<c

assify p

D_I%
<>Sp/\D(Sp\/Cp—>

a/

\ Acti on

DeC|de> Cntenﬂo)
onp onp
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Persistent Mis-prioritisation

no_intended response, : 0= s,
O A D(Sp V Cp—

N\ OCp A
| Scan ) A
DY

S
a .
Cp| /ldentify - < Action
Part r

<c assify "H gg'ge> Cﬂtggtge)

eeeeee UNU-IIST — p.24P
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Persistent Mis-prioritisation

no_intended._responsey, :

\A

Scan

Cp

)

ldentify
Part

<c

assify p

D_I%
<>Sp/\D(Sp\/Cp—>

- CG A O(chp — O9)

a/

\ Acti on

DeC|de> Cntent|o>
onp onp

eeeeee UNU-IIST — p.24P
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Defer Action for Too Long

no_intended responseg, : =S,

Scan /L\
\ A

S
ldentify - & <Action
Part r
% _

p

. C
<Cla33|fy 0 p Dgr?g Intggtg)o)

eeeeee UNU-IIST — p.25P




Philosopher|| Psychology and Model Checking ||ATC ||OCM ||/Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Defer Action for Too Long

no_intended responseg, : =S,

Scan /L\ Odp A L
\ A

S
ldentify - & <Action
Part r
H |

p

. C
<Cla33|fy 0 p Dgﬁlg Intggtg)o)

eeeeee UNU-IIST — p.25P
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Defer Action for Too Long

no_intended responseg, : =S,

Scan /L\ A Odp A O(dy — O9)
N

S
ldentify - & <Action
Part r
H |

p

. C
<Cla33|fy 0 p Dgr?g Intggtg)o)

eeeeee UNU-IIST — p.25P
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Final Decomposition

D (no_intended_responsey) = {0— S, ,
0% AN DSV Ep — Ofp)

A. Cerone, UNU-IIST — p.26r
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Final Decomposition

D (no_intended_responsey) = {0— S, ,
0% AN DSV Ep — Ofp)

D (non_responsey)
= {f Anon_resolved, | f € D (no_intended_responsey) }
= {0~- S, A non_resolvedy,

Osy A O(Sp V 6 — Onp ) A non_resolved,,

Ocp A O(Cp — (Os) A non_resolvedy,

Odp A O(dp — (Os) A non_resolvedy |

A. Cerone, UNU-IIST — p.26r
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Proofs

- Existence of the Task Failures.

- Disjunction of the Task Failures.

- Soundness of the Decomposition.

- Completeness of the Decomposition.
OCM = (O=ip) — V

f
feF
where

F = {fail_scany, pers_mis_clasy, pers_mis_priop
cont_dec_procy, def_too_longy }

A. Cerone, UNU-IIST — p.27?
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Soundness

A. Cerone, UNU-IIST — p.28&"?
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Soundn

eSS

@ Scan

M\

Co @ntify xK
art %

Pt
S

a

p

A

/

\CC assify

)n

C
%

Decide
onp

\AC'[IOH

Intention
onp

:
D

A. Cerone, UNU-IIST — p.28&"?
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Soundness

Example: Defer action for too long
N\
Scan ﬁ\\
[ |s
a
Cp| /ldentify - \AC'[IOH>
Part g
Mp S Wn
- Co /' Decide Intention
\<C assify p>—< on p on p >

A. Cerone, UNU-IIST — p.28&"?
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Soundness

Example: Defer action for too long

O\
Scan /E\\
I |s

Cp| /ldentify - ° <Actlon>
Part - ‘
\ﬁ

p S dy W Np Ip

Y

: C
\<C assify p>—p<3c?ﬁ '8 Intgr? tE)O

eeeeee UNU-IIST — p.28r
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Soundness

Example: Defer action for too long
(Cdp A O(dp — Os)) —

O\
Scan /E\\
I |s

Cp| /ldentify - ° <Actlon>
Part - ‘
\ﬁ

p S dy W Np Ip

Y

: C
\<C assify p>—p<3c?ﬁ '8 Intgr? tE)O

eeeeee UNU-IIST — p.28r
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Completeness

j T\
Scan ﬁ\\

RS

a
Cp| /ldentify - \AC'[IOH>
Part g

Np S Wr
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\CC assify p>_p<D§rc]:|g Intgrrlltlgo>
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Completeness

g

M\

Scan /b\\
A S

a

ise | Complete TFA | Exams | Refs

Identify -
Part g
S

}

assify p>&<

Decide
onp

\Action

Intention
onp

eeeeee

:
"
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Completeness

g

N\

Scan /b\
A S

a

ise | Complete TFA | Exams | Refs

Identify -
Part g
S

assify p>&<

Decide
onp

N

Intention
onp

eeeeee

Action>
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Completeness

(— |
|p — \/1:E
where
F =D (O-ip) = D (no_intended response,) =

f
F

A. Cerone, UNU-IIST — p.3@r
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Completeness

(= |
|p — \/1:E
where
F =D (O-ip) = D (no_intended response,) =

f
F

A. Cerone, UNU-IIST — p.3@r
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Model-checking Properties

using The Concurrency Workbench of the New
Century
http://www.cs.sunysb.edu/~cwb/

A. Cerone, UNU-IIST — p.3DP
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Model-checking Properties

using The Concurrency Workbench of the New
Century
http://www.cs.sunysb.edu/~cwb/

- Soundness —> YES

A. Cerone, UNU-IIST — p.3DP
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Model-checking Properties

using The Concurrency Workbench of the New
Century
http://www.cs.sunysb.edu/~cwb/

- Soundness — YES
- Completeness —
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Model-checking Properties

using The Concurrency Workbench of the New
Century
http://www.cs.sunysb.edu/~cwb/

- Soundness —> YES

- Completeness —
— counterexample
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Exercise
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?

- What caused such an error?
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?

- What caused such an error?

- Find and analyse the counterexample which
falsifies completeness
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?

- What caused such an error?

- Find and analyse the counterexample which
falsifies completeness

- Does the model need to be modified?
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?

- What caused such an error?

- Find and analyse the counterexample which
falsifies completeness

- Does the model need to be modified?
- Does the decomposition need to be modified?
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Exercise

- Which error did | (deliberately) make while
explaining the decomposition?

- What caused such an error?

- Find and analyse the counterexample which
falsifies completeness

- Does the model need to be modified?
- Does the decomposition need to be modified?

- Modify model and/or decomposition to
achieve completeness

A. Cerone, UNU-IIST — p.32?
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Exercise

- W
ex

- W

nich error did | (deliberately) make while
nlaining the decomposition?

nat caused such an error?

- Find and analyse the counterexample which
falsifies completeness

- Does the model need to be modified?

- Does the decomposition need to be modified?

- Modify model and/or decomposition to

ac

hieve completeness

- Give a psychological interpretation to the task

fal

lure In the correct decomposition

A. Cerone, UNU-IIST — p.32r
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Any Solution?

g

N\
Scan );—\\\
A A S
ldentify -
Part g
>

no_intended_responsey, :
[1— %

Ocp A O(cp — OS)
Sdp A O(dy — OS)

a/

\ Acti on

assify p>&<

Decide Intention
onp onp

eeeeee UNU-IIST — p.33P
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Solution: Counterexample

Find and analyse the counterexample
which falsifies completeness

A. Cerone, UNU-IIST — p.34"?
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Solution: Counterexample

Find and analyse the counterexample

g

N\

A

Scan /b\\

S

ldentify
Part

p

assify p

KK
Ny

Cp

Decide
onp

Ip

Intention
onp

eeeeee

CAC?OD
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Solution: Counterexample

Find and analyse the counterexample

S—>SpHCp > S >Sp—>Cpan

Tt

A A
S

Cp| /ldentify
Part g
Np S dp W Ny,

Y

\<C assify p>&<D§gige>

eeeeeee

UNU-IIST — p.34P
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Solution: Counterexample

Find and analyse the counterexample
S—>§3%Cp ) >Sp%Cp—>np >S

T
I 1 |s
Co @ntify

Part -
vy T e

Y

{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34"?
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Solution: Counterexample

Find and analyse the counterexample
S—>§3%Cp ) >Sp%Cp—>np >S

( Scan k\ no_intended_responsey, :

A A

Cp| /ldentify
Part g
"p S dp W Np

Y

{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34P
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Solution: Counterexample

Find and analyse the counterexample
S——)@%Cp > S >Sp%Cp—>np >S

Scan no_intended_response :
[ 1— Sp

bt s Osp A O )
Cp| /ldentify
Part g
"p S dp W Np
{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34P
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Solution: Counterexample

Find and analyse the counterexample
S—>§3%Cp > S >Sp—e®—>np >S

Scan no_intended_responsey, :
[1— Sp

S Oy A DO(s V € — Onp)
_ Oy A O( )
Co| /ldentify
Part g
Np S dp W Ny,
{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34P
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Solution: Counterexample

Find and analyse the counterexample
S—>§3%Cp ) >Sp%Cp—>np >S

Scan no_intended_responsey, :
[1— Sp

S Oy A DO(s V € — Onp)
) Ocp A O(cp — O9)
Cp @ntlfy A D(dp — QS)
Part g
"p S dp Wnp

{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34P
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Solution: Counterexample

Find and analyse the counterexample
S—>§3%Cp ) >Sp%Cp—>np >S

Scan no_intended_response :
[ 1— Sp

S Oy A DO(s V € — Onp)
) Ocp A O(cp — O9)
Part g
"p S dp W Np

{C assify p Cp Dgﬁige>

A. Cerone, UNU-IIST — p.34P
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Solution: Error
Which error did | (deliberately)
make while explaining the decomposition?

Scan no_intended_response :
[ 1— Sp

S Oy A DO(s V € — Onp)
- pr— Ocp A O(cp — O9)
p 1% Sdn A O(dn — (O)S
Qart g P (G = O9)
p S dp Wnp

\<C assify p>&<D§ﬁige>

A. Cerone, UNU-IIST — p.35P
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Solution: Error
<— repeated classification

as a non conflict causes a perception distorted by the
mistaken belief that p is not in conflict

K Scan >_\ no_intended_response :
N

Ocp A O(cp — O9)

dp '

Decide>
onp

A. Cerone, UNU-IIST — p.35P
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Solution: Error
<— repeated classification

as a non conflict causes a perception distorted by the
mistaken belief that p is not in conflict

( Scan k\ no_intended_response :
N

[1— Sp
S OSy A D( )
_ Ocp A O(cp — O9)
Cp| (ldentify Ody A O(dy — Os)
Part \

Contrary
o n, Decision Process
< previous

&’
Co /" Decide decisions on
onp similar pairs

A. Cerone, UNU-IIST — p.35P




Philosopher|| Psychology and Model Checking ||ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams | Refs

Solution: Error Cause

What caused such an error?
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Solution: Error Cause

What caused such an error?

. use of the same action name n to denote the
results of two cognitive processes

A. Cerone, UNU-IIST — p.3&?
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Solution: Error Cause

What caused such an error?

. use of the same action name n to denote the
results of two cognitive processes

- aim at an elegant and easy to understand (to
psychologists) formal model

A. Cerone, UNU-IIST — p.3&?
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Solution: Error Cause

What caused such an error?

. use of the same action name n to denote the
results of two cognitive processes

- aim at an elegant and easy to understand (to
psychologists) formal model
— focus on of formulae
rather than on their interpretation on the model

A. Cerone, UNU-IIST — p.3&?
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Solution: Model?

Does the model need to be modified?
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Solution: Model?

Does the model need to be modified?

: use of the same action name n
to denote the results of two cognitive
processes

A. Cerone, UNU-IIST — p.37?
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Solution: Model?

Does the model need to be modified?

: use of the same action name n
to denote the results of two cognitive
processes

- Change to the model: use action ry to replace
some of the np actions.

A. Cerone, UNU-IIST — p.37?
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Solution: New Model

:< N\

Scan ﬁ\\
A A S

a

Cp| /ldentify - < Actlon>
Part -
n % |
p S dy Np Ip

| C
\CC assify p>_p<D§rc]:|g Intgrrlltlgo

eeeeee UNU-IIST — p.38P
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Solution: New Model

j N\
Scan ﬁ\\

A A
S

a
Cp| /ldentify - Actlon>
Qa” g =
Np S W r
. C
\<C assify p>_p<D§rc]:|g Intgrrlltlgo>

eeeeee UNU-IIST — p.38P
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Solution: Decomposition?

Does the decomposition need to be modified?

A. Cerone, UNU-IIST — p.39?
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Solution: Decomposition?

Does the decomposition need to be modified?

YES!
The decomposition need to cover the counterex-

ample

A. Cerone, UNU-IIST — p.3ar
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Solution: Completeness

Modify model and/or decomposition to achieve
completeness

A. Cerone, UNU-IIST — p.4@?
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Failure of Scanning

no_intended._responsey, :
N\
Scan /E\\
A A S
a

Cp| /ldentify - Actlon>
Qa” g .
Np S W r
. C
\CC assify p>_p<D§rc]:|g Intgrrlltlgo>

eeeeee UNU-IIST — p.4DP




Philosopher|| Psychology and Model Checking ||ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams | Refs

Failure of Scanning

no_intended._responsey, :

O\
Scan /E\\
A A S

a

\AC'[IOH

:
23
"

Decide Intention
onp onp

eeeeee UNU-IIST — p.4DP
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Failure of Making Decision

no_intended._responsey, :

Cp| /ldentify
Part

Y

N\
Scan /E\\
1 Is

\CC assify p>—<

O A L

a

K\
—

}

Cp

Decide
onp

\AC'[IOH

Intention
onp

:
"

eeeeee UNU-IIST — p.42r
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Failure of Making Decision
no_intended response, : 0= s,

O A L
N\
Scan h\
i S
S
Cp| /ldentify - a<Action
Part - ;

{c assify "H gg'ge> '”tg,?tg))

eeeeee UNU-IIST — p.42r
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Persistent Mis-classification

no_intended._responsey, :

Scan

A

)

ldentify
Part

assify p

T\
-
e

D_I%
O A L

\ a /

\ Acti on

DeC|de> Cntent|o>
onp onp

eeeeee UNU-IIST — p.43r
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Persistent Mis-classification
no_intended response, : 0= s,

@ Scan }ﬂ\
e

A

S
a .
Cp| /ldentify - < Action
Part - ;

{C assify p Dgr(]n(r:)le) Cntggtg)o)

eeeeee UNU-IIST — p.43r
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Persistent Mis-prioritisation

no_intended._responsey, :

Scan

\A

Cp

)

ldentify
Part

<c

assify p

D_I%
Osp A D(sp —

a/

\ Acti on

DeC|de> Cntenﬂo)
onp onp

eeeeee UNU-IIST — p.44r
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Persistent Mis-prioritisation

no_intended response, : 0= s,
0% A DS —

N\ - OCp A
Scan }ﬂ
D e

S
a .
Cp| /ldentify - < Action
Part - ;

<C assify p Dgr(]nge> Cntggtg)o)

eeeeee UNU-IIST — p.44r
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Persistent Mis-prioritisation

no_intended response, : 0= s,
O N D((Sp —

| Scan }ﬂ\
DY

S
a .
Cp| /ldentify - < Action
Part - ;

<C assify p Dgr(]nge> Cntggtg)o)

eeeeee UNU-IIST — p.44r
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Contrary Decision Process

no_intended_response, : 0= S,
O A D((Sp — OI’]S))

N\ OCp A O
| Scan }ﬂ\
DY

a .
ldentify - < Action
Part i :

@ass.fy pHDgg'ge> Cﬂtggtge)

eeeeee UNU-IIST — p.45r
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Contrary Decision Process

no_intended_response, : 0= S,
O A D((Sp — OI’]S))

N\ OCp A O
Scan h\ Orp A ...
D e

a .
ldentify - < Action
Part i “

<Cla33|fy p>—‘<D§ﬁ |ge> C”t&? tlg)o>

eeeeee UNU-IIST — p.45r
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Contrary Decision Process

no_intended_response, : 0= S,
O A U(S — OI’]S))

(
\ Ocp A O(
[ Scan h\ Orp A O(Cp —
N

S
a .

Cp| /ldentify - < Action
Part - ;

<c assify "H gg'ge> Cmggtge)

eeeeee UNU-IIST — p.45r
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Contrary Decision Process

no_intended_response, : 0= S,
O A U(S — OI’]S))

(
\ Ocp A O(
Scan h\ Orp A O(cp — O(s V 1p))
N e

| S
a .
Cp| /ldentify - < Action
Part = :

<c 2ssify o Dgg'ge> Cmg,wge)

eeeeee UNU-IIST — p.45r
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Defer Action for Too Long

no_intended responseg, : =S,
O A D(Sp — OI’]S))

Scan /L\ Orp A O(Cp —
\ A

S
ldentify - & <Action
Part r
% _

p

. C
<Cla33|fy 0 p Dgr?g Intggtg)o)

eeeeee UNU-IIST — p.46r
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Defer Action for Too Long

no_intended responseg, : =S,
O A D(Sp — OI’]S))

Scan /L\ Orp A O(Cp —
N OO A L.

S
ldentify - & <Action
Part r
H |

p

. C
<Cla33|fy 0 p Dgﬁlg Intggtg)o)
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Defer Action for Too Long

no_intended responseg, : =S,

(
Scan /L\ Orp A O(Cp —
\ A

S

ldentify - & <Action

Part r
H

SH dp Ip

| - . 9 .
<Cla33|fy A Dgr?lge)_QCntgrrlltE)orD
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Final Decomposition

D (no_intended_response,) = {0—'Sy ,
Oy A O(S
Ocy A O(Cp
Orp A O(Cp
Odp A O(dy

A. Cerone, UNU-IIST — p.47?
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Final Decomposition

D (no_intended_response,) = {0—'Sy ,

D (non_responsey)

0% A D(s — Onp)
ey A O(Cp — st) ,
Odp A O(dp — O9) }

= {f Anon_resolved, | f € D (no_intended_responsey) }

= {0 Sy A non_resolvedy,
O A O(sp — Qn ) A non_resolvedp,

O%AD

<>dp/\D

(Cp
(Cp — Q
(dp

— (Os) A non_resolvedy }

(Os) A non_resolved,
(S V rp)) A non_resolvedy,

A. Cerone, UNU-IIST — p.47?
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Proofs

- Existence of the Task Failures.

- Disjunction of the Task Failures.

- Soundness of the Decomposition.

- Completeness of the Decomposition.
OCM = (O=ip) — V

f
feF
where

F = {fail_scany, pers_mis_clasy, pers_mis_priop
cont_dec_procy, def_too_longy }

A. Cerone, UNU-IIST — p.48?
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Completeness
(1= ip — vfef f
where
F =D (O-ip) = D (no_intended response,) =
{ []— Sp :
0% A DS — Onp)
OCp A D(Cp — OSSJ ,
Orp A B(Cp = O[SV Ip))
Ctp A D(dp — O8)

A. Cerone, UNU-IIST — p.49r?
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Solution: Interpretation

Give a psychological interpretation to the task
failure in the correct decomposition

A. Cerone, UNU-IIST — p.5@?
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Solution: Interpretation

Give a psychological interpretation to the task
failure in the correct decomposition

- Failure of Scanning

- Failure of Making Decision
Persistent Mis-classification
Persisten Mis-prioritisation
Contrary Decision Process

- Defer Action for Too Long

A. Cerone, UNU-IIST — p.5@?
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Solution: FS Interpretation

phenotype error: Failure of Scanning

A. Cerone, UNU-IIST — p.52°?
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Solution: FS Interpretation

phenotype error: Failure of Scanning

Possible genotype errors are

- tunnel vision: operator looks only at a small
portion of the display at a time

- encystment: operator focuses on a single

problem and ignores everyt
- vagabonding: operator skip

ning else

ning from problem

to problem without spending enough time on

each

A. Cerone, UNU-IIST — p.52°
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Solution: FS Interpretation

phenotype error: Failure of Scanning

Possible genotype errors are

- tunnel vision: operator looks only at a small
portion of the display at a time

- encystment: operator focuses on a single

problem and ignores everyt
- vagabonding: operator skip

ning else

ning from problem

to problem without spending enough time on

each ( )

A. Cerone, UNU-IIST — p.52°
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Solution: FS Interpretation

phenotype error: Failure of Scanning

Possible genotype errors are

- tunnel vision: operator looks only at a small
portion of the display at a time

- encystment: operator focuses on a single

problem and ignores everyt
- vagabonding: operator skip

ning else

ning from problem

to problem without spending enough time on

each ( )
Possible design errors:

low resolution or ambiguous display

A. Cerone, UNU-IIST — p.52°
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Solution: PMC Interpretation

- phenotype error: Single Mis-classification

A. Cerone, UNU-IIST — p.52r?
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Solution: PMC Interpretation

- phenotype error: Single Mis-classification
Possible genotype errors

failure to project forward correctly
mistaken identity
belief to have already dealt with the problem

A. Cerone, UNU-IIST — p.52r?
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Solution: PMC Interpretation

- phenotype error: Single Mis-classification
Possible genotype errors

failure to project forward correctly
mistaken identity
belief to have already dealt with the problem

— likely recovery
(project forward eventually wins on memory)

A. Cerone, UNU-IIST — p.52r?
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Solution: PMC Interpretation

- phenotype error: Single Mis-classification
Possible genotype errors

failure to project forward correctly
mistaken identity

belief to have already dealt with the problem

— likely recovery
(project forward eventually wins on memory)

- phenotype error: Persistent Mis-classification
Possible genotype errors

memory may be strengthened —
perception distorted

due to

A. Cerone, UNU-IIST — p.52r?
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Solution: PMP Interpretation

- phenotype error: Single Mis-prioritisation

A. Cerone, UNU-IIST — p.53r?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Solution: PMP Interpretation

- phenotype error. Single Mis-prioritisation
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival
of the time planned for corrective actions
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Solution: PMP Interpretation

- phenotype error. Single Mis-prioritisation
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival

of the time planned for corrective actions —
possible recovery
(through new calculation at a next scan)

A. Cerone, UNU-IIST — p.53"?
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Solution: PMP Interpretation

- phenotype error. Single Mis-prioritisation
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival

of the time planned for corrective actions —
possible recovery

(through new calculation at a next scan)

- phenotype error: Persistent Mis-prioritisation
Possible genotype errors

memory of result of previous mis-calculation
keeps emerging

A. Cerone, UNU-IIST — p.53r?
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Solution: CDP Interpretation

- phenotype error: Single Mis-reclassification
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Solution: CDP Interpretation

- phenotype error: Single Mis-reclassification
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival

during the decision process

A. Cerone, UNU-IIST — p.54"?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Solution: CDP Interpretation

- phenotype error: Single Mis-reclassification
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival

during the decision process —- possible
recovery
(through new calculation at a next scan)

A. Cerone, UNU-IIST — p.54"?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Solution: CDP Interpretation

- phenotype error: Single Mis-reclassification
Possible genotype errors are

mis-calculation
mis-storage
mis-retrival

during the decision process —- possible
recovery

(through new calculation at a next scan)
- phenotype error. Contrary Decision Process
Possible genotype errors

memory of previous decisions on similar
pairs resulting in unnecessary actions

d U e tO g A. Cerone, UNU-IIST — p.54"?
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Solution: DATL Interpretation

- phenotype error: Single Mis-deferring Action
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Solution: DATL Interpretation

- phenotype error: Single Mis-deferring Action
Possible genotype errors are

mis-calculation of time
mis-retrival of intention
slip
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Solution: DATL Interpretation

- phenotype error: Single Mis-deferring Action
Possible genotype errors are

mis-calculation of time
mis-retrival of intention
slip
— possible recovery
(through new decision process at a next scan)

A. Cerone, UNU-IIST — p.55"?
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Solution: DATL Interpretation

- phenotype error: Single Mis-deferring Action
Possible genotype errors are

mis-calculation of time
mis-retrival of intention
slip
— possible recovery
(through new decision process at a next scan)

- phenotype error: Defer Action for Too Long
Possible genotype errors

persistent mis-retrival of intention and
closure of the decision process

due to

A. Cerone, UNU-IIST — p.55"?
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Model-checking Results

of the validity checking on the
completeness of an initially attempted
decomposition.
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Model-checking Results

of the validity checking on the
completeness of an initially attempted
decomposition.

- Changes to the Model: in particular, it has
been enriched with rp,.
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Model-checking Results

of the validity checking on the
completeness of an initially attempted
decomposition.

- Changes to the Model: in particular, it has
been enriched with rp,.

- Changes to the Specification: in particular, the
the newly defined contrary decision process
task failure has been added to the
decomposition.

A. Cerone, UNU-IIST — p.56r?
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Model-checking Results

of the validity checking on the
completeness of an initially attempted
decomposition.

- Changes to the Model: in particular, it has
been enriched with rp,.

- Changes to the Specification: in particular, the
the newly defined contrary decision process
task failure has been added to the
decomposition.

- Psychological interpretation of the new task
failure.

A. Cerone, UNU-IIST — p.5@r?
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Examination — ATC

Operator Choice Model and Mode Confusion

. Seminars
Full OCM model for the ATC
Formal analysis of mode confusion

- Reports
Formal model of the full OCM for ATC

Formal analysis of Cooperative Task Models

A. Cerone, UNU-IIST — p.57°?
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Examinations

A. Cerone, UNU-IIST — p.5&”?



Philosopher | Psychology and Model Checking ||/ATC ||OCM | Incomplete TFA | Exercise | Complete TFA | Exams |[Refs

Seminar1l— Full OCM for ATC

Topic: Operator Choice Model for ATC

Full OCM model for the ATC

* D. Leadbetter, P. Lindsay, A. Hussey, A. Neal and M. Humphreys
Towards Towards Model Based Prediction of Human Error Rates in
Interactive Systems, 2000

* A. Hussey, D. Leadbetter, P. Lindsay, A. Neal and M. Humphreys
Modelling and Hazard Identification in an Air-Traffic Control
User-Interface, 2000

* S. Connelly, P. Lindsay, A. Neal and M. Humphreys
A formal model of cognitive processes for an Air Traffic Control

Task, 2001

A. Cerone, UNU-IIST — p.59?
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Seminar 2 — Mode Confusion
Topic: Mode Confusion

Formal analysis of mode confusion

e S. P. Miller and J. N. Potts

Detecting Mode confusion Through formal Modelling and Analysis,
1999

* N. Leveson, L. D. Pinnel, S. D. Sandys, S. Koga and J. D. Reese
Analysing Software Specification for Mode Confusion Potential,
1998

e R. W. Butler, S. P. Miller, J. N. Potts and V. A. Carreno

A Formal Methods Approach to the Analysis of Mode Confusion,
1998

A. Cerone, UNU-IIST — p.6@?
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Report 1 — FM of Full ATC

Topic: Operator Choice Model
Formal model of the full OCM for ATC

using CSP or other formalism, possibly running simulation using a tool

* D. Leadbetter, P. Lindsay, A. Hussey, A. Neal and M. Humphreys
Towards Model Based Prediction of Human Error Rates in
Interactive Systems, 2000

* S. Connelly, P. Lindsay, A. Neal and M. Humphreys
A formal model of cognitive processes for an Air Traffic Control
Task, 2001

e Antonio Cerone, Simon Connelly and Peter Lindsay.
Formal Analysis of Operator Behavioural Patterns in Interactive
Systems, submitted

A. Cerone, UNU-IIST — p.612?
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Report 2 — Cooperative TM

Topic: Task Models

Formal Analysis of Cooperative Task Models

Discussion of the papers’ differences and limitations and propose
possible extensions

* k. Paterno, C. Santoro and S. Thamassebi
Formal models for Cooperative Tasks: Concepts and an
Application for En-route Air Traffic Control

* V. M. R. Penichlet, F. Paterno, J. A. Gallud and M. D. Lozano
Collaborative Social Structures and Task Modelling Integration

* D. Pinelle and C. Gutwin
Task Analysis for Groupware Usability Evaluation: Modeling
Shared Workplace Tasks with Mechanics of cCllaboration

A. Cerone, UNU-IIST — p.622?
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http://www.di.unipi.it/~cerone/courses/fmis/CooperativeTaskModels-groupware-2003.pdf
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Demo
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