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Asn
ex

Both
aa

ev a
...

ex

EvCond OrE NotE AndE
ev ev

MODELS

EXPRESSIONS (ex)

EVENTS (ev)

ACTIONS (a)

Lifted S+
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ScExpr
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OFF ERROR

IDLE

ACTIVATING
HEATER RUNNING

HEATER

T21: furnaceRunning

HEATER_ACTIVE

T19: furnaceFaultT18: heatSwitchOff /
deactivate

T16: userReset / 
furnaceReset

CONTROLLER

T17: heatSwitchOn

T20: [ roomNeedsHeat ]  / 
activate

T22: [ noRoomsNeedHeat ] /
deactivate

CONTROLLER_ON



HEATING_SYSTEM

furnaceSc

controllerSc

roomSc BEDROOM

roomSc KITCHEN

roomSc LIVING_ROOM



































concrete
syntax

Specification representation

HIGHER-ORDER LOGIC

defined using
using

defined 

input to

defined using

built-in
constants

semantic 
functions

Specification

defined using SHALLOWDEEP















Tm (OrE (Tm (Ev a) 2) (Tm (Ev b) 3)) 4

OrE (Tm (Ev a) 2) (Tm (Ev b) 3)

Tm (Ev a) 2

Ev a Ev b

Tm (Ev b) 3

S

L R

S S

T2 [S;L]

T2 [S;L;S]

T2 [S;R]

T2 [S;R;S]

T2 []

T2 [S]

top-level
event





















cf i+4

cf i+3

cf i+2

cf i+1

cf i

occurs
Tm (Ev k) 2 

occurs
Ev k 

Ev k 
occurs

k = F

k = T
TimeEventLastOccurred T1 [] = 0

k = F
TimeEventLastOccurred  T1 [] = 1

k = F
TimeEventLastOccurred T1 [] = 2

k = T
TimeEventLastOccurred T1 [] = 0



































T2: ev2 / act2

M D

T1: ev1 / act1E
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uninterpreted
constants

semantic
definitions

built-in
constants

uninterpreted 
constants

defined using

defined using

defined using

defined using

raw higher-order logic

specification

constructs
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styles

























Left Branch

Right Branch









































parse tree
interface

symbolic
functional
evaluation

Boolean
abstraction

semantic
definitions

Binary
Decision
Diagrams

Previous/ Next
Boolean Variables

Toolkit

specification commands

USER INTERFACE

Legend:
calls

Analysis
Procedure 3

Analysis

Analysis

Procedure 2

Procedure 1

parser /
type checker
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IDLE
NO

HEAT i

WAIT
FOR 

HEAT i

WAIT
FOR

COOL i

IDLE

i
HEATING

NO_HEAT_REQUESTED i

T9 i: [ NOT ( tooCold i ) ]

T10 i: waitedForWarm i / adjValve i

T8 i: [ tooCold i ] / adjValve i

T14 i: [ NOT ( tooHot i) ]

T15 i: [ tooHot i ] / adjValve i

T13 i: waitedForCool i /adjValve i

HEAT_REQUESTED i

cancel_rH i
T11 i: waitedForCool i [ vClosed i ] / 

T12 i: waitedForWarm i 
[ vOpen i ] / rH i

ROOM i



















































Control
Function

(CF)
Association Control

Service Element (ACSE)

Service Element (ASE)
Application

Application Entity (AE)

Supporting Service

Application



CM_Ground 1 CM_Air 2

ACSE 1

SuppSvc 1 2

CF 2

ACSE 2

CF 1

ATN













ACSE_Awaiting_AARE i

ACSE_Idle i

ACSE_Associated i

ACSE_Awaiting_AASCrsp i

ACSE_Awaiting_RLRE i

ACSE_Awaiting_ARLSrsp i

ACSE_Collision_initiator i

ACSE_Collision_responder i

t1

t5t3 t4t2te

ACSE i













Association Control
Service Element (ACSE)

Service Element (ASE)
Application

Control
Function

(CF)

Application Entity (AE)

Supporting Service

Application



D-START request

Time

Dialogue Initiator Dialogue Service Dialogue Responder

D-START response

D-START indication

D-START confirmation
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8

7

6

5

4

3

2

1

0

P_CONNECT_req

CM_CONTACT_req

D_START_req

A_ASSOCIATE_req

P_CONNECT_req

P_CONNECT_ind

P_CONNECT_ind

A_ASSOCIATE_ind

D_START_ind D_START_req

CM_Ground 1
CF 1

ACSE 1 CM_Air 2ACSE 2

CM_LOGON_req

SuppSvc 1 2 CF 2

Config

CannotOccur
















































































































































































































































































































