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BRDL

CIFMA 2019, 17 September 2019

Behaviour and Reasoning Description Language

• knolwledge representation

• knowledge retrieval

• reasoning

• human behaviour

• problem solving
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Semantic Memory
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Knowledge Representation

CIFMA 2019, 17 September 2019

animals : animal |
d1=⇒ | does(breath)

ANIMAL
�

�✠
does

breath
❄

does

move

A. Cerone, Nazarbayev University – p.9/26



Knowledge Representation

CIFMA 2019, 17 September 2019

animals : animal |
d1=⇒ | does(breath)

dogs : dog |
d2=⇒ | is_a(animal)

ANIMAL
�

�✠
does

breath
❄

does

move
❍❍❍❍❨

is_a

DOG

✻does

bark

✟✟✟✟✯
has

four_legs

❍❍❍❍❥

has

tail

A. Cerone, Nazarbayev University – p.9/26



Knowledge Representation

CIFMA 2019, 17 September 2019

animals : animal |
d1=⇒ | does(breath)

dogs : dog |
d2=⇒ | is_a(animal)

dogs : dog |
d3=⇒ | does(bark)

dogs : basenji |
d4=⇒ | doesnt(bark)

A. Cerone, Nazarbayev University – p.9/26



Knowledge Representation

CIFMA 2019, 17 September 2019

animals : animal |
d1=⇒ | does(breath)

dogs : dog |
d2=⇒ | is_a(animal)

dogs : dog |
d3=⇒ | does(bark)

dogs : basenji |
d4=⇒ | doesnt(bark)

dogs : sheepdog |
d5=⇒ | is_a(dog)

dogs : sheepdog |
d6=⇒ |works(sheep)

dogs : collie |
d7=⇒ | is_a(sheepdog)

dogs : lassie |
d8=⇒ | is_a(collie)

A. Cerone, Nazarbayev University – p.9/26



Knowledge Representation

CIFMA 2019, 17 September 2019

animals : animal |
d1=⇒ | does(breath)

dogs : dog |
d2=⇒ | is_a(animal)

dogs : dog |
d3=⇒ | does(bark)

dogs : basenji |
d4=⇒ | doesnt(bark)

dogs : sheepdog |
d5=⇒ | is_a(dog)

dogs : sheepdog |
d6=⇒ |works(sheep)

dogs : collie |
d7=⇒ | is_a(sheepdog)

dogs : lassie |
d8=⇒ | is_a(collie)

dogs : hound |
d9=⇒ | does(track)

A. Cerone, Nazarbayev University – p.9/26



Semantic Network in BRDL
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Knowledge Retrieval
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Retrieval Outcome

CIFMA 2019, 17 September 2019
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Deeper Retrieval Outcome
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Reasoning Example

CIFMA 2019, 17 September 2019
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Deliberate Control: Behaviour

CIFMA 2019, 17 September 2019
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Goal Achievement

CIFMA 2019, 17 September 2019
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Goal Achievement
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Closure

CIFMA 2019, 17 September 2019
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=⇒ Automatic Control

CIFMA 2019, 17 September 2019
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Deliberate Behaviour Example

CIFMA 2019, 17 September 2019
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ped

goal(dr, {ped}), zebra✻
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goal(dr, {ped}) : zebra ↑ ped
d

=⇒ ↓ zebra, ped, infer(dr)
Environment

❄
ped✻

Sensory
Memory

✛

❄

STM

LTM

Procedural
human skills

Episodic
events

Semantic
facts

goal(dr, {ped}) :

zebra | ped
d

=⇒ ↓

ped, infer(dr)

selected
info

✲

✟✟✟✟✯

zebra

infer(dr), ped
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Behaviour+Reasoning
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infer(dr) : zebra, ped |
d

=⇒ | goal(dr, {gw})

Example: Give way to pedestrians who are
ready to walk across a zebra crossing

Environment

❄
✻

Sensory
Memory

✛

❄

LTM

infer(dr) :
zebra, ped

|
d

=⇒ |
goal(dr, {gw})

Procedural
human skills

Episodic
events

Semantic
facts

STM
zebra

infer(dr), ped

❅
❅

❅❅
❅■

A. Cerone, Nazarbayev University – p.23/26



Behaviour+Reasoning

CIFMA 2019, 17 September 2019

infer(dr) : zebra, ped |
d

=⇒ | goal(dr, {gw})

Example: Give way to pedestrians who are
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Environment

❄
✻

Sensory
Memory

✛

❄

LTM

infer(dr) :
zebra, ped

|
d

=⇒ |
goal(dr, {gw})
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human skills
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events
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facts
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zebra
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Behaviour+Reasoning: Action
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goal(dr, {gw}) : ∅ ↑
d

=⇒ stop ↓ gw

Example: Give way to pedestrians who are
ready to walk across a zebra crossing

Environment

❄
✻

Sensory
Memory

✛

❄

LTM

goal(dr, {gw}) : ∅

↓
d

=⇒
stop ↓ gw

Procedural
human skills

Episodic
events

Semantic
facts

STM
zebra

goal(dr, gw), ped❅■
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goal(dr, {gw}) : ∅ ↑
d

=⇒ stop ↓ gw

Example: Give way to pedestrians who are
ready to walk across a zebra crossing

Environment

❄
✻

Sensory
Memory

✛

❄

LTM

goal(dr, {gw}) : ∅

↓
d

=⇒
stop ↓ gw

Procedural
human skills

Episodic
events

Semantic
facts

STM
gw, ped

✟✟✯
✻❄Closure
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Antonio Cerone and Peter Csaba Ölveczky
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Further Completed Work

• Implementation of reasoning
Antonio Cerone and Peter Csaba Ölveczky
Modelling Human Reasoning in Practical
Behavioural Contexts using Real-time Maude
to be presented at FMIS 2019,
7 October 2019, Porto, Portugal

Future Work

• Implementation of problem solving

• Use the language to
• compare alternative theories of cognition
• formally verify interactive systems A. Cerone, Nazarbayev University – p.26/26
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