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We live in interesting times...

“The rise of powerful Al will be either the best or the worst
thing ever to happen to humanity. We do not know which.” Mﬁ wﬂ [w
Stephen Hawking .
[ \WHAT S LIRoVG JITH YOU? |
| 1
! LAUNCHI
“With artificial intelligence we are summoning the demon. In -lLfl_il,EE"ﬁENrD THE E';JI'E'J.
all those stories where there’s the guy with the pentagram and
the holy water, its like — yeah, he’s sure he can control the {r‘l = e
demon. Doesn’t work out.” g -
Elon Musk -
“Al watchdog needed to regulate automated decision-making, o=
say experts: Algorithms can make bad decisions that have THE. MICMIENT THE. COMIPUTERS
serious impacts on people’s lives, leading to calls for a third CONTROLUNG OUR NUCLEAR
party body to ensure transparency and fairness.” ARSENALS BECAME SENTIENT
The Guardian, 2017-01-27 Judgment Day - https://xkcd.com/1626/
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Automated planning
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Automated planning

A technology for
autonomous decision
making.

Heavily based on
symbolic reasoning.
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Automated planning

nat is it?
ny is it useful?
nere is it going?

===

s it still relevant?

- B - £

Case study: the JAMES robot bartender — http://james-project.eu/

R. Petrick and M.E. Foster. Planning for social interaction in a robot bartender domain, ICAPS 2013
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What is planning?

“I want to take the train from Copenhagen to Hamburg.”

Go to the station, buy a ticket, check the departure board for track
information, go to the track, board the train, . . .
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What is planning?

“I want to take the train from Copenhagen to Hamburg.”

O
ED D ==

Go to the station, buy a ticket, ask someone for track information, go
to the track, board the train, . . .

Ron Petrick - Is symbolic Al still relevant? A view from the automated planning trenches - Current Trends in Artificial Intelligence 2 - 2017-11-17



What is planning?

Photo: Universitat Bielefeld / JAMES project
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What is planning?

Two people, A and B, each individually approach the system.
System (to A): How can | help you?

Person A: A pint of cider, please.

Person C approaches and attracts the attention of the system by gesturing.
System (to C): Just a moment please.

System: (Serves A)

System (to B): What will you have?

Person B: A glass of red wine.

System: (Serves B)

System (to C): Thanks for waiting. How can | help you?
Person C: I'd like a pint of bitter.

System: (Serves C)
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What is planning?

What should | do? When should | do it?

Humans are pretty good at this task.

Can an Al system make these decisions?
't’s a tough problem computationally...
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What is automated planning?

Planni
anning blan
problem
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What is automated planning?

What can

the system
do?

What does
the world

look like?

What steps

are needed to
achieve the

goals?

What are
the goals?
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What is automated planning?

1. Go to the station

Buy a ticket
3. Check the

departure board
» » for track
information

4. Go to the track
Board the train

N

o
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What is automated planning?

1. Greet the
customer

2. Ask the customer
for a drink

3. Acknowledge the
drink order

4. Pick up the
correct bottle

5. Serve the
customer

6. Endthe

Photo: Universitaet Bielefeld / JAMES project .
/ Pro) transaction
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How can we represent a planning problem?

Photo: fortiss GmbH / JAMES project
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Planning problems

* A planning problem consists of:

1. A representation of the properties and objects in the world and/or the agent’s
knowledge, usually described in a logical language,

2. A set of state transforming actions,
3. A description of the initial world/knowledge state,
4. A set of goal conditions to be achieved.

* Aplanis asequence of actions that when applied to the initial
state transforms the state in such a way that the resulting
state satisfies the goal conditions.
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Representation

e Actions
greet(?a) greet agent 7a
ask-drink(?a) ask agent ?a for a drink order
ask-drink-next(?a) ask the next agent ?a for a drink order
serve(?a, ?d) serve drink ?d to agent ?a
bye(?a) end an interaction with agent ?a
wait(7a) tell agent 7a to wait
ack-order(?a) acknowledge the order of agent ?a
ack-wait(?a) thank agent ?a for waiting
ack-thanks(7?a) acknowledge agent ?a’s thanks

inform-drinklist(?a,?t) inform agent ?a of the available drinks of type 7t

* Properties

seeksAttn(?a) agent 7a seeks attention
visible(?a) agent 7a is visible
inGroup(?a) = ?g agent 7a is in group 7g
inTrans = ?a the robot is interacting with 7a
request(?a) = 7d agent 7a has requested drink
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Representation

action greet(?a : agent) action ask-drink(?a : agent)
preconds: preconds:
K(inTrans = nil) & K(inTrans = 7a) &
K('ordered(?a)) K(lordered(7a))
effects: effects:
add(Kf, inTrans = ?a) add(Kf, ordered(?a)),

add(Kv, request(?a))

action serve-drink(7a : agent, 7d) action bye(7a : agent)

preconds: preconds:
K(inTrans = ?7a) & K(inTrans = 7a) &
K(ordered(?a)) & K(served(7a))
Kv{(request(?a)) & effects:
K(request(?a) = 7d) add(Kf, inTrans = nil)
effects:

add(Kf, served(?a))
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Reasoning about action

Kf: handEmpty, onTable(bottlel), onTable(bottle),
lempty(bottlel)
Kw: empty(bottle2)

Action: grasp(bottlel)

Kf: inHand(bottlel), onTable(bottlel),
'handEmpty, !onTable(bottlel), !empty(bottlel)
Kw: empty(bottle2)

Action: senseWeight(bottlel)

Kf: inHand(bottlel), onTable(bottle2),

'handEmpty, !onTable(bottlel), !empty(bottlel)
Kw: empty(bottle2)
Kv: weight(bottlel)
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Planning
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Planning

greet(al),
ask-drink(al),
ack-order(al),
serve(al,request(al)),
bye(al).

wait(a2),

greet(al),
ask-drink(al),
ack-order(al),
serve(al,request(al)),
bye(al),

ack-wait(a2),
ask-drink(az),
ack-order(az),

serve(aZ,request(a)),
bye(al).

[Greet agent al]

[Ask a1 for drink order]
[Acknowledge al’s order]
[Give the drink to a1]
[End the transaction]

[Tell a2 to wait]

[Greet a1]

[Ask a1 for drink order]
[Acknowledge al’s order]
[Give the drink to a1]
[End a1’s transaction]
[Thank a2 for waiting]
[Ask a2 for drink order]
[Acknowledge a2’s order]
[Give the drink to a2]
[End a2’s transaction]
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Planning

wait(A3, G1) Tell G2 to wait (with a nod)
greet(Al,G1) Greet group G1
ask-drink(A1, G1) Ask Al for drink order
ack-order(Al, G1) Acknowledqge Al's order
ask-drink(A2, G1) Ask A2 for drink order
ack-order(A2,G1) Acknowledge A2's order

serve(Al,request(Al), G1) Give the drink to Al
serve(A2,request(A2), G2) Give the drink to A2

bye(A2,G1) End G1's transaction
ack-wait(A3,G2) Acknowledge G2's wait
ask-drink(A3, G2) Ask A3 for drink order
ack-order(A3,G2) Acknowledge A3's order
serve(A3, request(A3), G3) Give the drink to A3
bye(A3, G2) End G2's transaction

Photo: fortiss GmbH / JAMES project
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Automated planning research

Representation - - - Application

How do we model problems?
How do we generate plans efficiently?
How do we apply planning to (real-world) problems?
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Trend 1: inside the box

Representation Application

An explosion of new planners, new algorithms, new modelling languages
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International Planning Competitions

15t International Planning Competition held in 1998
— 5 competitors
— Deterministic track

— Many plans 30-40 steps long, some over 100 steps

http://www.icaps-conference.org/index.php/Main/Competitions

Ron Petrick - Is symbolic Al still relevant? A view from the automated planning trenches - Current Trends in Artificial Intelligence 2 - 2017-11-17


http://www.icaps-conference.org/index.php/Main/Competitions
http://www.icaps-conference.org/index.php/Main/Competitions
http://www.icaps-conference.org/index.php/Main/Competitions

International Planning Competitions

8t International Planning Competition held in 2014

— Deterministic track: over 60 planners competed across 5 subtracks
— Learning track: 11 planners competed
— Probabilistic track: 8 planners competed

Distributed and Multiagent planning competition: 8 competitors
Unsolvability planning competition: 11 planners

RoboCup Logistics League Planning Competition: 5 teams

http://www.icaps-conference.org/index.php/Main/Competitions

Ron Petrick - Is symbolic Al still relevant? A view from the automated planning trenches - Current Trends in Artificial Intelligence 2 - 2017-11-17


http://www.icaps-conference.org/index.php/Main/Competitions
http://www.icaps-conference.org/index.php/Main/Competitions
http://www.icaps-conference.org/index.php/Main/Competitions

Logistics League P\annmg Competltlon

p——

http://www.robocup-logistics.org/sim-comp
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Trend 2: outside the box

Representation Application

Domain/problem acquisition + applications
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Machine learning + planning

Classifiers

\\\

Learning planning actions . vesor S U e
World State represen nllm}ﬁ;;" 7 it of vector
Can we learn the symbolic structure (rosm Vo \l
{/ iMHJDM(Bn Deictic N,
of actions? s il e e -
: .
Learning domain knowledge
Can we learn how the world is structured?
(:action move
:parameters (?m ?1 - location})
. :precondition (is_at ?m)
Learnlng COntrOI knOWIEdge :gffect ]{.and (is_at ?1) (not (is_at ?m)) (0.9)
{(forall (?x - portable) (when (in ?2x)
. . . e and (at ?xr 7?71 (no (at ?x 7m))) ))
Can we improve the quality/efficiency P i © ; el

noise (0.01).

of generated plans? | |
K. Mourdo, L. Zettlemoyer, R. Petrick, and M. Steedman. Learning STRIPS

Operators from Noisy and Incomplete Observations, UAI 2012
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K. Mourdo, R. Petrick, and M. Steedman. Learning Action Effects
in Partially Observable Domains, ICAPS Workshop on Planning
and Learning, 2009

K. Mourdo, L. Zettlemoyer, R. Petrick, and M. Steedman. Learning

STRIPS Operators from Noisy and Incomplete Observations,
UAI 2012
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Applications

Planner/
Execution Monitor

Visual
Processor

Talking-Head Robot Motion
Controller Flanner

Speech
Recogniser

Real World -

R. Petrick and M.E. Foster. Planning for social interaction in a robot bartender domain, ICAPS 2013
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Robotics
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Pepper - Photo: Softbank Robotics

CASTER
WHEEL

ORIVE
MOTOR

Shakey - Photo: SRI International Valkyrie - Photo: NASA

Al doesn’t necessarily mean robots! Robots don’t necessarily mean Al!
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Robotics and Al

robot apocalypse Q
All Images News Videos Shopping More Settings Tools
About 1,400,000 results (0.37 seconds)

Robot Apocalypse - What If? - xkcd
https:/fwhat-if xkcd.com/5/ +

Robot Apocalypse. What ifthere was a robot apocalypse? How long would humanity last? —Rob
Lombino. Before | answer this question, let me give you a little ...

Al takeover - Wikipedia

https:/fen.wikipedia.org/wiki/Al_takeover v

Al takeover refers to a hypothetical scenario in which artificial intelligence (Al) becomes the dominant form
of intelligence on Earth, with computers or robots effectively taking control of the planet away from the
human race. Possible scenarios include a takeover by a superintelligent Al and the popular notion of a
robot uprising.

Plausibility of risk - Advantages of superhuman ... - Advantages of humans over ...

5 Real Life Incidents That Prove the Robot Apocalypse is Coming

moneyinc.com » Technology +
The word 'robot' is something that most of us are very familiar with. It is used in all kinds of contexts
throughout society. For example, itis not just m.

Images for robot apocalypse
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JAMES robot bartender

JAMES video — For more information about JAMES, visit the project website at http://james-project.eu/
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STAMINA robot

1

I\:iii!' L H

Wl e %5 1

STAMINA video — For more information about STAMINA, visit the project website at http://stamina-robot.eu/
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JAMES robot bartender “Version 2”

GQlileo

JAMES V2 video — For more information about JAMES, visit the project website at http://james-project.eu/
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Interesting times...

2 Q Edinburgh News

28/09/14 | 10°Cto 19°C Cloudy & | Likeus ) | Followus ) | Place your Ad | Subscribe

Education Transport = Politics = Crime = Health | Opinion = Edinburgh = EastLothian = Midlothian = West Lothian = Caption Comp

Super-robots that could fix Picks of the day
your love life

John McLellan: We must roll with
referendum vote

Video
NEWSEYE ‘
Local Video News

{ Ruth Davidson:
Viewing postal ballots

Science Teaches
Us How to Get
Served at a
Crowded Bar

Published on the shootings
/ 7 / by JOHN-PAUL HOLDEN February
Techniques like flashing a money johnpaul.holden@edinburghnews.com ’I 5 S
roll or waving do not fare as well as 0927
il | g h They are the stuff of sci-fi nightmares - villainous machines VIEW MORE VIDEOS
this simple two-step approach. working to enslave mankind in a dystopian future. A T

Nicola Sturgeon
launches leadership
bid

James the interactive robot bartender. Picture: Heriot-Watt University

Police investigate

Slate video - How to Get Served at a Crowded Bar Edinburgh Evening News - 2014-02-15
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Applications

Robotics consortium in offshore ORCA: Offshore Robotics w
technology funding boost - .
L : for Certification of Assets ORCAHUB

N Offshore Robotics for Certification of Assets
® & November 2017 = Scotland business f v © I < shae Remote Safety and Integrity

A consortium of five universities is to spend up to £36m in developing
robotic and artificial intelligence (Al) technologies for use in harsh

offshore environments. \ s'\

BBC News - 2017-11-08 Photo: Ocean Systems Lab, Heriot-Watt University
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Trend 3: explaining the box

R - - - e

Explainable planning: why is the system doing what it’s doing?
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Explainable planning

action grasp(?o : object) Kf: handEmpty, onTable(bottlel), onTable(bottle2),
preconds: 'empty(bottlel)
K(handEmpty) & Kw: empty(bottle2)
K(onTable(70))

effects: Action: grasp(bottlel)

add(Kf, 'handEmpty),
add(Kf, !onTable(?0)),
add(Kf, inHand(?0)) K

Kf: inHand(bottlel)

: empty(bottle2)

, onTable(bottle2),

'handEmpty, !onTable(bottlel), !empty(bottlel)

Why was an action chosen?

What would happen if another action was applied?
What is the system trying to achieve?

What does the system believe about the world?

EPSRC project: Start Making Sense
Cognitive and affective confidence
measures for explanation generation
using epistemic planning
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Summary

Symbolic Al + automated planning still have an important role to play as a
technology for decision making

Trends

1. Better tools

2. More connections with machine learning
3. Focus on real-world applications

4. Contributions to explainable systems
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