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Sztuczna inteligencja krok po kroku
albo: kiedy roboty stang sie inteligentne?

JACEK MALEC, DEPARTMENT OF CS, ROBOTICS AND SEMANTIC SYSTEMS GROUP
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Czy jestem inteligentny, jesli potrafie prowadzi¢ samochod?

Oczywiscie!

Prowadzenie samochodu wymaga wielu umiejetnosci zwykle kojarzonych z
inteligencja:

e przystosowywanie sie do nieoczekiwanych wydarzen

® uczenie sie

e przewidywanie

e rozumowanie logiczne

e planowanie
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Czy jestem inteligentny, jesli potrafie prowadzi¢ samochod?

Oczywiscie, ze nie!

e istniejg samochody autonomiczne, czyli inteligencja jest niepotrzebna

e prowadzenie samochodu to umiejetnosc¢ taka, jak jazdy rowerem: robimy
to automatycznie

e maszyny potrafig lepiej obserwowac otoczenie niz ludzie

e maszyny potrafig lepiej sterowa¢ samochodem niz ludzie

e czy w ogole jakas maszyna moze by¢ inteligentna?

¢ czy moze byc¢ swiadoma (albo mie¢ sSwiadomos¢)?
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Podobne rozumowanie dotyczy innych przypadkow

e Samochody autonomiczne jezdzg bezpiecznie po drogach
publicznych

e komputery grajg w szachy, go, pokera, starcrafta (Twojg ulubionga
gre) lepiej niz ludzie

e maszyny potrafig zgromadzi¢ duzg ilos¢ wiedzy i jg wykorzysta¢ w
ograniczonych sytuacjach (IBM Watson @ Jeopardy, IBM Debater)

e maszyny potrafig wytworzy¢ duzg ilos¢ sensownego tekstu (lub
kodu): OpenAl GPT-3

e chatboty potrafig sensownie rozmawiac na zadany temat (support)
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Ale wci1az brakuje 1m zdrowego rozsadku!

Terry
Winograd

SHRDLU
(1972)
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schematy (wzorce?) Winograda

T
T]

ne trophy doesn’t fit into the brown suitcase because 1t’s too large.

ne trophy doesn’t fit into the brown suitcase because it’s too small.

Ann asked Mary what time the library closes, because she had forgotten.

Ann asked Mary what time the library closes, but she had forgotten.

The tree fell down and crashed through the roof of my house. Now, I have to get it removed.

The tree fell down and crashed through the roof of my house. Now, I have to get it repaired.

 Joan made sure to thank Susan for all the help she had given. fﬂ

LUND
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schematy (wzorce?) Winograda

* Rzezba nie miesci si¢ do zotte) walizki, bo jest za duza.
* Rzezba nie mieSci si¢ do zotte) walizki, bo jest za mata.

* Po wczorajszej wichurze drzewo si¢ przewrocito 1 przebito mi okno.
Musze je usunac.

* Po wczorajszej wichurze drzewo si¢ przewrocito 1 przebito mi okno.
Musze je naprawicC.
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Yrd666 L35
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GPT-3 na schematach Winograda

Setting PIQA ARC (Easy) ARC (Challenge) OpenBookQA

Fine-tuned SOTA 794  92.0[KKS'T20] 78.5[KKST20]  87.2[KKS'20]
GPT-3 Zero-Shot  80.5*% 68.8 51.4 57.6
GPT-3 One-Shot  80.5% 71.2 53.2 58.8
GPT-3 Few-Shot  82.8* 70.1 51.5 65.4

The estimated costs of training a model once

In practice, models are usually trained many times during research and development.

Common carbon footprint benchmarks

Carbon
H - Date of Energy footprint Cloud
in Ibs Of Coz eqL"VaIent original consumption (Ibs of compute cost
paper (kWh) CO02e) (USD)
. : Transformer
Roundtrip flight b/w NY and SF (1 | 19084 (65M Jun, 2017 . 26 3414140
passenger) ) parameters)
i Transformer
Human life (avg. 1 year) I 11,023 (213M Jun, 2017 201 192 $289-6981
parameters)
American life (avg. 1 year) . 36,156 ELMo Feb, 2018 275 262 $433-$1472
. . S BERT (110M $3,751-
US car including fuel (avg. 1 lifetime) 126,000 parameters) ~ OCt 2018 1507 Unss  Sho
Transf
Transformer (213M parameters) w/ neural e oM
architecture -
search
Chart: MIT Technology Review « Source: Strubell et al. - Created with Datawrapper e 01 ] ] 23@'38%‘

Note: Because of a lack of power draw data on GPT-2's training hardware, the researchers weren'’t able to



Motywacja

Robot programming is difficult

-IPROC RosettaPath@_Approach_PCB()
Movel RosettaTarget_3,v200,z50,t00l@\WObj:=wobj@;

| ENDPROC

=IPROC RosettaPathl_Open_gripper()

-IIF DOutput(dol)=0 OR DOutput(do2)=1 THEN = > T
Reset do2;
Set dol;
WaitTime 0.5;

| ENDIF

Uncertainties
and errors

LUND
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Flagowy przykiad procesu montazu :-)
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Przeciez mamy glebokie uczenie!

&
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Wiedza o montazu

Parameterized primitives: free motion (joint, Cartesian, relative to

objects), contact motions, gripper actions, sensor communication,
synchronization.

Control flow (branching, repetition).
Skill: State machine of primitives.

Task: State machine of skills.

Semantically annotated!

)
MRS
NI,
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EndEffectoro Object @ Workpiece

Comi)ﬁet?ﬁ%oﬁy et 8 BSerwce

s&Ont ology

O

Knowledge Integration
Framework (Server)

—
—PROC main()

Executable code

SingArea\Wrist;

Movel target_3,v10Q,250,toole\Wobj:=wobje;
IF DOutput(dol)s@ OR DOutput(do2)el THEN
Reset do2;
Set dol;
WaitTime 0.5;
ENDIF
Movel target_S,v10@,fine,tool@\WObj:ewobje;
IF DOutput(do2)=@ OR DOutput(dol)=l THEN
Reset dol;
Set do2;
WaitTime 0.5;
ENDIF
Movel target_6,v10@,:10,tcolo\WObj:ewobje;

SingArea\off;
ENDPROC

Sensors and

e
Move b Vi powt Open Close » e @ T ey
L e S | e S
Codl IE U LT | eerion | e c: D s:
Y X EXC)
Cade [ B P s @B
> ve— Te v v— 0

Wirite commands. e.g. save the skill

--nc.—-—-..__.... S ™ 1 - -

Programming tool (Windows PC)

Reflektor Trojki 22.10.2

tools

Robot Controller (ABB)
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Programowanie w jezyku naturalnym

Create | a | small | Lego | piece

create.01

Predicate-argument structures

Reference:

Anders Bjorkelund, Love Hafdell, and Pierre Nugues.

Multilingual semantic role labeling.

In Proc. of The Thirteenth Conference on Computational Natural Language Learning (CoNLL-2009), i)
pages 43--48, Boulder, June 4--5 2009. LUND
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Programowanie w jezyku naturalnym

Create | a | small | Lego | piece

create.01

Odpowiada J
istniejagcym o)
komendom lub i _

NM
programom an) ( f‘“_"fﬁw

<root> Create a small Lego piece
create d small ego plece

VB D1 NNP NN

Stenmark, M %%/I lec, J 2014, 'Describing constraint-based assembly tasks in unstructured natural language' Paper
1o prgs?g%%é’a@t’q HIE%E World Congress, 2014, Cape Town, South Africa, 2014/08/24 - 2014/08/29, . UNIVERSITY
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Ontologie

Reflel

Urzadzenia

¥ © PhysicalObject

v © Device

v © Actuator

" Motor

» © Communication
¢ CommunicationPort
' CompoundDevice
» © Computer
© Controller
» © EnvironmentDevice
¥ @ ManipulationAndHandlingDevice

b

I
[ 4
v

* Displacement
© Fixture

© Gripper

' Robot

© ArticulatedRobot

¢ CartesianRobot

" HexapodRobot

" MobileRobot

¢ ParallelKinematicRobot
¢ ScaraRobot

¢ SimpleKinematicRobot
' SpecialKinematicRobot

' ToolChanger

Umiejetnosci

v Skill

» © AdditionalFunction
» © DiagnosticFunction
¥ © MainFunction

» © LightingFunction

¥ © ManipulationAndHandlingFunction

» © Move
v © Secure
" Attach
' ChangeTool
“ Clamp
© Detach
» © Grasp
» © Release
“ Unclamp

» © ManufacturingFunction

v © OpticFunction
= AcquireImage
* Focalize
¥ © Processing
' ProcessImages
» @ SensorFunction

LUND
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Programowanie w jezyku naturalnym

Reflektor Tréjki 22.10.2021

v O . @ - CloseRosetta 3 ifacStation - ABB RobotStudio 5.60 Pg
Rosetta Home Modeling Simulation Controller RAPID Add-Ins RobotExt a 0
* s 3 . k3 2 = & £ .
v Sl &y % © # 0 FFEFvVIP OV @
World Robot Tool leture Tray Camera Workpiece Controllers Task Sequence Step Action Natural Prace Check Execute TestSFC  Reset Project Sensor Help Dolt
Description~  ~ = = > ] >4 = Description~ = v language GUI  Task > generation Checklist Placement =
World Definition Task Definition Simulation Tools Help
/Project / Sequence 5 x||ifacstation:view1 X| so
P
“l E ol
Instructions |3ﬁupspeech l
Natural language programming. Type what the
robot should do ...
Describe the task
Take three of the needles and put
them in the pallet.
UNIVERSITY
| output | s x




Uczenie nowych uniejetnosci

RobApp - (=) X
Programming instructions and reference coordinate systems Current robot program
Robot Left (Operator right) Robot Right (Operator left)
Move to Via point Open Close
’ HandMove1 m ’ HandMove1 E’J
> ViaMove5 o m > ViaMove1 > E’l
Contact Move Svnc Svnc moves Master-slave
4 4 sync moves > Move3 S @ [ 2 Movel S @
[ Moves O K 4 Move2 S @
Fingers Code [ 4 Synct # > Synct #
> Close1 I ® |» Close2 I ®
> Master1 > m [ 2 Slave1 &> E’,
leftFlange rightFlange lid2
Hit ref system ref system ref system ’ Master2 2 @ ’ Slave2 & E’j
o [ 2 Master3 e @ > Slave3 > CI,
?e';’;p:t'::n box boxRotated
4 [ 2 Master4 S @ > Slaved S @
------ ’ — m ’ — l:,’
’ Master41 C E’l ’ Slaved1 C @

Write commands, e.g. save the skill ...

®

Save workspace Open workspace =~ Talk!  Couldn't connect / ‘ 4 f |' @ _ @ SES“’ ! ; | = ap
f i From here  © a
~ ) 7 dx [ Swe 0 o B
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Niedawne eksperymenty

 Built-in NL commands for
adding actions, debug,
create new objects and
save programs.

* The user extends the
vocabulary by adding NL
labels to objects and skills.

UNIVERSITY
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Wnioski na przysztosc

» Jezyk jest niejednoznaczny

« Kontekst moze pomoc w zrozumieniu, ale musimy go
rozumiec

* Uczenie przez demonstracje

* Mieszana inicjatywa: robot sie wtrgca, gdy widzi, ze moze
pomoc

« Zawsze bedg btedy!

* Uczenie sie na btedach

« Zrozumienie btedow
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Przysziosc

* Ogolne uczenie maszynowe w zastosowaniach
przemystowych nie jest realistyczne;

* Najpierw roboty muszg zrozumiec¢ btedy (swoje |
innych), aby moc pojs¢ dalej;

* Uczenie musi prowadzi¢ do zrozumiatych |
wiarygodnych wynikow;

* Duzo za nami, duzo wiecej przed nami (i Wami!)
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Robotics and Semantic Systems Group

WALP #1
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Robotics and Semantic Systems Group

Faculty

« Mathias Haage
« Marcus Klang
» Volker Krueger
» Jacek Malec
 Luigi Nardi

» Klas Nilsson

* Pierre Nugues
« Sven Robertz
* Elin Anna Topp
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Postdocs & PhD students

Maike Klockner

Erik Hellsten

Kenan Sehic

Matthias Mayr Heron
Alexander Durr

Faseeh Ahmed

Momina Rizwan

Hampus Astrom Alumni

« Stawomir Nowaczyk (HHalmstad)
* Maj Stenmark (ULund)
« Marten Lager (SAAB Kockums)
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