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The Future of Cybernetics is Al—
.. but Cybernetics is not Al
.. but Cybernetics is not Biomechatronics
.. but Cybernetics is not Robotics
.. but Cybernetics is not Chips in Your Brain
.. and Cybernetics is not Freezing Dead People!
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the art of regulation

compares heading with
goal of reaching port

adjusts rudder
to correct heading
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the art of regulation
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clinical practice (medicine)

diagnose

examine treat
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quality cycle (management)

blan

check operate

Paul Pangaro / Nano Worlds Fair - San Francisco / March 2018 After Dubberly Design Office “Creative Process” concept map



scientific method

hypothesize

observe experiment
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design process

compare

Mmedasure act
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mobile devices

compute

act at
a distance
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a distance
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Feedback: Classic Example

Thermostat regulating room temperature

(via a heater)

external

Desired temperature e.g. 68°. . is indicated by adjusting the

electrical source

ndul
" "0} JU81JIND Spuas " -

> Bi-metal coil. .

—is measured by

.bends to touch the. . ..

(as i1t cools)

. .bends the opposite

direction to lose
contact with the. ..
(as it warms)

Why does a bi-metal coil bend?

bi-metal coils consist of two layers of metal
(usually iron and copper)

joined together to form one flat strip;
because the metals have different coefficients
of expansion, the strip will bend

in one direction as it cools, and the opposite

direction as it warms

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

air temperature in the room <

temperature control lever

which in turn moves the bi-metal coil;
increasing the desired temperature

moves the coil closer to the contact point;
decreasing the desired temperature

moves the coil further from the contact point

1ndlno

Contact point. .. . which sends a signal to the. .Heater

. ... thus no signal is sent,
and the heater shuts off

9Seoaldul ued

System

I\

lowers the

Cold air outside
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Feedback: Formal Mechanism

1ndul

. has

— is measured by

> a2 Sensor passes the current state value to a Comparator

resolution — (Accuracy)
frequency — (Latency)
range — (Capacity)

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

Goal . .. describes a relationship

8 &——— Ul paipoquia s

subtracts

the current state value

from

the desired state value

to determine
the error

System

Environment <&

that a system desires to have
with its environment

1ndino

...... responds by driving an Actuator

. has
resolution
frequency
range

oy} sjoeye <—

can affect the %

Disturbances . ..

may be characterized as certain types
typically falling within a known range;

but previously unseen types may emerge
and values may vary beyond a known range;
in such cases the system will fail

because it does not have requisite variety
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Feedback: Biological Example
Regulating temperature in the human body

Desired temperature e.g. 98.6°

N
. o
= S
g g
> nerves in the Skin. . . send signals to the. . . Hypothalamus. . . reduces the flow of blood Heat

to the skin’s surface, to conserve. ..
(if the surrounding air is too cold)

. increases the flow of blood
to the skin’s surface to radiate. . .
(if the surrounding air is too warm)

ay} sjoeye yolym —

> is measured by

System

temperature of the body <
AN

affect the

Air Temperature Fluctuations

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office 47



Feedback: Social Example
Regulating traffic speed

City
sets desired speed of traffic
e.g. not more than 25 MPH

1ndul
1ndino

> Cop w/Radar . . . monitors the Cop stops the speeder

is measured by
9SB108P UBD YdIYm &—

System

Traffic Speed <

The driver can incur fines,

Q time spent in traffic school,
s and possibly higher insurance costs.
E
= Seeing the cop,
< seeing someone else get a ticket,
and getting a ticket
Drivers “in a hurry” all limit our impulse to “speed”.

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office 51



Second-order Feedback: Formal Mechanism

An automatic feedback system (first-order) is controlled
by another automatic feedback system (second-order).
The first system is ‘nested’ inside the second.

Goal ... describes a relationship
T that a system desires to have
CBD with its environment
(o3
o)
Q.
=
o
=
. (@)
= =
E g
> 2 8ensor passes the current state value to 2 Comparator ... ... responds by driving an Actuator
has subtracts has \\/
2 resolution — (Accuracy) the current state value resolution
e, frequency — (Latency) from frequency o
g range — (Capacity) the desired state value range c;lg"
@ to determine »
GEJ the error =
(0]
K%
N Observing System Goal ... describes a relationship
Y that a system desires to have
CBD with its environment
o
o)
[oX
s
o
=
— o
= =
- g
> a2 Sensor passes the current state value to a Comparator ... ... responds by driving an Actuator
has subtracts ... has
2 resolution — (Accuracy) the current state value resolution
o frequency — (Latency) from frequency
% range — (Capacity) the desired state value range
@ to determine
2 the error
%)
Observed System

Environment

/N

oy} spoepe &——

can affect the %

Disturbances
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tracts

t state value
om

] state value
ermine
error

g System

1ndul

1Nnd1no

responds by driving an Actuator

has
resolution
frequency
range

N\
Q
=
O
O
—i=
»
=
>
O

Goal . ..

@
3
o
o
Q.
o)
of
=

> a Sensor passes the current state value to 2 Comparator

A IIALI“ AL‘

describes a relationship
that a system desires to have
with its environment

1ndino

responds by driving an Actuator




Second-order Feedback: Formal Mechanism

An automatic feedback system (first-order) is controlled
by another automatic feedback system (second-order).
The first system is ‘nested’ inside the second.

Goal ... describes a relationship
T that a system desires to have
CBD with its environment
(o3
o)
Q.
=
o
=
. (@)
= =
E g
> 2 8ensor passes the current state value to 2 Comparator ... ... responds by driving an Actuator
has subtracts has \\/
2 resolution — (Accuracy) the current state value resolution
e, frequency — (Latency) from frequency o
g range — (Capacity) the desired state value range c;lg"
@ to determine »
GEJ the error =
(0]
K%
N Observing System Goal ... describes a relationship
Y that a system desires to have
CBD with its environment
o
o)
[oX
s
o
=
— o
= =
- g
> a2 Sensor passes the current state value to a Comparator ... ... responds by driving an Actuator
has subtracts ... has
2 resolution — (Accuracy) the current state value resolution
o frequency — (Latency) from frequency
% range — (Capacity) the desired state value range
@ to determine
2 the error
%)
Observed System

Environment

/N

oy} spoepe &——

can affect the %

Disturbances
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Second-order Feedback: Classic Example
Person controlling a thermostat (regulating a regulator)

Comfort ... person inside the room desires
the air temperature of the room to be 68°

acts to affect the

> is felt by

A\

l l |

can also close a window. . . put on a sweater. . . .or, add insulation

NV

Desired temperature e.g. 68° . . is indicated by adjusting the
temperature control lever
which intern moves the bi-metal coil;
increasing the desired temperature
moves the coil closer to the contact point;
decreasing the desired temperature
moves the coil further from the contact point

Observing System

nduli
8 &— aus Bunsnipe Aq
ndino

is measured by

A\

Bi-metal coil . contracis to touch the. ... Contact point . .. which sends a signal to the. .. Heater

(as it cools)
.. .expands to release the. .. ... .thus no signal is sent,
(as it warms) and the heater shuts off

System

February 21, 2006 | Developed by Paul Pangaro and Dubberly Design Office

air temperature in the room <&

osealoul ued &——

lowers the ——>

Cold air outside
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Gordon Pask & Elizabeth Pask
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Gordon Pask
London

circa 1988
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Gordon Pask’s
Musicolour

mid-1950s
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Musicolour
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Gordon Pask’s
Musicolour

mid-1950s

RATOR

MORY

More on Musicolour
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SIMULATOR CONSOLI SIMUT ATOR

Gordon Pask’s
Eucrates

1958
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Gordon Pask’s
Eucrates

1958

INTERNAL

MEMORY
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Gordon Pask’s
Eucrates

EXTERNAL

1958

INTERNAL

MEMORY
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Colloquy of Mobiles
Institute for Contemporary Arts

London 1968

J

Click for more about
COLLOQUY 2018 Project

S
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Gordon Pask
Concordia University
Montreal, Canada

1979

Click to go to video
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MIT Architecture Machine Group
1976
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Gordon Pask’s
Hand-drawn Figures

“Aspects of Machine Intelligence”
in Soft Architecture Machines
edited by N. Negroponte

1976
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Click for full paper
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Gordon Pask’s
Hand-drawn Figures

“Aspects of Machine Intelligence” 1
in Soft Architecture Machines
edited by N. Negroponte

1976

Click for full paper



http://pangaro.com/pask/pask%20aspects%20of%20machine%20intelligence.pdf
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THOUGHTSTICKER 1986
Algorithms coded by Jeffrey Nicoll
Ul coding & UX by Paul Pangaro

Click for more
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THOUGHTSHUFFLER 2013
Ul design and coding by Jeremy Scott Diamond
UX & heuristics by Paul Pangaro

thsh.servehttp.com:8084 /&SEL@Y HLS?artificial|intelligence;study;journal;scie ‘theory& M0?0&UID?8016

thoughtshuffier 20-Dec-2012 {
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national geographic, fracking,

THOUGHTSHUFFLER iOS 2013
UX by Miriam Simun

Ul by See-ming Lee \ S | |
concept & heuristics by Paul Pangaro PR s, USRI ST —

March 2013 National Geographic
Cover Story: "America Strikes Oil...

e

In his article entitled “America Strikes
Oil: The Promise and Risk of Fracking,”
Edwin Dobb, a Berkeley Graduate
School of Journalism lecturer and
National Geographic contributing
writer, focuses fracking activities in
North Dakota.
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THE NEW YORRER

NEWS CULTURE BOOKS & FICTION SCIENCE & TECH HUMOR MAGAZINE ARCHIVE VIDEO SUBSCRIBE Q

v/

%4 KING OF CLICKBAIT ?

» The ability to make things go viral
felt like the closest that we could get
to having a human superpower.”

He offered practical tips: “Facebook
should be eighty per cent of your
effort, if you're focussed on social RELATED
media”; “Try to change every comma
to a period”; “Use lists whenever

Facebook: The World’s Biggest Direct-Market...
In a conference call after the release of this

possible. Lists just hijack the brain’s week's earnings, she gave a couple of
Tl«;DR neural circuitry.” Behind me, two examples of how it is gradually displacing
BY ANDREW MARANT women in their fifties took notes on

Can Benefit Corporations Work?
legal pads. Yet the desire to balance profit and purpose is
arquably a return to the model that many

Streamfully
Ul by Barbara de Wilde & John Katagawa
Ul coding by John Katagawa

UX & heuristics by Paul Pangaro

2015
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Computer Pioneers
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Personal Connections
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(usually publications)
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Luigi’s Pizza: A Parable

November 8, 2016

LUIG1'S P22 - WHATS 1N THT SLIce]

Say you want to eat somewhere and you ask for my recommendation. | say, “Sure, I've got the best
Click image see blog post place for you: Luigi’s Pizza, on the corner of First & Commerce’

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018


https://ccsmfa.wordpress.com/2016/11/08/luigis-pizza-a-parable/

Axiom #1

Conversation is the minimal ethical interface
where conversation means reliable transparency
of action & intent—what & why across the interface.

/ Nano Worlds Fair — San Francisco / March 2018 1 03
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action (trans)action

exthange ; exchange

context
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Why does conversation matter?

- to coordinate action, we must reach agreement
- to reach agreement, we must have engagement
- to have engagement, we must have shared language.

Cooperation and Collaboration require Conversation

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018 ‘| 05



What may follow from conversation?

- shared history
- relationship
 trust

* unity

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018 ‘| 06



Conversation is the foundation for:

- community
e commerce
e culture

e governance
- soclety

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018 ‘| 07



Axiom #2

Conversation is the minimal humane interface
growing the understanding & informing the action
of one or more willing & active participants

such that trust and collaboration may arise.

/ Nano Worlds Fair — San Francisco / March 2018 1 08



What’s a “humane conversation”?

 responding to fulfill a given task

- offering different means (tasks) to achieve a goal
- helping to achieve an underspecified goal

» collaborating to define the goal.

Will Conversation Interfaces be designed to do these?

/ Nano Worlds Fair — San Francisco / March 2018 1 09



What’s a “great conversation”?

- stays sensitive to context

> avoids repetition while offering something novel

- maintains continuity

- raises great questions

 helps you be what you want to be... or to become.

Why can’t Al + Conversation Interfaces do these things”?

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018 1 1 O
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e . /f\\ , l | H-=—=—"""
- 3 / N Js — (i ™ ™ 13 °
l ] | v 1 ‘ N Ex DB, (T,, Sp)==> Ry Ex RB, (Cong(T), Con,(S), u")—nml(t) in Con, (K)
5 ) e ' 1 : 5 : ‘
* 0B, (T, %’77'. (Ex_PB, (Con, "(T), Con,(Q), P,) ==>Proc, (P) in Con,(P) , / T j : | 8
Ex Con, (P) : ey z' - Ex Sgh(l) o '
bt ' > e R >
S | e | cn— | c— % o o Bl l % »- ] ‘ )
- —— | A E 1 g % f (1) c" (R) ! ) Pl’ocos) fa Con (%)
[ [ T ‘ ex 08, (¥, R) =S, i tx pp, Con, (D), Cony (M), 5)) =y Con,
SR 30 * -
£ v g | \ ‘ 1
Ex D8, (Tye P = Q, tx 28, (chn, (1), Cony (M), G\ mmaProct (@) in Con, (@) r Tpor T s B ot e ey
: S g S adee Ex Con B
: Lony :
o (Q Fig 1. Ap. 1. The deriivationa.. structure wnderlying this expansion is not showm explicitly (it involves the terms P, Qé Ry Sp Com,
e Fig 1.2 .Ap.ﬂ Conp, DB, DBy, PB,, PBy, Ex " <= " and " —» " as well as a specific minimal realisation of an organisationally closed and
e informationally open ;

e proiduction System). The derivations shown in the picture are of some interest. If A and B agree over an under-
%“L"t(m‘iing (Fig 2.3.) themy before they ajree they are distinct, but analogous (under 8, as before) relating Fig l.2. and Fig 2.2.
4 After their agreement (tihe tempiral succession analogy, Yy , reflecting the distinction between t and t + & t), that the common
: “Z,W&UM understanding of T*, P*, \@*, R*, $* in Fig 2.4. permits the derivation of Fig 2.3. from f3 and { . Under these circumstances it
) e legitimate to derive . static (but eyclic) inseriptions (Fig 3.2., Fig 3.3., Fig 3.4) and to justify the operation of pruning (as
Qﬂ[\hﬁ\n" in Fig 3.5). The picture: thus eshibits the necessary interaction between the fundamental distinctions of individuals (A, If)‘, of
“ temporal succession (t, t + A ) and the process Ex of a stablc concept "of" some individual. This essential but often obfuscated
interdependence seems to, qccownt for the "difficulty"” (as well as the potential power) of conversation theory. Notice, for 'e.uample,
t}fat if (as an casy way | out of wifficul ty)we had asserted "A and B have agreed to wnderstand T*"then Fig 2.3. could be derived, by a
simple derivation, from i 1.2 and FI7 Ut but such a statement would render the picture of descriptive value only.
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ARTIFICIAL INTELLIGENCE contrasted with CYBERNETICS

cognitive systems have /

an inside and outsi

cognitive systems
are autonomous

representation

organisms map / organisms map

exterr)al objects to through an environment
internal state back onto themselves

memory
nervous system reproduces
adaptive relationships
reality
truth exists social agreement is
in the WOF|\ primary objectivity
epistemology
intelligence resides/ intelligence resides in
S

iIn manipulation of information \observed conversation

Click for more on Al versus Cybernetics

nervous system
stores information

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018
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Cybernetic Design = Design for Conversation

The goal of design for conversations is to facilitate the
emergence of conditions in which others can design—

to create conditions in which conversations can emerge —
and thus to increase the number of choices open to all.

— Dubberly & Pangaro, Cybernetics and Design: Conversations for Action, 2017

Click for more on Cybernetics and Design

Paul Pangaro / Nano Worlds Fair — San Francisco / March 2018


http://www.dubberly.com/articles/cybernetics-and-design.html

“l shall act always so as to increase the total
number of choices.”

— Ethical Imperative, Heinz von Foerster

Click for more on Ethics and Cybernetics


http://Click%20for%20more%20on%20AI%20versus%20Cybernetics

“If you desire to see, learn how to act.”

— Aesthetic Imperative, Heinz von Foerster

Click for more on Heinz von Foerster


http://www.pangaro.com/Heinz-von-Foerster/von-foerster-and-BCL-biological-computer-lab.html

The Future of Cybernetics is Conversation

Download slides from pangaro.com/Pangaro-Nano-2018.pdf
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The Future of Cybernetics is Conversation
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Alexa, can you please acquire the skill of conversation
Alexa, what is “conversation”?
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Applying C-L-E-A-T
Questions for Designing for Conversation

- What channel is being opened to begin the conversation?

Is the interruption reasonable in how and when it intrudes?
What is the bio-cost of the intrusion relative to its benefit?

Are there better ways to interrupt?

- Is the first message clear?
Does it offer something to the recipient?

- Does the exchange convey the potential benefits in continuing? From “What is Conversation?”
Is there learning or delight? Is curiosity or interest stimulated? Dubberly & Pangaro 2009
. : http://www.dubberly.com/articles/
- Is meaning eaS"y understood — what-is-conversation.html

do the messages speak in the language of the participants?
Are messages sensitive to others’ context, needs, interests, values?
How can messages be made more efficient or clear?

Why can’t Al + Conversation Interfaces do all this?
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http://www.dubberly.com/articles/
http://www.dubberly.com/articles/what-is-conversation.html

Applying C-L-E-A-T
Questions for Designing “Conversation Interfaces”

- What does the Conversation Interface (CUI) know about the user’s context—
what more can it know, automatically or by input from the user?

- How can a user convey intention to the software —
can the CUI be open to the user’s goals, values, preferences?

- Does the CUI evolve during the engagement —
in addition to understanding the user, can it build new knowledge?

: : From “What is Conversation?”
- When should the CUI be confident it understands the user— Dubberly & Pangaro 2009

and when should it double-check? |
http://www.dubberly.com/articles/

what-is-conversation.html

- Can the CUI’s capabilities build a relationship of trust—
what does that take?

When will Conversation Interfaces do all this?
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The
Machine

Revolution

Industrial Computer Conversation

Role ot Revolution Revolution Revolution
machines...

(1750-1850) (1955-1995) (2015-?)
Extend and ...muscles and

...muscles ...nervous system
enhance... nervous system
Create value ...performing ...performing

by lowering
the cost of...

...collaborating

physical labor cognitive tasks
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THEORIE DU MESSAGE

PERCEPTION
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“Everyone designs who devises courses of action
aimed at changing existing situations
Into preferred ones.”

— Herbert Simon

/ Nano Worlds Fair — San Francisco / March 2018 1 36



Conversational Frame

participant A participant B
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A participant has a goal.

@ @

participant A participant B
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Chooses a context.

participant A participant B

context
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Chooses a language.

shared

.ﬂ language
O :
O I

participant A E participant B

context
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Begins an exchange.

shared
language
E
OO :
— I ~
(@ ; e

interface

participant A : participant B

action

context
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May evoke a response...

shared

language PN
: O
OO : O

interface

participant A participant B

action

context
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... and a reaction that evokes a reaction...

shared
language
e
9% : o© ]
learning /@ ! 6 evaluating
interface
participant A : participant B

action : action

exghange ; exchange

context

Paul Pangaro / CMU HCIl Seminar Series / January 2018 143



The engagement may continue.

shared

ﬁ Ianquage m
J0O.2 i alaf
learning :

evaluating

interface

participant A E participant B

action action

exchange exchange

context

Paul Pangaro / CMU HCIl Seminar Series / January 2018 144



An agreement may be reached.

shared
language
agreement
2 S o° _
learning /@ ! 6 evaluating
intell'face
participant A : participant B

action | action

exghange ; exchange

context

Paul Pangaro / CMU HCIl Seminar Series / January 2018 145



A transaction may occur.

shared
language
agreement
OO _______________ : ______________ OO
learning /@ ! 6 evaluating
intell'face
participant A : participant B

action | transaction

exghange ; exchange

context

after Dubberly Design Office 2008
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Conversation Redux

shared
language
O _________ agreement O
learning ) _— E ~_ ’ evaluating
(@ ' ®
interface
participant A : participant B

action (trans)action

exghange 5 éxchange

context
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Conversation Redux — C-L-E-A-T

shared

Ianquage
C - Context OO _________ agreement OO
L — Language learning /® ; @\ evaluating
E — Engagement intet:‘face
A — Ag reement participant A participant B

T — Transaction

action (trans)action

exthange ; exchange

context
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