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“Soft Robotics”
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Hypothesis: The next generation of robots will be 
of the “soft” kind. Advances in “soft technology” 
will lead to a quantum leap in intelligent robotics.

Theoretical underpinnings: The key to “soft 
robotics” will be an understanding of 
embodiment.
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“Soft Robotics”
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work by Dale Thomas, 2003

evolved, soft locomotion Design and construction:
Dale Thomas,  Osaka University

previously: Zurich AI Lab
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Contents

• introduction and background
• principles of embodied intelligence
• the “power of materials”
• guided self-organization
• the “Roboy” project
• summary and conclusions
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embodied

interplay of brain, body, and 
environment

guided self-organization

dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines

Trends in AI/robotics
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classical 

centralized control

top-down control

algorithm

abstract symbol 
processing

top-down design

fixed morphology
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manufacturing, “hard”

individual robots

isolated robots

complete automation

outsourcing production

software, “bits”

centralized manufacturing

big industries, high invest-
ments

service, “soft”

robot “ecosystem”

the human/robot “cloud”

human-robot cooperation

re-insourcing

physical system, “atoms”

distributed “makers”

SMEs, small investment

Trends in robotics/manufacturing
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“Soft Robotics”
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Soft to touch Soft movement Soft interaction
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“Soft Robotics”
(Osaka University)
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Soft to touch Soft movement Soft interaction
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Building robots

unterstanding intelligence

applications

animals humans

robot “bar man”

vacuum cleaner

Engkey

Baxter
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Zurich AI Lab robots

Didabot

Famez

Sita

Rufus T.
Firefly

Ms. Gloria 
Teasdale

Morpho
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Zurich AI Lab robots

Amouse
SahabotI/II
Melissa
Tripp
Samurai
Analogrob
Dexterolator
Stumpy
Eyebot
Mindstorms
Kheperas
Mitsubishi
Forkleg
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Zurich 
AI Lab robots 

Stumpy, Monkey, Puppy, Min-dog, Wheeled 
Walker, Mini-Stumpy, Wanda, Dumbo, Rabbit
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Zurich AI Lab robots
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AI Lab Robots
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Zurich AI Lab 
Robots (Locomorph)
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AI Lab history 1987-2013
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Zurich AI Lab robots
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Recent development: 
the “soft robot” Roboy

22

more later
Photography: Adrian Baer
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“Soft Robotics”
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Hypothesis: The next generation of robots will be 
of the “soft” kind. Advances in “soft technology” 
will lead to a quantum leap in intelligent robotics.

Theoretical underpinnings: The key to “soft 
robotics” will be an understanding of 
embodiment.
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• introduction and background
• principles of embodied intelligence
• the “power of materials”
• guided self-organization
• the “Roboy” project
• summary and conclusions
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The spirit of embodiment
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“Crazy Bird” — Morphology, 
Control

26

loosely hanging feet
rubber/plastic
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“Crazy Bird” — Morphology, 
Control
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loosely hanging feet
rubber/plastic

behavior of “Crazy Bird”: 
cannot be inferred from program            emergence          
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Principles

• physical embedding

• behavior emergent from morphology, materials, 
control, environment

• “design for emergence”

28
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embodied

interplay of brain, body, and 
environment

guided self-organization

dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines

Trends in AI/robotics
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classical 

centralized control

top-down control

algorithm

abstract symbol 
processing

top-down design

fixed morphology
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Artificial vs. real worlds

30
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industrial 
environment

31

real-world
environment

- high predictability
- programmability

- low predictability
- coping with
  uncertainty

industrial robots
(“hard”)

humans
(“soft” to

varying
degrees)
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industrial 
environment

32

real-world
environment

- high predictability
- programmability

- low predictability
- coping with
  uncertainty

industrial robots
(“hard”)

humans
(“soft” to

varying
degrees)

humans: 85% “soft”
Dienstag, 1. April 14



By comparison: The “Passive 
Dynamic Walker”

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York
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Design and construction:
Bendy (Paul, Yokoi, Matsushita), 

Tripp (Chandana Paul)

the “brainless” robot:
walking without control
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By comparison: The “Passive 
Dynamic Walker”

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

34

self-stabilization

Design and construction:
Bendy (Paul, Yokoi, Matsushita), 

Tripp (Chandana Paul)

the “brainless” robot:
walking without control
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Design and construction:
Bendy (Paul, Yokoi, Matsushita), 

Tripp (Chandana Paul)
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walking without control
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By comparison: The “Passive 
Dynamic Walker”

Design and construction:
Ruina, Wisse, Collins: Cornell University
Ithaca, New York

35

Design and construction:
Bendy (Paul, Yokoi, Matsushita), 

Tripp (Chandana Paul)

the “brainless” robot:
walking without control

joints: self-organize into 
proper trajectories

Dienstag, 1. April 14



Short question

memory for walking?

36
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Principles

• exploitation of self-organization

• functionality distributed throughout entire system

• humans: guided self-organization (stiffness of 
muscles)

• task-distribution between brain (control), body 
(morphology, materials), and environment

• control and controlled no longer clearly separated 
(especially in case of soft systems)

• morphological computation

37
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“Stumpy”: task distribution

38

self-stabilization

almost brainless: 2 actuated joints
springy materials
surface properties of feet

Design and construction: Raja Dravid, 
Chandana Paul, Fumiya Iida
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The dancing robot “Stumpy”

Collaboration with Louis-Philippe Demers, 
Nanyang Technological University, Singapore

39

Movie:
Max Lungarella
Raja Dravid
Dynamic Devices 
and AILab, Zurich
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The “robot frog” driven by 
pneumatic actuators (UTokyo)

40

Design and construction: 
Ryuma Niiyama and 
Yasuo Kuniyoshi
University of Tokyo

pneumatic actuators:
compliant materials
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embodied

interplay of brain, body, and 
environment

guided self-organization

dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines

Trends in AI/robotics
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classical 

centralized control

top-down control

algorithm

abstract symbol 
processing

top-down design

fixed morphology
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Contents

• introduction and background
• principles of embodied intelligence
• the “power of materials”
• guided self-organization
• the “Roboy” project
• summary and conclusions
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“Power of materials”

• soft robotics: much work on - fabrication 
technologies

• our goal: embed materials into intelligent agents
• must understand interaction between control and 

materials

43
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The power of materials: 
The robot fish “Wanda”

design and construction: 
Marc Ziegler, AI Lab, UZH

materials

changeable stiffness

Note: can reach any
point in 3D space

44
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Daniela Rus’s “soft fish”

design and construction: 
Daniela Rus and Andrew Marchese
MIT CSAIL
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Daniela Rus’s “soft fish”

design and construction: 
Daniela Rus and Andrew Marchese
MIT CSAIL
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The Bionic Handling Assistant

• inspiration: elephant trunk
• pneumatic system (air chambers)
• high dexterity
• intrinsic compliance
• 3D printed
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Jaeger/Lipson “coffee 
balloon gripper”
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Jaeger/Lipson “coffee 
balloon gripper”
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Jaeger/Lipson “coffee 
balloon gripper”
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Orchestration
of grasping

49

“holding a hard object”
exploiting morphology 

and materials for control
Dienstag, 1. April 14



M

• introduction and background
• the four messages of embodiment
• the “power of materials”
• the “Roboy” project
• summary and conclusions

Gripper with deformable 
materials (rubber bands)

50
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Festo trunk and gripper
Gripper with deformable 
materials based on the
“Finray” effect
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Festo trunk and gripper
Gripper with deformable 
materials based on the
“Finray” effect
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Festo trunk and gripper
Gripper with deformable 
materials based on the
“Finray” effect
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Industrial applications
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New trend: Food industry
• considerable variation 

—> unpredictability
• extremely delicate
• materials crucial 

(e.g. gripper)

53
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industrial 
environment

54

real-world
environment

- high predictability
- programmability

- low predictability
- coping with
  uncertainty

industrial robots
(“hard”)

humans
(“soft” to

varying
degrees)

Recall
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industrial 
environment
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real-world
environment

- high predictability
- programmability

- low predictability
- coping with
  uncertainty

industrial robots
(“hard”)

humans
(“soft” to

varying
degrees)

Recall

high predictability
—> shrinking
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New manipulation skills:
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New manipulation skills:
what’s hard about them?
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The next “industrial revolution”

beyond traditional manufacturing:
new manipulation skills

57

hard robotics
new manufacturing
technology

new industrial 
revolution

“soft robotics”

OCTOPUS
arm prototype

Festo Bionic
Handling assistant

ECCE 
the super-compliant robot

Rodney Brooks
U-Tokyo
robot “frog”
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hard robotics
new manufacturing
technology

new industrial 
revolution

OCTOPUS
arm prototype

Festo Bionic
Handling assistant

ECCE 
the super-compliant robot

Rodney Brooks
U-Tokyo
robot “frog”
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The factory “humanoid” robot 
“Baxter”

59
Dienstag, 1. April 14



The factory “humanoid” robot 
“Baxter”
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The next 
“industrial revolution”

Rodney Brooks
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The factory “humanoid” robot 
“Baxter”

61

• no programming
• learning by demonstration
• highly flexible and versatile
• intrinsic compliance (safety) (“softness)
• affordable for SMEs (Small and Medium 

Enterprises)
• “common sense”
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The factory “humanoid” robot 
“Baxter”

61

• no programming
• learning by demonstration
• highly flexible and versatile
• intrinsic compliance (safety) (“softness)
• affordable for SMEs (Small and Medium 

Enterprises)
• “common sense”

—> re-insourcing of manufacturing tasks
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Principles

• human-robot cooperation (rather than complete 
automation)

• safe human-robot interaction

• maintain jobs in country - re-insource

62
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manufacturing, “hard”

individual robots

isolated robots

complete automation

outsourcing production

software, “bits”

centralized manufacturing

big industries, high invest-
ments

service, “soft”

robot “ecosystem”

the human/robot “cloud”

human-robot cooperation

re-insourcing

physical system, “atoms”

distributed “makers”

SMEs, small investment

Trends in robotics/manufacturing

Dienstag, 1. April 14



Contents

• introduction and background
• principles of embodied intelligence
• the “power of materials”
• guided self-organization
• the “Roboy” project
• summary and conclusions

64
Dienstag, 1. April 14



65

Morphology and computation:
“trading spaces”

23

cells
molecules

“Tribolons”

pure
algorithm

computer
(running

algorithm)

industrial
robot

(centralized 
control

Asimo
(and 

similar
robots)

Roboy
(compliant, 

tendon-
driven)

Octopus
(soft, 

continuous)

“Robot 
Frog”

(variable 
compliance)

PDW
(exploiting

morphology)

morphological
computation

informational 
computation

increasing dominance of morphology and materials
decreasing dominance of control

control and behavior less separable
increased reliance on self-organization

control dominant morphology and materials dominant
“guided self-organization”

Jaeger-
Lipson
coffee-
balloon
grippercontrol 

dominant morphology and 
materials dominant
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“from bits to atoms”
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A note on “guided self-
organization”

at what level to apply control?

cockroaches: configuration of shoulder joint

the Octopus robot: a paradigmatic case study

human movement and locomotion

Shuhei Miyashita’s “Tribolons”

Jürg Germann’s soft self-assembling

67
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Exploiting morphology:
managing complex bodies

68

pictures and ideas: 
courtesy Roy Ritzmann
Case Western Reserve 
University
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Exploiting morphology:
managing complex bodies
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pictures and ideas: 
courtesy Roy Ritzmann
Case Western Reserve 
University
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“Outsourcing” functionality:
exploiting morphology

• brain: 1 Million neurons
(rough estimate)

• descending neurons: 200 (!)
• brain: 

- cooperation with local circuits
- morphological changes (shoulder
  joint)

69

• Watson, Ritzmann, Zill & Pollack, 2002, 
J Comp Physiol A
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Effects of morphology change
shoulder joint configuration

70

brain
1 Million neurons

descending
neurons: 200 (!)
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Climbing over obstacles

• CPG on flat ground
• get hight estimate from antenna
• change configuration of shoulder joint
• CPG continue to function as before (don’t 

“know” about climbing)
• brain-body cooperation

71
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Climbing over obstacles

• CPG on flat ground
• get hight estimate from antenna
• change configuration of shoulder joint
• CPG continue to function as before (don’t 

“know” about climbing)
• brain-body cooperation

72

morphological 
computation
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A note on “guided self-
organization”

at what level to apply control?

cockroaches: configuration of shoulder joint

the Octopus robot: a paradigmatic case study

human movement and locomotion

Shuhei Miyashita’s “Tribolons”

Jürg Germann’s soft self-assembling
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Octopus arm
movements

74

Octopus Arm
Design and construction:

Matteo Cianchetti (SSSA)
Cecilia Laschi (SSSA)

Tao Li (UZH)
Naveen Kuppuswami (UZH)

Kohei Nakajima (UZH)
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“Orchestrating” an Octopus 
arm

Reservoir computing:
- adjust only linear readout

75

…
.�

Reservoir 

inputs� outputs�

Win�
Wnetwork, out�

W�

Winput, out�

readout�

φrest�

ACreach�

D(t)�

xtr , ytr , ztr�

θ(t), φ(t)�

ll
i,j(t), lt

i(t)�

WoutX = O�

Wout = OtargetX*�

Design and simulation:
Kohei Nakajima et al.
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…
.�

Reservoir 

inputs� outputs�

Win�
Wnetwork, out�

W�

Winput, out�

readout�

φrest�

ACreach�

D(t)�

xtr , ytr , ztr�

θ(t), φ(t)�

ll
i,j(t), lt

i(t)�

WoutX = O�

Wout = OtargetX*�

can be applied to physical 
system

“Orchestrating” an Octopus 
arm

Reservoir computing:
- adjust only linear readout
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Benchmark tasks:
simulation setup

—> use for function approximation!

Dienstag, 1. April 14



Simulated arm approximating 
benchmark tasks (Kohei Nakajima)

78

Performance to the benchmark tasks: Experimental setup�

•  2nd order nonlinear dynamical systems 

•  10th order nonlinear dynamical systems 

•  Volterra series�

Task (Benchmark task) (Hauser et al. 2012)�

Passive arm dynamics�

Input (u(t))� Output �

Controlling 
the base!�

Take spring length as 
sensory data!�

Wout�

K. Nakajima, H. Hauser, et al.,(in preparation) : Confidential!!�
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Controlling 
the base!�
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Wout�
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Task performance

• 2nd order non-linear dynamical system: almost perfect

• 10th order non-linear dynamical system:
almost perfect

• Volterra series (constrained to 100 steps): almost perfect
79
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Task performance

• 2nd order non-linear dynamical system: almost perfect

• 10th order non-linear dynamical system:
almost perfect

• Volterra series (constrained to 100 steps): almost perfect
80

—> can use body dynamics of 
arm as computational resource!!
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Body as reservoir

81

soft robots:
extremely rich dynamics
—> can be exploited:

- use body directly as reservoir
- non-linearity required
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soft robots:
extremely rich dynamics
—> can be exploited:

- use body directly as reservoir
- non-linearity required
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Sensorized physical arm

82

sensor-embedded arm
(40 bending sensors)

bending sensors
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The STIFF-FLOP project
“spinout” of Octopus project

Use biological inspiration to create novel, flexible manipulator 
structures that are inherently capable of morphing their state from 
completely soft to entirely articulated

manipulation of stiffness (global
dynamics)

application to minimally invasive
surgery

learning from physical inter-
action with envrionment

83
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A note on “guided self-
organization”

at what level to apply control?

cockroaches: configuration of shoulder joint

the Octopus robot: a paradigmatic case study

human movement and locomotion

Shuhei Miyashita’s “Tribolons”

Jürg Germann’s soft self-assembling
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Morphology and computation:
“trading spaces”

23

cells
molecules

“Tribolons”

pure
algorithm

computer
(running

algorithm)

industrial
robot

(centralized 
control

Asimo
(and 

similar
robots)

Roboy
(compliant, 

tendon-
driven)

Octopus
(soft, 

continuous)

“Robot 
Frog”

(variable 
compliance)

PDW
(exploiting

morphology)

morphological
computation

informational 
computation

increasing dominance of morphology and materials
decreasing dominance of control

control and behavior less separable
increased reliance on self-organization

control dominant morphology and materials dominant
“guided self-organization”

Jaeger-
Lipson
coffee-
balloon
grippercontrol 

dominant morphology and 
materials dominant
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Morphological Computation:
self-assembly and emergent functionality

“The self-assembled, emergent bicycle”

Design and 
construction:

Shuhei Miyashita
(previously AI Lab,

now MIT)
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“The self-assembled, emergent bicylce”

morphological computation:
 no control (vibration motor)

only morphology

Morphological Computation:
self-assembly and emergent functionality

Design and 
construction:

Shuhei Miyashita
(previously AI Lab,

now MIT)
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“The self-assembled, emergent bicylce”

morphological computation:
 no control (vibration motor)

only morphology

Morphological Computation:
self-assembly and emergent functionality

Design and 
construction:

Shuhei Miyashita
(previously AI Lab,

now MIT)
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Changing the dynamics

• shape
• edges
• strength of magnet
• energy input (vibration) - dynamic
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A note on “guided self-
organization”

at what level to apply control?

cockroaches: configuration of shoulder joint

the Octopus robot: a paradigmatic case study

human movement and locomotion

Shuhei Miyashita’s “Tribolons”

Jürg Germann’s soft self-assembling
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Jürg Germann’s soft cells for 
modular robots

90

soft connection 
mechanism
- based on 
  electroadhesion
- reversible
- very soft
- compliance
- fault tolerance
- robustness
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Jürg Germann’s soft cells for 
modular robots

91

Low cell softness High cell softness

Neodym magnets 
embedded in PDMS Soft Ecoflex ring

Low cell softness High cell softness

Neodym magnets 
embedded in PDMS Soft Ecoflex ring

hardware cell

chain of soft cells 
folding into EPFL 
logo
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Morphing mechanism

92hardware cell

design and 
implementation of
“morpho-functional 
machines”: 
Juerg Germann, EPFL
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Contents

• introduction and background
• principles of embodied intelligence
• the “power of materials”
• guided self-organization
• the “Roboy” project
• summary and conclusions
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Roboy as research
platform

investigation of:

functioning of muscle-tendon system
relation intelligence/thinking -- sensory-motor 
processes
human-robot interaction

Photography: Adrian Baer

Photography: Adrian Baer
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... and

ambassador of new generation of robots
share their living space with ours
friendly, useful, fun to be with
open source, community formation

Photography: Adrian Baer

Photography: Adrian Baer
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und ...

als Botschafter einer neuen Generation von 
Robotern

“Hi Roboy! nice to meet you.”

(Roboy demo)

Photography: Adrian Baer
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und ...

als Botschafter einer neuen Generation von 
Robotern

“Hi Roboy! nice to meet you.”

(Roboy demo)

Photography: Adrian Baer
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Pictures: Jaan Spitz
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Pictures: Jaan Spitz

Zurich, Puls5
8/9 March 2013
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Pictures: Jaan Spitz
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Photography: Adrian Baer

1923

Media Coverage

BBC, Financial Times, Discovery Channel, Wired, Huffington 
Post, CNET, Science World Report Reuters, Keystone, National 
Geographic, ZDF, Bild, Welt, Süddeutsche Zeitung, Berliner 
Zeitung, 3SAT, Deutsche Welle, Daily Mail, SRF Tagesschau, NZZ, 
Tages Anzeiger, 20Minuten, Züricher Wirtschaftsmagazin, MIT 
Technology Review, ...

Switzerland, Germany, France, Spain, England, Sweden, Italy, 
Turkey, Irland, Greece, Japan, China, India, USA, Canada, Brasil, 
Chile, Argentina, Vietnam, Israel, Egypt, Mexico, Korea, Russia, ...
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Photography: Adrian Baer

1923

Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich 
(TU), Beijing and Shanghai (China), Washington, D.C. (US), 
Zurich TEDx, Dornbirnd (Austria), Tokyo (Japan), Cebit - 
Hannover, London (UK) ...
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Photography: Adrian Baer

192394

Roboy as research platform

Photography: Adrian Baer

tendon-driven

48 “muscles”

shoulder joint:
8 “muscles”

19
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Photography: Adrian Baer

192394

Roboy as research platform

Photography: Adrian Baer

tendon-driven

48 “muscles”

shoulder joint:
8 “muscles”:

--> learning not
      programming

19
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AI Lab history 1987-2013
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Sponsors - Logos on Roboy
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Various Youtube videos
March 2013
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Various Youtube videos
March 2013
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Humans, Roboy: tensegrity 
structures?

tensegrity and 
self-organization:

“orchestration” of
movement, rather than
control

“pelvis”

“leg”

“walking”

Illustrations:
Shun Iwasawa, Studio Ghibli, Tokyo
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Photography: Adrian Baer

1923

Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich 
(TU), Beijing and Shanghai (China), Washington, D.C. (US), 
Zurich TEDx, Dornbirnd (Austria), Tokyo (Japan), Cebit - 
Hannover (March 2014), Tokyo (2014), ...
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AI Lab history 1987-2013
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Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich (TU), 
Beijing and Shanghai (China), Washington, D.C. (US), Tokyo 
(Japan), London (UK) ...

IJCAI 2013 
Beijing

Dienstag, 1. April 14



110

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich (TU), 
Beijing and Shanghai (China), Washington, D.C. (US), Tokyo 
(Japan), London (UK) ...

Beijing
Roboy at

Penghao Theater
Beijing

Beijing
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Beijing
Roboy at

Penghao Theater
Beijing

Dienstag, 1. April 14



112

Shanghai
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xPictures: Jaan SpitzPictures: Jaan Spitz
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Shanghai

Roboy in autonomous wheel chair

with Rolf and Hesheng
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AI Lab history 1987-2013
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Roboy on Tour

Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich (TU), 
Beijing and Shanghai (China), Washington, D.C. (US), Tokyo 
(Japan), London (UK) ...

Washington D.C.
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“Soiree Suisse” 
18 September 

2013

Washington D.C.
(Swiss Embassy)
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Next: Washington D.C.
(Swiss Embassy)
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“Soiree Suisse” 
18 September 

2013

1.200 guests

Swiss taxpayer’s 
money??
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Next: Washington D.C.
(Swiss Embassy)
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1.200 guests

“Soiree Suisse” 
18 September 

2013

Washington D.C.
(Swiss Embassy)
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AI Lab history 1987-2013
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Itinerary:
ICRA (Karlsruhe), Swiss Innovation Fair (Zurich), Munich (TU), 
Beijing and Shanghai (China), Washington, D.C. (US), Tokyo 
(Japan), London (UK) ...

TEDx Zurich, Oct. 2013

Zurich

Roboy on Tour
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Photography: Adrian Baer

192394

Photography: Adrian Baer

1996

Photography: Adrian Baer

Roboy at TEDx in Zurich
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Photography: Adrian Baer

192394

Photography: Adrian Baer

1996

Photography: Adrian Baer

Roboy at TEDx in Zurich
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Roboy at Cebit 2014, Hannover
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Roboy at Cebit 2014, Hannover
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Roboy at Cebit 2014, Hannover
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Myorobotics
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Myorobotics
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The future?
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Contents

• introduction and background
• principles of embodied intelligence
• the “power of materials”
• the “Roboy” project
• summary and conclusions
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“Soft robotics”

• central role of materials!
• no clear separation between controller and 

“controlled” 
• new notion of control (morphological 

computation; “orchestration”)
• understanding the “design space”
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embodied

interplay of brain, body, and 
environment

guided self-organization

dynamical system

sensory-motor coordination

design for emergence

morpho-functional machines

Trends in AI/robotics
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classical 

centralized control

top-down control

algorithm

abstract symbol 
processing

top-down design

fixed morphology
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manufacturing, “hard”

individual robots

isolated robots

complete automation

outsourcing production

software, “bits”

centralized manufacturing

big industries, high invest-
ments

service, “soft”

robot “ecosystem”

the human/robot “cloud”

human-robot cooperation

re-insourcing

physical system, “atoms”

distributed “makers”

SMEs, small investment

Trends in robotics/manufacturing
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Epilogue

Sun I, son of a Chinese mother and American fighter pilot.
Mother dies at birth, father returns to US. Sun I grows up in 
monastery, Wu, the chef (cook), is his mentor. One of the 
chores: carrying water in buckets from the river to the 
monastery, which was situated on a high rock. When they 
arrived at the top, Sun I’s buckets were always empty 
(spilling), Wu’s always full. 

Listen to the following conversation:
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Epilogue
It was true. By some extraordinary luck or skill Wu never seemed 
to lose a drop, though he hurried along the treacherous stair at 
twice my pace. (I tried to cut my losses by moving slowly, plotting 
my course in advance and picking each footrest with deliberate 
care.)
     “I don’t understand it,” I confessed to him. “You must know 
some kind of trick. Explain your method.” ...
     “You haven’t yet caught on. It’s precisely this—excess of 
method—that confounds you, leaves the buckets nearly empty …”
     “How do I do it? ... I close my eyes and think of nothing. My 
mind is somewhere else. My legs find their way without me, even 
over the most uneven ground. How can I tell you how I do it? . . . I 
can’t even remember myself!” 

(David Payne, “Confessions of a Taoist on Wall Street”, 1984, pp. 
18–19)
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Epilogue
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Illustration:
Shun Iwasawa, Studio Ghibli, Tokyo
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“Better robots - better life”
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Thank you for your attention!
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