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1. Poll 2. What is AI
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Ingenuity! 



Ingenuity! 



Poll

Do you think that in 50 years most teaching 
will be done by bots? 



Star Trek 2009



That's why 
this class will be 


taught by two bots!





What is AI?
What is life? 


What is intelligence?

What is reality?



Movies

AI 2001, Spielberg



Time linehttps://digitalintelligencetoday.com/



Turing Test

One possible answer to the 
question "what is AI" has been 
given by Turing




The End



Applications
problem solving         games and puzzles, 

pattern matching       speech, OCR, SPAM

reconstruction            tomography,  scanning 

research                       discover theorems, verify proof

data mining                 aquisition , organization of data

translation                   spoken languages, programming languages

creativity                      poems, sculptures, music

simulation                    physics, populations, economies

inverse problems        earthquake, tomography

prediction                     weather, asteroids, health




Big Business

Cortana
Siri Alexa



Anticipated

AI 2001



Learning

A big part of AI is learning. It is usually called 
``Machine learning", but we can also learn

about learning of humans by studying how 
machines learn. 




Piaget

Jean Piaget 1896-1980 1973



Listening to the crickets 1976



In Vallis 1973



In Vallis 1973



Chalet in Vallis

1979



1977



1979 1977



Fondue Recipe



What would it require

to replace human teachers ?



problem solving

pattern recognition

see historical ties

computer algebra systems

syllabus 

write exams

     grade exams

computer proofs

proof verification

do presentations

learning

be creative

learn from others

speech recognition

write an exam song perform the song 



Automatic slides

Experiment from Nov 6, 2010 ``Qwiki"




Talking and acting

Simeone



Be creative

Ex Machina




Exams, Project, HW
Problem 1:  Write an exam!

Problem 2:  Take it

Problem 3: Grade it!



Work sheets

SOFIA 2013



Knowledge

database



Building structure
T H E

O F '270 brilliantly original essays on.. .how the mind works.'
—Isaac Asimov, Information Week

M A R V I N I I S K !
C O F O U N D E R O F T H E A R T I F I C I A L I N T E L L I G E N C E L A B O R A T O R Y , M I T

1927-2016

Marvin Minsky

Cognitive Scientist, 

AI pioneer
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WORKSHEET

(* Produce a random function g[x] of some complexity   *)
(* and use it to generate differentation problems      *)
(* Oliver Knill , March 27, 2004   Sofia problem       *)

$DisplayFunction=Identity;


RandomFraction:=Apply[Union,Array[Range[#-1]/#&,Random[Integer,10]+2]][[10]]

Ide[x_]:=x;

Pow[x_]:=x^Random[Integer,{2,5}];

Inv[x_]:=x^Random[Integer,{-3,-1}];

Sca[x_]:=Random[Integer,{-3,3}]*x;

Tra[x_]:=x+Random[Integer,{-4,4}];

FunctionList={Sin,Cos,Log,Exp,Tan,Sqrt,Pow,Inv,Sca,Tra};

RRandomFunction:=FunctionList[[Random[Integer,{1,Length[FunctionList]}]]];


ComposeF[f_,g_]:=Function[x,Evaluate[f[g[x]]]];

ScaleF[f_]:=Function[x,Evaluate[Random[Integer,3]+1]*f[x]];

AddF[f_,g_]:=Function[x,Evaluate[f[x]+g[x]]];

SubtractF[f_,g_]:=Function[x,Evaluate[f[x]-g[x]]];

MultiplyF[f_,g_]:=Function[x,Evaluate[f[x]*g[x]]];

DivideF[f_,g_]:=Function[x,Evaluate[f[x]/g[x]]];

OpList={ComposeF,AddF,SubtractF,MultiplyF,DivideF};

RandomOperation[f_,g_]:=OpList[[Random[Integer,{1,Length[OpList]}]]][f,g];


BuildFunction[n_]:=Module[{}, f0=Ide; Do[f0=RandomOperation[f0,RRandomFunction],{n}]; f0=ScaleF[f0]; f0[x] ]

BuildPolynomial[n_]:=Module[{}, f0=1; Do[ f0=f0*(x-Random[Integer,6]-3),{k,2+Random[Integer,n]}];f0 ];


Math 1A: Introduction to functions and calculus Sofia Bot, 2020

Lecture 32: Worksheet
This worksheet as well as the solutions was generated by Sofia, a bot written in the academic year 2003/2004 using

grant from the Harvard Provost together with Harvard students Johnny Carlsson, Andrew Chi and Mark
Lezama. At that time, people have laughed at the chat bot idea. Now it is big business: Google, Siri, Cortana,

Wolfram alpha: these are all AI bots which constantly become more and more sophisticated.

1 Di↵erentiate the following functions:
a) f(x) = 2(x+ cos(x))
b) f(x) = 4 (x+

p
x)

c) f(x) = 2x cot(x)

Solution:
a) f 0(x) = 2� 2 sin(x)
b) f 0(x) = 2p

x + 4

c) f 0(x) = 2 (cot(x)� x csc2(x))

2 Integrate the following functions:

a) f(x) = 9
p
x

2

b) f(x) = 2ex(x+ 1)
c) f(x) = 8

x3 + 4

Solution:
a)

R
f(x) = 3x3/2 + C

b)
R
f(x) = 2exx+ C

c)
R
f(x) = 4

⇣
x� 1

x2

⌘
+ C

3 Di↵erentiate the following functions:

a) f(x) = 3
⇣
1
2 �

p
x
⌘

b) f(x) = 3(cos(x) + tan(cos(x)))
c) f(x) = x�

p
x+ cos(x)

Solution:
a) f 0(x) = � 3

2
p
x

b) f 0(x) = �3 sin(x) (sec2(cos(x)) + 1)
c) f 0(x) = � 1

2
p
x � sin(x) + 1

1

4 Integrate the following functions:

a) f(x) = �
9
q

1
x3

2x

b) f(x) = 2(cos(x)� 1)
c) f(x) = 4 (3x2 + cos(x))

Solution:
a)

R
f(x) = 3

q
1
x3 + C

b)
R
f(x) = 2(�x+ sin(x)� 2) + C

c)
R
f(x) = 4 (x3 + sin(x)) + C

5 Match the following functions with derivatives:

a)

-4 -2 2 4

-300

-200

-100

100

200

b) -4 -2 2 4

0.5

1.0

1.5

2.0

2.5

3.0

c)

-4 -2 2 4

-1.5

-1.0

-0.5

0.5

d)

-4 -2 2 4

-4

-3

-2

-1

1

1)

-4 -2 2 4

-400

-200

200

400

600

2)

-4 -2 2 4

-2

2

4

6

3)

-4 -2 2 4

-1

1

2

4)

-4 -2 2 4

-1

1

2

3

Solution:
a ! 1, b ! 2, c ! 3, d ! 4

6 Find the critical points of the following functions:
a) f(x) = (x� 8)2

b) f(x) = (x� 9)(x� 6)(x� 3)
c) f(x) = (x� 8)(x� 5)

Solution:
a) f 0(x) = {{x ! 8}}
b) f 0(x) =

nn
x ! 6�

p
3
o
,
n
x ! 6 +

p
3
oo

c) f 0(x) =
nn

x ! 13
2

oo

2

Demo



Finding errors





Flaws in Arguments



Take Initiative

2001: A space  Odyssey 1968



Compassion


Automata, 2014 



Patterns
Here is an IQ test.

Tell if you see the pattern! 























Patterns
How can a computer detect patterns? 



PATTERNS

Jose Ramirez-Heran











Some Computing



SCHICKARD

Wilhelm Schickard(1592-1635)
  1623 First automatic Calculator

“Father of computer Age”

“Start of Computer History”



BLAISE PASCAL

1623-1663 Mechanical Calculator



LEIBNIZ  MULTIPLIER

1672-1694 “step  reckoner”
all four operations



DIFFERENCE ENGINE

Charles Babbage
1791 –1871

1822: first general

purpose programmable  computer

Ada Lovelace
1815-1852



KONRAD ZUSE

First freely

programmable computer

First  Turing 

 complete computer


19411936Z1 Z3



MARK I

1943

Electric  programmable computer.Grace Hopper

1906 -1992

Von

Neumann

1903 -1957



COLOSSUS

1944First electronic digital programmable computer.

Wrens 
Dorothy 
Du 
Boisson

Elsie 
Booker



ENIAC

1946First electronic programmable Turing complete computer
Used to study feasibility of atomic bombs. 



CALCULATORS

1980Oliver’s  TI 59 Chip 1982



PC'S

198012 KB ROM 

Oliver



ATARI ST

1985

GEM

user 


interface


games


MIDI



NEXT

1988



NEXT

1997
1 Sun workstation, 1 Next workstation


3 Mac computers, 1 Dell PC (linux)



G4 2002Photo: William Stein



IPAD

2010



IPHONES



WATCHES



CHRONO

LOGY
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T H E D E V E L O P M E N T O F M O D E R N S T A T I S T I C S

Accomplishment or Event

Charles Babbage conceives of great computing en̂ nes capable of 26-cligit
computations. Babbage's designs incorporate specifications of modem
digital computers, i.e., input, processing unit, output.
Frank Baldwin obtains American patent for popular calculating machine
Konrad Zuse developes Z3, a relay calculator possessing 64 word memory
Automatic Sequence Controlled Calculator (ASCC) built at Harvard
Electronic Numerical Integrator and Computer (ENIAC) begins
operation at University of Pennsylvania, contains 18,000 vacuum tubes,
performs 360 multiplication/sec.
John von Neumann develops Electronic Discrete Variable Calculator
(ED VAC) at University of Pennsylvania.
Transistor developed at Bell Laboratories
U.S. Census Bureau accepts delivery of Remington Rand UNIVAC 1.
The computer contains 5000 vacuum tubes and performs 1000
calculations/sec.

Magnetic core memory introduced into computers
Fortran programming language introduced
Concept of integrated circuits conceived by Robert Noyce
Cobol language introduced
IBM 360 marketed, employs binary addressing, introduces cheap feasible
time-sharing and virtual memory.
Basic language introduced
First Ph.D. in computer science awarded at University of Pennsylvania
UNIX operating system introduced
Edgar Codd proposes relational database model to IBM
Intel develops microprocessor

Floppy disc introduced
Pascal language introduced
First pocket calculators appear
Microcomputers marketed
Cray 1 supercomputer becomes operational
Kenneth Appel and Wolfgang Haken resolve 4-color conjecture using a
c o m p u t e r
Ada language introduced
The Connection Machine developed by Thinking Machines Corporation,
a highly parallel supercomputer possessing 65,536 processors
Computer networking well established

1 5 7

T H E S E A R C H F O R C E R T A I N T Y

H I S T O R I C A L E X H I B I T 4

qA Chronological Outline of the
Evolution of Computing devices

SINCE VERY EARLY TIMES, humans havc sought to simplify the tasks of numerical record
keeping and computation by using physical devices. These devices have varied gready in
scope and context from the adaption of personal body parts such as fingers and toes for
simple 1:1 tallying to the use of inanimate objects, notched sticks, and knotted cords for
numerical record keeping to the operation of complex mechanical and electrical machines
for scientific calculations. Today's high-speed digital computers can trace their origins to
the finger manipulations of our ancient ancestors. The path of this evolution is outlined in
the list of accomplishments and names of individuals given below.

Date Accomplishment or Event

ca. 30,000 B.C.

c a . 8 0 0 0 B . C .

c a . 6 0 0 B . C .

c a . 5 0 0 B . C .

c a . A . n A fi fi

c a . A . D . 1 4 0 0

A n 1 ^ 1 4

Use of hands and fingers to communicate numerical facts

Tally bones recovered from European sites
Clay tokens used in Babylonia for numerical record keeping
Abacus used in Classical Greece

Computing rods and counting board introduced in China
With the collapse of Imperial Rome, use of die column abacus dominates
European computing. In European setting evolves into a line abacus
computing table which remains in use until time of late Renaissance.
Quipu used by Inca people of pre-Columbian America
John Napier develops logarithms, invents Napier's rods for carrying out
multiplication
Edmund Gunter develops logarithmic scale basis for slide nile capable of
performing four basic operations
Wilhelm Schickard invents computing machine that can perform four
operations
Blaise Pascal builds gear-driven computer that can perform addition and
subtraction vn^ sbc-digit numbers
Got̂ ed Wilhelm Leibniz refines design of gear computer to include
"stepped cylinders" allowing for operation of multiplication and di>dsion
by repeated additions or subtraction.
Sir Samuel Morland invents multiplying machines in England
Joseph Marie Jacquard develops punch card input for textile looms
Thomas de Colmar standardizes design for mechanical computing



From the
Literature:

T H E D E V E L O P M E N T O F M O D E R N S T A T I S T I C S

Accomplishment or Event

Charles Babbage conceives of great computing en̂ nes capable of 26-cligit
computations. Babbage's designs incorporate specifications of modem
digital computers, i.e., input, processing unit, output.
Frank Baldwin obtains American patent for popular calculating machine
Konrad Zuse developes Z3, a relay calculator possessing 64 word memory
Automatic Sequence Controlled Calculator (ASCC) built at Harvard
Electronic Numerical Integrator and Computer (ENIAC) begins
operation at University of Pennsylvania, contains 18,000 vacuum tubes,
performs 360 multiplication/sec.
John von Neumann develops Electronic Discrete Variable Calculator
(ED VAC) at University of Pennsylvania.
Transistor developed at Bell Laboratories
U.S. Census Bureau accepts delivery of Remington Rand UNIVAC 1.
The computer contains 5000 vacuum tubes and performs 1000
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Cobol language introduced
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Basic language introduced
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UNIX operating system introduced
Edgar Codd proposes relational database model to IBM
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First pocket calculators appear
Microcomputers marketed
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Kenneth Appel and Wolfgang Haken resolve 4-color conjecture using a
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The Connection Machine developed by Thinking Machines Corporation,
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SINCE VERY EARLY TIMES, humans havc sought to simplify the tasks of numerical record
keeping and computation by using physical devices. These devices have varied gready in
scope and context from the adaption of personal body parts such as fingers and toes for
simple 1:1 tallying to the use of inanimate objects, notched sticks, and knotted cords for
numerical record keeping to the operation of complex mechanical and electrical machines
for scientific calculations. Today's high-speed digital computers can trace their origins to
the finger manipulations of our ancient ancestors. The path of this evolution is outlined in
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c a . A . D . 1 4 0 0
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Use of hands and fingers to communicate numerical facts

Tally bones recovered from European sites
Clay tokens used in Babylonia for numerical record keeping
Abacus used in Classical Greece

Computing rods and counting board introduced in China
With the collapse of Imperial Rome, use of die column abacus dominates
European computing. In European setting evolves into a line abacus
computing table which remains in use until time of late Renaissance.
Quipu used by Inca people of pre-Columbian America
John Napier develops logarithms, invents Napier's rods for carrying out
multiplication
Edmund Gunter develops logarithmic scale basis for slide nile capable of
performing four basic operations
Wilhelm Schickard invents computing machine that can perform four
operations
Blaise Pascal builds gear-driven computer that can perform addition and
subtraction vn^ sbc-digit numbers
Got̂ ed Wilhelm Leibniz refines design of gear computer to include
"stepped cylinders" allowing for operation of multiplication and di>dsion
by repeated additions or subtraction.
Sir Samuel Morland invents multiplying machines in England
Joseph Marie Jacquard develops punch card input for textile looms
Thomas de Colmar standardizes design for mechanical computing

T H E S E A R C H F O R C E R T A I N T Y

Accomplishment or Event

Introduction of Windows 3.0 by Bill Gates and Microsoft
Intel Pent ium released

Java Script development announced by Netscape
Netscape Navigator 2.0 released
IBM s Deep Blue beats Chess Champion Gary Kasparov
Linux Kernel 2.2.0 released important operating system in Unix
w o r l d

Apple releases Mac OSX
Edgar Dykstra dies—noted for shortest path algorithm (1956)
Sir Tim Berners-Lee knighted in recognition of creation of World
W i d e W e b
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Jam Written by our bots
Math 1A: Introduction to functions and calculus Sofia Bot, 2021

Lecture 32: Worksheet
This worksheet as well as the solutions was generated by Sofia, a bot written in the academic year 2003/2004 using

grant from the Harvard Provost together with Harvard students Johnny Carlsson, Andrew Chi and Mark
Lezama. At that time, people have laughed at the chat bot idea. Now it is big business: Google, Siri, Cortana,

Wolfram alpha: these are all AI bots which constantly become more and more sophisticated.

1 Di↵erentiate the following functions:
a) f(x) = 4(x+ tan(x))
b) f(x) = x4 + x
c) f(x) = 4(x+ log(x))

2 Integrate the following functions:
a) f(x) = 3
b) f(x) = �3 sin(x)
c) f(x) = 1� ex

3 Di↵erentiate the following functions:
a) f(x) = 0
b) f(x) = 3p

x

c) f(x) = x log(x) sec(x)

4 Integrate the following functions:
a) f(x) = 30x4

p
x5

b) f(x) = 3
⇣

1
x2 + ex + 1

⌘

c) f(x) = �e�x(x� 2)x

5 Match the following functions with derivatives:

a) b) c) d)

1) 2) 3) 4)

6 Find the critical points of the following functions:
a) f(x) = (x� 6)2

b) f(x) = (x� 8)(x� 7)
c) f(x) = (x� 6)(x� 5)2

1

Math 1A: Introduction to functions and calculus Sofia Bot, 2021

Lecture 32: Worksheet
This worksheet as well as the solutions was generated by Sofia, a bot written in the academic year 2003/2004 using

grant from the Harvard Provost together with Harvard students Johnny Carlsson, Andrew Chi and Mark
Lezama. At that time, people have laughed at the chat bot idea. Now it is big business: Google, Siri, Cortana,

Wolfram alpha: these are all AI bots which constantly become more and more sophisticated.

1 Di↵erentiate the following functions:
a) f(x) = 4(x+ tan(x))
b) f(x) = x4 + x
c) f(x) = 4(x+ log(x))

2 Integrate the following functions:
a) f(x) = 3
b) f(x) = �3 sin(x)
c) f(x) = 1� ex

3 Di↵erentiate the following functions:
a) f(x) = 0
b) f(x) = 3p

x

c) f(x) = x log(x) sec(x)

4 Integrate the following functions:
a) f(x) = 30x4

p
x5

b) f(x) = 3
⇣

1
x2 + ex + 1

⌘

c) f(x) = �e�x(x� 2)x

5 Match the following functions with derivatives:

a)

-4 -2 2 4

-300

-200

-100

100

200

b) -4 -2 2 4

0.5

1.0

1.5

2.0

2.5

3.0

c)

-4 -2 2 4

-1.5

-1.0

-0.5

0.5

d)

-4 -2 2 4

-4

-3

-2

-1

1

1)

-4 -2 2 4

-400

-200

200

400

600

2)

-4 -2 2 4

-2

2

4

6

3)

-4 -2 2 4

-1

1

2

4)

-4 -2 2 4

-1

1

2

3

6 Find the critical points of the following functions:
a) f(x) = (x� 6)2

b) f(x) = (x� 8)(x� 7)
c) f(x) = (x� 6)(x� 5)2

1



The End


