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Karma Lectures This Week

Tu, Feb 12 

4:15
Gates G01

“Learning How to Say It: Language 

Generation and Deep Learning”

Alexander “Sasha” Rush 

Harvard University

Natural Language, Machine Learning

Th, Feb 14 

4:15
Gates G01

“Augmenting Imagination: Capturing, 

Modeling, and Exploring the World 

Through Video”

Abe Davis

Stanford University

Computer Vision and Graphics, Machine Learning

Fr, Feb 15 

12:20

Goldwin Smith 

Hall G76 Lewis 

Auditorium

TBA
Josh Tenenbaum

MIT

Cognitive Science, Machine Learning

Fr, Feb 15 

3:30
Gates G01

“The Environmental Impact of the Advent 

of Online Grocery Retail”

Elena Belavina

Cornell University

College of Business

Environmental impact of technology



Just for Interest

Blindspot: Hidden Biases of Good People

Mahzarin Banaji, Harvard University

Today 3:30-5, Statler Auditorium 



Homework 2

Out today, due Monday 1:24pm



Lunches with the Professor

• Mondays 12-1pm

• 9 people

• First-come first-served

• https://doodle.com/poll/qmi3irx93hkg3pbn (and off the course 
webpage)

https://doodle.com/poll/qmi3irx93hkg3pbn


Lunches with the Professor

• Mondays 12-1pm

• 9 people

• First-come first-served

• https://doodle.com/poll/qmi3irx93hkg3pbn (and off the course 
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The Turk
Automaton Chess Player

1770-1854



Leonardo Torres y Quevedo
“El Ajedrecista”

Rook-King vs King endgame
Hardcoded rules

Recognized illegal moves

1912



1948/1951/1953

Alan Turing
Turochamp

Two-move lookahead
Evaluation function

One level “minimax”
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1948/1951/1953

Alan Turing
Turochamp

Two-move lookahead
Evaluation function

One level “minimax”



Game tree “minimax” search



Game tree “minimax” search



1959

Improving play
by learning
Book games

Self-play



1989

Function approximation
for evaluation function

Repeatedly simulate games
(dealing with dice)



Minimax Value of a Game

• I win = +

• I lose = − My Turn

Terminal Nodes-  - +
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Minimax Value of a Game

• Current state: s

• Available operators: ops

• Value of a state: V(s)

• My turn:
• Value of state s = V(s) = max

oops
{V apply s, o }

• Best move = = argmax
oops

{V apply s, o }

• Opponent’s turn:
• Value of state s = V(s) = min

oops
{V apply s, o }

• Best move = = argmin
oops

{V apply s, o }
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Minimax Value of a Game

• Current state: s

• Available operators: ops

• Value of a state: V(s)

• My turn:
• Value of state s = V(s) = max

oops
{V apply s, o }

• Best move = = argmax
oops

{V apply s, o }

• Opponent’s turn:
• Value of state s = V(s) = min

oops
{V apply s, o }

• Best move = = argmin
oops

{V apply s, o }



Minimax Algorithm

Initial call:

• If I go first: minimax(initial-state,ops)

• If opponent goes first: maximin(initial-state,ops)



Minimax Algorithm

minimax(s,ops):

if terminal(s) then return V(s)
else

val -;
foreach o  ops

val’ maximin(apply(s,o),ops);
if val’ > val then val val’; bestop  o;

return val
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Minimax Search

• Complete search:
Generally intractable to go all the way to terminal nodes

• Key idea (Shannon’s idea):
Use a function V(s) that applies to intermediate states and returns a 
number that estimates the value of s



Minimax Algorithm
(Complete  Search)

minimax(s,ops):

if terminal(s) then return V(s)
else

val -;
foreach o  ops

val’ maximin(apply(s,o),ops);
if val’ > val then

val val’;
bestop o;

return val

maximin(s,ops):

if terminal(s) then return V(s)
else

val +;
foreach o  ops

val’ minimax(apply(s,o),ops);
if val’ < val then

val val’;
bestop o;

return val



Minimax Algorithm
(Heuristic Search)

minimax(s,ops,depth):

if cutoff(s,depth) then return V(s)
else

val -;
foreach o  ops

val’ maximin(apply(s,o),ops,depth+1);
if val’ > val then

val val’;
bestop o;

return val

maximin(s,ops,depth):

if cutoff(s,depth) then return V(s)
else

val +;
foreach o  ops

val’ minimax(apply(s,o),ops,depth+1);
if val’ < val then

val val’;
bestop o;

return val

Initial call:
• If I go first:                     minimax(initial-state,ops,0)
• If opponent goes first: maximin(initial-state,ops,0)



Minimax Value of a Game

My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors

…

…… …
… ……

Can be continued arbitrarily deeply

My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors



Minimax Value of a Game

My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors

- 5 +4 + 1 - 6 - 4 - 2 + 6 - 3 - 6

Use heuristic evaluation function



Minimax Value of a Game

My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors

- 5 +4 + 1 - 6 - 4 - 2 + 6 - 3 - 6

- 5 - 6 - 6

- 5

Use heuristic evaluation function



Alpha-Beta Pruning

New idea to improve efficiency:

Can prune branches that are guaranteed never to be used

(Analogous to returning False for And(x1,x2,…)after you reach the
first xi that evaluates to  False, without evaluating the remaining terms)
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My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors

- 5 +4 + 1 - 6 - 4 - 2 + 6 - 3 - 6

- 5 ≤- 6

XX

This is guaranteed to be a better move than this
regardless of what results from the other actions



Alpha-Beta Pruning

My Turn
V(s) = Max of successors

My Opponent’s Turn
V(s) = Min of successors

- 5 +4 + 1 - 6 ? + 6 - 3 - 6

- 5 - 6

- 5

XX
≤- 6

?


