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SPAM

Cost: $10B in 
2007 (est.)1
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IDEA 1: Let’s be Rational
Viagra
Hydrocodone
Saudi Prince
Russian Marriage
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FILTER

Hydrocodone
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PROPOSITIONAL LOGIC
SYNTAX

Proposition Symbols: P, Q, ...

Examples: 
S: Email is spam
P: “Hydrocodone” is in email
Q: “          ” is in email
R: “Russian” is in email
T: “Marriage” is in email
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PROPOSITIONAL LOGIC
LOGICAL IMPLICATION

Proposition Symbols: P, Q, ...
Logical Connectives: ∧,∨,⇒,⇔,¬

implies: ⇒
P ⇒ S

“Hydrocodone” is in email implies the email is spam
for (all words in email)
if (word is “Hydrocodone”)
  label email as spam
quit
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PROPOSITIONAL LOGIC
OR

Proposition Symbols: P, Q, ...
Logical Connectives: ∧,∨,⇒,⇔,¬

∨or:

“Hydrocodone” or “           ” is in email implies the email is 
spam

P ∨Q ⇒ S

for (all words in email)
if (word is “Hydrocodone” or word is “       “)
  label email as spam
quit
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PROPOSITIONAL LOGIC
AND

Proposition Symbols: P, Q, ...
Logical Connectives: ∧,∨,⇒,⇔,¬

∧and:
P ∧Q ⇒ S

Both “Russian” and “Marriage” is in email, implies the 
email is spam
for (all words in email)
if (word is “Russian”)
for (all words in email)
if(word is “Marriage”)
  label email as spam
quit
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FILTER
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PROPOSITIONAL LOGIC
SYNTAX

Proposition Symbols: P, Q, ...

Examples: 
S: Email is spam
P: “Hydrocodone” is in email
Q: “          ” is in email
R: “Russian” is in email
T: “Marriage” is in email
N: “NYTimes.com” is in email
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PROPOSITIONAL LOGIC
NOT

Proposition Symbols: P, Q, ...
Logical Connectives: ∧,∨,⇒,⇔,¬

not:

Both “Russian” and 
“Marriage” is in email and 
“NYTimes.com” is not in 
email, implies the email is 
spam

for (all words in email)
if (word is “Russian”)
for (all words in email)
if(word is “Marriage”)
for (all words in email)
if(word is “NYTimes.com”)
quit

label email as spam
quit

P ∧Q ∧ ¬N ⇒ S

¬
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TRUTH TABLE

FALSE FALSE TRUE FALSE FALSE TRUE TRUE

FALSE TRUE TRUE FALSE TRUE TRUE FALSE

TRUE FALSE FALSE FALSE TRUE FALSE FALSE

TRUE TRUE FALSE TRUE TRUE TRUE TRUE

P Q ¬P P ∧Q P ∨Q P ⇒ Q P ⇔ Q
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LOGICAL IMPLICATION REVISITED

P ⇒ S

antecedent consequent

“Hydocodone” 
is NOT in email Email is NOT spam VALID

“Hydocodone” 
is NOT in email Email is spam VALID

“Hydocodone” 
is in email Email is NOT spam INVALID

“Hydocodone” 
is in email Email is spam VALID

P ⇒ S
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TRUTH TABLE

FALSE FALSE TRUE FALSE FALSE TRUE TRUE

FALSE TRUE TRUE FALSE TRUE TRUE FALSE

TRUE FALSE FALSE FALSE TRUE FALSE FALSE

TRUE TRUE FALSE TRUE TRUE TRUE TRUE

P Q ¬P P ∧Q P ∨Q P ⇒ Q P ⇔ Q
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INFERENCE
((P ∨Q) ∧ ¬Q) ⇒ P

FALSE FALSE FALSE FALSE TRUE

FALSE TRUE TRUE FALSE TRUE

TRUE FALSE TRUE TRUE TRUE

TRUE TRUE TRUE FALSE TRUE

(P ∨Q) ∧ ¬QP ∨QP Q ((P ∨Q) ∧ ¬Q) ⇒ P
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INFERENCE RULES
1. Modus Ponens (or Implication-Elimination)

α ⇒ β,α

β
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INFERENCE RULES
2. AND-Elimination

α1 ∧ α2 · · · ∧ αn

αi
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INFERENCE RULES
3. AND-Introduction

α1,α2 · · · ,αn

α1 ∧ α2 · · · ∧ αn
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INFERENCE RULES
4. OR-Introduction

αi

α1 ∨ α2 · · · ∨ αn
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INFERENCE RULES
5. Double-Negation Elimination

¬¬α
α
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INFERENCE RULES
6. Unit Resolution

a ∨ β,¬β
α
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INFERENCE RULES
7. Resolution

a ∨ β,¬β ∨ γ

α ∨ γ
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INFERENCE RULES
1. Modus Ponens

2. AND-Elimination

3. AND-Introduction

4. OR-Introduction

5. Double-Negation Elimination

6. Unit Resolution

7. Resolution
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PROP. LOGIC?
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Burkina Faso

formerly
République de Haute-Volta

Thursday, August 26, 2010



TRUTH TABLE
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IDEA 2

promotion

bonus

lucky

fortune

lotto

$1,000,000
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WEIGHTED SUM

�
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w1x1 + w2x2 + · · ·+ wnxn

w1x1 + w2x2 + · · ·+ wnxn ≥ τ

Threshold
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WEIGHTED SUM
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CLASSIFICATION
w1x1 + w2x2 + · · ·+ wnxn ≥ τ

x =





x1

x2
...
xP




w =





w1

w2
...

wP





wTx =
�
w1 w2 · · ·wP

�





x1

x2
...
xP





wTx+ w0 ≥ 0

= w1x1 + w2x2 + · · ·+ wnxn ≥ −w0

w1x1 + w2x2 + · · ·+ wnxn ≥ −w0
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LINEAR CLASSIFIER
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LEARNING
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Neuron

axon

dendrite

soma
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Action Potential

ThresholdStimulus Current

Membrane Potential
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Synapse

Presynaptic cell

Postsynaptic cell

~10,000 synapses
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Neuron

axon

dendrite

soma

Thursday, August 26, 2010



GRAPHICAL MODEL
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Model

�
τ

Thursday, August 26, 2010



WEIGHTED SUM
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“You, your joys and your sorrows, 
your memories and your ambitions, 
your sense of personal identity and 
free will, are in fact no more than the 
behaviour of a vast assembly of 
nerve cells and their associated 
molecules”

--- Francis Crick, 1994

The Astonishing Hypothesis
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Weak Stimulus

Threshold
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Medium Stimulus

Threshold
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Strong Stimulus

Threshold

Information is in timing and frequency
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Types of Neurons

• Inter Neurons: activated by other 
neurons

• Sensory Neurons (Afferent Neurons): 
activated by light, sound, smell, taste, 
or touch

• Motor Neurons (Efferent Neurons): 
axons connect to muscles
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PERCEPTION COGNITION ACTION

MEMORY
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Central Nervous System

Figure Credit: Galen Price
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Figure Credit: Howard Florey Brain Research Institute

Cerebrum

Cerebellum

Brain Stem
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Triune Brain Theory
(Controversial)

Figure Credit: J. Arthur Thomson

Figure Credit: Paul MacLean
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Frontal Lobe
(Executive)

Parietal Lobe
(Sensing, Spatial)

Temporal Lobe
(Audio Sensing, Memory)

Occipital Lobe
(Visual Sensing)
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Figure Credit: E. Bruce Goldstein
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Phantom Limbs
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OCCIPITAL LOBE
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Figure Credit: Psychology: An Introduction, Charles G. Morris, Albert A. Maisto

Cerebral Hemispheres
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Corpus Callosum

Laurence Kim Peek
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Corpus Callosum

The “communication highway” 
between the two haves of of the brain

200 million fibers 
processing several billion bits/sec

Figure Credit: Howard Florey Brain Research Institute
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Corpus Callosum
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Split-brain Syndrome
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Fusiform Gyrus

Prosopagnosia: Face Blindess
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LIMBIC SYSTEM

• Forming memories

• Experiencing pleasure

• Emotion and motivation
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Amygdala

Emotion Processing and Memory

Figure Credit: Psychology: An Introduction, Charles G. Morris, Albert A. Maisto

Capgras Syndrome
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Hippocampus

Henry Gustav Molaison (H.M.)

“Every day is alone in itself --- whatever enjoyment 
I’ve had and whatever sorrow I’ve had.”
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Memory

Skills 
and 

Habits

Figure Credit: Squire and Zola-morgan, Science, 1991

Nondeclarative
(Implicit)

Declarative
(Explicit)

Nonassociative 
Learning

Simple 
Classical 

Conditioning
Priming

Medial Temporal 
Lobe

Other brain memory 
systems

Events
(Episodic)

Facts
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CEREBELLUM
Cerebrum

Cerebellum

Brain Stem

Basic Motor Function
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BRAIN STEM

• Information conduit (cranial nerves)

• Regulation of critical brain function

• Cardiovascular system

• Respiratory system

• Pain sensation

• Grand Mal Epilespy

Cerebrum

Cerebellum

Brain Stem
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Center for Neural Basis of Cognition (CMU-Pitt)

Center for Cognitive Brain Imaging (CMU)
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REVIEW

• Propositional Logic

• Introduction to Linear Classification

• Introduction to Neural Networks

• Overview of brain functions
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Paper Reading Assignment

• 5% of overall grade

• Lightning session on October 21st

• 1.5 minute overview of paper

• Criteria for grading:

• Algorithmic Explanation: Input, Output, Process (~1 minute)

• Why is this paper interesting: application or elegance (~15 sec)

• How can I improve this? (~15 sec)

• How interesting is the paper

• Based on the content of your selection we will assign a reading 
mentor who can discuss the paper with you
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Paper Reading Assignment

1. Association for the Advancement of Artificial Intelligence (AAAI)

• http://www.aaai.org [AAAI 2010]

2. International Joint Conference on Artificial Intelligence (IJCAI)

• http://ijcai.org/ [IJCAI 2009]

3. Neural Information Processing Systems (NIPS)

• http://nips.cc/ [NIPS 2010]

4. Conference on Computer Vision and Pattern Recognition (CVPR)

• http://cvl.umiacs.umd.edu/conferences/cvpr2010/ [CVPR 2010]

5. International Conference on Robotics and Automation (ICRA)

• http://icra2010.grasp.upenn.edu/ [ICRA 2010]
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Paper Reading Assignment

• Select a paper from one of these conferences by September 23rd

• Email: yaser [at] cs.cmu.edu 

• Make sure the title has the words in the Subject: “AI 15-381”
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SPAM

AI 15-381
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