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Example:  Archeology


Temporal reasoning is 
a very old discipline.
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Example:  Archeology (Seriation)
A paleontologist wants to determine the relative span of existence of the species: 
Brontosaurus, Parasaurulophus,
 Stegosaurus and Tyrannosaurus

His assumptions:  Partial information about their position on the time-line.
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously

 
B 
B
P
P
OR
Disjoint intervals
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously
P  perished before  S  emerged


P
S
 Disjoint and Before
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously
P  perished before  S  emerged
S  emerged before  T 
		and perished not after it 
S
T
OR
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously
P  perished before  S  emerged
S  emerged before  T 
		and perished not after it 
Either P  perished before T emerged 
		or P emerged when T perished 
T
OR
P
P
T
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously
P  perished before  S  emerged
S  emerged before  T 
		and perished not after it 
Either P  perished before T emerged 
		or P emerged when T perished 
B  emerged and perished during T’s time
T
B 
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Example:  Archeology (Seriation)
B  and  P  did not exist simultaneously
P  perished before  S  emerged
S  emerged before  T 
		and perished not after it 
Either P  perished before T emerged 
		or P emerged when T perished 
B  emerged and perished during T’s time

QUESTION: Is there a scenario satisfying all of the assumptions?
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Puzzles with Temporal Clues


Second voyage was 
longer than the first 

The 1534 expedition did not last ten months

More than ten years later after Zanzia

The seven month voyage was not the last

The Zanzia mission was not the shortest

The 1550 voyage was not as long as the Benita voyage

ASIAN'04 (Chiang Mai)  8 Dec 2004



News Reports with Temporal Clues


On the 20th anniversary of the Watergate break-in, Mike Wallace (CBS television) said,
he had eliminated Alexander Haig and several others from consideration as being Deep Throat because each had been abroad on at least one date when Woodward reported a meeting to have taken place.
Example of Spatial and Temporal Conflict
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Issues in Temporal Reasoning
	Chronology of a Story

Reporting events in the order they happen
	Temporal Information on Actions

10 years ago; in 1845; at midnight
	Temporal Clues – expressions like

before; after; together with
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A Mystery in the Library
Six professors had been to the library on the day that the rare tractate was stolen. 
Each had entered once, stayed for some time and then left. 
If two were in the library at the same time, then at least one of them saw the other. 

Detectives questioned the professors and gathered the following testimony: 
The Berge Mystery Story:
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A Mystery in the Library
	Abe said that he saw Burt and Eddie 
	Burt reported that he saw Abe and Ida 
	Charlotte claimed to have seen 

		Desmond and Ida
	Desmond said that he saw Abe and Ida
	Eddie testified to seeing Burt and Charlotte
	Ida said that she saw Charlotte and Eddie

The Facts:
One of the Professor LIED !!  Who was it?
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Solving the Mystery


The Testimony Graphs
We know there is a lie, since  {A, B, I, D} is a chordless 4-cycle.
cycle
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Intersecting Intervals cannot form Chordless Cycles


Burt
Desmond
Abe
No place for Ida’s interval:  
	It must hit both B and D but cannot hit A.
		Impossible!
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Solving the Mystery


There are three of them:
	{A, B, I, D}	{A, D, I, E} 	{A, E, C, D}

Burt is NOT a liar:  He is missing from the second cycle. Ida is NOT a liar:    She is missing from the third cycle. Charlotte is NOT a liar:  She is missing from the second. Eddie is NOT a liar:  He is missing from the first cycle. 

WHO IS THE LIAR?   Abe  or  Desmond	
One professor from the chordless 4-cycle must be a liar.
If Abe were the liar and Desmond truthful, then {A, B, I, D} would 
remain a chordless 4-cycle, since B and I are truthful. 
	Therefore:  Desmond is the liar.
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What is Temporal Reasoning?
	A knowledge base consisting of temporal and other information.
	A mechanism for determining consistency of temporal data.
	Routines for answering queries and discovering or inferring new facts.

A system to reason about time should have: 
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Interval Graphs
	The intersection graphs of interval on a line.

Task 4
Task 5
1
2
3
4
5
The interval graph G

Jan
Feb
Mar
Apr
May
Jun
July
Sep
Oct
Nov
Dec
Phase 1
Phase 2
Phase 3
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Applications of Interval Graphs
	Genetics
	Scheduling 
	Artificial intelligence
	VLSI design
	Computer storage 
	Frequency assignment
	More …
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Scheduling Example
	Lectures need to be assigned classrooms at the University.

Lecture #1:    9:00-10:15
Lecture #2:  10:00-12:00
etc.
	Conflicting lectures  Different rooms
	How many rooms?
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Scheduling Example



ASIAN'04 (Chiang Mai)  8 Dec 2004



Scheduling Example


	The interval graph and 
	its complement (disjointness).
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Tolerance Graphs
Our example requires 4 rooms.  
What if we have only 3 rooms?
	Cancel lectures?  Show some tolerance?

Solution: Lectures c and f agree to overlap by an hour (or c ends 30 minutes early and f begins 30 minutes late).
The tolerance graph eliminates the edge (c,f).
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Tolerance Graphs
	Def : an undirected graph G = (V,E)  is a tolerance graph if there exists:

I = {Iv | v  V }	Set of intervals
T = {tv | v  V }	Their tolerances
such that:
(x, y)  E  |Ix  Iy |  min (ty ,  tx)
	Tolerance graphs generalize 

	Interval graphs (tv= ; special case)
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The Heirarchy of Graph Classes


Perfect graphs
Tolerance
Co-TRO
TRO
Bounded tolerance = parallelogram






Permutation 

Interval  


Trapezoid


ASIAN'04 (Chiang Mai)  8 Dec 2004


Qualitative Temporal Reasoning
	Problems that make no mention of numbers, clock times, dates, etc. 
	Use relations such as before, during, after or not after between pairs of events. 
	Propagation of constraints between pairs of events
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Example: Goldie and the Four Bears
Once upon a time there were four bears, Papa bear, Mama bear, Baby bear and Teddy Bear. Each bear sat at the table to eat his morning porridge, but since there were only two chairs (the third chair was broken in a previous story), the bears had to take turns eating. 
Baby and Teddy always ate together sharing the same chair, and on this day Mama was seated for part of Baby bear's meal when the door opened and in walked their new neighbor, Goldie.
“What a great aroma,” she said. “Can I join for a bowl?”  Mama replied, “Sure, but you will have to wait for a chair!” 
“Yeah, I know all about chairs,” said Goldie. So Goldie sat down when Baby and Teddy got up.
Papa entered the kitchen. Looking at Mama he said, “`I wouldn't sit at the same table with that girl.” Mama answered, “Then it's good you ate already.” 
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Example: Some questions to ask
	Could Papa and Baby both be at the table together?
	Could Papa and Mama both be at the table together?
	Could Papa have spent some time at the table with both Baby and Mama?
	Did anyone sit at the table with Goldie?
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Facts from the Story:
	Only two chairs 

		(Spatial not temporal information.)
	IB  IM : Mama and Baby seated when the door opened.
	IB IG : Goldie sat down when Baby got up.
	IP IG : Papa ate before Goldie.
	IM  IG : Papa to Mama (seeing her seated): 

		“I wouldn't sit ... with that girl.”
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The Constraint Graph


Generalizes the interval graph


The labels have more information.

What new information can we deduce?
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The Constraint Graph


Propagation deletes
some impossibilities
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Complexity of Testing Consistency


The Interval Satisfiability Problem (ISAT)
	  ISAT is NP-complete even when we have only labels 	{, , }  (Golumbic & Shamir, 1993)

	 or {, , }  (Webber, 1995)
	  ISAT is linear when we have only labels 	

	 {, , , , , }
	 or {, , , }  (Golumbic & Shamir, 1993)
	  ISAT is O(n3) when we have only labels 	

	 {, , , }  (Golumbic & Shamir, 1993)


ASIAN'04 (Chiang Mai)  8 Dec 2004


Allan’s Temporal Interval Algebra
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Thank you
Thank you to the organizers of ASIAN’04 for the invitation to deliver this lecture honoring Jean-Louis Lassez whose contributions to the fields of automated reasoning, constraints and logic programming have influenced the careers of many researchers.
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