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Intreduction

Wealthr off travel-related data availlable enline

Welh provides unprecedented aceess 1o
Infermation| te end USers

AbUndance o computing PowWer availakie

We' can exploit these three factors to:
s Suppert better planning of travel
s Provide: real-time moenitoring of travel plans

n EXploit data mining technigues ter minimize prokliems
and cost
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Problem:
Information Not in a Usable Format

\Webi pages: are intended fier human consumption

Wehisenvices and XML are designed 1o selve this
problem), buit net avallakle fier most data

Need to) tuim these online SOUKCES) Into, agent-
enanled* seurces

a SUppert datanase like guerying By a sefitware: agent

= Return information In a structured format, such as
XML
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Wirappers for Live Access
to Online Sources

Wrapper
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Leaming a Wirapper

- - Inductive

Labeled Pages Learning

/ﬂ\ mm) System

EC Tree
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Status

Almoest any: soeurce on the Webican be turmead
NG an agent-enabled seurce

x [1me e construct a Wrapper ranges firom: a few.
minUtes to a fiew Aours

s [eols are easy to learn

Makes; It pessible torexploit the huge amoeunt of
IRfiermatien; availanle enline

Wirapper learning technoelegy. hasi heen licensed
10 Fetch Ffechnolegies, WhIch has a cemmercial
product availanle
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Interactive Tiip: Planning

Current systems; provide suppoert te select flights, hotels
and cars

s [ntegrates the planningl at the level of dates and lecations

There are many more: fiactors invelved in planning a tmHp
Which airponts te fily interandl eut of

Whether te drive or take a taxi 1o the alrpoert

IHoW, te get form the airport te the destination

Proximity eii hetel to meeting

m Efc...

ldeally’ a system; will
s Provide all of the data reguired to make these decisions
s Previde a way: to consider the tradeofifs of the various choICes

Craig Knoblock University ofi Southern California
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Heracles Constraint-hbased Planning

Eramewerk for bullding Integrated
applicatiens

Extract and Integrate data for a given| task

x Live access toronline seurces using the
WIra[BPErs

Constraint-based decides What SOUrces to
guenry anahew: 1o Integrate the results

= [ight Integration off USEr ChBICES

Craig Knoblock University ofi Southern California




Travel Planner
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Pynamically: Updates; Slots as Ris

|nformation Becomes Available

&
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Supports Informe
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d Choices
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Propagates Change
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User Can Specify
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Constraint Network: Drive or Taxi?

Mar 15, 2001 DestinationAddressI

DepartureDate| CgetDistance)

Mar 18, 2001 OriginAddress
ReturnDate |
15.1 miles

GindCIosestAirporD Distance|

DepartureAirport| (getTaxiFare)

CcomputeDuration)

Duration |

@etParkingRate)
TaxiFare|

multiply parkingRate|

parkingTotal ) GelectModeToAirporD ModeToAirport\
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Summary.

Integration off Wide: range: of data firem
many. different Sources

gt Integration of data using censtiaints

10 capture the' dependencies

Slpperts Petter decision making
s EGsSy 10 consIder CoStS 6ff SPECIfic CIABICES

s EGSy to compare: tradeofits

Craig Knoblock University ofi Southern California
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Agents fier Monitoring Travel

Many, epportunities and pessible prokliens can arise
durng travel

Current envirenment:
= \Wide access e data
s Abundance of computer resources
= Avallability: eff cell' pliones and pertakle computers

Makes It possible to moniter all aspects ofi a trip

Create persenal assistants that meniteryour travel plan
([0

= exploit opportunities

= avoeid proklems

Craig Knoblock University ofi Southern California
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Automatically: Configuring Agents

Monitoring Tasks

Monitor

Flight Status

Status

Monitor
Flight
Schedule

Monitor
Earlier
Flights

Monitor
Connecting
Flights

Monitor
Airfare

(® Monitor Flights|
_ Stop Monitoring

FO3B128516 D 7034948462 D

MNotify Hotel (Fax) Motify Car Rental Counter (Fax)

Active El Active El Active El Active El

Cuthound flight 1 Cuthound flight 2 Inbound flight 1 Inbound flight 2

Active |I|

Status

Active |I|

Status

Active D Active D

Status (Outbound) Status (Inbound)

® Monitor Schedule

) Stop Monitoring

@ Monitor Earlier Flights
_» Stop Monitoring

® Monitor Connecting Flights
_» Stop Monitoring

5 : D ® Monitor Airfare
ecrease only
) Stop Monitoring

Active Il

Mode _ Status
Airfare



Agents Deployed tor [e cairo
Monitor Tiravel ltinerary
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B e skl 0
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L=

Flight Prices & : g : aem— 92 20 SN Restaurants
Schedules et

Flight Status
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Actual Messages Sent: Le cairo

Elight=Status Agent:

n Elightrdelayedimessaee:
Your United Airlines flight 190 has been del ayed.

It was originally scheduled to depart at 11:45 AM
and i s now scheduled to depart at 12:30 PM

The new arrival tinme is 7:59 PM

ElighECanCEEdNMESSAE:
Your Delta Air Lines flight 200 has been cancell ed.

EaX e GLEINMESSEI0E:
Attention: Registration Desk

I am sendiing this nessage on behalf of David
Pynadat h, who has a reservation at your hotel. David
Pynadath is on United Airlines 190, which is now
scheduled to arrive at |AD at 7:59 PM Since the
flrght wiltl be arriving llate, | would li'ke to reguest
that you Iindicate this Iin the reservation so that the
foom IS net gl ven away.

Craig Knoblock University ofi Southern California 25
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Actuall Messages Sent (cont.)

AlldarerAgent:rAlHae GepPPECNITIESSETE
The airfare for your Anerican Alrlines Iitinerary

(1 AD - LAX) dropped to $281.
EaieiEEIghtAGERE EarEr fiIgiSHTESSEAgE

The status of your currently scheduled flight is:

# 190 LAX (11:45 AM - |AD (7:29 PM 45 m nutes Late
|f you would like to return earlier, the foll ow ng
United Airlines flights will arrive earlier than your
schedul ed fli ghts:

# 946 LAX (8:31 AM - IAD (3:35 PM 11 m nutes Late

# 388 LAX (9:25 AM) - DEN (12:25 PM 10 minutes Late
# 1534 DEN (1:20 PM) - | AD (6:06 PM) On Tinme

Craig Knoblock University ofi Southern California




Challenges in Building| ke cairo
Monitoring Agents

Problem

= Information; gatnenng may: Involve: acecessing and
Integrating data freni many: SOUKCES

a [etal time' te execute these plans may be large

\WhRN?
n Slew remote seurces
» Unpredictable’ network latencies

a Binding| patterns

Source cannot be gueried until'a previeus query. has heen
answered

s Result: execution Is often 1/O-bound

Craig Knoblock University ofi Southern California




@ Cairo

Theseus Agent Execution System

Plapfianguagerandrexecution systemiier Wel=inased

InfermationlIntegration
s EXpressive eneugh for monitoring| a variety: of Soulces
s Efficient enough for real-time: moeniterng

Input Data Plan

01010101010110 PLAN myplan {
/ 00011101101011 INPUT: x
" °‘ 11010101010101 OUTPUT: y

-’ BODY {

(O)
é }Op(X'y)
y/ }

%@_ﬁ’ Theseus P
\ Executor
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Streaming Datafiow

Plans censist of a network: off operators
n Examples: \Wrapper, Select, etc.

x Operatoers preduce andfconsume: data

a Operaters “fire” Upoen; any iInput data

Input relation - Output relation

100 Main St., Santa Monica, 90292 |
520 4th St. Santa Monica, 90292
2 Ocean Blwvd, Venice, 90292

Santa Monica CA 200000

'_

Craig Knoblock University ofi Southern California




Current Work @ Cairo

Challenge: How! te buildi menitering agents withoui
the need te program: them?

Werare developingl an agent wizard that leads the
USEr threughi a seres of guestions and then: puids
the reguired agent

fa Agent Wizard

FPlease select the WrapperPlan
which you want to use

| House Search Wrapper
House SearchWrapper — Enter @ inpubs far Gec oderiagoer
ITA Wrapper LADDRESS | OfmerPan | House |
2. CITYSTATE Other Phan = |

Search: asdress -
Hanuse Search : citystate v |

1 CoUNTEY | Constant gt |15

| Bachk | Specify Fe Condfions you wanl fo check far

‘Gantoger | Lathade’ = PEan ngel | fen i BHD
Fencoder : Lathade’ L] Fran Inpast : masc_hat AND
‘Fant ooer | Longiuda’ ] Flan Input - min_loa &riD

Goncode ; Longiluds "'. I hﬂ“ﬂw - ||||n_|.:r‘

Craig Knoblock _ww | on |
| Bk | Med
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MIRINGFORIIE SOUCESHLer @plmiZzENNEVE]

Conclusions
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Mining Online: Seurces, te
Optimize Travel

Wealth eff enline: data prevides many.
eppertunIties for data mining
TWwWo examples:

x Predicting flight delays from historical flight
delays and Weather forecasts

s Predicting airline prices to: minimize cost

Craig Knoblock University ofi Southern California




Predicting Weather-related »——

Elight Delays

T
argol ==

Historical Flight

“'E" |5 1% | & (e
- ey ey ey he aen

aeeeam e DO ES BF
e Tniursst ien

S SICUEIRUEEEWEIEN Delay Predictor
Data

: Craig Knoblock

University ofi Southern California

Prediction

You requested the following

w AIRLINE USAIR
s SEASON2
& DEPART CITY ORL—orlando
™ Fﬂﬁm HOUR15
a DEPART DAY Sat
» ARRIVE CITY O
a ARRIVE HOUR1T
» ARRIVE DAY Sat

|The resulting prediction for f.ruur ﬂtght

Prediction 'l'_r:mﬁ'd'ﬂtr.e N
ONTIME

ﬂwﬁmfi
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Predicting; Aidine Prices

American Airlines flights192 & 223,
LAX-BOS, departingonJan. 2 &9

250 I I I I I
12/8/2002 12/13/2002 12/18/2002 12/23/2002 12/28/2002 1/2/2003  1/7/2003

Date
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Hamlet: 1o Buy or Net to: Buy.

Collected airline flight data over several montias

Developed: a leaming algorthml te: predict Whether
10 BUY. Immediately’ e wait tor by a ticket

EXplolts the fiact that airline prcing Is dene with a
relatively: static, buit Unknewn: algeritham

PrCING can be learned by censidering the prceing
On the same flight on previeus days

Craig Knoblock University ofi Southern California
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Data Set

Extracted data fremi enline seurces Using
WiraPPErS

Collected over 12,000 price elhservations:

» [Lowest available fare for a ene-Week
feuUndirip

s LAX-BOS and SEA-1AD
s 6 alrlines including American, United, etc.
n 21 days before each flight, every 3 hours

Craig Knoblock University ofi Southern California
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Learming Algoerthm

Stacking withl three base learmers:
1. Rule learning (Ripper) (e.g., R= )
2. Time series

5 Q-learning (e.g., @=Hu))
RIPPEr Used as the meta-level learmer:.
Output: classifies each decision: polnt as

0f

Craig Knoblock University ofi Southern California
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Experimental Results

Real price data; Simulated passengers
Learner run enee per day on “past data*

Execution: lanel eachr purchase: peint unti
pUY. (or sell out)

Compuite savings' (or loss)

Craig Knoblock University ofi Southern California
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Savings by. Method

«Savings over “buy now”.
Penalty for sell out = upgrade cost.
Total ticket cost is $4,579,600.

Method Savings Losses  Upgrade Cost % Upgrades Net Savings % Savings % of Optimal
Optimal $320,572 $0 $0 0% $320,572 7.0% 100.0%
By hand $228,318 $35,329 $22,472 0.36%  $170,517 3.8% 53.2%
Ripper $211,031  $4,689 $33,340 0.45%  $173,002 3.8% 54.0%
Time Series $269,879  $6,138 $693,105 33.00% -$429,364 -9.5% -134.0%
Q-learning $228,663 $46,873 $29,444 0.49%  $152,364 3.4% 47.5%
Hamlet $244,868  $8,051 $38,743 0.42% $198,074 4.4% 61.8%

Craig Knoblock University ofi Southern California




$350,000
$300,000
$250,000
$200,000
$150,000
$100,000

$50,000

$0

Craig Knoblock

Savings by Method

Net Savings by Method

3.8% 3.8%

University ofi Southern California

Legend:

B Time Series
@ Q-Learning
@ By Hand
@ Ripper

Bl Hamlet

] Optimal
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Upgrade: Penaity.

Optimal |  s0] 0%

Craig Knoblock University ofi Southern California




Savings on o
“Eeasible” Elights

2490 of the tine savings, possible

Comparison of Net Savings (as a percent
of total ticket price) on Feasible Flights

Craig Knoblock University ofi Southern California




@ Cairo

Conclusions

The Welb provides Unprecedenteal access to data

Bulldiwirappers e turn these SeUrrces Inte agent-enahied
SOUKCes

Combine these seurces te bulldian integrated travel
planning system

Automatically’ generate a set ofi agents te moniter all
ASPEcts of a travel plan

Mine the data seurces te advise a tiraveler akhout prices,
chances of delays, etc.

There are many: more: uses ofi this widely: availanle data...

Craig Knoblock University ofi Southern California
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More Information

Emailk:
kKnohleck@is!.edu

Papers: availanle firom: my: hemepage:
it //AWAWWL ST eaU/—Knoklock

Craig Knoblock University ofi Southern California
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RIPREr

* Features Include price, airline, route, hours-
before-takeoff, etc.

e[_earned 20-30 rules...

Craig Knoblock University ofi Southern California
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Simple Time Series

Predict price using| a fixed windew: of A
PriCe ohServatiens Welghted: by a:

We Usedl alineary/ increasing functien for
of

Craig Knoblock University ofi Southern California




@ Cairo

Q-leaming

Natual it torpreblem
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