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Information agents

« Automate the querying of data networks (e.g., the Web)

— Gather, combine & process data from multiple remote sources
(e.g., Web sites)
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« Sample information agent task:
— Buying a used car: safety ratings and reviews for certain criteria

— Example:
« 2002 Midsize coupe/hatchbk, $4K-$12K, no Oldsmobiles




The Carlnfo agent

1. Locate cars that

meet criteria
- Edmunds.com

2. Filter out
Oldsmobiles

Edmunds@ S-E‘H'E MDI‘IE}F Free Price Quotes Financing As Low As 2.89% APR

where smart car buyers start®

HOME NEW CARS USED CARS CAR REVIEWS TIPS & ADVICE OWNERSHIP CAH

Used Car Pricing: Midsize CoupeiHatchbacks SO OB X

12 vehicle(s) found [Midsize =] EI

Browse All Models

ACURA COUPE/HATCHBACKS See all Acura models
2002 Acura CL Midsize CoupeHatchback

TMV® Dealer Retail: $20,789- $22 638
Pros: Powerful ¥E engines, lavish standard features list, comfortable cabin, greatvalue.
Cons: Interior trimmings lack refinement, rough ride from Type-5 suspension, front-

Editars' Rating wheel drive, no manual transmissian,
FOEEN ] what Edmunds.com says: [fyou are looking for a luxury coupe for about $30,000, you'll
Conzumer Rating  he hard-pressed to find anything hetter.

0.0

Get detailed pricing for the 2002 Acura CL

CHE¥ROLET COUPE/HATCHBALCKS See all Chevrolet models
2002 Chevrolet Camaro Midsize CoupeHatchhack

TMVY® Dealer Retail: $12,835- $17.821
Pros: Fun (Base), fast (228}, furious {35).
Cons: Chrysler Concorde front styling, cheapo interior materials, boy-racerimage.

Editors" Rating What Edmunds.com says: Camaro is donesvyille.
A3 ]
Consumer Fating

0.7 I

Get detailed pricing for the 2002 Chevrolet Carmaro

-
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The Carlnfo agent
1. Locate cars that @6@@ &

meet criteria
- Edmunds.com

2002 Dodge Stratus 4-DR

http: f frengrarnhitsa. dot.gowneap
Fosted 04 /29 /2003

2. Filter out
Oldsmobiles

Frontal Star Rating

Daina's Side Fassmpn's Sile

R KKK R KKK

3. Gather safety

reviews for each : Frontal Vehicle Weight
- NHSTA.gov L 3221 Ios
_ Side Impact Star Ratung
8 8 8 8




The Carinfo agent

1. Locate cars that

meet criteria
- Edmunds.com

2. Filter out
Oldsmobiles

3. Gather safety
reviews for each

Mew Cars Articles & Advice

Automotive

Approved Dealers

Consumer Products

Research

Free Quote

Mew Car Reviews &
Pricing

Used Car Reviews
& Pricing

Consumer Guide®
Approved Dealers

Advanced Search
Buy
Locate Dealer

Wehicle History
Report

Used Car Listing

Used Car Pricing & Reviews

Covsum

1995-2000 Dodge Stratus st
Pricing Overview In the Full Rewvi

1997 | $3,700-4,700| | Highlights
1998 |$4,700-5,700| | Year-to-vear

1999 |$6,000-7,200| | SRandes

Evaluation

1995 Dodge Stratus ES [(more pictures)

2000 |$7,200-9,000

Class
midsize car

Powertrain Layout
transverse front-
engine/ffront-wheel

Yalue for the
Road Test Ra
Specification:
Safety Ratinc
Trouble Spot:

Finance & Credit drive Avg Repair ©
- NHSTA oV Insurance & Find a used Dodge Stratus in your ) Recalls
’ W arrant area using CarsDirect.com Bﬂgt;" Bri
SLarrany rices
Sell
. Sell Your Car Zip I [Ga Other Stratus |
4. Gather detailed auto Selle’s ki 2003 Steaus
Used Car Seller's Listings updated daily. 2003 Stratus
H .I: h Suide 2002 Stratus
reVI eWS O eac Calculate Trade-In | For 1995-2000 &
. Value Antilock brakes (ES), Acceleration, Ride, {used)
- ConsumerGL“de Com Learn Steering/handling, Passenger and cargo
Sneak Peeks ranm
. . Against
.M Moise, Rear visibility -
4 | v
r T =




ConsumerGuide navigation

Automotive

New Car Pricing & Reviews
2002 Dodge Stratus

Highlights for 2002 More Stratus

Pics

Stratus sedans share a design with the Chrysler Sebring sedan and
convertible, Stratus coupes share a design with the Chrysler Sebring
coupe,

Sedans come in SE, SXT, SE Plus, ES, and new RST trim, The SXT
and both SE versions come with a 4-cyl engine and offer an aptianal
Chrysler-made 2.7-liter W6, The W& is standard on the ES and R/T.
all but the R/T have mandatory autornatic transmission, aAll sedans
have 4-wheel disc brakes, with ABS optional. Curtain side airbags
are optional; no torsa side airbags are offered. Added at midyear,
the R/T sedan has antilock 4-wheel disc brakes, a 5-speed manual
transmission, and offers at no extra charge Chrysler's AutoStick
autormatic transmission with manual shift gate,

Coupes use powertrains and platforms from Mitsubishi's Eclipse and Galant, They come
in SE and R/T models, The SE has a 4-cyl engine or optional 3.0-liter W&, The V& is
standard on the R/T. Both coupes use manual transmission or optional automatic, RAT
autornatics corme with traction control and can be ordered with AutoStick, Four-wheel
disc brakes are included with the Y&, Among coupes, ABS is optional anly on the RAT.

Competition Perennial Best Buys Honda Accord and Toyota Camry continue to shine
with refinerment, model diversity, and comfort, Both come in coupe and sedan forms,
offer economic 4-cylinder or sporty W6 power, have room for four adults, and are
reasonahbly priced.




Agent Execution Performance

e Standard von Neumann model
— EXxecute one operation at a time

— Each operation processes all of its input before
output is used for next operation

— Assume: 1000ms per I/O op, 100ms per CPU op

e Execution time =13.4 sec

CG Full
CG Summary

CG Search

NHTSA
Select
Edmunds

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

. CPU-bound operation time (seconds)
I/O-bound operation




Streaming dataflow model

 Dataflow
— Operations scheduled by data availability a b c d

* Independent operations execute in parallel
» Maximizes horizontal parallelism
— Dataflow computers [Dennis 1974] [Arvind 1978]

— Example: computing (a*b) + (c*d)

e Streaming

— Operations emit data as soon as possible
* Independent data processed in parallel
* Maximizes vertical parallelism

: Consumer
— Network query engines -

[Ives et al. 1999] [Naughton et al. 2000] [Hellerstein et al. 2001] 1

Producer




Dataflow-style Carlnfo agent plan

((Dodge Stratus),
(Midsize coupe/hatchback, (Pontiac Grand Am),
$4000 to $12000, (Mercury Cougar))
2002) :
WRAPPER (safety reports) JOIN
] NHTSA > "
: Search
- | WRAPPER SELECT | _ Y
zfi?éﬁig—" Edmunds ™| maker!= (car reviews)
Search : | "Oldsmobile"
: WRAPPER WRAPPER WRAPPER
: ™| ConsumerGuide [™>] ConsumerGuide ™| ConsumerGuide
_ Search Summary Full Review
((Cldsmaobile QOlero), ’ :

Pontiac Grand Am), other summary review URLS)

(

(Dodge Stratus),  ((http://cg.com/summ/20812.htm),
(

(Mercury Cougar))

((http://cg.com/full/20812.htm),
other full review URLS)
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Streaming dataflow performance

Join

CG Full

CG Summary
CG Search

Select
Edmunds

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time (seconds)

Improved, but plan remains 1/O-bound (76%)
Main problem: remote source latencies
— Meanwhile, local resources are wasted

Complicating factor: binding constraints
— Remote queries dependent on other remote gueries

Question: How can execution be more efficient?

11



Thesis statement

Speculative execution of

streaming dataflow plans increases
the degree of run-time parallelism
for information agents.

12



Speculative plan execution

 Execute operators ahead of schedule
— Predict data based on past execution

 Allows greater degree of parallelism
— Solves the problem caused by binding constraints

Join

CG Full

CG Summary | |
CG Search | |

Select
Edmunds | |

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

time (seconds)
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Contributions of thesis

 Expressive plan language & efficient execution system
for information agents
— Dataflow plan language that enables more than basic querying
— Thread-pool model of streaming dataflow execution

« An approach to speculative plan execution

— Safe & fair
— Yields arbitrary speedups
— Algorithm for the automatic transformation of agent plans

« An approach to value prediction
— Combines caching, classification, and transduction
— Better accuracy and space efficiency than strictly caching

14
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Expressive agent plan language

Operators support:
— Web data gathering
— Data manipulation

and...

— Conditional execution
— Monitoring

— Async communication
— Agent management
— Extensibility

Subplans
— Modularity, reusability
— Recursive subplans

a Google Search: information agents - Microsoft Internet Explore

=101x]

J File Edit Wiew Favorites Tools  Help |
J wBack - = - fal * J.ﬁ.gdress I@j http:waw.gu:u:ugle.cc:mp'search?hl=en&ie=UTF—83'l

wantw [5v ens-cachan fif~treinenfcelimailinglistd archivehwithheldr2002imsg 00052 html - Tk -
Cached - Similar pages

[POFlZemantic Mavigation Maps for Information Agents in Environment ...
File Format: POFAdobe Acrobat - Wiew as HTML

02.01.02 vi-vorlage.doc [Fulizeile] Semantic Mavigation Maps for Information Agents
in Enwironment Information Systems Wolfgang Benn 1, Ginther Beyrich 1 und ..
erviroinfoisep a2 0998 enn pdf - Similar panes

roFTransportable Information Agents

File Format: PDFiAdobe Acrobat - Yiew as HTML

.. Transportable Information Agents DANIELA RUS rusi@cs. danmouth.edu ROBERT GRAY
raraviEde s dartmouth.edu

DAVID KOTZ diki@es. dartmouth.edu Department of Computer ..

wenne' £S5 dartmouth edui~difpapersirus autonamaous3 pdf - Similar panes

Knowledge-based Information Agents

« Knowledge-hased Information Agents. Xiaoyving Gaol - Leon Sterling2. Ahstract: This
paper explaing our approach to building knowledge-hased information agents . ..

WY IMICE Yy AC. NZ-xgan/publicationsd prila_htmifpriia-gao-Incs.himl - 4k- Cached -

Similar pades

GOL?L?L?L?L?L}L?“%
123456678

Result Page:

finformation agents Google Search |Search withit results

-
A4l | r

B

|

16



Expressing the Carinfo agent plan

PLAN car-info {

INPUT: criteria
OUTPUT: reviews-and-ratings

BODY {
Wrapper ("Edmunds", criteria : cars)
Select (cars, "maker !I="'0Oldsmobile' : filtered-cars)
Wrapper ("NHTSA", filtered-cars : safety-ratings)
Wrapper ("CG Search", filtered-cars : summary-urls)
Wrapper ("CG Summary", summary-urls : full-urls)
Wrapper ("CG Full", full-urls : car-reviews)
Join (safety-ratings, car-reviews, "l.make=r.make and

|.model=r.model" : reviews-and-ratings)




Streaming dataflow executor

 Thread pool architecture
— Enables dynamic parallelism without losing control

3 Plan operators
(e.g., Wrapper, Select, etc.)
2
Plan
Plan Output
Input
1 ((Oldsmaobile Olero),
L (Dodge Stratus),
Mid /hatchbk,
§$ 460?;%; ;2300?? (Pontiac Grand Am),
2002). (Mercury Cougar))
| wraPPER | | SELECT
= Edmunds =*1  maker!=

Search "Oldsmobile"




Experimental results

« Hypothesis #1

— Language and executor enable _ °99%°

efficient information agents

« Hypothesis #2:

— Language is more expressive
than query languages of other

network query engines

 Hypothesis #3:

— Added expressivity does not
detract from performance

Cell updates

@ D-
80000 B D+S-
70000 — OD+S+
v 50000
E
o 40000
£ 30000
|_
20000
10000
0
First tuple Last tuple

140000 ~
120000 -
100000 ~
80000 -
60000 -
40000 ~
20000 ~

0

o

—=—Telegraph
——Theseus-3
—s—Theseus-6
Theseus-10
I

0

3000 6000 9000 12000
Time (seconds)
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How to speculate?

 General problem
— Means for issuing and confirming predictions

e Two new operators
— Speculate: Makes predictions based on "hints"

hints —— — predictions/additions

Speculate | _
answers — — confirmations

— Confirm: Prevents errant results from exiting plan

probable results ——

_ _ Confirm | — actual results
confirmations =——

21



How to speculate?

« Example: Carinfo
— Make predictions about cars based on search criteria

— Makes practical sense:
« Same criteria will always yield same cars

BEFORE

22



How to speculate?

« Example: Carinfo
— Make predictions about cars based on search criteria

— Makes practical sense:
« Same criteria will always yield same cars

AFTER predictions/additions

hints
W o J —>| Confirm |.
J—-I W —>| Speculate |—> S H | !

‘ WHElWFw

answers | .
confirmations




Detailed example

2002

Midsize coupe

$4000-$12000

l
— Speculate

Time = 0.0 sec

24



Issuing predictions

Oldsmobile Olero |T1
Dodge Stratus T2
Pontiac Grand Am |T3
Mercury Cougar T4

l
— Speculate

Time = 0.1 sec




Speculative parallelism

Dodge Stratus T2
Pontiac Grand Am |T3
Mercury Cougar |T4

l
— Speculate

Time = 0.2 sec

26



Answers to hints

l
Speculate

Oldsmobile Olero
Dodge Stratus
Pontiac Grand Am
Mercury Cougar

Time = 1.0 sec

27



Continued processing

l

Additions (corrections), if any

—E 1 J | Confirm |—>
Speculate |

T1

T2

T3

T4

Time = 1.1 sec

28



Generation of final results

Dodge Stratus (safety)|(review) | T2
Pontiac Grand Am |[(safety)|(review) | T3
Mercury Cougar (safety)|(review) | T4

l

| Confirm |—>
— Speculate |

Time = 4.2 sec

29



Confirmation of results

Dodge Stratus (safety)|(review)
Pontiac Grand Am |(safety)|(review)
Mercury Cougar (safety)|(review)

l

| Confirm |—>
— Speculate |

Time = 4.3 sec

30



Safety and fairness

e Safety

— Confirm blocks predictions (and results of) from
exiting plan before verification

e Fairness
— CPU

e Speculative operations executed by "speculative threads"
— Lower priority threads

— Memory and bandwidth

» Speculative operations allocate "speculative resources”
— Drawn from "speculative pool" of memory
— Other solutions exist, such as RSVP (Zhang et al 1994)

31



Getting better speedups

e Cascading speculation

— Single speculation allows a max speedup of 2
 Time spent either speculating or confirming

— Cascading speculation allows arbitrary speedups
 Up to the length of the longest plan flow

32



Cascading speculation in Carinfo

 Use predicted cars to speculate about the
ConsumerGuide summary and full URLs

--vv—»|s§ﬁc|—»

e Optimistic performance

—{ conF |—

~{ sPEC

— Execution time: max {1.2, 1.4, 1.5, 1.6} = 1.6 sec
— Speedup over streaming dataflow: (4.2/1.6) = 2.63

33



Automatic plan transformation

Amdahl's Law:
— Focus on most expensive path (MEP)

Basic algorithm

1. Find MEP

2. Find best candidate speculative plan transformation
3. IF no candidate found, THEN exit

4. Transform plan accordingly

5. REPEAT

The "best" candidate
— The one with the highest potential speedup

Algorithm assumes some addtl speculative overhead
— Function of the amount of data speculated about

34



Web agent experiments

Average
speedup
(first tuple)

Average
speedup
(last tuple)

4.00

3.00

2.00 -

1.00

0.00

4.00

3.00

2.00

1.00

0.00

1D

Carinfo

Repinfo

TheaterLoc

FlightStatus

Stockinfo

050% correct
0 100% correct

Carinfo

Repinfo

TheaterLoc

FlightStatus

Stockinfo
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Distributed database experiments

e TPC-H benchmark @ 2000ms
— Adhoc business queries for an order-entry schema | m 4000ms
— Modeled each entity (table) in the schema as a 0 6000ms
remote source 0 8000ms
« Experiment m 10000ms
— Varied latency and database scale O Theoretical
— Tested on recurring gqueries max

JﬂL_l#JL. W ] ] o ) o

Q2 03 Q4 05 Q7 08 Q9 010 Q12 Q16 Q17 Q19 Q20
TPC-H query
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Value prediction

 Better value prediction = better speedups

* Prediction capability

Category Hint Prediction
A Previously seen| Previously seen
B Newver seen | Previously seen
C Never seen Newver seen

« Examples:

Edmunds car list from search criteria
H — 2002 Midsize coupe 4K-12K
P — Olds Olero, Dodge Stratus, Pontiac Grand Am, Mercury Cougar

SK-12K ?

ConsumerGuide full review URL from summary URL
http://cg.com/summary/20812.htm
http://cg.com/full/20812.htm

http://cg.com/summary/12345.htm ?

38



Value prediction techniques

e Caching
— Associate a hint with a predicted value

e Classification

— Use features of a hint to predict value
— EXAMPLE: Predicting car list from Edmunds

Year Type Min Max Car list

2002 Midsize 8000 15000 (Oldmobile Olero, Dodge Stratus)
2002 Midsize 7500 14500 (Oldmobile Olero, Dodge Stratus)
2002 SuUvV 14000 20000 | (Nissan Pathfinder, Ford Explorer)
2001 Midsize 11000 18000 (Honda Accord, Toyota Camry)
2002 SUV 18000 22000 | (Nissan Pathfinder, Ford Explorer)

Decision Iist‘

« Cache

type = SUV: (Nissan Pathfinder, Ford Explorer)

type = Midsize

....min <=10000: (Olds Olero, Dodge Stratus)
min > 10000: (Honda Accord, Toyota Camry)

39



Value prediction techniques (contd)

e Transduction
— Transducers are FSA that translate hint into prediction

To create full review URL.:
http://cg.com/summary/20812.htm

l 1. Insert "http://cg.com/full/"

2. Extract & insert the dynamic
part of the summary URL (e.g.,

http://cg.com/full/20812.htm 20812)

3. Insert ".htm"

h:ACCEPT 1u:ACCEPT / tACCEPT /s COPY /s ACCEPT

E:ACCEPT E&:ACCEPT £:COPY £ACCEPT

40



Value transducers
e Synthesize predictions from hints

e |dentify predicted value "templates”
— Alternating seq of STATIC/DYNAMIC elements

 Value transducers built from templates

— State transitions (arcs) = high-level operations:
 INSERT, CACHE, CLASSIFY, TRANSDUCE (hint chars)

http://cg.com/summary/20812.htm Dodge Stratus
TRANSDUCE l CACHE or CLASSIFYl
http://cg.com/full/20812.htm http://cg.com/summary/20812.htm
1 I 1 2 3

STATIC DYNAMIC STATIC STATIC DYNAMIC STATIC
41



Learning value transducers

o |ldentify STATIC/DYNAMIC template

— LCS-based approach (Hirschberg 1975) to identify
answer template

e For each STATIC element,
— Construct INSERT arc to next automata state

e For each DYNAMIC element,

— Construct TRANSDUCE, CLASSIFY, or CACHE
arc to next automata state

 Inducing character-level hint transducer also requires
identifying a template -- from the hints

42



Detalled example: Carinfo URLS

HINTS:

http://cg.com/summary/20812.htm
http://cg.com/summary/12345.htm

ANSWERS:
http://cg.com/full/20812.htm
http://cg.com/full/12345.htm

INSERT ("http://cg.com/ full/™) INSERT (" .htm™}

h:ACCEPT 1:ACCEPT / tACCEPT /1 COPY / :ACCEPT

£.ACCEPT &:ACCEPT £:COPY E:ACCEPT 43

TRANSDUCE




Experimental results

 More space efficient than strictly caching

Hint classification Hint transduction
(Carinfo summary review URL) (Carinfo full review URL)
Space savings 100.00%
(over caching)
80.00% -
40.00% -
60.00%
20.00% -
0.00% - 0.00%
800 1000 5 10 100
Number of examples Number of examples
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Accuracy

100.00%

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Experimental results

e Better accuracy than strictly caching

Hint classification

—o— Car-summary accuracy
---a--- Rep-list accuracy
—x— Phone-state accuracy

Hint transduction

Average number of

Predictor .
examplesrequired
Car-Full 3
Rep-Graph 8
Phone-Detail 3

200 400 600 800 1000

Number of new examples
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Related Work

Efficient agent execution

— Dataflow computers [pennis 1974] [Arvind et al. 1978]
» Parallel programming languages (Val, Id, SISAL, Haskell)
» Languages for embedded systems (Verilog, VHDL)

— Network query engines

o Tukwila [Ives et al. 1999] Niagara [Naughton et al. 2001]
Telegraph [Hellerstein et al. 2001]

— More general agent executors
e RPL [McDermott 1991], RAPS [Firby 1994], PRS-Lite [Myers et al. 1996]

Speculative execution

— Approximate & partial query results [Hellerstein et al. 1997]
[Shanmugasundaram et al. 2000] [Raman and Hellerstein 2001]

— EXxecuting anticipated actions in advance

» Continual computation [Horvitz 2001], time-critical decision making
[Greenwald and Dean 1994]
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Related Work

Speculative execution (cont'd)
— Predicting commands

« Command line prediction [Davison and Hirsh 2001], assisted browsing
[Lieberman 1995]

— Other types of speculative execution

» File system prefetching [Chang and Gibson 1999], control speculation in
workflow processing [Hull et al. 2000]

— Network prefetching

Learning value predictors

— Value predition as speedup learning [Fikes et al. 1972], [Mitchell 1983],
[Minton 1988]

— Transducer learning [Oncina et al. 1994] [Hsu and Chang 2001]

— URL prediction [zuckerman et al. 1999] [Su et al. 2000]
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Summary of contributions

 An expressive language and efficient
execution system for information agents

« An approach to speculative execution of
Information agent plans

— Can yield arbitrary speedups
— Safe, fair

e Value prediction approach that combines
caching, classification, and transduction

— More accurate & space efficient than strictly caching

50



Future work

Learning to compute speculative overhead

Exploring more value prediction strategies

— Example: Stride value prediction
* Learning loop increments (e.g., [1,2,3], [2,4,6])
e Similar to learning ["...page=1", "...page=2"] for URLSs

Predictor compression
— Probabilistic classifiers

Speculative execution of other types of agents
— Example: Robot soccer agents

51





