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SellTrend: Inter-Attribute Visual Analysis

of Temporal Transaction Data
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Looks Familiar?

O Expedia

Vacation Packages = Hotels

Plan a Trip

$248 million saved with Flight + Hotel &

Cars

© Fiight ) Flight + Hotel

& Hous! O Fight + Car

O car © Fiight + Hotel + Car
8 ::I,i:zes () Hotel + Car

Trip information:
@ Rounctrip () Oneway () Multiple destinations

[ My dates are flexible (popular US routes only)

Leaving from: Gaing to:

Departing:  Time: Returning:  Time:
mmvcaryy | [ Any 3] [mmveoryy | (A TH)
Adults (19-64);  Seniors (65+):  Children (0-18):

O™ [] »;] [ ]
Additional options:
Airline, first or business class, nonstop only
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ly ltineraries ceo stomer Suppo edbach
e e(_‘g\ Search Expedia Go
Flights Cruises Activites DEALS & OFFERS Maps Business Travel Rewards
Save on Top Travel Deals Find Your Perfect Trip
Explore by Destination

Stay Longer on Us!

FREE
NIGHTS

WORLDWIDE
Location Info City Hotels

Search hotels ¥ Las Vegas | New York | Orlando | San Francisco

Mexico | Miami | Chicago | Caribbean | Haw ail

Find a map See all destinations

Today's Deals AL i ;
Vegas Sale: Hotels from $16 Ao PaR i
Last-Minute Cruise Deals from $139 arwoo .\, otel )y’ » ‘Q’ .
Cancun: Air + 4 Night Trips from $399 75 >
Chicago: Up to $50) ”
0 o @ ts 0 as
The world is yours to travel Book My Trip

Sign in to your account or create one now.

Save with Packages...

O Flight + Hotel
(O Flight + Hotel + Car
(O Hotel + Car

Or Last Minute Packages

Best Deals

Take a Real Vacation!
Save Up to 40% on Hotels Compared
to Last Year

One Day Only!

Great deals on hotels worldwide.
Select From...
@ Flight Only
O Hotel Only
O Car Only
O Cruise Only

Why Book with Travelocity?
We protect you with Price Guardian,

Service Guarantee, and much more.

& Customer Support | My Stuff | Flight Status | Gifts | Travel Deals

Travel Info Center

GRBITZ o

Quick ~ Vacation

Hotels = Flights Cars Cruises Activities Deals
Search Packages &Rail

(@) Flight () Flight + Hotel

() Hotel ()Flight + Car 4-star hotgls
Ocar () Hotel + Car from $89 a night
() Activities () Flight + Hotel + Car © Learn more

() Cruises

® Round-trip () One-way

From City name or zirport To City name or airport

Atlantic City, NJ
Leave Return
10/11/09 10/16/09

Anytime v |

Travelers (Children or seniors?]

Anytime ¥

Adutt
1864
1]
Flight preference . Find Flights

("] 1 prefer non-stop flights
(8 Find Flight + Hofel |

Expand search options (Multicity, preferred airiines, etc.)
Flexible dates

More Great Deals Explore Destinations

Pick Locations & Dates... Add Traveler Info...

Adults  Minors
From | ATL (18-64) (2-17)
To | CHI Total (1) (0

@ Exact Dates
O +/- One to Three Days
O My Dates are Flexible

Depart | 10/29/2009 | [ Anyti%)
Return [11/27/2009 | (At 15)

One-way flights | Multi-destination trips | Other advanced options
Gnome Store | Travel Blog | Voluntourism | Green Travel n = 6

Welcome Zhicheng (Not Zhicheng ?) Search (Atiantis, beach..}
Sign in Site feedback

MY STUFE

7c )
Home Traveler Update Customer Support

rRBIT

More featured deals

Vacations - Book your vacation and save

View all deals From*

Save

* Some taxes, fees additional. Learn more

My Travelocity

Seniors
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Sort By:

f\ o
() Price

/'\ o
() Duration

() Departure Time

m o
() Arrival Time

I e ge
() Airline

Total Travel Time

w United 6:40am 7:44am 2hrs 4min - Nonstep $1 98 No Flight
Flight 233 Allanta, GA (ATL) Chicago, IL (ORD) Booking
per person Fees| more
Flight #283 on-time: 92 % Total $218 v
A Delta Air Lines 7:25am 8:28am 2hrs 3min - Nonstep $1 98 No Flight
Flight 1934 Allanta, GA (ATL) Chicago, IL (ORD) it Booking
4 . Feesl more
Flight #1934 on-time: 100 % Total $218 Fyces
A Delta Air Lines 7:55am 8:52am Thr 57min - Nonstep 51 98 No Flight
= Flight 1622 Allanta, GA (ATL) Chicago, IL (MDW) Booking
por person Feesl more
Flight #1622 on-time: 86 % Total $218
a AirTran Airways 8:20am 9:11am 1hr 51min - Nonstep $1 98 No Flight
Flight 30 Atlanta, GA (ATL) Chicago, IL (MDW) s wlagl Booking
rper Fees| more
Flight #30 on-time: 85 % Total $218
A American Airlines  8:30am 9:35am 2hrs 5min - Nonstep $1 98 No Flight
Flight 1998 Allanta, GA (ATL) Chicago, IL (ORD) Booking
per persen Fees| more
Flight #1998 on-time: 95 % Total $219 Nonstop
Service_more
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System Error

Sorry, we were unable to complete your request.

Possible Causes:

B Session Expiration

m Use of Back or Stop button
B System Error

What you can do:
B Please try again.
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Travelport

Travel Agents & Travelport Airlines

Web Travel Services
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Sell Failure

| 1 M}if"/
I =
Customers REEVEEAJOnES S Travelport Airlines

Web Travel Services

0 look up flights
>

9 found mitching flights

<
€) request to book a flight
> >
O forward booking request
>

9 sell failure occurs
<

G booking failed

time € <
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Attributes of Failed Transactions

Airline To Date of
Flight

United SFO LAS 09/12/08

Delta 1934 ATL ORD 10/02/09
Delta 18 PVG ATL 05/23/09

N/
w Yo
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Attributes of Failed Transactions

Airline To Date of Travel | Date of Error
Flight Agent Transaction | Code
United SFO LAS 09/12/08 09/01/08

Delta 1934 ATL ORD 10/02/09 XLK 09/20/09 421
Delta 18 PVG ATL 05/23/09 POS 03/25/09 200

N/
w Yo
nMNovis L)< %@
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Causes of Failure

Inventory volatility: expected

A travel agent may deploy new software that performs
availability queries incorrectly

Agents use the Travelport system in an inefficient manner

Internal system errors
ANOMALY

Anomalous causes can consist of
* A single attribute value, e.g. an airline, or
« Any combination of any number of the attribute values
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Difficulty of Analyzing

Current tools do not support in-depth analysis well

« Lack of real-time situational awareness

« Anomaly detection is not simply identifying top contributors
 Often requires historical trending analysis

Huge data and search space

« Many millions of failed transactions stored for the latest 40
days
« ~20 attributes, up to thousands of values within an attribute

 Anomaly can be any combination of any number of attribute
values: impossible to enumerate all possibilities
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Analytic Tasks to Design for

Enable Situational Awareness
 What is the failure rate for the past hour?

 How is today’s failure rate compared to yesterday and
one month ago?

e Are any attribute values contributing irregularly high
failed transactions presently?

Support Exploratory/Investigative Analysis
* What are the root causes of a failure spike?

e Can these root causes be explained by potentially
anomalous behaviors of relevant stakeholders?
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User-Centered Design

« Spreadsheet prototype to deployment over corporate
database

* Formative Evaluation
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SellTrend

\ PankZ00BIAE0000

iew Navigate Tooks Window Help
i Xl D
StripMap Yiew x| ‘Table View » x|
[[] Show Secondary Attributes \ Showing 2436391 Failures Search COMP_SYS_KEY Show Secondary Attributes
Map Layout | Squarified Layout ] 9C... l:”' S duh lN"‘ it &
Color Scheme | Blue - Orange [V 8 3 A
8 2 |
Only show failures with these values 8 2 -S|
9 2
s 1
8 1
g 2
9 1
9 1
9 1
9 2
9 3
9 1
9 17... 2
9 1
8 1
9 4
9 1 "
9 1 1 »
8 1 »
5 T
i
g ]
g
Clear Selected Clear Al : l ew
= — 8
Exclude sell failures with these values I . l6541 (1760 742 W 742 1233 1010 2
8 1224 5061 5755 |L 742|233 |1010 |1
8 0638 5755 2227 L |74z 233 [1010 |1
8 0 (3453 5489 W 742 233 1010 |1
8 NC |74z 211 1010 |2 :
8 NF [742 211 1653 |1 i
s F |74z 11 oSt |t
8 W [2643 211 2080 |1
8 W (2643 211 2090 |1 :
H |986 |14 1010 |1
H_ [sse [t4 1010 |1
W 541 14 1010 |1
W [s41 |14 1010 |1
Q  [s86 |14 1010 4
v 32 [1es 1010 4
Y 39z Jtes 1010 |4
W |74z 233 1010 |1
K [742 233 1010 |1
L |42 a3 1010 |1
L |74z 283 1010 |1
.. 0108 5755 |4135 Y 742 211 [951 2
1812 leete 4789 [v 1 211 2090 |2 [129...
Clear Selected Clear Al Jroos fa7ss faass v |1 lun poso 2 [12s..m)
imeLine Control s x
[ 2436301 Faiures selected sl ek S=I=:t=dl
I I i V
0
[T 17 (55 M T WIT F5 5 MIT /W T|F S S M T W T FS S MTWITIF S 500 s
| Jai I Feb |nn]n1|nz|na]m|os|ns|n1[na‘os




Timeline View
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Attribute Map View
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Attribute Map View — A Closer Look

Analysis time frame: Oct 8™,
No. of failed transactions: 10,000 on that day

DYS Z7F
(3600 : 36%) (900 : 9%)
Il (G
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i I
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Table View

T Show Secondary Attributes
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Demo
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Related Work

* Time Series Data Visualization
e Bar chart, color encoding of temporal change

« Categorical Data Visualization
e Parallel Sets, InfoZoom, Pixel Bar Chart, EZChooser

» Faceted Browsing
e Flamenco, FacetMap, FacetLens
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Design Considerations

 Event-based Coordination between the Views

« Simple Visual Representation Consistent with Users’

Mental Model
» Direct Manipulation Facilitates Cognitive Coupling
* High Interactivity and Prompt Feedback
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Progress

SellTrend has been deployed since Dec 2008

“The data visualization tool provides [us] the ability to analyze
potentially millions of rows of data at a customer and/or supplier level
in a single ‘view’. By reducing this initial investigation time frame by
greater than 90%, we can more quickly direct our resources to the
underlying sell failure root cause. Addressing sell failure issues in a
timelier manner improves our product quality, improves the customer
experience, and provides a more efficient use of Travelport staff.”

--- a company analyst
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Contributions

« Synthesizing temporal and categorical visualization
techniques for a problem domain

« Approach can be generalized for similar datasets to
identify interesting combinations and relationships
between attribute values in user-defined time ranges

» A case study of successfully applying visualization
techniques to a real world challenge on huge datasets
with considerable complexity
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Thank You.

Questions?

This research is supported in part by

Travelport‘
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