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Overview

« We've talked about how indexes can
improve performance inside a DBMS

» But these same data structures/
technigues can be useful on other
systems as well!

» Let’s look at a couple examples )

(.3 Applications of Indexing
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Outline

1. Problem #1: What is Full-Text Search?
— Can it be done naively? (spoiler: not for Google!)

2. To the Rescue: The Inverted Index
— Design a relational index
— Advanced Issues
— Research Application: Cognitive Modeling

3. The R-tree

— Overview
— Research Application: Optimization

(.3 Applications of Indexing
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What is Full-Text Search?

Given
* A set of “documents”
— Each containing “words”

Problem

* Find the “best” document(s) that satisfy a query
— Simplest: set of words

Requirements
 Fast & scalable

* Relevant results

* EXxpressive queries
 Up-to-date

ﬁw“\‘/ Applications of Indexing
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Example: Web Search

northeastern

Google

Q -

Nonheas‘n New Er_" |
Museum of Fine Conservatory

Arts, Boston

www.northeastern.edu/ v
Northeastern is a global, experiential, research university built on a tradition of engagement with the
world, creating a distinctive approach to education.

Undergraduate Admissions News @ Northeastern
Schedule a Visit - Contact - Areas of The news@Northeastern team is : ¥
Study - Freshman Admissions looking for a creative, driven ... S;aeh(;utslde
Northeastern 2025 Northeastern College of ...
NORTHEASTERN2025. Leaming and Welcome to the College of Northeaste rn U n ive rSity
discovery in the. Age of ... Professional Studies. We offer ...
Website Directions Save
myNortheastern Graduate Degrees
myNortheastern - Find Faculty & Staff Admissions - Programs - Financial Private university in Boston, Massachusetts
- Find A-Z - Emergency ... Aid - Contact Information - Boston

Northeastern University is a private research university in Boston,
Massachusetts, established in 1898. It is categorized as an R1 institution
by the Carnegie Classification of Institutions of Higher Education.

More results from northeastern.edu »

Applications of Indexing
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Other Examples

I tl northeastern _

All Posts People Photos Videos Pages Places Groups Apps

Filter Results

POSTS FROM
* Anyone
You
Your Friends and Groups

+) Choose a Source...

POSTED IN GROUP
* Any group
Your Groups

+) Choose a Group...

TAGGED LOCATION

* Anywhere

Q Pages See Al

Northeastern University @
Boston, Massachusetts
N & Medi e

See All
See All
Northeastern University Global Experience "
Office
5.0 % % % % % (9) College & University

0.4 miles - 4 Hall, B

on + Open Now

All v northeastern

Departments - Your Pickup Location  Browsing History ~  Your Recommendations  Today's Deals

for "northeastern”

Showing most relevant results. See all results for northeastern.

NCAA Tradition Short sleeve Tri-Blend T-Shirt
by Image One

$652-$29% prime

Some sizes are Prime eligible

Northeastern University Pennant Full Size Felt
by WinCraft

$gos

FREE Shipping on eligible orders

search NCAA Northeastern Huskies 50/50 Blended 8-Oun«
northeastern - by SDI
$31% prime

advanced search: by author, subreddit...

subreddits

Northeastern University

m r/northeastern 150 su

£ search within r/northeastern

s, a community for 7 year

Northeastern University (NU/NEU)
=00 /veu 5,348 subscribers, a community for 8 years

Some sizes/colors are Prime eligible

News and discussion of interest to students, faculty, employees, and neighbors of Northeastern University in

Boston, MA.
P search within r/NEU
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Fast & Scalable: # of Documents

GQ gle > 130 Trillion Pages

faceboolk | - 2Billion Users

AdMAZON | - 200 Mmillion Products

E;»,e Applications of Indexing
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Fast & Scalable: Queries/sec

GO gle > 63K
y

7% Applications of Indexing
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Big-O Review

- Derbinsky

* What does it mean for an algorithm to
scale in linear time (i.e. O(n))?

* Describe a linear-time algorithm for full-
text search of keywords in webpages

— Find all documents that contain
“northeastern”

(.3 Applications of Indexing
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S

Is Linear-Time Google Possible?

|

« Assume simple query: ;
northeastern %
~10.4M blu ray l

_ ~ 7.75 miles &

« Single repo of all pages ~ 15 x Burj Khalifa M8
— 130T * 250 w/page * 8 bytes/w ~ 260 PB -

|

* Require 1s response time j
— 8M * 3GHz 64-bit CPU (assume 1 cycle/w) |

— (8M * 63K) CPUs * 35W/CPU * $0.14/kWH j
~1.25 x US GDP i
, Applications of Indexing i
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Indexing

* Improve search speed at the cost of
extra...
— Memory for data structure(s)
— Time to update the data structure(s)

« Backbone of search engines, databases,
graphics/game engines, simulation
software, ...

@3] Applications of Indexing
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Consider a Physical Textbook

20TH EDITION

- Find all pages of the The

book that contain the C omp l ete
word “husky” D k
ogBoo

ARATATS

;Offlual Publication of the
AMERICAN KENNEL CLUB

More than 2 million copies sold

‘ Applications of Indexing
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Analyze a Physical (Inverted) Index

1. Find the term 2. Enumerate the pages
« Alphabetical search * Linear scan

— More generally: binary — Page 1,2, ...,k
* Time: O(log,terms) « Time: O(pages)

Space: O(terms + pages)

ﬁw“\‘/ Applications of Indexing
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Linear vs Logarithmic (1)

N=10 N=100 N=1000
Logarithmic 1s 2s 3s
Linear 1s 10s 100s

i
SNy

/ =

i
SN
29

et
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Linear vs Logarithmic (2)

1400

1200

1000

800

600

400

200

50 250 450 650 850 1050 1250 1450

—@—Linear —@—Logarithmic
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Linear vs Logarithmic (3)

4.5

3.5

2.5

1.5

0.5

50 250 450 650 850 1050 1250 1450

—@— Logarithmic

Applications of Indexing
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Inverted Index by Example

Given documents { D4, D,, D; }:
— D, ="itiswhat it is”

“what is it”

= “It Is a banana”

.
OO
W N
T

Inverted Index:
_ “a!!: : 33]

£ _ 2
1y “panana”: [ D; ] %
= — “is”: Dy, Dy, Dy ] 8
e — it Dy, Dy, Dy ] C
| — “what”:  [D,,D,] @

—

37 Applications of Indexing
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Design a Relational Inverted Index

Develop a set of table(s) and index(es) that
support efficient construction and querying
of an inverted index

Documents Contents

@- DocPath

/path/to/doc

Foo 1

SELECT DocId FROM Contents WHERE Word=? ORDER BY DocId

t;\}z; Applications of Indexing
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Advanced Issues

* More expressive query semantics

— Multi-word
o Locality: [“what is it”] vs. [ “what it is” ] vs. [“what”, “is”, “it”]

* Ranked results
— Document-ranking algorithm (e.g. PageRank)
— Efficient ranked retrieval

* Dynamics
— Document addition/removal/modification
— Rank

 Document changes
* Integration of real-time variables (e.g. location)

(.3 Applications of Indexing
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Research: Cognitive Modeling

« Semantic Memory is a human’s long-term
store of facts about the world, independent
of the context in which they were originally
learned

 The ACT-R (http://act-r.psy.cmu.edu) model
of semantic memory has been successful at
explaining a variety of psychological
phenomena (e.g. retrieval bias, forgetting)

* The model does not scale to large memory
sizes, which hampers complex experiments

g\\) Applications of Indexing
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Memory Representation

e Document = Node
 Word = edge

o Office hours: ask me
about the number
inside each node :)

barack obama president

occupation

michelle obama first-lady

Example cue:
last (obama) , spouse (X)

f“‘/ Applications of Indexing
April 5, 2018 21




Northeastern University

CS3200 - Database Design - Spring 2018

Scale Fail [AFRL ’09]

200

Retrieval Latency: Chunks in DM x Retrieval Constraints x Type of DM
(Error Bars: 95% Confidence Interval)
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Chunks in DM, Retrieval Constraints
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Example

Semantic Objects: Features

o8 8.

oe e
[T
AR B

1 Applications of Indexing
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Inverted Index

Semantic Objects: Features Inverted Index

o8 8.

oe e
[T
AR B

1 Applications of Indexing
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Index Statistics

Semantic Objects: Features Inverted Index

o8 8.

o 80 .
RER
2 00 .

1 Applications of Indexing
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Top-1 Retrieval

Inverted Index

Cue:

Query Plan:

Applications of Indexing
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Some Results [ICCM ‘10]

Inverted index (via SQLite) + new approach was fast

and scaled!

>30x faster than off-the-shelf database (on >3x data)!
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Applications: Al + Inverted Index

Learned Navigation

M Task Learning

UNIVERSITY OF

MICHIGAN

Applications of Indexing
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Research: Optimization

Packing. Fit n circles of radius r in a square of side-length s
without overlap (non-convex, NP-hard, o solutions). Used in

making codes, physical packing, computer-assisted origami.

S =S N R o R o (=
s > A6 b6 >ds poads p
i p 4 6 A6 pq5 Prdq s> )
SR = R S R = A = A S
A 8 >« s> 5 b > s
{5 >4 5 pq 5 > 6 P55 >«
LA S N R S R = R = B
« 5 >4 5 > 65 >4 >As6 >
3 A 5 b4 6 > A5 p A5 >4 5
4> 4 6 >« 6 > 6 > 6>
O S S (LR SR S R = =
<« 5 P4 5 >« > P> »>oa
LR ST IR S N S (R =
<4 6 >4 5 >« 5 >4 > 5>
LA = R SR = A o (R =
S SR S S R S IR S

P S S L S L =
}<s><s><s><s»<s>< *
4><6><6>46>45H5 {
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4><s><s><s><s>< "
}s 5 5 5 p s} '~

29



Northeastern University CS3200 - Database Design * Spring 2018 - Derbinsky

Another Index: R-tree

“Group nearby objects and represent them with their minimum
bounding rectangle in the next higher level of the tree... Since
all objects lie within this bounding rectangle, a query that does
not intersect the bounding rectangle also cannot intersect any
of the contained objects. At the leaf level, each rectangle
describes a single object; at higher levels the aggregation of an
increasing number of objects.” -- WikipediaZ

4
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Large-Scale Evaluation [BICA ‘14]
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& ADMM: 1 Core

ADMM: 2 Cores

X ADMM: 4 Cores

X ADMM: 8 Cores

¥ TWA: 1 Core, Density = -5% of record

TWA: 1 Core, Density = +5% of record

10000

3000 4000 5000
Number of Circles

8000

2000 6000 7000 9000

?stﬂep Research
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Takeaways

« A common approach to large-scale search is indexing: using data
structure(s) to improve access speed

* An inverted index is commonly used for full-text search (even in
situations that might not look like it)

— Inverted indexes are fast, scalable, and straight-forward to implement

» An R-tree is commonly used for spatial queries over objects in 2/3D
space (e.g. what is within X miles of Y? are A and B colliding?)

« Know your indexes/data structures - careful problem analysis and
algorithm development can often beat generic approaches

— Even if you don’t use a DBMS, DBMS methods can be very useful in a
variety of applications!

) Applications of Indexing
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