
CMSC 724: Databases and Web
Searching

Amol Deshpande

University of Maryland, College Park

April 30, 2009



Web: Challenges and Demands

Emergence of web services
Document searching

More similar to Information Retreival than DB Querying
“Vertical” searching ?

Unprecedented scale

“Deep Web”
Data Integration

Schema discovery; schema mapping
Federated query processing



Web Services

Tiered architecture
Web servers interact with clients – serve static pages
DBMS Backend
App servers between web servers and DBMS

Access the database, maintain the client state
Create dynamic webpages etc. . .

Why ?

Much work on languages for specifying the
functionalities, for putting them together etc. . .



HTTP protocol

“Stateless”
Applications typically maintain:

user name, password, authorizations, resource limits etc
...

If a DB is used as a backend, need:
user name, password, socket, currenct transaction
information, cursor positions...

Need to simulate state over a stateless protocol



Web Searching

Goal: Answering keyword queries over the WWW
Main Components:

Crawling and Indexing
Ranking the documents
Data structures for efficient execution
Load balancing/dealing with scale

Why not use DB for this ?
Eric Brewer: "Search engines should use DBMS
primitives/abstractions, but not SQL/RDBMS"

Top-down Design
Data independence
Declarative languages



Aside: Document Ranking

Many different algorithms for doing this

From the Brewer paper
Given a single document by itself, d and a query
Q = {[w1, · · · , wk ]}:

score(Q, d) = Σscore(wi , d)
score(wi , d) =
1/Me(0.679× log(Freq(wi , d)) + 0.223× log(IDF (wi)))

freq(wi , d) = how many times wi appear in d
IDF (wi ) = 1/fraction of documents in which the word
appears

Web search engines also use “relative positions”



Document Ranking

Not good enough - must incorporate additional
knowledge

Quality(d) = How important is the document ?
Google uses “pagerank”
Kleinberg et al. proposed the HITS algorithm around the
same time
Both use the “incoming links” to determine the quality

Intuitively, if a large number of high-quality sites link to x ,
then x is high quality as well

Note: The algorithms are executed offline
Much more sophisticated now

Total Score: Word score + Quality



Efficient Execution

Originally built in an ad hoc manner

Brewer: Should have been designed using DB
principles
Schema:

Document(DocID, URL, Date, Size, Abstract) (3B rows)
WordTable(WordID, DocID, Score, Position Info) (1T)
Property(WordID, DocID) (100 billion)
Terms(String, WordID, Stats) (10 million)

A query contains:
Properties that must be satisfied
Keywords that should be used to rank the documents
Arbitrary ANDs, ORs, or NOTs of these



Web Searching

score (for this document) and properties are boolean
(present or absent in the document). Table 1 lists some
examples. A query term is a word or a property.

Simple queries are just a list of terms that matching
documents must contain. Property matching is absolute:
a matching document must meet all properties. Word
matching is relative: documents receive relative scores
based on how well they match the words.

Complex queries include boolean expressions of
terms based on AND, OR and NOT. Boolean expres-
sions for properties are straightforward, but those for
words are not. In particular, the expression (NOT word)
should not affect the scoring; it is really a property. 

We cover scoring in more detail in the appendix, but
for now we will use simple definitions. A query is just a
set of terms:

(1)

The score of a document d for query Q is the sum of an
overall score for the document and a score for each term
in the query:

(2)

The quality term is independent of the query words and
reflects things like length (shorter is generally better),
popularity, incoming links, quality of the containing
site, and external reviews. The score for each word is a
determined at index time and depends on frequency and
location (such as in the title or headings, or bold).

There are some important non-obvious uses for
words. In general, any property of a document that is not
boolean is represented by a metaword. Metawords are
artificial words that we add to a document to encode an
affine property. For example, to encode how frequently
a document contains images (rather than just yes or no),
we add a metaword whose score reflects the frequency.
You can use this trick to encode many other properties,
such as overall document quality, number of incoming
or outgoing links, freshness, complexity, reading level,
etc. Implicitly, these metrics are all on the same scale,
but we can change the weighting at query time to con-
trol how to mix them.

Table 1: Example Properties

Property Meaning

lang:english doc is in english

cont:java contains java applet

cont:image contains an image

at:berkeley.edu domain suffix is berkeley.edu

is:news is a news article

Query Q w1 w2 !" " wk { , }#

Score Q d"( )  Quality d$ %#

      Score wi  d"$ %

i

&+

3  Logical Query Plan

Given this simplified scoring, we turn to how to map
a query into a query plan. This section looks at the logi-
cal query plan and the next section looks at the physical
operators and plan implementation.

In the original development of this work, we were
not cognizant that we were defining a declarative query
language and that it should have a query plan, an opti-
mizer, and a rewriter, and that we should cleanly sepa-
rate the logical and physical query operators and plans.
We did know we needed a parser. The absence of this
view led to a very complicated parser that did ad-hoc
versions of query rewriting and planning, and some
optimization. The use of an abstract logical query plan is
one of the important principles to take from database
systems, and hence we retrospectively present the work
based on a clean logical query plan.

For simplicity, we will limit the schema to three
(large) tables: document info, word data and property
data. Figure 1 shows the schema. Tables that we ignore
include those for logging (one row per search), advertis-
ing, and users (for personalization); we talk about some
of these in Section 7.

To simplify dealing with words and properties, we
conceptually use an integer key for each word, the
WordID. The term table, T, maps from the string of the
term to the WordID for that word, and also keeps statis-
tics about the word (or property). The stats are used for
both scoring and to compute the selectivity for query

optimization.4 The simplest useful stat is the number of
rows in the table, which tells you how common the term
is in the corpus; high counts imply high selectivity and
lower scores (since the word is common). Note that the

4: Selectivity is the fraction of the input that ends up in the output,

and is thus a real number in the interval [0,1]. Ideally, a query plan

should apply joins with low selectivity first, since they reduce the data

for future joins. With multi-way equijoins (and semijoins), this is less

important since we aim to do them all at once. Of great confusion to

many is that high selectivity numbers imply the operation is not very

“selective” in the normal English usage of the word.

Document table, D, about 3B rows

Word table, about 1T rows:

Property table, about 100B rows:

Term table, T, about 10M rows:

Figure 1: Basic Schema

DocId URL Date Size Abstract

WordID DocId Score Position Info

WordID DocId

String WordID Stats

term table is only used during query planning and is never
referenced in the query itself.

Figure 2 shows the general plan for all queries. The
fact that all queries have essentially the same plan is a sig-
nificant simplification over general-purpose databases,

and a key design advantage. The equijoins ( ) join

rows from each side that match on DocId, resulting in an
output row that has the union of the columns. We refer to
the top equijoin as the “document join,” since it joins the
top results with their document data.

The Top(k, column) operator returns the top k items
from the input set ordered on column; it is not a common
database operator, although it appears in some extensions
to SQL and in the literature [CG99,CK98]. The input to Top
is the set of fully scored documents, which combines the
document quality score with the sum of the word scores
from the matching documents. Top can be implemented in

O(n) time using insertion sort into a k-element array.5

The next task is to produce the set of matching docu-
ments and their scores. Applying the top-down principle,
we design a small query language for this application,
rather than using SQL. Here is the BNF for one possible
query language:

expr: expr AND expr
| expr OR expr
| expr FILTER prop
| word

5: Insertion sort is normally O(n lg n), but since we only keep a con-

stant number of results, k, we have a constant amount of work for each of

the n insertions.

Result Set = [DocId, Score, URL, Date, Size, Abstract]

DocId

DTop(k, Score)

matching documents:

Figure 2: The General Query Plan
After finding the set of matching documents and
their scores, the Top operator passes up the top k
results (in order) to an equijoin that adds in the
document information.
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prop: prop AND prop
| prop OR prop
| NOT prop
| NOT expr
| property

There are seven corresponding logical operators as
shown in Table 2. In this particular grammar, expr
nodes have scores and prop nodes do not. The only way
to join an expr and a prop is through the FILTER oper-
ator, which filters the word list on the left with the prop-
erty list on the right. Note that the logical negation for
an expr, NOT e, is a prop and not an expr. This is
because there is no score for the documents not in the
set. This implies that it is not possible to ask for “-foo”
as a top-level query (i.e. the set of all documents that do
not contain “foo”). In practice, we actually do allow
properties and negated expressions as top-level queries,
which are useful for debugging. Note that the Top opera-
tor (with query optimization) saves us from having to
return (nearly) the whole database.

Normal queries are just a sequence of words with the
implicit operator AND between them. For example, the
query:

san francisco

maps to (san AND francisco). For properties:

bay area lang:english

maps to ((bay AND area) FILTER
lang:english), which is the set of english-language
documents that contain both words. A minus sign pre-
ceding a word normally means negation, so that:

bay area -hudson

maps to ((bay AND area) FILTER NOT hudson). 
More complex queries usually come from an

“Advanced Search” page with a form-based UI, or from
a test interface that is amenable to scripting. We will use
the parenthesized representation directly for these que-
ries.  

4  Query Implementation

Given the scoring functions and the logical opera-
tors, we next look at query optimization and the map-

Table 2: Logical Operators

Operator Meaning

e AND e Equijoin with scoring

e OR e Full outer join with scoring

e FILTER p Semijoin: filter e by p

p AND p Equijoin without scoring

p OR p Full outer join without scoring

NOT p s antijoin p (invert the set s)

NOT e s antijoin e (invert, omit score)



Efficient Execution

Key data structure
For each term or property, a list of document IDs that
match
In sorted order (by Document ID)
Called an “inverted index”

So, the key algorithm to use:
Sort-merge join

Plan for an all-ANDs query:
Find the lists for each of the terms and properties
Sort-merge them together simultaneously

Similarly, ORs and NOTs (treated as properties)



Efficient Execution

Flattening the query
Shallow queries require fewer steps

Caches
Critical, over-riding difference
Every result computed during the execution is cached
Analogous database question: How to use materialized
views
Favors a top-down approach for planning

Find the largest parts of the query that are already
computed
Several tricks for handling near-matches



Efficient Execution

Parallelization is a key
Google has 100000s of disks and machines

Simple approach
Partition the large tables by DocIDs
Small tables (like Terms) are replicated
Execute the same query plan on all of them
A master node chooses the query plan

Fault Tolerance ?
Replication-based



Aside: CAP

Databases ensure ACID (atomicity, consistency,
isolation, durability)

Web search engines don’t care about most of these
CAP Theorem:

Choose two of consistency, availability, and tolerance to
partitions

Databases choose C & P

Web search engines choose A & P

BASE ? Basically Available, Soft-state, Eventually
consistent



Why DB not good for Web Searches

10x difference (probably much larger now)
Several reasons why custom-built search engine better

No locking
Single hand-optimized query plan
Multi-way joins (instead of binary joins)
Extensive compression
Aggressive caching
Careful data representation
Hand-written access methods
Single address space
Not security or access control



MapReduce

Google’s solution to the same problem
Goal: efficient parallelization of various tasks across
1000’s of machines without the user having to worry
about the details such as:

How to parallelize
How to distribute the data
How to handle failures



Very Large Scale Distributed (VLSD)
Databases

Bigtable (Google), Dynamo (Amazon), Cassandra
(Facebook), PNUTS (Yahoo)
Similar goals:

Distributed, petabyte-scale
Transactional (for some definition of transactions)
Limited querying

Bigtable
Based on Chubby (Distributed Lock Service)
Range partitioning on primary key
Support single tuple transactions

Google Base



Web Data Management Projects

Richer queries (SIGMOD 2009 paper by Yahoo)
DMPs at Google (SIGMOD Record Article 2008)

Crawling the deep web
Searching HTML Tables
Bigtable Related:

coping with failures
sharing machines across users
better replication
attaching computation to data (like MapReduce)
sampling over Bigtables
direct support for indexing (see SIGMOD 2009 paper by
Yahoo)



Other interesting issues

Better (page)ranking algorithms
Much work in KDD/WWW community

Information Extraction
Trying to extract structured text from unstructured text
Some interersting recent work on this + probabilistic
databases


	Web Searching

