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details

I’'ve typed your ideas from Friday lab into the slides and
posted a PDF to Canvas.

We will be doing a survey to pick a mascot for a tee shirt.

Your next homework will ask you to create a Gantt chart for
a plan to apply to graduate school, due Sunday.

I’'m hoping everyone can find a team this week. (More
speed dating today if we have time.)

Questions?



details

I’'ve typed your ideas from Friday lab into the slides and
posted a PDF to Canvas.

We will be doing a survey to pick a mascot for a tee shirt.
OH will be every day.

your next homework will ask you to create a Gantt chart for
a plan to apply to graduate school, due Sunday.

I’'m hoping everyone can find a team this week. (More
speed dating today if we have time.)
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MostPositiveSubsequence

Write a C++ function that can scan a sequence of N integers in an

array A, returning the sum and the left and right indices of the
most positive subsequence.

For example, for the sequence
{-1,3,5,6,-2,-4,1,7,-15,12,7,-5}
the best sum = 20, left = 1, right = 10.



MostPositiveSubsequence

Was it ambiguous?

Anything not specified?



MostPositiveSubsequence

Was it ambiguous? Yes.
Anything not specified?

1. What happens if a null sequence is given? (Can you have
null sequence?)

What if all the numbers are negative or zero?
Does it have to be the shortest sequence?

What if two sequences are identical?

A S

Does performance matter?



what you saw

Rules you were asked to discover:

1. Since an empty argv was treated as a usage error, you were
free to assert n >0 in your MostPositiveSubsequence( )
function.

2. If all the elements are negative, the result is the single least
negative element.

3. If two subsequences have identical sums, the shortest,
leftmost is preferred.

4. Also, performance and code size does matter. You had to be
within 20% of my benchmark and less than 50 LOC.



why shortest first?

Consider this as a signal processing problem, of picking the peak.

Two common characteristics of signals are that they may have
harmonics and they may repeat.



What should you choose?
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What should you choose?
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naive solution

int NaiveSolution( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R;
bestSum = a[ @ ];
bestL = bestR = 0;

for (L =0; L<n; L++)
for ( R =1L, sum = ©8; R < n; R++ )

ium += a[ R ];
if E sum > bestSum ) What makes this naive?
bestL = L;
bestR = R;
bestSum = sum;
}
}

return bestSum;

}



naive solution

int NaiveSolution( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R;
bestSum = a[ 0 ];
bestL = bestR = 0;

for (L =0; L <n; L++)
for ( R =1L, sum = 0; R < n; R++ )

ium += a[ R ];

if E sum > bestSum ) What makes this naive?
bestL = L; )
bestR = R; Once a sum <=0, it can't be
bestSum = sum; useful.
}

}

return bestSum;

}



int Improved( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R;
bestSum = a[ @ ];
bestL = bestR = 0;

for (L =0; L <n; L+t )
for (R =1L, sum = 0; R < n; R++ )
{
sum += a[ R ];
if ( sum > bestSum )
{
bestL =
bestR =
bestSum
}
if ( sum <= 0 )
break;

sum; Stops when the sum <= 0.
] Does not find the shortest

sequence.

n =2

}

return bestSum;

}



int Shortest( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R;
bestSum = a[ @ ];
bestL = bestR = 0;

for (L =0; L <n; L++ )
for (R =1L, sum =0; R < n; R++ )
{
sum += a[ R ];
if ( sum > bestSum ||
sum == bestSum & & R - L < bestR - bestL])
{ Finds the shortest sequence.
bestL = L;
bestR = R;
bestSum =
}
if ( sum <= 0 )
break;

sum;

}

return bestSum;

}



int Shortest( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R; So, what’s wrong here?
bestSum = a[ @ ];
bestL = bestR = 0;

for (L =0; L <n; L++ )
for (R =1L, sum =0; R < n; R++ )
{
sum += a[ R ];
if ( sum > bestSum ||
sum == bestSum & R - L < bestR - bestlL )

{
bestl = L; Student ticks = 5278229
bestR = R; Benchmark ticks = 260295
bestSum = sum; Ratio = 20.2779
) Perf limit = 1.1
if ( sum <=0 ) Performance is slow
break; Test has failed

¥

return bestSum;

}



int Shortest( int a[ ], int n, int &bestl, int &bestR )
{

assert( n );

int sum, bestSum, L, R;
bestSum = a[ @ ];

bestL = bestR = 0; Do we really need two nested loops?
for (L =0; L<n; L++)
for (R =1L, sum = 0; R < n; R++ )
{

sum += a[ R ];
if ( sum > bestSum ||
sum == bestSum & R - L < bestR - bestlL )

{
bestL = L
bestR = R;
bestSum =
t

if ( sum <= 0 )
break;

] Two exits to the for loop.

5

return bestSum;

}



{

assert( n );

int sum, bestSum, L, R;

bestSum = a[ @ ];

bestL = bestR = 0;

for (L =R =sum=0; R < n;
{

sum += a[ R ];
if ( sum > bestSum ||
sum

{
bestL

bestR =
bestSum
}

if ( sum <= 0 )
{

u

n =2

.
J

.
J

sum;

=

+ 1;

—« — 0
]
X |l

}

return bestSum;

}

int BenchmarkSolution( int a[ ], int n, int &bestl, int &bestR )

Can this be improved?

R++ |)

Yes, you could move the
increment.

bestSum & R - L < bestR - bestlL )

Student ticks = 251726
Benchmark ticks = 260461
Ratio = 0.966463
Perf limit =1.1

Performance is okay
Test succeeded



w File Edit View Git Project Build Debug Test Analyze Tools Extensions Window Help £ Search - Solution1 o - [m] X
- 9 - &3 B Attach . ~ B A = R - & GitHub Copilot &’
= o . = Move the caret to the previous bookmark. (Shift+F:
g MoslPoan,,,equence,cpp MostPositiv.._equence.cpp BestSubsequence cpp MostPositiv.._equence.cpp — =
g [ Miscellaneous Files - (Global Scope) - -
19 -
20 #define TC( s ) s, sizeof( s )/sizeof (s[ 0 1)
21
22 const int a[ ] ={ -1, 3, 5, 6, -2, -4, 1, 7, =15, 12, 7, =5 },
23 b[]l1={-1, 3, 5, 6, -2, -4, 1, 7, -15, 12, 7, -5, -50, 70 },
24 c[]={-1, 3, 5,6, -2, -4, 1, 7, -15, 12, 7, -5, -50, 70, -69, 6 },
25 d[]={-1, 3, 5, 6, -2, -4, 1, 7, -15, 12, 7, -5, -50, 70, -69, 70 },
26 e[f]l={-1,3,5,86, -2, 1, 7, -15, 12, 7, -5 },
27 f{fl1=4{-1, 3, 5, 6, -2, 1, 7, -15, 12, 7, -5, -50, 29 },
28 of]1={-1, 3, 5,6, -2, 1, 7, -15, 12, 7, -5, 29 },
29 h[ ] = { _5! _51 _31 _2! -8 }l
30 -i[]={_55 _51 0) -1 }l
31 jLl1=4{-5 -6,0, -1},
32 k[ ] ={ -86, -5, -6, -12, -1},
33 imtrlj=1{ -8, -5, -6, -12, -1, 2, -1, 5 },
34 mL]={0,-5 -6, 0, -1}, 2
35 nf]l=4{0, -5, -6, 0, -12 },
36 of]1=4{1,2,0,3,0,0,0,2,1, 31},
37 pf1=4{6s6, -100, 1, 2, 0, 3, 0, O, -50, 0, 2, 1, 3 },
38
39 // Naive fails
40 L1 =4{-5, -5, -3, 0, 0, 5},
41 rid]l]=4{-8, -5, -6, -12, -1, 0, 0, 1, 0 },
42 sf]=4{0, -5, -6,0, 11,
43 tf]={1, 2, 0, 3, 0, O, =50, O, 2, 1, 3 },
44
45 // Not shortest fails
46 u[]=¢{5, -100, 1, 2, O, 3, O, -25, 6, -12, O, =50, O, 2, 1, 3},
47
48 // Centerpulse
49 ~ vfil]=4{0,0,1,1, 2, 4, 8, 13, 22, 32, 46, 60, 75, 88, 97, 100,
50 97, 88, 75, 60, 46, 32, 22, 13, 8, 4, 2,1, 1, 0, 0, O, O,
51 o, 0, 1, 4, 14, 35, 72, 120, 164, 181, 164, 120, 72, 35,
52 14, 4, 1, 0, 0, 0, 0, O, O, O, O, O, 1, 1, 2, 4, 8, 13,
53 22, 32, 46, 60, 75, 88, 97, 100, 97, 88, 75, 60, 46, 32,
54 22, 13, 8, 4, 2, 1, 1, 0, O, O, 0, 0, O, O, O, O, O, O,
55 0, 0, 0, 01},
56
57 // CenterpulseDerivative
58 v wf]l]={0,0,0,1,1, 2, 4, 6, 8, 11, 13, 15, 15, 13, 9, 3, -3,
59 -9, -13, -1s, -1, -13, -11, -8, -6, -4, -2, -1, -1, O,
60 o, 0, 0, 0, 0, 1, 3, 9, 21, 37, 48, 44, 18, -18, -44,
61 -48, -37, -21, -%, -3, -1, 0, O, O, O, O, O, O, O, O,
62 i, 1, 2, 4, 6, 8, 11, 13, 15, 15, 13, 9, 3, -3, -9, -13,
63 -1, -1, -13, -11, -8, -6, -4, -1, -1, -1, 0, 0, O, O,
64 o, 0, 0, 0, 0, O, 0, O, O, O, O };
65
66 const TestCase TestSet[ ] =
67 v {
68 TcCa), Tc(b ), Tc¢(c ), TC(d ), T€CCe ), TCCF ), TCCg ), TCCh ), TCC1i ),
69 TCC J ), TCCk ), TCC 1), TC(m ), TC(n ), T€CCo ), TCCp ), TCCqg ), TCCr ),
70 TC( s ), TCCt ), TCCu ), T v ), TC( w )
71 }s
72
73 const int TestSetSize = sizeof( TestSet )/sizeof( TestSet[ 0 ] );
74 -
100 % - & @ No issues found A Ln:76 Ch:1 SPC  CRLF

fm Select Repository « [




int ImprovedBenchmark( int a[ ], int n, int &bestl, int &bestR )
{
assert( n );
int sum, bestSum, L, R;
bestSum = a[ @ ];
bestL = bestR = 0;

for (L =R =sum=0; R<n; )
{
sum += a[ R ];
if ( sum > bestSum ||
sum == bestSum & R - L < bestR - bestlL )

{

bestL = L;

bestR = R;

bestSum = sum;

Student ticks = 240777

Rt+; Benchmark ticks = 304328
IF{Tsum <= @) Ratio - 0.791176

{ Perf limit - 1.1

sum_=_9; Performance is okay

; s Test succeeded

}

return bestSum;

}



agenda

3. History of the web
4. Search basics

5. Your project



before the web

1970s Internal networks, mostly for email. Dial in for time
sharing. 300 baud modem:s.

1980s USENET newsgroups. Posts were passed by polling
from one machine to the next. 2400 baud modems.

1990s Bulletin boards, CompuServe, BIX, many others. 9600
baud modems.



Newsgroups: rec.humor

Path:
gmd.delxlink.net!sol.ctr.columbia.edu!news.kei.comlublacsu.buffalo.edulubvms.cc
.buffalo.edu!vl4epxgt

From: v140...@ubvms.cc.buffalo.edu (Daniel B Case)
Subject: Canonical List of Light Bulb Jokes
Message-ID: <CEr2F@.521@acsu.buffalo.edu>
News-Software: VAX/VMS VNEWS 1.41

Sender: nn...@acsu.buffalo.edu

Nntp-Posting-Host: ubvmsd.cc.buffalo.edu
Organization: University at Buffalo

Date: Mon, 11 Oct 1993 20:34:00 GMT

Lines: 1021

Sorry for the delay this month, but I had to clear some disk space to

post this (In the future, whenever I get there, I will be using Unix so this
won't happen-I hope). Anyway, here's the latest version.

https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUU)



https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUUJ

Newsgroups: rec.humor

Path:
gmd.delxlink.net!sol.ctr.columbia.edu!news.kei.comlublacsu.buffalo.edulubvms.cc
.buffalo.edu!vl4epxgt

: R .CC. . B-Case)
Subject: Canonical List of Light Bulb Jokes
Message-ID: <CEr2F0.521@acsu.buffalo.edu>
News-Software: VAX/VMS VNEWS 1.41

Sender: nn...@acsu.buffalo.edu
Nntp-Posting-Host: ubvmsd.cc.buffalo.edu
Organization: University at Buffalo

Date: Mon, 11 Oct 1993 20:34:00 GMT

Lines: 1021

Sorry for the delay this month, but I had to clear some disk space to
post this (In the future, whenever I get there, I will be using Unix so this
won't happen-I hope). Anyway, here's the latest version.

https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUU)



https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUUJ

Newsgroups: rec.humor

Path:
gmd.delxlink.net!sol.ctr.columbia.edu!news.kei.comlublacsu.buffalo.edulubvms.cc
.buffalo.edu!vl4epxgt

Erom: v140. . @ubvms.cc . bhuffalo.edu (Daniel B Case)
Subject: Canonical List of Light Bulb Jokes

Message-1D: <CErZrFo.5ZI@acsu.buttalo.edus
News-Software: VAX/VMS VNEWS 1.41

Sender: nn...@acsu.buffalo.edu
Nntp-Posting-Host: ubvmsd.cc.buffalo.edu
Organization: University at Buffalo

Date: Mon, 11 Oct 1993 20:34:00 GMT
Lines: 1021

Sorry for the delay this month, but I had to clear some disk space to

post this (In the future, whenever I get there, I will be using Unix so this
won't happen-I hope). Anyway, here's the latest version.

https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUU)



https://groups.google.com/forum/?hl=en#!original/rec.humor/uRVacQrozNs/Qrmmizp8bUUJ

the web is born

Aug 6, 1991, the WWW goes live.
1993 Mosaic browser introduced.

1994, WebCrawler and Lycos go live.



B WebCrawler Searching b4

& C ‘ @ Secure | https://web.archive.org/web/19961023234707/http://www.webcrawler.com:80/

w ® & O

G QWM (2

SSC#  Search before you surfl Search Browse Secial AddURL Help

Search the web and show | titles v [for[25 v |results

| | Search |

Example: "Alien Abduction” UFO Roswell Search tips

v

-~

m DlNobody covers sports like SportsLine. Click here.

» Choose one of these categories:

Arts & Literature - Business - Chat - Computers - Daily News
Education - Entertainment - Government - Health & Medicine
Internet - Kids & Families - Life & Culture - Personal Finance
Recreation - Reference Desk - Science - Sports - Travel

Get the latest dirt in our new Gossip section!

Search - Browse - Special - Add URL - Help

Copyright © 1996 America Online. Inc.
Disclaimer

PN

FREE




web surfing is born

Through the 90s, individuals and companies post pages with
quirky links.

Web surfing begins.



B Hamilto

« > cC

s://web.archive.org/web/1

Werld's most powerful tools!

Hamilton Laboratories

Hamilton Laboratories is an independent software vendor offering tools and training to professional developers world-wide. Our
main product is Hamilton C shell, a tools package that recreates the original UNIX C shell and utilities completely from scratch
on Windows NT, Windows 95 and OS/2, adding numerous enhancements. We also offer an on-site course, Win32 for UNIX
Programmers, for experienced programmers moving from UNIX to Windows NT and Windows 95.

From this site, you'll be able to [eam more about our company and products and our commitment to quality, support and customer
satisfactione=rew-ean = = — uf qur software, browse our on-line documentatlon and you

Hamilton Laboratories
21 Shadow Oak Drive, Sudbury, MA 01776-3165, U.S.A.
Phone 508-440-8307 | Fax 508-440-8308 | Email hamilton@hamiltonlabs.com

web/19970601025518/htt


https://web.archive.org/web/19970601025518/http:/www.hamiltonlabs.com:80/

https://web.archive.org/web/1

We've assembled here links to quite a number of interesting sites we've discovered. As you can see, links on this page are not all purely
business-related. For example, the kids' links are here simply because we have children (as many of you do also) and finding good clean sites
you can safely let your kids explore is not always all that easy. If you have some recommendations for additions or if you discover any of these
pages have disappeared, please let us know.

Links are broken up into the following categories:

Geek Stuff

Global Positioning Systems
Humor )

Kids' Stuff

News Organizations
Search Engines

Software Sites

Spam and Privacy Issues
Stock Market

Weather

Web Page Creation
WinNT Information

* (This page was created from our own Internet Explorer Favorites list with a C shell script.)

Geek Stuff:

Almost everything you ever wanted to know 1s out there somewhere on the internet. There's also a lot of stuff you really didn't
care to know. You decide.




B Hamilton |

e e | https://web.archive.org/web/1

The title says it all, though we admit that not all the sites we list were actually intended as humorous. Sometimes, that's the whole
reason they're so funny.

$95.093

About The True Mirror

Application to be Sarang's Girlfriend
Bill Gates Personal Wealth Clock
Bill Gates for President 1996!
Canonical Tight Bulb Jokes

Daily Deaffirmations

Dave Letterman's Top Ten Lists
Dead People Server

Dear Abby
Dilbert Newsletter

Geek Site of the Day

IBM buys Episcopal Church

Kevin Kelm's Virtual Vomit

Light Bulb Jokes for Programmers
Listing of Bondage Stories

Make Dogs Fast!!

Microsnot Corporation

Microsoft Bids to Acquire Catholic Church
Microsoft Light Bulb Jokes
Mystical Smoking Head of 'Bob'
News of the Weird Archives
Official Outhouses of America Tour
Other Crackpot Religions!

Ovi's World of the Bizarre

Pizza Server!

Poker at the Dead Eve Saloon




Yahoo!

Mar 2, 1995, Yahoo! goes live but their links are all hand-curated.



B Yahoo!

&«

C' | & Secure

x
https://web.archive.org/web/19970109130853/http://www9.yahoo.com:80/ “w O & O

99 YaHOO! 9.9

oy oy

Exploring The New Hork Times CLICK Looking for a
Mars Wina 520,000 Trip! HERE! Car? Job? Date?

Search | options

Yellow Pages - People Search - Maps - Classifieds - News - Stock Quotes - Sports Scores

e Arts and Humanities o News and Media [Xtra!]
Architecture. Photography. Literature. .. Current Events. Magazines, TV, Newspapers ..

Business and Economy [Xtra! e Recreation and Sports [Xtra!
Companies, [nvesting, Employment. .. Sports, Games, Travel, Autos, Outdoors. ..

e Computers and Internet [Xtra!] * Reference

Internet, WWW, Software, Multimedia... Libraries, Dictionaries. Phone Numbers. ..
e Education * Regional

Universities, K-12, College Entrance... Countries, Regions, U.5. States. ..
e Entertainment [Xtra! e Science

Cool Links, Movies. Music. Humor. .. CS, Biology, Astronomy, Engineering. .
¢+ Government ¢ Social Science

Military, Politics [Xtral], Law, Taxes .. Anthropology, Sociology, Economics .
e Health [Xtra!] e Societv and Culture

Medicine, Drugs, Diseases, Fitness People, Environment, Religion ..

My Yahoo! - Yahooligans! for Kids - Beatrice's Web Guide - Yahoo! Internet Life
Weekly Picks - Today's Web Events - Chat - Weather Forecasts
Random Yahoo! Link - Yahoo! Shop

National Yahoos Canada - France - Germany - Japan - UK. & Ireland

xr 1 Lax A A - Y Pt T 41 Ia - TET 4T A 1

Ricale




Yahoo!

Jerry Yang and David Filo, both PhD students in engineering at
Stanford, start Jerry’s Guide to the Web.

Jerry hated the name, so it became Yahoo!, a meaningless acronym.
Hand-crafted directory to the web.

Jerry and David categorized 1000 sites/day.

Initially running out of a trailer on campus.

Moved to free hosting on Netscape’s machines in early 1995.

“It was a labor love — lots of labor, since no software program could
evaluate and categorize sites.”



AltaVista

Dec 15, 1995, DEC Research’s AltaVista goes live with the first
modern search engine architecture.

Used index stream readers invented by Mike Burrows.
AltaVista quickly becomes most popular engine.

Bought by Yahoo! in 2003.



H AltaVista - The Search C© %

&« C' | & Secure | https://web.archive.org/web/20010619000110/http://www.altavista.com:80/ e @n @ O

N altavista

THE SEARCH COMPANY

Try your search in: Shopping * Images * Video » MP3/Audio * News + Autos * Tech

Search for: Help | Customize Settings | Family Filter is off

any language v | Search

Search Assistant | Advanced Search

Shopping: Compare Prices * Local Deals & Coupeons * Web Deals & Rebates » uBid Auction

Tools: Email * «J3 Translate » Maps * Directions « Yellow Pages * People Finder * Find A Date
Find Downloads « Text-Only Search » Weight Calculator « Find A Job = Find A Home « More...

News: Supreme Court Upholds Use of Force in Guarding. .. * More News. .

Web Site Hosting * Insurance Quotes » Radio Pet Fence » Get Cash Back * Buy A Computer
Vacation Plans * Online Casinos & Gambling * DVD Players « NBA Tickets « Win Free Travel

Arts & Entertainment Music Business Center
Culture, Celebnties, Movies. .. Artists, Genres, MP3. . Internet Search Services
AltaVista Enterprise Software
Autos People & Chat Download a trial version now
Buy & Sell, Guides, Repair. .. Chat, Email, Personals. ..
Submit A Site
Computing Personal List Your Products

Hardware, Internet, Software...  Family, Intimacy, Home. .. Advertise With Us

Access Files From Anywhere

Games Travel
Gambling, Role Playing, Video... Activities, Destinations, Trips. ..

Health & Fitness Shopping

Conditions, Medicine, Insurance... Coupons, Deals, Wireless. ..




Google

Sep 4, 1998, Google goes live with PageRank, named after Larry
Page, coinvented by Sergey Brin.

Introduced a much simpler page where they promised that all
their results were algorithmic, none paid and that they would do
no evil.

Quickly became the dominant engine.



/ Google x \

A\

& C [ @ Secure | https://web.archive.org/web/20010119175000/http://www.google.com:80/ ¥ | S & 0 ' ¢
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Google

Search 1,326,920,000 web pages

Advanced Search
Preferences

Google Search | I'm Feeling Lucky

Google Web Directory
the web organized by topic

Cool Jobs - Add Google to Your Site - Advertise with Us - Google in Your Language - All About Google

©2001 Google




Why did this become dominant?

B Google 4

& C ‘ @ Secure | https://web.archive.org/web/20010119175000/http://www.google.com:80/ “w O & O
Google

Search 1,326,920,000 web pages

Advanced Search
Preferences

Google Search | I'm Feeling Lucky

Google Web Directory
the web organized by topic

Cool Jobs - Add Google to Your Site - Advertise with Us - Google in Your Language - All About Google

©2001 Google

Ricale
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Bing

Jan 2005, Microsoft’s own engine goes live, initially as MSN
Search.



w? MSN Search X

= C | & Secure | https://web.archive.org/web/20050206014122/http://search.msn.com:80/ “w O & O

MSnN.“ Secarch

Web News Images Desktop Encarta

+Search Builder Seftings Help Espafiol

Messenger - What's new in MSN Search

Ricale
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It’s a lot easier to do something if you know it’s possible.
In business, this called either an imitator or follower strategy.

In engineering, if you know something’s possible, you know not
to give up.



agenda

4. Search basics

5. Your project



N o U ke w e

the basic parts to a search engine

HTML parser.
Crawler.

Index.
Constraint solver.
Query language.
Ranker.

Front end.



the index build side

Seed list —P{ Crawler

{ HTML parser

H Index build

——

— N
N A
Index files

/
\




the index build side

Seed =P Crawler
list \_ J

v

4 )
HTML -’[ Index build ]
parser

\ J




the query serve side

Queries —V{ Front end ]

v

[

Query
compiler

\

J

Constraint
solver

\

J

{ Index server ]

—b{ Ranker ]—} Results

=




the query serve side

Queries '> Front end l

,
Query Constraint
compiler solver Ranker ’ Results
\




HTML Parser

seed P Crawler Extract the content from a HTML file as a
list . ) series of tokens in the title and the body
* of the document and a set of links with
HTML _»[Index bu”dJ anchor text to other documents.
parser




Seed
list

>

Crawler

v

HTML Parser

HTML
parser

-’[ Index build]

Historically, many teams have found that
getting the HTML parser to work is the
most time-consuming part of the project.

There is so much bad, broken HTML out
there on the web that many teams
struggle to keep their parsers from
crashing.

This is a big part of the surface area of
your project.



Seed
list

>

Crawler

v

HTML Parser

HTML
parser

-’[ Index buildJ

Common pitfall: Overengineering and
overcomplexity.

Think carefully: What does it need to do?

Does it need to parse the entire
document structure?

You have a homework that should help
point you in the right direction.



HTML

<!DOCTYPE html PuUBLIC "-//w3C//DTD XHTML 1.0 Strict//EN"
"http://www.w3.0org/TR/xhtml1/DTD/xhtml1l-strict.dtd">
<html xmlns="http://www.w3.0rg/1999/xhtml">

<head>
<meta content="text/html; charset=utf-8" http-equiv="Content-Type" />

<title>Page title shown in the browser tab</title>
<script>Lots of gibberish</script>

<link href="mysStyles.css" rel="stylesheet" type="text/css" />
<link href="Attps://mydomain/favicon.ico" rel="shortcut icon" />

<meta name="DC.Rights" content="Copyright 2018 my name" />
<meta name="description" content=“Short abstract."/>

<meta name="keywords" content=“arbitrary list of words"/>
</head>

<body>

</body>
</html>



crawler

seed P Ccrawler 1. Manage a frontier of new links to be
list \ J crawled.

HTML crawled and in what order.
parser

- + N 2. Decide what will or will not be
-’[Index buildJ

3. Keep track of what’s already been
crawled.

- 4. Read pages over HTTP and HTTPS.
5. Obey robots.txt files.

6. Deal with redirects.



crawler

seed | Ccrawler All of this has to be highly multithreaded
list 8 J so you don’t wait on slow sites, instead
+ overlapping them.
;';';’; -)[lndex buildJ You will also want to spread it across

multiple machines and will need to
decide how to divide it up and pass
information.

W This also is part of your surface area.



crawler

( N\
seed P Crawler Typically maintains pool of worker
list . ) processes or threads to read and parse

+ webpages.
4 )
HTML ’l -
Index build . .
| parser | J Each worker retrieves the file and queues

it for the HTML parser which creates an
object.

Links go into the frontier, perhaps with
anchor.

Words go into the index.



crawler

seed P Crawler It’s very easy to DOS a site with
list . y thousands of threads on a bunch of AWS
+ machines with gigabit connections.
HTML i
| parser J"[Index bu'ldJ So, we’ll talk about politeness and putting

your contact info in your User-Agent:
field so complaints go to you, not me.



index

Seed *r Crawler 1 A merged inverted word index of all the
list g J documents that have been crawled,
+ allowing you to report all the documents
: HTML j{lndex bu”d] and individual locations (postings) where
| parser any given word was found.

Due to the size, the posting lists will have

) tobe ondisk but you'll map them right
m into your process virtual memory address

space.



The inverted word index
operates like the index at the
back of a book.

An index in a book lists all pages
where a word or topic appears.

It’s called inverted because we
think of the original text as the
non-inverted form.

INDEX AND GLOSSARY

Some Men pretend to understand a Book
by scouting thro' the index:

as if a Traveller should go about to describe a Palace

when he had seen nothing but the Privy.

—JONATHAN SWIFT
(Mechanical Operation of the Spirit, 1704)

‘When an index entry refers to a page containing a relevant exercise, see also the answer to
that exercise for further information; an answer page is not indexed here unless it refers to a
topic not included in the statement of the exercise.

A-register of MIX, 122
A-1 compiler, 458.
Aardenne-Ehrenfest, Taniana van, 375,
578.
Aarons, Roger M., 522.
Abel, Niels Henrik, 56.
binomial formula generalized, 56, 70,
72, 308.
limit theorem, 94.
Abramowitz, Milton, 66, 92, 615.
ACE computer, Pilot, 226.
Adams, Charles William, 226.
ADD, 127, 128, 204.
Add to list: see Insertion.
Addition of polynomials, 273-276, 355-359,
361

Address: A number used to identify a
position in memory.
field of MIXAL line, 123, 141, 147, 151,
152.
of node, 229-230.
portion of MIX instruetion, 123.
Address transfer operators of MIX, 129,
206-207.
Adjacent vertices of a graph, 362.
Agenda, 285, 293, see Priority queue.
Ahrens, Wilhelm Ernst Martin Georg, 159.
al-Khowdrizmi, Abu Ja‘far Mohammed ibn
Misg, 1, 78.
Alanen, Jack David, xiii.
ALF (alphabetic data), 148, 149, 151.
Algebraic formulas, manipulation of,
335-347, 461.
differentiation, 337-346, 359, 458.
representation as trees, 312, 335-336,
458.
simplification of, 339, 346.
Algorithm, origin of word, 1-2.
Algorithms, 1-9.
analysis of, vii, 7, 94-104, 166-169, 175,
246-247, 249-250, 265, 276, 323-324,
380-381, 445-446.
eommunication of, 16.
effective, 6, 8, 0

equivalence between, 466.

form of in this book, 2-4.
hardware-oriented, 26, 249, 600.
how to read, 4, 16.

proof of, 14-20, 318-319, 420, 566.
properties of, 4-6, 9.

random paths in, 380-381.

set theoretical definition, 8-9.
theory of, 7, 9.

Allocation of tables, see Dynamic storage
allocation, Linked allocation,
Representation, Sequential allocation.

Along order, 459.

Alphameric character: A letter, digit, or
special character symbol.

codes for MIX, 132, 134, 136-137.

AMM: American Mathematical Monthly, the
official journal of the Mathematical
Association of America, Inc.

Analysis of algorithms, vii, 7, 94-104,
166-169, 175, 246-247, 240250,
965, 276, 323-324, 380-381, 445-446.

Analytical Engine, 1, 225.

Ancestor, in a tree structure, 309,

André, Antoine Désiré, 531.

Anticipated input, 212, see Buffering.

Antisymmetric relation, 258.

Apex of tree, 307.

Apostol, Tom Mike, 28.

Arborescence, 362, see Oriented trees.

Arcin a directed graph, 371.

Arc-digraph, 379.

Area of memory, 435.

Arguments of subroutines, 183, 185.

Arithmetic: Addition, subtraction,
multiplication, and division, vii.

fixed-point, 154-157.

floating-point, 127, 304.

operators of MIX, 127-128, 135, 204.
polynomial, 272-277, 355-359, 361.
scaled decimal, 156-157.

Arithmetic expressions, see Algebraic
formulas.

Arithmetic progression, sum of, 11, 13, 31, 55.



If you want to know the list of
pages where some combination
of topics appears, all you need
to do is find the intersections of
the lists.

INDEX AND GLOSSARY

Some Men pretend to understand a Book
by scouting thro' the index:

as if a Traveller should go about to describe a Palace

when he had seen nothing but the Privy.

—JONATHAN SWIFT
(Mechanical Operation of the Spirit, 1704)

‘When an index entry refers to a page containing a relevant exercise, see also the answer to
that exercise for further information; an answer page is not indexed here unless it refers to a
topic not included in the statement of the exercise.

A-register of MIX, 122
A-1 compiler, 458.
Aardenne-Ehrenfest, Taniana van, 375,
578.
Aarons, Roger M., 522.
Abel, Niels Henrik, 56.
binomial formula generalized, 56, 70,
72, 308.
limit theorem, 94.
Abramowitz, Milton, 66, 92, 615.
ACE computer, Pilot, 226.
Adams, Charles William, 226.
ADD, 127, 128, 204.
Add to list: see Insertion.
Addition of polynomials, 273-276, 355-359,
361

Address: A number used to identify a
position in memory.
field of MIXAL line, 123, 141, 147, 151,
152.
of node, 229-230.
portion of MIX instruetion, 123.
Address transfer operators of MIX, 129,
206-207.
Adjacent vertices of a graph, 362.
Agenda, 285, 293, see Priority queue.
Ahrens, Wilhelm Ernst Martin Georg, 159.
al-Khowdrizmi, Abu Ja‘far Mohammed ibn
Misg, 1, 78.
Alanen, Jack David, xiii.
ALF (alphabetic data), 148, 149, 151.
Algebraic formulas, manipulation of,
335-347, 461.
differentiation, 337-346, 359, 458.
representation as trees, 312, 335-336,

458.
simplification of, 339, 346.
Algorithm, origin of word, 1-2.
Algorithms, 1-9.
analysis of, vii, 7, 94-104, 166-169, 175,
246-247, 249-250, 265, 276, 323-324,
380-381, 445-446.
eommunication of, 16.
effective, 6, 8, 0

equivalence between, 466.

form of in this book, 2-4.
hardware-oriented, 26, 249, 600.
how to read, 4, 16.

proof of, 14-20, 318-319, 420, 566.
properties of, 4-6, 9.

random paths in, 380-381.

set theoretical definition, 8-9.
theory of, 7, 9.

Allocation of tables, see Dynamic storage
allocation, Linked allocation,
Representation, Sequential allocation.

Along order, 459.

Alphamerie character: A letter, digit, or
special character symbol.

codes for MIX, 132, 134, 136-137.

AMM: American Mathematical Monthly, the
official journal of the Mathematical
Association of America, Inc.

Analysis of algorithms, vii, 7, 94-104,
166-169, 175, 246-247, 240250,
265, 276, 323-324, 380-381, 445-446.

Analytical Engine, 1, 225.

Ancestor, in a tree structure, 309,

André, Antoine Désiré, 531.

Anticipated input, 212, see Buffering.

Antisymmetric relation, 258.

Apex of tree, 307.

Apostol, Tom Mike, 28.

Arborescence, 362, see Oriented trees.

Arcin a directed graph, 371.

Arc-digraph, 379.

Area of memory, 435.

Arguments of subroutines, 183, 185.

Arithmetic: Addition, subtraction,
multiplication, and division, vii.

fixed-point, 154-157.

floating-point, 127, 304.

operators of MIX, 127-128, 135, 204.
polynomial, 272-277, 355-350, 361.
scaled decimal, 156-157.

Arithmetic expressions, see Algebraic
formulas.

Arithmetic progression, sum of, 11, 13, 31, 55.



An inverted word list is a
computer scientist’s term for an
older idea.

INDEX AND GLOSSARY

Some Men pretend to understand a Book
by scouting thro' the index:

as if a Traveller should go about to describe a Palace

when he had seen nothing but the Privy.

—JONATHAN SWIFT
(Mechanical Operation of the Spirit, 1704)

‘When an index entry refers to a page containing a relevant exercise, see also the answer to
that exercise for further information; an answer page is not indexed here unless it refers to a
topic not included in the statement of the exercise.

A-register of MIX, 122
A-1 compiler, 458.
Aardenne-Ehrenfest, Taniana van, 375,
578.
Aarons, Roger M., 522.
Abel, Niels Henrik, 56.
binomial formula generalized, 56, 70,
72, 308.
limit theorem, 94.
Abramowitz, Milton, 66, 92, 615.
ACE computer, Pilot, 226.
Adams, Charles William, 226.
ADD, 127, 128, 204.
Add to list: see Insertion.
Addition of polynomials, 273-276, 366-359,
361

Address: A number used to identify a
position in memory.
field of MIXAL line, 123, 141, 147, 151,
152.
of node, 229-230.
portion of MIX instruetion, 123.
Address transfer operators of MIX, 129,
206-207.
Adjacent vertices of a graph, 362.
Agenda, 285, 293, see Priority queue.
Ahrens, Wilhelm Ernst Martin Georg, 159.
al-Khowdrizmi, Abu Ja‘far Mohammed ibn
Misg, 1, 78.
Alanen, Jack David, xiii.
ALF (alphabetic data), 148, 149, 151.
Algebraic formulas, manipulation of,
335-347, 461.
differentiation, 337-346, 359, 458.
representation as trees, 312, 335-336,

458.
simplification of, 339, 346.
Algorithm, origin of word, 1-2.
Algorithms, 1-9.
analysis of, vii, 7, 94-104, 166-169, 175,
246-247, 249-250, 265, 276, 323-324,
380-381, 445-446.
eommunication of, 16.
effective, 6, 8, 0

equivalence between, 466.

form of in this book, 2-4.
hardware-oriented, 26, 249, 600.
how to read, 4, 16.

proof of, 14-20, 318-319, 420, 566.
properties of, 4-6, 9.

random paths in, 380-381.

set theoretical definition, 8-9.
theory of, 7, 9.

Allocation of tables, see Dynamic storage
allocation, Linked allocation,
Representation, Sequential allocation.

Along order, 459.

Alphamerie character: A letter, digit, or
special character symbol.

codes for MIX, 132, 134, 136-137.

AMM: American Mathematical Monthly, the
official journal of the Mathematical
Association of America, Inc.

Analysis of algorithms, vii, 7, 94-104,
166-169, 175, 246-247, 240250,
265, 276, 323-324, 380-381, 445-446.

Analytical Engine, 1, 225.

Ancestor, in a tree structure, 309,

André, Antoine Désiré, 531.

Anticipated input, 212, see Buffering.

Antisymmetric relation, 258.

Apex of tree, 307.

Apostol, Tom Mike, 28.

Arborescence, 362, see Oriented trees.

Arcin a directed graph, 371.

Arc-digraph, 379.

Area of memory, 435.

Arguments of subroutines, 183, 185.

Arithmetic: Addition, subtraction,
multiplication, and division, vii.

fixed-point, 154-157.

floating-point, 127, 304.

operators of MIX, 127-128, 135, 204.
polynomial, 272-277, 355-350, 361.
scaled decimal, 156-157.

Arithmetic expressions, see Algebraic
formulas.

Arithmetic progression, sum of, 11, 13, 31, 55.
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A COMPLETE Hh

ACONCORDANCE

Historically, concordances |  rorme
have been used to search HOLY SCRIPTURES

important works.

2 ;‘ﬁ ‘J,l'\)
OLD aiad NEWPZ“.
I~ TWO PAERTS'

A concordance is g SRl i ,,M,.;n,m

1. The Appﬂ’fdﬂwo Ccmmm Words in fo full and ]argc n?
it. In this

an alphabetical list of the Mgurwﬁmwyﬂﬁ T s
. ! ﬂmjbf():scﬁ:ms and Ceremonies s added, which nuyﬁtvc l].ll_lﬂ:l‘ﬂt: sy {'

words used in a book or body b e s il Sl i 1
. . . i gnfﬁcatwrri of the’ %wdgsq’gz Dngu::l Languages from w?nci: !;qco:ﬁl;lmgvﬁe : 7: 3

of work, listing every instance o ik i it A Conconpaxe b e Bk, il Arocavens

with its immediate context.

Image source: https://www.historyofinformation.com/detail.php?id=3045



https://www.historyofinformation.com/detail.php?id=3045
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A COMPLE*’I‘E i

CONCORDANCE

The first Bible concordance ' . rorme
was compiled for the Vulgate HOLY S G R;I dP;TLU R E s
Bible by Hugh of St Cher i

OLD and k‘ﬁvwv‘ IT:
(d.1262), who employed 500 Gl :
. . . N w o P %R 1
friars to assist him. R G A S,
1. The Appﬂ’la‘mo Cfmmm Words in fo full and largc mmncr tlutany Verfe
e B
_ _ eI TR wm‘ﬁmﬁmﬁ
The aqdlence was priests b, g qum 4
prepa”ng Sermons- ~ To which ¢ A he | ooks, A!ncx?rn&--

Image source: https://www.historyofinformation.com/detail.php?id=3045
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Here’s how an online
Bible concordance
works.

Notice how it gives the
context. For the Bible,
that’s the whole verse.

[ Concordance of Shakespeare's cc

x King James Bible Search flood x  + — o X

c 25 thekingsbible.com/Search/Searc... ¥ « @ 0 & B SR = fé

£ 1403 Cameras l’:) seattle Pl @ NYTimes P wapost WM ws) m Business Leadership e... » [ allBookmarks |

Bible Search: flood

Gen 617

Gen 7.6

Gen 7.7

Gen 7:10

Gen 717

L in iaa

=g |

|
KING JAMES BIBLE

ONLINE STUDY BIBLE

Bible word or verse Q J

39 verses found

And, behold, I, even |, do bring a flood of
waters upon the earth, to destroy all flesh,
wherein is the breath of life, from under
heaven; and every thing that is in the earth
shall die.

And Noah was six hundred years old when |
the flood of waters was upon the earth.

And Noah went in, and his sons, and his wife,
and his sons' wives with him, into the ark,
because of the waters of the flood.

And it came to pass after seven days, that the
waters of the flood were upon the earth. ‘

And the flood was forty days upon the earth;
and the waters increased, and bare up the
ark, and it was lift up above the earth.

Awocd Liwrdll mmdolalicle wn e cma cmio ok vicdbla s cmaan R

https://thekingsbible.com/Search/SearchResults



https://thekingsbible.com/Search/SearchResults

Concordances have also
been created for the
Vedas, Qur’an, the works
of Shakespeare and
other authors.

Before computers, they

had to be constructed by
hand. So, they were only
done for important works.

This one is 1000 pages.

John Bartlett




Here’s how an online
Shakespeare
concordance.

~  fF Concordance of Shakespeare's co: X King James Bible Search flood x |+ = [m} X

<« > C 25 opensourceshakespeare.org/concorda ¥ e © 0 ¢ [ 3 o fé
g8 ) 1403 Cameras (:] Seattle PI @ NYTimes P WaPost WM ws) m Business Leadership e. » [ All Bookmarks
;’S_ OpcnSuurccSﬁa,’\:(_\]u'ml' SEARCH TEXT5| LE

& Plays + Sonnets + Poems + Concordance + Advanced Search + About 0SS

Concordance
of Shakespeare's complete works

&

Find a word form [ | ey

@® Exact spelling
O First part of a word form
O Any part of a word form

1569 Choose a letter to the left to see all the word forms
1, ) beginning with that letter. The numbers next to the letters
indicate how many word forms begin with that letter. |
(1,847) Do you have to look through hundreds of words to
find the word form you're seeking? Of course not! The
(2 625) 0SS management values your time. Enter the exact word
! form you want in the box above to search for it.

(1,754) What is a word form? A word like "play" can take several
! forms, like plays, playing, and played. Each word form is
listed in the database, along with the number of times the
(1,067) word form occurs in the text collection.

(1,459)
(915) ‘
(1,190)
(869)
(252)

(200)

FRXYHS I OTMMOO® >

(1,082)

https://www.opensourceshakespeare.org/concordance/



v fF searchResults | Open Source Sh X King James Bible Search flood x |+ = [m}

<« c 25 opensourceshakespeare.org/search/se. ¥ e © 0 ¢ B o ‘3 H

28 &) 1403 Cameras () Seattle Pl @ NYTimes WP wapost WS ws) [ Business Leadership e. » [ All Bookmarks

If | search for stars, | can [ ornemSlnkepean seancu e &

i Plays + Sonnets + Poems + Concordance + Advanced Search + About 0SS

find all the lines that Search results
mention stars and who

d t KEYWORD: stars
Sald It. [Refine your search| _Print-friendly | New scarch

For an explanation of each column,
tap or hover over the column’'s title.

# Wo Character Line Te
1 All's Well That Helena 182 That wishing well had not a body in't, |
Ends Well Which might be felt; that we, the poorer born,

[L, 1] Whose baser |sf 0 shut us up in wishes,
Might with effects of them follow our friends,
And show what we alone must think, which never
Return us thanks.

2 All's Well That Helena 573 There's something in't,
Ends Well More than my father's skill, which was the greatest
[L, 31 Of his profession, that his good receipt

Shall for my les sanctified

By the luckiest n heaven: and, would your honour

But give me leave to try success, I'ld venture |
The well-lost life of mine on his grace's cure |
By such a day and hour.

3 All's Well That Helena 1341 And ever shall
Ends Well With true observance seek to el hat
[11, 5] Wherein toward me my homely have fail'd

To equal my great fortune.

4 All's Well That King of France 2945 You boggle shrewdly, every feather

Ends Well Is this the man you speak of? |
v 31
5 Antony and Lepidus 1675 Let all the number of the :give light
Cleopatra To thy fair way!
[111, 2]
6 Antony and Antony 2370 Moon and ‘
Cleopatra Whip him. Were't twenty of the greatest tributaries =
>

https://www.opensourceshakespeare.org/concordance/



In your search engine you’ll create an index as file containing the
list of URLs contained in the index and the inverted word index.

List of URLS Inverted word index




The inverted word index

Dictionary Posting list Posting list Posting list Posting list
A posting list
Common IR SEete Index Post | Post | Post Sentinel
Header data

An individual post

Delta from
previous
post

Type-specific
data




Queries .>

Front end

constraint solver

-

.

Query
compiler

Constraint
H solver H Ranker }-’ Results

Index server

Given an inverted word index
and a constraint, e.g., a list of
words that must appear
together or as a phrase in a
document, find the list of
matching documents.



Queries '>

Front end

constraint solver

-

.

Query
compiler

Constraint
H solver H Ranker }-’ Results

Index server

Index Stream Readers (ISRs)
are used to scan the index.

Finds the next occurrence of
the desired token or
combination of child ISRs
representing individual words,
document ends, ORing or
ANDing of terms, Phrases, and
Nots (terms that should not
occur in the document.)



Consider these posting lists

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200

#DocEnd 112 570 1006 1704

To read and merge these lists, we need to move from one entry to the next.
We'll do that with an ISR (index stream reader).

The ISR for each token has to be able to report its current location and any
attributes, and it needs Next( ) and Seek( ) functions.



OR'ing streams

quick 10 27 105 513 518 520
brown 28 50 62 70 514 790
fox 87 106 515 550 1200

#DocEnd 112 570 1006 1704

quick | fox 10 27 87 105 106 513 515 518 520

An OR ISR simply merges the streams.

No need to pay attention to document boundaries. Each post is in whichever
posting list and whatever document it happens to be.



AND'ing streams

quick
brown
fox
#DocEnd

quick fox

10 27 105 513 518 520
28 50 62 70 514 790
87 106 515 550 1200
112 570 1006 1704



AND'ing streams

Easier to consider if we show the document boundaries.

quick 10 27 105 513 518 520

brown 28 50 62 70 514 790

fox 87 106 515 550 1200
#DocEnd 112 570 1006 1704
quick fox ?

AND'ing of terms should find occurrences of all the terms within a single
document.



guery compiler

Queries '> Front end

Compile a query as typed, e.g.,
with quotes around phrases,

- auery Constraint into a structure the constraint
compiler solver Ranker '> Results

L solver understands.




The query language and the ISRs should be recursive

"apollo moon landing" | ( apple banana)

The parse tree

Phrase

g

OR

"apollo"

Ilmoonll

"landing"

AND

~N

llapplell

"banana"




Queries .>

Front end

ranker

7

\

Query
compiler

Constraint
H solver H Ranker ]-» Results

Index server

Use the compiled query to

retrieve matching pages from
the index, then score them by
a statistical, heuristic or other
method and pick the ten best.



front end

Queries -> Frontend Report the results baCk,

possibly including snippets
[ Query Constraint with a simple HTTP server.
compiler solver Ranker '> Results

Index server




Result quality

To be useful as a search engine, it must produce good results
quickly.



result quality

Traditional measures:
Precision The fraction of the results that are relevant.

Recall The fraction of all relevant results returned.



result quality

And because it matters that the top results be the best:

Relevance An estimate of the overall quality of the page
as an result for this query that can be used for
ranking (ordering) the results.



kinds of rank

Dynamic rank How good a match this page is to this
specific query.

Static rank How good the page is, knowing nothing
about the query.



dynamic rank

Estimate the quality of match between the page and the query.

Traditional methods in information retrieval considered the page
as a bag of words and ostensibly measured the mathematical or
statistical similarity.

For example, one method claimed to consider the document and
the query as vectors and to calculate the angle between them.



bag of words

A scoring method that considers only that the search words
occur in the document, not where or in what relation to each
other.



tf-idf

Term-frequency, inverse document frequency.

Easily the most famous bag of words technique. The more
occurrences of a rare word, the better.



bag of words

Here’s a sample NY Times page from Jan 25, 2021.

= O X
€ The New York Times - Breaking Nev X +
& > C O File| C/Users/hamil/Google%20Drive/eacs440/ExampleCode/HtmlIParserSolution/nytimes.html Y B @n o « * 6 B O & » u‘a
@ Seattle Pl WSl WSJ @ NvTimes P wapost ':::' Canvas m Course Info Center b Crappy Scheduler %2 BofA VW Wikipedia m GSI/IA Applications Student evals '@‘ Patents » Other bookmarks
= Q u.s. INTERNATIONAL ~ CANADA  ESPANOL SUBSCRIBE FOR $1/WEEK m
Ehe New ork il'ilmeﬁ
Today's Paper Nasdaq -0.02% +
World  U.S. Politics N.Y. Business Opinion Tech  Science Health Sports Arts  Books Style Food Travel Magazine T Magazine Real Estate  Video
| Thed

Impeached, again.

Listen to ‘The Daily’

The Book Review Podcast
Charles Yu on his National Book Award-winning
novel, “Interior Chinatown.”

zY

Listen to ‘The Argument’
Jane Coaston loves Section 230. Got a problem with
that?

LIVE

Fractures in

G.0.P.
Widen After

Impeachment

Vote

‘Suspicious’ Visits to
Capitol Eyed as Dragnet
Snares 2 Police Officers
Democratic lawmakers
demanded answers about
visitors to the Capitol a day
before the riot.

- Some House Republicans have
called on Representative Liz
Cheney to resign from her
leadership post after she voted
to impeach President Trump.

+ Ms. Cheney was one of 10
Republicans to break with the
party on the vote, setting up a

i
Iogeaee s ooy

X ey e v
messy internal feud that could bl _ ) i ¥

define its future. 0w A T i
https://www.nytimes.com,/2021/01/08/books/review/podcast-charles-yu-interior-chinatown-david-brown-henry-adams-last-american-aristocrat.html




bag of words

Here it is stripped of HTML and CSS but the text remains.

= O X
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at Microsoft

At Microsoft, we separated the occurrences into four
metastreams, in order of importance.

1. Anchor text.
2. URL.

3. Title.

4. Body text.



heuristics

Pick the rarest word in the query, then iterate over its
occurrences on the page.

At each place, move the pointers to the other words to as
close to the correct relative position as possible.

Score that that set, called a span, counting the number of
spans, the number of exact phrases, in order, close together,
etc.

Score the counts, weighting exact phrases the title as more
important than other matches.



heuristics

Altogether, had about 700 heuristics in a linear combination.

Tuned them using gradient descent and approximately 150K
labeled pages and queries.



what we found

Finding the search words in the right order and close together
was more important than simply finding lots of them.

Added tf-idf because under pressure that of course we should
consider it. Removed it because it added nothing to our
relevance but slowed our crawl.

It mattered a lot where we found the matching terms.
Anchor > URL > Title > Body text



static rank

Some pages are just better than others before you know
anything about the query.



static rank

Some domains are better than others, e.g., .gov or .edu over
biz.

Short URLs are better.
Short titles are probably better.
Some pages may be obvious spam.

Some pages may have lots of other pages pointing to them,
e.g., PageRank.



PageRank

The basic idea: The
more and better links to
a page, the more likely it
should rank higher.

Image source: https://upload.wikimedia.org/wikipedia/commons/thumb/f/fb/PageRanks-Example.svg/1270px-PageRanks-Example.svg.png
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PageRank

It obviously did work and they got better results.

It also gave halo of special legitimacy to their results, that they
were scientific and unbiased.



at Microsoft

We gamely expected our version of PageRank to represent about
half the overall rank value, largely based on the hype around it.

Turned out it was very expensive to calculate and represented
only a small part of the final rank score.



Agenda

5. Your project.



your project

I’'ve broken it into 8 levels of functionality:

Basic plan for your project.

Parse text files into a hash table.

Build a crawler.

Build a reverse word index.

Create a user interface.

Build a constraint solver and query parser.

Build a ranker.

N o oo bW NN - O

Advanced functionality.



next

Overall course plan is:

1. Cover the OS topics you'll need.

2. Get you crawling ASAP.

3. Work through each piece in order and in time for you to
get it done.

Next time: Project planning.

Who needs a team?
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