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Please read the following important legal 

information before reading or using these notes. The 

use of these notes constitutes an agreement to abide 

by the terms and conditions below, just as if you 
had signed this agreement.  

A. THE SERVICE.  

The following notes ("The service") are provided by 
DinaZil's Notes-Heaven ("Notes-Heaven").  

B. DISCLAIMER OF WAR RANTIES; 

LIMITATION OF LIABIL ITY.  

Notes-Heaven does not endorse content, nor warrant 

the accuracy, completeness, correctness, timeliness 

or usefulness of any opinions, advice, content, or 

services provided by the Service. 

YOU AGREE THAT USE OF THE SERVICE IS 

ENTIRELY AT YOUR OWN RISK. THE 

SERVICE PROVIDED IS PROVIDED "AS IS," 

WITHOUT WARRANTY OF ANY KIND. 

NOTES-HEAVEN EXPRESSLY DISCLAIMS 

ALL WARRANTIES OF ANY KIND, WHETHER 

EXPRESS OR IMPLIED, INCLUDING 

WITHOUT LIMITATION: ANY WARRANTIES 

CONCERNING THE ACCURACY OR 

CONTENT OF INFORMATION OR SERVICES. 

NOTES-HEAVEN MAKES NO WARRANTY 

THAT THE SERVICE WILL MEET YOUR 

REQUIREMENTS, OR THAT THE SERVICE 

WILL BE ERROR FREE; NOR DOES NOTES-

HEAVEN MAKE ANY WARRANTY AS TO THE 

RESULTS THAT MAY BE OBTAINED FROM 

THE USE OF THE SERVICE OR AS TO THE 

ACCURACY OR RELIABILITY OF ANY 

INFORMATION OBTAINED THROUGH THE 

SERVICE. YOU UNDERSTAND AND AGREE 

THAT ANY DATA OBTAINED THROUGH THE 

USE OF THE SERVICE IS DONE AT YOUR 

OWN DISCRETION AND RISK AND THAT 

YOU WILL BE SOLELY RESPONSIBLE FOR 
ANY DAMAGE TO YOUR GPA. 

NEITHER NOTES-HEAVEN NOR ANY OF ITS 

PARTNERS, AGENTS, AFFILIATES OR 

CONTENT PROVIDERS SHALL BE LIABLE 

FOR ANY DIRECT, INDIRECT, INCIDENTAL, 

SPECIAL OR CONSEQUENTIAL DAMAGES 

ARISING OUT OF USE OF THE SERVICE OR 

INABILITY TO GAIN ACCESS TO OR USE THE 

SERVICE OR OUT OF ANY BREACH OF ANY 
WARRANTY. 

 

 

 

C. INDEMNIFICATION.  

You agree to indemnify and hold Notes-Heaven, its 

partners, agents, affiliates and content partners 

harmless from any dispute which may arise from a 

breach of terms of this Agreement. You agree to 

hold Notes-Heaven harmless from any claims and 

expenses, including reasonable attorney's fees and 

court costs, related to your violation of this 
Agreement. 

D. OWNERSHIP RIGHTS.  

The materials provided by the Service may be 

downloaded or reprinted for personal use only. You 

acknowledge that the Service contains information 

that is protected by copyrights, trademarks, trade 

secrets or other proprietary rights, and that these 

rights are valid and protected in all forms, media 

and technologies existing now or hereafter 

developed. You may not modify, publish, transmit, 

participate in the transfer or sale, create derivative 

works, or in any way exploit, any of the Content, in 

whole or in part. You may not upload, post, 

reproduce or distribute Content protected by 

copyright, or other proprietary right, without 

obtaining permission of the owner of the copyright 

or other proprietary right. 

E. NO COPYING OR DISTRIBUTION.  

You may not reproduce, copy or redistribute the 

design or layout of this service, individual elements 

of the design, Notes-Heaven logos or other logos 

appearing on this service, without the express 

written permission of Notes-Heaven, Inc. 

Reproduction, copying or redistribution for 

commercial purposes of the service is strictly 

prohibited without the express written permission of 
Notes-Heaven, Inc. 

If you have any questions about this statement or 

the practices of this service you can contact 

Dina Zeliger 

dinazil at notes - heaven.com 
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˞ ˵˪˥ :˰˵˶ 

ˡ˟ˣ˰ ˦ˮ˶˦ˮ˧˞ˢ ˨˧˞? 

˸˧˸˷˸ 

 ˸ˣ˟ˣ˸˩IP x-port-˫˧ 

˵˰ˮ ˦ˮ˶˦ˮ˧˞ˢ ˡ˟ˣ˰ ˨˧˞ ˭˧˟ˢ˪ ˧ˡ˩˟ˣ ˭˲ˡ˲ˡ˟ ˶ˣ˷˧˵ ˪˰ ˫˧˴˥ˣ˪ ˶˷˞˩ ˢ˶ˣ˵˷ ˢˬ ˧˶˥˞.  ˦ˮ˶˦ˮ˧˞˟ ˫˧˲ˡ

˟ ˫˧˟ˣ˸˩-Hyper Text Markup Language ) ˣ˞HTML (˶˷˞ ˢ˞˶ˮ ˱ˡˢ ˨˧˞ ˢ˶˧ˡˠˬ . ˸˶ˤ˰˟HTML 

 ˱ˡˢ ˪˷ ˟ˣ˴˧˰ˢ ˪˰ ˦ˣ˪˷˪ ˶˷˲˞ï ˨˯ˬˢ ˪˰ ˶ˡˣ˯ˬ ˢ˧ˢ˧ ˣ˪˷ ˭˩ˣ˸ˢ ˨˧˞ .˶ˣ˷˧˵ ˪˰ ˫˧˴˥ˣ˪ ˶˷˞˩ , ˡˣ˵ˢ

˟ ˣ˧˶ˣ˥˞ˬ ˶˸˸˯ˬ˷-HTML ˨˩ ˨˶˰˟ ˢ˞˶ˮ: 

<a href =" http://www.notes - heaven.com/ 

SemesterB/67830_AdvancedTopicsInData baseTheory/index.html " >solutions 

to the homework in ATDB </ a> 

˫˧˶˟ˡ ˧ˮ˷ ˭˞˩ ˭˧˟ˢ˪ ˷˧ ˪˟˞ ˰ˠ˶˩ ˟ˣ˷˥ ˡˣ˞ˬ ˞˪ ˯˵˦ˮ˧˯ˢ . ˦˯˵˦ˢ ˸˞ ˫˧˞ˣ˶ ˣˮ˥ˮ˞ ˱ˡ˟" solutions 

to the homework in ATDB  " ˦ˮ˶˦ˮ˧˞ˢ ˸˟ˣ˸˩˪ ˰˧˟˴ˬ ˢ˷˰ˬ˪ ˞ˣˢˣhttp://www.notes -

heaven.com/SemesterB/67830_AdvancedTopicsInDatabaseTheory/index.html .

ˢ˧˪˞ ˸˷ˠ˪ ˨˧˶˴ ˞ˣˢ˷ ˸˟ˣ˸˩ˢ ˣˤ˷ ˰ˡˣ˧ ˭˲ˡ˲ˡˢ. ˭˲ˡ˲ˡˢ ˤ˞ ˸˶˷˪ ˢ˷˵˟ ˥˪ˣ˷ .ˢ ˷ˠ˧ˮ ˢ˟ˣˠ˸˟ ˸˶˷

˷˵ˣ˟ˬˢ ˱ˡˢ ˸˞ ˢ˶ˤ˥˟ ˥˪ˣ˷ˣ ˣ˪˷ ˫˧˴˟˵ˢ ˸˩˶˰ˬ˪.  ˣ˰˧ˠˢ˷ ˫˧ˮˣ˸ˮˢ ˸˞ ˠ˧˴ˬ ˤ˞ ˭˲ˡ˲ˡˢ) ˫˞ ˪˷ˬ˪

 ˱ˡ˟ ˶˟ˣˡˬHTML ˣ˟ ˶ˡˠˣˬ˷ ˭ˣˮˠ˯ˢ ˧˲˪ ˣ˸ˣ˞ ˠ˧˴ˬ ˞ˣˢ ˤ˞(. 

˷ ˞˪˞ˢ ˸˟ˣ˸˩ ˸˞ ˸˰ˡ˪ ˷˧ ˣ˧˪˞ ˸˷ˠ˪ ˧ˡ˩ˣ ˵˥ˣ˶ˬ ˸˶˷ ˪˰ ˞˴ˬˮ ˶˸˞ˢ-IP ˢ ˸˞ˣ ˣ˪˷-port  ˞ˣˢ ˣ˧˪˰˷

 ˭˧ˤ˞ˬ)˟ˡ˟ ˶˟ˣˡˬ ˦ˮ˶˦ˮ˧˞ ˧˲ˡ ˪˷ ˢ˶˵ˬ"˟ ˩-port 80 ˬˢ ˸˶˧˶˟ ˧ˢˣˤˣˢ˟ ˷ˬ˸˷ˬ ˭˲ˡ˲ˡˢ˷ ˪ˡ˥.(  ˪˟˞

 ˸ˣ˰˴ˬ˞˟ ˢˮˣ˸ˮ ˢˮ˧˞ ˣˮ˪˷ ˱ˡ˟ ˢˮˣ˸ˮ˷ ˸˟ˣ˸˩ˢIP x-port ˶˸˞ˢ ˪˷ ˧˪ˣ˪˧ˬˢ ˫˷ˢ ˸ˣ˰˴ˬ˞˟ ˞˪˞ . ˵˪˥ˢ

 ˸˟ˣ˸˩˟ ˭ˣ˷˞˶ˢwww.notes - heaven.com  ˞˶˵ˮDomain Name .˸˧˟˧˦˧˞ˣ˦ˮ˧˞ ,Domain Name 

˫ˡ˞ ˭˟ ˪˷ ˫˷ ˣˬ˩ ˞ˣˢ ,IP ˣ ˣ˟ ˶ˠ ˞ˣˢ˷ ˭˧˧ˮ˟ˢ ˸˟ˣ˸˩ ˣˬ˩ ˞ˣˢ-port ˢ˶˧ˡˢ ˶˲˯ˬ ˣˬ˩ ˞ˣˢ . ˵˧˲˯ˬ ˞˪

 ˣ˧˪˞ ˰˧ˠˢ˪ ˧ˡ˩ ˫ˡ˞ ˭˟ˢ ˪˷ ˫˷ˢ ˸˞ ˸˰ˡ˪ˢ˸˧˟ˢ ï ˣ˪˷ ˢ˞˪ˬˢ ˸˟ˣ˸˩ˢ ˸˞ ˫ˠ ˸˰ˡ˪ ˨˧˶˴. 

Domain Name Servers 

 ˫˧˞˶˵ˮ˷ ˫˧ˡ˥ˣ˧ˬ ˫˧˸˶˷Domain Name Servers ) ˶ˣ˴˧˵˟ ˣ˞DNS ( ˸˧˪ˣ˪˧ˬ ˸˟ˣ˸˩ ˪˟˵˪ ˫˧˰ˡˣ˧

ˢ ˸˟ˣ˸˩˪ ˢ˸ˣ˞ ˶˷˵˪ˣ-IP ˧˦ˮˣˣ˪˶ˢ ˸˶˷ˢ ˪˷.  ˪˩˪DNS  ˪˷ ˢˬ˧˷˶ ˷˧Domain Names sx-IP- ˫˧

 ˪˷ ˸ˣ˟ˣ˸˩ ˶˧˩ˬ ˞ˣˢ ˭˩ˣ ˫˧ˬ˧˞˸ˬˢDNS- ˢ˷˵˟ ˢ˪˟˵˸ˢ˷ ˢ˶˵ˬ˟ ˸˷ˠ˪ ˪ˣ˩˧ ˞ˣˢ ˫ˢ˧˪˞˷ ˫˧˶˥˞ ˫˧

˧˪˞ ˢ˟ˣ˷˸ˢ ˸˞ ˰ˡˣ˧ ˞˪ ˞ˣˢ˷.s ˷ˬ˸˷ˬˢ ˸ˮ˧˥˟ˬ ˱ˣ˵˷ ˢˤˢ ˨˧˪ˢ˸ˢ ˢ˶˵ˬ ˪˩˟ . ˫˰ ˵˶ ˶˟ˡˬ ˞ˣˢ

DNS  ˪˰ ˷ˬ˸˷ˬˢ ˸˞ ˰ˡ˧˧˪ ˧˪˟ˬ ˣˬ˴˰˟ ˫˧˶˥˞ˢ ˫˧˶ˣ˶˧˟ˢ ˪˩ ˸˞ ˸ˣ˷˰˪ ˠ˞ˣˡ ˶˷˞ ˡ˥˞˩˨. 

 ˸ˣ˟ˣ˸˩ ˰ˡˣ˧ ˭˲ˡ˲ˡˢIP  ˧˸˶˷ ˢˬ˩ ˪˷DNS ˢ ˸˟ˣ˸˩ ˸˞ ˷˵˟˪ˣ ˫ˢ˧˪˞ ˸˷ˠ˪ ˪ˣ˩˧ ˞ˣˢ ˭˩˪ˣ-IP  ˪˷

www.notes - heaven.com .˶˥˞˪ ˢ ˸˟ˣ˸˩˷-IP ˧ ˣ˧˪˰˷ ˸˶˷˪ ˢ˷˵˟ ˥ˣ˪˷˪ ˪ˣ˩˧ ˭˲ˡ˲ˡˢ ˢ˰ˣˡ˧ ˟˷ˣ

˧˦ˮˣˣ˪˶ˢ ˱ˡˢ ˸˞ ˷˵˟˪ˣ ˶˸˞˟. 

http://www.notes-heaven.com/SemesterB/67830_AdvancedTopicsInDatabaseTheory/index.html
http://www.notes-heaven.com/SemesterB/67830_AdvancedTopicsInDatabaseTheory/index.html
http://www.notes-heaven.com/SemesterB/67830_AdvancedTopicsInDatabaseTheory/index.html
http://www.notes-heaven.com/
http://www.notes-heaven.com/


 
8 

ˢ˸˶ˣ˷˵˸ 

 ˸ˣ˪˧˟˥˟ ˰ˡ˧ˬ ˫ˢ˧ˮ˧˟ ˫˧˶˧˟˰ˬ ˫˧˟˶ˣ˰ˬˢ ˫˧˟˷˥ˬˢ ˪˩)packets .(ˡ˰˧ˢ ˸˟ˣ˸˩ ˸˞ ˢ˪˧˩ˬ ˢ˪˧˟˥ ˪˩ 

)˸ˮ˷ ˧ˡ˩ˢ˸ˣ˞ ˶˧˟˰ˢ˪ ˭˞˪ ˣ˰ˡ˧˧ ˨˶ˡ˟ ˫˧˟( , ˶ˣ˵ˬˢ ˸˟ˣ˸˩) ˸ˡ˧ˬ˟ ˸ˣˮ˰˪ ˧ˬ˪ ˸˰ˡ˪ ˢ˧ˢ˧ ˭˸˧ˮ˷ ˧ˡ˩

˨˶ˣ˴ˢ ( ˢ˷˵˟ˢ ˭˩ˣ˸ ˸˞ˣ) ˭˧˟ˢ˪ ˫˧˩˧˶˴ ˫˧˟˷˥ˬˢ ˧ˮ˷˷ ˢ˲˷˟ï ˨˷ˬˢ˟ ˢˤ ˪˰ ˶˟ˡˮ(.  ˪ˣ˵ˣ˦ˣ˶˲ˢ

 ˸˞ ˶˞˸ˬ˷ ˞˶˵ˮ ˸˷˶˟ ˸ˣ˪˧˟˥ˢ ˸˶˟˰ˢInternet Protocol )IP(. 

 ˞˶˵ˮ ˭˸˪˟˵ˣ ˸ˣ˪˧˟˥ˢ ˸˶˧˴˧ ˸˞ ˶˞˸ˬ˷ ˪ˣ˵ˣ˦ˣ˶˲ˢTransmission Control Protocol )TCP .( ˞ˣˢ

 ˫˧ˮˣ˸ˮ ˪˷ ˢˮ˧ˬ˞ ˢ˶˟˰ˢ ˥˧˦˟ˬ)˫˧˶ˣˡ˯ (˫˧˟˷˥ˬ ˸˷˶˟ ˸ˣˮ˥˸ ˧˸˷ ˭˧˟ . ˫˧ˮˣ˸ˮˢ ˸˞ ˶˧˟˰ˬ ˞ˣˢ

 ˸˶ˤ˰˟ ˣ˶˟˰ˣˢ˷IP ,˪˷ ˷ˡ˥ˬ ˢ˥˧˪˷ ˷˵˟ˬ ˣ˞ ˫˞ˣ˪ˬ˟ ˫˧ˮˣ˸ˮˢ ˸˪˟˵ ˸˞ ˶˷˞ˬˣ ˫˸ˣˮˣ˩ˮ ˸˞ ˞ˡˣˣˬ 

ˢˮ˧˵˸ ˢ˶ˣ˴˟ ˣ˰˧ˠˢ ˞˪˷ ˫˧ˮˣ˸ˮ. 

˫˧˟˞˷ˬ 

 ˟˞˷ˬ)resource (˪ ˸ˮ˸˧ˮ˷ ˰ˡ˧ˬ ˸˯˧˲ ˞ˣˢ ˧ˣˢ˧ˤ ˡ˧˥˧ ˸ˣ˰˴ˬ˞˟Universal Resource Locator 

)URL (ï  ˧˲ˡ˟ ˫˧˶ˣ˷˧˵˟ ˸ˣ˰˧˲ˣˬ˷ ˸ˣ˟ˣ˸˩ ˭˸ˣ˞HTML . ˧˦˦˯ ˳˟ˣ˵ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˟˞˷ˬ)HTML ,˦˯˵˦ ,

ˢˮˣˬ˸( ˸˧ˬ˞ˮ˧ˡ ˶˴ˣˮ ˱ˡ ˣ˞. 

˲ˡ˟ ˫˧˞ˣ˶ ˣˮ˥ˮ˞˷ ˢˬ ˫˧ˮˬˤ ˣ˟ ˫˧˟˞˷ˬ ˢˬ˩ ˪˷ ˱ˣ˶˧˴ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˭˲ˡ)˦˶˯ ˣ˞ ˸ˣˮˣˬ˸ ˣ˟ˣ ˱ˡ ˪˷ˬ˪.( 

 ˪˟˵ˬ ˭˲ˡ˲ˡ ˶˷˞˩˸ˣˮˣˬ˸ ˣ˟ˣ ˱ˡ ,ˢ ˡˣ˵˟-HTML ˢ ˫˧˟ˣ˸˩-URL-ˠ˧˴ˢ˪ ˷˧˷ ˫˧˟˞˷ˬˢ ˪˩ ˪˷ ˫˧ . 

<td  width =" 200 "  align =" center "  valign =" top " > 

  <p> 

    <img  src =" Pictures/IMG_1481.JPG "  width =" 200"  height =" 150"  />  

    <br  />  

    <em> 

      <strong >Grilled chicken breast on baked apples with cranberry 

sauce </ strong > 

    </ em> 

  </ p> 

  <p> 

    <img  src =" Pictures/IMG_1490.JPG "  width =" 200"  height =" 150"  />  

    <br  />  

    <em> 

      <strong >Strawberry tart </ strong > 

    </ em> 

  </ p> 

</ td > 

ˢ ˸˞ ˷˶˲ˬ ˭˲ˡ˲ˡˢ ˶˷˞˩-HTML ˱˯ˣˮ ˟˞˷ˬ ˞˧˟ˢ˪ ˣ˧˪˰˷ ˢ˞ˣ˶ ˞ˣˢ . ˨˧˪ˢ˸ˢ ˪˩ ˸˞ ˰˴˟ˬ ˞ˣˢ ˤ˞

˫ˡˣ˵ ˣ˧˪˰ ˣˮ˶˟˧ˡ˷. 

Universal Resource Locator 

 ˪˷ ˧˯˧˯˟ˢ ˦ˬ˶ˣ˲ˢURL ˞ˣˢ 

protocol :// domain / path  

˪˷ˬ˪: 
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¶ http :// www.notes -

heaven.com / SemesterB/67830_AdvancedTopicsInDatabaseTheory/index.htm

l 

¶ ftp :// ftp.netscape.com / robots.txt 

-˪URL  ˭ˠˣ˰ ˸ˣ˧ˢ˪ ˫ˠ ˫˧˪ˣ˩˧)anchor ( ˡˣˬ˰ˢ ˰˴ˬ˞˪ ˶ˣ˷˧˵ ˶˧ˡˠˢ˪ ˶˷˲˞ˬ ˶˷˞)˭ˣ˧˪˰ˢ ˣ˵˪˥ ˫ˣ˵ˬ˟ (

˫˧˲˯ˣˮ ˫˧˩˶˰ ˫ˢ˷ ˫˧˶˦ˬ˶˲ˣ ˢ ˫˰ ˡ˥˧ ˸˶˷˪ ˫˧˶˟˰ˣˬ˷-path ˫˧˧ˬ˞ˮ˧ˡ ˫˧˲ˡ ˶ˣ˴˧˪ ˪˷ˬ˪ ˫˧˶˷˲˞ˬˣ. 

 ˪˷ ˞˪ˬˢ ˢˮ˟ˬˢURL ˭˩ ˫˞ ˞ˣˢ 

protocol:://domain/path# anchor ?parameters  

 ˶˷˞˩ ˪˷ ˢˬ˧˷˶˩ ˫˧˶˟˰ˣˬ ˫˧˶˦ˬ˶˲ˢ˸ˣˠˣˤ .˸ˣ˞ˬˠˣˡ: 

¶ http://en.wikipedia.org/wiki/Anchor_text# Overview 

¶ http://www.google.com/search? hl=en &q=notes &aq=f &oq= &aqi=g10 

 ˟˪ ˫˧˷ˮˢ˶˵ˬ˟˷ ˭ˠˣ˰˟ ˷ˣˬ˧˷ ˢ˧ˢ ˞˪ ˣ˪˧˞ ˶ˤ˥ˣˬ ˢ˧ˢ˷ ˟˞˷ˬ˪ ˭˧˦ˣ˪˥˪  ˢˢˤ ˶ˤ˥ˣˬˢ ˟˞˷ˬˢ ˭ˠˣ˰ ˪˷ .

ˣ˪˷ ˰˴ˬ˞ˢˬ ˪˥ˢ ˡˣˬ˰ˢ ˸˞ ˠ˧˴ˢ˪ ˭˲ˡ˲ˡ˪ ˶˷˲˞ˬ ˵˶ ˭ˠˣ˰ˢ . ˪ˣ˩˧ ˫˧˶˦ˬ˶˲˟ ˷ˣˬ˧˷ ˪˷ ˢ˶˵ˬ˟ ˣ˪˧˞ˣ

 ˢˮˣ˷ ˟˞˷ˬ ˶ˤ˥ˣˬ ˸ˣ˧ˢ˪ï ˸ˣˮ˸˷ˢ˪ ˢ˪ˣ˩˧ ˢ˲˷ˢ ˪˷ˬ˪ , ˷ˣ˲˧˥ ˰ˣˮˬ ˪˷ ˢ˶˵ˬ˟ ˣ˞ï  ˸ˣ˞˴ˣ˸ ˸ˣ˶ˤ˥ˣˬ

ˣ˷˸ˣˮ. 

˫˧˧˯˥˧ ˫˧˶ˣ˷˧˵ 

URL  ˱ˡ˟HTML ˢ ˸ˣ˰˴ˬ˞˟ ˵˶ ˟ˣ˸˩ ˸ˣ˧ˢ˪ ˪ˣ˩˧-path ˟ ˷ˣˬ˧˷ ˞˪˪ˣ-Domain Name ˪ˣ˵ˣ˦ˣ˶˲ˢ ˣ˞ .

˧˥˩ˣˮˢ ˱ˡˢ ˪˷ ˸˟ˣ˸˩ˢ ˧˲˪ ˫˧˷ˣ˶ˡˢ ˫˧˦˶˲ˢ ˸˞ ˫˧˪˷ˢ˪ ˰ˡˣ˧ ˢˤ ˢ˶˵ˬ˟ ˭˲ˡ˲ˡˢ . ˯˥˧˟ ˞˧ˢ ˸˟ˣ˸˩ˢ

˸˧˥˩ˣˮˢ ˢ˧˧˵˧˸˪ .˭˩˪ , ˵ˮ˧˪ˢ ˪˰ ˳˥˪ˮ ˫˞<a href =" robes.html " >buy robes </ a> ˮ ˸ˣˬˣ˵ˬ˪ ˰˧ˠ

ˣˮ˪˥˸ˢ ˣ˟˷ ˫ˣ˵ˬ˟ ˸ˣ˪˸˩ ˫˧ˮˣ˷: 

¶ http://www.abc.com/shop/index.html  Ÿ 

http://www.abc.com/shop/robes.html  

¶ http://www.abc.com/shop  Ÿ http://www.abc.com/shop/robes.html  

¶ http://www.abc.com/  Ÿ http://www.abc.com/robes.html  

˸ˣ˶˰ˢ 

˧˯˪ ˶˧˰ˮ˷ ˵˶ ˫ˣ˩-URL ˟˞˷ˬ ˡ˧˥˧ ˭˲ˣ˞˟ ˰˟ˣ˵ . ˭˸ˮ˧ˢ˟URL ˣ˪ ˫˧˞˸ˬ˷ ˡ˥˞ ˟˞˷ˬ ˵˶ ˷˧ . ˨ˣ˲ˢˢ ˭ˣˣ˧˩ˢ

˭ˣ˩ˮ ˣˮ˧˞ . ˢˬ˩ ˸ˣ˧ˢ˪ ˫˧˪ˣ˩˧URL-˟˞˷ˬˢ ˣ˸ˣ˞˪ ˫˧˰˧˟˴ˬ˷ ˫˧ .˪˷ˬ˪ , ˫˧˵˸ˣ˰ ˫˧˪˧˩ˬ˷ ˢ˞˶ˬ ˧˶˸˞ ˫ˮ˷˧

˫˧˶˥˞ ˫˧˶˸˞ ˪˷ ˫˧ˢˤ .˶˸ˣ˧ ˸ˣ˧ˠˣ˪ˣ˸˲ ˸ˣ˞ˬˠˣˡ ˫ˠ ˷˧ ˨˞: 

¶ http://mail.google.com , http://www.google.com/mail , 

http://www.gmail.com  

¶ http://www.notes - heaven.com , http://www.notes - heaven.com/ , 

http://www.notes - heaven.com/index.html  

ftp://ftp.netscape.com/robots.txt
http://mail.google.com/
http://www.google.com/mail
http://www.gmail.com/
http://www.notes-heaven.com/
http://www.notes-heaven.com/
http://www.notes-heaven.com/index.html
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˫˧˧ˬ˞ˮ˧ˡ ˫˧˲ˡ 
˧ˬ˞ˮ˧ˡ ˱ˡ ˶ˣ˴˧˪ ˫˧˩˶ˡ ˧˸˷ ˷˧ .˥ˣ˵˪ˢ ˪˷ ˸ˣ˷˵˟˪ ˟˧ˠˬ˷ ˸˶˷ˢ ˸ˣ˰˴ˬ˞˟ ˢˮˣ˷˞˶ˢ , ˸ˣ˰˴ˬ˞˟ ˢ˧˧ˮ˷ˢˣ

˧˲˪ ˟˞˷ˬˢ ˸˞ ˢˮ˷ˬ˷ ˭˲ˡ˲ˡˢ ˣ˸ˣ˞ ˠ˧˴ˬ ˞ˣˢ˷. 

Web Server Side 

ˣ˪˷ ˫˧˴˟˵ˢ ˸˩˶˰ˬˬ ˳˟ˣ˵ ˶˧ˤ˥ˬ ˸˶˷ˢ˷ ˣˮ˥ˮˢ ˣ˧˷˩˰ ˡ˰ . ˱ˡ ˪˩ ˞˪˷ ˶ˣ˶˟ ˫ˠˣ ˟˴ˬˢ ˡ˧ˬ˸ ˞˪ ˢˤ ˪˟˞

ˣˤ ˢ˶ˣ˴˟ ˷ˬˣˬˬ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˦ˮ˶˦ˮ˧˞˟ .˪˷ˬ˪ , ˸ˣ˶ˣˬ˷ ˸ˣ˧ˢ˪ ˸ˣ˪ˣ˩˧ ˞˪ ˷ˣ˲˧˥ ˰ˣˮˬ ˪˷ ˷ˣ˲˧˥ ˸ˣ˞˴ˣ˸

˸˶˷˟ . ˢ˧ˢ ˞˪ ˧˶ˢ ˧˶˷˲˞ ˢ˧ˢ ˢˤ ˣ˪˧˞ ˱˞ˣ ˸ˣ˧˶˷˲˞ˢ ˸ˣ˸˪˧˞˷ˢ ˪˩ ˸˞ ˷˞˶ˬ ˸ˣˤ˥˪ ˪ˣ˩˧ ˞˪ ˧˶ˢ ˸˶˷ˢ

˫˧ˮˣ˷ˢ ˫˧˲ˡˢ ˪˩ ˸˞ ˶ˣˬ˷˪ ˫ˣ˵ˬ. ˟ ˣ˶˟˰ˣˢ˷ ˫˧˶˦ˬ˶˲ˢ ˫˰ ˢˮ˩ˣ˸ ˳˧˶ˢ˪ ˪ˣ˩˧ ˸˶˷-URL  ˶˧ˤ˥ˢ˪ ˤ˞ˣ

ˢ˴˧˶˪ ˫˞˸ˢ˟ ˢ˞˴ˣ˸ . ˫˧˧ˬ˞ˮ˧ˡ ˫˧˲ˡ ˫ˢ ˢ˪˞˩ ˫˧˲ˡï ˥ˣ˵˪ˢ ˸˷˵˟ ˧˲˪ ˫˧˶˴ˣˮ ˫ˢ. ˤ˞  ˸ˣ˪ˣ˰˲ˢ ˱˴˶˟

 ˢ˷˧ˠ˟˷˟˞˷ˬ˪ ˣˢ˷˪˩ ,˫˧˴˟˵ˢ ˸˩˶˰ˬ˪ ˢ˷˧ˠ ˫ˣ˵ˬ˟ , ˪˷ ˢ˞˴ˣ˸ˢ ˸˞ ˶˧ˤ˥ˬ ˞ˣˢ ˤ˞ˣ ˢˮ˩ˣ˸ ˳˧˶ˬ ˸˶˷ˢ

ˢ˴˧˶ˢ. 

 ˫ˢ ˸˶˷ˢ ˡ˴ˬ ˫˧˧ˬ˞ˮ˧ˡ ˫˧˲ˡ ˸˧˧ˮ˟˪ ˫˧˴ˣ˲ˮ ˫˧˪˩CGI,Java Servlets ,ASP ,PHP ˡˣ˰ˣ. 

Client Side 

 ˫˧˵˪˥˭˲ˡ˲ˡˢ ˨ˣ˸˟ ˸˧ˬˣ˵ˬ ˰˴˟˸ˢ˪ ˫˧˪ˣ˩˧ ˦ˮ˶˦ˮ˧˞ ˸ˣ˧˴˵˧˪˲˞ˬ .˪˷ˬ˪ , ˧ˮ˧ˬ ˪˩ ˰˴˟˪ ˭˸˧ˮ˫˧˸ˣˬ˧˞ 

˧ˬˣ˵ˬ˫˧ ˸˶˷˪ ˥˪˷ˮ ˞ˣˢ˷ ˧ˮ˲˪ ˦˪˵ˢ ˪˰ . ˱ˡ ˨ˣ˸˟ ˟˪˷˪ ˶˷˲˞ ˪˷ˬ˪HTML  ˣˬ˩ ˦˲˧˶˵˯ ˸ˣ˲˷

JavaScript ,VBScript ,AJAX ˡˣ˰ˣ. 

˶˟ˡˢ ˡ˧ˬ˸ ˞˪ ˨˞ ˸˶˷˪ ˫˧˟˞˷ˬˣ ˭ˬˤ ˸˩˯ˣ˥ ˥ˣ˵˪ˢ ˪˴˞ ˡˣ˵ ˸˴˶ˢ ˧˶˷˲˞ .˶˞˷ˢ ˭˧˟ , ˭˸ˬ˟ ˨ˣ˶˩ ˶˟ˡˢ

˥ˣ˵˪˪ ˳ˣ˶˪ ˢ˩˧˶˴˷ ˸˧ˮ˩ˣ˸ˢ ,˥˶˩ˢ˟ ˸ˣ˷˰˪ ˫˧˴ˣ˶ ˸ˣ˶˧˷ˢ ˧ˮ˸ˣˮ˷ ˶˟ˡ ˞˪ ˢˤ ˧˞ˡˣˣ˟ˣ .˭˩ ˪˰ ˶˸˧ , ˡ˧ˬ˸ ˞˪

˥ˣ˵˪ˢ ˡ˴˟ ˢˮˣ˩˸ˢ ˸˞ ˳˧˶ˢ˪ ˸ˣ˶˷˲˞ ˷˧ . ˷ˣ˲˧˥ ˰ˣˮˬ ˞˧ˢ ˨˩˪ ˢ˟ˣ˦ ˢˬˠˣˡï  ˢ˷˧ˠ ˭˧˞ ˧˞ˡˣˣ˟ ˥ˣ˵˪˪

ˢ˧ˢ ˞ˣˢ ˣ˪˧˞ˣ ˰ˣˮˬˢ ˪˷ ˰ˡ˧ˬˢ ˧˶ˠ˞ˬ˪ ˸˶˷˪ ˫˧˟˞˷ˬ ˨˯ˣ˥ ˢ˧ˢ ˸ˬ˞˟ ˞˪ ˢˤ ˸˞ˤ ˪˩˟ ˫ˢ˧˪˞ ˷ˠ˧ˮ. 

˸˶˷ˢ ˡ˴˟ ˢˮˣ˩˸ˢ ˸˞ ˳˧˶ˢ˪ ˭˸˧ˮ ˞˪ ˫ˢ˟˷ ˫˧˶˵ˬ ˷˧ ˨ˡ˧˞ˬ .˪˷ˬ˪ , ˫˷ ˯˧ˮ˩ˢ˪ ˷˵˟˸ˬ ˥ˣ˵˪ˢ ˫˞

ˢˬ˯˧˯ˣ ˷ˬ˸˷ˬ ,˸˷˶˟ ˫ˢ˷ ˧˲˩ ˫˧˥˪˷ˮ ˞˪ ˧˞ˡˣˣ˟ ˫ˢ .˫˧ˮˣ˸ˮˢ ˪˷ ˢˮ˲˴ˢˢ ˪˰ ˧˞˶˥˞ ˥ˣ˵˪ˢ ˡ˴ ˤ˞. 

˭˟ˣˬ˩, ˧˲ˡ ˸ˣˮ˟˪ˣ ˟˪˷˪ ˫ˠ ˭˸˧ˮˬ˞ˮ˧ˡ ˫˥ˣ˵˪ˢ ˡ˴ˬ ˫ˠˣ ˸˶˷ˢ ˡ˴ˬ ˫ˠ ˫˧˧. 

Hyper Text Transfer Protocol 

˫ˡˣ˵ ˣˮ˶ˬ˞ ˶˟˩˷ ˧˲˩ ,˫ˢ˧ˮ˧˟ ˰ˡ˧ˬ ˶˧˟˰ˢ˪ ˣ˪˩ˣ˧ ˸˷˶˟ ˫˧˟˷˥ˬˢ˷ ˧ˡ˩ ,˩˧˶˴ ˫ˢ˧˲˷˟ ˶˟ˡ˪ ˫ ˢ

 ˸˲˸ˣ˷ˬï ˫˧ˮ˧˟ˬ ˫ˢ˧ˮ˷˷ ˢ˲˷ .˟ ˰˧˲ˣˬ˷ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˞˧ˢ ˸˞ˤˢ ˢ˲˷ˢ-URL . ˪˰ ˶˟ˡˮ ˣˮ˥ˮ˞Hyper 

Text Markup Language ) ˶ˣ˴˧˵˟ ˣ˞HTTP ( ˪ˣ˵ˣ˦ˣ˶˲ˢ ˞ˣˢ˷ ˧˲ˡ ˶˧˟˰ˢ˪ ˡ˰ˣˮ˷HTML  ˫˧˦˵˧˧˟ˣ˞ˢˣ

 ˫˧˪˧˩ˬ ˫˩˷)˸ˣˮˣˬ˸ ,˪ˣ˵ ˧˴˟ˣ˵ , ˧ˮˣ˦˶˯flash ˣ˩ˣ'.( 

 ˸ˣˮ˰˪ ˰ˡˣ˧ˣ ˸ˣ˷˵˟˪ ˭˧ˤ˞ˬ ˶˷˞ ˸˶˷˪ ˸ˣ˷˵˟ ˥ˣ˪˷˪ ˧ˡ˩ ˣ˟ ˷ˬ˸˷ˬ ˞ˣˢˣ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˸˞ ˶˧˩ˬ ˭˲ˡ˲ˡˢ

˪ˣ˵ˣ˦ˣ˶˲ˢ ˣ˸ˣ˞˟ ˭ˢ˪ . ˪˷ ˫˧˦˶ˡˮ˦˯ ˧ˮ˷ ˷˧HTTP ï HTTP/ 1.0 x-HTTP/ 1.1 .˟ ˭ˣˡˮ ˣˮ˥ˮ˞-

HTTP/ 1.0. 

 ˸˥˧˷HTTP ˸˧˯ˣ˲˧˦ 

 ˸˥˧˷HTTP ˫˧˟˪˷ ˢ˰˟˶˞ ˸˪˪ˣ˩ ˸˧˯˧˯˟: 

1.  ˸˶ˣ˷˵˸ ˳ˣ˶˰ ˥˸ˣ˲ ˥ˣ˵˪ˢ)TCP( 

2. ˢ˷˵˟ ˥˪ˣ˷ ˥ˣ˵˪ˢ 
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3. ˢ˟ˣˠ˸ ˥˪ˣ˷ ˸˶˷ˢ 

4. ˸˶ˣ˷˵˸ˢ ˳ˣ˶˰ ˸˞ ˶ˠˣ˯ ˸˶˷ˢ 

HTTP  ˪ˣ˵ˣ˦ˣ˶˲ ˞ˣˢ ˭ˣ˶˩˧ˤ ˶˯˥)stateless .( ˸˞ ˶˧˟˰ˢ ˸˶˷ˢ˷ ˰ˠ˶˟ ˸˞ ˶˩ˣˤ ˞˪ ˞ˣˢ ˷˵ˣ˟ˬˢ ˰ˡ˧ˬˢ

˭˩ ˧ˮ˲˪ ˢ˶˵˷ ˢˬ ˪˩ .˭ˣ˶˩˧ˤ˟ ˨˶ˣ˴ ˷˧ ˫˞ ,˸˶˷ˢ ˟˴ˬ ˪ˣˢ˧ˮ˪ ˣˠ˞ˡ˧˷ ˸˶˷ˢ ˡ˴˟ ˸ˣˮ˩˸ ˧˪˩˟ ˷ˬ˸˷ˢ˪ ˷˧. 

 ˸ˣ˰ˡˣˢ ˦ˬ˶ˣ˲HTTP 

        

˶ˣ˧˞ 1  ˸˷˵˟HTTP )˭˧ˬ˧ˬ ( ˸˟ˣˠ˸ˣHTTP )˪˞ˬ˷ˬ( 

˸ˣ˷˵˟  HTTP 

˟ ˢ˪˧˥˸ˬ ˢ˷˵˟ˢ-HTTP method ˢ˷˵˟ˢ ˠˣ˯ ˣˢˬ ˢ˶˧ˢ˴ˬ ˢ˷˰ˬ˪˷ .˭ˢ ˸ˣ˴ˣ˲ˮ ˸ˣ˷˵˟: 

¶ GET ï ˸˶˷ˢ ˪˰ ˞˴ˬˮ˷ ˦˵˧˧˟ˣ˞ ˸˪˟˵˪ ˸ˡ˰ˣ˧ˬ ,ˢ˰ˡˣˢˢ ˸˪˧˥˸˟ ˸ˮ˸˧ˮ˷ ˸˟ˣ˸˩˟ . ˸ˣ˷˵˟

GET ˦ˮ˶˦ˮ˧˞ˢ ˸˷˶˟ ˶˸ˣ˧˟ ˸ˣ˴ˣ˲ˮˢ ˭ˢ . 

¶ HEAD ï  ˸˷˵˟˪ ˫˧˥˪˷ˮ ˣ˧ˢ˷ ˸˶˸ˣ˩ˢ ˸ˣˡ˷ ˪˩ ˸˞ ˥ˣ˪˷˪ ˸˶˷ˢˬ ˸˷˵˟ˬGET , ˨˞

ˣˬ˴˰ ˦˵˧˧˟ˣ˞ˢ ˧˪˟ .ˮ ˢ˦˧˷ˢˢˡ˰ˣ ,˶˞˷ˢ ˭˧˟ , ˧ˮˬˤ ˣ˞ ˫˧˶ˣ˟˷ ˫˧˶ˣ˷˧˵ ˪˷ ˢ˵˧ˡ˟ ˶˷˲˞˪

˦˵˧˧˟ˣ˞ˢ ˪˩ ˸˞ ˷˵˟˪ ˧˪˟ˬ ˫˧˦˵˧˧˟ˣ˞ ˪˷ ˫˧˧ˣˮ˧˷ . 

¶ POST ï ˢ˰ˡˣˢ ˱ˣˠ ˸ˣ˪˧˩ˬˢ ˸ˣ˷˵˟ . ˸ˣ˷˵˟POST  ˪˷ ˢ˥˧˪˷˪ ˪˪˩ ˨˶ˡ˟ ˸ˣ˷ˬ˷ˬ

 ˧˯˲˦ˬ ˫˧ˮˣ˸ˮHTML ˡˣ˟˧˰ ˫˷˪ ˸˶˷˪ . 

¶ PUT ï ˢ˷˵˟˪ ˱˶ˣ˴ˬˢ ˢ˰ˡˣˢˢ ˱ˣˠ ˸˞ ˶ˣˬ˷˪ ˸˶˷ˢˬ ˸˷˵˟ˬ ˦˵˧˧˟ˣ˞ ˶ˣ˸˟ , ˣ˸˟ˣ˸˩˷

ˢ˷˵˟ˢ ˸˪˧˥˸˟ ˢˮ˸˧ˮ˷ ˸˟ˣ˸˩ˢ ˞˧ˢ . 

¶ DELETE ï ˢ˷˵˟ˢ ˸˪˧˥˸˟ ˸ˮ˧ˣ˴ˬ ˣ˸˟ˣ˸˩˷ ˦˵˧˧˟ˣ˞ˢ ˸˞ ˵ˣ˥ˬ˪ ˸˶˷ˢˬ ˸˷˵˟ˬ. 

ˡ˟ ˸ˣˬ˯˥ˮ ˸ˣˮˣ˶˥˞ˢ ˸ˣ˦˧˷ˢ ˧˸˷"˸˶˷ˢ ˧˰ ˩. 

˪ ˸ˣ˞ˬˠˣˡ-headers ˫˧˴ˣ˲ˮ: 

¶ Accept - Encoding ï ˭˧˟ˬ ˭˲ˡ˲ˡˢ˷ ˫˧ˡˣˡ˧˵ˢ ˫ˢˬ ˶ˬˣ˞ 

¶ Cookie ï ˸˧˵ˣ˵ ˰ ˭˩˪ ˫ˡˣ˵ ˢ˥˪˷ˮ˷"˸˶˷ˢ ˧ 

¶ If - Modified - Since ï  ˥˪˷ˮ ˞˪ ˣˮ˩ˣ˸ ˭˩˪ˣ ˢˮ˸˷ˢ ˞˪ ˟˞˷ˬˢ˷ ˰˧ˡˣˢ˪ ˸˶˷˪ ˶˷˲˞ˬ

˷ˡ˥ˬ 

¶ User- Agent ï ˢ˷˵˟ˢ ˸˞ ˸˥˪ˣ˷˷ ˥ˣ˵˪ˢ ˡ˴˟ ˢˮ˩ˣ˸ˢ ˫˷ 

¶ Content - Length ï  ˢ˰ˡˣˢˢ ˱ˣˠ˟ ˫˧˸˟ˢ ˶˲˯ˬ)ˣˬ˴˰ ˟˞˷ˬˢ ˨ˣ˶˞( 

¶ Referer ï ˶ˣ˷˧˵ˢ ˳˥˪ˮ ˣˮˬˬ˷ ˶˸˞ˢ ˪˷ ˸˟ˣ˸˩ˢ 
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˸ˣ˟ˣˠ˸  HTTP 

ˢ˷˵˟ˢ ˪˷ ˢˤ˪ ˢˬˣˡ ˢ˟ˣˠ˸ˢ ˪˷ ˢˮ˟ˬˢ , ˡˣ˵ ˪˪ˣ˩ ˫ˠ ˞ˣˢ ˨˞˟˴ˬ ˢ˷˵˟ˢ ˰ˣ˴˧˟ ˪˰ ˰ˡ˧ˬ ˣˮ˪ ˭˸ˣˮ˷: 

 ˶˴˵ ˶˟˯ˢˣ ˧˸˶˲˯ ˸˪˸ ˶˲˯ˬˬ ˟˩˶ˣˬ ˟˴ˬˢ ˡˣ˵)˸˥˞ ˢ˶ˣ˷ ˭˟ (ˡˣ˵ˢ ˸ˣ˰ˬ˷ˬ ˪˰ .˪ ˫˧˵˪ˣ˥ˬ ˫˧˶˲˯ˬˢ-

5 ˸ˣ˵˪˥ˬ ,˫ˢ˪˷ ˢˮˣ˷˞˶ˢ ˢ˶˲˯˪ ˫˞˸ˢ˟: 

¶ 1xx-  ˣ˲ˮ˧˞ ˰ˡ˧ˬ ˢ˪˧˩ˬ ˢ˰ˡˣˢˢˡ˟˪˟ ˧˟˧˦ˬ˶. 

¶ 2xx-  ˸˶˷ˢ ˧ˡ˧ ˪˰ ˢ˥˪˴ˢ˟ ˢ˰˴ˣ˟ ˥ˣ˵˪ˢ ˥˪˷˷ ˢ˷˵˟ˢ , ˸˶˷ˢ˷ ˢˬ ˸˞ ˢ˪˧˩ˬ ˢ˟ˣ˷˸ˢˣ

ˢ˷˵˟ˢ ˸˦˧˷˪ ˫˞˸ˢ˟ ˥ˣ˪˷˪ ˷˵˟˸ˮ. 

¶ 3xx-  ˢ˥˪˴ˢ˟ ˢ˥ˮ˰ˣ˲ ˢ˷˵˟ˢ , ˷˵ˣ˟ˬˢ ˦˵˧˧˟ˣ˞ˢ ˸˞ ˸˪˪ˣ˩ ˢˮ˧˞ ˢ˟ˣ˷˸ˢ ˭ˢ˷˪˩ ˸ˣ˟˧˯ˬ ˨˞

)˪˷ˬ˪ ,˶˥˞ ˡˣˬ˰˪ ˸˧˦ˬˣ˦ˣ˞ ˢˮ˲ˬ ˡˣˬ˰ˢ˷ ˫ˣ˷ˬ.( 

¶ 4xx-   ˢ˞˴ˬˮˢˬ˴˰ ˢ˷˵˟˟ ˧ˢ˷˪˩ ˢ˞˧ˠ˷. 

¶ 5xx-  ˧ˬ˧ˮ˲ ˪˷˩ˬ ˢ˞˴ˣ˸˩ ˢ˷˵˟ˢ ˶˥˞ ˞˪ˬ˪ ˥˧˪˴ˢ ˞˪ ˸˶˷ˢ. 

ˣ ˭ˣˬ˦ˬ-Proxy Servers 

˞˟ˢ ˭˲ˣ˞˟ ˟˞˷ˬ ˸˞˟ˢ ˨˧˪ˢ˸ ˸˞ ˣˮ˶˞˧˸ ˣ˧˷˩˰ ˡ˰: 

1. ˦ˮ˶˦ˮ˧˞ˢ ˸˶˷˪ ˸ˣ˶˧˷˧ ˟˞˷ˬ˪ ˢ˷˵˟ ˥˪ˣ˷ ˥ˣ˵˪ˢ 

2. ˥ˣ˵˪˪ ˟˞˷ˬˢ ˸˞ ˶˧ˤ˥ˬ ˸˶˷ˢ 

  ˤ˞ ˪˟˞˷ ˞ˣˢ ˶˟ˡˢ ˷ˣ˶˧˲ ˫˰˲ ˪˩˟ ˣˢ˷˧ˬ˷˟ ˷ˣ˲˧˥ ˢ˷ˣ˰-Google , ˸˶˷˪ ˸ˣ˶˧˷˧ ˢ˷˵˟ ˸˥˪˷ˮ

˫ˢ˪˷ ˣˠˣ˪ˢ ˸˞ ˸˷˵˟ˬ˷ .˫˧˟˞˷ˬˣ ˭ˬˤ ˪˷ ˪ˣˡˠ ˤˣ˟ˤ˟ ˢˤ.  ˞˪ ˭˩˪ˣ ˷ˣ˲˧˥˪ ˷ˣ˲˧˥ ˭˧˟ ˢˮ˸˷ˬ ˞˪ ˢˮˣˬ˸ˢ

˷ˡ˥ˬ ˫˰˲ ˪˩ ˢ˸ˣ˞ ˞˧˟ˢ˪ ˧˞ˡ˩ . ˢ˸ˮ˸˷ˢ ˪˞ ˢˮˣˬ˸ˢ˷ ˢ˰ˡˣˢ ˸˶˷ˢˬ ˪˟˵˪ ˵˧˲˯ˬ˷ ˵˶ ˞˪˨ˣ˯˥˪ˣ 

˯˲ ˟˥ˣ˶˟ ,˞ ˷˵˟˪ ˣ˪˧˲˞ ˧˞ˡ˩ ˞˪˷ ˞˪˞ ˢ˸ˣˢ˪˧˥˸˩˪ˬ. ˭˩˪ ,ˢ˴˧˶ ˧ˮˬˤ ˶˲˷˪ˣ ˢ˶ˣ˟˰˸˟ ˨ˣ˯˥˪ ˧ˡ˩ ,

 ˭ˣˬ˦ˬ˟ ˫˧˟˞˷ˬ ˶ˣˬ˷˪ ˶˷˲˞)cache ( ˧ˮ˷˟˸ˣˬˣ˵ˬ: 

¶  ˥ˣ˵˪ˢ ˪˴˞ ˸˧ˬˣ˵ˬ)˭ˣˬ˦ˬˢ ˪˷ ˪ˡˣˠˢ ˪˰ ˦ˣ˪˷˪ ˫˧˶˷˲˞ˬ ˫˧ˮ˲ˡ˲ˡ( 

¶ ˥ˣ˵˪ˢ ˪˞ ˸˶˷ˢˬ ˨˶ˡ˟ ˭ˣ˧˴ ˸ˣˡˣ˵ˮ˟ , ˫˧˞˶˵ˮ˷ ˫˧˧ˡˣ˰˧˧ ˫˧˸˶˷˟Proxy Servers. 

Proxy ) ˸˧˶˟˰˟˞˟-x˩(˥ ˫˧˟˷˥ˬ ˸˷˶˟ ˫˧˧ˮˣ˴˧˥ ˫˧˟˞˷ˬ˪ ˢ˶˧ˢˬ ˢ˷˧ˠ ˵˲˯˪ ˣˡ˧˵˲˸˷ ˸˶˷ ˣˢˤ . ˶˟ˡˢ

 ˨˩˟ ˶˷˲˞˪ˣ ˭ˣˬ˦ˬˢ ˭ˣ˶˩˧ˤ˟ ˦ˮ˶˦ˮ˧˞ ˧˲ˡ ˶ˣˬ˷˪ ˢˡ˧˵˲˸˷ ˸˶˷ˢ ˪˰ ˢˮ˩ˣ˸ ˸ˮ˵˸ˢ ˸ˣ˰˴ˬ˞˟ ˶˷˲˞˸ˬ

˧˯˵ˣ˶˲˪ ˫˧˶˟ˣ˥ˬˢ ˫˧˟˷˥ˬˢˬ ˫ˢ˧˪˞ ˢ˶˧ˢˬ ˢ˷˧ˠ . ˭˧˟ ˢˡ˶˲ˢ ˸ˡˣ˵ˮ ˷ˬ˷ˬ ˧˯˵ˣ˶˲ˢ ˫˧˶˵ˬˢˬ ˵˪˥˟

˥ˢ ˫˪ˣ˰˪ ˭ˣˠ˶˞ˢ˟˵˰ˬ ˶˷˲˞ˬˣ ˧ˮˣ˴˧ , ˧˲ˡ˪ ˧ˣˮ˧˷ ˣ˞ ˢˬ˧˯˥HTML ˫˧ˮˣ˷ ˫˧ˮˣ˧˶˦˧˶˵ ˧˲ ˪˰. 

Proxy ˶˟ˡ ˪˩ ˸ˣ˷˰˪ ˸˧ˮˣ˶˵˰ ˢ˪ˣ˩˧˷ ˢˮ˩ˣ˸ ˞ˣˢ .˸ˣ˷˵˟ ˸˶˧ˬ˷ˣ ˢ˪˟˵ ˞ˣˢ ˳ˣ˲ˮˢ ˷ˣˬ˧˷ˢ: 

1. ˪ ˭˧ˤ˞ˬ ˸˶˷ˢ-port ˫˧ˣ˯ˬ 

2. ˸˧˲ˣ˯ˮ˧˞ ˢ˞˪ˣ˪˟: 

a. ˢ˷˵˟ˢ ˷˵˟ˬ ˫˰ ˸˶ˣ˷˵˸ ˳ˣ˶˰ ˶˴ˣ˧ 

b. ˢ˷˵˟ ˸˞˧˶˵ 

c.  ˡˣ˟˧˰ˢ˷˵˟ˢ )ˣˬ˦ˬ˟ ˢ˵˧ˡ˟ ˭,ˣ˩ˣ ˭˩ˣ˸ ˸˵˧ˡ˟'( 

d. ˢ˟ˣ˷˸ ˸˥˧˪˷ 



 
13  

 ˷ˠ˧ˮ ˞˪ ˤ˞ ˭˲ˡ˲ˡˢ˸ˣ˶˧˷˧ ˢ ˸ˮ˩ˣ˸˪ ˞˪˞ ˟˞˷ˬˢ ˞˴ˬˮ ˣ˧˪˰˷ ˸˶˷˪-Proxy Server  ˸˷ˠ˪ ˢˡ˧˵˲˸˷

˨˶ˣ˴ˢ ˸ˡ˧ˬ˟ ˸˶˷˪ . ˣ˸ˣ˞˷ ˶˥˞ˬProxy  ˸ˣ˥ˣ˵˪ ˢ˟˶ˢ ˪˷ ˷ˣˬ˧˷˟ ˞˴ˬˮ˷ˣˬ˧˷ˢ  ˪ˣ˩˧ ˣˤ ˢˬ˶˟ ˭ˣˬ˦ˬ˟

ˡˣ˞ˬ ˪˧˰˧ ˸ˣ˧ˢ˪. ˟ ˭ˣˬ˦ˬ˟ ˶˟˩ ˞˴ˬˮ ˟˞˷ˬ˷ ˰ˠ˶˟-pro xy , ˥ˣ˵˪˷ ˢ˞˟ˢ ˫˰˲˟)ˣˢ˷˪˩ ( ˟˞˷ˬ ˷˵˟˧

ˢˤ ,˟ ˶ˣˬ˷˷ ˟˞˷ˬˢ ˸˞ ˶ˤ˥ˢ˪ ˢ˧ˢ˧ ˵˧˲˯ˬˣ ˣˬ˴˰ ˸˶˷˪ ˸˷ˠ˪ ˨˶ˣ˴ ˢ˧ˢ˧ ˞˪-proxy. ˟ ˣˬ˩-DNS , ˫ˠ

 ˧˸˶˷˟proxy ˢ˧˩˶˶˧ˢ ˷˧ .ˢ ˫˞-proxy ˪ ˷ˠ˧ˮ ˞ˣˢ ˟˞˷ˬˢ ˸˞ ˪˧˩ˬ ˞˪ ˣ˧˪˞ ˣ˷ˠ˧ˮ˷-proxy  ˶˸ˣ˧ ˪ˣˡˠ

˟˞˷ˬˢ ˞˴ˬˮ ˣ˧˪˰˷ ˸˶˷˪ ˫˧˷ˠ˧ˮ ˢ˶˧˶˟ ˸˧˪˟˷ ˡ˰ ˢ˞˪ˢ ˭˩ˣ. 

 ˧˸˶˷proxy ˢ ˸˞ ˫˧ˡ˧˶ˣˬ-latency ˣ˪˷ ˭ˣˬ˦ˬˢˬ ˟˞˷ˬˢ ˸˞ ˞˧˟ˬ ˞ˣˢ ˫˞ ˭˲ˡ˲ˡ ˪˷ . ˢˤˬ ˢ˞˴ˣ˸˩

˟˞˷ˬˢ ˞˴ˬˮ ˣ˧˪˰˷ ˸˶˷ˢˬ ˯ˬˣ˰ ˸˴˵ ˡ˶ˣ˧ˣ ˢˮ˦˵ ˢ˶ˣ˟˰˸ˢ ˸ˣˬ˩ .˭˩˪ˣ ,ˢ ˫ˠ-latency  ˸ˣ˷˵˟ ˪˷˪˩˟˷ 

˶˷˪ ˸ˣ˥˪˷ˮ  ˸˞ˤˡ˶ˣ˧ ˸. 

˨˩ ˫˞ ,˟ ˷ˣˬ˧˷˟ ˸ˣˮˣ˶˸˧ˢ-Proxy Server ˸ˣ˶ˣ˶˟ ˭ˢ . ˭ˣˬ˦ˬ˟ ˷ˣˬ˧˷˟ ˪ˣˡˠ ˭ˣ˶˯˧˥ ˫ˠ ˷˧ ˪˟˞ï  ˰ˡ˧ˬˢ

˭˩ˡˣ˰ˬ ˞˪ ˸ˣ˧ˢ˪ ˪ˣ˪˰ ˫˧˪˟˵ˬ ˣˮ˥ˮ˞˷ .˟ ˷ˬ˸˷ˢ˪ ˶˷˲˞ ˢ˧˰˟ˢ ˪˰ ˶˟ˠ˸ˢ˪ ˧ˡ˩-If- Modified - Since 

Header ˧ˮ˩ˡ˰ ˰ˡ˧ˬ ˪˟˵ˮ˷ ˠˣ˞ˡ˪ˣ. 

Cookies 

˷ ˶ˣ˩ˤˮ-HTTP ˭ˣ˶˩˧ˤ ˶˯˥ ˪ˣ˵ˣ˦ˣ˶˲ ˞ˣˢ .˸ˣ˧˵ˣ˵1 )cookies (ˣˤ ˢ˧˰˟˪ ˦ˣ˷˲ ˭ˣ˶˸˧˲˩ ˷ˬ˷˪ ˸ˣ˪ˣ˩˧. 

˸ˣ˧˵ˣ˵ˢ  ˸˞ ˸ˣ˷ˬ˷ˬ˦ˮ˶˦ˮ˧˞ˢ ˧˲ˡ ˧˸˶˷ ,˦ˮ˶˦ˮ˧˞ˢ ˶˸˞˟ ˫˧˷ˬ˸˷ˬˢ ˭˧˟ ˪˧ˡ˟ˢ˪ ˸ˣ˶˷˲˞ˬ ˭ˢ ,

˞˟ ˣ˶ˣ˵˧˟ ˨˪ˢˬ˟ ˷ˬ˸˷ˬ˪ ˯˥˧˧˸ˬˢ ˧˦ˮˣˣ˪˶ ˰ˡ˧ˬ ˸˶˧ˠ˞˪ˣ˶˸ ,˫˧˧ˡ˧˸˰ ˫˧˶ˣ˵˧˟˟ ˫ˠ ˫˧˸˰˪ˣ. 

˶˸˞˟ ˱ˡ˲ˡˬ ˞ˣˢ˷ ˭ˬˤ˟ ˥ˣ˵˪ˢ ˪˷ ˸ˣ˧ˮ˵ˢ ˸˪ˠ˰ ˸˞ ˶ˣˬ˷˪ ˸ˣ˧ˮ˵ ˶˸˞˪ ˸ˣ˶˷˲˞ˬ ˸ˣ˧˵ˣ˵ . ˱˯ˣˮ ˷ˣˬ˧˷

˶˸˞˟ ˷ˬ˸˷ˬˢ ˭ˣ˟˷˥˪ ˶˟˥˸ˢ˪ ˸ˣ˶˷˲˞ˢ ˞ˣˢ ˸ˣ˧ˠˣ˰˟ . ˷ˬ˸˷ˬˢ ˫˞ˢ ˶˶˟˪ ˸˶˷˪ ˸ˣ˶˷˲˞ˬ ˸ˣ˧ˠˣ˰ˢ

˸˧ˮ˷ ˸ˣ˪ˣ˰˲ ˣ˞ ˫˧˸ˣ˶˧˷˪ ˢ˷˧ˠ ˣ˪ ˶˷˲˞˪ˣ ˸˧˦ˬˣ˦ˣ˞ ˢ˶ˣ˴˟ ˫˷˶˧ˢ˪ ˣ˪ ˶˷˲˞˪ ˨˩ˣ ˶˟˰˟ ˫˷˶ˮ ˵˶ ˸ˣˮ

˫˧ˬˣ˷˶ ˫˧˷ˬ˸˷ˬ˪ . ˭ˣˠ˩ ˧ˮˣ˶˦˵˪˞ ˶˞ˣˡ ˸ˣ˶˧˷ ˞˧ˢ ˨˩˪ ˢ˴ˣ˲ˮ ˢˬˠˣˡGmail : ˢˢˡˤˢ ˷ˬ˸˷ˬˢ˷ ˶˥˞˪

˸ˣ˶˧˷˪ ˢ˯˧ˮ˩ˢ ˯˲ˣ˦˟ ,˟ ˣ˸ˬ˯˧˯ˣ ˣ˪˷ ˷ˬ˸˷ˬˢ ˫˷ ˫˧˶ˬ˷ˮ˸˧˵ˣ˵ .ˢˤ ˰ˠ˶ˬ , ˶˥˞ ˶˸˞˪ ˶ˣ˟˰˧ ˫˞ ˫ˠ

 ˶˞ˣˡˢ ˸ˣ˶˧˷˪ ˶ˣˤ˥˧ˣ˧ˮˣ˶˦˵˪˞ˢ ˶˸ˣ˧ ˶˥ˣ˞ˬ ˡ˰ˣˬ˟ ,˷ˡ˥ˬ ˫˷˶˧ˢ˪ ˨˶˦˴˧ ˞˪ ,˭˩˷ ˢ ˸ˣ˰˴ˬ˞˟˸˧˵ˣ˵ 

˧ˡ˧˧ˬ ˭˲ˣ˞˟ ˷ˬ˸˷ˬˢ ˸˞ ˸˶˷ˢ ˢˢˤ˧ ˸ˣ˶˧˷˪ ˢ˯˧ˮ˩ˢ ˯˲ˣ˦˟ ˢ˶˴ˣˮ˷. 

 ˸ˣ˲ˡ˰ˢ ˧˲ ˪˰ ˶˸˞ˢ ˸ˠˣ˴˸ ˪˷ ˸˧˷˧˞ ˢˬ˞˸ˢ ˸˶˦ˬ˪ ˸ˣ˧ˠˣ˰˟ ˫˧˷ˬ˸˷ˬ ˦ˮ˶˦ˮ˧˞ ˧˶˸˞ ˶˲˯ˬ

˷ˬ˸˷ˬˢ .ˣˤ ˢˮˣ˩˸˟ ˷ˬ˸˷ˢ˪ ˫˧˟˶ˬ ˸ˣˬ˧˞ ˫˧˷˶ˣˡˢ ˫˧˶˸˞ , ˫ˢ˟ ˭˧˞˷ ˫˧˶˸˞˟ ˫ˠ ˸ˬ˧˧˵ ˞˧ˢ ˫˪ˣ˞

˸ˣˢˡˤˢ˪ ˟ˣ˧˥ .˪ˢˬˠˣˡ , ˦ˮ˶˦ˮ˧˞ˢ ˶˸˞Wikipedia  ˵˷ˬˬ ˸˞ ˶ˣ˥˟˪ ˣˬ˷˶ˮ˷ ˫˧˷ˬ˸˷ˬ˪ ˶˷˲˞ˬ

 ˷ˬ˸˷ˬˢ)skin (˫ˢ˧˪˰ ˟ˣˢ˞ˢ . ˷ˣ˲˧˥ˢ ˰ˣˮˬGoogle  ˶˷˲˞ˬ)˫˧ˬˣ˷˶ ˞˪ ˫˧˷ˬ˸˷ˬ˪ ˫ˠ ( ˢˬ˩ ˶ˣ˥˟˪

˱ˡ ˪˩˟ ˣˠ˴ˣ˧ ˸ˣ˞˴ˣ˸. 

ˡ˥˞ ˟˷˥ˬˬ ˵˶ ˫˧ˣ˯ˬ ˶˸˞˪ ˸˷ˠ˪ ˠˢˣˮ ˷ˬ˸˷ˬˢ ˶˷˞˩ ˪˧˰˧ ˸ˣ˧ˠˣ˰˟ ˷ˣˬ˧˷ˢ .ˢˤ˩ ˟˴ˬ˟ , ˫ˣ˵ˬ˟ ˭˧ˤˢ˪

˸ˣˢˡˤˢˢ ˧˦˶˲ ˸˞ ˷ˡ˥ˬ , ˧˦˶˲˧˞˶˷˞ˢ ˯˧˦˶˩ ˣ˩ˣ 'ˡ˟˪˟ ˸˥˞ ˫˰˲ ˸˞ˤ ˸ˣ˷˰˪ ˣ˧˪˰ , ˰ˡˣ˧ ˰ˠ˶ˢ ˣ˸ˣ˞ˬˣ

˧˦ˬˣ˦ˣ˞ ˭˲ˣ˞˟ ˸˶˷˪ ˢˤˢ ˰ˡ˧ˬˢ ˸˞ ˥ˣ˪˷˪ ˭˲ˡ˲ˡˢ. 

˸ˣ˧˵ˣ˵ ˪˷ ˫˧ˮ˧˧˲˞ˬ 

˫˧ˮ˧˧˲˞ˬ ˢˬ˩ ˸ˣ˧ˢ˪ ˫˧˪ˣ˩˧ ˸˧˵ˣ˵˪: 

¶  ˨˶˰ˣ ˫˷)˫˧˶ˡˠˣˬ ˸ˣ˧ˢ˪ ˫˧˟˧˧˥ ˢ˪˞ ,˸ˣ˰ˬ˷ˬ ˸˧˵ˣ˵˪ ˭˧˞ ˸˶˥˞( 

                                           
1 ˸˧˶˟˰ˢ ˭ˣ˷˪˪ ˢ˧ˬˡ˵˞ˢ ,˭ˣ˪˧ˬ : ˰ˡ˧ˬï 35 : ˸ˣ˷˧˶)˯˷˸"l( 



 
14  

¶ ˸ ˢˠˣ˲˸ ˨˧˶˞)˸˧˵ˣ˵˟ ˷ˬ˸˷ˢ˪ ˭˧˞ ˣ˧˶˥˞˷( . ˞˧ˢ ˪ˡ˥ˬˢ ˸˶˧˶˟ ˰˧˲ˣˬ ˣˮ˧˞ ˢˠˣ˲˸ˢ ˨˧˶˞˸ ˫˞

˥ˣ˸˲ ˭˲ˡ˲ˡˢ ˡˣ˰ ˪˩ ˢ˲˵˸ ˸˧˵ˣ˵ˢ˷. 

¶ ˟˧˸ˮ ï ˢ˲˵˸ ˸˧˵ˣ˵ˢ ˫˶ˣ˟˰˷ ˫˧˟˧˸ˮˢ . ˪˷ ˟˧˸ˮ˟ ˷ˣˬ˧˷ ˞˧ˢ ˪ˡ˥ˬˢ ˸˶˧˶˟ ˤ˞ ˟˧˸ˮ ˭˸˧ˮ ˞˪ ˫˞

-sURL ˷˵ˣ˟ˬˢ. 

¶ ˫˧ˡˡˣ˵ˬ ˫˧˶ˣ˟˧˥ ˧˟ˠ˪ ˰ˡ˧ˬ ï  ˥ˣ˪˷˪ ˶˸ˣˬ ˫˞˫˧˥˦˟ˣ˞ˬ ˫˧˴ˣ˶˰ ˨˶ˡ ˵˶ ˸˧˵ˣ˵ˢ ˸˞ 

˸ˣ˧˵ˣ˵ ˪˷ ˢ˧ˬˣ˦ˮ˞ 

˟ ˷ˬ˸˷ˬ ˞ˣˢ ˥ˣ˵˪ˢ ˪˴˞ ˸˧˵ˣ˵ ˶ˣ˴˧˪ ˢ˴ˣ˶ ˸˶˷ ˶˷˞˩-header Set- Cookie ˢ ˸˰ˡˣˢ ˪˷-HTTP 

ˣ˪˷ . 

   HTTP/1.0 200 OK  

Content - type: text/html  

Set - Cookie: name=VALUE; e xpires=DATE, path=Path; (secure)  

 ˭˲ˡ˲ˡˢˬ ˷˵˟ˬ ˸˶˷ˢ ˣˤ ˢ˶ˣ˷˟˪ ˸ˤˣ˶˥ˬˢ ˸˞ ˶ˣˬ˷name=VALUE . ˷ˣˬ˧˷ˢ ˸˞ ˶˧˸ˬ ˭˲ˡ˲ˡˢ ˫˞

˟˸ˣ˧˵ˣ˵ ,ˢ˸˧˵ˣ˵ ˷ˡ˥ ˱ˡ ˢˤ ˸˶˷ˬ ˷˵˟ˬ ˭˲ˡ˲ˡˢ ˶˷˞˩ ˷ˡ˥ˬ ˫˰˲ ˪˩˟ ˸˧˦ˬˣ˦ˣ˞ ˥˪˷˧˸ .˪˷ˬ˪ , ˫˞

 ˱ˡˢ ˢ˧ˢ˸ ˢ˞˟ˢ ˢ˷˵˟ˢhttp://www.w3.org/spec.html , ˸˶˷˪ ˥˪˷˧˸ ˢ˞˟ˢ ˢ˷˵˟ˢ ˧ˤ˞

www.w3.org: 

GET /spec.html HTTP/1.0  

Host: www.w3.org  

Cookie: name= VALUE 

Accept: */*  

ˡ˥˧˟ ˸ˣ˧˵ˣ˵ ˢˬ˩ ˷ˬ˸˷ˬ˪ ˥ˣ˪˷˪ ˪ˣ˩˧ ˸˶˷ˢ ˢ˧˧ˮ˲ ˪˩˟ ˸˶˷˪ ˫˪ˣ˩ ˸˞ ˶˧ˤ˥ˢ˪ ˢ˲ˣ˴ˬ ˷ˬ˸˷ˬˢ ˤ˞ˣ .

˰ ˸ˣˬˡˣ˵ ˸ˣ˧˵ˣ˵ ˯ˣ˶ˡ˪ ˪ˣ˩˧ ˫ˠ ˸˶˷ˢ"˟˧˸ˮˢ ˣ˸ˣ˞ˣ ˫˷ˢ ˣ˸ˣ˞ ˫˞ ˸˧˵ˣ˵ ˸˥˧˪˷ ˧.  ˪ˣ˩˧ ˸˶˷ ˢˤ ˭˲ˣ˞˟

˵ˣ˥ˬ˪ ˰ ˸˧˵ˣ˵"ˠ˲ ˣ˲˵ˣ˸˷ ˨˧˶˞˸ ˨˞ ˸ˬ˧˧˵ ˸˧˵ˣ˵ ˪˷ ˟˧˸ˮˣ ˫˷ ˫˰ ˸˧˵ˣ˵ ˸˥˧˪˷ ˧. 

 ˪ˣˢ˧ˮ˪ ˸ˣ˧˵ˣ˵˟ ˷ˣˬ˧˷˥˧˷ 

HTTP ˭ˣ˶˩˧ˤ ˶˯˥ ˪ˣ˵ˣ˦ˣ˶˲ ˞ˣˢ .˶ˬˣ˪˩ , ˧˸˪˟ ˭˲ˣ˞˟ ˸˪˲ˣ˦ˬ ˸˶˷˪ ˢ˷˵˟ ˪˩˸ˣˬˡˣ˵˟ ˧ˣ˪˸ . ˢ˩˧ˬ˸ ˧˪˟

˸˧ˮˣ˴˧˥ ˵˪˪ ˸˶˷ˢ ˭˧˟ ˸˩˷ˬ˸ˬ ˢ˥˧˷ˬ ˵˪˥ ˞˧ˢ ˸ˬ˧ˣ˯ˬ ˢ˷˵˟ ˫˞ ˸˰ˡ˪ ˭˸˧ˮ ˞˪˥ˣ. ˸˞ˤ ˪˩˟ˣ , ˷˧

 ˫˧˟˴ˬ ˸ˣ˪ˢˮˬ ˭˩˷ ˸˷˶ ˸ˣ˧˴˵˧˪˲˞ï ˸ˣ˧ˮ˵ ˸˪ˠ˰ ˸ˣ˶ˬˣ˷˷ ˸ˣˮˣˣ˵ˬ ˸ˣ˧ˣˮ˥ ,˸ˣ˶˧˷˞ˣˡ ˧" ˸˞ ˫˧˶˩ˣˤ˷ ˪

ˡˣ˰ˣ ˷ˬ˸˷ˬˢ. 

˦ˣ˷˲ ˞ˣˢ ˢ˧˰˟˪ ˭ˣ˶˸˲ˢ : ˥˧˷ˢ ˨˶ˣ˞ ˪˩˪ ˣˢ˷˪˩ ˧ˡˣ˥˧˧ ˰ˡ˧ˬ ˫ˢ˧ˮ˧˟ ˫˧˶˧˟˰ˬ ˥ˣ˵˪ˢˣ ˸˞˷ˢ)session .(

 ˸ˮ˧˥˟ˬ ˱ˣ˵˷ ˸ˣ˧ˢ˪ ˨˧˶˴ ˭˟ˣˬ˩ ˨˧˪ˢ˸ˢ˴˵ˢ ˧˷ˬ˸˷ˬ s ˭˸˧ˮˢ ˪˩˩ ˪˧˰˧ ˢ˧ˢ˧˷ ˠˣ˞ˡ˪ ˫˧˴ˣ˶ ˣˮ˧˧ˢ ˧˞ˡˣˣ˟ˣ

)˪˷ˬ˪ ,˨ˣ˲ˢˣ ˥ˣ˵˪˪ ˸˶˷ˢˬ ˸˶˟ˣ˰˷ ˢ˰ˡˣˢ ˪˩˟ ˸ˣ˧ˮ˵ˢ ˸˪ˠ˰ ˭˩ˣ˸ ˪˩ ˸˞ ˥ˣ˪˷˪ ˶˧˟˯ ˢ˞˶ˮ ˞˪(. 

˧ˬ˧ˮ˲ ˫˧ˮˣ˸ˮ ˢˮ˟ˬ˟ ˶ˣˬ˷˪ ˨˧˶˴ ˥ˣˣ˦ ˨ˣ˶˞ ˥˧˷˟ ˨ˬˣ˸˷ ˸˶˷  ˪˩ ˫˰ ˥˧˷ ˪˩˪ ˧ˡˣ˥˧˧ ˰ˡ˧ˬ ˣˢ˷˪˩

˷ˬ˸˷ˬ .˪˷ˬ˪ ,˪ ˪ˣ˩˧ ˸˶˷ˢ˷ˬ˸˷ˬ ˪˩ ˪˷ ˸ˣ˧ˮ˵ˢ ˸˪ˠ˰ ˸˞ ˵ˣˬ˷ .ˢˮˣ˷˞˶ˢ ˢ˷˵˟ˢ ˢ˰˧ˠˬ˷˩ , ˸˶˷ˢ

ˢˤ ˰ˡ˧ˬ˪ ˧ˡˣ˥˧˧ ˢˢˤˬ ˷ˬ˸˷ˬ˪ ˥˪ˣ˷ˣ ˥˧˷ˢ ˪˷ ˰ˡ˧ˬˢ ˸˞ ˪˥˸˞ˬ .˥˧˷ˢ ˨˪ˢˬ˟ , ˢˢˤˬ ˱˧˯ˣˬ ˥ˣ˵˪ˢ

˸˶˷˪ ˥˪ˣ˷ ˞ˣˢ˷ ˢ˷˵˟ ˪˩˪ ˢˤ . ˸˞ ˸ˣˢˤ˪ ˪ˣ˩˧ ˸˶˷ˢ ˨˩˸ˣ˷˵˟ˢ ˨˷ˬ˸ˬ ˥˧˷ˬ ˵˪˥ ˭ˢ˷ ˸˰ˡ˪ˣ. 

ˢ˪ ˭˸˧ˮ ˢ˥˧˷ˢ ˪˷ ˢˢˤˬˢ ˸˞˸ˣ˧˵ˣ˵ ˸ˣ˰˴ˬ˞˟ ˶˧˟˰ .ˢ˥˧˷˟ ˢˮˣ˷˞˶ˢ ˢ˷˵˟˪ ˢ˟ˣˠ˸˟ , ˥˪ˣ˷ ˸˶˷ˢ

˥˧˷ˢ ˢˢˤˬ ˸˞ ˢ˪˧˩ˬ˷ ˸˧˵ˣ˵ .˨˷ˬˮ ˥˧˷ˢ ˡˣ˰ ˪˩ ,˸ˣ˷˵˟ ˥˪ˣ˷ ˥ˣ˵˪ˢ ˶˷˞˩ , ˸˧˵ˣ˵ˢ ˸˞ ˥˪ˣ˷ ˞ˣˢ

ˢ˶ˤ˥˟ .ˢ˲˵˸˩ ˸˧˵ˣ˵˪ ˯˥˧˧˸ˬ ˞ˣˢ ˭˩ ˫˞ˣ ˨˷ˬˮ ˭˧˧ˡ˰ ˥˧˷ˢ ˫˞ ˣ˪˷ ˡ˴˟ ˵ˡˣ˟ ˸˶˷ˢ ˫ˠ.  ˸ˣ˧˵ˣ˵ˢ

˸ˣ˞˶˵ˮ ˣˤ ˢ˶˦ˬ˪ ˸ˣ˷ˬ˷ˬ˷ ˥˧˷ ˸ˣ˧˵ˣ˵ .˧˲˧˴˲˯ ˢˠˣ˲˸ ˨˧˶˞˸ ˭ˢ˪ ˭˧˞˷ ˞˪˞ ˸ˣ˪˧ˠ˶ ˸ˣ˧˵ˣ˵ ˢ˷˰ˬ˪ ˭ˢ ,

˥˧˷ˢ ˨˶ˣ˞ ˪˩˪ ˸ˣˡ˰ˣ˧ˬ ˭ˢ ˞˪˞ .˶ˬˠˮ ˞ˣˢ˷ ˦˧˪˥ˢ ˞˪ ˫˧ˡˡ˴ˢˬ ˡ˥˞ ˱˞ ˡˣ˰ ˪˩ ˨˷ˬˮ ˥˧˷ˢ . ˸˶˷ˢ ˡ˴˟

 ˷˶ˣ˲ˬ ˭˲ˣ˞˟ ˣ˸ˣ˞ ˫˧˧˯ ˥ˣ˵˪ˢ˷ ˪˪ˠ˟ ˶ˬˠ˧ˢ˪ ˪ˣ˩˧ ˥˧˷ˢ)˪˷ˬ˪ ,logout ˭ˣ˟˷˥ˢˬ ( ˞˪ ˥˧˷ˢ˷ ˪˪ˠ˟ ˣ˞
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˲ ˢ˧ˢ ˧ˡˬ ˟˶ ˭ˬˤ ˪˧˰)˪˷ˬ˪ ,˟˷ ˣˬ˩-Moodle  ˭˲ˡ˲ˡˢ"˥˩ˣ˷ "ˢˬ ˭ˬˤ ˧˶˥˞ ˷ˬ˸˷ˬˢ ˸˞ .( ˥ˣ˵˪ˢ ˡ˴˟

˧˷ˢ ˭˲ˡ˲ˡˢ ˡˣ˰ ˪˩ ˨˷ˬˮ ˥)˨˧˪ˢ˸ˢ ˣ˸ˣ˞˟ (˥ˣ˸˲. 

 ˥˧˷ˢ ˪˷ ˢˢˤˬˢ ˸˞ ˸˶ˬˣ˷ ˵˶ ˸˧˵ˣ˵ˢ ˣ˪˧˞ˣ ˸˶˷˟ ˶ˬ˷ˮ ˥˧˷˪ ˶ˣ˷˵˷ ˣˬ˴˰ ˰ˡ˧ˬˢ)˶ˬˣ˪˩ , ˪˷ ˢ˶˵ˬ˟

˸ˮˣˣ˵ˬ ˸ˣˮ˥ ,˧˵ˣ˵˟ ˢ˶ˣˬ˷ ˞˪ ˸ˣ˧ˮ˵ˢ ˸˪ˠ˰ˣ ˸˪˞ ˭ˬˤˢ ˪˩ ˸˷˶˟ ˸˶˟ˣ˰ , ˫˧ˮˣ˸ˮ ˢˮ˟ˬ˟ ˵˶ ˸˞˴ˬˮ ˞˪˞

˸˶˷ˢ ˪˷.( 

˸ˣ˧˵ˣ˵˟ ˷ˣˬ˧˷˟ ˸ˣˮˣ˶˯˥ 

˟ ˢˮˣ˷˞˶˪ ˣˠ˴ˣˢ˷ ˤ˞ˬ˦ˮ˶˦ˮ˧˞ , ˰ˠˣˮˢ ˪˩˟ ˸ˣ˰˦ˣˬ ˸ˣ˯˧˲˸ ˶˲˯ˬ ˸˶ˣ˷˵˸ˢˣ ˦ˮ˶˦ˮ˧˞ˢ ˸ˣ˰˴ˬ˞˟ ˣ˴˲ˣˢ

˸ˣ˧˵ˣ˵˪ .ˢ˷˰ˬ˪ ,˫˧ˮˣ˸ˮ ˵˶ ˭˩ˣ˸˟ ˸ˣ˪˪ˣ˩ ˸ˣ˧˵ˣ˵ ,˸˧ˮ˩ˣ˸ ˡˣ˵ ˞˪ˣ , ˸ˣ˪ˣ˩˧ ˞˪ ˭ˢˣ ˰ˡ˧ˬ ˞ˣ˶˵˪ ˣ˞ ˶˧˯ˢ˪

˷ˬ˸˷ˬˢ ˟˷˥ˬ˟ ˞˴ˬˮ˷. 

˸˞ˤ ˪˩˟ ,˧˦ˮ˶ˢˮ˧˞ ˫ˠ˲ ˸ˣ˧˵ˣ˵ˢ ˷ˣˬ˧˷˟ ˷˧ . ˶ˣˤ˞ ˷˧ ˭˲ˡ˲ˡ ˪˩˪

ˣ˪˷ˬ ˭ˣ˯˥˞ ,ˡ˥˞ ˭˲ˡ˲ˡˬ ˶˸ˣ˧ ˷˧ ˭ˣ˸ˮ ˟˷˥ˬ˟ ˫˞ ˭˩˪ˣ , ˶˲˯ˬ ˣˮ˩˸˧˧

 ˸ˣˢˤ ˸ˣ˧˵ˣ˵ï ˭˲ˡ˲ˡ ˪˩ ˶ˣ˟˰ ˸˥˞ .˱˯ˣˮ˟ , ˸ˣ˪ˠˣ˯ˬ ˭ˮ˧˞ ˸ˣ˧˵ˣ˵ˢ

˭˲ˡ˲ˡˣ ˟˷˥ˬ ˣ˸ˣ˞˟ ˫˧˷ˬ˸˷ˬˢ ˫˧ˮˣ˷ ˫˧˷ˬ˸˷ˬ ˭˧˟ ˪˧ˡ˟ˢ˪ ,

˷ˬ˸˷ˬ ˭ˣ˟˷˥ ˣ˸ˣ˞˟ˣ. 

ˢˤ ˡ˟˪ˬ ,˫˧˩˶ˡ ˢˬ˩˟ ˸ˣ˧˵ˣ˵˟ ˢ˰˶˪ ˷ˬ˸˷ˢ˪ ˭˸˧ˮ. 

˸ˣ˧˵ˣ˵ ˸˟˧ˮˠ 

ˣ˵ˢ˵˷ˬ˸˷ˬˢ ˭˲ˡ˲ˡ ˪˞ ˢ˶ˤ˥ˣ ˸˶˷ˢ ˪˞ ˭ˢ˧˧˥ ˨˶ˣ˞ ˨˪ˢˬ˟ ˸ˣ˟˶ ˫˧ˬ˰˲ ˸ˣ˥˪˷ˮ ˸ˣ˧ .ˢ ˪˞ ˢ˷˧ˠ˸ˣ˧˵ˣ˵ 

 ˭˩˷ ˸˪˟ˠˣˬ ˸ˣ˧ˢ˪ ˢ˶ˣˬ˞ ˣ˪˞˸ˣ˧˵ˣ˵ ˷˧ˠ˶ˣ ˧˷˧˞ ˰ˡ˧ˬ ˪ˣ˪˩˪ ˸ˣ˧ˣ˷˰ , ˷ˬ˷ˬˢ ˭ˬ˧˯ˣ ˷ˬ˸˷ˬ ˫˷ ˭ˣˠ˩

˸ˣˬ˧˞˪ . ˸˟˧ˮˠ˸ˣ˧˵ˣ˵  ˣ˧ˡ˧˪ ˪˟˵ˬ ˢ˷˶ˣˬ ˞˪ ˡ˴ ˶˷˞˩ ˸˷˥˶˸ˬ˸˧˵ˣ˵ . 

 ˟ˣˮˠ˪ ˸˥˞ ˨˶ˡ˸˧˵ˣ˵  ˸ˣ˰˴ˬ˞˟ ˞˧ˢ˰ˡ˧ˬ ˸ˣ˪˧˟˥ ˭˥˶˥˶ )packet sniffer( .ˣ˟˰˸ˢ ˸˞ ˞ˣ˶˵˪ ˭˸˧ˮ ˢ˶

 ˢ˸ˣ˞˟ ˫˧˞˴ˬˮ˷ ˫˧˶˥˞ ˫˧˟˷˥ˬ ˸ˣ˰˴ˬ˞˟ ˸˷˶˟˫˧˟˷˥ˬ ˸˷˶ , ˸ˣ˶˧˷˧ ˫˧˟˶ˣ˰ˬ ˫ˮ˧˞ ˫ˢ ˫˞ ˫ˠ

˰ˡ˧ˬˢ ˸˪˟˵ˣ ˸˥˧˪˷˟ . ˫ˠ ˸ˣ˪ˣ˪˩ ˣˤ ˢ˶ˣ˟˰˸˟˸ˣ˧˵ˣ˵ ˪ ˸ˣ˥˪˷ˮ˷ ˪ˣ˵ˣ˦ˣ˶˲HTTP . ˫˧˟˷˥ˬ˟ ˫˧˷ˬ˸˷ˬ

˸˷˶˟ ˶˟ˣ˰ˢ ˰ˡ˧ˬˢ ˸˞ ˞ˣ˶˵˪ ˫˧˪ˣ˩˧ ˣ˪˞ ,ˢ ˸˞ ˪˪ˣ˩˸ˣ˧˵ˣ˵ ,

 ˸ˣ˧ˣ˶˵ˢ ˸ˣˮ˩ˣ˸ ˸ˣ˰˴ˬ˞˟˰ˡ˧ˬ ˸ˣ˪˧˟˥ ˧ˮ˥˶˥˶ . ˪˰ ˶˟ˠ˸ˢ˪ ˭˸˧ˮ

ˣˬ˧˷ ˧ˡ˧ ˪˰ ˢ˧˰˟ˢ˟ ˷-URI  ˦˯˵˦˶˲˧ˢ ˶ˣˠ˧˷ ˸˥˦˟˞ ˪ˣ˵ˣ˦ˣ˶˲˟ˣ

)HTTPS ( ˪ˣ˵ˣ˦ˣ˶˲˪ ˸ˣ˞˶ˣ˵˷TLS ˷ ˸ˮˬ ˪˰˭˧˲˴˧  ˣ˵ ˸˞

˸˶ˣ˷˵˸ˢ . ˸˶˧˴˧ ˸˰˟˸˧˵ˣ˵  ˭˧˧˴˪ ˸˶˷ˢ ˪ˣ˩˧˭ˣ˪ˠˡ  ˢ˥˦˟˞

ˢ ˸˞ ˥˪˷˧ ˭˲ˡ˲ˡˢˣ˸˧˵ˣ˵ ˥˦˟ˣ˞ˬ ˳ˣ˶˰ ˸ˣ˰˴ˬ˞˟ , ˪ˣ˵ˣ˦ˣ˶˲ ˭ˣˠ˩

SSL . 

˸ˣ˧˵ˣ˵ ˸˪˰˶ˢ 

˸˧˵ˣ˵ ˫˧˲˯ˣˮ ˫˧˧ˣˮ˧˷ ˶ˣ˟˰˪ ˢ˶ˣˬ˞ ˢˮ˧˞ ,ˢ˸ˣ˶˴ˣˣ˧ˢ ˸˰˟ ˣ˷˰ˮ˷ ˣ˪˞˪ ˶˟˰ˬ , ˭˲ˡ˲ˡˢ ˭˧˟ ˶˟˰ˬˢ ˸˰˟

˸˶˷˪ .˸˞ˤ ˫˰ , ˭˩ˣ˸ ˸˞ ˸ˣˮ˷˪ ˪ˣ˩˧ ˱˵ˣ˸˸˧˵ˣ˵ˢ ˸˶˷˪ ˢ˶ˤ˥ ˸˥˪˷ˮ ˞˧ˢ˷ ˧ˮ˲˪ .ˢˬˠˣˡ˪ , ˢˮˣ˸ˮ ˫˞

˸˧˵ˣ˵ ˸ˣ˧ˮ˵ˢ ˸˪ˠ˰˟ ˵˧ˤ˥ˬ ˷ˬ˸˷ˬˢ˷ ˫˧˦˧˶˲ˢ ˶ˣ˟˰ ˫ˣ˪˷˸˪ ˫ˣ˩˯ˢ ˨˯ ˪ˣ˪˩ ˢ˟˷ ,˨˶˰ ˧ˣˮ˧˷  ˪ˣ˩˧ ˢˤ

ˣ˶ˠ˪˷˶ˡˮˢˬ ˸ˣ˥˲ ˫˪˷˧ ˷ˬ˸˷ˬˢ˷ ˨˩˪ ˫.  

ˠ ˡ˴ ˸ˣ˧˵ˣ˵' 

˸ˣ˧˵ˣ˵˪ ˢ ˞˷ˣˮ˪ ˶˷˵ˢ˟ ˢ˟˶ ˸ˣ˰ˬ˷ˬ˸ˣ˧˦˶˲ sx˸ˣ˧ˮˣˬ˪˞ ˦ˮ˶˦ˮ˧˞˟ .˸ˣ˧˵ˣ˵ˢ  ˸˶˷˪ ˵˶ˣ ˨˞ ˸ˣ˥˪˷ˮ

 ˣ˸ˣ˞ ˸˥˸ ˶˥˞ ˸˶˷ ˪˞ ˣ˞ ˭˸ˣ˞ ˶˴˧˷˫˥˸ˬ .˫˪ˣ˞ , ˫˧˶˥˞ ˫˧˟˧˩˶ ˣ˞ ˸ˣˮˣˬ˸ ˪ˣ˪˩˪ ˧ˣ˷˰ ˦ˮ˶˦ˮ˧˞ˢ ˱ˡ

 ˪˷ ˸˶˷˟ ˫˶ˣ˵ˬ˷doma in ˶˥˞ .ˣ˵˵˸ˣ˧  ˫˷˟ ˸ˣ˧ˣ˶˵ ˣ˪˞ ˫˧˟˧˩˶ ˪˷ ˶ˣˤ˥˞ˢ ˨˪ˢˬ˟ ˸ˣ˶˴ˣˮ˷˸ˣ˧˵ˣ˵  ˡ˴

'ɣ. 

http://he.wikipedia.org/w/index.php?title=%D7%A8%D7%97%D7%A8%D7%97%D7%9F_%D7%97%D7%91%D7%99%D7%9C%D7%95%D7%AA_%D7%9E%D7%99%D7%93%D7%A2&action=edit&redlink=1
http://upload.wikimedia.org/wikipedia/commons/9/99/Cookie-sniffing-he.svg
http://upload.wikimedia.org/wikipedia/commons/f/fa/Cookie-poison-he.svg
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 ˸ˣ˷ˬ˸˷ˬ ˫ˣ˯˶˲ ˸ˣ˶˟˥˸ˣ˧˵ˣ˵˟ ˠ ˡ˴ '˫˧ˮˣ˷ˢ ˫˧˶˸˞ˢ ˭˧˟ ˶˟ˣ˰ ˣˡˣ˰˟ ˷ˬ˸˷ˬˢ ˶˥˞ ˟ˣ˵˰˪ ˧ˡ˩ . ˸˶˟˥

ˢ˧ˣ˷˰ ˫ˣ˯˶˲ ,˪˷ˬ˪ ,˸ˣ˧ˬˣ˯˶˲ ˸ˣˮˣˬ˸ ˫˧˪˪ˣ˩˷ ˦ˮ˶˦ˮ˧˞ ˧˲ˡ ˨˶ˡ ˶˟˰˷ ˷ˬ˸˷ˬ ˶˥˞ ˟ˣ˵˰˪ . ˰ˡ˧ ˸˶ˤ˰˟

ˣ˪ ˸ˣˬ˧˞˸ˬ˷ ˸ˣˬˣ˯˶˲ˢ ˸˞ ˣ˧ˮ˲˟ ˠ˧˴ˢ˪ ˨˩ˣ ˷ˬ˸˷ˬˢ ˸ˣ˲ˡ˰ˢ ˭ˢˬ ˸˰ˡ˪ ˫ˣ˯˶˲ˢ ˸˶˟˥ ˢ˧ˣ˷˰ ˢˤ. 

ˬˣ˷˧˧˟ ˰ˡ˧ˬ ˸˥˦˟˞˸˷˶ ˧ 

˫ˢ˧˪˞ ˢ˷˧ˠˢ ˸˞ ˪˧˟ˠˢ˪ ˫˧˴ˣ˶ ˣˮ˧˧ˢ˷ ˦ˮ˶˦ˮ˧˞ ˧˲ˡ ˷˧ . ˫˧˲ˣˠ˷ ˫˧˞ˡˣˣˬ˷ ˸ˣˬ˧˞ ˧ˮˣˮˠˮˬ˟ ˨˶ˣ˴ ˷˧ ˭˩˪

ˢ˪˞ ˫˧˲ˡ˪ ˫˧˷ˠ˧ˮ ˡ˟˪˟ ˫˧˷˶ˣˬ . 

˪ ˭ˢ˟ ˦ˣ˵ˮ˪ ˭˸˧ˮ˷ ˸ˣ˷˧ˠ ˧˸˷ ˷˧ˣˤ ˢ˶˦ˬ ˨˶ˣ˴: 

¶  ˸˧ˮˣˮ˩˸ ˢ˥˦˟˞ï ˢ˷˧ˠˢ ˸˪˟ˠˢ ˪˷ ˢ˵˧ˠˣ˪ˢ ˸˞ ˸ˮ˩˸˪ ˨˧˶˴ ˶˸˞ˢ ˟˴˰ˬ .˷˧ˬˠ ˡˣ˞ˬ ˢ˷˧ˠ ˣˤ ˢ

˟˶ ˸ˣˮ˩˸ ˸˷˶ˣˡ ˨˞. 

¶  ˸˧˸˶ˢ˴ˢ ˢ˥˦˟˞ï ˟ ˫˧ˬ˧˧˵˷ ˫˧ˮˣˮˠˮˬ˟ ˫˧˷ˬ˸˷ˬˣ ˟˞˷ˬ ˢˤ˧˞˪ ˸˷ˠ˪ ˪ˣ˩˧ ˧ˬ ˫˧˶˧ˢ˴ˬ-HTTP 

ˢ˷˧ˠˢ ˪˰ ˦ˣ˪˷˪ ˧ˡ˩ . ˡˣ˵ ˢ˟˶ˢ ˸˟˧˸˩ ˸˷˶ˣˡ ˞˪ˣ ˷ˣˬ˧˷˪ ˢ˪˵ ˨˞ ˡˣ˞ˬ ˢ˷˧ˬˠ ˞˪ ˢ˷˧ˠ ˣˤ

˷ˡ˥. HTTP ˷ ˶˷˲˞ˬ ˧˸˯˸ˣˬ˩  ˸˧˸˶ˢ˴ˢ ˢ˥˦˟˞ï Basic x-Digest. 

˟ ˢ˥˦˟˞-HTTP 

 ˢ˩˪ˬˬ)Realm (˶˷˟ ˫˧˩ˬ˯ˬ ˸˴ˣ˟˵ ˞˧ˢ ˸. ˫˸ˣ˞ ˶˧ˡˠˮ ˢ˷˧ˠ ˸ˣ˧ˣ˩ˤ ˭˸ˣ˞ ˫ˢ˪ˣ ˫˧˩ˬ˯ˬ ˸˴ˣ˟˵ ˷˧ ˫˞

ˢ˩˪ˬˬˢ ˢ˸ˣ˞˟ ˸ˣ˧ˢ˪ .˭ˢ˪˷ ˸ˣ˞ˬ˯˧˯ˢˣ ˫˧˷ˬ˸˷ˬ ˪˷ ˢˬ˧˷˶ ˷˧ ˢ˩˪ˬˬ ˪˩˪ . ˶˧ˡˠˢ˪ ˡ˴˧˩ ˶˥ˣ˟ ˸˶˷ˢ

ˢ˪˞ ˫˧ˮˣ˸ˮ ˶ˣˬ˷˪ ˡ˴˧˩ˣ. 

 ˫˷ ˸˞ ˥ˣ˪˷˪ ˨˧˶˴ ˞ˣˢ ˧ˢ˷˪˩ ˢ˩˪ˬˬ˟ ˣˢ˷˪˩ ˟˞˷ˬ˪ ˢ˷˧ˠ ˪˟˵˪ ˢ˴ˣ˶ ˷ˬ˸˷ˬ ˶˷˞˩˷ ˞ˣˢ ˭ˣ˧˰˶ˢ

ˣ˪˷ ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ .ˢ˷˵˟ˢ ˫˰ ˡ˥˧ ˣ˥˪˷ˮ ˞˪ ˫ˢ ˫˞ ,˫˸ˣ˞ ˷˵˟˧ ˸˶˷ˢ. ˪ ˷˧ ˫˞˷ˬ˸˷ˬ  ˸ˣ˞˷˶ˢ

 ˸˶˥˞ˣ ˟˞˷ˬˢ ˸˞ ˪˟˵˧ ˞ˣˢ ˢ˷˧ˠˢ˷˵˟ˢ ˸˞ ˸˶˷˪ ˟˶˯˧ ˸˶˷ˢ. 

 ˪˷ ˸ˣˬ˩˯ˢ ˧˸˷ ˭˧˟ ˪ˡ˟ˢˢHTTP  ˞ˣˢ ˸˶˷ˢ ˭˧˟ ˸˞ˤˢ ˢ˥˧˷ˢ ˣ˟˷ ˪ˣ˵ˣ˦ˣ˶˲ˢ ˪˷ ˫˧˦˶˲˟˷ˬ˸˷ˬ˪ 

˸˰˴˟˸ˬ. 

Basic Access Authentication 

˫˧˟˪˷ ˢ˰˟˶˞ ˧˯˧˯˟ˢ ˪ˣ˵ˣ˦ˣ˶˲˟: 

1. ˢ˷˧ˠ ˪˟ˠˣˬ ˟˞˷ˬ ˷˵˟ˬ ˥ˣ˵˪ˢ 

2. ˢ ˰˧˲ˣˬ ˞˪ ˢ˷˵˟˟ ˫˞-header ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ ˫˷ ˫˰ 
Authorization: Basic username:password 

 ˫˰ ˥ˣ˵˪ˢˬ ˫˸ˣ˞ ˷˵˟ˬ ˸˶˷ˢ ˟˴ˬ ˡˣ˵ ˫˰ ˢ˟ˣ˷˸4012 ˢ ˰˧˲ˣˬ ˢ˟ˣ-header 

WWW- Authenticate: Basic realm = REALM_NAME 

3.  ˸˶˷˪ ˣ˪˷ ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ ˫˷ ˸˞ ˥˪ˣ˷ ˥ˣ˵˪ˢ) ˯˧˯˟˟64 ,˞˪ ˫˧ˮ˲˴ˣˬ( 

4. ˢ˶ˤ˥˟ ˟˞˷ˬˢ ˸˞ ˥˪ˣ˷ ˸˶˷ˢ ˫˧˷˶ˣˬˢ ˸ˬ˧˷˶˟ ˥ˣ˵˪ˢ ˫˞ 

 ˫˸ˣ˞ ˥˪ˣ˷ˣ ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ ˫˷ ˸˞ ˶ˬˣ˷ ˭˲ˡ˲ˡˢ ˥˧˷ˢ ˨˪ˢˬ˟ ˟˞˷ˬˢ ˫˞ ˸˶˷˪ ˸˧˦ˬˣ˦ˣ˞

˸ˬˣ˞ ˶˟˩˷ ˟˞˷ˬˢ ˣˬ˩ ˢ˧˶˲˯ ˢ˸ˣ˞˟ ˞˴ˬˮ ˷˵ˣ˟ˬˢ , ˸˥˧˪˷ ˸ˣ˰˴ˬ˞˟ ˢ˷˧ˠ ˸ˬ˞˪ ˷˵˧˟ ˸˶˷ˢ ˫˞ ˣ˞

 ˡˣ˵ ˫˰ ˢ˰ˡˣˢ401 x-header WWW- Authenticate ˫ˡˣ˵ ˣˬ˩ ˢ˩˪ˬˬˢ ˢ˸ˣ˞ ˫˰. 

ˮ˧˞ ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ ˫˷˷ ˟˪ ˫˧˷ˮ ˫˧ˤ˞ˬ ˪˩ˣ ˢ˥˧˪˷ˢ ˸˰˟ ˫˧ˮ˲˴ˣˬ ˪ˣ˩˧ ˸˶ˣ˷˵˸ˢ ˳ˣ˶˰˪ ˭ ˸ˣ˪ˠ˪

ˣˮˣ˴˶˩ ˫ˢ˟ ˷ˬ˸˷ˢ˪ ˤ˞ˣ ˫˸ˣ˞. 

                                           
2 ˟˞˷ˬ˪ ˸˷ˠ˪ ˸ˣ˞˷˶ˢ ˭˧˞ ˥ˣ˵˪˪˷ ˣ˷ˣ˶˧˲˷ 
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Digest  Access Authentication 

ˢ ˸˦˧˷-Digest ˸˧˯˧˯˟ˢ ˢ˦˧˷ˢ ˪˷ ˫˧˟˶ ˫˧ˬˠ˲ ˸˶˸ˣ˲. ˫ˡˣ˵ ˣˬ˩ , ˫˧˩˧˶˴ ˢˬ˯˧˯ˢˣ ˷ˬ˸˷ˬˢ ˫˷

ˢ˷˵˟ ˪˩˟ ˥˪˷˧ˢ˪ ,˷ ˞˪˞˩˪˧ˠ˶ ˦˯˵˦˩ ˸ˣ˥˪˷ˮ ˞˪ ˸ˣ˞ˬ˯˧˯ˢ ˭˞.  ˢˬ˴˰ ˢˬ˯˧˯ˢ ˸˞ ˥ˣ˪˷˪ ˫ˣ˵ˬ˟

 ˸˥˪˷ˮ˸˧˴˵ˮˣ˲  ˪ˣ˟˶˰ˡ˥-˧˩ ˸˧ˮˣˣˢ˪˷3 . ˢ˰˧ˠˬ ˶˷˞˩ˣ ˷ˬ˸˷ˬˢ ˪˷ ˢˬ˯˧˯ˢ ˸˞ ˣ˪˴˞ ˶ˬˣ˷ ˸˶˷ˢ

 ˟ˣ˷˧˥ ˸ˣ˰˴ˬ˞˟ ˢ˸ˣ˞ ˸ˬ˞˪ ˪ˣ˩˧ ˞ˣˢ ˥ˣ˵˪ˢ ˪˷ ˢ˷˵˟ˢ˸˧˴˵ˮˣ˲  ˰˧ˠˢ˷ ˭ˣ˸ˮ˪ ˢ˞ˣˣ˷ˢˣ ˣˬ˴˰˟ ˪ˣ˟˶˰ˢ

˷ˬ˸˷ˬˢˬ .˸˧˴˵ˮˣ˲  ˪ˣ˟˶˰˧˶˞˪ˣ˲ˣ˲ ˸ ˞˧ˢMD5  ˶˧˴˵˸˪ ˫˧˸˟ ˪˷ ˧˸ˣ˶˧˶˷ ˱˴˶ ˪˩ ˢ˶˧˟˰ˬ ˶˷˞

)digest ( ˭˟128 ˦˧˟ . ˢˤ˩ ˭˸ˣˮ-1039 ˫˧˧˶˷˲˞ ˫˧ˮˣ˷ ˫˧˶˧˴˵˸4. ˢ˧˴˵ˮˣ˲ˢ ˸˪ˣ˰˲˪ ˸ˣ˞ˬˠˣˡ ˢˬ˩ ˢˮˢ: 

˦˪˵  ˶˧˴˵˸MD5 

Notes Heaven f48d1634c67d754a2d91be5cef3a5579 

Notes - Heaven 8310998749a8aed58473758718d2f330 

http://notes - heaven.com bbfb82cee1ace64dd17fdf71a84e8625 

Pi 127125672f1e85d1e676d4394d24e066 

3.1415926535897932384626433832795 b03c4a1689bef7f0528f91874fcff5bd 

22/7 c62bc352613b07fbacda7bc543df0e73 

 

ˣˮ˧˧ˮ˰˪ ˢ˶ˤ˥˟ .ˣˤ ˢ˦˧˷˟ ˧ˣ˪ˠ ˭˲ˣ˞˟ ˸˷˶˟ ˸˥˪˷ˮ ˞˪ ˢˬ˯˧˯ˢ ˭˩˞ . ˭˧˧ˡ˰ ˣˤ ˢ˦˧˷˷ ˞˪˞ ˧ˮ˲˟ ˢˡ˧ˬ˰ ˞˪

 ˸˲˵˸ˢreplay . ˨˞ ˢˬ˴˰ ˢˬ˯˧˯ˢ ˸˞ ˸ˣ˪ˠ˪ ˪ˣ˩˧ ˞˪ ˫ˮˬ˞ ˸˶ˣ˷˵˸ˢ ˳ˣ˶˰˪ ˭˧ˤ˞ˬ˟ ˸˞ ˰ˡˣ˧ ˞ˣˢ˷ ˰ˠ˶

ˢ˪˷ ˪ˣ˟˶˰ˢ ˨˶˰ , ˟ˣ˦ ˢˤˢˡ˧ˬ ˢ˸ˣ˞˟ , ˢˬ˯˧˯ˢ ˸˞ ˸˰ˡ˪ ˧˪˟ˬ ˣ˸ˣ˞ ˥ˣ˪˷˪ ˪ˣ˩˧ ˦ˣ˷˲ ˞ˣˢ˷ ˶˥˞ˬ

ˢˬ˴˰. 

 ˣˤ ˢ˧˰˟ ˶ˣ˸˲˪ ˧ˡ˩"˫˧ˡˡˣ˵ˬ "˥ˣ˵˪˪ ˥˪ˣ˷ ˸˶˷ˢ˷ ˫ˢ˷˪˩ ˫˧˩˶˰ ˫ˠ ˞˪˞ ˢˬ˯˧˯ˢ ˸˞ ˵˶ ˞˪ .˰˲ ˪˩˟ ˫

 ˶˴ˣ˧ ˸˶˷ˢ ˟˞˷ˬ ˷˵˟ˬ ˥ˣ˵˪ˢ˷nonce ï ˣˤ ˢ˷˵˟ ˧˶˥˞ ˣˬ˴˰ ˪˰ ˶ˣˤ˥˪ ˶ˣˬ˞ ˞˪˷ ˶˲˯ˬ . ˥ˣ˵˪ˢ

 ˪˷ ˪ˣ˟˶˰ˢ ˨˶˰ ˸˞ ˟˷˥ˬuser:password:nonce ˸ˣˬ˧˞ ˨˶ˣ˴˪ ˸˶˷˪ ˥˪˷ˮ˷ ˢˤ ˞ˣˢˣ . ˰ˮˣˬ ˢˤ

 ˸˲˵˸ˢreplay ˣ˸ˣ˞˷ ˫ˣ˷ˬ  nonce  ˷ˬ˸˷ˢ˪ ˢ˯ˮ˧ ˱˧˵˸ˬ ˫˞ ˭˩˪ˣ ˡˣ˰ ˣˬ˴˰ ˪˰ ˶ˣˤ˥˪ ˶ˣˬ˞ ˞˪

ˢ˰ˡˣˢ˟ ˢ ˸˞ ˢ˪˧˩ˬ ˞˪ ˞˧ˢ˷ ˫ˣ˷ˬ ˸ˣˬ˧˞ˢ ˨˧˪ˢ˸ ˸˞ ˶ˣ˟˰˸ ˞˪ ˞˧ˢ ˶˟˰˟ ˢ˞˶ ˶˟˩˷-nonce ˭ˣ˩ˮˢ. 

˥ˣ˵˪˪ ˸ˣˤ˥˸ˢ˪ ˪ˣ˩˧ ˞˪ ˡ˥˞ ˱˞ ˸˰˩ ,ˢ˰ˣˡ˧ ˞˪ ˣ˪˷ ˢˬ˯˧˯ˢ ˧˶ˢ˷ , ˸˷˶˟ ˧ˣ˪ˠ ˭˲ˣ˞˟ ˸˶˟ˣ˰ ˞˪ ˞˧ˢ

˟ ˷ˣˬ˧˷ˢˣ-nonce- ˸˲˵˸ˢ ˰ˮˣˬ ˫˧replay .˟ˡˬ ˭˩˞ ˞ˣˢ˷ ˸˰ˡ˪ ˨˶ˡ ˫ˣ˷ ˭˧˞ ˥ˣ˵˪˪ ˫˧˧˸ˮ˧˟˷ ˞˪˞ ˫˰ ˶

˸˶˷ˢ .ˢ ˸˦˧˷˟ ˷ˬ˸˷ˢ˪ ˭˸˧ˮ ˭˩˪-nonce ˥ˣ˵˪ˢ ˪˷ ˡ˴ˢˬ ˫ˠ . ˸˶˷˪ ˥˪ˣ˷ ˥ˣ˵˪ˢnonce  ˸˶˷ˢˣ

 ˣ˶ˣ˸˟ ˪˷ ˪ˣ˟˶˰ˢ ˨˶˰ ˸˞ ˶˧ˤ˥ˬuser:password:client - nonce:resource . ˪ˣ˩˧ ˥ˣ˵˪ˢ ˫ˠ ˢˤ ˭˲ˣ˞˟

˸˶˷ˢ ˫˰ ˶˟ˡˬ ˭˩˞ ˞ˣˢ˷ ˸ˬ˞˪. 

HTTP/ 1.1 ˢ ˢ˴˵ ˪˰ˠ˪ˤˬ 

 ˪˰ ˵˶ ˣˮ˶˟˧ˡ ˣ˧˷˩˰ ˡ˰HTTP/ 1.0 .˟-HTTP/ 1.1 ˷˰ˮ˫˧˶ˣ˲˧˷ˣ ˫˧˧ˣˮ˧˷ ˢ˟˶ˢ ˣ. ˞ ˥˲˯ˮ˟'  ˸ˣ˞˶˪ ˭˸˧ˮ

 ˶ˬ˞ˬˢ ˪˷ ˶˧˴˵˸Key Differences between HTTP/1.0 and HTTP/1.1  ˸˞ˬBalachander 

Krishnamurthy , Jeffrey C. Mogul  and David M. Kristol ˷ˡ ˭˧˟ ˫˧˪ˡ˟ˢ˟ ˭˸ˣ˞˯˶ˠˢ. 

                                           
3 ˡ˥ ˢ˧˴˵ˮˣ˲ ˧ˢˣˤ- ˸˧ˮˣˣ˧˩Ὄ  ˸ˤˣ˶˥ˬ ˭˸ˮ˧ˢ˟˷ ˨˩ ˸ˣˤˣ˶˥ˬ ˪˰ ˢ˧˴˵ˮˣ˲ ˞˧ˢὼ , ˢˮˣˬ˸ˢ ˸˞ ˟˷˥˪ ˪˵Ὄ(ὼ)  ˭˸ˮ˧ˢ˟ ˨˞

ώ= Ὄὼ  ˶ˣ˵ˬˢ ˸˞ ˟˷˥˪ ˢ˷˵ὼ. 

4 ˫ˣ˵˧˟ ˫˧ˬˣ˦˞ˢ ˶˲˯ˬˬ ˸ˣ˥˲ ,ˢ˟˶ˢ ˧ˡ ˭˧˧ˡ˰ ˨˞... 
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˦ˮ˶˦ˮ˧˞ˢ ˸ˣ˧˷ˣˬ˧˷ 
˦ˮ˧˞ ˧˶˸˞ ˪˷ ˸ˣ˧˷ˣˬ˧˷ˢ˫˧˧˸˶ˣ˯ˬ ˫˧˶˴ˣˬ ˪˷ ˸ˣ˧˷ˣˬ˧˷ˢˬ ˶˸ˣ˧ ˡˣ˰ ˢ˟ˣ˷˥ ˸˷˶ ˧˸ˣ˶˧˷ˣ ˦ˮ˶ . ˶˷˞˩

ˢ˪˰˲ˢˢ ˪˰ ˶˟˯ˢ ˪˟˵˪ ˧ˡ˩ ˢ˪˷ ˨˧˶ˡˬ˪ ˢˮˣ˲ ˞ˣˢ ˢ˧ˤ˧ˣˣ˪˦ ˢˮˣ˵ ˥ˣ˵˪ . ˶˸˞˪ ˰˧ˠˬ ˦ˮ˶˦ˮ˧˞ ˷˪ˣˠ ˫˞ ˪˟˞

 ˪˟˵˪ ˶˥˞ ˫ˣ˵ˬ ˷˲˥ˬ ˣˮˬˬ ˞˴ˣ˧ ˞ˣˢ ˣ˧˸ˣ˶˧˷˟ ˷ˬ˸˷ˢ˪ ˥˧˪˴ˬ ˞˪ ˣ˞ ˣ˷˵ˣ˟ˬ ˸˞ ˣ˟ ˞ˣ˴ˬ˪ ˥˧˪˴ˬ ˞˪ˣ

˴˶ ˸˞ˣˮˣ .˫ˢ˪˷ ˸ˣˡ˶˷˧ˢ˪ ˸˧ˮˣ˧˥ ˞˧ˢ ˦ˮ˶˦ˮ˧˞ ˧˶˸˞ ˪˷ ˸ˣ˧˷ˣˬ˧˷ˢ! 

˷ ˫˧˞˶ˬ ˫˧˶˵˥ˬ ˸˞ˤ ˪˩˟ˣ-90%  ˭ˣ˟˷˥˟ ˫˧˥˵ˣ˪ ˞˪ ˫˧˶˸˞ˢ ˪˪˩ˬ˶˸˞ˢ ˸˞ ˫˧˟˴˰ˬ ˶˷˞˩ ˸ˣ˧˷ˣˬ˧˷. 

˸ˣ˧˷ˣˬ˧˷ˢ ˸ˣˮˣ˶˵˰ 

'ɣ˸ˣ˧˷ˣˬ˧˷ ˸ˣˮˣ˶˵˰ ˢ˷˷ ˶˧ˡˠˢ ˭ˣ˯˪˧ˮ ˟ˣ˵˧˧: 

1. ˡˣˬ˪˪ ˸˪ˣ˩˧ )learnability :( ˫˧˷ˡ˥ ˫˧˷ˬ˸˷ˬ ˫˞ˢ ˫˰˲˟ ˸ˣ˧˯˧˯˟ ˸ˣˬ˧˷ˬ ˰˴˟˪ ˫˧˥˧˪˴ˬ

˸˩˶˰ˬ˟ ˫˧˪˵˸ˮ ˫ˢ˷ ˢˮˣ˷˞˶ˢ? 

2. ˸ˣ˪˧˰˧ )efficiency:( ˠ˶˟ ˰˟ˣ˴˧˰ˢ ˸˞ ˣˡˬ˪ ˫˧˷ˬ˸˷ˬˢ˷ ,˸ˣˬ˧˷ˬ ˰˴˟˪ ˫˧˪ˣ˩˧ ˫ˢ ˶ˢˬ ˢˬ˩? 

3. ˶ˣ˩ˤ˪ ˸˪ˣ˩˧ )memorability:(  ˞˪ ˢ˟˷ ˢ˩ˣ˶˞ ˢ˵˯˲ˢ ˧˶˥˞ ˸˩˶˰ˬ˪ ˫˧˶ˤˣ˥ ˫˧˷ˬ˸˷ˬ ˫˞

ˢ˟ ˣ˷ˬ˸˷ˢ ,˸ˣ˪˵˟ ˶ˣˤ˥˪ ˫˧˪ˣ˩˧ ˫ˢ ˫˞ˢ ˸˩˶˰ˬ˟ ˫ˡˣ˵ ˫ˢ˪ ˢ˸˧˧ˢ˷ ˢ˦˧˪˷ ˸ˬ˶ ˢ˸ˣ˞˪? 

4. ˸ˣ˞˧ˠ˷ )errors:( ˭˸ˣ˞ ˫˧ˮ˵˸ˬ ˫ˢ ˶ˢˬ ˢˬ˩ˣ ˫˧˷ˣ˰ ˫˷ˬ˸˷ˬ ˸ˣ˧ˣ˰˦ ˢˬ˩? 

5. ˭ˣ˴˶ ˸ˣ˰˧˟˷ )satisfaction(: ˸˩˶˰ˬ˟ ˷ˬ˸˷ˢ˪ ˫˧˰ˮ ˫˞ˢ? 

6. ˸ˣ˧˷ˣˬ˧˷ )utility(: ˫˧˩˧˶˴ ˫˧˷ˬ˸˷ˬˢ˷ ˢˬ ˸˞ ˢ˷ˣ˰ ˸˩˶˰ˬˢ ˫˞ˢ? 

˟ˣ˴˧˰ ˧˪˪˩ 

˫˧˲ˡ ˟ˣ˴˧˰ 

¶ ˟ˣ˷˥ ˶˟ˡ ˞˧ˢ ˸ˣˡ˧˥˞ .˪˪˩˩ , ˶ˣ˴˧˪ ˧˞ˡ˩template ˫˧˲ˡˢ ˪˩ ˪˷ ˨˶˰ˬˢ ˸˞ ˶˧ˡˠ˧˷ . ˰ˮˣˬ ˢˤ

˞˴ˬˮ ˶˟ˡ ˪˩ ˢ˲˧˞ ˶ˣ˩ˤ˪ ˶˸ˣ˧ ˪˵ ˷ˬ˸˷ˬ˪ ˶˵˧˰˟ˣ ˡ˶˲ˮ˟ ˱ˡ ˪˩˪ ˸ˣ˦˪˥ˢ ˦˧˪˥ˢ˪ ˨˶ˣ˴ˢ ˸˞. 

¶  ˸ˣ˧ˡˣˠ˧ˮ)contrast ( ˫˧˦˵˧˧˟ˣ˞ ˪˷ ˫˧ˮˣ˷ ˫˧ˠˣ˯˪ ˟˪ ˫˧˷˪ ˪˩ˣ˧ ˷ˬ˸˷ˬˢ˷ ˧ˡ˩ ˸˧ˮˣ˧˥ ˫˧˰˟˴˟

˱ˡ˟ :˶˥˞ ˰˟˴˟ ˸ˣ˧ˢ˪ ˨˧˶˴ ˦˧˶˲˸ˢ ,ˣ˩ˣ ˦ˣ˪˟˪ ˸ˣ˩˧˶˴ ˸ˣ˶˸ˣ˩ˢ'. 

¶  ˫˧˷˰ˣ˶ ˫˧˰˵˶˟ ˷ˬ˸˷ˢ˪ ˞˪-  ˷˞˶ ˟˞˩ ˢ˷ˣ˰ˣ ˢ˞˧˶˵ˢ ˪˰ ˢ˷˵ˬ ˢˤ. 

¶ ˫˧˧˦˶ˡˮ˦˯ ˫˧ˮ˲ˣˠ˟ ˷ˬ˸˷ˢ˪. 

¶ ˰ˣ˶ˠ ˶˸ˣ˧ ˣ˪˧˲˞ ˢˤ ˸˧˵˲ˣ˞ ˢ˪˧˪ˠ ˪˟˞ ˸˧˩ˮ˞ ˪ˣ˪ˠ˪ ˫˧˟ˢˣ˞ ˞˪ ˫˧˷ˬ˸˷ˬ . ˶˸˞ˢ ˸˞ ˟˴˰˪ ˧˞ˡ˩

 ˪˷ ˫˧˧˦˶ˡˮ˦˯ ˫˧˪ˡˠ˪ ˫˧˞˸˧˷˸ˣ˧˴ˣ˪ˣˤ˶ˣ ˫˧˩ˤˬ . ˳ˣˣ˩˸˧˷ ˨˩ ˶˸˞ˢ ˸˞ ˟˴˰˪ ˧˞ˡ˩ ˶˷˲˞ˢ ˸ˡ˧ˬ˟

˭ˣ˪˥ˢ ˪ˡˣˠ ˧˲˪ ˟˥˶˸˧ ˣ˞. 

¶  

˸˧˟ˢ ˡˣˬ˰ ˟ˣ˴˧˰ 

˶˸˞ˢ ˟ˣ˴˧˰ 

˸ˣ˷˧ˠˮ 
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˟ ˵˪˥ :˷ˣ˲˧˥ ˧˰ˣˮˬ 

˷ˣ˲˧˥ ˰ˣˮˬ ˸˧˧ˮ˟˟ ˫˧˶ˠ˸˞ 
 ˢ˟˧˴ˬ ˸˷˶ˢ˷ ˫˧˶ˠ˸˞ ˢˬ˩˟ ˟˷˥˸ˢ˪ˣ ˸ˣˮ˧˧ˮ˰ˬ ˸ˣ˪˞˷ ˢˬ˩ ˶ˣ˸˲˪ ˨˧˶˴ ˷ˡ˥ ˷ˣ˲˧˥ ˰ˣˮˬ ˫˧ˮˣ˟˷˩

ˣˮ˧ˮ˲˟: 

¶  ˸ˣ˶˧ˢˬï  ˢ˪˧˩ˬ ˸˷˶ˢ˭ˣˬˢ ˫˧˷ˬ˸˷ˬ ˡˣ˞ˬ ˢ˟˶ˢ ˢ˪ ˷˧ˣ ˰ˡ˧ˬ.  ˸˞˴ˣ˸ ˸˞ ˶˧ˤ˥ˢ˪ ˟ˣ˷˥

˶˷˲˞˷ ˶ˢˬ ˧˩ˢ ˷ˣ˲˧˥ˢ. 

¶  ˠˣ˶˧ˡï ˟ˣ˦ ˸ˣ˥˲ˢ ˪˞ ˟ˣ˦ˢˬ ˸ˣˠ˶ˣˡˬ ˸ˣ˞˴ˣ˸ˢ ˸˞ ˶˧ˤ˥˧ ˷ˣ˲˧˥ˢ ˰ˣˮˬ˷ ˧˞ˡ˩ . ˶ˣ˩ˤ˪ ˷˧ ˭˧˧ˮ˰˟

˸˧ˣ˪˸ˣ ˸˧˟˧˦˵˧˧˟ˣ˯ ˞˧ˢ ˢ˟ˣ˦ ˢ˞˴ˣ˸ ˧ˢˬ ˢ˦˪˥ˢˢ˷-˷ˬ˸˷ˬ. 

¶  ˧ˣ˯˧˩ï ˥ˢ ˰ˣˮˬ˸˷˶ˢ ˪˷ ˫˧˟˥˶ˮ ˫˧˵˪˥ ˢ˯˩ˬ ˞ˣˢ˷ ˠˣ˞ˡ˪ ˨˧˶˴ ˷ˣ˲˧. 

¶  ˭ˣ˯˥˞ï  ˰ˣˮˬ˟ ˸˧ˬˣ˵ˬ ˭˯˥ˣ˞ˬ ˸˷˶˟ ˫˧˲ˡˢ ˪˰ ˰ˡ˧ˬ˷ˣ˲˧˥ˢ . ˪˩ ˸˞ ˭˯˥˞˪ ˨˶ˡ ˞ˣ˴ˬ˪ ˨˧˶˴

˸˧˦˵˲ˬˣ˵ ˢ˶ˣ˴˟ ˰ˣˮˬˢ ˧˸˶˷˟ ˰ˡ˧ˬˢ. 

 ˶˟ˣˡˬ˷˩ ˢˮ˰ˬ˪ ˸ˣ˪˵ ˢ˪˞ˢ ˸ˣ˪˞˷ˢ ˪˩˫˧ˮˣ˸ˮ ˪˷ ˢˮ˦˵ ˸ˣˬ˩˟ .˟ ˧˸˩˶˰˷ ˷ˣ˲˧˥˟-Google  ˧˸˞˴ˬ

 ˡˣ˞ˬ ˣ˪˧˲˞ ˣ˞ ˸ˣ˶˷˰ ˸ˣ˪˵˟ ˯ˣ˲˸˪ ˪ˣ˩˧ ˦ˮ˶˦ˮ˧˞ˢ ˪˩˷ ˭˰ˣ˦˷ ˣˢ˷˧ˬExabytes5. 

˷ˣ˲˧˥ ˰ˣˮˬ ˪˷ ˢˮ˟ˬ 

 

 ˪˧˩ˬ ˷ˣ˲˧˥ ˰ˣˮˬˢ˷˷ ˫˧˧˶˵˧˰ ˫˧˟˧˩˶: 

¶  ˯˵ˡˮ˧˞ï ˱˯ˣˮ ˰ˡ˧ˬˣ ˸˷˶ ˧˲ˡ ˪˧˩ˬ 

¶ Crawler ï ˭ˬˤˢ ˪˩ ˰˵˶˟ ˢ˴˶˷ ˢˮ˩ˣ˸ ,˫˧˷ˡ˥ ˫˧˲ˡ ˸˷˲˥ˬˣ ˸˷˶˟ ˸˪˧˧˦ˬ 

¶  ˯˵ˡˮ˞ˬï ˟ ˢ˴˶˷ ˢˮ˩ˣ˸ˢ ˫˰ ˡ˥˧ ˰˵˶-crawler  ˫˸ˣ˞ ˢ˯˧ˮ˩ˬˣ ˣ˞˴ˬˮ˷ ˫˧˷ˡ˥ ˫˧˲ˡ ˸˥˵ˣ˪ˣ

˯˵ˡˮ˧˞˪ ˫ˢ˧˪˰ ˰ˡ˧ˬˣ 

¶  ˸ˣ˸˪˧˞˷ ˡ˟˰ˬï  ˸ˣ˧˦ˮˣˣ˪˶ˢ ˸ˣ˞˴ˣ˸ˢ ˸˞ ˢ˶˧ˤ˥ˬˣ ˷ˬ˸˷ˬˢ ˵˷ˬˬ ˸ˣ˸˪˧˞˷ ˸˪˟˵ˬ˷ ˢˮ˩ˣ˸

˯˵ˡˮ˧˞ˢˬ 

¶  ˠ˶ˡˬï ˭ˢ˪˷ ˢˬ˞˸ˢˢ ˟˧˦ ˧˲˪ ˢ˸˪˧˞˷ˢ ˸ˣ˞˴ˣ˸ ˸˞ ˸ˠ˶ˡˬ˷ ˢˮ˩ˣ˸ 

                                           
5 1 EB = 10 18  bytes = 10 9 GB  =˰ˡ˧ˬ ˡˣ˞ˬ ˢ˟˶ˢ!! 
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¶  ˷ˬ˸˷ˬ ˵˷ˬˬï  ˢ˞ˣ˶ ˷ˬ˸˷ˬˢ˷ ˵˷ˬˬˢ˷ˣ˲˧˥ˢ ˰ˣˮˬ ˫˰ ˣ˩˶ˡ ˶˷˵˸ˬˣ 

˪˧˟˵ˬ˟ ˸ˣ˶ˣ˵˷ ˸ˣˮˣ˷ˢ ˸ˣ˧ˣ˪˧˰˲ˢ ˪˩ ˸˞ ˪ˢˮ˪ ˞ˣˢ ˧˶˵˧˰ˢ ˶ˠ˸˞ˢ :˸ˣ˸˪˧˞˷ ˫˧˷˵˟ˬ ˫˧˷ˬ˸˷ˬ , ˫˧˲ˡ

ˡˣ˰ˣ ˸˷˶˪ ˫˧˲˯ˣˮ ˫˧˷ˡ˥. 

 ˯˵ˡˮ˧˞ˢï ˞ ˨˧˫˧ˮ˯˥˞ˬ ˰ˡ˧ˬ ˪˷ ˸ˣ˪ˣˡˠ ˸ˣ˧ˣˬ˩? 

˫˧˰ˣ˶ˠ ˸ˣˮˣ˧˰˶ 

 ˢ˟˶ˢ ˪˰ ˰ˡ˧ˬ ˶ˣˬ˷˪ ˞˧ˢ ˢ˶˦ˬˢ)ˡˣ˞ˬ (˦ˮ˶˦ˮ˧˞ˢˬ ˫˧˲ˡ . ˪˷ ˢˬ˧˷˶ ˪˷ ˢ˶ˣ˴˟ ˸ˣ˰˧ˠˬ ˸ˣ˸˪˧˞˷ˢ

 ˫˧˪˧ˬˮ˥ˮ˞ˣ xˢ˪˞ˢ ˫˧˪˧ˬˢ ˸˞ ˫˧˪˧˩ˬ˷ ˫˧˩ˬ˯ˬˢ ˸˴ˣ˟˵ ˸˞ ˞ˣ˴ˬ˪ ˢ˴˶ˮ . ˸˞ ˠ˶ˡˮ ˞˪ ˢˤ ˟˪˷˟

˭˧˧ˡ˰ ˸ˣ˞˴ˣ˸ˢ .˪˧ˠ˶˩ , ˷˧trade off ˸ˣˮ˰˪ ˭˸˧ˮ˷ ˸ˣ˸˪˧˞˷ˢ ˠˣ˯˪ ˭ˣ˶˩˧ˤˢ ˪ˡˣˠ˪ ˸ˣ˶˧ˢˬˢ ˭˧˟ ˭ˢ˧˪˰. 

˫˧˴˟˵˩ ˢ˶˧ˬ˷ 

˫˧˴˟˵˟ ˫ˢ˷ ˧˲˩ ˫˧˲ˡˢ ˸˞ ˶ˣˬ˷ˮ .˰ ˫˧˪˧ˬ ˞ˣ˴ˬ˪ ˭˸˧ˮ ˤ˞" ˳˟ˣ˵ˢ ˪˰ ˦ˣ˷˲ ˶˟˰ˬ ˧) ˣˬ˩ ˫˧˪˩ ˸˶ˤ˰˟

grep.( 

˰ ˸ˮ˧˧˲ˣ˞ˬ ˣˮ˪˷ ˸˩˶˰ˬˢ˷ ˥˧ˮˮ"˫˧˞˟ˢ ˫˧˩˶˰ˢ ˧: 

˪ ˰˴ˣˬˬ ˭ˬˤ-seek ˵˯˧ˡˢ ˪˷ 5msec 
˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˪ ˸˧˟ ˶˟˰ˬ ˭ˬˤ 0.02usec 
ˡ˟˰ˬˢ ˪˷ ˸ˣ˧˯˧˯˟ ˸ˣ˪ˣ˰˲ 0.01usec 

˧˷˞˶ˢ ˭ˣ˶˩˧ˤˢ ˪ˡˣˠ  ˢˬ˩GB 
˵˯˧ˡˢ ˪ˡˣˠ 1TB 

 

 ˷˧˷ ˥˧ˮˮ1GB ˵˯˧ˡ˟ ˱˴˶˟ ˶ˣˬ˷˷ ˦˯˵˦ ˪˷ . ˸˪ˣ˰˲ ˸ˣ˷˰˪ ˨˧˶˴ ˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˪ ˣ˸ˣ˞ ˶˧˟˰ˢ˪ ˧ˡ˩ ˤ˞

seek ˱˴˶˟ ˞ˣ˶˵˪ ˤ˞ˣ ˸˥˞ . ˞ˣˢ ˥˵˧˧ ˢˤ˷ ˭ˬˤˢ ˭˩˪5άίὩὧ+ 0.02όίὩὧẗ109 = 20.005ίὩὧ. 

˸˰˩ , ˣˮ˪ ˷˧ ˫˞1GB ˪ ˵˪ˣ˥ˬ ˰ˡ˧ˬ ˪˷-100  ˸ˣ˷˰˪ ˨˶˦˴ˮ ˵˯˧ˡ˟ ˫˧˲˧˴˶ ˫˧˵˪˥100  ˸ˣ˪ˣ˰˲seek  ˭˩˪ˣ

 ˞ˣˢ ˥˵˧˧ ˢˤ˷ ˭ˬˤˢ5άίὩὧẗ100 + 0.02όίὩὧẗ109 = 20.5ί. 

 ˸ˣ˧ˢ˪ ˢ˪ˣ˩˧ ˣˤˢ ˢ˞˧˶˵ˢ ˵˯˧ˡ˟ ˫˧ˮˣ˷ ˸ˣˬˣ˵ˬ˟ ˫˧˶ˣˤ˲ ˫˧ˮˣ˸ˮˢ ˫˞ ˪˟˞ ˶˩˧ˮ ˡˣ˞ˬ ˞˪ ˪ˡ˟ˢˢ ˣˤ ˢˬˠˣˡ˟

ˢ˪˧˰˧ ˞˪ ˡˣ˞ˬ .˟ ˢ˶˧ˬ˷ˢ ˸˦˧˷ ˭˩˪ ˫˧˟˴˵ ˸ˣˬ˩˟ˣ ˷˧˷ ˰ˡ˧ˬˢ ˸ˣˬ˩˟ ˧ˣ˪˸ ˢˤ ˪˟˞ ˢ˶˧ˢˬ ˸ˣ˧ˢ˪ ˢ˪ˣ˩˧

˵˯˧ˡˢ ˪˰ ˫˧˴˟˵ˢ ˶ˣˡ˧˯˟ ˶˵˧˰˟ˣ ˷˧˷ ˭ˣ˶˩˧ˤˢ. 

 ˡˣ˞ˬ ˢ˵ˣ˥˶ ˞˧ˢ ˣˤˢ ˢ˦˧˷ˢ ˪˷ ˭ˣ˶˩˧ˤˢ ˸ˣ˧˩ˣ˟˧˯˧˪˞ˬ˧˦˲ˣ˞ˬ ˸. ˸ˣ˟˶ ˫˧ˬ˰˲ ˭ˬ˴˰ ˪˰ ˶ˣˤ˥˪ ˸ˣ˪ˣ˩˧ ˫˧˪˧ˬ

˸˞ˤ ˪˩˟ ˸ˣ˶ˬ˷ˮ ˫˪ˣ˩ ˭ˢˣ ˫˧˩ˬ˯ˬ˟ . ˸˴ˬ˸˪ ˢ˧ˢ ˭˸˧ˮ ˸ˣ˥˲ˢ ˪˩˪ ˸˥˞ ˫˰˲ ˢ˪˧ˬ ˪˩ ˪˧˩ˢ˪ ˨ˬ˯ˬ ˪˩

ˡ˟˪˟... 

˧ˮˣ˧˴˪˶ ˫˧ˮˣ˸ˮ ˡ˯ˬ˟ ˢ˶˧ˬ˷ 

 ˸˶˧ˬ˷˪ ˫˧˪ˡˣˬ ˢˬ˩ ˪˰ ˟ˣ˷˥˪ ˭˸˧ˮ˵ˡˮ˧˞ˢ ˯˫˧ˮˣ˸ˮ ˡ˯ˬ˟. 

˞ ˪ˡˣˬ' :˫ˢ˪˷ ˭˩ˣ˸ˢˣ ˫˧˩ˬ˯ˬˢ ˶˲˯ˬ ˫˰ ˢ˪˟˦: 

Documents  

Document ID  Document  



 
21  

1 Hurricane Ioke was the strongest 

hurricane ever recorded in the Central 

Pacificé 

2 Pi or Ù is a mathematical constant whose 

value is the ratio of any circle's 

circumference to its diameter in 

Euclidean spaceé 

é  
 

 ˸ˣ˸˪˧˞˷˟ ˷ˬ˸˷ˢ˪ ˭˸˧ˮ ˫˧˪˧ˬ ˪˷ ˱˯ˣ˞ ˫˧˪˧˩ˬ˷ ˫˧˩ˬ˯ˬ ˞ˣ˴ˬ˪ ˧ˡ˩SQL ˸ˣ˪˧ˠ˶: 

select docID  

from Documenets  

where document conatins word1 && ... && document contains wordN  

 ˸˸˪ ˪ˣ˩˧ ˫˧ˮˣ˸ˮˢ ˡ˯ˬ˷ ˸ˣ˧˴ˤ˧ˬ˧˦˲ˣ˞˪ ˧˪ˣ˞ ˦˶˲ ˫˧˴˟˵˟ ˢ˶˧ˬ˷ˢ ˪˷ ˢ˦˧˷˪ ˢˢˤ ˢ˷˰ˬ˪ ˣˤˢ ˢ˦˧˷ˢ

˵˯˧ˡˢˬ ˫˧ˮˣ˸ˮˢ ˪˷ ˢ˞˧˶˵˪ ˶ˣ˷˵˷ ˢˬ˟ . ˪˩ ˪˰ ˶ˣ˟˰˪ ˨˪ˣˢ ˡ˯ˬˢ ˞˸˪˧˞˷ ˶ˣ˟˰ ˭˧˧ˮ˰ ˪˷ ˣ˲ˣ˯˟

˟ ˵ˣˡ˟˪ˣ ˫˧˩ˬ˯ˬˢ˪˪˩ ˣˮ˟˴ˬ ˸˞ ˣˮ˶˲˧˷ ˞˪ ˭˩˪ˣ ˸ˣ˷˵ˣ˟ˬˢ ˫˧˪˧ˬˢ ˸ˣˬ˧˧˵ ˫ˢˬ ˣ˪˧˞. 

˟ ˪ˡˣˬ' :˫ˢ˟ ˸ˣ˰˧˲ˣˬ˷ ˫˧˪˧ˬˢˣ ˫˧˩ˬ˯ˬ ˸˪˟˦: 

Appears  

Document ID  Word 

1 hurricane  

1 loke  

1 was 

1 the  

é  

2 pi 

2 or  

2 Ù 

é  
 

˭ˣ˶˸˧ˣ ˭ˣ˶˯˧˥ ˢ˪ ˷˧ ˪˟˞ ˸ˬˡˣ˵˪ ˡˣ˞ˬ ˢˬˣˡ ˣˤˢ ˢ˦˧˷ˢ . ˸˪˪ˣ˩˷ ˞˸˪˧˞˷ ˪˰ ˸ˣˮ˰˪ ˧ˡ˩˷ ˞ˣˢ ˭ˣ˶˯˧˥ˢ

 ˸ˡˣ˵˲˟ ˷ˬ˸˷ˢ˪ ˨˶˦˴ˮ ˫˧˪˧ˬ ˢˬ˩INTERSECT  ˢ˶˵˧ ˢ˪ˣ˰˲ ˞˧ˢ˷) ˪˷ ˭ˣ˧ˬ ˪˷ˬ˪ ˸˷˶ˣˡ ˞˧ˢ ˧˩

˫˧ˮˣ˸ˮˢ(: 

select DocID  

from Appears  

where Word = word1  

 

INTERSECT 

...  

INTERSECT 

 

select DocID  
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from Appears  

where Word = wordN  

 

˫ˣ˵ˬ ˸ˣ˥˲ ˯˲ˣ˸ ˭˞˩ ˫˧ˮˣ˸ˮˢ ˶ˠ˞ˬ˷ ˞ˣˢ ˢ˦˧˷ˢ ˪˷ ˪ˣˡˠˢ ˭ˣ˶˸˧ˢ ˪˟˞ . ˵˶ ˢ˰˧˲ˣˬ ˨ˬ˯ˬ ˪˩˟ ˢ˪˧ˬ ˪˩

˸˥˞ ˫˰˲ ˫ˢ˷ ˧˲˩ ˫˧˩ˬ˯ˬˢ ˪˷ ˵˸ˣ˰ ˢ˪˪˩ ˦ˣ˷˲˷ ˸ˬˡˣ˵ˢ ˢ˦˧˷˪ ˡˣˠ˧ˮ˟. 

ˠ ˪ˡˣˬ' : ˸ˣ˞˪˟˦ ˧˸˷ ˶ˣˬ˷ˮï ˠ ˪ˡˣˬ˟ ˣˬ˩ ˢ˧˧ˮ˷ˢˣ ˭ˬ˴˰ ˫˧˪˧ˬˢ ˫˰ ˸˥˞ˢ'. 

Word Index  

Word Word ID  

hurricane  1 

loke  2 

Pi 3 

é  

 

Appears  

Doc ID  Word ID  

1 1 

1 2 

2 3 

é  

˨˟ˣ˯ˬ ˶˸ˣ˧ ˦˰ˬ ˞˸˪˧˞˷ˢ ˟ˣ˷˧˥ ˭˞˩  ˸˪ˣ˰˲ ˷˶ˣˡˣjoin ˸ˣ˞˪˟˦ˢ ˪˷: 

select DocID  

from Appears, WordIndex  

where Word =  word1 and Appears.WordId = WordIndex.WordId  

˨ˡ˧˞ˬ , ˶˲˯ˬˢ ˵˶ ˣ˪˧˞ˣ ˸˥˞ ˫˰˲ ˵˶ ˸ˣ˶ˬ˷ˮ ˭ˬ˴˰ ˫˧˪˧ˬ˷ ˫ˣ˷ˬ ˭ˣ˯˥˞˟ ˸˧ˮˣ˩˯˥ ˶˸ˣ˧ ˡˣ˰ ˣˤ ˢ˦˧˷

˭ˢ˪˷ ˢˢˤˬˢ )ˢˬ˴˰ ˢ˪˧ˬˢˬ ˫ˣ˵ˬ ˸ˣ˥˲ ˢ˟˶ˢ ˯˲ˣ˸˷ ˥˧ˮˢ˪ ˶˧˟˯ ˶˷˞ ( ˫˧˩ˬ˯ˬˢ ˭˧˟ ˶ˣ˷˧˵˪ ˷ˬ˷ˬ

˫˧˪˧ˬ˪. 

ˬ˩ ˪˷ ˸ˣ˸˪˧˞˷ ˟˷˥˪ ˧ˡ˩ ˭˞˩ ˫ˠ ˸˪ˣ˰˲˟ ˷ˬ˸˷ˢ˪ ˷˧ ˫˧˪˧ˬ ˢINTERSECT. 

˪˪˩˩ ,˫ˢ˧˪˰ ˣˮ˶˟˧ˡ˷ ˫˧˪ˡˣˬˢ ˪˩˪ ˫˧˲˸ˣ˷ˬ˷ ˸ˣˮˣ˶˯˥ ˢˬ˩ ˷˧ ˧ˮˣ˧˴˪˶ ˫˧ˮˣ˸ˮ ˡ˯ˬ˟ ˷ˣˬ˧˷˪ .˪˷ˬ˪ , ˞˪

 ˸ˬ˧ˣ˯ˬ ˢ˪˧ˬ˷ ˸ˣ˷˶ˣˡ˷ ˸ˣ˸˪˧˞˷ ˸ˣ˪˵˟ ˟˷˥˪ ˭˸˧ˮ˞˪ ˨ˬ˯ˬ˟ ˰˧˲ˣ˸ .˭˩ ˣˬ˩ , ˫˧˩ˬ˯ˬ˟ ˸ˣ˰˧˲ˣˬ˷ ˫˧˪˧ˬ

˫ˣ˵ˬ ˤˣ˟ˤ˟ ˢˤˣ ˫˧ˮˣ˷ˢ ˫˧˩ˬ˯ˬˢ ˶˲˯ˬ˩ ˡ˯ˬ˟ ˣˬ˷˶˧˧ ˫˧ˮˣ˷ .˭˩ ˣˬ˩ ,˫˧˩ˬ˯ˬ ˢˬ˩˟ ˢ˰˧˲ˣˬ ˢ˪˧ˬ ˫˞ , ˧ˡ˩

 ˫˧˩ˬ˯ˬˢ ˶˲˯ˬ˩ ˸ˣ˶ˣ˷ ˶˲˯ˬ ˪˰ ˶ˣ˟˰˪ ˨˧˶˴ ˫˸ˣ˞ ˞ˣ˴ˬ˪)˸ˣ˥˲˪ ( ˸ˣ˷˧ˠ ˪˪ˠ˟ ˭ˬˤ ˢ˟˶ˢ ˤ˟ˤ˟˪ ˪ˣ˩˧ ˢˤˣ

˵˯˧ˡ˪ ˸ˣ˟ˣ˶ˬ .˱ˣ˯˟˪ˣ ,˩ˣˮ˧˧˴ ˶˟˩˷ ˧˲ ,˟ˣ˷˧˥˪ ˸ˣ˪˧˰˧ ˸ˣ˥˲ ˢ˟˶ˢ ˫˧˪˧ˬ ˢˬ˩ ˸ˣ˷˶ˣˡ˷ ˸ˣ˸˪˧˞˷ . ˤ˞

˫˧˪˧ˬ ˸ˣ˟ˣ˶ˬ ˸ˣ˸˪˧˞˷˪ ˧˰˟˦ ˭˲ˣ˞˟ ˸˟˥˶˸ˬ ˞˪ ˢ˦˧˷ˢ. 

Bitmaps 

 ˨ˬ˯ˬ˟ ˢ˰˧˲ˣˬ ˢ˪˧ˬˢ ˫˞ ˨ˬ˯ˬˣ ˢ˪˧ˬ ˪˷ ˠˣˤ ˪˩˪ ˸˶ˬˣ˞˷ ˫˧˦˧˟ ˪˷ ˢ˪ˣˡˠ ˢ˪˟˦ ˶ˣˬ˷ˮ: 

Word Doc1 Doc2 é DocM 

Word 1     
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Word 2     

é   Is Word i in 

Doc j? 

 

Word N     
 

 ˷˧ ˫˞N ˣ ˫˧˪˧ˬ-M  ˣ˧ˢ˧ ˢ˪˟˦˟ ˤ˞ ˫˧˩ˬ˯ˬMN ˫˧˞˸ .˧ˮˤ˟ˤ˟ ˧ˡ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˢˤ .ˢ˯˟ ˷˧˷ ˥˧ˮˮ" ˩500 

˸ˣˮˣ˷ ˫˧˪˧ˬ ˱˪˞ ,106  ˡ˥˞ ˪˩˟ˣ ˫˧˴˟˵1000 ˫˧˪˧ˬ . ˷˧ ˢ˪˟˦˟ ˧ˤ˞500000*10 6=5*10 11  ˢ˟ˣ ˫˧˞˸

ˢ˯˟" ˩1000*10 6=10 9  ˭ˢ˟˷ ˫˧˞˸1 . ˶˟ˡˢ ˷ˣ˶˧˲-˷(5*10 11- 10 9)/5*10 11=0.99 8  ˫ˣ˵ˬˢˬ

˪˴ˣˮˬ ˞˪ ˪˪˩ ˢ˪˟˦˟˷ !˫ˣ˴˰ ˤˣ˟ˤ˟ ˢˤ!! 

˨ˡ˧˞ˬ ,˥ˣˮ ˸ˣ˪˧˞˷ˢ ˟ˣ˷˧˥ ,˪˧˰˧ˣ ˪˵ . ˪˷ ˭˧˧˴ˬ ˶ˣ˦˵ˣˣ˩ ˢ˪ ˢˬ˧˞˸ˬˢ ˢ˶ˣ˷ˢ ˪˰ ˪˩˸˯ˮ ˢ˪˧ˬ ˪˩˪

˫ˢ˟ ˢ˰˧˲ˣˬ ˞˧ˢ˷ ˫˧˩ˬ˯ˬˢ . ˪ˣ˩˧ ˣ˶ˣ˸˟ ˢˤˣ ˫˧˦˧˟ ˪˰ ˸ˣ˪ˣ˰˲ ˸˶ˤ˰˟ ˸ˣˮ˰˪ ˡˣ˞ˬ ˪˵ ˸ˣ˸˪˧˞˷ˢ ˪˰ ˤ˞

˸ˣ˧ˢ˪ ˢ˶ˬˣ˥˟ ˢ˪˧˰˧ ˢ˶ˣ˴˟ ˷ˬˣˬˬ. 

˟ ˭ˬ˯ˮ-Vw  ˢ˪˧ˬ ˪˷ ˭˧˧˴ˬˢ ˶ˣ˦˵ˣˣˢ ˸˞w . ˢ˪˧˞˷ˢ ˪˰ ˢ˟ˣ˷˸ˢ ˤ˞w1 and é and wN  ˦ˣ˷˲ ˞˧ˢ

 ˸˪ˣ˰˲and  ˫˧ˬ˧˞˸ˬˢ ˫˧˶ˣ˦˵ˣˣˢ ˪˰ï Vw1 and é and VwN . ˪˰ ˸˧ˮ˞˧˪ˣ˟ ˞˸˪˧˞˷ ˪˩ ˢˬˣˡ ˭˲ˣ˞˟

ˮ˧˧˴ˬˢ ˫˧˶ˣ˦˵ˣˣˢ ˪˰ ˸˧ˮ˞˧˪ˣ˟ ˢ˪ˣ˰˲ ˢ˸ˣ˞˪ ˸ˬˠ˶˸˧ˬ ˫˧˪˧ˬ ˱˯ˣ˞˫˧ˬ˧˞˸ˬˢ ˫˧. 

˶˸ˣ˧ ˫˧˟ˣ˦ ˸ˣˮˣ˧˰˶ 

ˮ˧˞ˢ ˵ˣˤ˥˸˪ ˶˸ˣ˧ ˫˧˥˪˴ˣˬ ˸ˣˮˣ˧˰˶ ˢˬ˩ ˠ˧˴ˮ ˢˤ ˵˪˥˟ˡ˯˵. 

˯˵ˡˮ˧˞ˢ ˢˮ˟ˬ 

˫˧ˮˣ˸ˮ ˧ˮ˟ˬ ˧ˮ˷ˬ ˟˩˶ˣˬ ˯˵ˡˮ˧˞ˢ: 

¶  ˭ˣ˵˧˯˵˪ï ˫˧˩ˬ˯ˬ˟ ˸ˣ˰˧˲ˣˬ˷ ˫˧˪˧ˬˢ ˪˩ ˸ˬ˧˷˶ . ˯˵ˡˮ˧˞˟ ˢ˪˷ ˢˬ˧˷˶˪ ˰˧˟˴ˬ ˶ˣˬ˷ˮ ˢ˪˧ˬ ˪˩˪

˨˲ˣˢˬˢ. 

¶  ˨˲ˣˢˬ ˯˵ˡˮ˧˞)inverted index( ï  ˞˧ˢ˷ ˫˧˩ˬ˯ˬˢ ˪˷ ˢˬ˧˷˶ ˶ˣˬ˷ˮ ˭ˣ˵˧˯˵˪˟ ˢ˪˧ˬ ˪˩˪

 ˫ˢ˟ ˢ˰˧˲ˣˬ)˭˟ˣˬ˩ ,ˣˬ˴˰ ˨ˬ˯ˬˢ ˸˞ ˞˪ˣ ˨˯ˬˢ ˪˷ ˢˢˤˬ ˶ˣˬ˷˪ ˱˧ˡ˰ .( ˸˞ ˫ˠ ˫˧˶ˬˣ˷ ˫˧ˬ˰˲˪

 ˫˧˩ˬ˯ˬˢ ˨ˣ˸˟ ˢ˪˧ˬˢ ˪˷ ˫˧ˬˣ˵˧ˬˢ) ˸ˣ˸˪˧˞˷˟ ˫ˠ ˨ˣˬ˸˪ ˫˧ˮ˧˧ˮˣ˰ˬ ˶˷˞˩ ˶ˣˤ˰˪ ˪ˣ˩˧ ˢˤ

˫˧˩ˬ˯ˬˢ ˨ˣ˸˟ ˫˧˪˧ˬˢ ˪˷ ˫ˣ˵˧ˬ˪ ˸ˣ˯˥˧˧˸ˬ˷.( 

ˢˬˠˣˡ: 

˫˧˩ˬ˯ˬ ˢ˷ˣ˪˷ ˷˧˷ ˥˧ˮˮ: 

Doc1: a b c   Doc2: e b d   Doc3: a b d f  

˨˩ ˭ˠ˶ˣ˞ˬ ˫˧ˮˣ˸ˮˢ ˢˮ˟ˬ ˤ˞: 

Lexicon  

Word Pointer to list  

a  

b  

c  

d  

 

Inverted Index  

1,3  

1,2,3  

1 

2,3  



 
24  

e  

f   
 

2 

3 
 

 

 ˸˞ ˞ˣ˴ˬ˪ ˨˧˶˴ ˫˧˪˧ˬ ˧˸˷ ˫˧˩ˬ˯ˬˢ ˸ˬ˧˷˶ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩ ˸ˣˬ˧˷˶ˢ ˧˸˷˟ ˫˧˞˴ˬˮ˷ ˫˧˩ˬ˯ˬˢ

˸ˣˬ˧˞˸ˬˢ .˫ˢ˧˪˞ ˟˪ ˫˧˷˪ ˨˧˶˴˷ ˫˧˦˶˲ ˷˧ ˨˞ ˦ˣ˷˲ ˰ˬ˷ˮ ˢˤ : ˤ˞ˣ ˭ˣ˵˧˯˵˪˟ ˫˧˪˧ˬˢ ˠˣˤ ˸˞ ˞ˣ˴ˬ˪ ˨˧˶˴

˸ˣˬ˧˷˶ˢ ˨ˣ˸˧˥ ˸˞ ˟˷˥˪ ˨˧˶˴ .˭˸˧ˮ˷ ˢˬ˩ ˸ˣ˪˧˰˧ ˣ˧ˢ˧ ˢ˪˞ˢ ˸ˣ˪ˣ˰˲ˢ˷ ˨˩ ˫˧ˮˣ˸ˮˢ ˧ˮ˟ˬ ˸˞ ˭ˮ˩˸˪ ˨˧˶˴ !

˫ˣ˵ˬ˟ ˸ˣ˧ˮˣ˩˯˥ ˫ˠ ˨˞... 

˭ˣ˵˧˯˵˪ˢ 

 ˟˪˷˟˧ˣˣ˸ ˞˪˪ ˢ˞ˣ˪ˬ˟ ˢˮˣ˸ˮ ˶˷˞ ˸˥˞ ˢ˪˧ˬ ˪˷ ˸ˣ˸˪˧˞˷˟ ˵˶ ˨ˣˬ˸˪ ˫˧˴ˣ˶ ˣˮ˥ˮ˞˷ ˥˧ˮˮ ˭ˣ˷˞˶ˢ- ˪˩

)wildcards.(  ˷ˣ˲˧˥ˢ ˭ˬˤ˟ ˪˧˰˧ ˫˧ˮˣ˸ˮ ˢˮ˟ˬ ˭ˮ˩˸˪ ˢ˧ˢ˸ ˣˮ˪˷ ˢ˶˦ˬˢ)˧ˬ˸˧˶ˠˣ˪ ˭ˬˤ˟ ˢ˷˧ˠ ˪˷ˬ˪ ( ˞˪˷

 ˫ˣ˵ˬ ˢ˟˶ˢ ˯˲ˣ˸)˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˟ ˯ˮ˩ˮˣ.( 

˫˧˪˧ˬ ˪˷ ˸ˣ˷˪˷ ˭ˣ˵˧˯˵˪˟ ˶ˣˬ˷˪ ˢ˴˶ˮ , ˸ˣˬ˧˷˶ˢ ˨˶ˣ˞ˣ ˭ˢ˪˷ ˸ˣˬ˧˷˶˪ ˰˧˟˴ˬ)˨˷ˬˢ˟ ˢ˞˶ˮ˷ ˧˲˩ ,

ˢˬ˧˷˶ˢ ˸˞ ˞ˣ˶˵˪ ˵˧˯˲ˢ˪ ˧˸ˬ ˸˰ˡ˪ ˧ˡ˩ ˨˶ˣ˞ˢ ˸˞ ˸˰ˡ˪ ˨˧˶˴ ˭˩˪ˣ ˱˧˴˶ ˭˲ˣ˞˟ ˭ˣ˶˩˧ˤ˟ ˰˧˲ˣ˧ ˸ˣˬ˧˷˶ˢ.( 

˫˧˞˟ˢ ˫˧˶˦ˬ˶˲ˢ ˸˞ ˥˧ˮˮ ˨˷ˬˢ˟ ˣ˰˧˲ˣ˧˷ ˸ˣ˞ˬˠˣˡ˟: 

˸ˣˬ˧˧˵ˢ ˸ˣˮˣ˷ˢ ˫˧˪˧ˬˢ ˶˲˯ˬ 1000000 

˶˸ˣ˧˟ ˢ˩ˣ˶˞ ˢ˪˧ˬ ˨˶ˣ˞ 20 ˫˧ˣˣ˸ 

˸˰˴ˣˬˬ ˢ˪˧ˬ ˨˶ˣ˞ 8 ˫˧ˣˣ˸ 

ˣ˸ 1 ˸˧˟ 

˰˧˟˴ˬ 4 ˫˧˸˟ 

˸ˣ˶˧ˡ˸ ˨˶˰ 4 ˫˧˸˟ 

 

˭ˣ˵˧˯˵˪ˢ ˸˶˧ˬ˷˪ ˸ˣ˧˴˲ˣ˞ ˢˬ˩ ˭˥˟ˮ. 

˨ˣ˶˞ ˸ˣˣ˷ ˸ˣˤˣ˶˥ˬ 

ˢ˪˧ˬˢ ˸˞ ˸ˣ˪˧˩ˬ˷ ˨˶ˣ˞ ˸ˣˣ˷ ˸ˣ˷˪˷ ˶ˣˬ˷ˮ ,˷˶˪ ˰˧˟˴ˬˣ ˫ˢ˟ ˢ˰˧˲ˣˬ ˞˧ˢ˷ ˫˧˩ˬ˯ˬˢ ˶˲˯ˬ ˸ˬ˧

˫˧˩ˬ˯ˬˢ .˧ˣˬˬ ˢˮ˧˧ˢ˸ ˸ˣ˷˪˷ˢ˞ ˧˲˪ ˸ˣˮ" ˧˲˪ ˟˫˧˪˧ˬˢ: 

Word Frequency  Pointer to list  

jezebel  20   

jezer  3  

jezerit  1  

jeziah  1  

jeziel  1  

jezliah  1  

jezoar  1  

jezrahiah  1  

jezreel  39   
 

 ˨˶ˣ˞˟ ˞˧ˢ ˶˸ˣ˧ˢ ˢ˩ˣ˶˞ˢ ˢ˪˧ˬˢ˷ ˶˥˞ˬ20  ˢ˪˟˦˟ ˫˧ˣˣ˸ˢˮ"˪ ˸ˣ˥˲˪ ˫ˣ˵ˬ ˸ˣ˧ˢ˪ ˨˧˶˴ ˪-20  ˫˧ˣˣ˸

ˢ˪˧ˬˢ ˢˡ˷˟ .˭˩ˬ ˶˥˞˪  ˸˯˲ˣ˸ ˶˷˞ ˢ˪˷ ˸ˣ˶˧ˡ˸ˢ ˸˶ˬ˷ˮ4 ˫˧˸˟  ˨˶ˣ˞˟ ˞ˣˢ ˫ˠ˷ ˰˧˟˴ˬ ˶ˬ˷ˮ ˱ˣ˯˟˪ˣ



 
25  

4 ˫˧˸˟ .ˢ˯˟ ˭˩˪" ˨˶ˣ˞˟ ˢ˧ˢ˸ ˢ˶ˣ˷ ˪˩ ˩20* 1bytes+4bytes+4bytes= 28bytes . ˢ˶ˣ˷ ˷˧ ˢ˪˟˦˟

ˢ˯˟ ˭˩˪ˣ ˢ˪˧ˬ ˪˩˪" ˸˯˲ˣ˸ ˢ˪˟˦ˢ ˩1000000* 28bytes= 28MB. 

ˢ˪˧ˬˢ ˧˲˪ ˸ˣˮ˧ˣˬˬˣ ˨ˣ˶˞ ˸ˣˣ˷ ˸ˣˬˣ˷˶ˢ˷ ˶˥˞ˬ ,˪ ˭˸˧ˮ˰ ˸ˣˡ˶˲ˮ ˸ˣˬˣ˷˶˪ ˸˷ˠ" ˶˷˲˞˸ˬ ˭˩˪ˣ ˨˶ˣ˴ˢ ˧

 ˭ˣ˵˧˯˵˪˟ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ï ˧ˬ˸˧˶ˠˣ˪ ˞ˣˢ ˭ˣ˵˧˯˵˪˪ ˢ˷˧ˠˢ ˭ˬˤ ˶ˬˣ˪˩. 

 ˸ˣˤˣ˶˥ˬ˸ˣ˶˷˶ˣ˷ˬ 

 ˫˧˸˟ ˶˲˯ˬ ˣ˸ˣ˞ ˵ˣ˧ˡ˟ ˸˯˲ˣ˸ ˢ˶ˣ˷ ˪˩ ˧˶ˢ˷ ˫ˣ˵ˬ˟ ˸˧ˮˤ˟ˤ˟ ˭ˣ˵˧˯˵˪ˢ ˸˶˧ˬ˷ ˪˷ ˸ˬˡˣ˵ˢ ˢ˦˧˷ˢ

˸ˣ˶˴˵ ˶˸ˣ˧ ˢ˟˶ˢ ˸ˣ˧ˢ˪ ˣ˪˩˧˷ ˸ˣ˶ˣ˷ ˷˧ ˢ˷˰ˬ˪˷ ˸ˣ˶ˬ˪...  ˫˧˪˧ˬˢ ˪˩ ˸˞ ˶˷˶˷˪ ˭˸˧ˮ ˢˤ ˫ˣ˵ˬ˟

˸ˤˣ˶˥ˬˢ ˨ˣ˸˪ ˫˧˰˧˟˴ˬ ˶ˣˬ˷˪ˣ ˢ˩ˣ˶˞ ˸˥˞ ˸ˤˣ˶˥ˬ˪ .˫˧ˮˣ˸ˮ ˧ˮ˟ˬ ˧ˮ˷ ˣˮ˪ ˷˧ ˭ˣ˵˧˯˵˪˟ ˤ˞ : ˢ˩ˣ˶˞ ˸ˤˣ˶˥ˬ

˫ˡˣ˵ˬ ˢ˪˟˦˪ ˢˬˣˡ ˢ˪˟˦ˣ ,˫˧˰˧˟˴ˬ ˢ˟ ˷˧ ˫˧˪˧ˬ ˫ˣ˵ˬ˷ ˞˪˞: 

éjezebeljezerjezeritjeziahjezieljezliahjezoarjezrahiahjezreelé 

Pointer to word  Frequency  Pointer to list  

 20   

 3  

 1  

 1  

 1  

 1  

 1  

 1  

 39   
 

˸˰˩ ˭ˣ˵˧˯˵˪ˢ ˯˲ˣ˸ ˫ˣ˵ˬ ˢˬ˩? 

 ˷˧ ˢ˩ˣ˶˞ˢ ˸ˤˣ˶˥ˬ˟1000000  ˰˴ˣˬˬˢ ˭˩˶ˣ˞˷ ˫˧˪˧ˬ8 ˫˧ˣˣ˸ . ˸˯˲ˣ˸ ˢ˩ˣ˶˞ˢ ˸ˤˣ˶˥ˬˢ ˭˩˪

1000000*8* 1bytes= 8MB . ˵˶ ˷˧ ˢ˶ˣ˷ ˪˩˟˷ ˫ˣ˷ˬ ˫ˣ˵ˬ ˸ˣ˥˲ ˸˰˩ ˸˯˲ˣ˸ ˢ˪˟˦ˢ

(4+4+4)bytes=12bytes ˢ˯˟ ˭˩˪ˣ" ˩1000000*12bytes=12MB .ˢ˯˟ ˤ˞" ˭ˣ˵˧˯˵˪ˢ ˢˮ˟ˬ ˪˩ ˩

 ˯˲ˣ˸ ˣ˪ˣ˩8MB+12MB= 20 MB .ˣ˵ˢ ˢ˦˧˷ˢ ˸ˬˣ˰˪ ˶˩˧ˮ ˶ˣ˲˧˷ ˢˤ˸ˬˡ! 

˰˧˟˴ˬ ˢ˞˟ˢ ˢ˶ˣ˷˟ ˰˧˟˴ˬˢ˷ ˫ˣ˷ˬ ˢ˪˧ˬ ˪˩ ˨˶ˣ˞ ˸˞ ˶ˣˬ˷˪ ˨˧˶˴ ˞˪˷ ˟˪ ˫˧˷ˮ  ˧˶˥˞ ˡ˥˞ ˫ˣ˵ˬ˪

˸˶ˬˠˮ ˢ˪˧ˬˢ˷ .˭˩ ˣˬ˩ , ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˭˸˧ˮ ˭˧˧ˡ˰ ˭ˬ˴˰ ˫˧˪˧ˬˢ ˧˲˪ ˫˧ˮ˧ˣˬˬ ˭˧˧ˡ˰ ˫˧˰˧˟˴ˬˢ˷ ˫ˣ˷ˬ

˭ˣ˵˧˯˵˪˟! 

Front Coding 

 ˸˧˪˧˥˸ˢ ˣˮ˪˷ ˢˬˠˣˡˢˬ ˢ˩ˣ˶˞ˢ ˸ˤˣ˶˥ˬ˟˷ ˟˪ ˫˧˷ˮjez ˫˧ˬ˰˲ ˡˣ˞ˬ ˢ˟˶ˢ ˢˬ˴˰ ˪˰ ˸˶ˤˣ˥ . ˪˟˥ ˢ˞˶ˮ

˟ˣ˷ˣ ˟ˣ˷ˣ ˟ˣ˷ ˢ˸ˣ˞ ˶ˣˬ˷˪ .˪ ˢ˴˶ˮ˸ˣ˲˸ˣ˷ˬ ˸ˣ˧˪˧˥˸ ˷˧ ˸ˣ˟˵ˣ˰ ˫˧˪˧ˬ˪˷ ˢˡ˟ˣ˰ˢ ˸˞ ˪˴ˮ . ˸˞ ˶ˣˬ˷ˮ ˤ˞

 ˧ˬˡ˵ ˡˣˡ˧˵ ˸˶ˤ˰˟ ˭ˣ˵˧˯˵˪ˢ)Front Coding :(˸ˣ˲˸ˣ˷ˬˢ ˸ˣ˧˪˧˥˸ˢ ˸˞ ˶˧˯ˮ , ˸ˣ˧˪˧˥˸ˢ ˨˶ˣ˞ ˸˞ ˶ˣˬ˷ˮ

ˣˬ˷ˮˣ ˣˮ˶˯ˢ˷˸˶˷˶ˣ˷ˬˢ ˸ˤˣ˶˥ˬˢ ˨ˣ˸˪ ˫˧˰˧˟˴ˬ ˶. 

 ˢ˪˧ˬˢ˷ ˣˮ˪˷ ˢˬˠˣˡ˟ ˥˧ˮˮjezebel ˭ˣ˵˧˯˵˪˟ ˢˮˣ˷˞˶ˢ ˢ˪˧ˬˢ ˞˧ˢ .˪˟˵ˮ ˤ˞: 



 
26  

jezebelritiahelliahoarrahiaheelé 

For clarityé Pointer to word  Prefix Size  Frequency  Pointer to list  

(jezebel)   0 20   

(jezer)   4 3  

(jezerit)   5 1  

(jeziah)   3 1  

(jeziel)   4 1  

(jezliah)   3 1  

(jezoar)   3 1  

(jezrahiah)   3 1  

(jezreel)   4 39   

 

 ˨˶ˣ˞˟ ˞˧ˢ ˢ˩ˣ˶˞ ˧˩ˢ ˢ˪˧ˬˢ20  ˨˶ˣ˞˟ ˞˧ˢ ˸ˣ˧ˢ˪ ˪ˣ˩˧˷ ˶˸ˣ˧˟ ˢ˩ˣ˶˞ˢ ˸˲˸ˣ˷ˬˢ ˸˧˪˧˥˸ˢ ˭˩˪ˣ ˫˧ˣˣ˸19 

˫˧ˣˣ˸ . ˭˩˪ ˶˸ˣ˧ˢ ˪˩˪ ˫˧˩˧˶˴ ˣˮ˥ˮ˞ ˸˲˸ˣ˷ˬˢ ˸˧˪˧˥˸ˢ ˨˶ˣ˞ ˸˞ ˠ˴˧˧˪ ˧ˡ˩˫˧˦˧˟ ˢ˷˧ˬ˥. 

˸˲˸ˣ˷ˬ ˸˧˪˧˥˸˟ ˫˧ˣˣ˸ ˢ˷ˣ˪˷ ˷˧ ˰˴ˣˬˬ˟˷ ˥˧ˮˮ . ˢˮ˰˲ˣ˸ ˸˲˸ˣ˷ˬˢ ˸ˤˣ˶˥ˬ˟ ˧ˤ˞1000000  ˫˧˪˧ˬ

 ˢ˧ˢ˧ ˰˴ˣˬˬˢ ˭˩˶ˣ˞ ˫˰˲ˢˣ5  ˫˧ˣˣ˸)˸˲˸ˣ˷ˬˢ ˸˧˪˧˥˸ˢ ˸˞ ˫˧ˡ˧˶ˣˬ ˣˮ˥ˮ˞ ˧˩ .( ˢ˧ˢ˧ ˸ˤˣ˶˥ˬˢ ˪ˡˣˠ ˭˩˪

1000000*5* 1bytes= 5MB . ˢ˪˧ˬˢ ˸˞˷ ˭ˣ˟˷˥˟ ˸˥˵˪ ˷˧ ˧˩ ˵˧ˣˡˬ ˞˪ ˢˤˢ ˟ˣ˷˧˥ˢ ˢ˷˰ˬ˪

 ˢˮˣ˷ˣ ˢ˲ ˶˟ˣˡˬ˷ ˪ˡˣˠˢ ˶ˡ˯ ˸˞ ˢ˞˶ˬ ˣˮ˧˷˰˷ ˟ˣ˷˧˥ˢ ˧˞ˡˣˣ˟ ˨˞ ˢ˞ˣ˪ˬ˟ ˫˧˶ˬˣ˷ ˣˮ˞ ˢˮˣ˷˞˶ˢ

˶˸ˣ˧ˢ ˪˩˪ ˫˧˸˟ ˢˬ˩˟ ˧˸ˬ˞ˢ ˟ˣ˷˧˥ˢˬ. ˸˰˩ , ˸˯˲ˣ˸ ˢ˪˟˦˟ ˢ˶ˣ˷ ˪˩5bit+(4+4+4)byte=101bit 

 ˷˧ˣ1000000 ˸ˣ˶ˣ˷ , ˸˯˲ˣ˸ ˢ˪˟˦ˢ ˭˩˪1000000*101bit=12.625MB . ˯˲ˣ˸ ˣ˪ˣ˩ ˢˮ˟ˬˢ ˪˩ ˤ˞

˩ ˸˰˩-18 MB.ˢ˪˟˦˷ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˸˪ˣ˩˧ˢ ˸˞ ˣˮˡ˟˧˞ ˪˟˞ ˸ˬˡˣ˵ˢ ˢ˦˧˷˪ ˯˥˧˟ ˶ˣ˲˧˷ ˫ˮˬ˞ ˢˤ .

˟ ˭˸˧ˮ ˞˪ ˨˞ ˧˞˶˵˞ ˭˲ˣ˞˟ ˢ˶ˣ˷ ˪˩˪ ˸˷ˠ˪ ˭˸˧ˮ ˭˩˪ˣ ˨˶ˣ˞ ˸ˣˣ˷ ˞˧ˢ ˢ˪˟˦˟ ˢ˶ˣ˷ ˪˩ ˫ˮˬ˞-O(1)  ˸ˣ˪ˠ˪

˰˧˟˴ˬ˪ ˢˬ˧˞˸ˬ˷ ˢ˪˧ˬˢ ˢˬ .˪˧˥˸ˢ ˪˩ ˧˶˥˞ ˟ˣ˵˰˪ˣ ˢ˩ˣ˶˞ˢ ˸ˤˣ˶˥ˬˢ ˸˪˧˥˸ ˡ˰ ˶ˣˤ˥˪ ˨˧˶˴ ˸ˣ˧

 ˭ˬˤ ˥˵ˣ˪ ˢˤˣ ˫˷ ˸˶˸˸˯ˬ˷ ˢ˪˧ˬˢ ˧ˢˬ ˸ˣ˪ˠ˪ ˧ˡ˩ ˸ˣ˶˯˥ˢ˶˞˧ˮ˧˪ ˧˭ˣ˵˧˯˵˪˟ ˷˧˷ ˫˧˪˧ˬˢ ˶˲˯ˬ˟. 

3- in - 4 Front Coding 

˪˟˥ ˢˤˣ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˸˪ˣ˩˧ˢ ˸˞ ˣˮˡ˟˧˞ ˨˞ ˫ˣ˵ˬ˟ ˸˧ˮˣ˩˯˥ ˡˣ˞ˬ ˢ˸˧˧ˢ ˧ˬˡ˵ˢ ˡˣˡ˧˵ˢ ˸˦˧˷ .

 ˧ˬˡ˵ ˡˣˡ˧˵ ˸˦˧˷3 ˟-4 ˣˬ˷˪ ˫ˠˣ ˫ˣ˵ˬ˟ ˨ˣ˯˥˪ ˫ˠ ˸˶˷˲˞ˬ˸˞ ˶ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˸ˣ˶˷˲˞ˢ. 

˧ˬˡ˵ˢ ˡˣˡ˧˵ˢ ˸˦˧˷˪ ˢˬˣˡ ˢ˦˧˷ˢ .ˢ˷˰ˬ˪ , ˢ˴ˣ˟˵ ˪˩ˣ ˫˧˪˧ˬ ˰˟˶˞ ˸ˣˮ˟ ˸ˣ˴ˣ˟˵˪ ˫˧˪˧ˬˢ ˪˩ ˸˞ ˫˧˵˪˥ˬ

˧ˬˡ˵ ˡˣˡ˧˵˟ ˫˧ˡˡˣ˵ˬ .˶ˬˣ˪˩ , ˡˣˡ˧˵˟ ˸ˣˡˡˣ˵ˬ ˸ˣ˶˥˞ˢ ˷ˣ˪˷ ˣ˪˧˞ˣ ˢ˸ˣˬ˪˷˟ ˸˶ˬ˷ˮ ˢˮˣ˷˞˶ˢ ˢ˪˧ˬˢ

˧ˬˡ˵ .˪˧ˬˢ ˢˬ ˸˰ˡ˪ ˫˧˴ˣ˶ˣ ˰˧˟˴ˬ˪ ˫˧˷ˠ˧ˮ ˶˷˞˩ ˨˩ ˫˧˪˧ˬ ˰˟˶˞ ˶˸ˣ˧ˢ ˪˩˪ ˷˧ ˢ˧˪˞ ˰˧˟˴ˬ ˞ˣˢ˷ ˢ

˭ˢ˧˪˰ ˶ˣ˟˰˪ ˨˧˶˴˷ . ˞ˣˢ ˢ˪˧ˬˢ ˸˞ ˸ˣ˪ˠ˪ ˭ˬˤˢ ˭˩˪O(1) ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˭˸˧ˮˣ. 

˶˸ˣ˧ ˪ˣˡˠ ˦˰ˬ ˸˰˩ ˭ˣ˵˧˯˵˪ˢ ˪ˡˣˠ .˫ˡˣ˵ ˣˬ˩ ,˫˧ˣˣ˸ ˢ˷ˣ˪˷ ˨˶ˣ˞˟ ˞˧ˢ ˸˰˴ˣˬˬ ˸˲˸ˣ˷ˬ ˸˧˪˧˥˸˷ ˥˧ˮˮ .

˸˰˩ ,˶˞˷ˣ ˭˸ˣˬ˪˷˟ ˸ˤˣ˶˥ˬ˟ ˸ˣ˧ˣ˴ˬ ˫˧˪˧ˬˢˬ ˰˟˶ ˸ˣ˧˪˧˥˸ ˸ˣ˶˯ˣ˥ˬ ˫˧˪˧ˬˢ . ˭˧˧ˡ˰˷ ˥˧ˮˮ ˸ˣ˥ˣˮˢ ˫˷˪

 ˞ˣˢ ˭˸ˣˬ˪˷˟ ˸ˣ˰˧˲ˣˬˢ ˫˧˪˧ˬˢ ˪˷ ˰˴ˣˬˬˢ ˨˶ˣ˞ˢ8 ˫˧ˣˣ˸ . ˣ˧ˢ˧ ˢ˩ˣ˶˞ˢ ˸ˤˣ˶˥ˬ˟ ˭˩˪

1000000/4 *8 *1bytes+1000000*3/4*5 *1bytes= 5.75 MB.  ˫ˡˣ˵ ˣˬ˩ ˸˯˲ˣ˸ ˢ˪˟˦ˢ ˣ˪˧˞ˣ

12.625MB ˢ˯˟ ˭˩˪ˣ" ˯˲ˣ˸ ˭ˣ˵˧˯˵˪ˢ ˩18.375 MB . ˞˪ ˶˧˥ˬ˟ ˤ˞ ˫ˣ˵ˬ˟ ˨ˣ˯˥˪ ˫ˠ ˣˮ˥˪˴ˢ ˪ˣˡˠ ˡˣ˞ˬ

ˢ˪˧˰˧ ˢ˷˧ˠ ˶˷˲˞˪ ˫ˠˣ! 
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˫ˣ˩˧˯ 

˫˧˪˧ˬ˪ ˢ˶˧ˢˬ ˢ˷˧ˠ ˶˷˲˞˪ ˶ˣˬ˞ ˭ˣ˵˧˯˵˪ˢ . ˞˧ˢ˷ ˫˧˩ˬ˯ˬˢ ˸ˬ˧˷˶˪ ˸˷ˠ˪ ˭˸˧ˮ ˢ˪˧ˬ ˫˧˞˴ˣˬ˷ ˧˶˥˞

ˣˮ˪˟˧˵˷ ˞˸˪˧˞˷ˢ ˪˰ ˸ˣˮ˰˪ˣ ˫ˢ˟ ˢ˰˧˲ˣˬ . ˣˤˬ ˣˤ ˸ˣ˪ˡ˟ˮ ˶˷˞ ˭ˣ˵˧˯˵˪ˢ ˸˞ ˶ˣˬ˷˪ ˸ˣ˦˧˷ ˰˟˶˞ ˣˮ˧˞˶

 ˫ˣ˵ˬ˟ˣ ˢ˷˧ˠˢ ˭ˬˤ˟˸ˣ˯˲ˣ˸ ˭ˢ˷. 

 ˞˶˵ˮ˷ ˫˧ˮˣ˸ˮ ˢˮ˟ˬ˟ ˸˷ˬ˸˷ˬ ˶˷˞ ˢ˟˥˶ˢ˟ ˢ˟ ˭ˣˡˮ ˞˪˷ ˸˲˯ˣˮ ˢ˦˧˷ ˢˮ˷˧Trie . ˫˧˲˯ˣˮ ˫˧˦˶˲

˟ ˥˲˯ˮ˟ ˫˧˰˧˲ˣˬ'. 

˨˲ˣˢˬˢ ˯˵ˡˮ˧˞ˢ 

ˢ ˯˵ˡˮ˧˞ˢ ˸ˣ˞˶˵ˮ˷ ˸ˣˬ˧˷˶ ˱˯ˣ˞ ˞ˣˢ ˨˲ˣˢˬPosting Lists ï ˭ˣ˵˧˯˵˪˟ ˢ˪˧ˬ ˪˩˪ ˸˥˞. ˢˬˠˣˡ˪ , ˫˞

˫˧˩ˬ˯ˬ ˢ˷ˣ˪˷ ˫˧ˮˣ˸ˮ 

Doc1: a c f   Doc2:  b e d b   Doc3: a b d f  

 ˪˷ ˢˬ˧˷˶ˢ ˤ˞b  ˢ˧ˢ˸2,3 .ˢ˧ˢ˸ ˢˬ˧˷˶ˢ ˨ˬ˯ˬ ˪˩˟ ˫˧˪˧ˬˢ ˪˷ ˫˧ˬˣ˵˧ˬˢ ˸˞ ˫ˠ ˶ˣˬ˷˪ ˢ˴˶ˮ ˫˞ 

(2: 1,4),(3: 2)  

 ˢ˶ˣ˴˟ ˶ˬ˷˧˸ ˢˬ˧˷˶ˢ ˢ˷˰ˬ˪2,2,1,4,3,1,2  ˶˲˯ˬ ˰˧˲ˣˬ ˣ˪˷ ˶˲˯ˬˢ ˶˥˞˪ ˨ˬ˯ˬ ˪˩˪ ˶˷˞˩

ˢ˪˷ ˫˧ˬˣ˵˧ˬˢ ˸ˬ˧˷˶ ˤ˞ˣ ˢ˪˧ˬˢ ˪˷ ˫˧˰˲ˣˬˢ .˷˪ ˶˷˲˞ˬ ˢˤ ˫˧ˬˣ˵˧ˬˢˣ ˫˧˩ˬ˯ˬˢ ˸˞ ˢˬ˧˷˶ˢˬ ˶ˤ˥

ˡ˥ ˭˲ˣ˞˟-˧˩˶˰. ˸ˣˬ˧˷˶ˢ ˨˶ˣ˞ ˸˞ ˢ˪˧ˡˠˬ ˭˟ˣˬ˩ ˫˧ˬˣ˵˧ˬˢ ˸˶˧ˬ˷ , ˫˧ˬˣ˵˧ˬˢ ˸˞ ˶ˣˬ˷˪ ˨˧˶˴˷ ˪˪ˠ˟ ˫ˠ

˨ˬ˯ˬ ˪˩˟ ˫˧ˬˣ˵˧ˬˢ ˶˲˯ˬ ˸˞ ˶ˣˬ˷˪ ˨˧˶˴˷ ˪˪ˠ˟ ˫ˠˣ ˫ˬ˴˰. 

˫˧˪˧ˬˢ ˪˷ ˫˧ˬˣ˵˧ˬˢ ˸˞ ˞˪ˣ ˫˧˩ˬ˯ˬ ˧˶˲˯ˬ ˵˶ ˸ˣ˪˧˩ˬ ˸ˣˬ˧˷˶ˢ˷ ˥˧ˮˮ ˢ˸˰ ˸˰˪ .˲˯ˬ ˸˞ ˫˧˩ˬ˯ˬˢ ˧˶

˸ˮ˧ˣˬˬ ˢ˶ˣ˴˟ ˶ˣˬ˷ˮ . ˤ˞posting list ˫˧˶˲˯ˬ ˪˷ ˸ˮ˧ˣˬˬ ˢˬ˧˷˶ ˦ˣ˷˲ ˢ˷˰ˬ˪ ˞˧ˢ. 

ˡˣ˞ˬ ˸ˣ˩ˣ˶˞ ˸ˣ˧ˢ˪ ˸ˣ˪ˣ˩˧ ˭ˢˣ ˢ˪˞˩ ˸ˣˬ˧˷˶ ˡˣ˞ˬ ˢ˟˶ˢ ˷˧ ˨˞ ˦ˣ˷˲ ˡˣ˞ˬ ˢˮ˟ˬˢ . ˨˶ˡ ˞ˣ˴ˬ˪ ˨˧˶˴ ˭˩˪

˸˴ˣˣ˩ˬ ˢ˶ˣ˴˟ ˭˸ˣ˞ ˶ˣˬ˷˪. 

˫˧˷˶˲ˢ ˸ˣˬ˧˷˶ 

 ˶ˣˬ˷˪ ˭˸˧ˮ ˢˬ˴˰ ˢˬ˧˷˶ˢ ˸˞ ˶ˣˬ˷˪ ˫ˣ˵ˬ˟˫˧˷˶˲ˢˢ ˸˞ ˣ˧˶˥˞ˣ ˢ˟ ˭ˣ˷˞˶ˢ ˶˟˧˞ˢ ˸˞ ˵˶ .˶ˬˣ˪˩ , ˫˞

 ˢˬ˧˷˶ ˣˮ˪ ˷˧x 1,x 2,é,xn  ˸˞ ˢˬˣ˵ˬ˟ ˶ˣˬ˷ˮx 1,x 2- x 1,é,xn- x n- 1 . ˫ˢ ˫˧˷˶˲ˢˢ˷ ˞ˣˢ ˭ˣ˧˰˶ˢ

˫˧˦˧˟ ˪˷ ˶˸ˣ˧ ˭˦˵ ˶˲˯ˬ˟ ˫˸ˣ˞ ˠ˴˧˧˪ ˭˸˧ˮ ˭˩˪ˣ ˶˸ˣ˧ ˫˧ˮ˦˵ ˫˧˶˲˯ˬ .ˢ˷˰ˬ˪ ˪˟˞ , ˶˸ˣ˧˟ ˪ˣˡˠˢ ˷˶˲ˢˢ

ˣˬ˩ ˪ˡˣˠ ˶ˡ˯ ˣ˸ˣ˞ˬ ˞ˣˢ ˧˶˷˲˞ˢ  ˧ˡ˩ ˰ˣ˟˵ ˨˶ˣ˞ ˫˰ ˡˣˡ˧˵˟ ˫˧˷ˬ˸˷ˬ ˫˞ ˭˩˪ˣ ˫˧ˬ˧˧˵ˢ ˫˧˩ˬ˯ˬˢ ˶˲˯ˬ

˫˧˷˶˲ˢˢ ˸˞ ˠ˴˧˧˪ ,˪˪˩˟ ˫ˣ˵ˬ ˨ˣ˯˥ˮ ˞˪ . ˣˬ˩ ˫˧˦˧˟ ˶˲˯ˬ ˣ˸ˣ˞ ˶ˣˬ˷˪ ˨˶˦˴ˮ ˷˶˲ˢ ˪˩˪ ˧˩ˢ ˣ˞˪˟

˨ˬ˯ˬ ˪˷ ˶˲˯ˬ ˠ˴˧˧˪ ˧ˡ˩ ˳ˣ˥ˮˢ ˶˲˯ˬˢ. ˫˧˷˶˲ˢˢ ˸ˬ˧˷˶ ˸˞ ˠ˴˧˧˪ ˸˶˥˞ ˨˶ˡ ˞ˣ˴ˬ˪ ˨˶˦˴ˮ ˤ˞. 

ˢ˯˧˥ˡ 

˥ˡ ˧ˡˣ˯ ˧ˮ˷ ˫ˮ˷˧ˢ˯˧ :˸˧˶˦ˬ˶˲ ˞˪ ˢ˯˧˥ˡˣ ˸˧˶˦ˬ˶˲ ˢ˯˧˥ˡ . ˭˲ˣ˞˟ ˸ˬ˞˸ˣˬ ˢ˯˧˥ˡˢ ˸˧˶˦ˬ˶˲ ˢ˯˧˥ˡ˟

˳ˣˣ˩˪ ˷˧˷ ˰ˡ˧ˬ˪ ˧˷˧˞ .˧ˮˣ˴˧˥ ˶˦ˬ˶˲ ˱˞˟ ˧ˣ˪˸ ˣˮ˧˞ ˳ˣˣ˧˩ˢ ˸˧˶˦ˬ˶˲ ˞˪ ˢ˯˧˥ˡ˟ ˣ˪˧˞ˣ , ˧ˣ˪˸ ˣˮ˧˞ ˦˶˲˟ˣ

˦˪˵˟ .˭˩ ˣˬ˩ ,˸˧˪˞˟ˣ˪ˠ ˸ˣ˧ˢ˪ ˢ˪ˣ˩˧ ˢ˯˧˥ˡˢ ,˰ ˸˯˥ˡˮ ˢˬ˧˷˶ ˪˩ ˶ˬˣ˪˩" ˳ˣˣ˧˩ ˸˵˧ˮ˩˦ ˢ˸ˣ˞ ˧ ˢ˪ˣ˩˧ ˞˧ˢˣ

˸˧ˬˣ˵ˬ ˸ˣ˧ˢ˪ ,˶˥˞ ˭˲ˣ˞˟ ˸˯˥ˡˮ ˢˬ˧˷˶ ˪˩ ˶ˬˣ˪˩. 

˫˧˶˦ˬ˶˲ ˞˪˪ ˸ˣ˦˧˷ 

˫˧˷˶˲ˢ ˸ˣˬ˧˷˶ ˯ˣ˥ˡ˪ ˫˧˴ˣ˶ ˣˮ˥ˮ˞ . ˶˲˯ˬˬ ˫˧ˮ˦˵ ˣ˧ˢ˧ ˫˧˷˶˲ˢˢ ˪˩ ˧˩ ˥˧ˮˢ˪ ˭˸˧ˮ ˞˪˷ ˢˡ˟ˣ˰ˢ ˱˞ ˪˰

˫˧˩ˬ˯ˬˢ ,˫˧˪ˣˡˠ ˫˧˷˶˲ˢ ˶˷˞ˬ ˶˸ˣ˧ ˫˧˴ˣ˲ˮ ˣ˧ˢ˧ ˫˧ˮ˦˵ ˫˧˷˶˲ˢ˷ ˥˧ˮˢ˪ ˶˧˟˯ ˸˞ˤ ˪˩˟ :˴ˣ˲ˮ ˫˧˪˧ˬ ˸ˣ

 ˫˧ˮ˦˵ ˫˧˷˶˲ˢ ˶ˣ˴˧˪ ˸ˣ˪ˣ˩˧ ˸ˣ˴ˣ˲ˮ ˞˪ ˫˧˪˧ˬ ˫ˠ ˣ˪˧˞ˣ ˫˧ˮ˦˵ ˫˧˷˶˲ˢ ˸ˣ˶˴ˣ˧ ˭˩˪ˣ ˫˧˩ˬ˯ˬ ˢ˟˶ˢ˟ ˸ˣ˰˧˲ˣˬ
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˶˷˵ˢ ˪˷ ˧ˠˣ˪ ˶ˡ˯ ˣˢ˷ˤ˧˞˟ ˫˧˶˲˯ˣˬˬˣ ˫˧ˮ˰˦ˮ ˫˧˩ˬ˯ˬˢ ˫˞ . ˸ˣ˥˲˟ ˫˧ˮ˦˵ ˫˧˶˲˯ˬ ˡˡˣ˵˪ ˢ˴˶ˮ ˭˩˪

˫˧˪ˣˡˠ ˫˧˶˲˯ˬ ˶˷˞ˬ ˫˧˦˧˟. 

˸˧˶˷˲˞ˢ ˢ˯˧˥ˡˢ ˪˰ ˭ˣ˸˥˸ ˫˯˥ ˥˧˩ˣˢ ˭ˣˮ˷ . ˞ˣˢ ˫˧ˣˣ˸ˢ ˶˲˯ˬ˷ ˥˧ˮˮά  ˷˧ˣὧ ˫˧˧˶˷˲˞ ˫˧ˮˣ˷ ˫˧ˣˣ˸ . ˫˞

 ˣ˸Ὥ  ˰˧˲ˣˬὪὭ  ˪˷ ˸ˣ˶˧ˡ˸ˢ ˤ˞ ˫˧ˬ˰˲Ὥ  ˞˧ˢὴὭ=
ὪὭ

ά
 ˰ ˸˶ˡˠˣˬˢ ˢ˧˲ˣ˶˦ˮ˞ˢˣ" ˧Ὄ= В ὴὭlogὴὭ

ὧ
Ὥ= 1 

˟ ˣ˸ ˪˩ ˠ˴˧˧˪ ˧ˡ˩ ˨˧˶˴˷ ˰˴ˣˬˬˢ ˫˧˦˧˟ˢ ˶˲˯ˬ ˪˰ ˭ˣ˸˥˸ ˫˯˥ ˞˧ˢ˸˴ˣˣ˩ˬ ˢ˶ˣ˴˟ ˣˮ˪˷ ˨ˬ˯ˬ.  ˳ˣˣ˩˪ ˧ˡ˩ ˤ˞

 ˸ˣ˥˲ˢ ˪˩˪ ˨˧˶˴ ˣ˪ˣ˩ ˨ˬ˯ˬˢ ˪˩ ˸˞άὌ ˫˧˦˧˟ .˭˩ ˣˬ˩ , ˭ˬ˧˯˪ ˫˞˷ ˶ˬˣ˪ ˭˸˧ˮὭ  ˸ˣ˶˧ˡ˸ ˷˧ὴὭ  ˨˶ˣ˴ ˷˧ ˤ˞

 ˸ˣ˥˲˪˟ɀlogὴὭ ˣ˸ˣ˞ ˠ˴˧˧˪ ˧ˡ˩ ˫˧˦˧˟. 

˧˪˞˧ˡ˧˞ ˭˲ˣ˞˟ ,˭ˣ˸˥˸ˢ ˫˯˥ˢ ˸˞ ˸˷ˬˬˬ˷ ˳ˣˣ˧˩ ˸˦˧˷ ˞ˣ˴ˬ˪ ˫˧˴ˣ˶ ˣˮ˧˧ˢ. 

˧˶˞ˮˣ˞ ˡˣˡ˧˵ 

 ˶˲˯ˬ ˪˩ὼ> 0 ) ˶˲˯ˬˢ ˸˞ ˡˡˣ˵˪ ˶˷˲˞ ˧˞ ˣˤ ˢ˦˧˷˟0 (!˰ ˠ˴˧˧ˮ" ˧ὼ 1  ˪˷ ˫˧˰˲ˣˬ1  ˪˷ ˡ˥˞ ˰˲ˣˬ ˤ˞ˣ

0 .˪˷ˬ˪: 

˶˲˯ˬ ˮˣ˞ ˡˣˡ˧˵˞ˣ˪˷ ˧˶ 

1 0 

2 10 

3 110 

10 1111111110 

 

˲ˢ˧˪˞˧ˣˣ˧˶˦ ˭˟ˣˬ˩ ˥ˣˮ˰ . ˪˷ ˰˲ˣˬ ˪˩0  ˪˷ ˫˧˰˲ˣˬˢ ˶˲˯ˬˣ ˷ˡ˥ ˶˲˯ˬ ˠ˴˧˧ˬ1  ˶˲˯ˬˢ ˣˢˬ ˸ˣ˪ˠ˪ ˶˷˲˞ˬ

ˡˡˣ˵ˬˢ. 

 ˢˤˢ ˡˣˡ˧˵ˢ˷ ˥˧ˮˮ˪˞ˬ˧˦˲ˣ˞ ˧,˭ˣˮ˷ ˪˷ ˭ˣ˸˥˸ˢ ˫˯˥ˢ ˸˞ ˠ˧˷ˬ ˞ˣˢ ˶ˬˣ˪˩ . ˫˧˦˧˟ˢ ˶˲˯ˬ˷ ˟˪ ˫˧˷ˮ

 ˪˷ ˠˣ˴˧˧˟ὼ  ˢ˷˰ˬ˪ ˞ˣˢὼ .ˣˮ˶ˬ˞˷ ˣˬ˩ , ˸ˣ˞ ˪˷ ˠˣ˴˧˧˪ ˫˧˴ˣ˥ˮˢ ˫˧˦˧˟ˢ ˶˲˯ˬ ˤ˞ ˧˪ˬ˧˦˲ˣ˞ ˢˤ ˠˣ˴˧˧ ˫˞

 ˢ˸ˣ˶˧ˡ˸˷ὴὭ  ˞ˣˢɀlogὴὭ ˟˰˷ ˪˟˵ˮ ˭˩˪ˣ ˶˲˯ˬ ˶ˣὼ  ˫˧˧˵˸ˬὼ= logὴὼ , ˶ˬˣ˪˩2ὼ= 2 log ὴὼ=
1

ὴὼ
 

 ˭˩˪ˣὴὼ= 2 ὼ .ˣ˪˷ ˪ˡˣˠˢ ˫˞ ˸˧˩˧˶˰ˬ ˸ˡ˶ˣ˧ ˶˲˯ˬ ˪˷ ˸ˣ˶˧ˡ˸ˢ ˤ˞ . ˞˪ ˢˤˡ˥ˣ˧ˬ˟ ˶˧˟˯ ˰ˬ˷ˮ. 

 ˡˣˡ˧˵˞ˬˠ 

 ˣˢ˷˪˩ ˶˲˯ˬ ˶ˣ˟˰ὼ> 1 ,˞˟ˢ ˭˲ˣ˞˟ ˣ˸ˣ˞ ˡˡˣ˵ˮ :˸˧˷˞˶ , ˪˷ ˧˶˞ˮˣ˞ˢ ˡˣˡ˧˵ˢ ˸˞ ˟ˣ˸˩ˮ1 + ỗlogὼỘ 

 ˨˶ˣ˞˟ ˧˶˞ˮ˧˟ˢ ˡˣˡ˧˵ˢ ˸˞ ˟ˣ˸˩ˮ ˭˩ˬ ˶˥˞˪ˣỗlogὼỘ  ˪˷ὼ 2ỗlog ὼỘ .˪˷ˬ˪: 

˶˲˯ˬ ỗἴἷἯ●Ộ 
 ˪˷ ˧˶˞ˮˣ˞ ˡˣˡ˧˵

+ ỗἴἷἯ●Ộ 
● ỗἴἷἯ●Ộ 

 ˪˷ ˧˶˞ˮ˧˟ ˡˣˡ˧˵

● ỗἴἷἯ●Ộ 

 ˡˣˡ˧˵˞ˬˠ  ˪˷

● 

1 0 0 0 - - 

2 1 10 0 0 100 

3 1 10 1 1 101 

5 2 110 1 01 11001 

9 3 1110 1 001 1110001 

11 3 1110 3 011 1110011 

 

˨˟ˣ˯ˬ ˞˪ ˞ˣˢ ˡ˧˥˧ ˶˲˯ˬ ˪˷ ˥ˣˮ˰˲ . ˪˷ ˱˴˶ ˰˧˲ˣˬ ˶˲˯ˬ ˪˰ ˸˪˧˥˸˟ώ 1- ˫˧)ώ  ˸ˣ˧ˢ˪ ˫ˠ ˪ˣ˩˧0 ( ˤ˞ˣ

 ˪˷ ˰˲ˣˬ0. ˷ ˰˟ˣˮ ˡˣˡ˧˵ˢ ˸˦˧˷ ˧˲˪ ˤ˞-ώ+ 1 = 1 + ỗlogὼỘ .˶ˬˣ˪˩ ,ώ= ỗlogὼỘ . ˡˣˡ˧˵ˢ ˨˶ˣ˞ ˢˤˣ

 ˪˷ ˧˶˞ˮ˧˟ˢὼ 2ỗlog ὼỘ= ὼ 2ώ . ˸˞ ˳˪˥˪ ˭˸˧ˮ ˭˩˪ὼ .ˢˬˠˣˡ˪:  ˡˣ˵ˢ ˸˪˧ˬ˟ ˭ˮˣ˟˸ˮ1110010 .

 ˶˲˯ˬˢ ˸˞ ˫˧ˠ˴˧˧ˬ ˶˷˞ ˯˲˞ˣ ˸ˣˡ˥˞ ˷ˣ˪˷ ˪˷ ˳˴˶ ˷˧ ˢ˸˪˧˥˸˟4 . ˧˶˞ˮ˧˟ˢ ˵˪˥ˢ ˪˷ ˡˣˡ˧˵ˢ ˨˶ˣ˞ ˭˩˪

 ˞ˣˢ4 1 = 3 . ˞ˣˢ ˧˶˞ˮ˧˟ˢ ˵˪˥ˢ010 , ˶ˬˣ˪˩2 . ˤ˞ὼ 23 = 2 .˷ ˭˞˩ˬ-ὼ= 10. 
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 ˸ˣ˪˧ˬ ˪˷ ˱˴˶ ˥ˮ˰˲˪ ˨˧˞ ˶ˣ˶˟ ˫ˠ ˭˞˩ˬ ˪˟˞ˡˣ˵ , ˣˮ˥ˮ˞ ˸ˣˡ˥˞ ˪˷ ˭ˣ˷˞˶ˢ ˱˴˶ˢ ˸˞ ˣˮ˞˶˵˷ ˧˶˥˞ ˧˶ˢ˷

˭ˣ˷˞˶ˢ ˶˲˯ˬˢ ˪˷ ˡˣˡ˧˵ˢ ˶ˬˠˮ ˢ˲˧˞ ˫˧˰ˡˣ˧ ˶˟˩ .ˢˬ˴˰ ˪˰ ˸˶ˤˣ˥ ˢ˧˰˟ˢ ˣ˧˷˩˰ˣ. 

˪˷ˬ˪ , ˱˴˶ˢ ˸˞ ˵˶˲˪ ˭˸˧ˮ11110100110111010 ˨˩ :111101001,101,11010. 

˭˞˩ , ˪˷ ˡˣˡ˧˵ˢ ˨˶ˣ˞ὼ  ˞ˣˢ1 + ỗlogὼỘ+ ỗlogὼỘ= 1 + 2ỗlogὼỘ .ˣˡ˧˵ ˣ˪˧˞ ˭˩˪ ˧˪ˬ˧˦˲ˣ˞ ˢ˧ˢ ˞ˬ˞ˠ ˡ

˷ ˫˧˪˟˵ˬ ˣˮ˧˧ˢ-logὴὼ= 1 + 2ỗlogὼỘ , ˶ˬˣ˪˩
1

ὴὼ
= 21+2ỗlog ὼỘ 21+ 2 log ὼ= 2ὼ2 ˷ ˭˞˩ˬˣ-

ὴὼ
1

2
ὼ2. ˬ ˪˩ ˪˷ ˡˣˡ˧˵ˢ˷ ˶˥˞ˬ ˭˲ˣ˞ ˪˩˟ ˨˞ ˧˶˞ˮˣ˞ˢ ˢ˶˵ˬˢˬ ˶˧˟˯ ˶˸ˣ˧ ˢˤ˷ ˸ˣ˧ˢ˪ ˪ˣ˩˧˶˲˯  ˞ˣˢ

˞ ˢˮˣ˷ ˨˶ˣ˞˟˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˰˴˟˪ ˸˪ˣ˩˧ˢ ˸˞ ˫˧ˡ˟˞ˬ ˣˮ˥ˮ .˭˩ ˪˰ ˶˸˧ , ˢˬ˧˷˶˟ ˧˞˶˵˞ ˫ˣ˵ˬ˪ ˷ˠ˧ˮ ˫˞

ˣ˰˴ˬ˞ ˣ˞ ˶˲˯ˬ ˪˷ ˢ˪˧˥˸ ˞ˣˢ ˢˤˢ ˫ˣ˵ˬˢ ˫˞ ˸˰ˡ˪ ˪˩ˣˮ ˞˪ ˸ˡˡˣ˵ˬˢ . ˫˧˟˧˧˥ ˢˬ˧˷˶ˢ ˸˞ ˥ˮ˰˲˪ ˧ˡ˩

ˢ˪˥˸ˢˢˬ ˢ˪ˣ˩ ˸˞ ˞ˣ˶˵˪. 

 ˡˣˡ˧˵ ˦ˣ˷˲ ˨˶ˣ˞ ˫˰ˢˮ˸˷ˬ 

˫˧˦˧˟ ˢˮˣˬ˷ ˷˧ ˸˧˟ ˪˩˟ .˞˪ ˣ˞ ˡˣˡ˧˵ˢ ˪˷ ˭ˣ˶˥˞ˢ ˸˧˟ˢ ˢˤ ˫˞ ˭˧˧˴˪ ˧ˡ˩ ˭ˣ˷˞˶ˢ ˦˧˟˟ ˷ˬ˸˷ˮ . ˶˷˞˟

˩ ˷ˬ˸˷ˮ ˫˧˦˧˟ˢ˧˶˞ˮ˧˟ ˡˣˡ˧˵˟ ˶˲˯ˬˢ ˸˞ ˠ˴˧˧˪ ˧ˡ . ˪˷ ˡˣ˟˧˰ ˧˩ ˢ˶˧ˢˬ ˡˣ˞ˬ ˸ˣ˧ˢ˪ ˢ˪ˣ˩˧ ˣˤˢ ˢ˦˧˷ˢ

ˢ˶ˬˣ˥˟ ˢ˪˧˰˧ ˢ˶ˣ˴˟ ˷ˬˣˬˬ ˫˧ˬ˪˷ ˫˧˸˟. 

˪˷ˬ˪,  ˪˷ ˧˶˞ˮ˧˟ˢ ˠˣ˴˧˧ˢ256  ˞ˣˢ100000000 , ˨˧˶˴ ˶ˬˣ˪˩9 ˶˲˯ˬˢ ˸˞ ˠ˴˧˧˪ ˧ˡ˩ ˫˧˦˧˟ . ˵˵ˡˤˮ ˭˩˪

˧˵˪ ˫˧ˡ˰ˣ˧ˬ˷ ˫˧˦˧˟ˢ ˶˲˯ˬˣ ˫˧˸˟ ˧ˮ˷˪ ˢ˧ˢ˧ ˡˣˡ14 . ˪˷ ˧˶˞ˮ˧˟ˢ ˡˣˡ˧˵ˢ ˢ˷˰ˬ˪ ˤ˞256  ˣ˟ ˷ˬ˸˷ˮ˷

 ˞ˣˢ00000100000000  ˠˣ˴˧˧ˢ ˸˞ ˪˟˵ˮˣ00000010 10000000. ˧˪˞˧ˣˣ˧˶˦ ˥ˣˮ˰˲ˢ. 

˧˪˪˩ ˭˲ˣ˞˟ , ˶˲˯ˬ ˠ˴˧˧˪ ˧ˡ˩ὼ ˟ ˨˶ˣ˴ ˷˧ ˧˶˞ˮ˧˟ ˯˧˯˟˟-ỗlog2ὼỘ+ 1 ˫˧˦˧˟.  ˫˧˩˧˶˴ ˣˮ˥ˮ˞ ˢˤˢ ˠˣ˴˧˧ˢ ˸˞

˫˧˦˧˟ ˢ˰˟˷ ˪˷ ˫˧˵˪˥˪ ˵˪˥˪ . ˷˧ ˭˩˪
ỗlog2ὼỘ+ 1

7
 ˫˧˵˪˥ , ˶ˬˣ˪˩

ỗlog2ὼỘ+ 1

7
 ˸˟ ˣ˞ ˫˧8ẗ

ỗlog2ὼỘ+ 1

7
 

˫˧˦˧˟. 

˫˧˶˦ˬ˶˲ ˫˰ ˸ˣ˦˧˷ 

˧˶˦ˬ˶˲ ˡˣˡ˧˵˪ ˸ˣ˟ˣ˷˥ ˸ˣ˦˧˷ ˧˸˷˟ ˭ˣˡˮ. 

˫˧˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˧ˡˣ˵ 

˸˧˷˞˶ ,˭ˬ˲˞ˢ ˡˣ˵ ˣˢˬ ˶˧˩ˤˮ .˧˪ˬ˧˦˲ˣ˞ ˞˷˧˶ ˡˣ˵ ˞ˣˢ ˭ˬ˲˞ˢ ˡˣ˵ . ˭˧˞ˣ ˡ˶˲ˮ˟ ˸ˣ˞ ˪˩ ˫˧ˡˡˣ˵ˬ ˞˷˧˶ ˡˣ˵˟

 ˪˷ ˞˷˧˶ ˞˧ˢ˷ ˡˣ˵ ˸˪˧ˬ˸˶˥˞ ˡˣ˵ ˸˪˧ˬ .ˡ˥ ˭˲ˣ˞˟ ˡˣ˵ˢ ˸˞ ˥ˮ˰˲˪ ˭˸˧ˮ ˨˩-˧˩˶˰. 

˞˟ˢ ˭ˡˬ˥ˢ ˫˸˧˶ˣˠ˪˞ˢ ˸˶ˤ˰˟ ˭ˢ˪˷ ˭ˬ˲˞ˢ ˡˣ˵ ˸˞ ˫˧ˮˣ˟ ˸ˣ˧ˣ˶˧ˡ˸ˣ ˫˧ˮˬ˧˯ ˪˷ ˢ˴ˣ˟˵ ˭˸ˮ˧ˢ˟: 

1. ˢ˪˰˟ ˸ˣ˞ˢ ˸ˣ˶˧ˡ˸ ˸˞ ˟ˣ˸˩ˣ ˸ˣ˞ ˪˩˪ ˢ˪˰ ˶ˣ˴ 

2. ˢ˶ˣˢ ˞˪˪ ˫˧˸ˬ˴ ˧ˮ˷ ˷˧ ˡˣ˰ ˪˩ 

a. ˶˸ˣ˧˟ ˨ˣˬˮˢ ˨˶˰ˢ ˧˪˰˟ ˫˧˸ˬ˴ ˧ˮ˷ ˶˥˟ 

b.  ˷ˡ˥ ˸ˬˣ˴ ˶ˣ˴˫ˡˣ˵ˢ ˱˧˰˯ˢˬ ˫˧˸ˬ˴ˢ ˪˷ ˫˧˩˶˰ˢ ˫ˣ˩˯ ˣ˟ˣ 

c.  ˫˧˸ˬ˴ˢ ˧ˮ˷˪ ˷ˡ˥ˢ ˸ˬˣ˴ˢ ˸˞ ˶˟˥˧˧˪˞ˬ˧ˮ˧ˬˢ˫ 

˸ˣ˞ ˪˩ ˪˷ ˡˣˡ˧˵ˢ ˸˞ ˪˟˵˪ ˭˸˧ˮ ˣ˸ˣ˰˴ˬ˞˟˷ ˳˰ ˶˴ˣˮ ˫˸˧˶ˣˠ˪˞ˢ ˱ˣ˯˟ . ˢ˪˰˪ ˷˶ˣ˷ˢˬ ˪ˣ˪˯ˬ˟ ˫˧˶˟ˣ˰

˸ˣ˞ˢ ˸˞ ˠ˴˧˧ˬ˷ . ˪˷ ˰˲ˣˬ ˸ˮ˸ˣˮ ˢˮ˧ˬ˧ ˢ˧˧ˮ˲ ˪˩1  ˪˷ ˰˲ˣˬ ˸ˮ˸ˣˮ ˢ˪˞ˬ˷ ˢ˧˧ˮ˲ ˪˩ˣ0. 

 ˭˸˧ˮ˧˪ˬ˧˦˲ˣ˞ ˞˷˧˶ ˡˣ˵ ˭˩˞ ˞ˣˢ ˢˤˢ ˡˣ˵ˢ˷ ˥˧˩ˣˢ˪. 

˸ˣˡ˧˥˧˟ ˰˟˵ˮ ˥˶˩ˢ˟ ˞˪ ˶˥˟ˮ˷ ˫˧˸ˬ˴ˢ ˠˣˤ ˟˪˷ ˪˩˟˷ ˫ˣ˷ˬ ˡ˧˥˧ ˣˮ˧˞ ˭ˬ˲˞ˢ ˡˣ˵˷ ˟˪ ˫˧˷ˮ . ˫˞ ˦˶˲˟

 ˷˧ ˭ˣ˷˞˶ˢ ˟˪˷˟ ˶˟˩ ˤ˞ ˸ˣ˶˧ˡ˸ ˢ˸ˣ˞ ˢ˪˧˥˸˩˪ˬ ˷˧ ˸ˣ˧˸ˣ˞ˢ ˪˩˪ὲὲ 1  ˸ˣ˧˸ˣ˞ ˠˣˤ ˶ˣ˥˟˪ ˫˧˩˶ˡ

˭ˣ˷˞˶. 



 
30  

ˢˬˠˣˡ˪: 

˯ ˸˪˟˦ ˢˮˣ˸ˮ˷ ˥˧ˮˮ˫˧ˮˬ˧: 

Character  Space A E F H I M N S T L O P R U X 

Frequency  7 4 4 3 2 2 2 2 2 2 1 1 1 1 1 1 
 

˪˷ˬ˪ ˪ˣ˩˧ ˤ˞ ˞˟ˢ ˡˣˡ˧˵ˢ ˳˰ ˪˟˵˸ˢ˪: 

 

 ˱˞ ˪˰ˣ˧˪˞ˬ˧˦˲ˣ˞ˢ ˸ˢˤˢ ˡˣ˵ˢ ˪˷ ,ˣ˶˯˥ ˢˬ˩ ˣ˪ ˷˧˰ˮˣˬ˷ ˭  ˡˣ˞ˬ ˢ˟˶ˢ ˷˧˷ ˢ˶˵ˬ˪ ˫˧˞˸ˬ ˸ˣ˧ˢ˪ ˣˮˬˬ

ˡˡˣ˵˪ ˫˧ˮˬ˧˯ .ˣˮ˷ ˧ˡ˩ ˥ˮ˰˲˪ ˪˩ ˳˰˟ ˶ˣ˟˰˪ ˷˧ ˡˣ˵ ˸˪˧ˬ ˪˩˪ˣ ˳˰ˢ ˸˞ ˶ˣˬ˷˪ ˨˶ˣ˴ ˷˧ ˡˡˣ˵ˬˢ ˰ˡ˧ˬˢ ˸˞

ˢ˪˰˪ ˡ˰ ˰˧ˠˬˣ ˷˶ˣ˷ˢˬ ˶˟ˣ˰˷ ˪ˣ˪˯ˬ˟ . ˭ˣ˶˩˧ˤ˟ ˯ˮ˩˧˧ ˣ˪ˣ˩ ˳˰ˢ˷ ˡˣ˞ˬ ˧˞ˡ˩ ˪˧˰˧ ˢ˧ˢ˧ ˢˤˢ ˨˧˪ˢ˸ˢ˷ ˧ˡ˩

˧˷˞˶ˢ . ˸˧˸ˣ˰ˬ˷ˬ ˦˞˧ ˢˤˣ ˵˧˲˯˧ ˞˪ ˭ˣ˶˩˧ˤˢ˷ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˡˣ˞ˬ ˢ˪ˣˡˠ ˡˡˣ˵˪ ˷˧˷ ˫˧ˮˬ˧˯ˢ ˸ˣˬ˩ ˫˞ ˪˟˞

 ˸˞˥ˣˮ˰˲ˢ ˸˪ˣ˰˲. 

˫˧˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˧ˡˣ˵ ˞ˣˢ ˣˤ ˢ˧˰˟˪ ˭ˣ˶˸˲ˢ.  ˫˧ˮˬ˧˯ˢ ˸ˬ˧˷˶ ˸˞ ˸˰ˡ˪ ˵˧˲˯ˬ˷ ˞ˣˢ ˡˣ˵ˢ ˧˶ˣ˥˞ˬ ˭ˣ˧˰˶ˢ

˦˯˵˦ ˥ˮ˰˲˪ ˧ˡ˩ ˫ˢ˪˷ ˡˣˡ˧˵ˢ ˧˩˶ˣ˞ˣ .˪˷ ˡˣˡ˧˵ ˳˰ˬ ˫ˣ˵ˬ ˸ˣ˥˲ ˢ˟˶ˢ ˯˲ˣ˸ ˭˟ˣˬ˩ ˢˤ ˰ˡ˧ˬ.˫ 

˫˧ˮ˧˧˲˞ˬ ˢˬ˩ ˷˧ ˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˡˣ˵˪: 

¶  ˫˧˶˲˯ˬ ˭ˢ ˨˶ˣ˞ ˣ˸ˣ˞˟ ˡˣ˵ ˸ˣ˪˧ˬ˫˧˟˵ˣ˰ ˫˧˧˶˞ˮ˧˟ 

¶  ˫˧ˮˬ˧˯ ˧ˮ˷ ˭˸ˮ˧ˢ˟ί,ίᴂ  ˢˣˣ˷ ˡˣˡ˧˵ ˫˰ὧί,ὧίᴂ  ˫˧˧˵˸ˬὧί< ὧίᴂᵾ ί< ίᴂ 

¶  ˪˷ ˸ˤˣ˶˥ˬ ˞˧ˢ ˢˮˣ˷˞˶ˢ ˶˸ˣ˧˟ ˢ˶˴˵ˢ ˡˣ˵ˢ ˸˪˧ˬ0 

¶  ˪˷ ˸ˤˣ˶˥ˬ ˞˧ˢ ˢˮˣ˶˥˞ˢ ˶˸ˣ˧˟ ˢ˩ˣ˶˞ˢ ˡˣ˵ˢ ˸˪˧ˬ1 

¶  ˫˞Ὠ  ˨˶ˣ˞˟ ˢˮˣ˶˥˞ˢ ˡˣ˵ˢ ˸˪˧ˬὭ  ˢ˞˟ˢ ˡˣ˵ˢ ˸˪˧ˬˣὧ  ˨˶ˣ˞˟ ˞˧ˢὮ  ˤ˞ὧ= 2ὮὭὨ+ 1 ) ˶ˬˣ˪˩

˪ ˫˧˲˧˯ˣˬ-Ὠ 1  ˤ˞ˣ˟ ˫˧ˡ˲˶ˬ-Ὦ Ὥ  ˨˶ˣ˞ˢ ˪˟˵˸˧˷ ˨˩ ˫˧˯˲˞Ὦ( 

ˢˬˠˣˡ :ˢ˞˟ˢ ˫˧ˮˬ˧˯ˢ ˸˪˟˦ ˢˮˣ˸ˮ˷ ˥˧ˮˮ: 

Character  A B C D E F G 

Code length  3 2 4 4 2 3 3 
 

˸˧˷˞˶ ,˭ˢ˪˷ ˡˣ˵ˢ ˶ˡˣ˯ˬ ˢ˧ˢ˧ ˣ˟˷ ˶ˡ˯ˢ ˧˲˪ ˫˧ˮˬ˧˯ˢ ˸˞ ˭˧˧ˬˮ . ˸ˣ˞˟ ˶˴˵ ˡˣˡ˧˵ ˫˰ ˸ˣ˧˸ˣ˞ˢ ˧ˮ˲˪

˞ ˧˲˪ ˸ˣˮ˧ˣˬˬ ˸ˣ˧˸ˣ˞ˢ ˨˶˰ ˸ˣˣ˷ ˸ˣ˧˸ˣ˞ ˪˷ ˢ˴ˣ˟˵ ˨ˣ˸˟ˣ ˨ˣ˶˞ ˡˣˡ˧˵ ˫˰ ˸ˣ˧˸ˣ˞"˟: 

¶  ˨˶ˣ˞˟ ˫˧ˮˬ˧˯2 :B,E 

http://upload.wikimedia.org/wikipedia/commons/8/82/Huffman_tree_2.svg
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¶  ˨˶ˣ˞˟ ˫˧ˮˬ˧˯3 :A,F,G 

¶  ˨˶ˣ˞˟ ˫˧ˮˬ˧˯4 :C,D 

 ˤ˞B  ˞ˣˢ ˢ˪˷ ˡˣ˵ˢ ˭˩˪ˣ ˢˮˣ˷˞˶ˢ ˸ˡˡˣ˵ˬˢ ˢ˪˧ˬˢ ˞˧ˢ00 . ˢ˰˧ˠˬ ˢ˧˶˥˞E  ˶˲˯ˬ ˸ˣ˧ˢ˪ ˢ˶ˣˬ˞ ˞˧ˢˣ

 ˪˷ ˟˵ˣ˰ ˧˶˞ˮ˧˟B  ˞ˣˢ ˢ˪˷ ˡˣ˵ˢ ˭˩˪ˣ01 . ˸˰˩A  ˨˶ˣ˞˟ ˞ˣˢ ˢ˪˷ ˡˣˡ˧˵ˢ˷ ˢˮˣ˷˞˶ˢ ˸ˣ˞ˢ ˞˧ˢ3 . ˭˩˪

 ˪˷ ˡˣˡ˧˵˪ ˶˟˥ˮE 1  ˪˟˵ˮˣ10  ˨˶ˣ˞˟ ˡˣˡ˧˵ˢ ˸˞ ˪˟˵ˮ˷ ˡ˰ ˭˧ˬ˧ˬ ˫˧˯˲˞˟ ˡ˲˶ˮ ˸˰˩ˣ3  ˞ˣˢˣ100 . ˭˩˪F 

˰ ˸ˡˡˣ˵ˬ" ˧101 x-G ˰ ˸ˡˡˣ˵ˬ" ˧110 . ˶ˣ˟˰C  ˱˧˯ˣˮ1 ˪-110  ˪˟˵ˮˣ111 . ˪˟˵ˮˣ ˡ˲˶ˮ ˸˰˩1110 , ˱ˣ˯˟˪ˣ

 ˪˷ ˡˣˡ˧˵ˢD  ˞ˣˢ1111. 

˨˟ˣ˯ˬ ˞˪ ˞ˣˢ ˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˡˣ˵ ˪˷ ˥ˣˮ˰˲ˢ .˫ˢ˪˷ ˡˣˡ˧˵ˢ ˧˩˶ˣ˞ˣ ˫˧ˮˬ˧˯ ˪˷ ˢ˪˟˦ ˣˮ˪ ˢˮˣ˸ˮ .˟ ˭ˬ˯ˮ-

ὰ1,ȣ,ὰὲ ˧ˮˣˮ˵ˢ ˡˣ˵˟ ˡˣ˵ˢ ˸ˣ˪˧ˬ ˧˩˶ˣ˞ ˸˞ .˭ˬ˯ˮ: 

¶ ὧὭ ˞˧ˢ ˵ˢ˷ ˭ˣ˷˞˶ˢ ˭ˬ˧˯ˢ ˪˷ ˡˣ˵ˢ ˸˪˧ˬ ˨˶ˣ˞˟ ˣ˪˷ ˡˣˡ˧ὰὭ ) ˡˣˡ˧˵˟ ˧˪ˬ˧ˮ˧ˬˢ ˧˶˞ˮ˧˟ˢ ˶˲˯ˬˢ ˢˤ

 ˨˶ˣ˞˟ὰὭ( 

¶ ὲὭ  ˨˶ˣ˞˟ ˡˣ˵ˢ ˸ˣ˪˧ˬ ˶˲˯ˬ ˞ˣˢὰὭ 

˧˵ˢ ˧˩˶ˣ˞ ˧˟ˠ˪ ˣˮ˪ ˷˧˷ ˰ˡ˧ˬˢ ˭˸ˮ˧ˢ˟ ˟˷˥˪ ˪˵ ˢ˪˞ ˧ˮ˷ ˸˞ˡ˫˧ˡˣ. ˞˟ˢ ˫˸˧˶ˣˠ˪˞ˢ ˧˲˪ ˪˰˲ˮ ˸˰˩: 

1. ˪ ˩ ˞ˣ˶˵˪ ˫˧ˮˬ˧˯ ˷˧ ˡˣ˰: 

a.  ˪˥˸˞ˮὭ= 0 

b. ˪˰ ˶ˣˤ˥: 

i. i = i + 1 

ii.  ˧ˢ˸Ὠ ˰ ˸˪˟˵˸ˬˢ ˢ˪˧ˬˢ" ˸˞˧˶˵ ˧ὰὭ ˫˧ˮˬ˧˯ 

˷ ˡ˰-Ὠ ὧὭ+ ὲὭ 1   )ὧὭ+ ὲὭ 1  ˨˶ˣ˞˟ ˸˧˪ˬ˧˯˵ˬˢ ˡˣ˵ˢ ˸˪˧ˬ ˞˧ˢὰὭ . ˫˞Ὠ  

˸˧˵ˣ˥ ˡˣ˵ ˸˪˧ˬ ˸ˣ˧ˢ˪ ˢ˪ˣ˩˧ ˞˪ ˞˧ˢ ˣˤ ˡˣ˵ ˸˪˧ˬˬ ˢ˪ˣˡˠ. 

˭ˢ ˭ˣ˸ˮ ˨˶ˣ˞˟ ˡˣ˵ˢ ˸ˣ˪˧ˬ˷ ˪˪ˠ˟ ˤ˞ ˫˧˧˵˸ˬ ˧˞ˮ˸ˢ ˣ˪˧˞ˣ 

 ˣˤ˷ ˰˟ˣˮ ˫˧˟˵ˣ˰ ˫˧˧˶˞ˮ˧˟ ˫˧˶˲˯ˬˡˣ˵ ˸˪˧ˬ ˥˶˩ˢ˟ .˶˥˞ˬ 

˸˶˥˞ ˡˣ˵ ˸˪˧ˬ ˪˷ ˞˷˧˶ ˞ˣˢ˷ ˡˣ˵ ˸˪˧ˬ ˭˧˞˷ ,Ὠ ˞˧ˢ 

˫˧˷˲˥ˬ ˣˮ˥ˮ˞˷ ˡˣ˵ˢ ˸˪˧ˬ ˥˶˩ˢ˟(. 

c. ˢ ˭ˬ˧˯ˢ ˸˞ ˶ˤ˥ˢ-Ὠ ὧὭ+ 1  ˨˶ˣ˞˟ὰὭ ˞ˢ ˶ˡ˯ ˧˲˪"˟ 

ˢˬˠˣˡ :˸ˬˡˣ˵ˢ ˢˬˠˣˡˢˬ ˢ˪˟˦ˢ ˫˰ , ˸˞ ˥ˮ˰˲ˮ10001110. 

¶ ˪ˣ˥˸˞ :Ὥ= 0 

¶ ˢˮˣ˷˞˶ ˢ˧˴˶˦˧˞ :Ὥ= 1  ˤ˞ˣὰ1 = 2,Ὠ= 10,ὧ1 = 00,ὲ1 = 2 . ˭˩˪ὧ1 + ὲ1 1 = 0 + 2 1 =

1  ˫˧˧˵˸ˬ ˞˪ˣ2 = Ὠ 1 .˪ ˫˧˩˧˷ˬˬ ˭˩˪- 

¶ ˮ˷ ˢ˧˴˶˦˧˞˧s˧ :Ὥ= 2  ˤ˞ˣὰ2 = 3,Ὠ= 100,ὧ2 = 100,ὲ2 = 3 . ˭˩˪ὧ2 + ὲ2 1 = 4 + 3 1 =

6  ˫˧˧˵˸ˬˣ4 = Ὠ 6 ˢ ˭ˬ˧˯ˢ ˸˞ ˫˧˶˧ˤ˥ˬˣ ˢ˞˟ˢ ˢ˧˴˶˦˧˞˪ ˫˧˩˧˷ˬˬ ˞˪ ˭˩˪ˣ-4 4 + 1 = 1 

 ˨˶ˣ˞˟3  ˞ˣˢ˷A. 

 ˸˞ ˥ˮ˰˲˪ ˶˸ˣˮ01110 .˟ˣ˷: 

¶ ˪ˣ˥˸˞ :Ὥ= 0 

¶ ˢˮˣ˷˞˶ ˢ˧˴˶˦˧˞ :Ὥ= 1  ˤ˞ˣὰ1 = 4,Ὠ= 1110,ὧ1 = 111,ὲ1 = 2 . ˭˩˪ὧ3 + ὲ3 1 = 7 + 2

1 = 8  ˫˧˧˵˸ˬ ˭˩˞ˣ1 = Ὠ 8 .ˢ ˭ˬ˧˯ˢ ˸˞ ˫˧˶˧ˤ˥ˬˣ ˢ˞˟ˢ ˢ˧˴˶˦˧˞˪ ˫˧˩˧˷ˬˬ ˞˪ ˭˩˪-

1 0 + 1 = 2  ˨˶ˣ˞˟2  ˞ˣˢ˷E. 
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 ˸˞ ˥ˮ˰˲˪ ˶˸ˣˮ110 .˫ˡˣ˵ ˣˬ˩: 

¶ ˪ˣ˥˸˞ :Ὥ= 0 

¶ ˢˮˣ˷˞˶ ˢ˧˴˶˦˧˞ :Ὥ= 1  ˤ˞ˣὰ1 = 2,Ὠ= 11,ὧ1 = 00,ὲ1 = 2 . ˭˩˪ὧ1 + ὲ1 1 = 0 + 2 1 =

1  ˫˧˧˵˸ˬ ˞˪ˣ3 = Ὠ 1 .˪ ˫˧˩˧˷ˬˬ ˭˩˪- 

¶ ˢ˧˧ˮ˷ ˢ˧˴˶˦˧˞ :Ὥ= 2  ˤ˞ˣὰ2 = 3,Ὠ= 110,ὧ2 = 100,ὲ2 = 3 . ˭˩˪ὧ2 + ὲ2 1 = 4 + 3 1 =

6  ˫˧˧˵˸ˬ ˭˩˞ˣ6 = Ὠ 6 ˢ ˭ˬ˧˯ˢ ˸˞ ˫˧˶˧ˤ˥ˬˣ ˢ˞˟ˢ ˢ˧˴˶˦˧˞˪ ˫˧˩˧˷ˬˬ ˞˪ ˭˩˪-6 4 + 1 =

3  ˨˶ˣ˞˟3  ˞ˣˢ˷G. 

ˢ˯" ˪˷ ˥ˣˮ˰˲ˢ˷ ˣˮ˪˟˧˵ ˩10001110  ˞ˣˢAEG. ˫ˡˣ˵ ˣˮ˟˷˧˥˷ ˡˣ˵˪ ˫˞ˣ˸ ˭˩˞ ˢˤ. 

˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˡˣ˵ ˥ˮ˰˲˪ˣ ˡˡˣ˵˪ ˣˮˡˬ˪ ˤ˞ .˫˧ˡˣˡ˧˵ˢ ˧˩˶ˣ˞ ˸˞ ˸˰ˡ˪ ˫˧˩˧˶˴ ˣˮ˥ˮ˞ ˸˞ˤ ˸ˣ˷˰˪ ˧ˡ˩ ˪˟˞ . ˞˪

˧ˮˣˮ˵ ˭ˬ˲˞ˢ ˡˣ˵ ˞ˣ˴˧˧˪ ˫˧˞˸˧ ˶˥˟ˮ˷ ˧˸ˣ˶˧˶˷ ˫˧˩˶ˣ˞ ˱˯ˣ˞ ˪˩ .ˢˮˣ˩ˮ ˢ˶ˣ˴˟ ˫˧˩˶ˣ˞ ˶ˣ˥˟˪ ˧ˡ˩  ˫˧˶˴˧˧ˬ

ˡ˟"ˣˮˬˬ ˣ˪˟˵˸ˢ˷ ˫˧˩˶ˣ˞˟ ˫˧˷ˬ˸˷ˬ ˤ˞ˣ ˣˢ˷˪˩ ˭ˬ˲˞ˢ ˡˣ˵ ˩. 

˞ˢ ˡˣ˵ˬ˲ ˸ˣ˧ˢ˪ ˟˧˧˥ ˭ˬ˧˯ ˪˩ ˞˶˲˟ˣ ˡ˶˲ˮ ˭ˬ˧˯ ˪˩ ˡˡˣ˵ˬ ˞ˣˢ˷ ˶˥˞ˬ ˭ˣˮ˷ ˪˷ ˫˯˥ˢ ˸˞ ˷ˬˬ˪ ˪ˣ˩˧ ˞˪ ˭

˰ ˡˡˣ˵ˬ" ˫˧˦˧˟ ˪˷ ˫˪˷ ˶˲˯ˬ ˧) ˸ˣ˥˲ˢ ˪˩˪ ˞ˣˢ ˫˧˦˧˟ˢ ˶˲˯ˬ ˦˶˲˟1.(  ˷˧ ˶˷˞˩ ˪˧˰˧ ˞˪ ˸ˣ˧ˢ˪ ˪ˣ˩˧ ˢˤ

ˡ˥ˣ˧ˬ ˭˲ˣ˞˟ ˫˧˶˧ˡˮ ˣ˞ ˫˧˴ˣ˲ˮ ˫˧ˮˬ˧˯ .˪˷ˬ˪ ,˷ ˥˧ˮˮ-ὴὃ= 0.99 x-ὴὄ= 0.01 . ˪˷ ˡˣˡ˧˵ˢ ˤ˞A  ˥˧ˮˮ ˢ˧ˢ˧

0  ˪˷ ˡˣˡ˧˵ˢˣB  ˢ˧ˢ˧1 . ˸ˣ˥˲˪ ˨˧˶˴˷ ˶ˬˣ˞ ˭ˣˮ˷ ˪˷ ˫˯˥ˢ ˣ˪˧˞ˣlog0.99 0.015  ˭ˬ˧˯ ˪˩˪A ... ˶ˬˣ˪˩

ˡ˥˞ ˦˧˟ ˶˷˞ˬ ˸ˣ˥˲ ˢ˟˶ˢ ˵˧˲˯ˬ! 

˪˩˟ ˸˞ˤ ,˰ ˫ˣ˯˥˪ ˭˸˧ˮ ˭ˬ˲˞ˢ ˡˣ˵ ˪˷ ˸ˣ˪˧˰˧ˢ ˶˯ˣ˥ ˸˞" ˧ὴίά + log
2 log Ὡ

Ὡ
ὴίά + 0.086 1.086 

 ˶˷˞˩ίά ˶˸ˣ˧˟ ˳ˣ˲ˮˢ ˭ˬ˧˯ˢ. 

˧˦ˬ˸˧˶˞ ˡˣˡ˧˵ 

ˡ˥˧˟ ˫˧ˮˬ˧˯ ˢˬ˩ ˡˡˣ˵˪ ˨˶˦˴ˮ ˭ˣˮ˷ ˪˷ ˫˯˥˪ ˶˸ˣ˧ ˟ˣ˶˵ ˰˧ˠˢ˪ ˧ˡ˩ . ˪˷ ˢ˴ˣ˟˵ ˪˟˵ˬ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵

 ˫˧ˮˬ˧˯˰ ˫˸ˣ˞ ˡˡˣ˵ˬˣ ˸ˣ˧ˣ˶˧ˡ˸ ˫ ˶˲˯ˬ ˸ˣ˰˴ˬ˞˟)˧˶˞ˮ˧˟ (˟-0,1. 

˞˟ˢ ˭˲ˣ˞˟ ˪˰ˣ˲ ˫˸˧˶ˣˠ˪˞ˢ: 

ArithmeticEncoding( ί1,ȣ,ίὲ) 

1. low = 0  

2. high = 1  

3. for i = 1 to n do  

a. (low, high) = Restrict(low, high, ίὭ) 

4. Return any number in (low, high)  

Restrict(low, high, ίὭ) 

1. low_bound = В ὴίίɴὛ
ί<ίὭ

 

2. high_bound = low_bound + ὴίὭ 

3. range = hi gh  ð low  

4. new_low = low + range*low_bound  

5. new_high = low + range*high_bound  
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6. return (new_low, new - high)  

 ˢ˶ˣˡ˴ˣ˶˲ˢ˷ ˢˬrestrict  ˪˷ ˸ˣ˶˟˸˯ˢ˪ ˫˧˞˸ˬ˷ ˧˯˥˧ˢ ˵˪˥ˢ ˸˞ ˭ˣ˸ˮˢ ˰˦˵ˬˢˬ ˞˧˴ˣˢ˪ ˞ˣˢ ˢ˷ˣ˰ίὭ. 

˫˰ ˫˸˧˶ˣˠ˪˞ˢ ˸˞ ˫˧ˠˡˮ ˧˶˞ˮ˧˟ ˠˣ˴˧˧˟ ˫˧˟ˣ˷˧˥ˢ ˪˩ ˸˞ ˰˴˟˪ ˷˧ ˢ˷˰ˬ˪ ˨˞ ˧ˮˣ˶˷˰ ˠˣ˴˧˧.  ˷˧˷ ˥˧ˮˮ

˫˧ˮˬ˧˯ ˢ˷ˣ˪˷: 

Character  A B C 

Frequency  0.2  0.3  0.5  

 ˸˞ ˡˡˣ˵ˮACCB. 

¶  ˞˧ˢ ˢˮˣ˷˞˶ˢ ˸ˣ˞ˢA  ˢ˸ˣ˶˟˸˯ˢ˷0.2 ˪ ˣˮ˪˷ ˫ˣ˥˸ˢ ˸˞ ˸ˬ˴ˬ˴ˬ ˞˧ˢ ˭˩˪ˣ-0,0.2. 

¶  ˞˧ˢ ˢ˧˧ˮ˷ˢ ˸ˣ˞ˢC  ˢ˸ˣ˶˟˸˯ˢ˷0.5 . ˪˟˵˸ˬˣ ˰˦˵ˢ ˪˷ ˧ˮˬ˧ˢ ˧˴˥˪ ˣˮ˸ˣ˞ ˫˴ˬ˴ˬ ˦ˣ˷˲ ˢˤ

0.1,0.2. 

¶  ˢ˰˧ˠˬ ˟ˣ˷ ˸˰˩C . ˫˧˪˟˵ˬˣ ˰ˣ˦˵ˢ ˪˷ ˧ˮˬ˧ˢ ˧˴˥˪ ˫˧ˬ˴ˬ˦˴ˬ ˣˮ˥ˮ˞ ˟ˣ˷0.15,0.2 

¶  ˢ˰˧ˠˬ ˱ˣ˯˟˪B  ˢ˸ˣ˶˟˸˯ˢ˷0.3 . ˨˶ˣ˞˟ ˫˧ˣˣ˷ ˫˧˰˦˵ ˢ˶˷˰˪ ˣˮ˪˷ ˰˦˵ˢ ˸˞ ˵˪˥ˮ0.005 . ˤ˞B 

˨˶ˣ˞˟ ˧ˤ˩˶ˬ ˰˦˵˪ ˣˮ˸ˣ˞ ˸ˬ˴ˬ˴ˬ 0.015 ˟ ˪˧˥˸ˬ ˶˷˞-0.15 + 2ẗ0.005 = 0.16 . ˰˦˵ˢ ˤ˞

 ˞ˣˢ ˧˲ˣ˯ˢ0.16,0.175. 

 ˪˷ ˡˣ˵ˢACCB ˧˲ˣ˯ˢ ˰˦˵˟ ˶˲˯ˬ ˪˩ ˸ˣ˧ˢ˪ ˪ˣ˩˧ .˪˷ˬ˪ ,0.17. 

˫˧ˡˡˣ˵ˬˢ ˫˧ˣˣ˸ˢ ˶˲˯ˬ ˸˞ ˸˰ˡ˪ ˷˧ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵ ˥ˮ˰˲˪ ˧ˡ˩ . ˶˲˯ˬ ˭˸ˮ˧ˢ˟˷ ˞ˣˢ ˭ˣ˧˰˶ˢὯᶰ 0,1 

ˢˤˢ ˶˲˯ˬ˪ ˣˮ˸ˣ˞ ˞˧˟ˢ˪ ˣ˪˩˧˷ ˫˧ˮˮˣ˵ˬˢ ˫˧˰˦˵ˢ ˱˴˶ ˸˞ ˷˲˥ˮ . ˡ˥˞˪ ˫˧ˬ˴ˬ˦˴ˬ ˫˰˲ ˪˩˟˷ ˶˥˞ˬ

 ˢˤˢ ˱˴˶ˢ ˫˧˶ˤ ˫˧˰˦˵ ˢˬ˩ˬ)˫˧˧˵ ˫˞ (ˡˣ˵ˢ ˪˷ ˥ˣˮ˰˲ˢ ˸˞ ˢˣˣˢˬ ˞ˣˢˣ ˡ˧˥˧ ˞ˣˢ. 

ArithmeticDecoding(k,n)  

1. low = 0  

2. high = 1  

3. for i = 1 to n do  

a. for each ίɴ Ὓ do  

i. (new_low, new_high)  = Restrict(low, high, ί) 

ii . If new_low  k <  new_high then  

1. Output ί 

2. low = new_low  

3. high = new_high  

4. break  

ˢˬˠˣˡ : ˡˣ˵ˢ ˸˪˧ˬ ˢˮˣ˸ˮ0.34  ˨˶ˣ˞˟ ˢ˪˧ˬ ˸ˡˡˣ˵ˬ ˶˷˞3. 

ˢˤˢ ˟˴ˬ˪ ˣˮ˸ˣ˞ ˞˧˟ˢ˪ ˢ˪˩˧ ˸ˣ˧˸ˣ˞ˢˬ ˣ˪˧˞ ˧˸˶ˡ˧˯ ˭˲ˣ˞˟ ˵ˣˡ˟ˮ ˦ˣ˷˲ . 
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¶ ˢ ˸ˣ˧˸ˣ˞ˢ ˡˣˡ˧˵˟ ˢˮˣ˷˞˶ˢ ˢ˧˴˶˦˧˞˟ ˸˞ ˸ˣ˵˪˥ˬ ˸ˣˮˣ˷0,1  ˫˧˰˦˵˪

0,0.2 , 0.2,0.5 , 0.5,1 . ˥˶˩ˢ˟ ˢ˸˧˧ˢ ˢˮˣ˷˞˶ˢ ˸ˣ˞˟ ˭˩˪ˣ ˧˰˴ˬ˞ˢ ˰˦˵˟ ˸˞˴ˬˮ ˡˣ˵ˢ ˸˪˧ˬ

B. 

¶ ˞ ˟ ˰˦˵ˢ ˢ˧˧ˮ˷ˢ ˢ˧˴˶˦˧0.2,0.5  ˫˧˰˦˵˪ ˵˪˥˸ˢ0.2,0.26 , 0.26,0.35 , 0.35,0.5 . ˸˪˧ˬ

 ˥˶˩ˢ˟ ˢ˸˧˧ˢ ˢ˧˧ˮ˷ˢ ˸ˣ˞ˢ ˫ˠ ˭˩˪ˣ ˧˰˴ˬ˞ˢ ˰˦˵˟ ˸˞˴ˬˮ ˟ˣ˷ ˡˣ˵ˢB. 

¶  ˰˦˵ˢ ˸˧˷˧˪˷ˢ ˢ˧˴˶˦˧˞˟0.26,0.35  ˫˧˰˦˵˪ ˵˪˥˸ˬ

0.26,0.278 , 0.278,0.305 , 0.305,0.35 . ˸ˣ˞ˢ ˭˩˪ˣ ˭ˣ˶˥˞ˢ ˰˦˵ˬ˟ ˸˞˴ˬˮ ˡˣ˵ˢ ˸˪˧ˬ

 ˞˧ˢ ˢ˟ ˫˧ˮ˧˧ˮˣ˰ˬ ˣˮ˥ˮ˞˷ ˢˮˣ˶˥˞ˢC. 

˫ˣ˩˧˯˪ ,ˣˤ ˢ˦˧˷˟ ˶˴ˣˮ ˡˣˡ˧˵ˢ ˨˶ˣ˞ ˣˢˬ ˟˷˥ˮ . ˪ˡˣˠ˟ ˰˦˵˟ ˶˲˯ˬ ˶ˣˬ˷˪ ˧ˡ˩ὬὭὫὬ ὰέύ  ˨˧˶˴

ɀlog ὬὭὫὬ ὰέύ ˫˧˦˧˟ . ˞ˣˢ ˧˲ˣ˯ˢ ˰˦˵ˢ ˪˷ ˪ˡˣˠˢ ˣˮ˪˷ ˢ˶˵ˬ˟ɩὭ= 1
ὲ ὴίὭ  ˰˦˵˟ ˶˲˯ˬ ˶ˣˬ˷˪ ˧ˡ˩ ˭˩˪ˣ

 ˨˧˶˴ ˡˣˡ˧˵ˢ ˸˞ ˢˣˣˢˬ ˶˷˞ ˢˤɀlogɩὭ= 1
ὲ ὴίὭ= В logὴίὭ

ὲ
Ὥ= 1 .˭ˣˮ˷ ˪˷ ˫˯˥˪ ˟ˣ˶˵ ˶˸ˣ˧ ˶˟˩ ˢˤ... 

˧˟˧˦˲ˡ˞ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵ 

 ˪˩ ˪˷ ˰˲ˣˬˢ ˸ˣ˶˟˸˯ˢ ˸˞ ˸˰ˡ˪ ˨˧˶˴ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵ˢˣ˸ .˶ˣˬ˷˪ˣ ˟˷˥˪ ˨˧˶˴ ˢ˪˞ˢ ˸ˣ˧ˣ˶˟˸˯ˢˢ ˸˞ ,

˫ˣ˵ˬˣ ˭ˬˤ ˤ˟ˤ˟ˬ˷ ˢˬ .˭˩ ˪˰ ˶˸˧ ,˦˯˵˦ˢ ˨˶ˣ˞˪ ˸ˣˮ˸˷ˢ˪ ˸ˣ˪ˣ˩˧ ˸ˣ˧ˣ˶˟˸˯ˢˢ . ˣˮ˸ˮ ˞˪ ˪˪˩ ˢˤ˩ ˟˴ˬ˪

ˢ˩ ˡ˰ ˢˮ˰ˬ. 

ˣ˶˟˸˯ˢˢ ˸˞ ˫˧˟˷˥ˬ ˥ˣˮ˰˲ˢ ˸˰˟ˣ ˡˣˡ˧˵ˢ ˸˰ˢ ˧˟˧˦˲ˡ˞ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵˟ ˸ˣ˧on- the - fly  ˪˩˩

˦˯˵˦˟ ˫˧ˬˡ˵˸ˬ˷ .˰ ˰˴˟˸ˬ ˟ˣ˷˧˥ˢ"˫˧ˣˣ˸ˢ ˧˰˲ˣˬ ˸˶˧˲˯ ˧. 

˞˟ˢ ˭˲ˣ˞ ˢ˷˰ˮ ˟ˣ˷˧˥ˢ ˡˣˡ˧˵ˢ ˨˪ˢˬ˟ : ˫˧ˮˣ˷ˢ ˫˧ˣˣ˸ˢˬ ˡ˥˞ ˪˩˪ ˡˣˡ˧˵ˢ ˸˪˧˥˸ ˧ˮ˲˪ὥ1,ȣ,ὥά  ˷˧

 ˢˢˤ ˸ˣ˶˟˸˯ˢ
1

ά
 .ˢ˯ ˣˮ˞˶˵˷ ˥˧ˮˮ ˸˰˩" ˩ὲ  ˣ˸ ˪˩˪ˣ ˫˧ˣˣ˸ὥὭ  ˸ˣ˶˟˸˯ˢ ˢ˩ ˡ˰ ˣˮ˪˟˧˵ὴὭ=

ὪὭ

ὲ
 .ˢ ˣ˸ˢ ˫˞-

ὲ+ 1  ˞ˣˢ ˞˶˵ˮˢὥὮ  ˭˩ˡ˰ˮ ˤ˞ὴὮ=
ὪὮ+ 1

ὲ+ 1
 x-ὴὭ=

ὪὭ

ὲ+ 1
  ˪˩˪Ὥ Ὦ.  ˟˪˷ ˪˩˟ ˸ˣ˷ˬ˷ˬ ˢ˪˞ˢ ˸ˣ˧ˣ˶˟˸˯ˢˢ

˪˧ˠ˶ˢ ˧˦ˬ˸˧˶˞ˢ ˡˣˡ˧˵˟ ˣˬ˩ ˵ˣ˧ˡ˟ ˣ˟ ˫˧˞˴ˬˮ ˣˮ˥ˮ˞˷ ˰˦˵ˢ ˸˵ˣ˪˥˪. 

ˢˬˠˣˡ˪ , ˸˞ ˡˡˣ˵ˮbccb ˞ˢ ˨ˣ˸ˬ ˥ˣ˵˪˷" ˟{a,b,c}: 

¶ ˣ˞ˢˬ ˸˥˞ ˪˩ ˪˷ ˸ˣ˶˟˸˯ˢˢ ˭ˣ˷˞˶ˢ ˟˪˷˟ ˞˧ˢ ˸ˣ˧˸
1

3
 . ˸˞ ˫˧˞˶ˣ˵ ˶˷˞˩ ˭˩˪b  ˣˮ˥ˮ˞ ˢˮˣ˷˞˶ˢ

 ˰˦˵˪ ˫˴ˬ˦˴ˢ˪ ˫˧˩˧˶˴
1

3
,
2

3
. 

¶  ˪˷ ˡ˥˞ ˰˲ˣˬ ˣˮ˞˶˵˷ ˶˥˞ˬ ˸˰˩b  ˸ˣ˧ˢ˪ ˸ˣˮ˩ˡ˰˸ˬ ˸ˣ˧ˣ˶˟˸˯ˢˢὴὥ=
1

4
,ὴὦ=

2

4
,ὴὧ=

1

4
 

) ˭˧˧ˡ˰ ˞ˣˢ ˸ˣ˶˟˸˯ˢˢ ˫ˣ˩˯˷ ˟˪ ˫˧˷ˮ1 .( ˢ˞˟ˢ ˸ˣ˞ˢ ˸˞ ˞˶˵ˮ ˶˷˞˩ ˭˩˪c  ˫˴ˬ˦˴ˢ˪ ˨˶˦˴ˮ

ˣˮ˪˷ ˰˦˵ˢ ˪˷ ˭ˣ˶˥˞ˢ ˰˟˶˪ ,˪ ˶ˬˣ˪˩-
7

12
,
2

3
. 

¶  ˸˞ ˣˮ˞˶˵˷ ˧˶˥˞c  ˸ˣ˧ˢ˪ ˸ˣˮ˩ˡ˰˸ˬ ˸ˣ˧ˣ˶˟˸˯ˢˢὴὥ=
1

5
,ὴὦ=

2

5
,ὴὧ=

2

5
 . ˡˣ˰ ˫˧˞˶ˣ˵˷ ˪˪ˠ˟ˣc 

˪ ˫˴ˬ˦˴ˢ˪ ˨˧˶˴ ˫˰˲ˢ-
2

5
 ˣˮ˪˷ ˰˦˵ˢ ˱ˣ˯ˬ .˪ ˫˴ˬ˦˴ˮ ˭˩˪-

19

30
,
2

3
. 

¶  ˸ˣ˧ˢ˪ ˸ˣˮ˩ˡ˰˸ˬ ˸ˣ˧ˣ˶˟˸˯ˢˢὴὥ=
1

6
,ὴὦ=

2

6
,ὴὧ=

3

6
  ˸˞˧˶˵ ˧˶˥˞ ˭˩˪ˣb  ˰˦˵˪ ˱ˣ˯˟˪ ˫˴ˬ˦˴ˮ

23

36
,
13

20
 . ˡˣˡ˧˵ˢˢˤˢ ˥ˣˣ˦˟ ˣˢ˷˪˩ ˶˲˯ˬ ˢ˧ˢ˧ ˧˲ˣ˯ˢ , ˪˷ˬ˪0.64. 

 ˣˬ˩ ˢ˷˰ˮ ˸ˣ˧ˣ˶˟˸˯ˢˢ ˭ˣ˩ˡ˰ˣ ˪˧ˠ˶ ˧˦ˬ˸˧˶˞ ˡˣˡ˧˵ ˪˷ ˥ˣˮ˰˲˟ ˣˬ˩ ˭˲ˣ˞ ˣ˸ˣ˞˟ ˵ˣ˧ˡ˟ ˢ˷˰ˮ ˥ˣˮ˰˲ˢ

ˢ˪˰ˬ˪ ˣˮ˶˞˧˸˷ .˸˧˶˷˲˞ˢ ˢ˞˟ˢ ˸ˣ˞ˢ ˧ˢˬ ˫˧˵ˡˣ˯ ˟˪˷ ˪˩˟ ˦ˣ˷˲ .˪˷ ˪˩˷ ˶˥˞ˬ ˰˦˵ˢ ˸˞ ˵˪˥ˬ ˟

˸˸-ˢˮˣ˩ˮ ˸˥˞ ˸ˣ˶˷˲˞ ˵˶ ˷˧ ˫˧˶ˤ ˫˧˰˦˵. 
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˸˷˶ˢ ˢˮ˟ˬ ˸˶˧ˬ˷ 

 ˸˷˶ˢ ˢˮ˟ˬ˪ ˸ˣ˶ˣ˷˵˷ ˸ˣ˸˪˧˞˷ ˸˞ ˪˧˰˧ ˭˲ˣ˞˟ ˸ˣˮ˰˪ ˶˷˲˞˧˷ ˫˧ˮˣ˸ˮ ˢˮ˟ˬ ˭ˮ˩˸˪ ˫˧˴ˣ˶ ˣˮ˧˧ˢï  ˢˤ˧˞

˭ˣ˸ˮ ˶˸˞ ˰˧˟˴ˬ ˫˧˶˸˞ ˢˤ˧˞˪ˣ ˭ˣ˸ˮ ˶˸˞˪ ˫˧˰˧˟˴ˬ ˫˧˶˸˞. ˫˧˷ˣˬ˧˷ ˢˬ˩ ˸ˣ˧ˢ˪ ˫˧˪ˣ˩˧ ˸˞ˤ˩ ˸˪ˣ˩˧˪ .

˪˷ˬ˪,  ˪ˣˢ˧ˮcrawling ,˦ˮ˶˦ˮ˧˞ˢ ˱˶ˠ ˥ˣ˸˧ˮ ,ˡˣ˰ˣ ˫˧˶ˣ˷˧˵ ˪˷ ˥ˣ˸˧ˮ . ˷ˬ˷˪ ˪ˣ˩˧ ˫ˠ ˢˤ˷ ˢ˞˶ˮ ˨˷ˬˢ˟

˞˸˪˧˞˷ ˸ˣ˞˴ˣ˸ ˪˷ ˠˣ˶˧ˡ ˸˰˧˟˵˪ ˣˮ˸ˣ˞. 

 ˶ˬ˞ˬˢ ˸˞ ˡˬ˪ˮ ˣˮ˥ˮ˞The Webgraph Framework I: Compression Techniques  ˪˷Boldi x-

Vigna . ˪˷ ˸ˣ˧ˣˮ˩˷ ˸ˬ˧˷˶ ˶ˣˬ˷˪ ˢ˸˧˧ˢ ˫ˢ˪˷ ˢ˶˦ˬˢ˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˟ ˦ˮ˶˦ˮ˧˞ˢ ˱˶ˠ˟ ˫˧˸ˬ˴ˢ .

ˢˤ ˶˷˵ˢ˟ ˸˧˦˧˶˵ ˞˧ˢ ˢ˪˧˰˧ ˢ˯˧˥ˡ ˭˩˪ˣ ˡˣ˞ˬ ˸ˣ˩ˣ˶˞ ˸ˣ˧ˢ˪ ˸ˣ˪ˣ˩˧ ˢ˪˞ˢ ˸ˣˬ˧˷˶ˢ. 

˫˧ˮ˩˷ˢ ˫˧˸ˬ˴ˢ ˸ˣˠˣˤ ˪˩ ˪˷ ˢ˩ˣ˶˞ ˢˬ˧˷˶ ˶ˣˬ˷˪ ˭˸˧ˮ ˧˟˧˞ˮ ˭˲ˣ˞˟ . ˪˩ ˫˞URL ˰ ˠ˴ˣ˧ˬ" ˤ˞ ˫˪˷ ˶˲˯ˬ ˧

 ˷˧ ˫˞118M  ˨˶˦˴ˮ ˦ˮ˶˦ˮ˧˞˟ ˫˧˲ˡ27  ˠ˴˧˧˪ ˧ˡ˩ ˫˧˦˧˟ ˪˩URL .˫˧ˮ˩˷ ˠˣˤ ˪˩ ˭˩˪ , ˶ˣ˷˧˵ ˪˩ ˶ˬˣ˪˩

 ˯ˣ˲˸˧54 ˫˧˦˧˟ . ˨˧˶˴˷ ˪˟˵ˮ ˡ˥˞ ˱ˡ˪ ˵˶ ˰˧˟˴ˬ ˱ˡ ˪˩ ˫˞ ˣ˪˧˲˞118ẗ106ẗ54 = 6372ẗ106  ˫˧˦˧˟

˩ ˢ˷˰ˬ˪ ˫ˢ˷-800MB .ˢ˟˶ˢ ˧ˡ ˢˤ .˭˩ ˪˰ ˶˸˧ ,ˡ˟ ˫˧˲ˡ ˧˩ ˶ˣˬ˷˪ ˨˧˶˴˷ ˫˧ˮ˩˷ ˶˸ˣ˧ ˢ˟˶ˢ ˷˧˷ ˶ˣ˶˟" ˩

ˡ˥˞ ˱ˡˬ ˶˸ˣ˧˪ ˫˧˰˧˟˴ˬ. 

ˠˣˤ ˶ˣˬ˷˪ ˫ˣ˵ˬ˟˫˧ˮ˩˷ ˸ˬ˧˷˶ ˱ˡ ˪˩˪ ˶ˣˬ˷˪ ˶˷˲˞ ˸ˣ . ˪˩˪ ˫˧˧ˮ˷ ˧˲ ˳ˣ˥ˮˢ ˭ˣ˶˩˧ˤˢ ˸˞ ˫˴ˬ˴ˬ ˢˤ

˶ˣ˷˧˵ ,˸˰˩ ˸˥˞ ˫˰˲ ˵˶ ˶ˬ˷ˮ ˶ˣ˷˧˵ˢ ˪˷ ˡ˥˞ ˡ˴ ˧˶ˢ˷. 

˰˴ˣˬˬ˟ ˫˧˦˧˟ ˢ˷ˣ˪˷˟ ˷ˣˬ˧˷˟ ˶ˣ˷˧˵ ˶ˣˬ˷˪ ˸˶˷˲˞ˬ ˶ˬ˞ˬ˟ ˸ˠ˴ˣˬ˷ ˢ˦˧˷ˢ! 

˫˧˶ˣ˷˧˵ ˪˷ ˸ˣˮ˧˧ˮ˰ˬ ˸ˣˮˣ˩˸ 

 ˫ˢ˟ ˷ˬ˸˷ˢ˪ ˭˸˧ˮ˷ ˸ˣˮˣ˩˸ ˢˬ˩ ˷˧ ˫˧˶ˣ˷˧˵˪ˢ˶˧ˬ˷ˢ ˭˲ˣ˞ ˸˞ ˪˰˧˧˪ ˧ˡ˩. 

1. ˸ˣ˧˪˞˵ˣ˪ :˸˶˷ˢ ˣ˸ˣ˞˟ ˫˧˲ˡ˪ ˷ˬ˸˷ˬˢ ˸˞ ˫˧˪˧˟ˣˬ ˫˧˶ˣ˷˧˵ˢ ˟ˣ˶ .ˢ ˫˞ ˭˩˪-URL- ˫˧˶ˣˬ˷ ˫˧

˞ ˶ˡ˯ ˧˲˪"˫˧˟ˣ˶˵ ˣ˧ˢ˧ ˢ˶˦ˬˢˣ ˶ˣ˵ˬˢ ˪˷ ˯˵ˡˮ˧˞ˢ ˤ˞ ˟. 

2. ˭ˣ˧ˬˡ :˪-URL-˫˧˲˸ˣ˷ˬ ˫˧˟˵ˣ˰ ˢ˟˶ˢ ˷˧ ˸˧˲˶ˠˣ˵˧˯˵˪ ˫˧ˬˣˡ ˶˷˞ ˫˧. 

3. ˸ˣ˲˧˴˶ :˪˷ ˫˧˟˶ ˫˧˟˵ˣ˰˪ ˫˧ˬ˰˲ ˢ˟˶ˢ ˸ˣ˟˵ˣ˰ ˸ˣ˟ˣ˸˩ ˷˧ ˭ˣ˸ˮ ˱ˡ. 

˧˟˧˞ˮ ˠˣ˴˧˧ 

˟˞˷ˬˢ ˶˲˯ˬ ˫˰ ˢ˪˟˦ ˶ˣˬ˷ˮ ,˫˧˟˵ˣ˰ˢ ˸ˬ˧˷˶ˣ ˣ˪˷ ˫˧˶ˣ˷˧˵ˢ ˶˲˯ˬ: 

 

 ˱˧˴˶ ˭˲ˣ˞˟ ˞˪˞ ˸˧˞˶˵˞ ˫ˢ˧˪˞ ˸˷ˠ˪ ˭˸˧ˮ˷ ˸ˣ˶ˣ˷ ˫˰ ˢ˪˟˦˩ ˭ˣ˶˩˧ˤ˟ ˸˶ˬ˷ˮ ˸ˬ˞˟ ˞˪ ˸˞ˤˢ ˢ˪˟˦ˢ

˭ˣ˶˩˧ˤ˟ .˭˩˪ , ˢ˞˧˴˧ˢ ˸ˠ˶ˡ ˸˞ ˶ˣˬ˷˪ ˨˧˶˴ ˨˲ˣˢˬˢ ˯˵ˡˮ˧˞ˢ ˪˷ ˢ˶˵ˬ˟ ˣˬ˩ˡˣ˵ˡˣ˵ ˪˩ ˪˷ . ˣˮ˪ ˸˶ˬˣ˞ ˣˤ

˫˧ˮ˩˷ˢ ˸ˬ˧˷˶ ˸˞ ˞ˣ˶˵˪ ˵˧˯˲ˢ˪ ˧˸ˬ .ˢ ˸˞ ˞ˣ˶˵˪ ˪˩ˣˮ ˞˪ ˢ˞˧˴˧ˢ ˸ˠ˶ˡ ˞˪˪"ˢ˪˟˦ "ˢˮˣ˩ˮ ˢ˶ˣ˴˟. 

˫˧˷˶˲ˢ ˸ˬ˧˷˶ 

˫˧˷˶˲ˢ ˸˶˧ˬ˷˟ ˭ˣ˶˸˧ ˸ˣ˧ˢ˪ ˪ˣ˩˧˷ ˶˟˰˟ ˣˮ˶˟˧ˡ ˶˟˩ ,˶˸ˣ˧ ˫˧ˮ˦˵ ˸ˣ˧ˢ˪ ˫˧˦ˣˮ ˫˷ ˫˧˶˲˯ˬˢ ˧˶ˢ˷ .˭˩˪ ,

˸ˬ˧˷˶˩ ˫˧ˮˣ˸ˮˢ ˸˞ ˶ˣˬ˷˪ ˢ˷˰ˬ˪ ˱˧ˡ˰ ˫˧˷˶˲ˢ . ˶ˬ˷ˮ ˭ˣ˷˞˶ˢ ˶˲˯ˬˢ ˢ˪˧ˠ˶ ˫˧˷˶˲ˢ ˸ˬ˧˷˶˟˷ ˞˪˞

˞ˣˢ˷ ˣˬ˩ .ˢˤ ˶˲˯ˬ ˸˶˧ˬ˷˟ ˫ˠ ˨ˣ˯˥˪ ˢ˞˶ˮ . ˡˣ˵ˡˣ˵ ˶ˣ˟˰ ˤ˞ὼ , ˢ˧ˢ˧ ˣ˪˷ ˢˬ˧˷˶˟ ˭ˣ˷˞˶ˢ ˶˲˯ˬˢ

ί1 ὼ  ˶˷˞˩ίὭ ˢ ˭˩˷ˢ ˞ˣˢ-Ὥ . ˪˟˞ί1 ὼ ˧˪˧˪˷ ˶˲˯ˬ ˸ˣ˧ˢ˪ ˪ˣ˩˧ .˭˩˪ ˢ˧˴˵ˮˣ˲ˢ ˸˞ ˣ˧˪˰ ˪˧˰˲ˮ 
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ὺώ =
2ώ, ώ 0

2ȿώȿ 1, ώ< 0
 

˞ ˡˡˣ˟˪ ˤ˞ˣ ˣ˪˷ ˸ˣ˧ˠˣˤˢ ˸˞ ˵ˣˡ˟˪ ˷˧ ˢˬ˧˷˶˟ ˭ˣ˷˞˶ˢ ˶˲˯ˬˢ ˸˞ ˥ˮ˰˲˪ ˧ˡ˩ ˤ˞ ˸ί1 ˫˞˸ˢ˟. 

˶˸ˣ˧ ˣ˪˧˲˞ ˨ˣ˯˥˪ ˧ˡ˩ ,˫˧˧ˬ˰˲ ˰˧˲ˣˬ˷ ˨ˬ˯ˬ ˭˧˞ ˢˬ˧˷˶˟˷ ˟˪ ˫˧˷ˮ . ˸ˣ˥˲ˢ ˪˩˪ ˫ˢ ˫˧˷˶˲ˢˢ ˪˩ ˭˩˪1 .

 ˶˧˯˥ˢ˪ ˪˩ˣˮ ˭˩˪1 ˫˧˷˶˲ˢˢ ˪˩ˬ ,˲˪ ˪˩ˣˮ ˭˧˧ˡ˰ˣ ˫˧˧˪˧˪˷ ˧˞ ˫˧˩˶˰ ˫˰ ˶˞˷˧ˢ˪ˢˬ˧˷˶ˢ ˸˞ ˥ˮ˰ . ˤ˞

 ˡˣ˵ˡˣ˵ ˶ˣ˟˰ ˢ˷˰ˬ˪ὼ  ˢˬ˧˷˶ˢ ˸˞ ˶ˣˬ˷ˮὛὼ = ὺί1 ὼ,ί2 ί1 1,ȣ,ίὯ ίὯ 1 1: 

 

 ˸˯˧˥ˡ˸ˣ˧ˮ˲ˢ 

 ˸˞ ˶ˣˬ˷˪ ˫ˣ˵ˬ˟Ὓὼ  ˪˷ ˸ˮ˩ˡˣ˰ˬ ˢ˯˶˧ˠ˩ ˣ˸ˣ˞ ˠ˴˧˧˪ ˭˸˧ˮὛώ  ˶ˣ˟˰ώ< ὼ ˣˢ˷˪˩ . ˤ˞ὼ ώ  ˞ˣˢ

˸ˬˡˣ˵ˢ ˢˬ˧˷˶ˢ ˸˞ ˞ˣ˴ˬ˪ ˣˮ˪ ˶˷˲˞ˬ˷ ˢ˧ˮ˲ˢˢ ˶˲˯ˬ .Copy List  ˨˶ˣ˞˟ ˫˧˦˧˟ ˪˷ ˱˴˶ ˞˧ˢὛώ 

 ˪˷ ˫˧˩˶˰ˢˬ ˢˤ˧˞ ˶ˬˣ˞˷Ὓώ ˟ ˫ˠ ˫˧˞˴ˬˮ-Ὓὼ .ˢˬ ˳ˣ˥-copy list  ˫˧ˮ˩˷ˢ ˱˯ˣ˞ ˸˞ ˫ˠ ˶ˣˬ˷˪ ˨˧˶˴

 ˫˧˶˯˥ˢὛὼ Ὓʌώ . ˸ˣ˧ˢ˪ ˢ˧ˮ˲ˢˢ ˶˲˯ˬ ˸˞ ˰˟˵ˮ ˢ˧ˮ˲ˢ˟ ˷ˣˬ˧˷ ˭˧˞˷ ˭˧˧˴˪ ˧ˡ˩0. 

˨˩ ,˸ˣ˧ˢ˪ ˸˩˲ˣˢ ˫˧˷˶˲ˢˢ ˸ˬ˧˷˶: 

 

 ˸ˬˣ˴ ˶ˣ˟˰ ˭˞˩15 ˢ˸ˣˬ˪˷˟ ˢ˰˧˲ˣˬ ˞˧ˢ ˭˩˪ˣ ˸ˣ˧ˮ˲ˢ ˸ˬ˧˷˶˟ ˣˮ˷ˬ˸˷ˢ ˞˪ . ˫˧˷ˬ˸˷ˬ ˶˟˩ ˶˞˷ˢ

˫˧ˬˡˣ˵ ˫˧˸ˬ˴˪ ˸ˣ˧ˮ˲ˢ˟. 

˸˧˪˞˧˴ˮ˶˲˧ˡ ˢ˯˧˥ˡ 

˶ˣˬ˷˪ ˞˪ˣ ˨ˣ˯˥˪ ˶˷˲˞  ˸˞ ˨˶ˣ˞˟ ˫˧˦˧˟ ˱˴˶˩ ˸ˣ˧ˮ˲ˢˢ ˸ˬ˧˷˶Ὓώ ˪ ˞˪˞ ˸˶ˡ˯˩ ˢ˧˪˰ ˪˩˸˯ˢ

 ˫˰ ˫˧˵ˣ˪˟ ˪˷ ˸˲˪˥˸ˬ1  ˫˰ ˫˧˵ˣ˪˟ˣ0. ˟ ˡ˧ˬ˸ ˞ˣˢ ˭ˣ˷˞˶ˢ ˵ˣ˪˟ˢ˷ ˥˧ˮˮ ˪˷ ˵ˣ˪1 )˯˲˞ ˨˶ˣ˞˟ ˧˪ˣ˞ .( ˤ˞

 ˫˧˵ˣ˪˟ˢ ˶˲˯ˬ ˸˞ ˶ˣˬ˷ˮ)˞ˣ˶˵˪ ˵˧˲˯ˢ˪ ˧˸ˬ ˰ˡˮ˷ ˧ˡ˩ ˪˧ˠ˶˩( , ˶˞˷ ˧˩˶ˣ˞ ˸˞ˣ ˭ˣ˷˞˶ˢ ˵ˣ˪˟ˢ ˨˶ˣ˞ ˸˞

 ˸ˣ˥˲ ˫˧˵ˣ˪˟ˢ1 ) ˸ˣ˥˲ˢ ˪˩˪ ˨˶ˣ˞˟ ˫ˢ ˫˧˶˥˞ˢ ˫˧˵ˣ˪˟ˢ˷ ˶˥˞ˬ1 , ˸ˣ˥˲ ˫˧˩˶ˣ˞ ˸˞ ˶ˣˬ˷˪ˣ ˨ˣ˯˥˪ ˭˸˧ˮ

1 ˧˞ ˫˧˶˲˯ˬ ˪˟˵˪ ˭˧˧ˡ˰ˣ-˫˧˧˪˧˪˷.( ˶˲˯ˬˬ ˫ˠ  ˶˧˯˥ˢ˪ ˶˷˲˞ ˫˧˵ˣ˪˟ˢ1  ˸ˣ˥˲ˢ ˪˩˪ ˭˟ˣˬ˩ ˞ˣˢ ˨˶ˣ˞ˢ ˧˩

1 .˭˩ ˣˬ˩ , ˪˷ ˨˶ˣ˞ˢˬ ˣ˸ˣ˞ ˵˧˯ˢ˪ ˭˸˧ˮ˷ ˫ˣ˷ˬ  ˭ˣ˶˥˞ˢ ˵ˣ˪˟ˢ ˨˶ˣ˞ ˸˞ ˶ˣˬ˷˪ ˞˪ ˭˸˧ˮὛώ  ˧˩˶ˣ˞ ˫ˣ˩˯ˣ

˫˧ˬˡˣ˵ˢ ˫˧˵ˣ˪˟ˢ .˞˟ˢ ˠˣ˴˧˧ˢ ˸˞ ˪˟˵ˮ ˨˩: 
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˫˧˶˯˥ˢ ˫˧˸ˬ˴ˢ ˸ˬ˧˷˶ ˸˯˧˥ˡ 

˫˧˶˯˥ˢ ˫˧˸ˬ˴ˢ ˸ˬ˧˷˶ ˸˞ ˯ˣ˥ˡ˪ ˧ˡ˩ ˸ˣ˲˧˴˶˟ ˷ˬ˸˷ˮ . ˫˩˶ˣ˞˷ ˫˧˟˵ˣ˰ ˫˧˶˲˯ˬ ˪˷ ˫˧˲˴˶ ˞˴ˬˮ

 ˶˥˟ˮ˷ ˣˢ˷˪˩ ˫˯˥ ˸ˣ˥˲˪ὒάὭὲ .˱˴˶ˢ ˨˶ˣ˞ ˸˞ˣ ˣ˪˷ ˭˦˵ ˧˩ˢ ˶˲˯ˬˢ ˸˞ ˶ˣˬ˷˪ ˶˷˲˞ ˢˤ˩ ˱˴˶ ˪˩˪ ˤ˞ .

 ˫˧˩˶˰ˢ ˸˞˧˧˪˞ˬ˧ˮ˧ˬˢ ˫ ˫˧˶˧˯˥ˬˣ ˫˧˷˶˲ˢ ˸ˬ˧˷˶˟ ˫˧˶ˬˣ˷ ˫˧˲˴˶ˢ ˪˷2  ˷˶˲ˢ ˪˩ˬ) ˧˶ˢ˷ ˭˧˟ ˷˶˲ˢˢ

 ˸ˣ˥˲˪ ˞ˣˢ ˢ˪˞˩ ˫˧˩˶˰ ˧ˮ˷ ˪˩2 .( ˪˷ ˢ˶˯˥ˢ ˧˶˥˞ ˫˧˶ˬˣ˷ ˫˧˲˴˶ˢ ˧˩˶ˣ˞ ˸˞ὒάὭὲ .˱ˣ˯˟˪ , ˸˞

˫˧˷˶˲ˢ ˸ˬ˧˷˶˟ ˶ˣˬ˷ˮ ˸ˣ˧˶˞˷ˢ .˪˷ˬ˪ , ˫˞ὒάὭὲ= 2 ˣˮ˪˷ ˢˬˠˣˡ˟ ˪˟˵ˮ: 

 

˫ˣ˩˧˯˪ ˶˧˰ˮ ,˸˞˷ ˶ˣˬ˷˪ ˨˧˶˴ ˸ˬ˞˟ ˞˪ ˸ˬˣ˴ˢ ˶˲˯ˬ . ˪˪ˠ˟ˣ ˭ˣ˷˞˶ˢ ˸ˬˣ˴˪ ˢˬ˧˞˸ˬ ˢˮˣ˷˞˶ˢ ˢ˶ˣ˷ˢ

˸˶ˬˠˮ ˢ˶ˣ˷ ˧˸ˬ ˰ˣˡ˧ ˸ˣˬ˧˷˶ˢ ˧˩˶ˣ˞ ˪˩ ˸˞ ˫˧˶ˬˣ˷ ˣˮ˥ˮ˞˷ . ˧˶˲˯ˬ ˸˶˧ˬ˷˟ ˫ˠ ˫˧˩˯ˣ˥ ˣˮ˥ˮ˞ ˨˩

˫˧˸ˬ˴ˢ. 

˶ˣ˷˧˵ ˪˩˪ ˫˧˦˧˟ˢ ˶˲˯ˬ ˪˷ ˟ˣ˷˧˥ˢ ˸˞ ˸ˣ˞˶˪ ˭˸˧ˮ ˣˬ˴˰ ˶ˬ˞ˬ˟. 

 ˸˧˧ˮ˟˵ˡˮ˧˞ˢ ˯

˟ˬ ˢˬ˩˟ ˣˮˡ ˢ˩ ˡ˰ˣ˟ ˫˧ˮ˧˧ˮˣ˰ˬ ˣˮ˥ˮ˞˷ ˰ˡ˧ˬˢ ˪˩ ˸˞ ˵˧ˤ˥ˢ˪ ˫˧˪ˣ˩˧˷ ˫˧ˮˣ˸ˮ ˧ˮ . ˢ˴˧˶ ˧ˮˬˤ ˣˮ˧ˣˣ˷ˢ

˫ˣ˵ˬ ˸ˣ˧˩ˣ˟˧˯ˣ .ˢ˲ ˫˧˷ˬ˸˷ˬ ˣˮ˥ˮ˞ˣ ˫˧˧˵ ˢˮ˟ˬˢ˷ ˣˮ˥ˮˢ . ˸˧˧ˮ˟ ˪˷ ˸˧˰˟˦ˢ ˢ˪˞˷ˢ ˫ˠ ˢ˪ˣ˰ ˪˟˞

ˢ˪˧˥˸˩˪ˬ ˢˮ˟ˬˢ .ˢ˦ˣ˷˲ ˢˬ˧˷ˬ ˢˮ˧˞ ˢ˪˞ˢ ˫˧ˮˣ˸ˮˢ ˧ˮ˟ˬ ˸˶˧˴˧ .˪˩ ˫ˡˣ˵ , ˢ˟˶ˢ˟ ˨˶ˣ˴ ˷˧˷ ˸ˣ˧ˢ˪ ˪ˣ˩˧

˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˟ ˯ˮ˩ˮ ˞˪ ˣ˪ˣ˩ ˢˮ˟ˬˢˣ ˭ˣ˯˥˞ ˫ˣ˵ˬ ˡˣ˞ˬ .ˮ˥ˮ˞ ˤ˞ x˟ ˪˵˸˧ˢ˪ ˫˧˪ˣ˪˰-page faults  ˫˧˟ˣ˶ˬ

ˢˮ˟ˬˢ ˸˧˧ˮ˟ ˪˰ ˭ˬˤ ˡˣ˞ˬ ˢ˟˶ˢ ˤ˟ˤ˟˪ˣ .˭˩ ˪˰ ˶˸˧ , ˫˧˶ˣˬ˷ ˫˧ˮˣ˸ˮˢ ˧ˮ˟ˬ˷ ˨˩ ˪˰ ˣˮ˩ˬ˸˯ˢ ˭ˬˤˢ ˪˩

ˢ˲˧˴˶ ˢ˶ˣ˴˟ ˭ˣ˶˩˧ˤ˟ .˲ˣˢˬˢ ˯˵ˡˮ˧˞ˢ ˪˷ ˢ˧˧ˮ˟ˢ ˸˰˟ ˪˷ˬ˪ ˪˟˞ ˨˩˧ ˞˪ ˣˮ˥ˮ˞ ˨˧˶˴ ˭ˣ˶˩˧ˤ ˢˬ˩ ˸˰ˡ˪ ˫˧˪ˣ

 ˪˩˪ ˸ˣ˴˵ˢ˪posting list .˨˲ˣˢˬˢ ˯˵ˡˮ˧˞ˢ ˸˧˧ˮ˟˟ ˞˧ˢ ˸˧˶˵˧˰ˢ ˢ˧˰˟ˢ ˭˩˞ . ˡˣ˞ˬ ˞˪ ˭ˣ˵˧˯˵˪ˢ ˸˧˧ˮ˟

˫˧˩ˬ˯ˬˢ ˪˩ ˪˷ ˸ˡˡˣ˟ ˢ˞˧˶˵˟ ˵˲˸˯ˢ˪ ˶˷˲˞ˣ ˪ˣˡˠ ˡˣ˞ˬ ˞˪ ˞ˣˢ ˧˩ ˢ˷˵. 

˨˲ˣˢˬˢ ˯˵ˡˮ˧˞ˢ ˸˧˧ˮ˟ ˪˷ ˪˧˰˧ ˸˧˯˥˧ ˭ˣ˶˸˧˲˪ ˢ˧˴˧˞ˣ˦ˮ˧˞ ˰˧˴ˢ˪ ˢ˯ˮˮ .˧˪ ˧ˡ˩ ˞ˣ˶˵˪ ˨˧˶˴ ˯˵ˡˮ˧˞ˢ ˸˞ ˶ˣ˴

 ˵˶˲˪ˣ ˫˧˴˟˵ˢ ˸˞)parse (˫˸ˣ˞ . ˢ˶ˣ˴ˢˬ ˸ˣˠˣˤˢ ˪˩ ˸˞ ˟ˣ˸˩˪ ˶˷˲˞ ˢ˞˧˶˵ˢ ˭ˬˤ˟)wordID, docID .(

 ˳˟ˣ˵ ˪˷ ˱ˣ˯˪ ˫˧˟˸ˣ˩ ˭ˬˤˢ ˪˩ ˣˮ˥ˮ˞ ˧˩ ˪˧˰˧ ˢˤ)˸ˣ˶ˤ˥ ˫˧˵ˡˣ˟ ˞˪ ,ˢ˟ ˫˧˪˵˸ˮ˷ ˢ˪˧ˬ ˪˩ ˫˧˟˸ˣ˩ ˦ˣ˷˲ .(

 ˧˲˪ ˸ˣˠˣˤˢ ˸˞ ˭˧˧ˬ˪ ˨˧˶˴ ˸˰˩wordID  ˧˲˪ ˤ˞ˣdocID  ˪˰ ˡˡˣ˟ ˶˟˰ˬ˟ ˸ˣˬ˧˷˶ˢ ˸˞ ˶ˣ˴˧˪ ˶˷˲˞ ˤ˞ˣ

˸ˮ˧ˣˬˬˢ ˢˬ˧˷˶ˢ . ˫˧ˮˣ˸ˮ ˢ˟˶ˢ ˨˩ ˪˩ ˪˧˰˧ ˭˲ˣ˞˟ ˭˧˧ˬ˪ ˡ˴˧˩ ˢ˪˞˷ˢ ˤ˞ ˸˪˞˷ˮ) ˪˩ ˞˪˷ ˞˧ˢ ˢ˧˰˟ˢ

˸˥˞ ˸˟˟ ˧˷˞˶ˢ ˭ˣ˶˩˧ˤ˪ ˫˧˯ˮ˩ˮ ˸ˣˠˣˤˢ .( ˸˞ ˫˧˷ˣ˰ ˨˧˞ ˣˮˡˬ˪˷ ˭˧˧˴ˮ ˪˟˞ ˭˞˩ ˢ˟˥˶ˢ˟ ˢˤ ˞˷ˣˮ˟ ˭ˣˡˮ ˞˪

ˣ˸ˮ ˧ˡ˯ˬ˟ ˭ˣ˷˞˶ˢ ˯˶ˣ˵˟ ˢˤ˫˧ˮ... 

˧ˣˣ˸ ˫˰ ˸ˣ˸˪˧˞˷ ˶ˣ˟˰ ˫˧˯˵ˡˮ˧˞-˪˩ 

˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˸˶ˤ˰˟ ˭ˣ˵˧˯˵˪˟ ˢ˸ˣ˞ ˞ˣ˴ˬ˪ ˫˧˪ˣ˩˧ ˣˮ˥ˮ˞ ˢ˪˧ˬ ˭˸ˮ˧ˢ˟ ˨˧˞ ˣˮ˧˞˶ . ˫˞ ˵˶ ˧˶˷˲˞ ˢˤ ˪˟˞

ˢ˞ˣ˪ˬ˟ ˢ˰ˣˡ˧ ˢ˪˧ˬˢ . ˣˮ˥ˮ˞˨ˣˬ˸˪ ˸˪ˣ˩˧ ˱˧˯ˣˢ˪ ˢ˴˶ˮ ˧ˣˣ˸ ˫˰ ˸ˣ˸˪˧˞˷˟- ˪˩)wildcards( . ˭˟ˣˬ˩ ˢˤ

 ˯˵ˡˮ˧˞ˢ ˪˷ ˧˥˩ˣˮˢ ˢˮ˟ˬ˟ ˧˶˷˲˞˪˧˰˧ ˡˣ˞ˬ ˞˪ ˢˤ ˪˟˞: 

¶ ˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩-lab*  ˢˮˣ˷˞˶ˢ ˢ˪˧ˬˢ ˸˞ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥˟ ˞ˣ˴ˬ˪ ˭˸˧ˮ

˟ ˢ˪˧˥˸ˬ˷-lab ˸ˣˬ˧˞˸ˬˢ ˫˧˪˧ˬˢ ˪˩ ˸˞ ˢ˧˶˥˞ ˱˴˶˟ ˞ˣ˶˵˪ ˤ˞ˣ .˪˧˰˧ ˭˧˧ˡ˰ ˢˤ. 

¶ ˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩-*or  ˶ˣ˟˰˪ ˞˪˞ ˢ˶˧˶˟ ˭˧˞˧˶˞˧ˮ˧˪ ˸˭ˣ˵˧˯˵˪ˢ ˪˩ ˪˰ . ˶˷˲˞

˭ˣ˵˧˯˵˪ˢ ˪˷ ˸ˣ˞˯˶ˠ ˧˸˷ ˶ˣˬ˷˪ ˫ˠ :˨ˣ˲ˢ ˭ˣ˵˧˯˵˪ˣ ˶˷˧ ˭ˣ˵˧˯˵˪ . ˶˸ˣ˧ˣ ˶˵˧ ˫ˣ˵ˬ ˯˲ˣ˸ ˢˤ ˪˟˞
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ˢˤˬ ˟ˣ˷˥ ,˧ˣˣ˸ ˫˰ ˸ˣ˸˪˧˞˷ ˪˷ ˸˧˪˪˩ˢ ˢ˧˰˟ˢ ˸˞ ˶˸ˣ˲ ˸ˬ˞˟ ˞˪ ˢˤ-˪˩ , ˭˲ˣ˞˟ ˫˞˸ˣˬ ˞˪˞

ˢ˪˧ˬˢ ˪˷ ˱ˣ˯ˢ ˵˶ ˰ˣˡ˧ ˫ˢ˟˷ ˸ˣ˸˪˧˞˷˪ ˧˷˧˞. 

¶ ˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩˪ ˸ˣˬ˧-lab*r ˸ˣˬˡˣ˵ˢ ˸ˣ˸˪˧˞˷ˢ ˧˸˷ ˭˧˟ ˨ˣ˸˧˥ ˸ˣ˷˰˪ ˨˧˶˴. 

ˢˤ ˠˣ˯ˬ ˸ˣ˸˪˧˞˷˟ ˪˲˦˪ ˶˷˲˞˧˷ ˪˧˰˧ˣ ˶˸ˣ˧ ˧˪˪˩ ˭ˣˮˠˮˬ ˞ˣ˴ˬ˪ ˫˧˴ˣ˶ ˣˮ˧˧ˢ˷ ˶ˣ˶˟. 

 ˸˶ˤ˰˟ ˯˵ˡˮ˧˞ ˸˶˧˴˧▪- grams 

ὲ- gram  ˪˷ ˱˴˶ ˞ˣˢὲ ˣ˧˸ˣ˞ ˸ˢ˪˧ˬ˟ .˟ ˭ˬ˯ˮ- $ˢ˪˧ˬ ˪˷ ˱ˣ˯ˢˣ ˢ˪˥˸ˢˢ ˸˞ .ˢ ˪˷ˬ˪ ˤ˞-digrams 

 ˪˷labo r  ˫ˢ$l,la,ab,bo,or,r$. 

 ˱˯ˣˮ ˢˮ˟ˬ ˶ˣˬ˷ˮï  ˪˷ ˨˲ˣˢˬ ˯˵ˡˮ˧˞digrams  ˪˩˪˷digram  ˰˧˲ˣˬ ˞ˣˢ˷ ˫˧˪˧ˬˢ ˪˷ ˢˬ˧˷˶ ˪˧˩ˬ

˭ˢ˟ .ˢ˷˰ˬ˪ ,˭ˣ˵˧˯˵˪ˢ ˨ˣ˸˪ ˫˧˰˧˟˴ˬ ˪˷ ˢˬ˧˷˶ ˧ˢˣˤ .ˢ ˸ˬ˧˷˶-digrams ˣˬˬ˸˧˲˶ˠˣ˵˧˯˵˪ ˸ˮ˧ .˪˷ˬ˪: 

Word ID  Word 

1 abhor  

2 bear  

3 laaber  

4 labor  
 

Digram  Word IDs  

$a 1 

$b  2 

$l  3,4  

aa 3 

ab 1,3,4  

ar 2 

be 2,3  

é  

la 3,4  

é  

r$  1,2,3,4  
 

 

˸˰˩ , ˢ˸˪˧˞˷ˢ ˪˰ ˸ˣˮ˰˪ ˧ˡ˩lab*r ˢ ˪˩˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˢ˴˶ˮ-digrams  ˞˸˪˧˞˷ˢ ˪˷- 

$l,la,ab,r$. ˢ ˸ˬ˧˷˶˷ ˪˪ˠ˟-digrams ˞ ˧˲˪ ˸ˮ˧ˣˬˬ" ˪˩ ˸˞ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥˟ ˞ˣ˴ˬ˪ ˸ˣ˪˵˟ ˭˸˧ˮ ˟

ˣˮ˸ˣ˞ ˸ˣˮ˧˧ˮ˰ˬ˷ ˸ˣˬ˧˷˶ˢ: 

Digram  Word IDs  

$a 1 

$b  2 

$l  3,4  

aa 3 

ab 1,3,4  

ar 2 

be 2,3  

é  

la 3,4  
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é  

r$  1,2,3,4  
 

 ˭ˬˤ˟ ˭˩˪ˣ ˸ˣˮ˧ˣˬˬ ˸ˣ˶ˣˬ˷ ˸ˣˬ˧˷˶ˢ˶˞˧ˮ˧˪ ˧˭ˢ˪˷ ˨ˣ˸˧˥ˢ ˸˞ ˞ˣ˴ˬ˪ ˭˸˧ˮ . ˸ˣˬ˧˞˸ˬˢ ˫˧˪˧ˬˢ ˣˮ˪˷ ˢ˶˵ˬ˟

 ˭ˢ3 x-4 .˞˸˪˧˞˷˪ ˸ˣˬ˧˞˸ˬ ˭˩˞ ˫˧˪˧ˬˢ˷ ˞ˡˣˣ˪ ˨˧˶˴ ˱ˣ˯˟˪ ,ˢ ˶ˡ˯ ˸˞ ˢ˪˧˟ˠˬ ˞˪ ˣˤˢ ˢ˦˧˷ˢ ˧˶ˢ˷-

digrams ˫˷ ˸ˣ˞˴ˬˮ ˧˪ˣ˞˷ ˸ˣ˲˯ˣˮ ˸ˣ˧˸ˣ˞˪ ˸˯˥˧˧˸ˬ ˞˪ ˫ˠˣ ˫˧˪˧ˬ˟ . ˣˢ ˣˮ˪˷ ˸ˣˡˬ˰ˣˬˢ ˤ˞laaber x-

labor .˶˥˞ˢ ˵˶˷ ˶ˣ˶˟ˣˮ˪ ˢˬ˧˞˸ˬ ˢˮˣ. 

˟˟ˣ˯ˬ ˭ˣ˵˧˯˵˪ ˸˶ˤ˰˟ ˯˵ˡˮ˧˞ ˸˶˧˴˧ 

˧ˣˣ˸ ˫˰ ˸ˣ˪˧˞˷˷ ˰ˣˡ˧ ˫˞-˭ˣ˯˥˞ ˫ˣ˵ˬ ˭ˣ˟˷˥ ˪˰ ˭ˬˤ ˨ˣ˯˥˪ ˢ˴˶ˮ ˧˪ˣ˞ ˸ˣ˴ˣ˲ˮ ˭ˢ ˪˩ . ˟˟ˣ˯ˬ ˯˵ˡˮ˧˞ ˸˶ˤ˰˟

ˣ˸ ˫˰ ˞˸˪˧˞˷ ˪˩˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˭˸˧ˮ-ˡˡˣ˟ ˧˶˞ˮ˧˟ ˷ˣ˲˧˥ ˸˶ˤ˰˟ ˡ˧˥˧ ˪˩. 

 ˸ˣ˞ ˪˩˪) ˭ˬ˧˯ˢ ˪˪ˣ˩ $ˢ˪˧ˬ ˪˷ ˢ˪˧˥˸ ˭˧˧˴ˬ˷ (˟˟ˣ˯ˬˢ ˯˵ˡˮ˧˞˟ ˢˬˣ˷˶ ˶ˣ˴˧ˮ ˭ˣ˵˧˯˵˪ˢ ˪˷ . ˢˬˣ˷˶ˢ

˸˟˟ˣ˯ˬ ˨˞ ˢ˪˧ˬ ˢ˸ˣ˞˪ ˫˧˞˸˸ . ˢ˪˷ ˸˟ˣ˸˩ˢ ˸˞ ˶ˣˬ˷ˮ ˸˞ˤ˩ ˸˟˟ˣ˯ˬ ˢ˪˧ˬ ˪˩˪ï  ˢ˪˷ ˢ˪˧ˬˢ ˶˲˯ˬ

˟ˣ˟˧˯ˢ ˪ˡˣˠˣ. ˣˬ˷˪ ˨˶ˣ˴ ˭˧˞ ˭˩˪ˣ ˸˟˟ˣ˯ˬˢ ˢ˪˧ˬˢ ˸˞ ˟˷˥˪ ˫˧˶˷˲˞ˬ ˢ˪˞ˢ ˫˧˶˲˯ˬˢ ˧ˮ˷ˢ˸ˣ˞ ˶. 

˪˷ˬ˪ ,ˣˮ˪˷ ˢ˶˵ˬ˟: 

Word ID  Word 

1 abhor  

2 bear  

4 labor  
 

Rotated Form (for clarity)  Address  

$abhor  (1,0)  

$bear  (2,0)  

$labor  (4,0)  

abhor$  (1,1)  

abor$l  (4,2)  

ar$be  (2,3)  

bear$  (2,1)  

bhor$a  (1,2)  

bor$la  (4,3)  

é  

r$ abho  (1,5)  

r$bea  (2,4)  

r$labo  (4,5)  
 

 

˸ˣ˪˵˟ ˞˸˪˧˞˷˪ ˸ˣˬ˧˞˸ˬˢ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˭˸˧ˮ ˸˰˩: 

¶ ˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩-lab* ˮ ˢˮˣ˷˞˶ˢ ˸˟˟ˣ˯ˬˢ ˢ˪˧ˬˢ ˸˞ ˟˟ˣ˯ˬˢ ˯˵ˡˮ˧˞˟ ˷˲˥

˟ ˢ˪˧˥˸ˬ˷-$lab .˸ˣˬ˧˞˸ˬˢ ˫˧˪˧ˬˢ ˪˩ ˣ˰˧˲ˣ˧ ˢ˧˶˥˞ ˱˴˶˟ ˤ˞. 

¶ ˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩-*or  ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˵˧˲˯ˬ ˢ˷˰ˬ˪˷ ˟˪ ˫˧˷ˮ

 ˞˸˪˧˞˷˪$*or  ˣ˞or$*  ˸˞ ˟˟ˣ˯ˬˢ ˯˵ˡˮ˧˞˟ ˞ˣ˴ˬ˪ ˵˧˲˯ˬ ˸ˬˡˣ˵ˢ ˞˸˪˧˞˷˪ ˢˬˣˡ˟ ˭˩˪

˟ ˢ˪˧˥˸ˬ˷ ˢˮˣ˷˞˶ˢ ˸˟˟ˣ˯ˬˢ ˢ˪˧ˬˢ-or$ ˶˟ ˣ˰˧˲ˣ˧ ˫˧˪˧ˬˢ ˶˞˷ ˤ˞ˣ˴ˢ˧˶˥˞ ˱. 

¶ ˪ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪˧ˬˢ ˸˞ ˞ˣ˴ˬ˪ ˧ˡ˩-l*r ˧ˬ ˞ˣ˴ˬ˪ ˵˧˲˯ˬ ˢ˷˰ˬ˪˷ ˟˪ ˫˧˷ˮ ˸ˣˬ˧˞˸ˬ˷ ˫˧˪

 ˞˸˪˧˞˷˪r$l* ˫ˡˣ˵ ˣˬ˩ ˨˧˷ˬˮˣ. 




