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א 

Application Layer  

 
 

 
 

אW 
 א 
 אHTTP 
 אאFTP 

 אאFE-mailE 

 אאFDNSE 

 אFP2PE 

 TCP 

 UDP 

 א 
 

 
 

 
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א،אאאא
    ،א       

Kאאאאא
 אא א K א א א א  

אא،אאFtext e-mailE،
א  א Fremote loginEא  ،Ffile transferE،

א FnewsgroupsE א א ،Ftext chatting KE
אא−אWeb−אא

 א א א אא K
א   א א א א W א אFinstant 

messaging E  א  ،אא אFP2P file sharingKE
 א א   א  Fmultimedia E

 א א א א א א א 
אFIPTV KEאאאאא
 א א  אא אא א 

אאאאאK 
א אא א א

אKאאאאאFאאE،
א א   Fclients EאFserversE

אFprocessesEאFsocketsEאאFinterfacesE
א   K א      

א א אאFDNS E
אFP2PEאאK

TCPUDPK
אאאאFAPIE،

א  FJavaE K      
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         ،א  
אאK 

א  א    א  
א  א        ،א

Fאא E א א   א K א 
א א    א    

 א    א  
אK 

2-1א 
؛

אK
א    א    א   

K 
 אאאא
אFend systemsEאאKא

אא   Wא،
א  K א א   F 

FdesktopEFlaptopEFPDAE
 אFmobile phoneE   E ، א 

א   K   א   
 א   ، א א     

אאאאK 

א אא    ،א    א
Kאא
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אCC++Kאא
אאFnetwork core devicesE،FroutersE
 א  Fswitches KE  א   א 

     ،א K א א   Fא
א 1-20E،א   א   א א  

אאאאK
אאא−אאאא

א2-1−אא א
K 

2-1-1אאא 

   אא א
 KאאF

אאאא
אE א א ،،

אKא
א א  א    א א א

אKא،אאא
א א א א א    W

LאK 

  L  אא     ?א ?
אאא?א K?א

אKאאאא
 א   אא א   א 

א K  א FobjectE F
Eא،אא 
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אאWא 
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 
 
 
 
 
 
 

 

2-1אאאאאאאK 

 
 

 

 




 



א

א

א 

א 

א

א 

א

א 

א 

א

א

א

א

א
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אא،אK
L،אא

א K א אL
  א   א  ،IPF   KE 

  א  א،א
אFEאאKא

אאאLWאFWebEא،
FFTPEאא،FTelnetEאא،Fe-mailKE

א2-2FaELK 

 
 

 
 
 
 
 
 
 
 
 
 

  
2-2אאWFaEL،FbEאK 

FbEאFaEL
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אLא
אKאא

   א  אא   אא  Kא
אאFcluster of serversE،
  Fserver farmE   אא    ،

L K   א א    L
FinfrastructureE،

א א   א א K  
א א     א   א

  א  א  Kא   א 
אFGoogleEאא،FAmazon

eBayE א   א א ، F YahooEא ،
 אF MySpaceFacebookE א  ،F YouTubeE

K 

אאא
אאאאK

אאאאאFאאE
 K  ،א    א   
 א  ،

א א א  א  K  א  
א،א?

F ?peer-to-peer KEא  א א  א 
 א     ،א   א א F

BitTorrentEאאא،FeMuleLimeWireE،
אFSkypeEא،FPPLiveKEא2-2FbE

א  K    א   Fhybrid E
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LאKאא
     א א  IP،

אאFא
KE 

 א  אא  א  א  Fscalability KE
،אאא

 Fworkload E  א     ، 
א א  א   א   א K 

،אא
  א  א K א ،א   

 א  אF MSN ،Yahoo ، Eא  א
 Kא א א א     

     א   ،א  [Doucer 

2002; Yu 2006; Liang 2006; Naoumov 2006]K 

2-1-2אאFCommunicating ProcessesE 
אאא− 

      א−א   Kא 
אאאאאא

 א FprocessesF E   א   
 KEא،א אא  

    א א Finterprocess communicationE،
א אא  אאא א K 

אאאא
אאא  ،א

FKE 
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אא
א−אא،אא

  א  א   א   K
   2-1  א   א

אאK 

אא 
 אאאאא

א   K،א   א  א  
אא،אא

Kאא
א،אאK

אאא Kא
אאא،FdownloadingE،א

אאFEאFuploadingEאK 
  א  ، א  ،

אאאKא
אאK

،אא א א 
 א?? א א?? Kא א   

W 
א א א،אא F

אאא  Eא א ،א 
אאK 
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 א א؛    א א   א 
  א?א ?  א  ?א K?א  

א،AאB،
 א   אA א  א Bא  K 

א،אאא
?א??א?אKאא

אאאאK 

אאאא 
א  א  א      

،  אא א אא K
     א א K

  א א  א  ، א  ،א
FsocketKEאאK

א،אאK
 א  ،א א      

FEא       א א   ،
אאאאא

אK،אאFE
אאאא،K 

 א 2-3א      א K
א א א   א  א   

אאFTCPEא،אא،
אאאאאKא

אאFAPIEאא،אא
אאאKא
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  ،א א    
א  א       א   K

אאאאא
F W1 E ،א   אF2 E    א

א א א א  ،א  אFbufferE
 א אTCPFTCP segmentEFא א  KE

אאאFאE،
אאאאK

אא2-7א2-8K 
 

 
2-3אאאאK 

2-1-3אא 
אFsocketEאאאאK

א א  ،א   א  א  
אאא

אK 

א

  


  



  


  




TCP 


TCP 

  
  

א


א

 
 

א

א

א
א

א


א 
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אאFאE
א Kא          

אKאאא؟אא
אא،אאא

    Kא  א   א
FאאE،אK

Fאא
  ،א        א  א

KE 

א  אא
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א  K א  א      א

WKאאא

o b e i k a n d l . c o m 



אאWא 
 

  

13135
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،אאאא
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         א 
  ،א       Kא  

אrL،
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 א−     −א    K
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   א    אF  א
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אאKאא

א    אFbandwidth sensitiveE K 
،אאאאאא
 ،א א    א א 

אאאאאK 
אאא

אא،אאFelastic applicationsE−א
 −א א א         
K،א،א،אא،

א אא    Kא א א א  
א،אW

א،אאא،F
א>E 

אFTimingE 
   א      K

א،אאא
  א א א K       

אאא 
100Kאאא

א   אא אא א א،א  
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 אא
F،אאא]Gauthier 1999[]Ramiee 1994[KEא

אאאא
א  ،    א    א א 

אאאאFא
EאאK

אא،אאא אא،
אאK 

אFSecurityE 
   א   א     א

א K אא
 א  אא א  א K  א 

   א א  א   א
א א K  ،א    א   

א  א    א  א א K
א א

א،אאא
אאK 

2-1-4אאא 
אאאאא

  K א א א  א   א 
 א  K א F   TCP/IPE

،אאWא
FUDP E א  א FTCPE K  Fא E
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אאאא،
  א  אUDP TCP K

אאKא2-4
אאאK 

 

א אא א א 

   א 

   אא 

 FLE  א 

Fא
E 

אW
L–1
L 
אW10L

–5L 

 א
אא 

FאE אW
L–1

L 
אW10L

–5L 

 א
אא 

Fא
E 

L–10

L 

 אא 


אא

 

  אאא 

12-4אאK 

                                                           

 1?אא?אא،אא??א
אאאאאFאKE 

o b e i k a n d l . c o m 



אאWא 
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TCP 

TCP
 Kא  TCP

אK 
 אאWTCPאא

 א     א  Kא  
אאאFhandshakingEא

אאאאKא
  TCP א   Fא א KE

אאאאFfull-duplexEא
אאאאK

 א   א  א   K
א??

  אא ?א    ?א  
    K א א  
אאאK 

 אאW אא
 א  א  FTCPEא א  

אאK
   ،א   א   א 

  א    א  א 
אאK 

  TCP א    Fcongestion E
 א א א   א ،א א 

אאאאKא

o b e i k a n d l . c o m 



אא 
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אאאFE
א א   א   Kא   

  ،א   א  א TCPא 
אאאTCPKא

 א א  א     Fא א 
Freal-time applicationsEEא،אאא
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אאאא 
אאWאא

א ،א ،א א ، Kא   
TCPUDP ؟TCP

Kאא
SSLאTCPאא

א  Kא     TCP UDP
،אאאא

 א א       א  
א K א א      

 ، אא  א א؟     א 
 א  Kא 

אאאא
  Kא א   א  א  

אאאKאאא
אא א  א  Kא 

אאא
 א          

אK 
 א 2-5    א א 

אאKאאאא
   א  א  TCPK א 

 אTCP         
אאאKא

   UDP K א      
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 א  א    א Fא א
  א אא 2-4E    א ،UDP  

TCPK،אא
אאא

TCPK 
 

א א  א 

אא SMTPFRFC 2821E TCP

אא TelnetFRFC 854E TCP 

א HTTPFRFC 2616E TCP 

א FTPFRFC 959E TCP 

אא HTTPFYouTubeE،RTP TCP UDP 

א SIP،RTP،אSkype אUDP  

2-5אאאאאא
K 

אFAddressing processesE 

 אא
Kאאאא

        א؟  א 
אאאא

אא؟
،אWF1E،אאאF2E

אאאK 
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אאאIPKIPא
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אאאאK 

 א Wאא،אא 
א אא    א א  
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o b e i k a n d l . c o m 



אא 

 

146

،אא  א
   א א ،א  א 

،אאאאא
 א    א F  א  א

 Fheader linesEKE א א   
א SMTPF א א  E]RFC 2821[K

א א    אא 
SMTP   א Fא   E  א

אאK 

2-1-6 אאאא 
      ،

 K א       
،    א א א א  

א K   א א  W،א  ،א
،Kאאא،א

،א،א
 FHTTP Eא   K    FTP

،HTTPKאא
−אא−،א א

 אא  ،     
אK   א א DNS  א

אאKאא
DNSא،DNSאא
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א ? ?א  א E? א     
א Kא א  א ، א   א

אאאאאF
אאKE 

2-2 אHTTP 
  א  א א א  

א א    א  ،  
  ، א א א  א א

א א א K א   F E
א     א א   א   ،א

א אK   א א א FאE
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א  א א  א  K א  
   א א    Kא א  

א אא 
אאאאK 
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אאאאא
 א  K ،א  א   

אאא אא אאא Kאא
 ،א א        

   א     Kא 
Fhyperlinks EאFsearch engines E 

א א   K א א ،א  א
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،אאאאאאאאא
 א אא Fmenu interface Eא אא

 אFaudio and video E  א א א א
FmultimediaEאאאK 

2-2-1HTTP 
 א   HTTP−א  

−אאאFאKEאא
RFC 1945وRFC 2616، WאאK

א  אF     אאE
    HTTP K  HTTPא 

אFאE،אאאK
HTTPאאK 
  א  −   אFdocumentE−

FobjectsEא،אURL
،HTML JPEG 

 Fvideo clipE K  א   HTMLא 
F E  K     א א  

HTMLJPEGWHTMLא
א    K  HTML א

 אאאURLKאURL
Wאאאאאא،א

FאאKEאאאW 
http://www.someSchool.edu/someDepartment/picture.gif 

www.someSchool.edu  אא א  ،
/someDepartment/picture.gifאאKאאF
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ExplorerFirefoxEאHTTP،F
א EאFbrowser Eא   אK

אFWeb serversE−אאHTTP
−،אאURLKא

אWApache،FIISEMicrosoft Internet Information Server K 
  HTTP  א  א   

 ،  א א  א   ،א
א אא2-6K א

 F   א  FאEFhyperlinkEE ،
א  א  HTTPא א   

אאKאאHTTP
אאK 

 
 

 
 

 

2-6אאאHTTPK 

  

Apache 

Firefox 
 

Internet Explorer 
FPCE
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 HTTP TCP  F   
UDP KE HTTP 

TCPא،אאTCP
א א  K   א 2-1 ، א א 

 א א אTCPא ؛
אאאאTCP Kא

HTTP    אHTTPאאK
אHTTPא

   אK  א   א   
אTCPKא
2-1TCPHTTPKא

HTTPא
א  א K    א HTTPא 

א     Kא  א אא   
א؛HTTPא

 א    ،TCP ، א  
   ،א TCPא    א

אאFprotocol stackKE 

אאאאא
א Fstate informationE ،א   
א،אאא

،אאאא
   א     K   אHTTP

    א א     
Fstateless KE  א א   L
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א2-1 Kא אא IP،
אאאאK 

2-2-2אאאאאא(Non-Persistent and Persistent 

Connections) 

א א א א   א  א
א א א א   K 

אאאאאאאFback-

to-backE،،אK
אאאאTCPא

אא           אא
  אTCP   א    

 TCPא    א   א א  ؟
Fnon-persistent connectionsE؛    א א 

אFpersistent connections KEא ،א
    אא א HTTP   א ،

 א Fאא  אא E K   HTTP
 א  אא א אFdefault modeE  ،

א א א א   א  אא  
K 

HTTPא 
א     א  א   

אא  א K    א  אHTML
JPEGאא ،

،אאURLHTMLאW 
http://www.someSchool.edu/someDepartment/home.index 
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אאW 

1K    HTTP TCPא www.someSchool.edu
א80FHTTPאE

אFsocketEאK 

2K HTTPHTTPאא
  א/someDepartment/home.indexF

HTTPEK 

3K   HTTPא   א   
א /someDepartment/home.index  א  Fא

RAMא אE  ،    HTTP  ،
אאK 

4K   HTTP  TCP  TCPF K
TCPאאאא

אKE 

5K   HTTP    א TCPאK
    א   א  HTMLא  ،

אאאאJPEG
אK 

6K אאאאאJPEGK 

 א א  K
 א      F   

א KEHTTP
א،אאHTTPאRFC 1945RFC 

2616    א   HTTP 
HTTPK 
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15153

אא  א אא  א אא (non-

persistent connections)، TCPא
אאאאKTCP

אא Kאא
אאאTCPK 

 ، א אאא  א    
אאTCP،

אTCPאKאא
אאאאKאאא

א       TCP  ،אא 
א،אאאאא

אTCPאא،אאא
 א Kא  א א   

אאאאK 
אאאאא

א   HTML   א  K 
אFFRTTERound-Trip-Time Eא

אא  א
א K אאא ،אאFpropagation delayEא
  א  אFqueuing delay E א א

Frouters and switchesE א   ،Fprocessing delayE  ،
אא1-4Kא

 K  א 2-7  א TCP  
א،  ? ?؛   א  TCP

אאא،TCP،
אאאאKא
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  אRTTא K   א  HTTPא  
אאאFאETCPK

א،אאHTML TCP،
  RTT K  א א  א RTT،

HTMLאK 

 

 
 
 

2-7אאאHTMLאK 

HTTPא 
א  אא    K W   

א    K  א  
אאאאאTCPא

אKא،אא

א
א 

א
א 



אא
 

א 


TCP 
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א א     א   K W א
 −   −     RTTFא

TCPאאאEK 
 א  ،אא א   TCP 

 א א א   א א א  K
      ،F  א א HTML

א א א E TCPא א K  
א   א       א 

אTCPאאKאא
א  אא  א  ،א א   א

 א FpipeliningEK   HTTPא
  F אא KE

א     א  א  
א  אא  K  HTTP א 

א   Kא אא  א א  
 אאא א   א  K  

א]Heidemann 1997; Nielsen 1997[. 

2-2-3HTTP 
 א HTTPF RFC 2616 Eא  HTTP،

W،K 

HTTP 
אאHTTPW 

 
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 

GET /somedir/page.html HTTP/1.1  
Host: www.someschool.edu 
Connection: close 
User-agent: Mozilla/4.0 
Accept-language: fr 
 
 

 

 אא  א K
WאASCIIא

אאKW،א
אFcarriage returnEFline feedKE

  א  א א  א   K
  ،     א א    

     אא     א K
    א א HTTP א Frequest lineE ،

אאאFheader lines KEא
  Wא FmethodE ، אא FURLEא   ،

HTTPKאWGET،POST،HEAD،
PUT ،DELETE K    א א HTTP GET

   א  א   א
 אא   אURL Kא א  א א 

/somedir/page.htmlFE Kא HTTPא
אאHTTP/1.1K 

 

אאאאKא 

Host: www.someschool.edu 
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אאאאאKאא
،TCP،א

א2-2-5אאאאא
א– אאא(web 

proxy)Kא 
Connection: close 

 אא א    א  א (persistent 

connections)،     אא א   K
א 

User-agent: Mozilla/4.0 

אאא،אאאא
Mozilla/4.0F א   Netscape KE  א א

א א אאא 
אFאאURLEKאא 

Accept-language: fr 

אאאאFא
  א  א א א KE  א א

אאFnegotiations EאHTTP
אK 

אאאאאא
 2-8א אאא،

א K א  Fאא E
?א ?Fentity bodyE אא     ،GET ،
  POST K  HTTP א  POST 

אא    ، א א  

o b e i k a n d l . c o m 



אא 

 

158

Fkeywords Eא   K   POSTא  
אאאא

אאאאאK 
 

 

               
2-8אאאHTTPK 

אאאא
     POST  א    ،

GET  א   א א   URL
אKאאאאGET،א

א   א   monkeysbananas  ،
אאURLא 

www.somesite.com/animalsearch?monkeys&bananas 

אURLא
א Kא  אHEAD אGET  ،

HEAD HTTPאא K 

א 

 
 

א 

 
א 

אא א 



א אא 
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  א  HEAD א   
א  K א PUTא א   א  

   ،א       F E
، אאא

אKאDELETE
אK 

HTTP 

HTTP
אאאW 

 

HTTP/1.1 200 OK  
Connection: close 
Date: Thu, 07 Jul 2007 12:00:15 GMT  
Server: Apache/1.3.0 (Unix)  
Last-Modified: Sun, 6 May 2007 09:23:24 GMT  
Content-Length: 6821 
Content-Type: text/html 
 
(data data data data data ...) 
 
 

 

אKאאW
 Fstatus lineE  ،Fheader linesE    ،

אFentity bodyEKאאא
אF  data data data data data …  KEא

  W    HTTP א  ،Fstatus codeE،
א א  K א   א   א א 

HTTP/l.lאFאאא
KEאאKאאW 

o b e i k a n d l . c o m 



אא 

 

160

 Connection: close 

אTCPאK 
Date: Thu, 07 Jul 2007 12:00:15 GMT 

אאKא
،אא

،אא،אK 

Server: Apache/1.3.0 (Unix) 

אApacheאא، 
User-agent: 

אאHTTPKאW 

Last-Modified: Sun, 6 May 2007 09:23:24 GMT 

    א      ،  
  א   אא   א  א

אאאאאאKא 
Content-Length: 6821 

אאFKEאW 
Content-Type: text/html 

אאאFאEHTML،F
אאאאאEK 

אא אא   א
 א2-9אא א، K 

אFstatus codeEאFphrasesEאK
א    א א א  Kא    

אאאW 
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אאWא 
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 200 OK  

אאאאK 
 301 Moved Permanently 

אאאאאLocation
א   א  K א  א  

אאK 

 400 Bad Request 

אאK 

 404 Not Found 

אאאK 

 505 HTTP Version Not Supported 

HTTPאאK 
 

 
     2-9אאאHTTPK 

HTTP א؟א
א   >א telnet ، א א   



א 

א 

 

א 

אא

אא

א

א

א  אא 
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  ،א    א      א
אאאאFcommand promptEאW 

 

telnet cis.poly.edu 80 
GET /~ross/ HTTP/1.1  
Host: cis.poly.edu 
 

 

אאאאK TCP
  80 א cis.poly.edu ،     HTTPK

HTMLאא
 Ross   Kא      א 
HTTPאאHEADGETK

אא/~ross//~banana/אK 

א א  א  א א
  HTTP K א HTTPא א א

   א  אאאא
א  K    ،א    

אאא
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]Luotonen 1998[אאאK 
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אא،אא
אאאKא

AmazonאW 
Cookie: 1678 

   א Amazonא   א  Amazon
    Amazon  ،א א   

א א א    1678     ،>
AmazonאאFshopping cartE−

،אאא א  א  
א  א  Kא א

AmazonFEאא، 
Set-cookie: 1678 

א   K      Amazonא 
אאאאאKאא

  Amazon،א  א ، א 
א   ،א א − Amazon

א א      א    
 א Fאא אאא  KE>
   Amazon א א א א

?אאK?،אא
אאאK 

 א   א  cookies   
א Kא    אF  א

א KE א א ،א  א  א 
   א א Kא א  א
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אHTTPFאאKE
א   א     א א 

אF hotmailEאאא
אאאK 

    א   א  א  
،אFprivacyEK

   א  −  א א
א  −א  א   א    

  K[Cookie Central 2007]א   
אאK 

2-2-5אאאFWeb CachingE 
אאאאאא(proxy 

server) אאHTTPא
א  ، א Fdisk storage E    

 א א K  א2-11   ،א
    HTTPא   א א אK

א     א  ، א   
אאKאאאW 

http:://www.someschool.edu/campus.gif 

 W 
1K   א TCP א א א   

HTTPK 

2K א     א   א א א 
       א ، HTTP

אK 
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3K   אא א،א  א TCP
אאFא Ewww.someschool.edu،

אאאHTTPTCPא
 Kאאא،אאא

HTTPאאאK 
4K      א א א א  

  א א      HTTP
 א F  TCPא א   א

אאKE 
 

 
 

2-11אאאאאK 

،אאאא
،،אא

א     א  א א   
K     א א א   
אKאאא
א،אא    א א   

א K    א א  



 א

א


FproxyE 
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Fresidential ISPEFAOLEאאאא،
K 

 א א א  א א א א KW
אאאאא،

א א א  א א א  א  
אא א א   א  א  

אאאKאאאאאאF
אא  E א אא،אא

א   א  א אא   K W
אאאא
  א  F    E K

אאFאאE
FEFupgradeE،אא

א  K אא א   
אאאאK 

אאאאא 2-

12אFאאאKE
  א   א  FHigh-Speed LANKE

אא15אLK
אאאKא

אא1אא،א
  א   א   15אא  K

אHTTPאFE،
      א     א 

א   א Kא א   אא א  
  א  א   א  א 2-12 
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HTTPFIPEאFא
IPEאKא

א?אK? 
א א Fא א    א א 

   Eא  א א  א   
  א  Fא  א  Eא  

אKאאאK 
 

 

 
2-12אאאK 

א 
 


100L 

 

א


15L 
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אאאFאא1-4-2WE 
(15 requests/sec)  (1 Mbits/request) / (100 Mbps) = 0.15 

אאאאW 

 (15 requests/sec)  (1 Mbits/request) / (15 Mbps) = l 

א  0.15    א א  F
א Eא ، א  א  

אאKFא1-4-2Eאאא
 א F  א  א  א  א 2-12 E

   א א  א א Kא  א
אאאFEא،

،אK 

 אאא
100L    15L K   

  א   א 0.15     א
א K  ،  א א   א  

א  K  א א     א  א
 א   15L  100L  

K 
א،אF

 E  ،א     א  
א2-13KאאFhit rateEFאא

אאאE0.20.7Kא
      א אא   0.4

אKאאאאאא
40٪אאאF10E

o b e i k a n d l . c o m 



אאWא 
 

  

17171

א אא Kא  60٪א  א  א  א
אKא60٪אא

א  א ،   א א 1K0 0K6K
     0K8 א א Fא  

  Eא  15L K  א א
FאEKאאא

W 

0.4   (0.01 seconds) + 0.6  (2.01 seconds) 

א1.2Kאאאאא
אא،אאK

    ،  א  א א  
 - א  א א אא    

K 
 

 
2-13אאאK 

א

א


15L 

 א 


100L
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2-2-6GETא 
 אא  א      א

א،Fא
א אא  אE K       

 א      א א   א א
אאאא KאHTTP

אאאאKא
GETאKHTTPGETאאF1Eא

אGET،F2EאאW 
 If-Modified -Since: 

  GETאא א K W
אאאאאW 

GET /fruit/kiwi.gif HTTP/1.1   
Host: www.exotiquecuisine.com 

WאאאאאW 
 

HTTP/1.1 200 OK 
Date: Thu, 7 Jul 2007 15:39:29  
Server: Apache/1.3.0 (Unix)  
Last-Modified: Mon, 4 Jul 2007 09:23:24  
Content-Type: image/gif 
 
(data data data data data ...) 
 
 

 

   א א  א א אא 
אאKאאא

א   K W    א    

o b e i k a n d l . c o m 



אאWא 
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אKאאאאא،אאאא
 ،א   א     א א  

א      א אאGETאK
אאאW 

GET /fruit/kiwi.gif HTTP/1.1  
Host: www.exotiquecuisine.com  
If-Modified-Since: Wed, 4 Jul 2007 09:23:24 

א   If-Modified-Since  Last-Modified
א  א   K א  א א א 

אאאאKאא
4L200709:23:24Kא

אאאW 

HTTP/1.1 304 Not Modified 
Date: Thu, 14 Jul 2007 15:39:29  
Server: Apache/1.3.0 (Unix) 
 
(empty entity body) 

אGETאא،א
א א   K  א א  א א

א א،א   א  F א 
אאאEKאא 

344 Not Modified  

 א  Fא א  א     E،
א  א אא אא  

אאאK 
    אHTTPFא א  

א،KEא
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אHTTPאא
אאאKאא

א אא،אא אאאא
HTTPK 

2-3אאFTP 
FTPאאFאאE

Kאא
א       א א  Fא E

 א K   א      
אאאאא  K 

א 2-14א    FTP   
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    א א א א  
    א   FTPא   K 

אHTTPאFstatelessE،
K 

2-3-1אFTP 
  א    א א  FTPא

 K אא FאאEא ، FאאE
 א ASCII7 KאאFTP−

HTTP−אאKאאא
אFcarriage return EFline feedEK
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אאWא 
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      ASCII אא    
אKאאאW 

 USER username 

אאK 
 PASS password 

אאאK 
 LIST 

 א א א  א א     
א K    א  Fא   E 

TCPאK 
 RETR filename 

א א  א א     Kא  
אאאאאK 

 STOR filename 

FEאאאK 

FאאEאאאFTP
אאKאא

אאKאא
 א  K א   א א  א  

 אאHTTP K  א 
אW 

  331 Username OK, password required 

אאאK 
 125 Data connection already open; transfer starting  
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אאאK 
 425 Can't open data connection 

אK 
 452 Error writing file 

FEאK 
אאאאFTPאRFC 959K 

2-4אאFE-mailE 

 א א  ،א א  א א
א]Segaller 1998[،א

אא،אא
אאאאאאK،אא

אאא،
אאאאKאאא

     Kא אא 
 אא א אאאאFא Eא

א א אא
א K  א א א א   

א،אאא،אאHTMLא،K 

א א      א אא  
אאK،א

 א  א     K
א2-16אא

אW،א،א
 א אSMTP Kא   א    א 
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FAlice EאאFBobE K
    א א א  א 

F K אא
אאאאא،אאאKE 

 א א א
א א     ،א  Kא   

אאא،K
אאאאאאGUI،

א א     Kא  
Microsoft Outlook ،Apple Mail ،Mozilla Thunderbirdא 

א  א א א K א   
אאא אFmail،pine،elm Eא

،אאאאאאאK 

א  א א  א   K  
א K

    א א K   א 
אאאא،אא،

 א     K א    
אא،א א

FאאKE
Kאא

،Kא
30Kאא

אאא،
K 
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 
2-16אאאK 

 SMTPא א  א אא  K
 SMTP  א א א TCP

אאאאאKא
،אאSMTPWאFא

אאEאFאאאKE
אא SMTP ،

אW 
 

אא א 

 א 

 א 

 א

 א

 א

 א 

 


 

 
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   א      ،א א 
SMTP،אאא

SMTPK 

2-4-1 אאFSMTPE 
SMTPאאRFC 2821

א א K   SMTP  א
אאאאKSMTPHTTP

FRFCאSMTP1982SMTPא
KEאאאאאSMTPא،

  א    ،א  א אא 
א K א    אא א ASCIIא
 7א     א   Kא 
אאאא

،،אאא
   K א א   א אאASCII

7،אאאא
Fbinary E ASCII    SMTPא א   ؛

   א אASCII א   אאSMTP
 K  א 2-2 HTTPא    

אASCIIK 

 SMTP  א Kא
ASCII،W 

1K    א  א א
אאFאbob@someschool.eduE

אאK 
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2K א،אא
אK 

3K    SMTPFא     E א
،אTCPSMTPא

K 
4K    א אא א SMTP 

TCPK 
5K    SMTP     ،א

K 
6K אאאK 

 

א2-17אאK 
 

 
2-17אK 

   א SMTP  א א 
אא ،אKא

،TCP
       K 

    א א     א  
אאאK 
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  א     SMTP 
א א א א    K א א  

 SMTP  א   א אK
 WSMTPFאאETCP

 א 25 SMTPFא 
אKEאא،אאא

   Kא א  א   א
 אFhandshaking Eא   א Kא   

      א ،  א   
 SMTPא    K  א  

SMTPאאאFאאאE
אאאKSMTP

אאאKSMTP
  א אTCPא  א   K

אאTCPא
؛אTCPאK 

  אSMTPFCESMTPFSEK
 א  אcrepes.fr א  אhamburger.eduK

 אאCאאאTCP
אאSאאאTCPK

אאאTCPW 
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S: 220 hamburger.edu  
C: HELO crepes.fr 
S: 250 Hello crepes.fr, pleased to meet you  
C: MAIL FROM: <alice@crepes.fr> 
S: 250 alice@crepes.fr ... Sender ok  
C: RCPT TO: <bob@hamburger.edu> 
S: 250 bob@hamburger.edu ... Recipient ok  
C: DATA 
S: 354 Enter mail, end with "." on a line by itself  
C: Do you like ketchup? 
C: How about pickles?  
C: . 
S: 250 Message accepted for delivery  
C: QUIT 
S: 221 hamburger.edu closing connection 
 

 

  א  א  א?Do you like ketchup? How about 

pickles؟?א crepes.frא hamburger.eduK
א  א  אא  WHELOF אHELLOE،MAIL 

FROM ،RCPT TO،QUITא א א  ، K א 
אאאאFKא

ASCIICRLF،CRאFCarriage ReturnE
LFFLine FeedEKEאא

 א  א    Fא KE   SMTP
אWאאא

 א א    ،    
TCPKאא 

MAIL FROM: crepes.fr 

   ،    א  QUIT 
אאK 
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     אאTelnet   א א
SMTPKא 

telnet serverName 25 

serverNameאאאK
 TCPא א K

 א א א אKא220א
אSMTPאאאW 

HELO, MAIL FROM, RCPT TO, DATA, CRLF.CRLF, QUIT 

،אאאאאא
     א     
SMTP،א

אאK 
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FCase HistoryE 

אFHotmailE 

 L  א 1995   FSabeer Bhatia E 
FJack Smith E     אFDraper Fisher JurvestonE

אאאא
אKא،

 א  א    א K  א א 
אאFאאE

א א K  א  א  א  
    K  15٪א    

אאFHotmailKE
 אא1214 א F

אEאL1996K
א100אKאאא

    א א א אא  K L
 א 1997−   18אא −  

   12א    א   400
K 

אא????Fviral 

marketingEKאאאא
א   א K     א 

אKאא
   K א א W   

אאKאאא
א א ،א

א Kאא 
Kאאאאא

אאאK  
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2-4-2 HTTP 

     א SMTPHTTPK 
אאWHTTPאF

 Eא א FאE، SMTPא
FאאEK

  א HTTP אאSMTPא Kא
KאK

 W HTTP   Fpull protocolE–
אאאHTTP

אאKTCP
א א אא א KאSMTP

Fpush protocolE،אאאאאK
TCPאאאא

אK 

 א،SMTP
   א − א    − ASCII 7

 K     א  Fא א  
א  E   F E  ،

אASCII7،HTTP
אאK 

אא
F א    א אא KE   א 2-2

HTTP      HTTPא   ، 
    ،א   א   א

K 
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2-4-3אאאMIME 


  א  א ،א  אא א K

،א
      אאא  F 

 822אRFC    אא KE  
א   א  F CRLF KE  א  HTTP،

א    א
EWFKאאאK

FromTo،Subject،
אאאKאא

אSMTPאא2-4-1Fאא
’From‘’To‘KE אאא א

אSMTP،אאא
אK 

אW 
From: alice@crepes.fr  
To: bob@hamburger.edu  
Subject: Searching for the meaning of life. 

 א     א  FASCII KE א
אאTelenetאא

Subjectאא، 
telnet serverName 25 

א2-4-1K 
 
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אאאMIMEASCII 
          א אא 

RFC 822   ASCII     ،
 א א F  א  א 

 E  א   ASCIIF א א 
א KEא  ASCIIא   

א א א א   Kא   
  אRFC 2045RFC 2046   ،?אאאא  

אא?Multipurpose Internet Mail Extensionsא
MIMEאאאRFC 822K 

   MIMEא אא א  
אאW 

Content-Type:  
Content-Transfer-Encoding: 

 Content-Type א אא  א א 
אK א      א   JPEG

   א   א א  
  א אJPEGK א א  א Content-

Transfer-EncodingאASCII
ASCII SMTPאאאא،

    א ASCIIא    
א K   א    א
א א   ،Content-Transfer-Encoding

א א  א   ASCII   ،
אContent-TypeאאאאאאK 
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  Kא JPEG
 K   א ، א  

אאא،א،א
אFKאא،

אאKE،א
?Send ?F??Eא،

MIMEW 
 

From: alice@crepes.fr  
To: bob@hamburger.edu  
Subject: Picture of yummy crepe.  
MIME-Version: 1.0  
Content-Transfer-Encoding: base64  
Content-Type: image/jpeg 
 
base64 encoded data ....... 
.......................................... 
.......base64 encoded data 
 

 

   MIME      JPEG
 base64 ، א א   MIME [RFC 2045]

 ASCII 7 אSMTP K
  א    quoted-printable א ،

ASCII8FE
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א    K א    
 א  א ،     

אאאאK،אאאא
    ،א א א   א

אFKE 

א א א   א    
  K א     

 א א    א א  K  א
אא

 K     אSMTPF  א SMTP
אא KE א

אא  א אאא א K  
א2-18אSMTP

  א   א א     ،
 SMTPF SMTP Eאא 

Kאא؟אא
א

 א א א אאאא K
   ،א     א א 

אאאאאF
 30 E       K א 

אSMTPאאאSMTP
SMTPK 
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 

 
2-18אאאאK 

אאא>
א  א א 

אא؟א
אאSMTPאא،א

   SMTP  K   א 
אאK

א    אא   א אא 
א  FFPOP3EPost Office Protocol--Version 3 E،

אאFFIMAPEInternet Mail Access Protocol E،
HTTPK 

א2-18אאאW
SMTP א א א   א א  ؛
SMTPא א   א א   א  K

א    POP3א   א 
אאאK 

POP3 

 POP3 א      ، 
אRFC 1939FאאEKא

  

 
 

 
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  אK POP3א    א
FאETCPאFאE110K

POP3א  Wא FauthorizationE ، א FtransactionE،
אFupdateE K א אFא Eא א  

אאFEאא
KאאFאE؛אא

 ،  א  א
،אKאאFאE

אאQUITPOP3،
אאאK 

אאFאEאאא
א K W?+OK?F  

אא Eא א   א 
א אERR?-?؛      א

אK 

אW 
user <username> 
pass <password> 

TelnetPOP3110،
אאאאmailServerאאW 

telnet mailServer 110  
+OK POP3 server ready  
user bob 

+OK 
pass hungry 

+OK user successfully logged on 

אPOP3“-ERR”K 

o b e i k a n d l . c o m 



אא 
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 אא     K  א  
 א  א POP3 ? F ?download and 

delete E? F ?download and keep KEא אא  
POP3אא

אKא?download and delete?אאאW 
list, retr, dele 

אאאא
א،CאFאESאFאEW 

 

C: list  
S: 1 498  
S: 2 912  
S:. 
C: retr 1 
S: (blah blah   ...  
S:  ................ 
S: ................ blah) 
S:. 
C: dele 1  
C: retr 2 
S: (blah blah   ...  
S:  ................ 
S: ..........blah)  
S:. 
C: dele 2 
C: quit 
S: +OK POP3 server signing off 
 

 

אאאאא
אא،א  K 

אאאW 
list, retr, dele, quit 

o b e i k a n d l . c o m 



אאWא 
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   אא   א RFC 1939 K א  quit
POP3א1א2אK 

?download-and-delete?א א
       א  א   ،

א    K  א א
א א  K  א

אאאאK
?download-and-keep?אאא

K؛אאאאא
            

אK 
  POP3א  א  א  

א  א ؛      
KPOP3א

אאK 

IMAP 

 POP3      א
Fmail foldersEאK

אאאאFא
א KEא EאאאאאFא

   א א אא   א
א    א   א K א א

POP3،אא
אאK 
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 אאא،א IMAP
אRFC 3501،POP3،

א     א K  IMAP 
א     ،אא     

FINBOXE Kא
،אא،א،KIMAPא

   א  אא   K אא
אאאאאא

KPOP3IMAPא
IMAPאאאK 

אאאאIMAPאאא
א א Kא 

אאאא
   MIMEאא  K    א 

אאאאF
אאKEאא

אאאא
KIMAP

אא]IMAP 2007[K 

אאאFWeb-Based E-mailE 

אאאאאא
   א  K א FHotmail E 

  אא ، א א  א א 
    FYahooE FGoogleE   

  K  א   א 
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   א   א  ،HTTP K 
א   ،      א 

אHTTPPOP3IMAP K 
،א

א HTTP SMTP Kא 
אאאאSMTPK 

2-5אאFDNSE 

–א–Kא
    ،א א   ،א א 

אKא،א
   א    א   Kא  

א IRSFאאאא
א Eא  א אא  אא
א،   א  אא א א  

אאK 

،אא
  K א א  א FhostnameEWcnn.com،

www.yahoo.com،cis.poly.edu،gala.cs.umass.edu K א א 
א  Kא     א    

אאKאאwww.eurecom.frא
 א fr  ،  ،  א   א 

אKא
  אF  E    Kא 

אIPK 
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    IP  ،אא א  א 
אא KאIP،

  K א IPא  W121.7.106.83،
  א 0255K

אIP،אאאא
אאF

אאKEאאאא
א

K 

2-5-1אאDNS 

אWאאאIPK
א،אאאIP

אאאאK،אא
   א   א א  IPא   ،

א  א   אFFDNS EDomain Name SystemEK
 DNS F1 E      DNS א

،F2 Eאא
אאKDNS

FFBIND EBerkeley Internet Name DomainKEDNS
UDP53K 

אDNSאאא
 HTTP ،SMTP ،FTP   א  IP K

    א       
אW 

www.someschool.edu/index.html 
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     א  HTTPא  
www.someschool.eduאIPאאK

W 

1K אאDNSK 

2K א  א א www.someschool.edu א URL
אDNSK 

3K    DNS  א א   אא
DNSK 

4K DNSאאIPאK 

5K אאIPDNS،TCP
HTTPא80אאK 

  א א  DNS     −  −
 א א  K א −    −

אIPאאאאאDNS،
DNSא

DNSאK 
DNSא

IPW 

 א א FHost aliasesE W  א  
א א    אא  Kא   

אrelayl.west-coast.enterprise.comא 
enterprise.com 
www.enterprise.com 

אאא 
relayl.west-coast.enterprise.com 
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 א א F אEFcanonical nameE K 
א א      א אK

    DNSא א א  
אIPאאK 

 א א  FMail server aliasingE W א 
א  א א    א  אK

     א א   א  ،
אbob@hotmail.comKא

אאאא
אhotmail.comF א א א  

relayl.west-coast.hotmail.com KE   DNS 
   א א א    

   אIP K   א MXF
 E אא

Kא
אאenterprise.comK 

 א אFLoad balancingEW DNS  
א א  אאא  ،

אFreplicated web serversE Kא א  א 
 א א אFא   א Eenn.com

،אIP
 K    א IP  א

א  K   DNS   IPK
   DNS א א אא
א،אIP

    K      א HTTP
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אIP ،א אDNS
א א  א  K   DNS

 אא   א א   
 א א  Kא א א  

F[Akamai 2007]EDNSא
אFאאאKE 

   DNS RFC 1034RFC 1035  
Kאא،

א  א  א א   א א
א]Abitz 1993[א]Mockapetris 1988; Mockapetris 2005[K 

 
 אאאאFPrinciples in PracticeE 

DNSאL 

  DNS     א   HTTP
FTPSMTPא،FW1E

אL،F2Eאא
DNSאאאKDNS

א،אא،א،א
،DNS–א

IPאאאאאאKא1-

2    א אא ?א ?א KDNS
אאאאא

אאK 
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2-5-2 DNS 

אDNSK
אאאIPKאFא

Eאא،
IPאא،DNSאאא
F K ،   א   אאEFgethostbyname

אKא2-7אDNS
EK DNSא אא

אKDNSאUDP
  53 K ،א       א   

DNSא     DNSא  א א
אא Kאאא K א–א

 א   א– DNS    
  K  א א א א א   

، אDNS،א  א
        א DNS

אK 
   DNS  DNS   א

א א  א Kא א  א  א 
  אאא   א  א  K  א

 א  ، א א 
אאKאאאאאW 

    W   DNSא  א 
> 
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   א W    DNS א
אאDNSFHTTPאאא

אאKE 

   א  W     DNSא
??אאKאDNSא

אאאאאא،
 ،א  ،  א     

אK 

 א W   DNS   א
א K א א     א 

   ،   א 
K 

   א א   DNS  
אאא   K אאDNSא 

אK 

 
  DNS ،א  א א   

 א  א א  א   Kא 
 א  DNS א  א   

אK
א    F א    2-19EW

 DNS אFRoot DNS ServersE  ،DNS א
אFFTLD ETop-Level DomainE،DNSא(Authoritative 

DNS Servers)K 
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 
2-19אאאDNSK 

א،אאא
  DNS א  IPא www.amazon.com 

אאאWא،אא
 IP TLD א אcom Kא  

TLDאא،IPamazon.com Kא
 א א  א amazon.comא א IP

א www.amazon.com Kא   
DNSFDNS lookup E،   

אאDNSW 

 DNSאWא13DNSF
AMEא  ،Kא2-20א

אאL2007Kא
]Root-servers 2007[ K

،א??אFclusterE
אאאFreliabilityEאFsecurityKE 
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 
א2-20אאאDNS2007אK 

 אאFTLDWEא
  א אcom ،org ،net ،edu،gov  

אא אאאuk ،fr ،ca ،jp K
 א Fא  2007 E א 

FNetwork Solutions E   TLDא 
 אcom  ،Educause TLDא 
אeduK 

  DNSא W     
 א  א Fא  א   E

DNSאא
IP،DNSאאא

DNSKאDNSא
אאKא

  אFservice providers E 
  אDNS Kא א 
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   אDNS   FאE
K 

   DNSFאTLDא E  
FEא2-19KDNS

   DNSא K    DNSא
א،א DNSא K

    F  ،  ،   ،
א א E DNS Fא א  

Fdefault name serverE KE
אאאIPאDNS א

F   DHCPאאא א   KE
א IP DNS א א א

     K  DNS  א? ?
א K   DNSא

א א  LAN K    
אאא

Frouters KE  א  DNS ،  א 
DNSא،א?F?proxyEא

DNSK 

     K א  אcis.poly.edu 
אאIPgaia.cs.umass.edu ،א

DNSאPolytechnicdns.poly.eduDNSא
gaia.cs.umass.edudns.umass.eduKא2-

21אcis.poly.eduאDNSDNSא
dns.poly.edu א א א F

gaia.cs.umass.edu KEDNSאאDNS
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אא אedu DNSא
IP TLD   אedu K    DNSא

א   TLDא،א
umass.edu، א IP DNS  אF

dns.umass.edu KE   אDNS א  א 
dns.umass.eduאאIPgaia.cs.umass.edu K

،אאאאאא
DNS W   א   >  

 DNS  א א   א אא
אאK 

 

 
א2-21אDNSאK 

 

 DNS 

 

DNS א

 

 DNS
אא 

 

DNS א

אא

o b e i k a n d l . c o m 
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   א א  TLD  DNSא א
  ،א א  א    K   

 TLD    DNS  א   DNS
א א  א א K   א א  

DNSdns.umass.eduא
  א   DNS   א  

א  א K    א  DNSא
dns.umass.eduאאאcs.umass.edu

 dns.poly.edu אIPdns.cs.umass.edu    א
 א   אcs.umass.edu   DNSא

dns.poly.eduאDNSאאאאא
DNSאאאאאאKא

DNS> 

 אאא2-21אאא
Frecursive Eאא אאFiterativeE Kאא 

 אcis.poly.edu  אdns.poly.edu א ، 
 א א     אא  Kאא 
 א א   א  א dns.poly.eduK

אDNSא Kא
א2-22אאDNS K  

אאאאא2-21،אא
אDNSאאא،אK 

 
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 
א2-22אאDNSאK 

אDNSא 

 אאא  DNSא א א
אDNSKאDNSאאא
   אא א     א DNSא

אKאאאאDNSאאK
  אא DNS DNSF  

אאIPE،אאK
אא2-21DNSאdns.poly.edu

  אDNS   א א    א  א
אאK 

 

 

DNS א

אא 

DNS 
 

DNS
אא 

DNS 
א 

o b e i k a n d l . c o m 



אא 

 

212

אאאאאאIPא
DNSאא،אא

אאIPא،אאאאK
  א א  IP    א

 אF א  א E  DNS
 FKEאא

אapricot.poly.edudns.poly.edu
 אIPcnn.com K א   

       kiwi.poly.edu 
dns.poly.edu א א K  ،א אא אא

 DNS א  אאIPcnn.comא א
      א  אDNSא K

  DNS  א  IP TLD 
DNSאDNSאאFא

אKE 

2-5-3DNS 

  DNSF      אDNSאE
א  אFFRRs EResource Records E  א 

 א א א א   IPא K  
DNS אא Kאאא א

    DNS    א  ،
]Abitz 1993[אDNS[RFC 1034; RFC 1035]K 

אאאW 

)Name, Value, Type, TTL( 
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אTTL،אאא
א אא Kא א   TTL K

אNameאValueTypeW 
    A = Typeא א    ،Nameא

 א    ،אValue אIPא  אK
אאAאאאאא

IPאKאאאW 

)relayl.bar.foo.com, 145.37.93.126, A(  

  אNS = TypeאNameאF
foo.com E א Value  א DNSא  א

      א אIP  
א K א א   אא DNS 

אKאאW 

)foo.com, dns.foo.com, NS(  

    CNAME = Typeא א  Nameא 
אאאValueK

א Kאאאא
אאW 

)foo.com, relayl.bar.foo.com, CNAME(  

     MX = Typeא   Nameא 
   א  א  א  אValueK

אאW 

)foo.com, mail.bar.foo.com, MX(  

   MX     
א  K   א MX  
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אאאאF
 א KE  א  א א  

 DNS  MX،א  א א  
DNSCNAMEK 

  אאDNSא א 
DNSאAאFKאDNS

    א א א Aא א  KEא
אאא אNS

،אאאאAא
IPDNSאValueNS KאTLD

 א  edu  א  gaia.cs.umass.edu
אאאאcs.umass.edu

אW 

)umass.edu, dns.umass.edu, NS(  

TLDאeduאAאIP
אאdns.umass.eduאW 

)dns.umass.edu, 128.119.40.111, A( 

DNS 

   א א   DNS،א  א
  א  אא א  אDNS K   

אאאא2-23K 
אאDNSW 

  12  א ،א  א א
א  א Kא  א   Fidentifier E

o b e i k a n d l . c o m 



אאWא 
 

  

21215

א16 Kאא א
،אאאאא

KאFflagsEאKא
אF0،א1E،

אאאא אאא
 א K    א אFrecursion E1

א F   DNS E    DNS
אאא Kאא

   א א 1א   אא  K
אא

אאאK 

 
 

 
א2-23DNSK 

 

אאאא 
FאE 

אאאא 
FאE 

אאאא 
FאE 

אאא 
FאE 

 

אא 

אא

א 

אא 

FflagsE 
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  ?אא  ?Fquestion section Eא   
א Kא א WF1 E ?Name ?א  

،אF2 E?Type ?،א א 
אאא א Fא A E א  א

FאMXKE 

   DNS،?א  ?Fanswer section E
אאאאK

 א   Fא  :A ،NS ،CNAME ،MXE،
א ،אTTL Kאא

אFRR Eאא،אא
  IPF    א א 

אאKE 

  ?א  ?Fauthority section Eא  
אFauthoritative serversEאK 

  ?א א?Fadditional section E  
KאאאMX

אאאא K
 א    א אA אIPא 

אאK 
אDNSאא

 DNS  א  ؟ א  א nslookup،
אKאא

אאFcommand promptEאnslookup،
nslookup K א    א א DNS  

DNSF، TLD  ، KE   א  א DNS
אאא א א Fא
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אKEאאnslookup،א
  א א א   א א א א  K

F א ?nslookup ? א    
אאKE 

DNS 

 א  א א    
DNSא  א   א      ،

אKא؟
    Utopia       ،

אאnetworkutopia.comאFregistrarsKEא
אאFאא

 E،    א   DNSF
   E      K  1999

אא    Network Solutions א   ،
 א com ،net ،org Kא  א  א 

א אא  א   ،א  
FFICANNEInternet Corporation for Assigned Names and NumbersE

אא  K   א  א 
http://www.internic.netK 

אאnetworkutopia.com
א  IPDNSא א אK

אאIPW 
dns1.networkutopia.com  
dns2.networkutopia.com 
212.212.212.1 
212.212.212.2 
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אNSA
 TLD com  ،א א  K

،א   א   אDNS
אאאnetworkutopia.comW 

)networkutopia.com, dnsl.networkutopia.com, NS( 
)dnsl.networkutopia.com, 212.212.212.1, A( 

  א   א   Aא 
www.networkutopia.comא   MXא 
mail.networkutopia.com  DNSאK  

DNSFא
אאEKאUPDATEDNS

     א   א  DNS
 K  א א  DNSRFC 2136

RFC 3007K 

א،אאא
אאאKDNS

אKאאDNSK 
א  אא א אא    א

www.networkutopia.comK       
אKDNSאDNSDNSא

TLD א  אcomF     DNS א
DNS א TLDאא א אcom

אאKETLDאאNSא
Aא،  א

TLDcomKTLDcomאDNSא
א KDNS אאDNS
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212.212.212.1אAאwww.networkutopia.comK
 א א IPא א א F  212.212.71.4אE
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 א Kאאא
DNSאאא]Mirkovic 2005[. 

אDNSאKא
    DNS  ،  א  א

אאאאDNSK 
 

 
 

 
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2-6אFPeer-to-Peer ApplicationsE 
 א2-1-1אא

?L?א
?אK?אאאאא

F א  ،א א ،אDNS Eא
 א?L ? א א א

 אFalways-on KEא P2P− −
  Fא     E א א א  

א K     א  אFא E
א    K   א  א 

אK 
אא

אKאאא،
א    K    א   א

،אאאאאאFself-scalabilityE
א K א  BitTorrentאK

  א א    א א א  
  ،א        

 א    א  Flarge-scale file sharing KE
אאאFSkypeE،

אK 

2-6-1א 
،אאא

אאFא KE
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       א FLinuxEא   ،FpatchE
،אאMP3،

 MPEG K  א א  ?L?   ،
אאאא،

אאאאK
  ،א  אא א        

אא،אאא  K
 א א  F  2007 E א א 
אBitTorrentKאאBitTorrentא

30٪ א א א   א   
]CacheLogic 2007[ Kא   אא א
FBram CohenEאא،BitTorrentאאא

BitTorrentאאאא
HTTPKאאאאאאFself-

scalability E ،א א  
BitTorrentאאK 

אא 

א א ?L ?א،אא 
 א אאא   א א   ،א 

אא
א Kא  2-24 אא א K 

 אא usא،אi
ui  א  ، א idi Kאא א   

  FF Eאא א א NK
?אF?distribution timeEאא
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א Kא א ?L ?
?א?א??אF

  אא א[Akella 2003]Eא      ،
FbottleneckEאאKאא

אאא،
אאאK 

 
 

 
 

א2-24אK 

 

א


F 
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 א ?L? א،Dcs K
LאאKאאW 

 אאאאKא
אNFKאus،

אא
su

NFK 

 אdmin 

dmin = min(d1,d2,...,dN) 

 אא א א 
אFFE

mind

F Kאאא

א
mind

FK 

א 










min

,max
d

F

u

NF
D

s
cs

 

אא א?L K?א
 א   אא       

אא  א א    Kא א א   א
،אאW 










min

,max
d

F

u

NF
D

s
cs

,  (2-1) 

אN،אאא
?L?

su

NFKאאא

N،        א  א Fא 
E،אאK 

o b e i k a n d l . c o m 



אאWא 
 

  

22225

   ،א    א א א  
אאK

אאא،א
אאKאאאא

?L?אאא،
אאא א Kאא

אא]Kumar 2006[Kאא
אאW 

 א   א  א א א  K 
א،א אא

אאאKאא
אאא

su

FKF?L?،

אא،
אKE 

 א?L?אא،
אאFFE

mind

FKא

אאא
mind

FאK 

 אאאא
א،א 

Nstotal uuuu  ...1 
אF אאN،

אNFKא
utotalKאאאאא 

Ns uuu

NF

 ...1  
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אאאאא
،אFDP2PKE 
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












 
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PP

uu

NF
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u

F
D

1
min

2 ,,max ,  (2-2) 

 אאא אא K
אא،
אאאאאא]Kumar 2006[FK

אאKEאא
אא،א2-2א

אאאKאאא2-2א
،אאאא 
















 

N

i iss
PP

uu

NF

d

F

u

F
D

1
min

2 ,,max ,     (2-3) 

 א 2-25 א  א א 
?L?אאאאאuK

א2-25א
u

FZ 1،uus 10،sud min K
א،אאא

אאא،א
אKא2-25א

?L?،א K
 א    א   א  א א

?L? א  א   ،N K
א א א     K א  

  א  א א א     
FredistributorsEאFconsumersE

 Kאא
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 
2-25אאLאK 

BitTorrent 
BitTorrentא  א   

]BitTorrent 2007[ K  BitTorrentא א  
     ??FtorrentE Kא א   ?א?

   א    א   א  ،256
 K  ?א ?،אא   

אאאא،אK
אאK،א

אFEא،FאאEא
אאאKא

א،אK 

אBitTorrentKא
BitTorrent    ،    א ،

      

L

א







L



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אאאא א K
  ?א?FtrackerE K 

א،אא
אKאאאאאK

אאאאאK 
א2-26،

א،אאאF50א
E،אאIPאאא

50 Kאא א،
TCPאאא Kא 

א?אאFK?א2-26
 ،  KE

אאFא
א E  TCP،  אא א 

אK 
،א

אאK
 א  F  TCP E א א   Kא

אL،LאאK
 א   ،א   F    TCPE

 Kאא
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 
2-26אאאBitTorrentK 

א           
א  א    Kא   א 

 אW؟א      א א ، 
א؟אאאא

?א?Frarest firstEKא
 א   א א?א ? א Fא א א א

א אEא، Kא א
אא،אא

K  א   ، BitTorrentא
אאא

א
 

א
?Tracker? 


 

 

א 
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K
אאאאאא،א

 ، א Kא ،
א א    א א  א  

א K    א 30  אא  א
א ،א     Kא    

 אא Kאא،א  א
אאאFuploadersEאKא
א Kאאאא

  אא      ،א   א
אא  א K30

א،א אא Kא
א?אאאא،אאא

א ?        K
אאאאאאK

  אא א א  א    
  ، Kאא א א 

אF??אFprobing peerE??،
K 

   ، א     
?א א ?Ffree-ridingE  ،     

אKאBitTorrent
 א א א?א א?    ،

  א   א  ، 
אKBitTorrent

 ،א  א   א א 
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FpipeliningE، א אא אFrandom first selectionE، 
אFend game modeE،אFanti-snubbingE[Cohen 2003]K 

2-6-2 אא 

 ?א  ?  א  א א 
א−אאאKא

 אאא  K  א ?
א א  א ? ،      

K 
   א    א   

א،       MP3א
א אא K   א   

 א אא   K
      א  ،א 

אאFא MP3،
IPאEאאא،אא،א

אא   K    א 
 א،א     א  K 

 א     א א  א K
א 

 א    א אאא Kא 
 א   א    א  K

،אאא
 Kא

  אאFinstant messaging E 
אאFIP KEא
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  א ،א א   אBeautifulAlice
HandsomeBob   ?א ? K 

HandsomeBobאאאIP = X،
  א   HandsomeBob א א XK

   BeautifulAlice، א אא
HandsomeBob ،   א   א 
HandsomeBob  HandsomeBob א אא

X K   BeautifulAlice  TCP א 
 אאX  א א HandsomeBob K 

אאאא אאא
אאאא،Fאא2-6-3KE 

    BitTorrentא  
،אאK 

      א    א
א K،אא

אKא
אאאאK 

אא 
   אא  א א  

FNapsterאאאאאא
אKEאאא

F   KE    א2-27 ،  
א ،אאIP

אאFאMP3א
KEאא
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IPK
אאאא

??אLKאא
   א  ?L K?     א

א  א    ،א א    א א
אאאK 

 

 
2-27אאאK 

  אא?  ?  א  
،אאW 

    W  א  א   Kא
אא??،א

א،אK 



א
א 

א


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    א  א W    
،אאאאא

אאKא
2000Napsterאא

אאK 

 אא Wא א،א א
אא

  א   אא   
    ?א א א ?K

 ،א  א א  א   
]von Lohmann 2003[K א    

     ، א  א  
אKאאK 

א 

אאאאא
 ?א  K?  א   Gnutella

،אאא
     א      

K 
      א ? ?

Foverlay networkE  א   ،?א 
א ?Fgraph theory E Wא  Xא TCP

Y،?א ?Fedge EXY Kאא
 א א א א   אF TCPאE

אK?אא ?א،
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Kא?א ?
אאTCPאאאK 

אאאא
אאא،אאF

  E      ،א אא2-28 K
 א א       

Kאאא
אK 

א  א א  א א  א א
   אTCP א K    

?Network Love?،אא
אא?Network Love?،א

א ،א   א  אK א2-28
?א?Kא،אא

אאאא Kא
א?query-hit?אאK

א    ،א  א א TCP
 א K   א א   א א

אאK 
،אאאא

 K  א  ،אא   
      ، א א   

אאאאFEאאK
  Gnutella   א ? א 

אK?אא 
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 

 
2-28אאK 

 

 אFpeer count E אF 7 KE 
אאאאאא

א אא  Kא א
   א א ?א?א א     ،K

 א א א   א   א א
אאאKאאא

 ،אא   א ، א  
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אאKאGnutellaאאאא
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אK 

א א  א  א א 
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 
2-29אאאאK 

    א אTCPא א   ،
אאKא

אא،אא
Fmeta-dataEFE،אIPא

א   א  K    א  
?א?Fmini-indexKE 

אאא  ،א א א 
 א א      ،    ،
  K   א  א 

  א א     Kא 
א א  א   TCP 

  K א    א אא  אא

אW




אא
אא 
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 אא K ،א  א 
אאאאאאK 

אאFkeywordsE،
 אאאא KאאIP

א א   א Fdescriptors E 
אאFFidentifiersEאKEאא

אאאאאאKא
،אאIPאא

   K א  א א א א
אאK 

אאאאא
 א     א אא א  ،

אאFtop tierEאא،א2-

29 K א  א   F   Gnutella
אEאא،א?א ?

  ،א  אא    
]Liang 2005[K 

 ،א   א      
אאאFFDHTE Distributed 

Hash TableE[Stoica 2001; Rowstron 2001; Ratnasamy 2001; Zhao 2004; 

Maymounkov 2002; Garces-Erce 2003]Kא א א א 
אא KF1EDHT

    א  א ،F2 E 
אאFאE

אKDHTאאאא،
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Overnet  אאא א   eMule 
[Liang 2006]K 

2-6-3 אWאאאאFSkypeE 

   אא    ،
א

 K    א   א   
 אFPC-to-PCE א א    ، א 

FPC-to-PhoneEא א ،  א FPhone-to-PCE،
אאא FPC-to-PCEK 

 FastTrackKazaaאאא אeBay 20052K6
K 

  א    א  ،אא
אא   א  א א  א?
א ??א  K?א،א אא א  

 א  אPC-to-PC    ،  א  
אאאFאEא

אKאW
אאאNATK 

،א
א Fאא E א  Kא

     א א  א א  
א[Baset 2006; Guha 2006; Chen 2006; 

Suh 2006; Ren 2006]KאFastTrackא،Skype
،א  

 K Skype      IP
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 אFא E א   א א ،א K 
     ،Skypeא א  

אIPא KFproprietaryE
אאא،
DHTאK 

אFSkype RelaysE
 Fcalls Eא א  א  K  א 

א א    א?F ?  
 KE ?א ?    א ?? ،

   א  FFNATENetwork Address 

TranslatorE K  NAT אא א  K  
NATאאא

א א Kאאא
NAT،א

 ،א א א  Kא א  
  אFsuper peersE אFrelays E א  

א K    א א א  א
NATKאא،
NAT     א א ،  א

א??אKא
 Kא،   אא،

  א     א ، א 
 K אאא ،  אאאאא

NATFאEאK
אאאאאאK

א א אAlice-to-relayFא
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E،אאאrelay-to-BobFא
EKאאא
א Kאא 

א
אא    LAN אK

א אאא   ،א  א א א
FאאE،

א א  א א  F א 
אEאאK 

א  ،א א א   
א  א א   Kאא א א 

 א  א    ،
אא א    ،  א אאא

 Kא א       א א 
א אא אאאאא K

אאאאFאא
אFUDPEאא،אאאF

TCPE א ، אFsocket programming interfaceEא ،
FaddressingE،אFDNSE،אאE

א  א      K   א
 א     א א א א
 ،א   א  ?L ??  ?

 א א  ،   א א 
K 

 
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2-7TCP 
 א  א א ،א א  

אא  א  א    Kא א 
  א  TCP א א  ؛

אUDPK 
א2-1אא

אא−−K
،،א

א  א     א אא K 
אאאא

אאK 
א     K    FE

 א    א FRFCsEK  א א
אאאאאאאK

א  א    א 
 FTPF   אא 2-3 א  א

אRFC 959E،אא
  FTPF  א  אא RFC 959EK

   אא  א א،  
אא،אאאRFC،

 אאא  K א
אאאאאאאא

    K   א  Firefox 
Apache،FTPFE
FTPKRFC،
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 א א  אאF K  א  
א2-1אא،KEאא

  א   FproprietaryE،א א 
אאאאא

Kאא
א        K  א א 

   Fpublic-domain protocolEא  ،
אאK

אא
אאאאK 

אאאאאא
?L ?Kא אאאא?

אTCP UDP؟ K? 
TCP   א   א(reliable byte-

stream channel) K UDP
            

K 
א ،TCPא

   א א    UDPK
 א  א אא   K   א  

אCC++אא،
  K 
א،אK

אKא
  א     א    K 
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אאאLC[Donahoo 2001; 

Stevens 1997; Frost 1994; Kurose 1996]K 

2-7-1TCP 

א   2-1      א 
א  א   K א     

אא Kא2-30א
  א  אTCP K  א   

א،א
 א  א  F   א   א 

אאTCPאאאFbufferEא
אTCPKE 

 

 
2-30אאאTCPK 

   א   א  א  אK
אא،אא

א،אאאא،אKW

א

  

  


TCP 


TCP 

א


א 

א


א 

א


א 

א


א 
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אאWא 
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אFdormantE،
אאKWא

אFEאא
א K אא????

אאא?א?K 

  א  א     ،
TCPאKאאK

אאאא،Fאא
IPא א   EK    א

،אTCPאF3-way handshakingE
 TCPא  Kא    א א א 

אאאK 

אאאאאK
 ? ?א ،א  א Fא  E

א   K א א    א 
ServerSoeket  welcomeSocket K   א 

 א  ،א אwelcomeSocket.accept() א ، 
א K א   TCPא

א א Kא א א   א
א Fconnection socketEKא א
2-31K 

   א  TCPא   אא 
א   K א  א    
،TCPאא

FאEKאTCP 

o b e i k a n d l . c o m 



אא 

 

248

 

 
א2-31Wא،א،אK 

 א  אא   א K  
FאאאEא

אא،אK
אא،א

 א א  K   א  א
  L א    א (socket 

programming)K 
    L א  א  ،??

FstreamE   א  א      ، K
????Finput streamE?א?(output 

  

 

א 

 

א

  


א 

א 
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stream) K  א   א 
 אFא FkeyboardE Eא     

א  ،  אא א  אא 
אFאFmonitorEEאאK 

2-7-2?L? 
 Lא א א

TCPUDPW 
1K א  א א   אFא  E

אK 

2K אאאK 

3K אאFuppercaseEK 

4K אאאאK 

5K אאאאאא
FאKE 

 א 2-32 א   א אא 
אK 

אאא TCP،
FEKאTCPClient.java،

א  TCPServer.java K،א א   
      א א אK

  ?א א ?     K
אFcompilationE،א

אאK
אKאא

  א  א  ،א   א
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  TCP Kא א     א
אאאאK 

 
 

 
2-32א?L?אאאFTCPEK 

אאhostid 

אא 
x 

 
welcomeSocket = ServerSocket()

 
TCP אאאא 

 
connectionSocket = 

welcomeSocket.accept() 

אא 
 

connectionSocket  

אא 
 

connectionSocket  

 
 

connectionSocket  

 
 

clientSocket  

אא 
 

clientSocket  

אא 
 

clientSocket  

 
Hosted, port=x 

 
clientSocket  = Socket() 
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אTCPClient.java 

אאאאW 
 

import java.io.*; 
import java.net.*; 
class TCPClient { 

public static void main(String argv[]) throws Exception { 
String sentence; 
String modifiedSentence; 
BufferedReader inFromUser = new new BufferedReader(new 
InputStreamReader(System.in)); 
Socket clientSocket = new Socket("hostname", 6789); 
DataOutputStream outToServer = new DataOutputStream( 
clientSocket.getOutputStream()); 
BufferedReader inFromServer = new BufferedReader(new 
InputStreamReader(clientSocket.getInputStream())); 
sentence = inFromUser.readLine(); 
outToServer.writeBytes(sentence+'\n');   
modifiedSentence = inFromServer.readLine(); 
System.out.println("FROM SERVER: "+modifiedSentence); 
clientSocket.close(); 

} 
} 
 

 

  TCPClient.javaא א  Fstreams E
   א 2-33 K א clientSocket Kא 

inFromUser א א   א F
אKEא  ،א    א  

אinFromUser KאinFromServer
א   K א    א א 

 inFromServer K א א outToServer 
אא Kא אא

אאoutToServerK 
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 

 
2-33אאTCPCleintאK 

אאאאK 
import java.io.*; 

import java.net.*; 

 java.iojava.net     K  java.io
Fclasses Eא??אא K
 אjava.io BufferedReaderDataOutputStreamא  א

א?א?אאKjava.net
אKSocketServerSocketK

אאclientSocketאSocketKאאW 

 
)process(  

 
)input stream(  

 
)output stream(  

   
)input stream(  

    





אא

TCP

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class TCPClient{ 

public static void main(String argv[]) throws Exception   } ......{  

אKאא?class?
   TCPClient K א  א FvariablesE

FmethodsE K  א  א א  {}K
אTCPClientא אmain()
א          אאאC ، 

 אmain() א  CC++ K    (Java 

Interpreter) Fא  א    E ،
 א main()א،אאא

א  א K ،   א  א  
אא 

public, static, void, main, throws Exceptions 

 

FאKE 
String sentence; 
String modifiedSentence; 

אאאאFStringEKא
 אsentenceאא א    א א  

אKאאmodifiedSentence
אאאאאאאא

אK 
BufferedReader inFromUser = new BufferedReader(new 
InputStreamReader(System.in()); 
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אאinFromUserאBufferedReader،א
 אSystem.in  א?א  ?א א ،

אאאK 

Socket client Socket = new Socket ("hostname", 6789); 

  א א אclientSocket א Socket   ،
TCPאא Kא ?hostname?

אאFא?apple.poly.edu KE?
TCPא،אאאIPא

אDNS Kא6789אא،
א          ،   

אאKא،אIP
אאK 

DataOutputStream outToServer  = new 
DataOutputStream(clientSocket.getOutputStream());  

BufferedReader inFromServer  = new BufferedReader(new 
inputStreamReader(clientSocket.getInputStream())); 

   א    אא K outToServer
 א  א   ، inFromServer 
אFאא2-33KE 

Sentence = inFromUser.readLine(); 

 א  א   א   א א sentenceK
 א  א א א  א א   

אא?אא K?א
 א אFא  Eא  inFromUserא 

sentenceK 

outToServer.writeBytes(sentence + '\n'); 
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  א  א א אsentence  ?א א ?
אoutToServerKאאTCP
אK 

modifiedSentence = inFromServer.readLine(); 

אאאאאK
 א   ،א  אinFromServerא  

modifiedSentence K  א  modifiedSentence 
א?אאK? 

System.out.println("FROM SERVER" + modifiedSentence); 

אאאmodifiedSentenceאK 

clientSocket.close(); 

،אאאאTCPא،א
TCPאTCPTCPאא

Fאא3-5KE 

אTCPServer.java 

א    א K א  TCPServer.java
אTCPClient.javaא  K א 

 אTCPServer.java    ، א א   
אאאTCPClient.javaK 
  א א TCPServer.java   

TCPClient.javaW 
ServerSocket welcomeSocket = new ServerSocket(6789); 

  א א welcomeSocketא  ServerSocket  ،
אאא،6789K 

o b e i k a n d l . c o m 
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import java.io.*; 
import java.net.*; 
class TCPServer { 

public static void main(String argv[]) throws Exception{ 

String clientSentence; 

String capitalizedSentence; 

ServerSocket welcomeSocket = new ServerSocket(6789); 

while(true){ 

Socket connectionSocket = welcomeSocket.accept(); 

BufferedReader inFromSocket = new BufferedReader(new 
InputStreamReader(connectionSocket.getInputStream())); 

DataOutputStream outToClient = new DataOutputStream( 
connectionSocket.getOutputStream()); 

clientSentence = inFromClient.readLine(); 

capitalizedSentence = clientSentence.toUpperCase() + '\n'; 

outToClient.writeBytes(capitalizedSentence);   
} 

} 
} 
 

 
Socket connectionSocket = welcomeSocket.accept(); 

א א א connectionSocket 
 welcomeSocket K    6789א F  

אאאאאKETCP
אאclientSocketאconnectionSocketאK

   א א א   אא 
אא،אאאאK

connectionSocketאאא
אwelcomeSocket،אא

אאאאthreads
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  K א? ? 
אאclientSocketK 

capitalizedSentence = clientSentence.toUpperCase() + '\n'; 

א،אאאFאEא
  א  ،א   Kא 

EFtoUpperCase    ،?א א K? א אא  
אא  Kאא 

 א TCPClient.javaא  TCPServer.java 
 K א א א   א   

TCPClient.java ،   א א   א 
TCPServer.classTCPClient.class אKא 
TCPServer.classא

KאTCPClient.class
TCPא  א K  א א  א

?אא?FאEאK 

  L       
 א  אא K     א  
  א  א  א     ،

א?s?אאK 

2-8UDP 

       א א  TCP
א א،א   

אKאא
   ،א אא  א   K  

אא?אא?؛א
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א   K   א   
  –אא  א

אאאאאK 
  UDP      

   ،  TCPאא  א
א KW  UDP   −  

 אא אא K א 
،אאא?א?

אאאאאאK
א   א    Kא   

    א      
   ، א א א א   ؛

אKUDP
א K א א א א IP  א 

אא Kאא IP
 א  א? ?K UDP  א 

Fmessage-orientedE   א ، א   א א
אאKאTCP

אאאKUDP
??،אאא

א KאUDP Fא ETCP
אאK 

??אא،א
 K  אאא،א   א א  

א    א K א   א א 
 א אא Kא א 
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   א      ،א   א
   K    UDP  

 ،  א
אאK 

אאאאא
 ،א  א  UDP K  א   UDP

  א  TCPא אא  א  K 
אWF1 E   א א  אא    

 ،F2 E   ? ? ،F3 E 
  א  א א א אא

 ،F4 E    א  א   
אאאאK 

אW 

1K א  א א א  Fא  E
אK 

2K אאK 

3K אאFuppercaseEK 

4K אאאאK 

5K אאאאאא
FאKE 

 א 2-34א א  א א א
FUDPKE 

 
 
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 

 
א2-34?L?אFUDPEK 

אUDPClient.java 

א UDPClient.java א א  א 
 אא     ،אאא2-35 Kא 

clientSocket   DatagramSocket K  UDPא 
אTCP KUDPא

DatagramSocket  ،TCP  SocketKא
inFromUserאאאF

אEF  ? ?   TCPא E K
  TCP  Fא   E K UDP

א 
 

אhostid 

אא 
 

serverSocket = DatagramSocket()

  

  

אא 
 

serverSocket 

אא 
serverSocket 

אאא
א 

 
 

clientSocket = DatagramSocket() 

א 
(hosted, port = x) 

א
אclientSocket  

אא 
 

clientSocket  

 
 

clientSocket  
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 אDatagramSocketא 
אSocketFאTCPKE 

 

 

import java.io.*; 
import java.net.*; 
class UDPClient { 

public static void main(String argv[]) throws Exception { 

BufferedReader inFromUser = new new BufferedReader(new 
InputStreamReader(System.in)); 

DatagramSocket clientSocket = new DatagramSocket(); 

InetAddress IPAddress = InetAddress.getByName("hostname"); 

byte[] sendData = new byte[1024]; 

byte[] receiveData = new byte[1024]; 

String sentence = inFromUser.readLine(); 

sendData = sentence.getBytes(); 

DatagramPacket sendPacket = new DatagramPacket(sendData, 
sendData.length, IPAddress, 9876); 

clientSocket.send(sendPacket); 

DatagramPacket receivePacket = new DatagramPacket( 
receiveData, receiveData.length); 

clientSocket.receive(receivePacket); 

String modifiedSentence = new String(receivePacket.getData()); 

System.out.println("FROM SERVER: "+modifiedSentence); 

clientSocket.close(); 
} 

} 
 

 

 
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אא 

 

262

 
2-35אאUDPClient.javaאא؛א

K 

  א א     א  
TCPClient.javaK 

DatagramSocket clientSocket = new DatagramSocket(); 

אא DatagramSocketאclientSocketא K
TCPClient.javaאאTCPKא

א   א א   K  א אא 
DatagramSocket()א     א 







  

אא

UDP


 
)process(  

 
)input stream(

UDP UDP
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FargumentsE K אא ??  א  ،
??א??אאK 

InetAddress IPAddress = InetAddress.getByName("hostname"  ) ; 

אא،אאאKא
IPאא א  א א א  K א 

DNSאא א Fא אא
א EאIP K TCP אאDNS،

       Kא getByName()א
אאIPאאאאא،

IPAddressאInetAddressK 

byte[] sendData = new byte[1024];  
byte[] receiveData = new byte[1024]; 

 א  sendDatareceiveDataא א  
אאאK 

sendData = sentence.getBytes(); 

  א،א   א  F
EsentencesendDataK 

DatagramPacket sendPacket  = new DatagramPacket(sendData, 
sendData.length, IPAddress, 9876); 

 אא אsendPacketא א א،
  K   א א אsendData  ،

 א ،אIPא   ،F  א9876א 
אKEsendPacketאDatagramPacketK 

clientSocket.send(sendPacket);  

א  א א  send() clientSocket אF א
 E א clientSocket K  UDP
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   א   א  אTCP K  TCP
א?א? אא؛

UDPא א     K א  א 
אאK 

DatagramPacket receivePacket  = new DatagramPacket(receiveData, 
receiveData.length); 

אאFאאEא
DatagramPacketKאFplaceholderEreceivePacketא

 א    ؛      א 
receivePacketאאאW 

clientSocket.receive(receivePacket); 
String modifiedSentence = new String(receivePacket.getData()); 

  א א א receivePacket(type 

conversion)modifiedSentenceK 

System.out.println("FROM SERVER:" + modifiedSentence); 

  א Fא    אTCPClient E
modifiedSentenceאK 

clientSocket.close(); 

אאאא KUDP،
אאאFאTCPClientKE 

אWUDPServer.java 
אאW 

 
 
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import java.io.*; 
import java.net.*; 
class UDPServer { 

public static void main(String argv[]) throws Exception { 

DatagramSocket serverSocket = new DatagramSocket(9876); 

byte[] receiveData = new byte[1024]; 

byte[] sendData = new byte[1024]; 

while(true) { 

DatagramPacket receivePacket = new DatagramPacket( 
receiveData, receiveData.length); 

serverSocket .receive(receivePacket); 

String sentence = new String(receivePacket.getData()); 

InetAddress IPAddress = receivePacket.getAddress(); 

int port = receivePacket.getPort(); 

String capitalizedSentence = sentence.toUpperCase(); 

sendData = capitalizedSentence.getBytes(); 

DatagramPacket sendPacket = new DatagramPacket(sendData, 
sendData.length, IPAddress, port); 

serverSocket .send(sendPacket); 
} 

} 
} 
 

 

UDPServer.javaאאFא
2-36E KאserverSocket،DatagramSocket

אאK??
 K  א א     א 

TCPServer.javaK 
DatagramSocket serverSocket = new DatagramSocket(9876); 
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אא 

 

266

אאserverSocketאDatagramSocketא
9876 Kא   א      א K
UDP   א   ،  

אאאאFTCPServer.javaKE
אאאאאא،א

אserverSocketK 
String sentence = new String(receivePacket.getData());  
InetAddress IPAddress = receivePacket.getAddress();  
int port = receivePacket.getPort(); 

א   א א  א א  K،א א
 א  א  א   sentenceF א א

UDPClientKEאאאIPאא ؛
אאאאא

9876FאאאאKE
 א א     אF אIPא  E

אאK 

 א    UDPא K א  
אUDPClient.javaUDPServer.javaFK

אאאאUDPClient.javaKE
אא KTCP

 א      א    ،א 
   אא   K א אא 

אא،א،אK 

 
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 
2-36אאUDPServerאא؛

K 

2-9 א 
אא א K 

 א א?L ? א  א    א
   אא  ،א HTTP ،FTP،

SMTP ،POP3 ،DNS K  א  א 
 א א א א  DNSא  K

א    א א אא אא 
א  א Kא   א א א

אAPIאKאאא

אא

UDP
9876 

UDP
UDP

 
)process(  
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אאאFTCPEאFUDP KE
אאאאאאא> 

אאאאFא1-1E
א  א     ? א א 

א אא   ،א א    א  
א?Kאא

אאאאאא
א ،אאאא

א א  א  א ،א  
אאK 

א2-1אאאTCP
UDP א ،א      

   TCPUDPא 2-7א 2-8
א  K    א   TCPUDP

אKאTCP،
      K    א א 

     ?א ?  ? ??א ? 
א K  א  א  

 א  ،א      
אאאאK 

 
  
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אא 

 א 

 1‐2א 

1K   א    א  א
אאK 

2K ؟אאאא 

3K ؟אא،א 

4K  א ، א ?  
אאא?אאא؟K 

5K א   אא 
 ؟

6K אFtransactionE
         ،TCP UDP؟

א؟ 

7K א2-4א
א،אא

 אא؟

8K ؛אאאאא
אאאאTCP

UDP؟ 

9K      TCP  אSSL
אFאE؛אא

SSL א    א א؟    א  
אאSSL؟ 

 א2‐2א2‐5 

10K ؟א 
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11K    TCPא UDP א א W
HTTP،FTP،SMTTP،POP3؟ 

12K א  א  א א א   א 
אא؛K 

13K    א א א אא     
א  א א K א א א אא  

 אאאא؟א؟

14K  אTelnet א       
 א If-Modified-Since   304 Not Modified  

אאK 

15K אFTPא?אF?out-of-bandE؟ 

16K             א
אאF HotmailgmailEאPOP3

 K א؛
 א א  א א    

אK 

17K  אאא א א K
אאReceived؟א

אK 

18K אאdownload-and-deletedownload-and-

keepPOP3؟ 

19K אאאא
  א אF foo.comE    ؟ אFRR Eא 

 א؟

 6‐2א 

20K  BitTorrent 30א؛
   א  א     א  

 א؟א؟
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21K  אBitTorrentאK
אאאאאאא

FuploadersEאאK
 ؟

22K  א  א Foverlay networkE ؟   ؟
 אאFedges E א א     ؟

 א؟

23K       א א     
L؟א 

24K  א א א      
אKאאא

F Gnutella Eא   K،     
אאאK 

25K Skype؟؛א 

26K  א   א  א אF 
אאאKE 

 אא2‐72‐8 

27K  UDP 2-8א  אTCP
  אא 2-7    א א؟ TCP؛  n

אאFEאא،
TCP؟ 

28K LTCPאא2-7א،
אא؟אאL

UDPאא2-8؟ 
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  

1K  

aK  א       Kא 
אאK 

bK       F Wwww.mit.edu/research.html
www.mit.edu/students.htmlEאאאK 

cK   א TCP    HTTP  
אאאK 

dK אDateHTTPא
אK 

2K אRFC 959FTPאאאאK 

3K   אHTTP א      URL K א
אIPHTTPאאKאא

אאHTTP؟א 

4K  א   אFASCII E    א אEthereal
אGETFאאאאGETKE

א>cr><lf<אאK 

GET /cs453/index.html HTTP/1.1<cr><lf>Host: gai 
a.cs.umass.edu<cr><lf>User-Agent: Mozilla/5.0 ( 
Windows;U; Windows NT 5.1; en-US; rv:1.7.2) Gec 
Ko/20040804 Netscape/7.2 (ax) <cr><lf>Accept: ex 
t/xml,application/xml,application/xhtml+xml,text 
/html;q=0.9,text/plain;q=0.8,image/png,*/*;q=0.5 
<cr><lf>Accept-Language: en-us,en;q=0.5<cr><lf>Accept- 
Encoding: zip,deflate<cr><lf>Accept-Charset: ISO 
-8859-1,utf-8;q=0.7,*;q=0.7<cr><lf>Keep-Alive: 300<cr> 
<lf>Connection: keep-alive<cr><lf><cr><lf> 

אאאGETW 
aK אURL؟אא 

bK אאFאEHTTP؟אא 

cK אאאאFpersistentEא(non-

persistent)؟ 
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dK אIP؟אא 
5K אאאאאאGETאאאK 

HTTP/1.1 200 OK<cr><lf>Date: Tue, 07 Mar 2006 
12:39:45GMT<cr><lf>Server: Apache/2.0.52 (Fedora) 
<cr><lf>Last-Modified: Sat, 10 Dec 2005 18:27:46 
GMT<cr><lf>ETag: “526c3-f22-a88a4c80”<cr><lf>Accept- 
Range: bytes<cr><lf>Content-Length: 3874<cr><lf> 
Keep-Alive: timeout=max=100<cr><lf>Connection: 
keep-alive<cr><lf>Content-Type: text/html; charset= 
ISO-8859-1<cr><lf><cr><lf><!doctype html public “- 
//w3c//dtdd html 4.0 transitional//en”><lf><html><lf> 
<head><lf> <met http-equiv=“Content-Type” 
content=“text/html; charset=iso-8859-1”<lf><meta 
name=“GENERATOR” content= “Mozilla/4.79 [en] (Windows NT 
5.0; U) Netscape]”><lf> <title>CMPSCI 453 / 591 /  
NTU-ST550A Spring 2005 homepage</title><lf></head><lf> 

<much more document text following here (not shown)> 

אאאאW 
aK ؟א؟אאא 

bK ؟ 

cK FאE؟אאא 

dK אא؟אאא
؟אא 

6K אאאHTTP/1.1Fא2616RFCE،W 

aK   א אא Fsignaling E   אא
אKאא

 ؟

bK אאHTTP؟ 

7K אא،אאא
IP א אURLא ،א א  א א   

אDNSאIP KאאnDNS
אאIPאאאא،RTT1،RTT2،KKKK،RTTn

אאK אאאא א
  HTML K  אRTT0א    א  
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אKאאאKאאא
؟אאאא 

8K אאאHTML
אאאאא،אW 

aK HTTPאTCP؟א 

bK HTTPאTCP؟א 

cK HTTP؟א 
9K   א2-12     א K א

א900000אאאא
 א 15L K   א א   א

אאHTTPא
אFאא2-2-5KEאאאא

אאFאאאE
אאKאאאאאW 





1

t 

אאאא
אאK 

aK אאאאK 

bK אאאאאאא
אFhit rateE0.4אאאא،אK 

10K      10א  א  150L 
א  K  א   100000א א   F

א א  E 200 K  אNאא א 
א      א א  א  K

אאאאHTTP100
אאאא10א

א Kא א א א؟     אא א א
אאHTTPא؟،אאK 
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11K אTCPא
אאFאאא KEא

TCPServer.javaאא2-7-2KאK
אאאFproxyEא

א א אאא
KאאGETאאאא

אKאאאאאGETא
אאאK 

12K אMAIL FROMSMTPFROM؟א 

13K אא1939POP3אUIDLK 

14K אPOP3אK 

aK  אPOP?א?אא،
אW 

C: list 
S: 1 498 
S: 2 912 
S: . 
C: retr 1 
S: blah blah … 
S: …….. blah 
S: . 
? 
? 

bK אPOP?א?אא،
אW 

C: list 
S: 1 498 
S: 2 912 
S: . 
C: retr 1 
S: blah blah … 
S: …….. blah 
S: . 
? 
? 
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cK אPOP?א?،אאFbE
אאאאא12،POP

POPאאא
Kאאאאאא

אK 
15K אאW 

aK whois؟ 

bK   א אwhois     א DNS،
אwhoisאאK 

cK  א אnslookup אא  א  DNS 
DNSWDNSאאאא
אFbKEאאWA،NS،MXK

K 

dK  א אnslookup      IP K 
אFEIP؟ 

eK אARINIPאK 

fK אא whois אnslookup
אK 

gK אאwhoisK 

16K 10אNאKא
אאus20Lא،di

1LאuKא
LאאNu

N Z10 ،100 ،1000u Z200L ،600L ،1
LK 

17K אFNאאLK
אאאFfluid modelEאא

אאאusK 

cK א
min/ dNus א،NF/usK 

dK א
min/ dNus א،F/dminK 

eK א min/,/max dFuNF s
K 
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18K     אF    N،א  א א 
אאאאFfluid modelKEאdminא

אאאK 
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25K אאא 

DatagramSocket clientSocket = new DatagramSocket(); 

 

DatagramSocket clientSocket = new DatagramSocket(5432); 

o b e i k a n d l . c o m 
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 UDPClient.java    UDPServer.java؛ א   ؟
א؟א؟אאאאא 

  

1K     ؟  א  א  א  
אאFE؟

אאא؟א
 א؟

2K אא]Biddle 2003[DarknetאKא
؟אאK 

3K אאאאאאאK
HTTP؟אאא 

4K  א؟ א אא   א  א  
 אאאאא؟

5K אאאא
א؟אTCP

 א؟

6K TCPאאאאFbyte 

stream EUDPאא Kא א
 א א   א א א  א  

אאK 

7K Apache؟אא؟א؟ 

8K אאאאאא
FURNKE

אאK 

9K א א؟  א א א א    א  
אL؟א 

o b e i k a n d l . c o m 
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10K אא אאFvideo-on-demand Eא
 אא؟

11K FSkypeEאאFPC-to-PhoneE
 אאא؟

12K BitTorrent؟אא 

 א 

1K  א   FMulti-threaded Web Server WEא א  
 א  א  

אאKאא1.0HTTP
RFC 1945 K  HTTP/1.0 TCPא    

א K  Fthread E  א   K 
    א  א א    K

  א  ،א   K א א 
אHTTPאK

אאאאא
א Kא   א א א 
 F  א  E      א؛

אא80אאאא
אURLאKאאאאא

אאhost.someschool.eduא6789
אindex.htmlאא،W 
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