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* Copyright (c) 1982, 1986, 1988, 1990, 1993, 1994
The Regents of the University of California. All rights reserved.
*
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions
* are met:
* 1. Redistributions of source code must retain the above copyright
* notice, this list of conditions and the following disclaimer.
* 2. Redistributions in binary form must reproduce the above copyright
= notice, this list of conditions and the following disclaimer in the
* documentation and/or other materials provided with the distribution.
* 3. All advertising materials mentioning features or use of this software
* must display the following acknowledgement:
¥ This product includes software developed by the University of
X California, Berkeley and its contributors.
* 4. Neither the name of the University nor the names of its contributors
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L may be used to endorse or promote products derived from this software
& without specific prior written permission.

* THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS ‘'‘AS IS’’ AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

'
6T h R A IR W 4 456 T T A REUBL 7S B«
/*

* Copyright 1994, 1995 Massachusetts Institute of Technology

*

*

* * * ok 4

* %

* Permission to use, copy, modify, and distribute this software and
* its documentation for any purpose and without fee is hereby
granted, provided that both the above copyright notice and this
permission notice appear in all copies, that both the above

* copyright notice and this permission notice appear in all

* supporting documentation, and that the name of M.I.T. not be used
* in advertising or publicity pertaining to distribution of the

* software without specific, written prior permission. M.I.T. makes
* no representations about the suitability of this software for any
* purpose. It is provided "as is" without express or implied

* warranty.

*

*

* THIS SOFTWARE IS PROVIDED BY M.I.T. ‘‘AS IS’'’. M.I.T. DISCLAIMS

* ALL EXPRESS OR IMPLIED WARRANTIES WITH REGARD TO THIS SOFTWARE,

* INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF

* MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT
* SHALL M.I.T. BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

* SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT

* LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF

* USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
* ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
* OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT
* OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
* SUCH DAMAGE.
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K, BRUREGEFET/TCP, HHEMMLEEL., BHEE, WEMA T Internetph SUE
FHEMIARRG L, BISRUA THART/TCPLHL,

A 454 VAR A K T/TCPRYSCER Y, 3555 — T & AR & H % /i iRk 55 85 & tH— A iR,
PRGN 5 3 LR B2 . Internetb i W — R, & PRk 44 iR 55 4% (DNS) &
ik, il At B IPHBAL, SRR AR S5 e W Bl A b S S5 X A RIEHRA
Blle e rp SRS ABRER S 3L B, MR ZE . LR, S,
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FAVER B AT RAIUDPE 1 — k55 25 B HER R BIF, 3% PR IR AR an & 1-157
e TEXAGIFH, FPmARS kAR, RS SLEEIZIEk, REkE—4ME,

: : udpcli.c

1 #include "cliserv.h"

2 int

3 main(int argec, char *argv[])

4 ( /* simple UDP client */

5 struct sockaddr_in serv;

6 char request [REQUEST], reply[REPLY];

7 int sockfd, n;

8 if (argc != 2)

9 err_quit("usage: udpcli <IP address of server>");
10 if ((sockfd = socket (PF_INET, SOCK_DGRAM, 0)) < 0)

11 err_sys("socket error");

12 memset (&serv, 0, sizeof(serv));

13 serv.sin_family = AF_INET;

14 serv.sin_addr.s_addr = inet_addr (argv[l]);

15 serv.sin_port = htons (UDP_SERV_PORT) ;

F1-1 UDP L& % PR T
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16 /* form request[] ... */

17 if (sendto(sockfd, request, REQUEST, 0,

18 (SA) &serv, sizeof(serv)) != REQUEST)
19 err_sys("sendto error");

20 if ((n = recvfrom(sockfd, reply, REPLY, 0,

21 (SA) NULL, (int *) NULL)) < 0)
22 err_sys("recvfrom error");

23 /* process "n" bytes of reply[] ... */

24 exit(0);

25 })

udpcli.c
E1-1 (80
ABPHARKDHARAZIS, F—FZ2HATERIFHATT, EXTRE
ERRAME, XA RRLHALEALZERITSIFCLTELAZNLL, wTFTEHE
XHw, ANXERFZNEAR — ARG, M EGRRLEFRZALA, R
X, B $5TF 3k Ao 45 B it 6 KT AR 90 R AX A BB e 0 SUAE G, X UM il R AR R A
KM AE1.9% & A48 #54.43BSD-Lite ¥ & A &) T4,

FATTHE X F I — 2647 50 Pk, (ARG R 6 0 A%, BHRNR % E X
S bR B — e R AN . 22 T3 0 s B4 £ 2 % 45 [Stevens 19901958 675 o] LA$RE .
E1-225H 173k fkcliserv.h,

1. B UDPH; N
10-11 socketFHH T OIE—~AUDPHE O, JR—/~9E A HE DGR 7R Bl 45 U g RE
HEE AL s ferr_sys$ WS % 45(Stevens 1992] I 5kB.2, XA B AT LARZAEEE H K
2%, HEMvsprintf WX EMHEAIL, SREXA R B SHTEN W R 9008 H B iR [ /Y
errnoff frxt A Unix tH 85 8., A& LR,

2. BUG I 55 25 Mkt
12-15 ¥ feHmemset @ HCk Internetdli H b bt 54978 %, SR AR S5 & TP HIE AR H 5
hHE RN, RMERA P ERFS TPl a4 A —A s Tk H 08 R TPHb i
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16-19 ZHPREFHE -NERGAH - TEERFR), HHsendtolBo A M, XM
H—/ANUDPKIBIR AR 8% . FRIAER TRIBER, FAMRIZIERREQUEST)FIR &
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kI Hcliserv.hd, KM HFSARZ L Astruct sockaddr*, Bpdg@—Ak
B DR EHMEH, BYA—ANE o RKTE-ANBEQE oRALHAIEHN,
HIRHALMHERIEO—AA— BB o 2 heissd, IR TFHolHHET
ANSI CHrg kL, A20# 280 F K FMTF A4S o HHEAHE, void* (ZRX )4
ARHARTH, FMAMA, “struct sockaddr*” BAFITAFH, ILFHEX—
FTRADEEFRAPBATG)HEALR, BANELLEEASA, I HEERK
BSDA R K& T 1§ ML k6,

E1-25H THEAERARF PR ERAFcliserv.h,

cliserv.h
1 /* Commen includes and defines for UDP, TCP, and T/TCP
2 * clients and servers */
3 #include <sys/types.h>
4 #include <sys/socket.h>
5 #include <netinet/in.h>
6 #include <arpa/inet.h>
7 #include <stdio.h>
8 #include <stdlib.h>
9 #include <string.h>
10 #include <unistd.h>
11 #define REQUEST 400 /* max size of request, in bytes */
12 #define REPLY 400 /* max size of reply, in bytes */
13 #define UDP_SERV_PORT 7777 /* UDP server'’s well-known port */
14 #define TCP_SERV_PORT 8888 /* TCP server’s well-known port */
15 #define TTCP_SERV_PORT 9999 /* T/TCP server’s well-known port */
16 /* Following shortens all the type casts of pointer arguments */
17 #define SA struct sockaddr *
18 void err_quit(const char *,...);
19 void err_sys(const char *,...);
20 int read_stream(int, char *, int); .
cliserv.h
E1-2 AZELEFHHEEN LI Fcliserv.h
FEl1-38 H T 46 AUDPAR &5 B B ¥
: : udpserv.c
1 #include *cliserv.h"
2 int
3 main()
4 { /* simple UDP server */
5 struct sockaddr_in serv, cli;
6 char request [REQUEST], reply[REPLY];
7 int sockfd, n, clilen;
8 if ((sockfd = socket (PF_INET, SOCK_DGRAM, 0)) < 0)
9 err_sys ("socket error");
10 memset (&serv, 0, sizeof(serv));
21 serv.sin_family = AF_INET;
12 serv.sin_addr.s_addr = htonl (INADDR_ANY) ;
13 serv.sin_port = htons (UDP_SERV_PORT) ;

E1-3 5E1-1/)UDP% /8 53t R UDPRR %5 2% F2
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14 if (bind(sockfd, (SA) &serv, sizeof (serv)) < 0)
15 err_sys("bind error");

16 for (;;)

17 clilen sizeof(cli);

o

18 if ((n recvfrom(sockfd, request, REQUEST, 0,

19 (SA) &cli, &clilen)) < 0)

20 err_sys("recvirom error");

21 /* process "n" bytes of request[] and create reply[] ... */
22 if (sendto(sockfd, reply, REPLY, O,

23 (SA) &cli, sizeof(cli)) != REPLY)

24 err_sys("sendto error");

25 }

26 }

udpserv.c
F1-3 (8

5. B UDPHE 11 RIS A Bl hk:

8-15 Jifsocket HEBlE — 1 UDPHi L, 7 HInternetsfi M Hht 454 ff HA IR 55 25 19 A<
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. tepcli.c

1 #include "cliserv.h"

2 int

3 main(int argc, char *argv([])

4 { /* simple TCP client */

5 struct sockaddr_in serv;

6 char request [REQUEST], reply[REPLY];

7 il sockfd, n;

8 if (argc !'= 2)

9 err_quit ("usage: tcpcli <IP address of server>");

10 if ((sockfd = socket (PF_INET, SOCK_STREAM, 0)) < 0)

11 err_sys ("socket error"):

12 memset (&sexrv, 0, sizeof (serv));

13 serv.sin_family = AF_INET;

14 serv.sin_addr.s_addr = inet_addr(argv(1l]):;

15 serv.sin_port = htons(TCP_SERV_PORT) ;

16 if (connect (sockfd, (SA) &serv, sizeof (serv)) < 0)

17 err_sys ("connect error'):;

18 /* form request[] ... */

19 if (write(sockfd, request, REQUEST) != REQUEST)
20 err_sys("write error");
2% if (shutdown (sockfd, 1) < 0)
22 err_sys ("shutdown error");
23 if ((n = read_stream(sockfd, reply, REPLY)) < 0)
24 err_sys("read error");
25 /* process "n" bytes of reply[] ... */

26 exit (0);

27 } .

tepcli.c

E1-5 TCPHFHEFEF

1. B TCPH#E 1 FIZEH BN 55 28
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3. EHLRE

23-24 FWPERBHEAHread streamFEHKH, ME1-6FR, HTFTCPRE—A MM T
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TCPH B, XA RESEE L KA Hread A BB AR Pt ., mHK(140E,
WARSS B Rk T M A SRR S K iR, [BATCPM % Mm% 1% — N HFINRIIR CBE, fFread
eR B PR [B] — N SRS R AR B GR EME H0), 4 7 ACEX B4R )8, fEread_streampff
AT read 3 B BB KR FH K E read R BOR B — /> 045 kAR . read_stream
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readstream.c

1 #include "cliserv.h"

2 int

3 read_stream(int fd, char *ptr, int maxbytes)

4 {

5 int nleft, nread;

6 nleft = maxbytes;

4 while (nleft > 0) {

8 if ((nread = read(fd, ptr, nleft)) < 0)

9 return (nread); /* error, return < 0 */
10 else if (nread == 0)
11 break; /* EOF, return #bytes read */
12 nleft -= nread;
13 ptr += nread;
14 }
15 return (maxbytes - nleft); /* return >= 0 */
16 }

readstream.c
1-6 read streamph%k

TR — LA FETALEEMUTCPEIH WA MR FLLRZ R, # % Internet &
H 42 4 (FTP, SMTP, HTTP#=NNTP)/& fl © % fo it /7 fF RAF LR OHL £, Hfe—
£ 5 424 (DNS, RPO)M| AHA L F A @A L—A g Kejie R KAEFHR, AKMN
- Ff, FIA TTCPH XA 4 RIFEFIN), BALZLFSTEP RORFBL
E—ANHK, MRFELRLKG—ANARE, FIPLARLA BB EE T RAXARK, &
FastF L OB R,

P 1-745 IR TCPRI AR 55 25 B )7

tepserv.c
1 #include "cliserv.h"
2 int
3 main()
4 { /* simple TCP server */
5 struct sockaddr_in serv, cli;
6 char request [REQUEST], reply[REPLY];

E1-7 TCPHEFHIMRSE SR
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7 int listenfd, sockfd, n, clilen;
8 if ((listenfd = socket (PF_INET, SOCK_STREAM, 0)) < 0)
9 err_sys("socket error");
10 memset (&serv, 0, sizeof(serv));
11 serv.sin_family = AF_INET;
12 serv.sin_addr.s_addr = htonl(INADDR_ANY) ;
13 serv.sin_port = htons (TCP_SERV_PORT) ;
14 if (bind(listenfd, (SA) &serv, sizeof(serv)) < 0)
15 err_sys("bind error");
16 if (listen(listenfd, SOMAXCONN) < 0)
17 err_sys("listen error");
18 for (;:) {
19 clilen = sizeof (cli);
20 if ((sockfd = accept(listenfd, (SA) &cli, &clilen)) < 0)
21 err_sys ("accept error");
22 if ((n = read_stream(sockfd, request, REQUEST)) < 0)
23 err_sys ("read error");
24 /* process "n" bytes of reguest([] and create replyl[] ... */
25 if (write(sockfd, reply, REPLY) != REPLY)
26 err_sys("write error");
27 close (sockfd) ;
28 }
29 }
tcpserv.c
B1-7 (£8)
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FRER P AKREIERE, listenfE A SBME T RIFRIGRRHEERK, NEED
%A TR X S IR A T HEBA AL B,

SOMAXCONN % Kk X ff<sys/socket .h>F & L, H¥EMAiTH—HARS, =EAA
AL REF L T HI10, FF—RIREEAIR S B 4eWebIR 4 5), 244K
MEBR PR KA, 4256 31024, A 1459 P AL b # 72 % 6544k,

5. 2R AL R
18-28 k& #HitEIAHaccept ifmtit ABLZERE, AFAE R AHconnect i
oS — %R, Hflaccepti® Bl —AFilvHE D iid fFsockfd, REFEHE kS
Z IR FTEE SRR, MRS M iread_streamiZ g FHiEk(E1-6), HiAHwrite
PR B % PR IRRLE .

XA—ANR IS B LT EFF KA TEEF+ LA MAaccept+
BLAANBPOERE, HFARFETUFFRLEZSAEP HFREPRAHLE), A
Unix®9 M ELEAHF LIRS BT RAHRAR: Aaccept HEKATE, A Unixt)
forkd A\ — A T4z, G FHAALEEL GHK, K20 EEH AR
acceptxHTANEFEE, FAHAAMEFBNS —ABRARARAEANE )ikl
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i —ABA( e FdAL), A TEANELE AL R AN &K TFHL
F, BMALET REAEANIRHS B, A% H5([Stevens 1992]65 £ 453048 T 1431
W% BAai KR F 5.

ERFANALBRANMG RSB, BPIRF BB a0 E 48R forkd ¥k,
HiL AT HAZARAER — MU oML F LA Faccept {3k, XMPEFTHATH
HANE P EEF KO T oAz OG0 8] 4K, I FTHREGRS B R, 2R
XO5ih, AEHTTPIR $ B3 KA 7T X (ALK,

E1-845 H TTCP L& F— R G &S FE MM FE ., JOTELEZS, SEI1-4hUDP LH

& i Nk 55 25 i
WO n B W5 n oK WO
ﬁ: socket
ﬁ: bind
. listen
sleep <=— accept
socket ¥
a connect —» Ssleep N
RTT
IR [A] =— wakeup ,
write _© 7
E = shutdown _~
EE “ ¥ RTT
E &K wakeup ~—f» j&[q]
4 & read —» sleep -l
®E 1, read (¥#i®)
*I, read (EOF)
bigaai B
SPT
3. write
*L close
7 14 RTT
BB (HE) -— wakeup
“ | read(EOF) [~
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], AR TCPA] AE R & 1 K%K % PR LA K % FFINCE HR & P & IR 79 /N4 SCBR) At
K, HAEARS S0 EFIFINAER , FEH R X T LAEEIRTT + SPT T, X 5UDPH—#E,
HE E, XEAT/TCPHRHAMEAHTS,

6. TCPI TIME_WAITHR &

TCPE R, HEKHFINK—mEMF &%), EEEWNHEELKMER LG,
AR B R FFETIME_WAITHR 25 E % 4 £ (1948 3C B Bk A= A7 [R] (MSL),, MSLFJ i A A& 120
7, WHILFTIME_WATER B ZiRF 4580, HiEHLTFTIME_WAITR AR, [[Rl—i& 8200
% PP bR 05, UAR RS 23 1P bk Fids 1 -5x 44~ EH RD A GEE Z 4T (R ATEFE 4T
BB E L IHETIME_WAITIR ),

# 5 EA T AAKBHTCPE R, ATIME_WAITARK S 094k 4 8 18] 1212 4 6045,
1 A~ 2 RFC 1122 [Braden 1989] % 15 & #52404), LA B AH+HE ¥, KMNE2R
& AE R 6 F A B R A 24048

FERMBB T, FPuwmE ek HFIN, X#RAEFNRA, FEifmTIME_WAITR A HBLE
% P, FEXIRSEEEMN, TCPEAXNCOLXMAEERE —ERRERFELE, LMERE
IETRALBR AR L 7E B0 2% rp 3 3R — BBt (A . FEERE I 2 R ELARIR B . RFE, i Efs—4
ACKELT, RE BB EMAFIN, [FE O eE L5 EHACK,

Hopth—2e iy FEF, HEREWWWHHTTP, BExkEx AR %L 10a S %kiET
2R A R KX (AR I E PR T AR 6 HLEEER L), ERS Sk
B %, SHEERAENRSSWFIN, RE%FRFHAMFIN, XS [Pk A R 2 4
f£F, BERTIME _WAITAR 2 HBLAE AR 55 &5 v 0 D A2 P A 2 % 7 U5 ] i AT AR 55 2%
ki, FRERENVREGESSHARSEMAEANSF. Bk, Yk 1HEE5UEET - kS
2% R R R, LR IEREAIWE— v 35 ) fE ik ATIME_WAITHR 28 547 4 i, IR0 F 3,
T/TCPH[ LLiETIME_WAITHR 25 (4 4E £ (7] M 240Fb i/ 2] k271280,

7. WP TCPH R SCBE %

R B 1-9BT 7R IARRE | FEBOHE Frdss il 45 5C B A FHkE ok 7T LAk 2b B 1-8 7 B R I TCPHR SC B8 .
HEE, XENE—-THRCBEPREASYN, KEFFIN, A% E -8 ARFEULZSYN,
Bl , A% /IR ZEFARSS 25 WIFINML AT LL& . BARIXFER 40 4 7 51| W FF A TCPRIHLE
{E 2 VE 3 T B 1E by F AR Fe v A1 L B0 A A48 11 AP{#E TCPF= Az 53 BE 14 S B 41 (Rl e A 76 B 1-9
& i 1 A B — AN R 3 BRI R R 55 28 i 7 A B e — A 4R SC BRI AR B RS s i HLUE 7R AT
G, A WA B R AR PR SE 2R B T X AR AR SCBEFAL

HE—RIE, RERINICHRCBAIE B RomDE] 75, (5% /im0l a3 45 kR 22 x
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socket
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o
. bind

listen

| 4

sleep =— accept

socket

Iy

-

?

Iy

read —» sleep

HEARMABA RTT

£ E N
o =
= 1% RTT
g §< wakeup —t= jR[A]
M I read (¥4 | 7

~I,. read (EOF)

PER IR —
= write
1 RTT

“*I~ close
—t

iR [6] (e 4iE) «— wakeup
“ | read (EOF) [~

E1-9 H/TCPH % AN

3 Tl B il A L IR R 45 23 L S e B A PIISYNE “HHYT, BDASZ LA B UESRISYNTE
4% i 3R — B Rl fE BE AR 55 2R un Y . MRIAEERR X HERY . ARSS B3 E FREMSYNKIE
Wik, BAHACHSYN, REE/EF A FIESYNIWIA. Y=kEFEE2E, @BERY
AR ALE X HISYNZFiH . B TFEZRBFE R ZATIRS & Lk L% FRIER, &
5y 4L B IR0 A SR A P o AR R = 55 B ]
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HAMA 2TCPRRAR A EF 5Bl ey e, B2 &6 &MU RM, %M
P L EREE ASSYNAFINA:, FIH X A2 KBAM LA E " FEA" RIK
#o ‘Kamikaze(B L) RSB, 2T AARFREARET ALK, BHAAMNLKAL, =
KSYNIE F#4FINE F &4 — A BB LR ESEE5094m, @A, TIME_WAIT
KEGEGEHAR —NEBELRTRD LR AITF., TR, FEAALZAMSE it
—F R, REMLGEER AALF (o B B 44 B L(SMTP) 2 %2 F 4
ks 2iE, AN —MART A RRA A EAREL R LR &) 3% o2& A % k8 F £ F
1A,

RFC 1379 [Braden 1992b]¥ 5. “ix # ‘Kamikaze(B M) LA RN
— A LIRS AR, AR EERABS L E L HGTCP 7

EA—AER, EERS 7T AR, XNEFESYNS B fFINE — /N i 3 B
i, BVE1-9RRIE — AR SCBE . IR OCBN R A8 AR A Unix ) prifEechofii %5 28 (6 1/
1.127%), T H TepdumpM 2% il 38 e i % . Hpay7/~(4.4BSD, AIX 3.2.2, BSD/OS 2.0,
HP-UX 9.01, IRIX System V.3, SunOS 4.1.3#1System V Release 4.0)&FHE1E fALFE 1% SCEE,
F35h—A~(Solaris 2. 4)NIHEFESYN—RE XA B Do, 8% PR 7 B 5,

I Z G IR SCE 5 5B 1-9F A A RAHE . 4=k T4 45, MR &ELH
B P RIBIEFFING ik, 550, B TFechollR 55 & JC 4t BdE FIFINHSP 7 — A2 (& 1-9
RN RCBR) KL, GRER THARCEmARE A MEMEFELGEMFIN, K
B, HROCBHYSECE T A B -9 FroRiyS . Il 7E3. 7 v St — 2 e 54ET/TCPL B
HAERIE, F4A H—Tepdumpfy it 45 5L .

HEMRMBAFARERANGEAATY, MFBLELZEKE AR IA P RASYN,

FIN, @3 #48, ACK#IHR, X Abugle #3474 2 6946 o 4% 4 £ CLOSE_WAITH

SR EINEHLY. PEIHFE—ALEAT/TCPR LA : FPE i 7T —A ki,

AA KEALATHRIE, KRB XHESE,

1.4 T/TCPLEHERFR-REES

FATET/TCPE . — Rk 55 &% B IR ARG F1_E— I TCP%& P — iRk 55 25 MR AR ms A A, LA
FEREMFIHT/TCPRIMEH ., E1-10245H TT/TCP L& PR T,

: ttepeli.c
1 #include "cliserv.h"

2 int

3 main(int argc, char *argvl[])

4 { /* T/TCP client */

5 struct sockaddr_in serv;

6 char request [REQUEST], reply[REPLY];

7 int sockfd, n;

8 if (arge != 2)

9 err_quit ("usage: ttcpcli <IP address of server>");
10 if ((sockfd = socket (PF_INET, SOCK_STREAM, 0)) < 0)

11 err_sys ("socket error");

E1-10 T/TCP LMI#E %% FEEF
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12 memset (&serv, 0, sizeof(serv));

13 serv.sin_family = AF_INET;

14 serv.sin_addr.s_addr = inet_addr (argv(l]):

15 serv.sin_port = htons (TCP_SERV_PORT) ;

16 /* form request[] ... */

17 if (sendto(sockfd, request, REQUEST, MSG_EOF,

18 (SA) &serv, sizeof(serv)) != REQUEST)

19 err_sys("sendto error");

20 if ((n = read_stream(sockfd, reply, REPLY)) < 0)

21 err_sys("read error");

22 /* process "n" bytes of replyl] ... */

23 exit (0);

24 ) ;

ttepeli.c
E1-10 (&%)

1. g TCPHH O
10-15 XtsocketE# I STCP L& FEEF—4E, 7EInternetif O hhk£5 49 Rl FE i
AR5 88 FITPHb ik Frve 15

2. R 45 28 KK R
17-19 T/TCP FMI% FREFAAMconnect i, it BEZERARMENsendtofi%, %K
o AR 55 88 RokiEk, R S5ARS SFEIRERE, i, BITEHsendto BRI 5
BE T~/ #HbrEMsG_EoF, HLUEIRAGNBEEC S Kik5ehe, XFEBmtHY T E1-5
YA shutdown i #, [WARS 8 %1% —/FIN, MSG_EOFfriE& T/TCPLEL T IMART,
AEHE 5MSC_EORPREIRIE, fE#& &4 TidRi il (bk anOSI iz 2 il H R FrEID
FHEHRM, ROVEAEELI-120F%, Hfsendtof s R AR FURIISYN, % iR
RFINSMEREE—MRCBRTRER L., ftF5 2, AH—/sendtol HtsLP | connect |
writefllshutdown =¥ IIhEE.,

3. VIR 55 N i B
20-21 ERFEB[BWNE LR Hread_streamf$l, SaiXitiedTCP LK FREF
—¥,

B 1-11 iR B A T/TCP LIRSS 2 8 .

tt X
1 #include *cliserv.h" Spyrte
2 int
3 main()
4 { /* T/TCP server */
5 struct sockaddr_in serv, cli;
6 char request [REQUEST], reply[REPLY];
7 int listenfd, sockfd, n, clilen;
8 if ((listenfd = socket (PF_INET, SOCK_STREAM, 0)) < 0)
9 err_sys("socket error");

E1-11 T/TCP RIS IRES BT
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10 memset (&serv, 0, sizeof(serv)):
1 serv.sin_family = AF_INET;
12 serv.sin_addr.s_addr = htonl (INADDR_ANY) ;
13 serv.sin_port = htons (TCP_SERV_PORT) ;
14 if (bind(listenfd, (SA) &serv, sizeof (serv)) < 0)
15 err_sys("bind error");
16 if (listen(listenfd, SOMAXCONN) < 0)
17 err_sys("listen error");
18 for (;;) {
19 clilen = sizeof(cli);
20 if ((sockfd = accept(listenfd, (SA) &cli, &clilen)) < 0)
21 err_sys ("accept error");
22 if ((n = read_stream(sockfd, request, REQUEST)) < 0)
23 err_sys("read error");
24 /* process "n" bytes of request(] and create reply[] ... */
25 if (send(sockfd, reply, REPLY, MSG_EOF) != REPLY)
26 err_sys("send error");
27 close (sockfd) ;
28 }
29 }
ttcpserv.c
E1-11 (&)

EARFS5E1-THTCP LIRS &8 F )L PxEL —#: Ftsocket %, bindek¥.
listenph$i. accept i flread stream@BLHIIAME —H —&. MM FRET
T/TCP LIRS % K& M AR A AR sendf s, MAZwrite M, IHRATLLIRE
MSG_EOF#riE, M Al LLKHAR 55 28 /9 B 2 FifiR 55 23 FIN & H 7 — 2 KX,

B 1-12f7 R & T/TCP_ L% P — R 55 2% 3 55 I - B

T/TCP 9% /- & B i 5 %5 F il fnUDP_E {9 JLF—FE(E 1-4); RTT + SPT, FHAIfdit
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HEMEY). AERMNATLAGHER: T/TCP EAHE & A EELTCP LHIHES /AL —k K
#453R I EIRTT, T/TCPH 45 T #f9iX /A RTTH H FTAO, BITCPnf$T FF(TCP Accelerated
Open), XFAHRBE T =kiB FHE R, TEHMFEPRINME AL LIS, E4.5T 0K
138 4 UIE PR 3 A Rl TE b

UDP IS EEMAN oAk fEi%, T/TCP EMFESFFEIN o4, mTCP LAESNFE
O OX LB FRIRTIR BB A ER). ik, T/TCPA{LEEH T %& F i35 5 (LB bt
], Bl T % EEER Ak, OB REAME Lo, BohBRMmSEER
RFENMTLA RIS, MARENTHNKE.

BEAE R E, T/TCPUL—ANERSMTI 5 41N AT LA Z 0% (O RESE I ] A A4, RIRERA T AT A
3T o7 P 3K R A e A 2% [0 P %2 5% T SR AR .
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socket

Ty

~ sendto ]

S
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* & SRR
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*. sendto
. close %2 RTT
IR [ (B ) =~ wakeup

~ | read (EOF) [~
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1.5 R4
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B 1-13F Fr A RUIPHb HE &R R T B2+ ™ 140.252.0.0, FiA VLAY 45888 T tuc.noao.edu
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3 1.4
LA 140.252.1.0
.1.183
NP Telebit
NetBlazer
modem
[
PPP| %5
% 5 T/TCPHY % F¥T/TCPHJ modem
BSD/OS 2.0 BSD/OS 2.0 Solaris 2.4 |.1.29 SVR4
laptop bsdi sun svrd
.13.36 .13.35 13.33 13.34
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RT3 [ 4 301 B 24 i 2 et T o 3k 79 A i T ) 22 1 B Ay 7 i 000 453 £ 5 95 B
cHEE1-SH/RMNTCP EME P REFH, JMNEMFEIHMconnect i KAl
read_streamF $RIWIE B J5 5> BIT%EE Y /i A Goh il
* fEE1-10F R T/TCP LR & PR, BATTEC Y A HY = il (8] A B A f sendt obf
K hiflread streamph £ KIHIR /5,

B 1-1425 H T LA AFR AR [RHC BERT I SRR & 4 BT AR A0 45 . & P AR 55 2 43 Bl 4 I 1-13
i ifJbsdifllaptop, MiRAHLLH TiX LM BT, Hobr TRMEERIVEE,

T/TCP |- {35 55 I 7] 4 2 Fh R AE & 8 T HIUDP L (192 45 ief i) B )L Z R0 G A B 1] 25 2%
Bps i, SMEHEALEER S 4E8E). T/TCPH U LLUDPHM AR i 2 £
(BA-8), T/TCP_ LRI ARG & E oy DI M tkread sy, mUDP_ERZ% PRIk % 25 MR
T A —&krecvEromif L,

TCP Ay 56 iR]LE A& EL A R 4 T T/TCP L= &5 i (A 22K K £920 ms, & X —45 R
HIHEE sy IR R . TCPEESTEREN ) = kB F . MASYNIRCEBHIK BER44F 1 (20FTiRIIPH
. 20T bR METCPE S FN4 7T I TCP MSSIETR), X AH2Y4 T M P &8 4 16515 fYPing;
MEIA-30] 50, H MR ERTTAZ) 410 ms, H4M10 msiyZ={E wT G2 H ATCPHMULTEE
Wb PR /M6 TCPHR SC B 3 BHY .

BRI R 1T AR 4518 . T/TCP A& it Rl #ECUDP L) &t ia], [HELE&EIEK, b
TCP_ {3 55 Bt i) 48 52 /0 A 24 F— A~ 445 i 4 30 B i B0 2% A3 i ]
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1) anE1-8fr 7, — k3B F % P om0 3 55 e Hish £ H—4RTT,
) HFEPEBREDRHEREIHE R E K HFIN), HifER IR E S0
FINJG i1 E/ETIME_WAITHR 25 il @ A 2924050,
TIME_WAITHR ZF11 62 TCPs 53X 7 & 45 AR kBRIl 7 # & WL Z R Bk 55K
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vt b F TIME_WAITR &R, WHhiGE & FHEE Gl PR R ESENRE, 2P AHm
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HEHRICCK T XN B BERENICC, MEFIELXE —/MESYN, TRmEEZiZEREK,
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LR B, (EATERR A T A R IS YN SCBE it A CCBCCnew i 1T

2) CCnew 1

HREAES —ASYNIR LB . YR/EIITEFH kBT RIEN, &

P TCP M F CCnew e 351 ifii A~ FH CCE T

3) CCechoik T { A£ =k B F-it e /P IS — /4R SC B (R, G@ W i IR 95 28 2R HZHR SR,
FHEHASYNFIACK, % X B CCHCCnew IR B % 71, 50 P ARk 55 2% &
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1 1 451
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W% PR SCHERFC 1323, W3R T/TCPHMY, X% P &SRS 28 W58 — I SYNHR S B rh
AUTCPES 4n I 2-2F 7, WAFEEL T AR R A AR, NOPHIPRREZIR, AN
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TCPa: ik & K126, BHEAHENOPF T E &, WEFELETUHTATF N,
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ANERE, A RMERM, TRt Eb &, btk G EHT/TCPIML, %%
BAA N0, MR EEHHERKE, R XEF T, s HEEAL,
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TT/TCPH Fr ity sk ah .
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\
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Y

N
N
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| |
| |
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| |
| |
| I
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I : I
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— L P TCPAR S AT

=== I 45 2R TCPIR A H AT
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recv: W R 4R S B I TCPAR 28
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LAST_ACK*,

FIN_WAIT_1*#0
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CLOSING*, filtn, fEE1-12d, KPP EHPE RSB PR EEASYNIRE . HIEFIFIN,
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Feadkit kT, HAXNEFC4L kM TFIN,

o %% FIFINRY ACK 1% 324K 4545 1T F FIN_WAIT_2,

W FI AR 55 2 HIFIN, EH2R AR TR TIME_WAIT,

RFC 13793 40fA T EALEFTA X mBER SRR ER T EEA SR, M8, BN
RimbbE2-68 %4, Hrh ML ERML, ik, LRERSHXZAMEREZR R —
SETE LR AR
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BEHESE Z Rk E TMSG_EOF(RAFIN) I gkt AFH IR A . EXFER T, &
Fa B ASYN_SENT*{RZS, SYN_RCVD*IRZE RA X4 W 55 B 4747 1%
BRENERER TASHE, XX —AERNEEII8.8dh EA Editie.

« ESTABLISHED*  CLOSE_WAIT*_ LAST_ACK* k FIN_WAIT_1*§ICLOSING*iX />
KRB GH R I ERERR T ERESYNIMuE L MR, M T A RE Z 0,
ERLYEH T . Mt T s RS BE A4 TAOMIR , wTEBARFI AT &
FINFISYNHR SC BT, R0 HE AKX e B R &5 (4.5 HE4niE R T TAOMIK) . ZFrLAH
Nl B XA, £ERD— BWFEISYN, s hEECLEy T(EACSHEL T
TAOMRK), REMERINIZER T %M =k F LB —4.

B2-745 1 T IR REFR IR E . A TFETRERRE, EFIBFIH T i kisry

RICBERA,

BOTHEEER, NP AERE, XEMEMRELRESCH ., BT ERRF YA
EAMERREN, EEAERENTCPE I EA HABIMIbRE

* TF_SENDFIN F RfEEKIXFINGH b FSYN_SENT*IRAZFSYN_RCVD*IRA),

* TF_SENDSYN F/niiZ KikSYNCGH BT B 2-7h 5/ G B R R ).

WOk & oo k & n B AR & % A
CLOSED 3 ] RST, ACK
LISTEN WS RT ESE T SR (BT )
SYN_SENT ERIESYN(EZITH) SYN SYN_SENT* SYN, FIN
SYN_RCVD B2 Rk EFKFEISYN; ZFACK SYN, ACK | SYN_RCVD* SYN, FIN, ACK
ESTABLISHED | % £L48 BT (BUR 5% ACK ESTABLISHED* | SYN, ACK
CLOSE_WAIT | WeH|FIN, 2455 R FS- 1A ACK CLOSE_WAIT* | SYN, ACK
FIN_WAIT 1 CLER L], RILFIN; ZEfACKHIFIN | FIN, ACK FIN_WAIT_1* SYN, FIN, ACK
CLOSING W EIR S 244 ACK FIN, ACK CLOSING* SYN, FIN, ACK
LAST_ACK W FIND 2 Zf5ACK FIN, ACK LAST_ACK* SYN, FIN, ACK
FIN_WAIT_2 B 3H]; ZFFIN ACK
TIME_WAIT E G Kk 2MSL Sk A ACK

PE2-7 TCPARHE A [ AR A (R HL SN2 ) T K BN




30 $—d9 TCP¥F X

EE2-Td, ERE FHESYNFIFINGX 4~ Fidnak B T RA&R B AR,
2.6 NG

T/ITCPHIEZ L2 TAO, BITCPhNERAT . X Fith R {# 3 T/TCPAR % 2 W FT/TCPE& /iy
SYNHR B fE REMS Al X S SYNZF T, Mifd el LABKE = k48 F. WafRiRk %S 25 Al SYN& B
SYNHIE A (TAOHTR) & A FHL LT H A E B L — M —IFRIRFF . CCGEEIED.
WBAT/TCPEHLABEAR 548 — 3% EHL 2 A R fE M CCHE R R —BbFR, S FrilkSYN
i 3C B I CCIE K F Mo % LA B CClEL, AR TAOMIIK B 2.

T/TCPZE 3L T34 FiHI&EI : CC, CCnew#{ICCecho, Fif kIR EL & —4~ K B ¥ Bt GX AN
RFC 13230 HUE ) 3 i 15 —4F), EANIRIX Bk T TCPLBLREB L &A1), an 54
fEH TT/TCPHHIL, B4R X BEH B & CCETA T A ER FRISYNHR ST B b
CCnewft#CC),

T/TCPINA T~/ 2 RNEAE R, EfEE ENLEEEFRmA T3 %R, JHhEEMH
A RS il i T34 &, A i A T/ TCPSEBUR FD Y O A 76 B i 2608 A5 &
Pl E R AT o

TCPHIRELITE A 101K, T/TCPH L AE A L3 T 7/ BAMR A, B35k
EHCEBLE R RN B TFHPRERZCHERENYT £, B AHEEAHE M EHESIARS
FIbRE, 2RO TERIE —ISYNIR LRI KR EFELE ~ANFINH B, B E
SCTFPHT AR



F3% T/TCP{E 2

3.1 #hid

AFE A 1A L JLAST/TCP f F R T 51 2 > dndfal i B X 3437 5 AITCPIE S, X
JLAGIF 6, T/TCPZ 4nfaf b BELA T JLFE FEHY -

ok ¢ =R

< W R T/TCPE %

o JR % 2 WCE]— A~ D SYNHR SC B

s RS EFRE

o TR BB B K BB I R B oKk K

¢ EALFT/ITCPEM A LAY IA F IR .

T RADEKEIF I B IR ABIF: SYNHRICERER S %A Er A EE, HEF
IR e L s 7% ok 3 A Y AR 95 25 SYN/ACKR 17 (AL R

XL T/TCP& P itbsdi (B 1-13), MilR% &N 2&laptop, XEEFHL Lisfriy
T/TCPZ% PR/ 4nE 1-10/7 7R ;. T/TCPHR 55 8 B2)F & 1- 11 fi R, & PREF & K BE A300F
TIRIiER, RS e N S h400 T R 2,

fEX e 1, & PRRFFh I HFRFC 1323005 B2 %W, X8, £ REMISYNIR
XA S & A E H PR R BE T R EE AR S X B ET, k55 & 1 Bz R
WA EXFA LI, KRS &2 4 S HFRFC 1323502 o B EH) ., XAEMUE R TR %
iR SRATHAR BT R B EBH FFR R E S, HEEFHER T, BT REEE
RTEARS 148 R AR SCBR A A & 2 B B R SCBE, BRI 3411 o] LALET/TCP o, F Hh L #$RFC
1323, Wstdin, ERFERMAEEEEFEMHRT, NWELT/TCPIH L —#EFEER 1k
o @A (WA 1124.610),

32 BERE#HEIM

wP—HEd, ®rA-kSSGESERLBTET. & RFAFAsendtok$, BI7ER
& oA AR 55 2 — /A~ %5, Hhtao_ccsentMIEMMALAHOGERRE L), T2
TCPH ik 2 K15 CCnew I ] A A& K IBCCRET, Ak 5 &5 LA TCPHH U CCnew L 1 f5 itk
PAT AL = PR TR0, Hoad A2 AT WL & 3- 15T R i Tepdump i i H (A3 24 28 Tepdump i £F K 3
AR AT 2 WA LR A, FERRERILEE X 2oy OB, AR T SYNFIFINZE R 5%
8] & il — A1),

M IFTHICCnew R I aT AR H, % Fintcp_ccgenfyE AL, fEH247, IRFHEXE -
AICCnew#i it 7 [, fR%5#AItcp_ccgenfdh18, RS HLE FHISYNLMHHIN, (HAH
INE P A, TR TR RCCnew B 55, BIREAR 95 85 fE L AL ER R A7 b B 1K Y
R, EHSHEHERN =KkiETERE, RS =kBFEHLE, RS HAITCPHILA



32 B —d 5 TCPF % tril

REACHC B AT300 15 £ 52 28 45 =4 AT Al 55 e

1 0.0 bsdi.1024 > laptop.8888: SFP 36858825:36859125(300)
win 8568 <mss 1460,nop,nop,ccnew 1>

2 0.020542 (0.0205) laptop.8888 > bsdi.1024: S 76355292:76355292(0)
ack 36858826 win 8712
<mss 1460,nop,nop,cc 18,
nop, nop, ccecho 1>

3 0.021479 (0.0009) bsdi.l024 > laptop.8888: F 301:301(0)

ack 1 win 8712 <nop,nop,cc 1>
4 0.029471 (0.0080) laptop.8888 > bsdi.l024: .
ack 302 win 8412 <nop,nop,cc 18>

5 0.042086 (0.0126) laptop.8888 > bsdi.1024: FP 1:401(400)
ack 302 win 8712 <nop,nop,cc 18>

6 0.042969 (0.0009) bsdi.1l024 > laptop.8888: .
ack 402 win 8312 <nop,nop,cc 1>

E3-1 T/TCP% P& B/l RS % kik—/HE

TR AR SR B T R — MR OB B PR S5 % A HHSYNIIRiA . fEiX A
W B & PO FINE %, (EARAE3007 8RR & WENIZRCBR, SLAIRIA THcE
R AFINCGE4 7). 5 RIR BRI 2, XA 2 HET, &AHITHE. X
MR T k% R T RSB e i T A,

ST RHIR R 5 28 4 I R 2 DA R IR 95 3R BUFIN, 38647 i & /xR 95 25 HOFING B 2
T A, R, 3~ 6fTHEACCET, MiCCnewFCCecholt HMI 5 5l H H HLLE S 1FN
F2RICB,

MR FF4E, RN FAHELT/TCPIR LA F4RENOPT , B ANOPRRLE
&, MAAieBE LS, BHANOP, ik M KA KHE H4F 5 & K 4E6hik 2 o T2
RIS EE,

M EE TR EZEE, EPRNRIEHE NN, &P TCPHELAT A ¢A145/F
SASN)E K1+ JA18 15T 00— X —H., ®mE, RFBIMNEATEANE
%, RAEBFTABAA R ERRGERLFPRAMAREIAY, LREATIZZHEREN
& R B9 A48 55 R B LR IR GT, F A5 500 msxd A 4 &) #4455 P e 638 F R
REALEY, AP A BT LA 5 E, AR ET LAE Lak[Bellovin 1989], iX
AR RI994F 120 — kR BA LA RIZIAFHLALES, B4£ABSD/OS 2045
£24.4BSD-Lite2 % A= A #j[Shimomura 1995],

Fit

Pl 3-245 HH (19 1 3- 1ol (A S B s it RR I I e L |

B, LS HOE A 5 1N S Sk B A 4R SC B R HL B Sebric. IR L 4y BbRIE T % PR |
R 55 2 MBI R OB R & B R AERVIREAE T, HiaruntfE, &P dfREIEHsendtol it
MSG_EOFfri/a il ASYN_SENT*R A&, k4 &Y H HA08 T 83 B a kA4 T mkIRE
ik, RREGCEE RS SEHSYNBHILNG, EEMREHSYN_RCVDA T 3|
ESTABLISHED:AR & ; HiEEHE LK P A KHFIN XA L F|CLOSE_WAITHR &, MRS HME
Pk %R TMSG_EOFFREMNE NG, BIUEALAST_ACKRE, 8., FFPESINHRCE
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HE % TFINfRE(RfL— T E2-7),

bsdi.1024 laptop.8888

SYN_SENT 1~ SYNFINPSH 36858825:36859125/300)
<mss 1460, ccnew 1= -~ SYN_RCVD

SYN 76355292:76355292(0) — 2
eC!
FIN_WAIT_]. ack 36858826: <mMSS 1460, cc 18, cc
3 FIN 301:301(g)
ackl, <ecT> ESTABLISHED,
, CLOSE_WAIT
FIN_WAIT 2 k302, <cc 18>

FIN,PSH 1:401(400) ——5LAST_ACK
TIME_WAIT  t— —K 302, <cc 18>

6 .
ack 402, <cc 1> CLOSED

PE3-2 13- 1R 3B Ae ffuadt BRI /18]

3.3 BEMHT/TCPESR

TN L A TE EE AR E PRIk S 8 Z kD —kES . X—REPIEE SR EhLE R
AP 1ZARSS 2 ftao_ccesent{ER0, TA&mtk il —A-CCitm, HApTF—/tcp_ccgenfly
B2 QF R SR SR R0 S TP S A2/ G4 . 40 SC B et R an 8 3-3

f

i 1 0.0 bsdi.1025 > laptop.8888: SFP 40203490:40203790(300)
win 8712 <mss 1460,cc 2>
2 0.026469 (0.0265) laptop.8888 > bsdi.1l025: SFP 79578838:79579238(400)
ack 40203792 win 8712
<mss 1460,cc 19,ccecho 2>
3 0.027573 (0.0011) bsdi.1025 > laptop.8888: .

ack 402 win 8312 <cc 2>
E3-3 ¥HIT/TCPE -k % B ES%

AR . (ELE 3R SC B B/ NI T/TCPHR U it 2. BI3-458 R T 1%k
i A M B DA BCIR AR AR

HFPRBAESYNRE ., BAEFFINGRE i SCB R EASYN_SENTR A, k552U H]
iZHocB, HTAOMBK sk zhit, 3t AR AESTABLISHED* R &, H b % £ 401 5 58
MRS R, AL SRS BIFINAR S G Ik 55 2% 1E ACLOSE_WAIT*{RZE ., i TFibAk%k
HSYNRICB, HMiiR%S & —EHALTmeERE. YRS & & 0B AR f ik EMSG_EOF
trb)a, MR% 2%t BN ds ALAST_ACK*RZA, aiBE2-7TAR, XARAMARS & & H ik 3
B E TSYN, FINFIACKERE.
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bsdi.1025 laptop.8888

SYN_SENT+ 1 SYN,FIN,PSH 20203490:40203790(300)

Win 8712, <mss 1460, ce 3= ——a  ESTABLISHED-,
CLOSE_WAIT*

SYN FIN,PSH 79578333;7957923t’:)(4oogch0 12 LAST_ACK+
’ s C
FIN_WAIT_1, r—=757G3792, win §712, <mss 1460, cc 19,c

FIN_WAIT_2,
3 ack 402, win 8312 <cc 2>
\. LAST_ACK,

TIME_WAIT
CLOSED

E3-4  [&3-3r Rk 0B AT

ZPE 2 ROCB G o xS YN BIA & P s E B S FE AFIN_WAIT_L{RZ,
B % AL B R SC B X BT K FINEURRIA , HE AFIN_WAIT_24R &, k55 2810 2 & MK 2 %
PR, MRJE, & PACER %R ST B b iRk 55 85 BT K AUFIN G i ATIME_WAITR &, fEiX /4> %
AR, % 5 kxR 25 8% B K FINHYRRIA .

Al 55 25 W B S 3 4R SC B, o rhxd iR 55 45 BT R SYNRUBR A (Il 55 2% ik ALAST_ACKAR
X 55 % Bt 5 FIN R ff oA I i IR 5 &5 12 A CLOSEDAR

XA -1 bt SR TET/TCPH 5 B rh W B — MR B R ERES R 2 R EE T
M. ERBHER T AL TESTABLISHEDAR /YR A anfal SRRt iy . & Pt ik
PR IR OCB) SRS 25 A0iEH:, AL TFIN_WAIT_LRE T, E{I5ARREKEIRCE24
wICBL).

3.4 MRE|KBIIRHESESYN

R IR S B E T —AFB LT FAICCIEIZE 2 DR? FKiiTik% & H—4ACCE K11
SYN#R B, X /AME/F RS BRIRINZE A KFIHCCIER, WE3-3), $F b, xfisR
R ATRER AR, Eefn. CCIAEZ% T 1HX AR SCBR T % F AR %5 8% Z il b pi 3E 4% 8, &
FEM 2 FHEHE T — Bt ], EE 7% A A it He AR SC B Bk A= f I Il (G HH TG MSLED), B2 F3k
THR%%.

— AR R O R, B & PO TPHE IE AN 1S BOIR 25 25 5w TP Hb ik s (1
SHIT T . BT SE BIRR A %R “H T,

MEB-STATATLARH, R4S S UCE— 4~ CCIE h 119S YNFR 3 B I 5838 B 47 = ik 8 T4 1,
PR B2 T i ST 1% 4 S B ik i 7 4 3 R T

T 0% T =0kAR FGX— S IR A TAT AR %5 28 (URRIA T % P RISYNT % 4 Wik & F it 5
PERFIND), RS %O TCPHMLAE IR T R 5E 2 45 UG A 203005 o BARR 2 A R 55 5t R,

A, 55U ST B AR — AN i T A R S BE (& PO TC PRI I S 78 2 et 3 AN 3¢
BErp SYNRUm ), T4 24 52 /M4R 3B AR 5 28 & IS YN/ACKF AR, % P TCPHHM LI
W 7 A B ok TR B O BE(RST, B3R CBY), X Rt 2 BE BT R 2410, R %5 BRI TCPHHM L
W E )X ARSTIG PR AL300E A BHE, i Haccept f# A ik [ 8 iR %5 256 R
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1

2

3

0.

0.018391 (0.0184)

0.019266 (0.0009)

0

bsdi.1027 > laptop.8888:

laptop.8888 > bsdi.1l027:

bsdi.1027 > laptop.8888:

SFP 80000000:80000300(300)
win 4096 <mss 1460,cc 1>

S 132492350:132492350(0)
ack 80000001 win 8712
<mss 1460,cc 21,ccecho 1>

R 80000001:80000001(0) win 0

tcp_ccgenT EMA A1,
tcp_ccgenF € & —

E3-5 T/TCPHRZ &3 W Bt i E & SYNHR SC Bt

FIMMMIBRG—AMRHGREALF LR, ENEELE P AT/TCPH X &
CARIHAOR LA, RARLETCUEIHATLRLA LN, AHERARAEY

R FRALE—NCCETR,

B 3-6 BT m kg X & - R S5 & Z I T —ik, R FEHE—&KT/TCPHESE ., Enk
IR, X — &3 RSB RI it #2

e, EdfAMNFEABI2-3F A2, SAHEY
R K23t ¥ )CCHLE, TCPH L A #) 4 £ i —ACCnewit

1

2

3

0.

0.028214 (0.0282)

0.029330 (0.0011)

0

bsdi.1l026 > laptop.8888:

laptop.8888 > bsdi.1l026:

SFP 101619844:101620144(300)
win 8712 <mss 1460,cc 3>

SFP 140211128:140211528(400)
ack 101620146 win 8712
<mss 1460,cc 22,ccecho 3>

bsdi.1026 > laptop.8888: .

ack 402 win 8312 <cc 3>

il 95 & A X A% P R RHICCIH K T2,

3.5 MREB[ERI

BERNFIRS 2 EH RS, k& P ERS &ENEE), BIIRS & BT 2L BRI 4his 1T
IR B RS BN S0K — NS5 iR . E3-T AR SCB A B UL

E3-6 HHAT/TCPE " —R% 8 HEF
W BICCIE A3 S YN G TAOMI B I .

1

2

0.

0

0.025420
0.025872

.033731

.034697
.044284
.066749

.067613

(0.
(0.
(0.

0254)
0005)
0079)

.0010)

.0096)

.0225)

.0009)

bsdi.1027 > laptop.8888:

SFP 146513089:146513389(300)
win 8712 <mss 1460,cc 4>

arp who-has bsdi tell laptop

arp reply bsdi is-at 0:20:af:9c:ee:95

laptop.8888 > bsdi.1027:

bsdi.1027 > laptop.8888:

S 27338882:27338882(0)
ack 146513090 win 8712
<mss 1460,cc 1,ccecho 4>

F 301:301(0)
ack 1 win 8712 <cc 4>

laptop.8888 > bsdi.1027: .

laptop.8888 > bsdi.1027:

ack 302 win 8412 <cc 1>

FP 1:401(400)
ack 302 win 8712 <cc 1>

bsdi.1027 > laptop.8888: .

ack 402 win 8312 <cc 4>

P37 5 28 IR T R Eh 5 T/TCPIY 28 sy 4R 1 1
HT&PHAMERS S CLEH AT, Wik MR~ ®HNT/TCP R, H




36  E—#%9 TCPFH X

RCCIE A4 117) . RS & FHT R fE HLARPER /7 h iy & FRE(Fsbht B, TRIRS &K
tH—/ARPiFR, FPGHME . RS S BBHAT KRB TFRIF(LEAT), FAERLRHE L
KL P ER L ECC,

SR NEE3- 1R FRRIRLCL, &P A0 A FINGRE B8R SCB 52 R = kiR Fad
B, 300FWRIBHRNI A EE, JA 4% P mAp G ER S-NE & P A S EAKE, RO
EE3- 1R FB X RGO W B3 ScBE, Mk 55 25 S B Bl FIFINGR ik . IRk 55 48
KHEFEETT), FTNRE A4 A,

Bl E3-THRFE RSO it B G, BATDRBERZF FRIIR % & Z Bl £ Fok4k8ud [ —
M /NTITCPH S5, anE3-8FR.

1 0.0 bsdi.1028 > laptop.8888: SFP 152213061:152213361(300)
win 8712 <mss 1460,cc 5>

2 0.034851 (0.0349) laptop.8888 > bsdi.l028: SFP 32869470:32869870(400)
ack 152213363 win 8712
<mss 1460,cc 2,ccecho 5>

3 0.035955 (0.0011) bsdi.1028 > laptop.8888: .
ack 402 win 8312 <cc 5>

FE3-8 HHIAIT/TCPE P -k % e F %

3.6 FERBNEFBHBNEZEAKE

FIHACAIE, ERMFFEORAEH T, L& R PRI KRR SCBOL & R % 25 0 P& i
B, #REA SR B R KK BEMSS), anRE P E IR IR B OR KK EEEE, il
15 X i S FFT/TCPIRMY, I A B & &R 2B, TS umi i C B Rk K
FIEETAO G R A+ (B2-5Sftao_mssopt), [Eifi%& ;I TCPH I RE I 518 Ak 55 2% IR 3C
BeBe KACHE, (B0 JniE iRk 55 4% A9 e i 1 9 BECE 1A 18.4 45 8020.4 15 23 BIHE T #i SCB Bk
KEMEQRE). M—FEr PR, MR R KRE B A EeE, mfEloE o
B B B 223 I Ry PR AR T o 2 3 P R I K /g A R 2B A . i EL, B R S S T
— AR R 1 (bbanii, 32 768 1), {HAnR M SCB B KK ERS127 T, IBLMRATHE
SA—EdiE g S TEEEE P T R4 RS SR AT64- 4R CE (B, TCPHH X8 J5 5)
AEAREBEL ). T/TCPHRMSUIN T 4 4% PR il 4 it P ix 46 ] 1 .

1) T/TCP P i35 Kl T #9508 1 11 9 8 1% 22 h 4096 11, fENet/3rf, X b7 &

snd_wndfJ{f, %2 RIS ETCPH i el LAK H 2 /D 8dE . 2355 mir A w1l
B IR B ELE e, & H 9 R #1465 (40964 v i 2% A B TR 1A..

2) RAYXM FmAEA R, T/TCPHIA (EHE B3 H X HERE . TCPHM LK
snd_cwnd 2 B i% B o1/ RSB AR 55 . B 10-1445 T A ith /A E A Ml 72
PANERin_localaddr R ¥ A%, AR SANMAHREPIMSE SRS, &F
BAAMLK SAHR T M5 A, HAZsubnetsarelocal B | (HAEO, X KM%
LA T AL ,

Net/3 52 18 Bah H X th i — K EHCGE2E 72100, HX Bk ER P B3 5
TG ESGERH LR, PSS RE, RTFRARIXEEILREZ SRR,
{H iR 24096 F17,
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SR VR TCPHM ok BB, &R E#snd_wndMisnd_cwndi B/ iI— 4 1E b 1
AR ERR R FIRIE, BT8R MATE A TCPH Zh el DUl & i B AT, Bl 1R H65 5355
AR AT DR T, B 2 XA A AT LA 465 535 %24, K£9H1GB), A xfaE£Hl
fEA S, }3[32\snd_wnd%usnd_cwnd#]?)}kﬁ{ﬁ;}%ljjb4 096F1165 535, TCPh i {E&EEENFFIE
B S B RO T B 3, AT B 3 2409653 OB, An it 75 il 2 MO BT 1 96 2%
32768% i, A4 TCPHML AT LAHF £ % i% B8 B B4 % 4L A0 B 0 1 i 2 1k (A 4
32 768F165 535()/ME 32 768), iXHE, TCPHMLEE T LAEE I8 Rzl e, KA B & X ATLL
BT 5 3 4 T B

R FAEAH, B84 snd_ wndWI#I4A1E {5 44096, {Hsnd_cwndf) #0464 {E NI A1
A4 3 B (T (A7 6 5 2 WL ST BR ek K HE H512), TCPHM AL $5— FF GO 5 R %
/M ROCEE, MBI S AL B S, SWE AWk, snd_wndHIfER N, X
S A LEIERIE R, FTUL% HAORER B2 T MEE 0, HSMke 09 gt 7%
FHLE SRR A,

Pl — A BT, RT3 12 I T/TCPZ: P AR 45 B B eI e, (3 ¥R i o 25 e
Bl it 4y B12h 33005 FI34005:4 , B3-9% HH T o A it 2.,

AP FEEFT/TCPR#EN 3 AMELEYAN S, B4FRE T Tepdumpty— />
Hrikbug, %6, F8AHI0MR LB NHHANT E SHad3302m A1,

1 0.0 bsdi.1057 > laptop.8888: S 3846892142:3846893590(1448)
win 8712 <mss 1460,cc 7>
2 0.001556 (0.0016) bsdi.1057 > laptop.8888: . 3846893591:3846895043(1452)

win 8712 <cc 7>
3 0.002672 (0.0011) bsdi.1l057 > laptop.8888: FP 3846895043:3846895443 (400)
win 8712 <cc 7>

4 0.138283 (0.1356) laptop.8888 > bsdi.1057: S 3786170031:3786170031(0)
ack 3846895444 win 8712
<mss 1460,cc 6,ccecho 7>

5 0.139273 (0.0010) bsdi.1057 > laptop.8888: .
ack 1 win 8712 <cc 7>

6 0.179615 (0.0403) laptop.8888 > bsdi.1057: . 1:1453(1452)

ack 1 win 8712 <cc 6>
7 0.180558 (0.0009) bsdi.1057 > laptop.8888: .
ack 1453 win 7260 <cc 7>

8 0.209621 (0.0291) laptop.8888 > bsdi.1057: . 1453:2905(1452)

ack 1 win 8712 <cc 6>
9 0.210565 (0.0009) bsdi.1l057 > laptop.8888: .
ack 2905 win 7260 <cc 7>

10 0.223822 (0.0133) laptop.8888 > bsdi.l1057: FP 2905:3401(496)
ack 1 win 8712 <cc 6>
11 0.224719 (0.0009) bsdi.1l057 > laptop.8888: .
ack 3402 win 8216 <cc 7>

FE3-9 3300 Y% P i k3400 IR %5 8% L &

o T & P aniE IR 55 25 CRFT/TCPERY, % P el ASE BRI % 409655, 7ERT2.6 msky A B,
BPRBTHEL~3INRCER . F1MICBHEN TSYNRE, 14487 Vi fn 12 TCPETH
(MSSFICC), 2R CBEEA bRt , RA 14527 AR F i TCPE. H3/-R 3 Be i
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HFINFIPSHpRE . 8F T TCPETILA Kl HI400F 1848 . B2 B A —— MR E
ERTCPEREE AN rE), HEAWACKIREMRCER . @ FEN T, ACKbRE 2T
W, BRAER R Fum AT, i AR SCER AT A SYNFRE(FE Y B AR 55 S AUIR LB Zhi, &
PR HANRE & HE (T BN ).

FAN R CBRAR S 2R HISYNR B, ‘Bl 3t % 1 By & R BT A A 7RiA, &
FESYNFRE ., BARFFINARE ., FEES/MMRCETR, & A SLEIRHIA TR SIS YNHRICEL .

FEO R SCEME T40 msA AR P, CHEHT 7RSSR EE1BEE. & P Bt
S TN, B~ RCERMERIFEN SR, RS S ESE — R CEGE1047)4 A FINER
B, TR R — A ACKIR 3B X i fa B B8R UL B FINFRE ML T WA .

—AN Al A AR PR3 RS 8 R A RSO R ET A SLEN G T WA & A e
FEARFIHIIEIA] (44 ms)NFEFIE TS ? B EIETCP_REASSE(H2ET26TD)H, & EKH—/1
WABEMR CERRERHIZEZ. A TEENE " mCETEINTRCEREREAT
FIN_WAIT_24k &, TR/ETCP_REASSZ: bt iE{E& & b FESTABLISHED:R 239 Ml 2 e ,
M fE % P Bl R HACK A R ER —S L L. X — “FiE” HAET/TCPHML AT LA ,
FENet/3fIFE FFrh, AR (] — 2 35 ] T TCPi% 51 1k AFIN_WAIT_1 8¢FIN_WAIT_2Jk 4,
MEHBXMER. MELLE, kB FEHAE 5B SCB AR L B4 T8l
TCP_REASSZrh 2 7 O i AESTABLISHED: K &I i il Fo ik 7E = kiR T2 ik Z arde
BRI R AN ARF, %h b, MEBRAE K TESTABLISHEDR, (&4 4 F 1 218k i% ik
By EAHROCBED, B G FIER).

TCP_NOPUSH## O i£IR

BTGB T Z AT A & PR &k, THEXERFITH T TCP_NOPUSH
# 01 T (T/TCP M LHT 5 | A RIIETR) «
int n;

n = 1;
if (setsockopt (sockfd, IPPROTO_TCP, TCP_NOPUSH, (char *) &n, sizeof(n)) < 0)
err_sys ("TCP_NOPUSH error") ;

XERFAEEL-10F 1 Hsocket M# 7 JahdT, % BIZETR B2 & TRTCPIHM A E
(LA TEZEREZRFEIEMRICE.

AR T MRIR B TR R, R L SR PR Hsendto HEE R K%
3 300 Vi Bt 1% BMSG EOFHRE G NAZ T HT ) TE.

1) MBS A E I fsosend RECE21916. 7)) KA BRF HiE k. SHERAT2 0485 B ik
A—/~mbuffEd, HHTCPHML % H—4PRU_SENDi#K,

2) FRNZIAMtcp_output (K 12-4), BT aTLLAK % —/ K B (full-sized) i 3¢
B, Wik HmbuffEd (ya11448 ¢, HiX BSYNFREGZR CBEFPRE 1251
TCPiEHi)

3) i FmbuffE L H F600F i %, TRBKEH MM ccp_output i, Hi1hiF
ZINANagle BHHA S B — MM B REN S, (BREEEE2FESITAILIER, B
1k irtcp_output i), idleTRMEAN, YEBFEHKA1448FTHHIEIA
WX B Aagaingy khf, idleBBREFEHRITE. Fik, BFEE-3HRERF
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Be( “Rix 5 HMIL & F8E % (sender silly window avoidance)” )&, fnftidleF i
HE, BREOKBEHEFORZEEHSE, Hik, REEETRERCBOL
TF_NOPUSHARE M 24 A {H .

FET/TCPHMU S I AXAFRELART, REMRXBEEFEH AN KREZEF, I HNagle
RERT, XBEFREESEE -IDAMKOMCER., BEEMENHBFEET
TF_NOPUSHfrE (FIHFHITF_NOPUSHHE HEM), XM TCPH B AL NI AIESE X
KA 9% K HEHE ., TCPHMUCK RIFELAMEIE S 5l S IEF T RMEIRE &
Rk, DR B KR CE .

4) R FFIRE T TCP_NOPUSHfR#E , Mt A& KERILE, tep_output kiR
B, FFHRITRIEHIR L Bl #sosend i %L,
anF R R % A 1% B TCP_NOPUSHARE, B4 Witk %k HABA-600F ik ScBt, I
f£ H p % B PSHbRE.,

5) sosend B HAEFI KA 1252F KR A — P mbuffE, & H—4"PRU_SEND EOFi#
K (ES-2), iZiFkFkERtcp_output MAMIHH ., AmEXKIHHEZA, 4
ittcp usrclosedm#(E12-4), FEFEAREHSYN_SENTA T FE
SYN_SENT*([&12-5), i% & | TF_NOPUSHbr&E/G, MAiHH N R EXZEFHILAHI1852F
THIEHE, TR H— AR RSB, %R & 1452 T R fs
TCPET (40 & 3-9F7R). ZFrLl& HiZ B, A& B A &2 %K B f (B Nagle B i
PEIER). RESYN_SENTREMIREH LS TFINfRE(E2-7), Bl TRXEEGF+
ARAEEIMIEAE, FILFINPREM I T (52556831),

6) BEFF X AT T — R &I, MifiF kA tcp_output ik $ & ik 4% 77 o I A 194004
B, ARifiix— BIFINFRERITHE, EARBEFCEE T, REEI-3hINagle
REA TR HEYE, Bl TFiEE TFINfRE, 4005 CBE R K 2 T (258
68871).

Afit, XE TTCP_NOPUSHHE HiEM Zfa, 7E4RICE B ALK A 14605 FHILLK M
ERH—/3300F VA iE Rk 51 & 3R CER, KBS BIA1448, 1452F1400F 5, anf
AREZET, BAREAEINTMOCE, HHEKE S HIH1448, 600F11252F 5, {Hank
1R AV BEA36005 15, Ni%E T TCP_NOPUSHIEIR I /™ 4= 344 SCBE (K & 4 Bl h 1448
1452F0700F77), AR BiZET S r= 40 R SCB (K B 4> B4 1448 600, 14521100
F1).

BZ, HFEPEFUAH —Rsendtol Bk gk}, % R i%i%k ETCP_NOPUSHH
FET, XM, 2iFR4 SR SCBR BN KR, PhEES R AT RE & H i R SCBE
KA R LA 4R SC B, w0 R B B T ok X B i .

3.7 miEFHEM

BADEFHFEDHE — T aR%E P HAT/TCPHMU S — & A IR T/TCPHMU I EHL LS BAE S K
At 245D

E3-10%8 AV sk FHlbsdi ERIT/TCPEK PR FFi Fblsvra(—A4~iaf7System V kit A4
FHL, AZFFT/TCP) LHTCPRR S 8 K F ST, BN _F ZRl o H B E O,
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1 0.0 bsdi.1031 > svr4.8888: SFP 2672114321:2672114621(300)
win 8568 <mss 1460,ccnew 10>

2 0.006265 (0.0063) svr4.8888 > bsdi.1l031: S 879930881:879930881(0)
ack 2672114322 win 4096 <mss 1024>

3 0.007108 (0.0008) bsdi.1l031 > svr4.8888: F 301:301(0)
ack 1 win 9216

4 0.012279 (0.0052) svrd4.8888 > bsdi.1l031: .
ack 302 win 3796

5 0.071683 (0.0594) svr4.8888 > bsdi.1031: P 1:401(400)
ack 302 win 4096

6 0.072451 (0.0008) bsdi.l031 > svrd4.8888: .
ack 401 win 8816

7 0.078373 (0.0059) svrd .8888 > bsdi.1l031: F 401:401(0)
ack 302 win 4096

8 0.079642 (0.0013) bsdi.l031 > svr4.8888: .
ack 402 win 9216

E3-10 T/TCP% )7 1A TCPR 55 8% & ke 9555

% P TCPR & IS I X Beb & TSYN, FINFIPSHARE, &AL & T300%
Bdg. mT&E P umA TCPHMY7E H TAO B 28 A7 B & A 14 R 55 2% T Hlsvr 4 £ BT H(CO)
6, Ak HiHRCBpH £ TCCnewiE T, B 24702 IR %5 88 3 HZ R SCB IR, iX
b = kR Fid B RIELAN RSB M s 3frhHzmm R o TR EE, #3
frh A EE IR,

IR %5 &% i B 3 34T R SC B E . SERNFAIN T & P —JF 4 & 19300515 $ 8 FIFINFR &
(28791 T i, MFINFIIAMAHER). RS HFmTCPY EABIRMRAFEATIF, BEF
“RBEFERERABHRA RS HER.

F54T BoRAY R MR 55 28 45 IR B2 (4007 8088 ), & P AE S5 64T H L 21k it TR
TR AR IR S &8 & HIFINIR SCBE, & P i Al AE Rl b g ) T A . dERE, MRS e itk
BRAEEESITHEIEE T TFING A7 kK%,

MERNEREX —XME RS S ZHBERE - &KFEE, WIRCBEZHROIETS E—
wseeME. BTFEE3-104 kS &5 A & Bl —4-CCechoie 5, k% Fum iR Toi% nl
svra EHLA HAHF A CCETATHR SCE , MiliF P im & tHHY 5 14k SCER (BRI da 1Lk SCBO 75548
HACCnewiE X, HIEN11, HEFT/TCPHIE Fim i & HCCnewiE Y JF B, XA & FF
T/TCPHIAR S5 %%, EMRAXEFHEL BRI EEREAFPHIMEET, Hifitao_ccsentfd i
FEOREN).

fE T HEAEF(E3-11)4, ARS 2§ ELia TSolaris 2.4, x4~ TSVRAN RG (5 E
3-10d IR 55 2% —HF), [ F M TCPAPH A LA 5E & A

F1-3775E3- 10 gIA[R . AFASYN, FIN, PSHEREFZ00F W EIRAR LB, #EHZMR
S5 aWISYN/ACKH: CB:, ARfGRAK FHIACKIR LB, X & —RIEFH =kiBFdR. [, H
FAMEIZARS FHICCIHE, & FPumTCPE HAYE—/ A CCnewiE FUHIHR SCEL . '

Solaris MK K ) HANMR LA FM/FY "I oR" H#EDF), AFRERA R

¥ 7 & I(RFC 1191 [Mogul and Deering 1990]),
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1 Q.O bsdi.1033 > sun.8888: SFP 2693814107:2693814407 (300)
J win 8712 <mss 1460,ccnew 12>

2 0.002808 (0.0028) sun.8888 > bsdi.1033: S 3179040768:3179040768(0)
ack 2693814108 win 8760
<mss 1460> (DF)

3 0.003679 (0.0009) bsdi.1033 > sun.8888: F 301:301(0)
ack 1 win 8760

4 1.287379 (1.2837) bsdi.1033 > sun.8888: FP 1:301(300)
ack 1 win 8760

5 1.289048 (0.0017) sun. 8888 > bsdi.1033: .
ack 302 win 8760 (DF)

6 1.291323 (0.0023) sun.8888 > bsdi.1033: P 1:401(400)
ack 302 win 8760 (DF)

7 1.292101 (0.0008) bsdi.1033 > sun.8888: .
ack 401 win 8360

8 1.292367 (0.0003) sun.8888 > bsdi.1033: F 401:401(0)
ack 302 win 8760 (DF)

9 1.293151 (0.0008) bsdi.1033 > sun.8888: .
ack 402 win 8360

E3-11 T/TCP% f[alSolaris 2.4 FRYTCPHR 45 8% % ik H & id =k

AFERAE, FA1{ESolarisf TCP/IPSL B B F] T —/~bug, [ Aix/~bug, Ak% &&4mTCP
58 AT B B8 S0 o 4 T R 2/ S B B A A HZ BB TIN5 P i TCPg R
HEFMTES TEE, RINBES TFIN, 85, RS &mBIA T & 5K kB
FINCGEST), RERFSMAEBATRHNE ., KImEETT M EL WA, BEELR
% & & HHFINTR CEECE817), Bca & Fimi il (B9,

RFC 793 [Postel 1981b]¢5 30 45t “ R 81X & 5] F 5 I~ 1090 R A 4 2 4%
OR LB LT ERER Y, FIFLTLTLRESEN, BIGEHTCPRA AR #
RTHRBREFAAAE A REEB LA P (B, BB EBEFES, F2%
#KS5# ANESTABLISHEDW B+ it A4 M F).” #RFCH £66 W iL#, A
LISTENAR & 4 52 30 £] 69 SYNB, “4E 4T S A4 %) 43 B Aw B ST BB ARR L AN A7)
HAB LR,

H—ARRd A AR, L EEREE “bug” Ay, BHRFCY H LA &H
ZRRF BAKESYNS R 42 ¥ M od#dg, & FiLsl, Solariséy k2
EHE, BALEIAOFEPLPHABLEREKTe, AHRFBLETUEF LI ANK
18, B AL HEAE LT 0 Z I, E R AT AN B (M A& 5 R AR 11 A bug,
SUNZN 8) 4 845 K ik AN 6] 86 40 B T — /ANBug 1D 1222490, FE b2 A A6 MR K
TRHAHE), LEIHFGHEALTEFSRERLRN, %R N ARFC 791 [Postel
1981a]P Bk : “hA AL AZBIHA, ERAEFAHLMETHE,”

3.8 /Ihg

FATTAT LA A 5 v (9 (51 - (T T X FEAY G
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D) anR % Fin &k T Ik S HREE @, FrmERH B, A% PiafeEshiTr
I & HHCCnews & I, M1 588 $h AT =k 2 Tl 2

2) R ARF S ER TR miRERE R, S# IRk S EIRISYNIRSCB R CCIE /N33
LA, B2 ARS &R B 25 % PRI R R & —ANSYN/ACKHR B, Mt 5B 3407 =
KEFiLR, EXFELT, A =ZRkEBETFERELERUE, RS EMTCPA ZHE
& FUES YN SC B b T U B P 22 20 B R AR 55 25 dE R .

3) dn R AR 55 2 ABAEEHE P EAT/TCPIMYL, A4 Bk FCCecholE Hixt & FHICCH
CCnew gt I fif tH I % o

4) AR Pm AR 55 B vn L AR R X R EE B, A BAF SR ATHCR B HRC
BEAN Bok ik 2 B b 34~ (R Be i R Fnme Bz 494 BEER/ DT 305F THOCB BRI BE) . i i
KHI ARV, e/, ARTT + SPT,

DA b5 S5 - [R] i 36 B0 T T/TCPIM S 2 AR 2T 2 anfil S A2 19, LUK anfwf { F AR
ey FEOmR) R &

AR P (] — DA K FFT/TCPHMU A EHL A EHASYN, AR AFINAR LB, AP
AR 2 RS RE(RLAESVRS, B AL 4ESolaris) R 0% IE Bith - BB A7 i EBA S R, H
ERBTFEBRTER. Aif, HAbry— LMD A oI RER R HAES YN 3CB F I Bt 4y
i, ERE P, e



F4z T/TCPIHIL(ER)

4.1 BER

AZTAREETHET/TCPIM L . T 18 TR T/TCPR PR FFanfi i i E B S R A T A K
T 3C B e K AE AR Bl (MSL) Sk 43 ik 15, DAKGX /N 4> Bo & R 4 TCPRYTIME_WAITAR A4
tH o, 8T RENPFRETCP A L Ew L TIME_WAITIRZE, H 4 A% TCPHYIX — 45 5,
ik Gk Z PR R . T/TCPH) AT T B0 A 2 — 5k FE EBERF LI A] /T4 3C B o K A A7 I )
MSL, (i FITIME_WAITIR 25 24004550 £ K 21280, T PR -HAT/TCPH SR fnfa
X — I, DARR AR MO IE e

A2 B JE RA1HIHET/TCPEMXAITAO, BITCPHRITH . EET/TCPHIZ F—IR%E &3
FReEHE kB FL B, NmE T —kERM R, XHIERZT/TCPHMLE TR A1 R 1 B
Kithb.,

4.2 EPRIEOSFTIME_WAITRKES

KNG ETCPE P& F I B F A X O EHERD S, Ko TCPE MR F (N
Telnet, FTPLLRWWW SRR AlEitis 0, 1kFEHLATCPHEI L4 — A 24 B A {3 F #m
. MAA 5 FITE 2R R 1) R G4 EHE 1024~5000 2 8] A9 I B s 0 (WL E114-14), 1faSolaris | 7E
32768~65535 7 ip)E#E . SRifi, T/TCPHMARYE 3 55 MR AFrLEnT ], i 0 S HIEREA B
SR,

BEHMMTCPENMEMMTCPE IR
El4- 148 1 & — /A~ TCPZ& F R I (il 4n B 1-S s iR ) 5 A — A IR %5 2% Z AT =ik
F5%, BRFEFOFSREH IR, AiEFS ZEAR B 1R, =kiEEss 5IFHTHER,

FE2RREARy, s HE L TEIR, EIWFESH. HFoREE, BOA, =kiEREs
Al ML 2 B2

0 1 2 3 4 5 241 242 243 244 24
_ — — ~— e
[GHG} oo TMEMWAT 4
o TMEWAT
_____________ TIMEWAIT

El4-1 TCPE /. AlwlHIEES5E A R H A s 0

BIRF S L RTCPESR. BAMRER FRFE IR N4 Bk 4w F
A0, Mk R TCPEY R ER R O . WADERE R Fin TCPESAIMSL %120
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. F15ERERFAETIME_WAITIRE, HEFE2418,; F2RMEIFERN S HIMNEIF
S MR FFTIME_WAITIRE, H %2430 5524580,

fEEH, CBRIR “fEfilbh”, SKbr b RAanE 0 Y A fnik T TIME_WAITHR A i) TCP
B R LA EHIRAA A, 4% Internethh = HlBR(PCB), TCP{Z Bl M. fE52
AR AT B, ENet3SLHLA, X3AEHIRATA/NERA264F T, Br T AF R
LASE, TCPEFEE & FCPUIR [ ok F& 314 st Ak L ik 2647 Wil e (Bl anfE A 211925 .4 25,55 e
P 200 msFI500 ms sk ZE0f BT A TCPHE il A £ — ki) .

Net/3 ¢ A Ak R A — D TCPAIPEIRIEA “HHRER™ (£26526.87), &
BRFLETHRERTALNTAFAR, ALEFRARERYT2HA T, IH
P T HERKER LA LENE, BHAEAFKDRZRGFRRF A E LS
SE MR AR ESAFTHT, ARTESANLEENFH,

R TCPRE Likkid =tk FiLfef. & PR A REEAIGEAI3 Sk s rh (R R — &
Hos 1, BIfEIXE T SO_REUSEADDR M It stk B2 SO2 &5 HH T — 1Rk ).

T/TCP £#l, SABFAARRMERIKO

El4-245 AR S B4-1— e =ik S 55 7], AHX BL3RATT B 2 6 i B “E AL AR SR T/TCP
W, JAIEPRFSE-IPRER —4. XAREEMXH: & AFIRS &5 RARTFA
T EHERETCPIRAET/TCP, Ffl TR Z K P dm Y EHLAR SCHF T/TCP (BN S CCIETR)

0 1 2 3 4 5 13 14 15 16 17
—_— N——————+— -
________ TIME WAIT ,I
________ TIME WAIT
________ TIME WAIT_ o

PE4-2 4% RN 95 85 b Al S+ T/ TCP PR LR RO TCPE PRI

E4-25@4- 1R ZLE T, ERAL TTIME_WAITR B 7] #8007 17, R A B9
FHLE S HFCCRET. el lix B (B H (G2 L. SP(FE i M _LisfTAyNet/3r, o B R(E
JL[Brakmo and Peterson 1994]), T/TCP{ITIME_WAITZ8%, iXFEihHf TIME_WAITH {f H 1k
] A240FD AR5 E T 12D,

4 14 i 19 = HL D 52 5 CORE T HLIE $ 17 SE b Tl /T4 3C B e K26 A7 Ik (8] (12080
T/TCPFLVF TIME_WAITHR &R0 (R 1 e il . 332 oA CCETUR Bt T 5 Sh—FpRIHLE], wTEA
B Lkt e A T SR SCBR B 4 5 — TR R, X — sURE4 4T R TR,

T/ITCPE#HL, EXBESHB—IERAKO

E4-345 H T 5 EA-240 R =R F ST, HARKNAE, BITEXBREBRESTE
FunEbEEEHE AP, A THELX— 8, &P RF 44104 11X 8 S0_REUSEADDRE
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T, FFUA M ind B BORHZHE 0 98E B — MRRERI ARG, 285 R connect B # (R
HHHITCP% P2 sisendto i M T/TCP% PR IF), SH4-20h —KE, i B (BOE s
EHLEBSHF T/TCPI L.

0 1 2 3 4 5 17

L I R | 1 !
r T T L '\J I

1 1
-------- TMEVAT o o
¢

TIME_WAIT
TIME_WAIT

E4-3 TCP% FEEFEME—/ im0 s & P Flkss & EHLEIM HFT/TCPHMYL

EFE2MBAR QIR EREN, TCPRI T HAMEHE A XMAE6ER, HFHELT
TIME_WAITARZ , {HA2 t T Al — FE 8 S T CCET, RO 4R AR SR ] /) T4 3C
Bl K AAFR ], TIME_WAITAR A9 FEE0 LD R H B 7, JFH., Y aTau s fil bl bl
WIBR, ZRGEHE A BT 0% 5 o BL — /42 il b (7 5 IC Y i 4 Tl ke T gt 1 O e 1 (Y o
. BB SKARIAN T RE ., |EAVE Y anEEIEHR N S BRI . YB3 R
ERESPW KM )E, TIME_WAITRERIFFEN Ed R A 128, 5E4-2F7R09—FHE,
BZ, AR TSR rIR PR A R RER P 7 K
1) A5 % e g ol B2 P IR AR RS, RS2 FORIIR 55 28 i BB SR T/TCPER L, Bk =T 4%
TIME_WAIT 4525 b [A] 45 55 B 15+ T 2 I U8 RS, A2 ROk A9240%)

2) Rfgdck PR, RERE—mAS, XEAETIME_WAITRE&RFF SR Al 7T LA
(% A —Fp A OUAS A BT B 4 b | AL AY8EE, M H, ARE—ERR S — DSk
il , TIME_WAITRE S EHib Ik,

4.3 @BTIME_WAITHRARBER

TIME_WAITRZEATCPH % 5 # iR iR FrtE 2 — . X AR AT RE& B 24 S MY L Z9RFC
793vh FOHZAAR &M T e E AR, RE/GRAIRFC (ANRFC 1185), XTIME_WAITHRZEM T
PEARIEA . IR B TIME_WAITR A0 R K FEE B4 .

D) BERH T 2R THERERH.

2) BAEE R E SR OCBE K.

T BATTR X R A SR e — B e

TCPE&W I X

Bl4-425 T — MR UL BRI R Bt . BFRa i TERRENZTM
TE R 55 5 i M 73 FIRTTIE

e WA & P, AWCHARSS @im . BEERE, H AP fT —ua &8 T LA dE 80 ¢ P i 8,
{H— AR & Fomdh AT B30 5K,

THEEMREE G T RXBEEE-TACK) ERM R RAEMF AR, ITARRE
REE4-5H,

Y
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gl M55 &%

Fzh3%H FIN_WAIT_1 FIN 47

"””’Jﬂﬂ//
FIN_WAIT 2 NN LAST_ACK
TIME_WAIT 4’"”"/
RTT

W_
CLOSED

FEl4-4 Gl FAEIL T SR PN RHR 3B s i
& Hi 55 &%

%M FIN_WAIT_1 W‘
CLOSE_WAIT #izh3%H]

%
FIN_WAIT_2 % LAST_ACK

TIME_WAIT F— _ _
~~_ Ack N4g RTO

g{%ﬂN N
TIME_WAIT /
& Egh W‘.
- CLOSED

El4-5 ffa—MRICERE KRB TCPIEEC ]

T AW E R PR E— A, RS HSEN, HFEMERG—TFINFRICB. Bk
BACIR S & A E F N (RTO)A R ELE4-4h IRTT R, X5 KA RTORYHRE A2 il HAYRTTE A1
A TRERIRTT ) 22 (2R 2SR HEARIR IR T Anff M ERTT{E LA B Anfl tHRTO), REBEF )5
—AFINTR OB R A5 i —#F . RS S5 eI fR 4R 85 (FIN,

EABIF UL T A 2 TIME_WAITR B2 H AT T 8% AR —dm 120 & H B Ja—
AACKHSCE, MR X NACKE LS EIG—AFINER T, B4 % —m b HE 5 &5
MIFIN$RSCBE . Bk, fEEzhRA—um R HERRERFE, XHEARAEFRENMEER
i Ja IRIAR SCEBE s &, BN B Ja IFINR LB Rk i E i fJa — T ACK, i HAEAR
HHRSTHR SCBt, Mifiiss B HE A B R 15 B

E4-SIE B T B —A R, BRARAR E FHIFINR SCBTE R Friim AL AL T TIME_WAITR
EMIBHEENES, AN UUEG—NACKE®Ef, i LTIME_WAITR AW E#HIF46, X,
TIME_WAITHR A HFSER ] 22 I 2% 8 B A 265 AR SCB i R A7 i), BI2MSL,

[FREA, $hAT T EBhRHM—u5, 2H TR EA-SPRRIE R, FEATIME_WAITRE
PRFF Z K AR ? X B T3 AIRTO(E ;. fIRTOX R gk Ti%E HHIRTT{E . RFC 1185eh45
HRTTHME AL 1 BhA KT fE. {HSEhr FRTOHRA AIREC IR Lo Bl 76 B % A 4 SE I
REBXFEE . XREAES FBEZREERSCBDIAELR, Ihi{E TCPRIHEHUR
Bk, RTOM(EM A,

CLOSE_WAIT ##h3&H]
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S B9 B 2

EETIME_WAITRERSE AR LI N ES KRB KA. TCPHIRE T T —
AEANERK. B B - IPRRIREA — A RAVAEFGIR, XA WRIELS HIPE
ERRITTLCAEAFIN R F BEER EHY . — G B i 85 4% R IPRCHRHR M A0 2 4 JETTLAE o1, {Hn
FAZTPHCARE AR AL B b &% vp 55 5 RO (R LR, ARk EAETTLA (AR K S5 R AN Al . SKBs L,
TP R 12 76 % 1h &% b 9 55 I (] IR ADikaad VED DRI B4 B 25 0 6 ¥ A2 JETTL A9 {H 9k 1 (RFC
1812f95.3.175 [Baker 1995]), i FTTLFBryH BEASLLEE, BlbEAIPERR BT RES [h i
RIRBESL 2S5,

RFC 7932 i% B il & S AR SCB e KA (MSL), JFHLE HABA 25 B, IZRFCE R
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i SR FTLAE B A fl sendtoflisendmsg R AT £ F L Hconnect K.
FLZAEE 2RI ET-9% N EiZbriE.
it switchfE FHBITCPA Ninetsw [2] (2 B 7- 13098 51~5541) B i%7E
Hpr flagsftrE(E M EPR_IMPLOPCL,

5.3 sosendif#j
sosend R A ALk Eh . FES-1RTR D A SR U258 397 T i 55 314~ 32 1A TR FF- ARG

/7
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uipc_socket.c

320 y if ((so->so_state & SS_ISCONNECTED) == 0) {

321 /*

322 * sendto and sendmsg are allowed on a connection-
323 * based socket only if it supports implied connect
324 * (e.g., T/TCP).

325 * Return ENOTCONN if not connected and no address is
326 * supplied.

327 *

328 if ((so->so_proto->pr_flags & PR_CONNREQUIRED) &&

329 (so->so_proto->pr_flags & PR_IMPLOPCL) == 0) {
330 if ((so->so_state & SS_ISCONFIRMING) == 0 &&

331 ! (resid == 0 && clen != 0))

332 snderr (ENOTCONN) ;

333 } else if (addr == 0)

334 snderr (so->so_proto->pr_flags & PR_CONNREQUIRED ?
335 ENOTCONN : EDESTADDRREQ) ;

336 }

uipc_socket.c
%5-1 sosendpf¥f: ZHAE

EE, A RADEHEME A EEREZKEI2047F4465, M AR E3144T, KR
B A XA HARN @Rt —X 5T/TCPL (09452, B FAMNERXZH17H
AL H P B2 F 984T KAV, L HT/TCPHL, B &% L6 @3 o KAE 0754
5 E2F 2 B RK BB AIT S IR—H, YABRINE2FeHRBAH, KRNHFAGHT
FTRFAARELEE2T OIS, T EIFHRDRELF o4 8 KD L%TIEM G 72
&, BmigR A RARGER TS 2NEEN, 21— 24R,

320-336 RBXUERIGERMERE: HiXE T hiHIPR_IMPLOPCLARE, F HiAMERES
T Bkt , RVFERREEAE D EiHAsendtomfifisendmsg s, 4ok iA A
BRERSH BRI AE, A2 %R FTCPHE KR EIENOTCONN, Xt FUDPHH M M i& [
EDESTADDRREQ,
330-331 XA LfiEMHEGE YERA Tss_1scoNFIRMINGIR &R, niF RE#EGIEE A
BAEM i E R . OSI TPAH ISR A T X Fifids, TCP/AIPHIEEA R H .

FEl5-2 /i & Xt sendto BRI & e, B ARHD FOR B AR 2 5 400 T 119 35 399~403 17,

uipc_socket.c

415 s = splnet(); /* XXX */

416 ad

417 * If the user specifies MSG_EOF, and the protocol
418 * understands this flag (e.g., T/TCP), and there’s
419 * nothing left to send, then PRU_SEND_EOF instead
420 * of PRU_SEND. MSG_OOB takes priority, however.
421 * 7

422 req = (flags & MSG_OOB) ? PRU_SENDOOB :

423 ((flags & MSG_EOF) &&

424 (so->so_proto->pr_flags & PR_IMPLOPCL) &&

425 (resid <= 0)) ? PRU_SEND_EOF : PRU_SEND;

426 error = (*so->so_proto->pr_usrreq) (so, req, top, addr, control);
427 splx(s) ;

uipc_socket.c

[#15-2 sosendpf#: il kX
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KM P —RAENAZHXXXEFE, ARA TREEA, e KaER R A
A, SERMELARAL, PRE—ANEMARRM AT E, APl P, splnet KA T
RHEEMAR, ARARTZBARL, P HA LR BS-2RFH T+ esplxtk i,
£2691.1279 404 T Net/3 & A i & 284,

416-427 4R4EE TMSG_OOBfrE, Ptk HHPRU_SENDOOBiFK, HN, ARHEFET
MSG_EOFfri, MHX X ILHFFPR_IMPLOPCLARZ , ifi HFE&A B ERAHIL T (resid/hF
M T0), AELK HPRU_SEND_EOFiF KifiA & # JPRU_SENDi# K,

BZ3.6%i i1, M ARF A Fsendto BB Ri%E T3300F Y%, HiEET
MSG_EOFkriti. fEsosendif T —k MG+, ES-2FRMNRIDEH T—/PRU_SEND
ik, DAKIERT2048F Vi K48 (— P~ mbuff), 75 ~KE¥H+, KU PRU_SEND_ EOFif:K,
DAS % R 912525 17 404 (FF 55— mbuffi ),

5.4 g

T/TCPLTCPHE I 1 FasXAT FF A M Th Rk . B il B s AT P 4 oz F AR 7 A 2 U
connect BRI LERE, 1Mi& MM sendto ¥ skisendmsg i B4 7E H 1 Itk H 7%
2, MRS N+ 1 b R E M flsend, sendtosisendmsg el $iif 4§ EMSG_EOF
Frab, MR AL A F R R AT . E1-10F 3t sendto sk 8 EEE4TH . 5 F2EH]
BN RGP ELBL, AT RS 2 e 4 Net/ 34 112 n b T B 4T FF R0 %
] EhRE .
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6.1 HEiA

T/TCPHFHEAK B Y EEE AR AE 52 @ EMENLENE — AN dxT,. 41
IO IE E2-5F /Rtac_cc, tao ccsentfltao mssopt =/~ &, CAMIPKHEE
BT ERE RS E(IE ., ENet/3rh, FIRE2FI10F L0 “wlE” frk, RES
A ENL G — g AL R LT,

fEd2v, FA1 0.4 s W Br b I (35 A T/TCP) R T Net/ 342 iy — BB tH R ThRE. B2/Y
P 18-17i B T rn_addroute e $ut vl #5mig hid%, WHrn_deleten LAIMERES H1id
&, A rn_matchelLAZEKEE Rida, UAKIFArn_walktreen] LAk [ AR #(Net/3 5
X PR R, WEA R (radix tree), fETCP/IP, B2 Tixse—RINGESS, AHHRE
AR b e . RMmET/TCPHgEA—FE T .

BEZR — A~ WL AT LATE — A R RN 5 6 & BT a EVLE A (Flan LA/, S 3T
— M EHETHWWWIR 55 88 R rTREA 5 22—~ /b, TERL14.10 RG], B TEESR
— U7 k(g ALK R P AR G R . AZE IR EHF R T/TCPHMAEIPES &
2 256V E A B dg LS R LR IR D RE .

2P 64 R1924 L T A RAF N EZ@EOFENG AR IS A
RAG—AMmy ik, AMNAAFTHRAEG T EAMRS LS LIEFaM, {23
x % ®TCP/IPS sy Arht A zhsb /7, T PO EGHEIMB G 2RI, LA
BeMit—BAL, ABINBRENAEEZARFIMG, IHFTEA—IL
o7k k O S ERA A& IS,

HFAEAE—NARRY A ARG ARFRT/TCPEIMSHEELEGTHF, F—
AT ERETITCPHEIMZEEA LA FTHEAL A AR KA, T AHK(—R
PR EHFEL, AT ABRTERAG—HEARAE, ANet/IHRLEIH AL
NFS¥#t KR T2 AN7 ik,

6.2 KREHE

CiEE X ffnetinet/in_rmx.cHiE X [ T/TCPATCP/IPHIEE i IhREAT B IR ek e, X
AR RS TRINEAZ D Arr 48 %11 Tinternetf R . HAITHEAS B E2H18,
19712055 BT RLA HI BT A % ER 5L

BEl6-170 25 tH T %11 T Internetiy i 5 B f ek B (76 A< B b A 283 19 eR %0 47 PH 32 1 [
Fon, REATHIn_ R — R BB RCGXLERER A TFET Hrn_sirt 7F3K) Z A
XA
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w1058

rtable_init

RTM_ADD

rtfree

rt_refcnt =0

RTM_DELETE

Fl6-1 % T-Internetfr] i i e $ 2 Al % &

EREE

El6-2F 25 HH T 4 T Internetfly g £ J5 728 &,

FreeBSDMA A ¥ A4 T2 A Alsysctl42 A4 AB62FRE AT EFMH, 4245
ZmAl%net .inet.ip, KMNEAL ETRIANANENHAZAKL, BAHT AL
2ER-35F #9ip sysctl M T —2£4h %,

& Ham R [
rtq_timeout int in_rtgtimo@fTHUSMFE(ERINE= & k1058
rtq_toomany int fEZ B MBI shwT A 2 /LB
rtq_reallyold int M C2 W REE IHE, f74E T ZKE R
rtq_minreallyold int rtg_reallyoldfk/Mi

E6-2 & FInternetft 4 J5 ik i 25 &

6.3 radix node headZf#y

fEradix node headfi#Jh s in 7 —/N45%5H (&2 E 18-16): rnh close, Y44
lin_clsrouteldf, B THEMIFEATPI BE, BOMESRZM, WS EG6-79H,

REAERBARE A Ertfree i, B2R9E 19-5SP R 108F7F1585 10947 2 (a1 Zhn | F i
XERFT, ARLMHwRILA )% Ernh.

struct radix_node_head *rnh = rt_tables(rt_key(rt)->sa_family];
A3 7R M NfESE 112~ 11347 Z ]

if (rnh->rnh_close && rt-> rt- refcnt == 0) {
‘rnh->rnh_close( (struct radix _node *)rt, rnh);

}
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xS R EREHESS, ARSI RTHEBCEEI0, kT E A 5L H AL
2
6.4 rtentryZfsy

T/TCPFEEIE rtentry &My s 88 N/~ B AR B CE255464 1), (HEMAMre_flagsi
A 160 R, FHISMIE S A T (52546410, A EFrcentryE5irh Frig—1
br&Tfirt prflags,

F—AMrtyiEREEE R rt flagsAh K&, IABELEKRGKRRT

THRAR .

T/TCP{Eifl T rt_prflagsfIBArbilr.

* RTPRF_WASCLONED & Hrtrequestik B (254887158 335~3364T), MiX&ET

RTF_CLONINGHR:EH I T 68— A8 U ic sk T sk 2 1% B AR
* RTPRF_OURS/#ZHin_clsrouteiX BEI(1E6-7), 4IPik HhrYH G —~ e FE 2% TG Ht ik
EiRBGbRE. X, BiRE e g, DUEERRIEEA B R A % R TR

6.5 rt metrics#fy

T/TCP& S R A B I TE 4B f1 R IC R b A i g EHLE B, SEhs Bk
=A% E. tao_cc, tao_ccsentfliltao_mssopt., AT EHX LN MER, 1
rt_metricsf5H(E2H464TOH BT EA — MHHIF B

u long rmx_filler[4]; /* protocal family specific metrics */

Xt T/~ 16F i E Hm &, T/TCPRILLFIM, 4nk&6-35r.

tcp_var.h
153 struct rmxp_tao { )
154 tep_cc tao_cc; /* latest CC in valid SYN from peer */
155 tcp_cc tao_ccsent; /* latest CC sent to peer */
156 u_short tao_mssopt; /* latest MSS received from peer */
187 }:
158 #define rmx_taop(r) ((struct rmxp_tao *) (r).rmx_filler)
tcp_var.h

E6-3 T/TCPH{ETAOE HLE FHrmxp tackki

153-157 tcp_ccHiBERMHTERIH, £Mtypedef & XN S KERCMUT
TCP{JfF5), tcp_ccZE R&IIE A0, RREBARENL.

158 M%7 —/MEMrtentry£Z RN, Frox_taopikik B —/M 45 R A rmxp_tao
EERITREHE

6.6 in initheadiR#]

2504 T EA4RT 23 T Net/ 3 B R W tR 1L TIERI TG P IR . T/TCPAT{SHIEE — T & ok
Efinetdomaing i fJdom rtattachFBiEMin_inithead, MAEIEN
rn_inithead(#2%1517), F6-4H 4 Tin initheadpf L,

L. BTk h R ek
222-225 rn_initheadHF4ritH#th{t — 1 radix_node head&i#y, fENet/3 gk
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XLEThRE, LR B A D RE R T/TCPHH NG, FHHAUAE “S&” B hFERMGLR T,
TENFSEH WG 5 — ik R S XA k.

2. B R B
226-229 rn_initheadhEfradix node head# g BUERINE IR A eR BoR 5 &k
Jrnh_addaddrflrnh matchaddr, B HLRELEE2E 18-17H 4 MU TEE H RIS,
X RAE AR CE VA — e 45 A3 e BT PT AR T T Internetrth S A — L6501, rnh_close 47kt
AET/TCPH N .

in_rmx.c

218 int

219 in_inithead(void **head, int off)

220 {

221 struct radix_node_head *rnh;

222 if (!rn_inithead(head, off))

223 return (0);

224 if (head != (void **) &rt_tables[AF_INET])

225 return (1); /* only do this for the real routing table */

226 rnh = *head:;

227 rnh->rnh_addaddr = in_addroute;

228 rnh->rnh_matchaddr = in_matroute;

229 rnh->rnh_close = in_clsroute;

230 in_rtqgtimo (rnh) ; /* kick off timeout first time */

231 return (1);

232 } .
m_rmx.c

E6-4 in initheadpf ¥k
3. WG AL R %

230 in_rtqtimofLMEREA %, 2% —KIAH. XA EEMNE KR, EESTHHER
e \
6.7 in addrouteif{#]

Hrtrequest [ LABIEE — A FRVEE R ICFKI, E15k& RRTM_ADDGAMIER, th
A REAZRTM_RESOLVEMA MR, XH /@SS NCLFEH LikE 7 EirEmic s

TG B — AN BT A IC 0 (525 488~489T1), BIELLE#E B A rnh_addaddrek$y, i/
Internetip i P F B A& in_addroutepd ¥, E6-54H T iX /M HT 5.

in_rmx.c
47 static struct radix_node * -
48 in_addroute (void *v_arg, void *n_arg, struct radix_node_head *head,
49 struct radix_node *treenodes)
50 {
51 struct rtentry *rt = (struct rtentry *) treenodes;
52 /*
53 * For IP, all unicast non-host routes are automatically cloning.
54 LY
55 if (! (rt->rt_flags & (RTF_HOST ] RTF_CLONING) ) ) { g
56 struct sockaddr_in *sin = (struct sockaddr_in *) rt_key(rt);
57 if (!IN_MULTICAST (ntohl(sin->sin_addr.s_addr))) (

E6-5 in addroutepH %k
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58 rt->rt_£flags |= RTF_CLONING;
59 A }
60 }
61 return (rn_addroute(v_arg, n_arg, head, treenodes)):
62 } .
in_rmx.c
FE6-5 (&)

52-61 fRFEMAEBRAE - EVRE, hWiEHIZRETRERE, XHSERERHRE
9 B (IPHHE) . AN RIPHBIE A& — A B bk, %587 1 A% th 10 R Mk 22 1% B v ARG .
rn_addroute A& FEE NI KT,

XA B IhREA AT A AE B 1B MK B ik B b bnE, BAEBRIANKH . XA ER
ERTE R A ER —AER R PREB AR — KAE L 1B R4 b1 SCEIA RS Y B A9k 612
—ANF LG . XA R LR R B kAR B,

6.8 in matroutepR#]

rtallocl(#H25483 /A — /M I H Trnh_matchaddrfigh A i &
(APE6-67 frriin matroutef$).,

in_rmx.c

68 static struct radix_node *

69 in_matroute(void *v_arg, struct radix_node_head *head)

70 {

71 struct radix_node *rn = rn_match(v_arg, head);

72 struct rtentry *rt = (struct rtentry *) rn;

73 if (rt && rt->rt_refcnt == 0) ({ /* this is first reference */

74 if (rt->rt_prflags & RTPRF_OURS) {

75 rt->rt_prflags &= “RTPRF_OURS;

76 re->rt_rmx.rmx_expire = 0;

77 }

78 }

79 return (rn);

80 } X
in_rmx.c

E6-6 in matroute b

P rn_matchl AR h
71-78 rn_matchfERMEPAIREH. WRES T -1 bHFEESHETEIEA0, Xk
RZBHRILERINE N2 ERKE. RicxmC BN, g, mRkET
RTPRF_OURSHRE , XMt EAX MrER KM, H H¥rmx_expire@ht a1 & A0, Y4
Bl L2 e, (HAEMNBR A B0 % RE ik, BRAETES R AR X FME .

6.9 in clsrouteif#{

1 2488 5t, T/TCPfEradix_node_head&5#yrh 8 T — /> 37 1Y & B 45 4t
rnh_close, YZZUKELETN, XM HBEREArtfreeh AN, X XK IHM
in_clsrouterk#(, #NE6-7HR,

O 4 q ¥
93-99 EJULTHOMIR: M SHEEFN, RTF_HOSTHRE S AT WX A& —4
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in_rmx.c

89 static void

90 in_clsroute(struct radix_node *rn, struct radix_node_head *head)

91 {

92 struct rtentry *rt = (struct rtentry *) rn;

93 if (! (rt->rt_flags & RTF_UP))

94 return;

95 if ((rt->rt_flags & (RTF_LLINFO | RTF_HOST)) != RTF_HOST)

96 return;

97 if ((rt->rt_prflags & (RTPRF_WASCLONED | RTPRF_OURS))

98 != RTPRF_WASCLONED)

99 return;
100 (%

101 * If rtg reallyold is 0, just delete the route without

102 * waiting for a timeout cycle to kill it.

103 */

104 if (rtg reallyold != 0) {

105 rt->rt_prflags |= RTPRF_OURS;

106 rt->rt_rmx.rmx_expire = time.tv_sec + rtqg reallyold;

107 } else {

108 rtrequest (RTM_DELETE,

109 (struct sockaddr *) rt_key(rt),

110 rt->rt_gateway, rt_mask(rt),

111 rt->rt_flags, 0);

112 }

113 } .

in_rmx.c

#6-7 in clsroute k%

ML EEH), RTF_LLINFOARE LK HAMCHARPIZ R, %brE%4TH), RTPRF
WASCLONEDA A 4T HF HY (LR T A& Wi PERY), RTPRF_OURS 4440 & 5 MY (410 s T8 AR
B)o AnSix LMk ih A (A — T de W, ef B4 45 s R [E] .

2. VL A R T 2 1k I ]
100-112 fEEEMER T, tnfrtqg reallyolddf®, gt¥EFJJFRTPRF_OURSk:ik,
HZE R rmx_expirelttinl{fi%k &0 Yailt I E(cime. tv_sec)il krtq reallyoldf
(— 4360080, HEI1I/NED). ZnRAGEHE A Hsysct1fE/Fffrtg_reallyoldf{Eik & 40,
% LS LBl rtreque st lER,

6.10 in rtgtimoiRK#]

E6-44, in_inithead HXKiAMin rtqtimofk%, & kAR ITin rtgtimofit,
B A LHHErta_timeout (BRINE 46005V 8 E 105 8h) f5 PR 3 318 A .

in_rtqtimofyHAVE(H — M rn_walktree® )i B IPER B E, HEE—id
KM in_rtgkill, in rtqkillERERLGMEBRMAICET., FEMN
in_rtqtimoff B A RFELiIn_rtgkill(EIEESE-1), fFH KiK., i LdETH
rn_walktreefJ =L RLHM, X/ TR Ern walktreef5i#in rtgkillfy
— et BTIZERRE - MEE, FLMERTLIEIn_reqtimoflin_reakidl 2
] —A~J5 ) Ef&i,

in_rtgtimof%i#firn_walktreefigiHdgmlregk _argfhity, X455 H9an & 6-8F7 7.,



#6% T/TCPEA: Bk 65

in_rmx.c

114 stxyuct rtgk_arg {

115 ° struct radix_node_head *rnh; /* head of routing table */

116 int found; /* #entries found that we’'re timing out */

117 int killed; /* #entries deleted by in_rtgkill */

118 int updating; /* set when deleting excess entries */

119 int draining; /* normally 0 */

120 time_t nextstop; /* time when to do it all again */

121 }; .
in_rmx.c

FE6-8 rtgk argf#J: in rtqtimo5in rtgkill Z[AIfAEAIEE

PR in_rtgtimod $ilt, FWATATLABR T XL BREHMAN. WwE6-9F=R,
in_rmx.c

159 static void

160 in_rtgtimo(void *rock)

161 {

162 struct radix_node_head *rnh = rock;

163 struct rtgk_arg arg:

164 struct timeval atv;

165 static time_t last_adjusted_timeout = 0;

166 int sy

167 arg.rnh = rnh;

168 arg.found = arg.killed = arg.updating = arg.draining = 0;

169 arg.nextstop = time.tv_sec + rtg_timeout;

170 s = splnet();

171 rnh->rnh_walktree (rnh, in_rtqgkill, &argqg);

172 splx(s);

173 /%

174 * Attempt to be somewhat dynamic about this:

175 * If there are 'too many’ routes sitting around taking up space,

176 * then crank down the timeout, and see if we can’t make some more

177 * go away. However, we make sure that we will never adjust more

178 * than once in rtg timeout seconds, to keep from cranking down too

179 * hard.

180 */

181 if ((arg.found - arg.killed > rtq _toomany) &&

182 (time.tv_sec - last_adjusted_timeout >= rtqg timeout) &&

183 rtg _reallyold > rtq minreallyold) {

184 rtqg reallyold = 2 * rtg reallyold / 3;

185 if (rtg_reallyold < rtqg minreallyold)

186 rtq _reallyold = rtg minreallyold;

187 last_adjusted_timeout = time.tv_sec;

188 log (LOG_DEBUG, "in_rtgtimo: adjusted rtg reallyold to %d\n",

189 rtqg_reallyold) ;

190 arg.found = arg.killed = 0;

191 arg.updating = 1;

192 s = splnet();

193 rnh->rnh_walktree (rnh, in_rtgkill, &arg);

194 splx(s) ;

195 }

196 atv.tv_usec = 0;

197 atv.tv_sec = arg.nextstop;

198 timeout (in_rtgtimo, rock, hzto(&atv));

199 ) :
1n_rmx.c

E6-9 in rtgtimorhi%k
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1. it¥irtgk arg&ifg )i lrn walktree
167-172 rtagk_arg&iiIeiaib st . EIPERERNE Mk Ernh, HEE foundfi
killedi{f®, drainingflupdatetrEiEE, Fnextstopik & H Y Ajht il (Fh%)n 1
rtq timeout(600fb, RI104r%h), rn walktree B/ IPE &, & A idFxkMiA
Min rtgkill([E6-11),

2. K BRI R UL AL B
173-189 MWMBLA T =AKMWE, sk R PR IdRMd £ .

1) C28HE A BER AV h i F % (foundifiFzkilled)iid Trtq toomany(EKiA

{5 4128),

2) E—kPATATIRIER A 2 P EE Treg_timeout(600F), B110434)

3) rtq reallyfid Trtq minreallyold(EKIN{E 410),

IRLL &2, W reqg reallyoldi%® A YaT{E2B3HBEEKRS)., BT
IZIE IR 4A1H 4 360082(6043 1), [HILERVER(E L2 4 BI&3600, 2400, 1600, 1066F1710,
& HEZEA R Frig minreallyold(BKIMEH108)), Al EICFREREEE.

last_adjusted timeoutH, HHEHF N HKXBEE Lk EHsyslogd T
([Stevens 1992](1713.4.2 iR &5 HH T 4nfal Fl Log A% K% {H B 4 syslogdsFifF). XBAG
AR #/brtq reallyold{AiY HH& 4558 R AVALER FM, 78X th3k b id s ot £ i il
B ik A%

190-195 rtgk argfiHyp it % s foundfikilled X @441 40, updatingbrbbit
KEM, HKiAHrn _walktree,

196-198 in_reqgkill@f ¥ firtak_argfityhfinextstopFRIZE N FXiIAH
in_rtqtimofBtil, MEANIEimeout Bl A bR A B L BB A

H10 BN EANAB G A —B TR S KT R RXRM TR AFLR
Heg$ B, Al4105 F RN T — NI IWebIR # & ¥ HT/TCP# b £ kv, X
PP 24 AR F B2 55000 AR E Pk, L EMEGOALRERA LD
B, Bd A PR RARLLS50MN L RA, BAT, —LInternet £ FHB & E AR L
HFHEOBHELER, ERACNAZAIN, AARGE,. ANAFRLHFL2ITRGSE
EHTITCP, B AT LA ARG R X HF—AEFT X% AARGE N A% G,

6.11 in rtqgkillF#]

rn _walktreeEHHin rtgkillei$l, Hdrn walktree X Z&#iin_ rtgtimoifjH
1. FAIEEG6-11HFRIVERFin_rtaki 11k T /£ 4 M ERIPE h & id 7% 0.

1. M b B 25 I 1 il o Jo
134-135 FEAEEHAXMILE TRTPRF_OURSHRERY IR T, hgkedii, RLEC
£#iin_clsrouteklf] THILFIEN BN HIHEECL A T)ME L T4 A
B GR35 2 1 /NI ) ok B A0 10 o T, X A BR BAS 2 R OE 7 (F R B el (R O X S B i Y
RTPRF_OURSHREANSITHHY),
136-146 HRILE TdrainingbrE(fE LaifIEI b &AGE A S ER), S0E B HRED
F|(rmx_expirelfAl/NT AT R, +HRHE HBE# rtrequest MR, rtgk_argfityh



F6% T/TCPEA: Hi L 67

Ffound B A CL1%E TRTPRF_OURSHRENMMIBE I EIL KT $, killedFBNIAHTF

B BRI R R

147-151 elseiBA){EYATidFBULEA BT, RIEE Tupdatingbrdi(E6-9+

BMNEgEH, Y3 HieEh Kk L2igsik 8 iZicE, E&%‘T — k3t A B i Rk A b E
S EZARE), HHEE AT R R (— 2 AR R 5 %I, DAEAH B 7= 4 — AN 1E

(&), xBdmt it Bt 8] 3 ik B b 4 ATkt Rl N Ertq_reallyold, #EE6-10FRHI6]F
RAESEMT.

1 S A i D A % T S 36007 .
‘ BRI % = 3100
e ] 6 5240080 R
g
} ; | >
100 600 3000 3700
in_clsroute in_rtqcimo
in_rtqgkill
E6-10 in rtgkill & ¥rik B i Wil Al
in_rmx.c
127 static int
128 in_rtgkill (struct radix_node *rn, void *rock)
129 {
130 struct rtgk_arg *ap = rock;
131 struct radix_node_head *rnh = ap->rnh;
132 struct rtentry *rt = (struct rtentry *) rn;
133 int exrr;
134 if (rt->rt_prflags & RTPRF_OURS) {
135 ap->found++;
136 if (ap->draining || rt->rt_rmx.rmx_expire <= time.tv_sec) {
137 if (rt->rt_refent > 0)
138 panic("rtgkill route really not free");
139 err = rtrequest(RTM_DELETE,
140 (struct sockaddr *) rt_key(rt),
141 rt->rt_gateway, rt_mask(rt),
142 rt->rt_flags, 0);
143 if (err)
144 log (LOG_WARNING, "in_rtgkill: error %d\n", err);
145 else
146 ap->killed++;
147 } else {
148 if (ap->updating &&
149 (rt->rt_rmx.rmx_expire - time.tv_sec > rtg reallyold)) {
150 rt->rt_rmx.rmx_expire = time.tv_sec + rtg reallyold;
151 }
152 ap->nextstop = lmin(ap->nextstop, rt->rt_rmx.rmx_expire);
153 }
154 }
155 return (0);
156 } .
m_rmx.c

E6-11 in rtgkillpef¥k

B hxsl AR E], PALER ., — A EEHERZI1000 #in_clsrouteX (M BIIE %L
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BIEEB TR, Fifreg_reallyoldfy [ #I4A1E3600(1/NE), X Af, X/~ i At HART (A]
43700, HAERZI600, $hiT Tin_rtqgtimo, JfH ¥ b A M B 2 & At H i )& 76
310080, AF), HiEFiEHICRMAL, Effin_rtqgtimoffrtq reallyoldiy/AHE &
#2400, Hupdatingik &A1, H Hrn _walktree PR kACHBEANIPE ML, I
in rtgkill%kBlupdating 213 H & H B 3100800 #, B 43100412400, i HA
I T ke B o A 240080 LA fe,  Husk & AE3000FbAYIT %1, % th 267 it , ok BRI i tho ik 720 %

2. WA g e
152-153 g RB A0 50 4 ik W AE ok 3R] E S B, gk B AT X B AR,
nextstop%ix B A YAT{E 5 i & il R Mt B ] i 55/ME . R YEL, nextstop
FIiEEEHin_regtimoik BRY, XEE A YATH AN Ertg timeout#{E(EI104fh
VYR

MBE6-12F R B, B R R, A AF, BRAEZIH0, 600, -, A
in rtqtimo R AIKZI,

in_clsroute %
100 300 3700 3900
&I | < & P iy & & & & I S
L@m T * ¢ * ? r— e T
0 600 1200 1800 2400 3000 3600 4500

Bl6-12 AR #E ik BAR il $4f7in_rtgtimo

in_addroutefl—/NIPEEH, ARIGERZI1000 #in_clsrouteskif], BRI R fA]
U B A 370001 /N LA SG) . FERFZI30060%E 1755 A8 i, SRIE ek, Hoad #tia ik 43900,
in rtqtimoBA%E ot HAT k., 2 BEAERZI0. 600, 1200, 1800. 2400, 3000Fn
3600% , MEFZI0ZEH %3000, nextstopI{Ei% B A2 Akt %N E600, XFELER%I13000%
XA 4 B in reqkillit, nextstopitiky 73600, E %3600/ T-3700%13900,
{HAETERZI36004 X A& M M XA Hin_ rtgkilllt, nextstopifik & 43700, KA
3700/ 13900, /84200, XiEiEvkEEMZI37004% F ki in_ rtqtimo, MiA&7ER
%4200, pE4k, Min_rtqgkilI{ERZI37008E A, B2 5 —A % B 752 fER %3900 1,
Xt ffnextstopik B 43900, {RIXEA BIAIPE b2, ER%39008047 T
in rtgtimolAf5, ‘BHH{E4500, S100%EM %I kAT,

o HA B (8] B 32 B2 A

{EB& HZE D e T ok Wil B firt_metricsfifyifirmx_expire B Z i & A —Li
NI B W, B, f&hﬁﬁiﬁfﬁmleRP&H#)ﬁ1?%91*FIARPLE%WE’JEET(7%2B‘J£2I
), X B ERHRAA A B R — LS R DRI R 5 AR I TAOE B
1% ML ARPIE S5 5045k M Bgx it o, 25 [T 6 e hI 3%, 3l 5 2 42050 b AT — e HI B Jz/“lélﬁ%
bbin_rtgkil1(1/NE) AT B ERIA G B0 fa) 21 £ . [ iRl f 2 1% 10 %, in_clsroute
WY At 2% £ 1% B T RTM_LLINFOSREMARPICFIG(E6-7), LEARPHEATHATHEBIRLEE,
MAMHin_rtgkill,

Hik, Bdrroutefd)F ZKIRIIFITEN—A s FIT/TCPRE t 2 i S I Y J& & b o 4
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i (R A R R 2 2 3 B L 0 i) . X R DR XY . R — A E AL R B X TG
BEUHIEL HE). KAR, R RIEE A UNMILUG. 599 8hd3: T, (ERtfE sl
RT3 B, A T rout e FFRATENX AR A BEREHE . UL F & Troute BT
EHHAANZEEE: route _outputifirtallocl, rtalloclXiHH
in matroute(Internet&Z A MK rnh matchaddr), in matrouteBmAk T %%
G, BDAOEIT, Y XEBELIBERE, REXSHEBEXNIEFO, rtfreeiifH
in _clsroute, ffijin_clsrouteffid At R & & A 1/NFLLG.

6.12 NG5

fET/TCPH, Ffi1hrt_metrics&5#iHin 7165, K104~ FYi#T/TCPHIETAO
%ﬁ:
* tao_cc, M EuRIEEIRY EfE— A BSYNHFCCIE
* tao_ccsent, K& FimA g —4CClH,
* tao_mssopt, MXtEumE I &S5 — 1MSS{E.,
firadix node_ headZiydHiin T —/4 M AdkE: rnh_close B, MM hiyE%
R B0, wk 28 A ZAR B B e iy sl B (i A 2 30).
1 A Internet b i T P A H7HY R 4L -
1) in_inithead F#k4ftinternetfradix node head%#y, K BEBKMNIBIEVHRAY
X PO R AR E
2) in_addroutefEIPi HFE I mMF & A . BAE - NEEVLES hFdE L Hbht
¥ I TPRER Fh 4T JF s bR
3) in_matroutefEaR ARFIIPEE it A . REEHE¥in_clsroute X E A
Bf, wh B4 A R A A0, EAX AR ERT.
4) in_clsroutefEIPEE IR — 1S H Wbk LA AR, X%t fat Hirt A ik &4
UM LA . BATRER T, mReEdFRd Kn, of iR 2455,
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7.1 #EE

FT/TCPHis, hiliEhlhPCBHRAK(E2ME22T)TEM L/ k. HE
in_pcbconnect (2222 MNIEE Y AW : — 44 kHin_pcbladdrNERHIEE,
H¥omAas i, % —4Ain_pcbconnect @, 5%EMERIIIRE(EE R
in pcbladdr),

FATHEX B> BhRe s FF IR R B A, 4R & Be(RIAE TR 46 H 3D AT — R R IEIR AL
fETIME_WAITR &}, T/TCPRkwa[ A% A F—/-connect |, ARSI —RIEHERFFELN A
FMSL, F H PFismaBbfE A 7TCCiET, AL TTIME_WAITHR ARRERERL ], T
B ERE, MERMEAEM A EK, HHT/TCP{EH T RE%HIin_pcbconnect, 248
FHAPCBALFTIME_WAITAR K, R ABRFHSWE “Hhik ™ XA HETHE.

PUFERATCPHconnectFt 28 in pcbconnect, I HEFAITCPER: iF K Fik
. %AFUDP connectA Kk X AiUDP sendtobt#RE A R, E7-LE4S T Net/3th &k
ZATHAHK &R

ubDP TCPHiIA

i o tcp_usrre
in_pcbeonnect & o CONNECT @

7-1 Net/3fhif]flin_pcbconnect /&

{ETCPH#ij AFIUDPr, Xfin pcbconnect@iAHZE—#R, (EZLHTCP connect
(PRU_CONNECT# )} 5t Z A — A #ri i $rt cp_connect (B 12-2F1E12-3), %% A
FE I Sin pcbladdr, B4+, HT/TCPE F % sendtossendmsgfas 4T HFiERR,
B = fJPRU_SENDB(PRU_ SEND EOFif:RktL¥ffitcp connect, FMIEEET-2FRAH T
XFRFTEIIR A%,

uDr TCPH A

in_pcbconnect tcp_usrreq
PRU_CONNECT

PRU_SEND

PRU_SEND_EOF
in_pcbladdr tcp_connect

F7-2 in pcbconnectflin pcbladdril)Fi &k
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7.2 in pcbladdrif#)

in_pcbladdr K $HIHE 3 ET-3FR. X o (XX H TR E kLM~
i, E5&2F50TAIFE138~13917E24H[E

136 int

137 in_pcbladdr (inp, nam, plocal_sin)

138 struct inpcb *inp;

139 struct mbuf *nam;

140 struct sockaddr_in **plocal_sin;

141 (

142 struct in_ifaddr *ia;

143 struct sockaddr_in *ifaddr;

144 struct sockaddr_in *sin = mtod(nam, struct sockaddr_in *);

in_pch.c

145 if (nam->m_len != sizeof(*sin))
146 return (EINVAL);

in_pch.c
E7-3 in pcbladdref#i: F—#sr

136-140 SkH/ R 5in pcbconnect iR, BEABRE MRS, A

R G S:3: 05!
XA BRI Ry 582 E22-25fE22-2652 2 40[R, 56 E22-270 Ko thFE . &
26 E22-27rh B S R AT, BDEES93TT, WA B 7-4rh A RS AR

in_pchb.c

232 /*
233 * Don‘t call in_pcblookup here; return interface in
234 * plocal_sin and exit to caller, who will do the lookup.
235 7
236 *plocal_sin = &ia->ia_addr;
237 }
238 return (0);
239 .

: in_pch.c

E7-4 in pcbladdrifi¥l: &l —o

232-236 MRAAHRSE TREFIEAAS AL, R sockaddr in&5HR— 4%
el E =4 A ERE,

AAE, in_pcbladdrifi2HRELETEHELE, Biadit40.0.0.08
255.255.255.255: X SpFRAF DLATAL R, 238 BEAT A HBIPH I 9 53 B2 CAn R A F R A 4 i
IPHidiE), connect FrfREAH b ALER R {E#SfEin_pcbconnect fsLH,

7.3 in_ pcbconnect iR %]

E7-5 43 Tin_pcbconnect (%, XA EREIAM T E—TFrr##)in_pcbladdr,
BRI TR a2 42 rp B 22-28 R [y fRFD

1. 23 BEAS 3 b il
255-259 R ARHEERE R A TPHAFERHER, MiAMin_pcbladdriitH
A IPH L, 2RJ5ElifaddrgEREl,

2. B UF 4R 1 R A E—
260-266 in_pcblookup$ilFffi A X &M —fy. TETCPE F¥idHconnect (Y% F s
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K — A A S A S ER - HEORN—BER T, &bl 05 A0,
in_pcblookupit &R [0, K 4k H0&EAS SEM—ABARPCBITE L/,

3. BB B AT, WIS A b b bl R A S 11
267-271 WMELEA A A HbYE D98 EFHE N E, in_pcbbindSEXiX & HUEIT
SEc. R A REDEAEA NI ERER, Aibm P SE2AdEF, Wlin_pcbladdrik
Bl A Hb b ik e T AEPCBHr , fEA IR 1S538 RO & A ] G — /> A s b k- 29 5 b F:HY,
hiE A in_pcbbind gk #ghaE A i H bt (9 [R]F 25 2546 0 5 B — A IERHE F R 05,
272-273 S HbHEFNSMEYS 1 (in_pcbconnect 28 &) /EPCBH,

o in_pcb.c
248 in_pcbconnect (inp, nam)
249 struct inpcb *inp;
250 struct mbuf *nam;
251 |
252 struct sockaddr_in *ifaddr;
253 struct sockaddr_in *sin = mtod(nam, struct sockaddr_in *);
254 int error;
255 A
256 * Call inner function to assign local interface address.
257 xf :
258 if (error = in_pcbladdr(inp, nam, &ifaddr))
259 return (error);
260 if (in_pcblookup (inp->inp_head,
261 sin->sin_addr,
262 sin->sin_port,
263 inp->inp_laddr.s_addr ? inp->inp_laddr : ifaddr->sin_addr,
264 inp->inp_lport,
265 0))
266 return (EADDRINUSE) ;
267 if (inp->inp_laddr.s_addr == INADDR_ANY) ({
268 if (inp->inp_lport == 0)
269 (void) in_pcbbind(inp, (struct mbuf *) 0);
270 inp->inp_laddr = ifaddr->sin_addr;
271 }
272 inp->inp_faddr = sin->sin_addr;
273 inp->inp_fport = sin->sin_port;
274 return (0);
275 }
in_pcb.c
E7-5 in_pcbconnect (A%
7.4 NG

T/TCPRR it &k A& Min_pcbconnect ¥ # 2:iH A H LR BT A KD, BlE—4
#hin_pcbladdrf#i R Bk ERX L% . in_pcbconnectifHiZd %k, ARETEMER
BLERC SR, XHELET/TCPE FiERIER(KE Hconnect B XEE, &EH
sendtofa R E %) AT LA in_pcbladdr#itBEAutbht, T/TCP& F YL ENIE &
ST E7-Sr o AbTR A 0%, (B ENE AT —kE B AL FTIME_WAITHR 2, T/TCPHLid A& feifp b FE
[l —E A JE el k. HHLITCPREA VP X FME L K AR X E7-5)in_pcbconnect
%1% (| EADDRINUSE,
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8.1 #ii&

ATENAEEE T T/TCPX TCPALHE LS HFn ek B ) & Jm & ok, Hm T4~ 2 HA & .
tcp_ccgen, BI£/RCCi##s, LAiftep_do_rfcle44, XA&—hrbAE, W TE
HCCHETR, TCPRIMH A Hid Fe ik T &0k, LSBT fISCi . B 4B fETCPYE
il rp 3 N T AN A R,

Xttcep_slowtimopk e TR s &k, CIEREB N RGN ERWEFENH., HE—1
HEREMFREET R], 4o RAEFEERT RAE TMSL, Nan4 45557k, T/TCP#E M TIME_WAITIR A1)
PR AF I

8.2 KEN4
TITCPIEAT AT S P, AL T — oA A B,
LREE

E8-1rh 25 T T/TCPHI Ay 2 R &, {E&/TCPERE h &84 MF,
B & & ) W

tcp ccgen tep_cc BREN T —/CCIH

tep do rfclée44 int R AHEERIN), KiFECCHCCnew ik I

[#18-1 T/TCPHiny4 B &

EHITRAVA N T —tE K tep_cogenBBAGI T, £6.5V 4 il F T top_cclili
AR Ftypedef & X, REMSKER., tep_ccBRIEH0, FREHMKE L.
tcp_ccgenZy & & X AR HLAY ;

tp->cc_send = CC_INC (tcp_ccgen) ;

Hrpcc send @ TCPisHilbei# £ B (LG HEIAYES-3), Z:CC_INCAfE<netinet/tcp seqg.h>
HE LI

#define CC_INC(c) (++(c) == 0 2 ++(c) : (c))

M X AMERAEE R Z i mey, Bk, tcp _ccgenZ@ta{t A0, HERE —1THH
AL,

AT HBEEEILKCCHE, B THA%: CC_LT, CC_LEQ, CC_GTHICC_GEQ,
X5 52564901 E LIS SEQ_xxZZ58 4 —H.,

LHEtep do rfcle44 52BN BEtep do rfcl3234H{), anftcep do
rfcle4440, TCPAL X H % i1%CCaH,CCnew LT,
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GitE

T/TCPHHE 75/ i+ %d%, anE8-2p/R. EfflinfEtcpstatffyd, H25638 5 xix4
EHHNTA,

tcpstat ¥R i, A

tcps_taook TAOIE MfHEK FISYN
tcps_taofail BB H A CCETRAISYN, {HTAOMIR 4k
tcps_badccecho CCechoi £ TN iR ISYN/ACKH 3 B

tcps_impliedack | & HIMA—KEHIIACKHIFSYN
tcps_ccdrop B A FEA A CC L T & Fe i SCBE

E8-2 fEtcpstat&ktyrhFIMPYT/TCPE &
fEfFnetstat M E N A REFT Eix Lo+ BE I ME .
8.3 TCPHjprotosws#j

HAIMERSESLEL, TCPHprotoswidikliinetsw [2](£256415])fJpr_flagsF B
FET/ITCPHfif TEM., HMFEND EFiEPR_IMPLOPCLUMBIEEN, OLHWIE
PR_CONNREQUIREDFIPR_WANTRCVDHMAELETEN . fEsosendd, AnRiHAMARLATH T
—/ABhrHAE, XTI E R A RBEHENME D M Hsendto, JFHMBHRET
MSG_EOF#ri, EATEMMEMZ %M —/PRU_SEND EOFif:Kifi /& PRU_ SENDiFK,

Xprotoswid kBB A E SR F A PN ET/TCPHFHER, BIE X Ttep_sysctli$k
fEApr_sysctlFEB, XM LIFRZAEE A HAE Hnet . inet . tcpfIsysct 1R FHRE K
AERS 25 HI TCPHR V) — 2648 B {E B2 T Z3HINet 3RS (U N Z Ffsysct 1B i@t ip_sysctl,
icmp_sysctlfludp sysctlp# P, ICMPFIUDPH)—LLa35 &7, 7EE12-6/h45
i Ttep_sysctli#,

8.4 TCPiz=#liR

TCPiE il i T/~ 8, B2585643~644 1 UL W] T TCPIE kIt cpcb&if, il
FEES-3Fp XAt TH B, HAEBA .,

% & BiE AR woom

t_duration | u_long LAS00ms A 8 (i {3 43 £ SE 1+ ]
t_maxopd u_short | MSSHI b T - B
cc_send tep _cec Kk 28 W I CCIA
cc_recv tep_cc M S i e S B Y CCIE

E8-3 T/TCPLEtcpcbi # v 7 il i) - Bt

t_duration /il FHiE T/TCPR 7 o] LLBMTI TIME_WAITHR S B-H5 ] , 14445 91418
445 i QR S 00, Hitcp_slowt imo(8.695)4tS00 mshul, ,
t_maxopds®h T M HERIRN, EHIERCHE maxsegF BAIIE N 1 TCPET
AT AR, t_maxseg REARICEFIIBIE TR, Bildn, FEMTU 4150054
ALK E, A BAT/TCPEA | T, t_maxopdf§ #1460, t maxseglll %1440,
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CATZ B ZE(E205 19 & H1 125 9 A9 I (A] B0 0 A0 b 8 5= 17 AY CCt T (B 2-4) 15 B HY .
t maxopdfit maxseg#iZfEitcp mssrcvdi P itBIFiE R,

HJEW /AR ROR ARFC 1644, fEF2BAH TAH XX =ANBRAG T, R EZMA
v EHLEBH T CCil, cc_recviI{EHRAIEO,

FETCPEE KSRt _flagsF By FIE L ToMPrE, aES-4FR, &Xt&E2/E24-14rh
IO PR AP TE

t_flags i) L]

TF_SENDSYN KIESYN(B LY [ B R B hrE)
TF_SENDFIN % IRFINE R AR BhRE)
TF_SENDCCNEW | FzhdT i % 2% CCnew it i ifj A~ /& CCHE T

TF_NOPUSH TEREM B, REEREER
TF_RCVD_CC 2t fESYNH & ik T CCETib 1% & iZbnd
TF_REQ CC CA B ESYN A B CCHET

[%8-4 T/TCPHH&ft flags K HEUE

AERT/TCPHI M FrETF _SENDFINSTF SENTFINJRIE, Ri&FRTCPEZELRIE
FIN, fMifa&FR e X HFIN,

TF_SENDSYN#»TF SENDFINiX & 4% F ik FBob Braden#y “T/TCP# 5",
FreeBSD S M & 45X # A& F 7L 4 TF_NEEDSYN#=TF NEEDFIN, &M1& A 7 4l &
HeF, BHACERAHNRERATRATEZRAELNGE, WREANGBHEF
HARMATRZEUSYNAFIN, Amifdz€, BALXRTEHNHELET, T/TCPH
TF_SENDFIN# &Ae LA 6)TF_SENTFINAR E(RATCPE L & & T FINIUAH —A-F
HZE,

BAVEAE T —FAIE9-3FE9-THh 43 B+ 3 TF_NOPUSHFITF_SENDCCNEWHRE: .
8.5 tcp initpR#Y

AR T/TCPAE BEA T E R ML, FikE2h A 8ntep_init REBEAEIL.
&R Rtep_cegenfE A WIAILIISNEAE &, HBCIESHIHN, ERIBOAMER0, XFEM
VA HEE, FOAES. 2 R E LW ZECC_INCEEMIZAE R ML, AREHH, FkERRDE,
tcp_ccgenfyE—4H AERL

T/TCP B R B 2 TAOR fr &G =, T{E & B st ZE sk fbIPE &k, FiLA
TAOZGATFEL [ b, ik R P EWI— 1 #rcentryffy, rtrequest B,
IR AO(E25489T1), X gL K & rmxp_taokh#s i3/~ TAOZE & Y BRIN[E AT A0 6-3),
T EHLEI BT I TAOIL KTl , T/TCPFRE Ktao_ccHIEHALAILAO,

8.6 tcp slowtimopR#{

W ATCPE R R B p A — AT —47: BRALFES00 msig it 25, ZxH4 A TCP il P
fit_durationFEBHATINHRIE, H256660145H T tep_slowtimof#, THX—4T

tp->t_duration++;
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INAEX A B RIS 94~9547 2 1A, X /A~A8 Bit & Rl B fe A ERE MK B, LASO0ms hsifir, 4n
RSN A FMSL, TIME_WAITAR Z5 /9 (R £/ 16 8]k ] CA# T, 724475 B2 0HE .
H5XIGRAAE R TIE&fE<netinet /timer . h>3k 0 E LT T HHX /N &

#define TCPTV_TWTRUNC 8 /* RTO factor to truncate TIME_WAIT */
BAEE - 17FnE 11- 1994 /T AR F], 4R T/TCPERE R F3h% 1, HHt_durationfyfd
/INFTCPTV_MSL(604~500 ms, HI30%b), H524 TIME_WAITH 25 H (R H5 1 i 5 24 3 2 1% 0
If(RTO)HELLATCPTV_TWTRUNC, 7E/RI&MIREEH, RTOMH A3/4-500ms, BI1.5FD, iXK{f
TIME_WAIT:AR &0 £R £ e [ 45 52 21 1270

8.7 INGE

T/TCPHi T Wi~42 572 & (tep_ccgenfiltep_do_rfcl 644), 44TCPH b5 B FnS
A TCPAE T4 My T B2

tcp_slowtimod gt 7ok, LASOOms At a] 7 i & 45 A TCPI% 2 i Hr i Al
& PR I T T/TCPRE 7545 3 2 3% HI AU TIME_WATTAR A5 (5 H e ]
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9.1 Bt

AL HA T X FT/TCPiid tep_output B AMAIES. ETCPHAEF L EFRAE
VA% R Bk g B R IZ KX — AR, HFAMRBERKRE A, ET/TCPHTLA
TEk:

o A BR R AR Bhn i eI LAFT HF TH_SYNFITH_FINfRiE,

« T/TCPA[LAfESYN_SENTR & T %t £ /1~ S0 B, AHICHTHE 2 Mt i th S F¥ T/TCP,

o BB FR TR T DB S LI A4 20 % FE B BT TF _NOPUSHARE , XA PR A 1/E3.6715

itignt,

o 7L % H BT T/TCPE I (CC, CCnew#1CCecho),

9.2 tcp outputifHE[

FHEZIEER
fEtcp_output RUEEH T BIHUEH 2R & .

struct rmxp_tao *taop;
struct rmxp_tao tao_noncached;

Hep B, 5 E T FiR A TAOZ ALK, R TAOL fFid KA AF
FECXFMER AR IZ K 4E), lltaopfiltac_noncached, Ff HAX/EEHaEL H0GXHE
‘Elitao_cclA@tdARE XHY),

1R AR AR E

fitcp_outputfy Ik, EMtcp_outflagsla) & H iR YAl EZRENTCPIRE.
B2-745 H TR AN EIRE . E9-1r i S T 7540 Bz A B R BAnE AL TR &,
MTH FINFREFTH SYNFREPITERR,

71  again: bep_output.c
72 sendalot = 0;

73 off = tp->snd_nxt - tp->snd_una;

74 win = min(tp->snd_wnd, tp->snd_cwnd) ;

TS flags = tcp_outflags[tp->t_state];

76 [x

77 * Modify standard flags, adding SYN or FIN if requested by the

78 * hidden state flags.

79 LA

E9-1 tcp output: HnpakiR EbrE
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80 if (tp->t_flags & TF_SENDFIN)
81 flags |= TH_FIN;
82 if (tp->t_flags & TF_SENDSYN)
83 flags |= TH_SYN;
tep_output.c
E9-1 (£8)

X LR T 4258 681~682T1 ,
ZESYN_SENTREREE£ESYN

E9-2h B R iR U FIR I TAOR N A, HAAFRRAGECL KM TSYN, XBAIH .
F&2vh E26-31 3K,

L. i B TAOZE 17 i & i
117-119 PREAMERMTAOZFANE, MREAGFE, Nk AZE’tao noncached,
HAn 44 1E B HO,

e RERT 20092 KA, CHMKEARE, XM, tao_noncachedf#H LT
UBE R RHAMBIAO, ML Rbzerof 5§ 0,

2. R A RS ELMSS
121-133 MRARERERAFTERESYN, HHMEEL KR HSYN, L TH_SYNFRER
BERH . 24— BRI FF FAT/TCP ] A 45 i & 135 £ 5 M S SH 8 1) B I w1 i % Ak 5 Fii I (L
3.679), ARX F X FFT/TCPHIL, XIFRTLAZ £ AR &%, (HRAE MR CB %
IR ESYNbrE ., EBNAGEHE X F & & X IFFT/TCP(tao_ccsentfH 40), X144
THE =R BF i BRERLAG A ATUAK 1% % 4R SCBL .

: : tcp_output.c
116 len = min(so->so_snd.sb_cc, win) - off;
T i if ((taop = tcp_gettaocache(tp->t_inpcb)) == NULL) {
118 taop = &tao_noncached;
119 bzero(taop, sizeof(*taop));
120 }
121 S %
122 * Turn off SYN bit if it has already been sent.
123 * Also, if the segment contains data, and if in the SYN-SENT state,
124 * and if we don’t know that foreign host supports TAO, suppress
125 * sending segment.
126 */
127 if ((flags & TH_SYN) && SEQ_GT(tp-»>snd_nxt, tp->snd_una)) {
128 flags &= "TH_SYN;
129 off--, len++;
130 if (len > 0 && tp->t_state == TCPS_SYN_SENT &&
131 taop->tao_ccsent == 0)
132 return (0);
133 }
134 if (len < 0) {
tcp_output.c
E9-2 tcp output: FESYN_SENTHREAHE(ESYN
RIEFJAMRE OB 2L H

R ZF RO 1B LA P AL T B (B258715T0), 4nfE9-3F7 3.
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tep_output.c

168 . if (len) (

169 if (len == tp->t_maxseg)

170 goto send;

171 if ((idle || tp->t_flags & TF_NODELAY) &&
172 (tp->t_flags & TF_NOPUSH) == 0 &&

173 len + off >= so->so_snd.sb_cc)

174 goto send;

175 if (tp->t_force)

176 goto send;

177 if (len >= tp->max_sndwnd / 2 && tp->max_sndwnd > 0)
178 goto send;

179 if (SEQ_LT(tp->snd_nxt, tp->snd_max))

180 goto send;

181 }

tep_output.c
’9-3 tcp output: HIRE HEEGRILEIF, el S &SRR

1. e a doe KR SCBE
169-170 RTEF, whEHEKRIRICE.

2. S O JH PR % b B R 1
171-174 BSDLEAEXFEBE . AR EEFFN ERMWACK(LdlelE A E), H&
IR Nagle FIEZEFI(TF_NODELAY{H A H), HHTCPIEAEREZE LKL, Mokt —
MR AR R R DB, B OGERIES Nagle B FIR, & NIRHETFES K
HEIB MBI 2. T/TCPHEGE T — /i HE 1550, »T LA{E BSD Rk 45k,
XA ETIFEATCP_NOPUSH, HJ5748 /K T TF_NOPUSHARE ., IRATE3.6HiWFotid A KX /Mw
B AT, EXBEREG, RITER THRAEUT =EAFKGRMN AR, HRXBAREAH:

D) HFAESFFACK(idlel A H), & NagleHik LA H(TF_NODELAY{H A H);

2) TCP_NOPUSH$f H X {4 A { FH(ERIATE) 5

3) TCPIEAE T 25 % %X & A7 (RN A A o & A B0 08 vl DAZE — /4R ScBeh & D).

. RABKRE RGN T E£40 2k
177-178 {EFHHIITCPH, A XD ERA S FAKEE —/SYNm#FT, B AiXb
lenfiZAE0, {HELET/TCPH, RA R RELEHME] 5 —in K K HISYN Z fifgh & % $ 48 . Xk
BEWEFERBEnax_sndwnd &K TORM MBI E Q&G ELITH T4, XNEELX
il RKRE D, BEEMFRKEE LA, B EL0E — AU B M FEREHISYN),

4. F L 28 Btk %
179-180 H{LERZFIM )5, snd nxt/hFsnd max,

HRSTELSYNAR RS 58 i & B

B2 688 TTHI179~180F7 AL FESYNFREBRSTHREIT I BRBER E— B, XM
FrERE9-4 I RADEA,

. tcp_output.c
207 if ((flags & TH_RST) || p-ouip
208 ((flags & TH_SYN) && (tp->t_flags & TF_SENDSYN) == 0))
209 goto send;

tep_output.c
E9-4 tcp output: HAAEARSTHISYNFrZE, WHER A kiR SCB
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207-209 4RRSTHEATH T, A EEAH RSB, MBSYNFREITH T, WAHTE
FH R B AR AR G P A 5 Ak tHAR SCBE . b 3 TR 1l B phy T LA B2-7, FE 8 J5 54
MR &R ECER AR E) F, TF_SENDSYNFRERLITIFHY, XS B 9-14 AISYNFRE
AT, fitcp outputd AT X IMMIAR H K& RESYN_SENT, SYN_RCVD, SYN_
SENT*FISYN_RCVD*{RE T A K ik Bk .

RIEMSSIEL

X —/NEARRS(E28 697 1) A —~/IVINiAE b, Net/3rh i it cp_mss(FH FAS 2 E)SCh
tcp_msssend({(U{XLAtp AZ &), K& FARNFHEL I REMSS I K% 5K FIIMSS 1k
WX 53 FF % . Net/3fjtcp_mss e R I 5¢ BOX B IACEE ; ET/TCPH, F A1 FHH A4~ A[6]
HIERBOR TR, ‘BliilZ&tcp_msssendflitcp_mssrcvd, AT T —RIHEXMA L.

B E & KR E BT

B2HO98TL, AL =AKMAEBARL, #h& LI AV BRET . (1)TCPAC B rp %5k & A it
Il B T s (2) TEAE 443 4R CBEARFERSTHRE s LAR () B 45X & — ik £ 54T - & TCPE
2\ —im W R T — A~} A8 (TF_RCVD_TSTMP), *f £ zh{T Pl R EA B SYNbrE L
BRI FF LA ACKARE R B K ABIE] . 52 X =T MIK A T/TCPA RS 4 B 9-5 7%

tcp_output.c

283 /.

284 * Send a timestamp and echo-reply if this is a SYN and our side
285 * wants to use timestamps (TF_REQ_TSTMP is set) or both our side
286 * and our peer have sent timestamps in our SYN's.

287 */

288 if ((tp->t_flags & (TF_REQ_TSTMP | TF_NOOPT)) == TF_REQ_TSTMP &&
289 (flags & TH_RST) == 0 &&

290 ((flags & TH_ACK) == 0 ||

291 (tp->t_flags & TF_RCVD_TSTMP))) {

tep_output.c
E9-5 tcp_output: A&7 %% iR Bk ?

283-291 AN FLENE FimBIAR S &5 75 7 L K& KBTS — 4 SC BEAR 5 i e ] Bk
T (£ L AR B ERIEOL T, anBE3-9FR), A L AR EASYNIIE AR, Bl
FET/TCP A 58 =TI A BT — - Bl . x4 B A 0 4R SC BE AT U T4 AL £ 72 & ACK#x
ERIE I TR,

RiXET/TCPHCCEIR

RBRE=ZAFHCCHET Z—WMREFTF_REQ_CChrELFITHF(MELHER
tcp_do_rfcle443EF, iZbrtHtcp newtcpcbiifif). TF NOOPTHrE & E K HILL KL
RSTHRG R E KM KXW CCIRETN g 4 3R SC B SYNFREFACKERERIRE. X
PR DO T BB AL, ATl A 1 9-6 BT 7 G B AURDE 258 698 T U 55 268~26947)

TF_NOOPT# &R W #}E #)TCP_NOOPTH vt A4 ¢4, #HiE ot A WA

Thomas Skibo5 #) RFC 1323 4R AP (L12.7%), LE2F ¥ 45k, IAMFE(RR

Fa46 0 R) A MA.2BSDVLJG 3L €42 fe 1t AR B A £ T , 128 F £ ik L4797,
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o RiEE TXALR, TCPL AR MSYNL EAE{TR R, #7384 ik 5 A k& LTCP
P R— M, B A K 2 LT 2 oh & o 9 TCP% 1 (4 ARFC 13234 4 04
G, M T AAHATCPER),

TITCPH A A EAXTHATRT L EMSSHAHALKG(E2F69TR),
4o X TF_NOOPTH# &R A& B, XA KA A KEMSS#E R . {22 Bob Bradenf i #)
RFC 1323 @45, RALENGTdE ZMELEMSSH A, MSSit 1 RRFC
TRBHEFH—HRYAE,

=95 o tcp_output.c
300 * Send CC-family options if our side wants to use them (TF_REQ_CC),
301 * options are allowed (!TF_NOOPT) and it’s not a RST.
302 * [
303 if ((tp->t_flags & (TF_REQ_CC [ TF_NOOPT)) == TF_REQ _CC &&
304 (flags & TH_RST) == 0) {
305 switch (flags & (TH_SYN | TH_ACK)) {
306 %
307 * This is a normal ACK (no SYN);
308 '* send CC if we received CC from our peer.
309 *f
310 case TH_ACK:
311 if (!(tp->t_flags & TF_RCVD_CC))
312 break;
313 /* FALLTHROUGH */
314 / x
35 * We can only get here in T/TCP’s SYN_SENT* state, when
316 * we're sending a non-SYN segment without waiting for
317 * the ACK of our SYN. A check earlier in this function
318 * assures that we only do this if our peer understands T/TCP.
319 )
320 case 0:
321 opt [optlen++] = TCPOPT_NOP;
322 opt [optlen++] = TCPOPT_NOP;
323 opt [optlen++] = TCPOPT_CC;
324 opt [optlen++] = TCPOLEN_CC;
325 *(u_int32_t *) & opt([optlen] = htonl (tp->cc_send);
326 optlen += 4;
327 break;
tep_output.c

FE9-6 tcp output: %Kik —ACCiEIR, %y

1. SYN: M, ACKETIF
310-313 MESYNFREFM, HACKIRESTH, Xpt HHMACKAER L) A
A W R E] — A CCIR LA . A & RIECCIET,

2. SYNX:H, ACKXH]
314-320 HA/ESYN_SENTHRET, HITEEEEILARTRA S T — M HESYNIRSCERR, X
B bREA SR LA, kR, &P —KERE T ZEMSSKRABIRN A Sk, &
9-2rh (1 1L FB A AR A 70 3 480t S 5 T/TCPIN A &k A X PR . X G 0L Tk 2 k0%
CCiETi.

3. BECCEM
321-327 {EAGECCHETN, Bhhn LR 7, %iEHcc_sendM{Ek{E ACCELHY
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WEREH %,
SYNFREFACKAREAR AL A BRI 4% B R G 0L 40 B 9-T BT 7

tep_output.c

328 Ve

329 * This is our initial SYN (i.e., client active open).
330 * Check whether to send CC or CCnew.

331 */

332 case TH_SYN:

333 opt [optlen++] = TCPOPT_NOP;

334 opt [optlen++] = TCPOPT_NOP;

335 opt[optlen++] =

336 (tp->t_flags & TF_SENDCCNEW) ? TCPOPT_CCNEW : TCPOPT_CC;
337 opt [optlen++] = TCPOLEN_CC;

338 *(u_int32_t *) & opt[optlen] = htonl (tp->cc_send);

339 optlen += 4;

340 break;

341 4>

342 * This is a SYN, ACK (server response to client active open).
343 * Send CC and CCecho if we received CC or CCnew from peer.
344 ®

345 case (TH_SYN | TH_ACK):

346 if (tp->t_flags & TF_RCVD_CC) {

347 opt [optlen++] = TCPOPT_NOP;

348 opt[optlen++] = TCPOPT_NOP;

349 opt [optlen++] = TCPOPT_CC;

350 opt [optlen++] = TCPOLEN_CC;

351 *(u_int32_t *) & opt(optlen] = htonl(tp->cc_send);
352 optlen += 4;

353 opt [optlen++] = TCPOPT_NOP;

354 opt [optlen++] = TCPOPT_NOP;

355 opt [optlen++] = TCPOPT_CCECHO;

356 opt [optlen++] = TCPOLEN_CC;

357 *(u_int32_t *) & optloptlen] = htonl (tp->cc_recv);
358 optlen += 4; '

359 }

360 break;

361 }

362 }

363 hdrlen += optlen;

tcp_output.c

E9-7 tcp output: KiECCEI Z—, 5 54

4. SYNFTIF, ACKXKH (%) EZhiIF)
328-340 Y& PIATEIITHR, SYNITH HACKFKH, a0 pzi% % i% CCnew 1 I fi A &
CCiETi, E12-3rhfyftiS5E K TF SENDCCNEWARENIXE, A hik&Ecc sendff,

5. SYN$THF, ACKFTIF(it 55 %5 Wi 2 25 /1 4t SYN)
341-360 Y4SYNPREFIACKIRERINAL FAT R AR;, X5k & AR 5 &8 % 5 b i = 3h 47 IF
et T W R, AR S & K T CCCCnew £ 1 2 —(i% & T TF_RCVD_CC), JXET%‘HHEI‘]
X & i & 15 CCETi(cc_send)Fx X255 CClH (cc_recv)JCCecho,

6. HETCPELETCP & K%
363 FrAMITCPEIEINE T TCPE EHIK E .
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IRIBTCP AR B HIR K B

t_maxopdfEtcpch&HIH T B B B ok B K B, H A WAL TCPHR SC BT
A 1 98 BE i SSUANC Cecho 8 U R TESYNHR SCBE b B, PRI AES YN4R SC B v AU T (L I 2-2
FE2-3)RA AT HES FLAES YN SCB M (L el 2-4) 32 2y fiasial. 9-8H RS AR SR
TCP I A/ S % 4 S Be b i ot . i BeACRS R U255 698 TR 55270~27717 .

tep_output.c

364 [*

365 * Adjust data length if insertion of options will
366 * bump the packet length beyond the t_maxopd length.
367 * Clear the FIN bit because we cut off the tail of
368 * the segment.

369 *f

370 if (len + optlen > tp->t_maxopd) {

371 r*

372 * If there is still more to send, don’'t close the connection.
373 ]

374 flags &= “TH_FIN;

375 len = tp->t_maxopd - optlen;

376 sendalot = 1;

377 }

tep_output.c
E9-8 tcp_output: HRHETCPLEIHY A /N K ik B &
364-377 MREBAEKE(Len)in EETK BT Tt_maxopd, %k ik % HE ik 2450,
FINfREE R (B R kL FIRE), HsendalotdTIF(FF Y A 3C B & H e 5818 B kAT
tep_output i),
EERKBLARRT/TCPEA &, € M i&AEFT—ANBE 4 3 548 XA TCP& R (1]
4eRFC 13238 8] 8% ik 50 ) 09 4R TR AT,

9.3 ING

T/TCPYE R A500f7HItcp_output iR ¥y EH N T K 100574K85 . 54y K50 4 AR &R
5 R T/TCPETRCC, CCnew#f1CCecho%4 %,

Boh, P T/TCP, T/TCPftcp output % Al LAFESYN_SENTHR & T & 1%
£ HRCER.
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10.1  #fiA

AT TT/TCPHGE &k I & A TCPH ., thst &, tcp_output(di—#),
tcp_input, Mitcp_usrreq(FMEE)LASMIRT A RS, A F0E LT A B A eR &L,
tcp rtlookupffitcp gettaocache, HTFFETAOZE {7 H A 4Ricxui,

tcp close R BEM LA, X4 {EHT/TCPiyER LN, wICATERS i ic R iR Ik i)
b HHE CEE T ESEME S mERS T . FHDIRTEER E5E T 201640 8RR CBG
AidFk, R, T/TCP#l#H Rk kDRI, (0.5 R — %506 2 [ i L8 A &R A il 1HE
Pz ® Tk .

T/TCPH A MSSEF A AL Bt A Fr ke 28 . A5 — 3 sr s A8 & 24 T 7ENet/3 v {5 # ik £ Ay
tcp_msspRB, XFEESE TS K T — A HHEMSSUUE R X #Y 6 $(tcp_mssend)fl 5 — 44k
P B IMSSETR Y R B (tcp_mssrevd), T/TCP [ i 4 Mk 55 i W 31 ) BB MS S A
HFFITAOZ il . LB AR 55 85 IS YNFIURFTAIMSS Z i, An i SRS YN Kk Bedie
T/TCPsik Bl iX /4~ id sk &K M 4a 1L &K i5MSS

Net/3tiffjtcp dooptions i # &M LA G REME IR B = HHIT/TCPEL ; CC, CCnewfll
CCecho,

10.2 tcp newtcpcbif#{

FIPRU_ATTACH I Gl #r 0 46 1 IH 218 iz ek 8. P 10-1 v g 4 ARAD Sk OB 258
66714 177~178%7, ‘

tcp_subr.c
180 tp->t_maxseg = tp->t_maxopd = tcp_mssdflt;
181 if (tep_do_rfcl323)
182 tp->t_flags = (TF_REQ_SCALE | TF_REQ_TSTMP);
183 if (tcp_do_rfcl644)
184 tp->t_flags |= TF_REQ_CC;
tcp_subr.c

El10-1 tcp newtcpcbif % . T/TCPAT#LHIiE K

180 {EHiE E8-3F KA AP BT, t_maxopdaE~ R 3B Al LA KK A TCPEE I N
ERAEMREAFES ., Eft_maxsegEIAEH H512(tcp_mssdflt), R TFXMAAEM
4, KM B AREFATCPED, 755 H A E 10-13F1& 10- 14, R 5 ) Bk 0 &
CCET (S M R T EER B &%, BER/t_maxsegifd.

183-184 #f4 R Rtcp_do_rfcle4adkR(EMEINEAD, HiXE T TF_REQ_CChr
&, X¥{Etcp outputfEffiSYN %k HCCE.CCnew LI ( £9-6),
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10.3 tcp_rtlookupR#

tep_mssCE2HT17~T 18 TPATHY S — TR 1F 2 % HU A 1208 52 B 4 17 10 % i (7 i 7E

route.h
46 struct route {
47 struct rtentry *ro_rt; /* pointer to struct with information */
48 struct sockaddr ro_dst; /* destination of this route */
49 };
route.h
E10-2 routefL#y

tep_subr.c
432 struct rtentry *
433 tcp_rtlookup (inp)
434 struct inpcb *inp;
435 {
436 struct route *ro;
437 struct rtentry *rt;
438 ro = &inp->inp_route;
439 rt = ro-»ro_rt;
440 if (rt == NULL) (
441 /* No route yet, so try to acquire one */
442 if (inp->inp_faddr.s_addr != INADDR_ANY) {
443 ro->ro_dst.sa_family = AF_INET;
444 ro->ro_dst.sa_len = sizeof (ro->ro_dst);
445 ((struct sockaddr_in *) &ro->ro_dst)->sin_addr =
446 inp->inp_faddr;
447 rtalloc(ro);
448 rt = ro->ro_rt;
449 }
450 }
451 return (rt);
452 }

tcp_subr.c

E10-3 tcp rtlookup bl #

o
inp_faddr

inp_fport
inp_laddr

O

inp_lport

1 tepeb)

rtentry(}

ﬁ;'#’ rn_key 44—+ ro_rt )

; 6] 2 0

#128.32.33.5 B lEs A | inp_route
5 g route{)

E10-4 {EInternet PCBH£E {7 AUk 255
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Internet PCBAYinp_route“FEHr), 4RiZMHEEAZEAFE, WiAHrtallocE ik,
BAE X URVELHAE S — MLk Bt cp_rtlookupH SKBL, HATHEREI0-3h A48, X
FEEOR R A Bk h R IC R T B A TAOE B, T/TCPHE S E 24 M bhA7iX —IHE{E
438-452 MWRXNERNBEBCEAEZFHICK, rtallocititEHEEH. (HXY
PCB s B b hEAE O/ A RE LB BE . TEArtallocZdi, BB Srouteftydh iy
sockaddr_in#k#y,

Bl10-245 ) T routedhty, Hay—A-4541E 81 Internet PCBHI#A .

BI10-448 H Tix A5 HIMA TR, [ B S b AL % 128.32.33.5,

10.4 tcp gettaocachefF#{

— A E ENITAOGE ERGAEIZENMBHRICTET P, i, £Fre_
metricsfMfrmx fillersF B (H6.5), E10-5FRIR%tcp gettaocacheik[d]
f51m1 1% EHLTAOL f- A4 .

tep_subr.c
458 struct rmxp_tao *
459 tcp_gettaocache (inp)
460 struct inpcb *inp;
461 {
462 struct rtentry *rt = tcp_rtlookup(inp);
463 /* Make sure this is a host route and is up. */
464 if (rt == NULL ||
465 (rt->rt_flags & (RTF_UP | RTF_HOST)) != (RTF_UP | RTF_HOST))
466 return (NULL);
467 return (rmx_taop(rt->rt_rmx));
468 }
tep_subr.c

E10-5 tcp gettaocache b

460-468 tcp_rtlookupiREAYHEEHEMIMBENrtentrysity, mRAELRKT, I
HRTF_UPFIRTF_HOSTHrEMITIF T, MZErmx_taop(LE6-3)iR B I EHE RIrmxp_tao
i,

10.5 HLEBrEIRAITE

Net/3{9 TCP M & Kot # SC B AR B ] | B ERSFH RURT TG T 2% (sree) FF 1 1O 2 s 22
flitt & (rttvar), IR TR E FEE RIFR(RTO), F¥RERIMEEN RIFEEL, LRSI
B, BASHREZELS—H, FHREATFEMFHHEHE. #k[Jacobson 1988]45 i TRTTH
Ry H AT, HFHULTHHREAK.

delta=data—srtt
srit—srtt+g x delta
ritvar —rttvar+h(|delta|—rttvar)
RTO=srtt+4 x rttvar
Horp, deltafe WIWI32] AL R B 8] & (8 (dara) 5 24 A {1 FORTTG 128 (sren) 2 22 g 2
FATRTTAl 83008 E, FT 18, hRMATEYmEMSTTSNE, $T1/4, ERTOHH
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AR 2 IR BARE B BRI R, Rt T LU i A (4 (e ok U TR . B2RY5E2S
B tH T Anfal P22 AR MR (R 7R3 S 14 e T

{EHMMITCPERE S, FEHRsrnfrnvariX BIA G380, 2 X £ ARTTHFE, 4T
B 1-9rh 1945 i B /NTCPiEHE SR, BABEAMAMHEA, MiH, f£—ERKMEF T, Net/3HxtHH
FHLZ Bl A ERE XA E1HeE . iXtep_close ¥ sKBlR, £/ MEEXHI,
IR X FUR AR R ICR A BN R, HAEDHF T16/RTTHE. fhitmgR
FEfER MRICETF re_metricsEigirmx_rttflrmx_rttvarFB i, FEd i,
tcp_mssrevd(W 10.877) Mg f 2 i Fe I B H X B A ELVE Ay srecfiirevarix AN Tl L & )40
1A

T/TCPH BRI R, —AH/hEEESA —RTTIEAE, Wi A F 16/ FEE & R IEH
(., DR AE A 3 e 7 (Al AR Ak B 7 R BR A T/TCPE f 3 bk dll B An {5 i — A sulik i 4 .
XK EREET/TCPH, /RSB K H KM AR A FERTONBE M iZ & % b, £21
25.8%i 1118 T tcp_newtcpebf fT ¥ A 1L & EFERIE 5 — " RTORLIZZ6FVHY .

iktcp_closefERif#E HSER] T 16/~ HE(E A7 fif 6 T/TCPE 2 F- i il TH45 R Ak
(FE10.6 i rh I B FI A A M &%), (BB . anfalf gt THE-S LAai o i THEZE T3
H? AEME, XKLL IEEFFFERI A8 [Paxson 1995a],

B THRRE AR R REYE, H%IEE10-6Fh A IL. MIEER—& EHL Li@d Internet
Ml % — & FHL_ LR E B AR % 2 &% 10044007 1 KAYUDPEER (£ — /> TI/EHAY T/,
& Internet | i A AIE ) 934 BHEAR A B B3R [ GE A 7/~ A~ JifE Internet (MR EE b 75 X &
T), EE10-6 5 H T AT Biih . FE(ERFE305r BRI Al RS/, A fa Bt 4.2 i)
FRI I ] (8] B A 7EO~30F0 2 8] ¥ ) 5y A WIBE AL S . SEPREIRTT&E % P £ 4L Eiaf T Tepdumpfs E|
. Brgt M EBBIIRTT, BIMI=FKELO EE FIKKZERTO, srefirtvar)igiz A
-2400
[ 2200
:2000
[ 1800
[ 1600
[ 1400

i ie] -1200

(ms)

E10-6 RTTH & Fkt v AIRTO . sritflirttvar
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TR A RN A RIRTT U RAY, TR A R AR B, ifi A& Net/3 59 SEhx Bt H
M R s . BT /RIRTORE & A AE RL IS AT R R AIE . k2 e, % %R
F(K #2200 ms)HIRTO B S — A Bt sl THE AR, H M T— RSB R IERAYRTO,

RE Al R ORT T F 35 #BE800 msLA F(fEE MK P R G E Ltk 52k L HYPPPEHEH
Internet -fJ, kBN~ ERKARREISR S &), H26MFEEAIRTTLFAF1400 ms, Jf5f
R —LE S AE1000 msZA A, [Jacobson 1994145, “HEEA TEH#AVERIL = —JRif i,
Tk ) RT T8 2 ik B 248 B /IME R 52 42 1E W BICENTTIUN TR 5 9h— &R TF A s B K e EATT
%), Bk, RTO/NF2x RTTAKEA 2 AR/,

W23 A BTE AR PR DR P i, A2 R, T2t EZmme, A
£/ 15 BB . XHE, HRAKXBA:

savesrit=g X savesrtt+(1—g) X srtt
saverttvar=g X saverttvar+(1—g) X rttvar
XA —MEE N 2%, HhgRIAEO~1 2RI i W &, savesrttFllsaverttvar A i (E
B RICRIPHIRIE, 2Net/3HLX LA KR AR ICFEM (S — &R A, HRER
TI6AHEE), ERMAMIMER0.S: FEAERBMERFNER PERBRPIIBEE, 5F
A2 AT LY, Bob Bradenf] T/TCPAURD b B £ 40.75,
2400 — 2400

] 2200
:2000
t1800
1600
[ 1400
It fa] -1200

(ms)

0 10 20 30 40 50 60 70 80 90
A
E10-7 TCPE#E 5T/TCPEH Y bLEE

B 10-745 1 T M &1 10-6+ B3 FR 3 B TCP -5 7 1 B0 HH A 45 5 15 R g ok 28 48 250,75 4t
ML BAE B A LA . L A = 4% e St 2 1 10-6Fh (19 =AM 25 B (RTOTE R, L5, sruedE ],
revarfEJRCHR) . = 4SSN (B 45— N SR AR — AN SRS T/TCPIE B (g — A —
RTT(8) 57 % Bz 75 B, H R B0 3 250750647 T F-# . TAiliA XI5 &
b o7 e — AN TCPIEREAE 304y PR FIO VA RTTHER 5 1T S 2% % 7 B & 7E [ BE 9304 Bh A 91
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ABSTEIT/TCPEHE, A ERA —KRTTHIE . SC2FD &9 14~ B/ A A5 ARk A~ il 1
(VA I T e 0 A A e o 1

R srtf LRI LRI K, (B R FErmvarty STELFIELE 2 Rt AT R AI2ER . rrvarfty
SLER (T/TCP OO BUEE % K T Lk (CAANTCPERS), {ET/TCPH) T 4 3 il b w] DABCE KHIME

A H A ERAERWT/TCPHIRTTII R, WE Pk A, Bl RTTE ¥ 24k %5
25 1 b B I ] 250 R 55 23 AU AE SR ACK E A, RO AR 55 28 A0 B2 &3l S RE R B X se i R A
faA s, fENet/3rhr, HERACKAYE R 28 (A 4200 msFbr—d, mRTTHEFYH ) fAL
500 ms, R EMEARSLE—NKMEZE, i B T/TCPHR 3B AYALBEH % 2 (ETCPH A AL FR
F S (40, R OSCBEE H A T D, Sohn A3 Y RTTAE (4K i tRad i 5 1%
i 38 25 BIAH 200 msiiE R ACKE b 28 {8 K DR " RE & AT A2 /D). Bcfa, anRAFELE
B EPAIE TR TR, KRS - KEREE /DB LAED, YRS LA,
B B I% FH 24 AT A T B (A A R s R R A, AR RO R S O IR (A .

MRFC 16447 fii 5 H ), FFEXMTCPH 2 EFFEEMCE LI, F3ET/TCP, LK
RTTfk i},

10.6 tcp_closé%ﬂ

tcp_closeffyM—pk B R EAT/TCPH & id R RTTHHE, BMELEAERI6AFEE.
BAVERT — 1 2808 TR RA ., E10-845 H 7103,

- - - tep_subr.c
252 if (SEQ_LT(tp->iss + so->so_snd.sb_hiwat * 16, tp->snd_max) &&
253 (rt = inp->inp_route.ro_rt) &&
254 ((struct sockaddr_in *) rt_key(rt))->sin_addr.s_addr != INADDR_ANY) {

304 } else if (tp->cc_recv != 0 &&

305 (rt = inp->inp_route.ro_rt) &&

306 ((struct sockaddr_in *) rt_key(rt))->sin_addr.s_addr != INADDR_ANY) {
307 /*

308 * For transactions we need to keep track of srtt and rttvar
309 * even if we don’t have ’enough’ data for above.

310 *x/ .

311 u_long 1i;

312 if ((rt->rt_rmx.rmx_locks & RTV_RTT) == 0) {

313 i = tp->t_srtt *

314 (RTM_RTTUNIT / (PR_SLOWHZ * TCP_RTT_SCALE));

315 if (rt->rt_rmx.rmx_rtt && i)

316 /% .

317 * Filter this update to 3/4 the old plus

318 * 1/4 the new values, converting scale.

319 */

320 re->rt_rmx.rmx_rtt =

321 (3 * re->rt_rmx.rmx_rtt + i) / 4;

322 else

323 rt->rt_rmx.rmx_rtt = i;

324 }

E10-8 tcp closeff#y: AT/TCPHERFRTTIHE
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325 if ((rt->rt_rmx.rmx_locks & RTV_RTTVAR) == 0) {
326 i = tp->t_rttvar *
327 (RTM_RTTUNIT / (PR_SLOWHZ * TCP_RTTVAR_SCALE) ) ;
328 if (rt->rt_rmx.rmx_rttvar && i)
329 rt->rt_rmx.rmx_rttvar =
330 (3 * rt->rt_rmx.rmx_rttvar + i) / 4;
331 else
332 rt->rt_rmx.rmx_rttvar = i;
333 }
334 }
tep_subr.c
#10-8 (£5)

L HXT/TCP 4 55 347 6 i
304-311 RHAEESERER TT/TCP(ce_recvik0), f—MlFEICTEAFERAEBIAR
A B mFiCAThMESHE., A, RAYHEARTTHIHESRSE MBI(RTV_RTTH
RTV_RTTVARSL) A ¥ 7.

2. WHRTT
312-324 t_srttfELAS00 ms x 8ARF R EALRAFRT, rmx retWUAns AR GRS, XFHE,
t_srttitEFE1 000 000(RTM RTTUNIT)FE2(IF ] 3 r/FY) FF 8, Anfrmx rtt L2414,
FricR(E bR FERE 5 2 =in EFERIE 52—, Xt gk i 45 40.75, WAEdT—
Teititd, &0, EEEFERFE rnx_reed,

3. W PrE Ryl %
325-334 PFEHmREMGTHERN HRIMEMRL. Shlms hRifRE, HFEHFc_retevarf
FON R A TR

10.7 tcp msssendif#]

fENet/3, A —/ ifitcp_mss(H&2/27.5%), fEALFEMSSETibtcp input il H
B, EEELREMSSETMtcp output WEIRAE, ET/TCPH, FAEBK LN
tcp_mssrcevd, {EHATRAGEREE M, WHISYN)F, tcp input EiFHEGE)E fEHYE
10-187, WiE & B FHEASYNF R EMSSEN), LR PRU_SENDFIPRU_SEND_EOFifKE
HHEMWEI2-4), H— 1" HHEStcp_msssend, E10-9F 1, BRA Y% H TMSSE
B, A&#itcp_outputiffi.

tcp_input.c
1911 int PP
1912 tcp_msssend(tp)

1913 struct tcpcb *tp;

1914 {

1915 struct rtentry *rt;

1916 extern int tcp_mssdflt;

1917 rt = tcp_rtlookup(tp->t_inpchb);

1918 if (rt == NULL)

1919 return (tcp_mssdflt);

1920 %

1921 * If there’s an mtu associated with the route, use it,

E10-9 tcp msssendff¥y: REIMSSIE, HIEMSSHETiA % H
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1922 * else use the outgoing interface mtu.

1923 . *yf

1924 if (rt->rt_rmx.rmx_mtu)

1925 return (rt->rt_rmx.rmx_mtu - sizeof (struct tcpiphdr));

1926 return (rt->rt_ifp->if mtu - sizeof (struct tcpiphdr));

1927 } .

tep_input.c

FE10-9 (4%)

L. LS Hh 28 i o o

1917-1919 A -PHEFFHLERHBE, R EFKRICFKE, WEEREBINE
512(tcp_mssdflt), BRAEXFENARE, HWLERERTUAERE] B8 IR ICRTI

2. iR M| MSS
1920-1926 ﬁu%%ﬂaﬁﬁ—A%ﬁB’]MTU(rt metricsfHrmx mtu g, AAEE
AR LA frout e BFFIR ), MUK A%, A0, 3K Ak 3 0 AMTUR 2540040,
PAK M _EE1460), KA H 2 Mtep_rtlookuplfiiE, it A e .

sl AT HEMTUR &6 5 — AN RIRRA] R GMTU L LT AZ(F 1/724.2
), RENet/3F&RELHFEA 7 ik,

XA~ R A [R] T3l H ABSDA 2 . AR A Eim R dEA M EHL(Hin_localaddr i $ikE),
ifi Hrmx mtufE&{E A0, WINet/3fLRD(FE2H7197]) 4 SR HMSSH 4512(tcp_mssdflt),

MSS LY H 192 & 75—, IZETA IR E S Z KB, RFC 793445,
MSSEETG “ FH T 22 it & % ix A4 SC Bt TCPRY B K T AU SC B . fE— s Bleb, X Al RESE
FHLAENS B A e KIPEOE R IR . AMfELuif k2 ARG, ARSI E Tt
HEIMTU, FEAARTEES B AR AR B ER, WTCPHIHRES TR,

T HE AR AEYY T Bob BradenfT/TCPRS & k. “EW A3, (E FHTCPET 3Kk 4 BSD
T M, Roh EXMSSHIAL PR A AY . BSDEE B R HMSSEI, I x4 h
ZEIENL, XA EIAAIEZS36, X EAMSSIENHRATIRM, X EMEEEIFEXE, #
WE RS 4, X RE T EgE HZ KHIMSS, BEEXETEKAIMSSES, B
ZEFR AT, Y|OTA TMTURBLLLG, XA EEHBRATEAR 1K FS36/MMTU; x#f,
BSDit & PREIXEM- 38, Rk, XANBFRBE TRIZEENT L EMMSSESR . AbiEnf
MTUM 240" GXBEB P UFRIRES3685 4512, )

WAET T (E0-12)h ZFH, R F &AM L, MSSEBAHEKE A4
MSSHE|512,

10.8 tcp mssrcvdif#

fEPAT IR E R I, KOBISYNLUR Mt ep_input Eifltcp_mssrevd,
PRU_SENDFIPRU_SEND_ EOFHEIERHE. XRS5 E 2P tcp_nssElEALL, HEEE
Mz EA RBHIZES, EBERKRNMNFENLHEIRE. INMAENEEBHRZRENDS
TR, —MEt_maxseg(FMEE TR LB R R ENRAKER), B/ &t_maxopd(ff
AR B R R EBARIET R AKE). E10-104H T ixA RE—Hy.
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1755 void HepsnpiLE
1756 tcp_mssrcvd(tp, offer)
1757 struct tcpcb *tp;
1758 int offer;
1759 {
1760 struct rtentry *rt;
1761 struct ifnet *ifp;
1762 int rtt, mss:;
1763 u_long bufsize;
1764 struct inpcb *inp;
1765 struct socket *so;
1766 struct rmxp_tao *taop;
1767 int origoffer = offer;
1768 extern int tcp_mssdflt;
1769 extern int tcp_do_rfcl323;
1770 extern int tcp_do_rfcl6d4;
1771 inp = tp->t_inpcb;
1772 if ((rt = tcp_rtlookup(inp)) == NULL) {
1773 tp->t_maxopd = tp->t_maxseg = tcp_mssdflt;
1774 return;
1775 }
1776 ifp = rt->rt_ifp;
1777 so = inp->inp_socket;
1778 taop = rmx_taop(rt->rt_rmx);
1779 i
1780 * Offer == -1 means we haven’t received a SYN yet;
1781 * use cached value in that case.
1782 *
1783 if (offer == -1)
1784 offer = taop->tao_mssopt;
1785 I*
1786 * Offer == 0 means that there was no MSS on the SYN segment,
1787 * or no value in the TAO Cache. We use tcp_mssdflt.
1788 *f
1789 if (offer == 0)
1790 offer = tcp_mssdflt;
1791 else
1792 /*
1793 * Sanity check: make sure that maxopd will be large
1794 * enough to allow some data on segments even if all
1795 * the option space is used (40 bytes). Otherwise
1796 * funny things may happen in tcp_output.
1797 *y
1798 offer = max(offer, 64);
1799 taop->tao_mssopt = offer; .
tep_input.c
E10-10 tcp mssrcvdpR$: F—o
1. B o i % h B L TAOZR £+

1771-1777 tcp_rtlookupZE$kFlikxf Fumt i . Al TRRERE , IR KEE T,
t maxsegflit maxopdiklEliti% B AS512(tcp_mssdflt),

1778-1799 taopiRmliZx EimiITAOZESF, (i T# hZRMICFIH . 4R E AM Pk fe
A T sendto(—kfAEHERE T, &PRU_SENDFIPRU_SEND_EOF i KA —H o) ifn il
tecp_mssrcvd, MlofferiEBAHTAORFHRFHIE. WRTAOHMIZ(EAO, of ferghik
4512, TAOZAFhAI{EH EHT,



£10% T/TCP%M: TCPEH¥% 93

E10- 1145 TiZeRBsE s, S&E2B71855E2MIE .

1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823

T tcp_input.c
* While we’re here, check if there’s an initial rtt
* or rttvar. Convert from the route-table units
* to scaled multiples of the slow timeout timer.
*/
if (ep->t_srtt == 0 && (rtt = rt->rt_rmx.rmx_rtt)) {
/*
* XXX the lock bit for RTT indicates that the value
* is also a minimum value; this is subject to time.
¥4
if (rt->rt_rmx.rmx_locks & RTV_RTT)
tp->t_rttmin = rtt / (RTM_RTTUNIT / PR_SLOWHZ) ;
tp->t_srtt = rtt / (RTM_RTTUNIT / (PR_SLOWHZ * TCP_RTT_SCALE));
if (rt->rt_rmx.rmx_rttvar)
tp->t_rttvar = rt->rt_rmx.rmx_rttvar /
(RTM_RTTUNIT / (PR_SLOWHZ * TCP_RTTVAR_SCALE)) ;
else
/* default variation is +- 1 rtt */
tp->t_rttvar =
tp->t_srtt * TCP_RTTVAR_SCALE / TCP_RTT_SCALE;
TCPT_RANGESET (tp->t_rxtcur,
((tp->t_srtt >> 2) + tp->t_rttvar) >> 1,
tp->t_rttmin, TCPTV_REXMTMAX) ;

tep_input.c
E10-11 tcp_mssrcvdphfy. FM b 2R B MATLRTTZ: &

1800-1823 MR EEAIZEREMRTTMEE(E_sreeh0), HHrmx rttf@®{E%4EO0,
XMAE L srtt, t_ rttvarflt rxtcourih R 0T 00 A 1 B R IE R AL,

AR R R EMBRE R RTV_RTTILLIXE, N EXRWEEMrmx_rte ki
X RERR B/DRTT(E_rttmin), BIMEH T, t_rttminflB e AmABeEE, XA
AGEH U BN T A

FE10-1245 T tep_mssrevdfJ5 =4, H TR E B EmssHIfA.

tep_input.c

1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834

1835
1836
1837
1838
1839
1840
1841
1842

/*
* If there’'s an mtu associated with the route, use it.
*J
if (rt->rt_rmx.rmx_mtu)
mss = rt->rt_rmx.rmx_mtu - sizeof (struct tcpiphdr);
else {
mss = ifp->if mtu - sizeof(struct tcpiphdr);
if (!in_localaddr (inp->inp_faddr))
mss = min(mss, tcp_mssdflt);
}

mss = min(mss, offer);

/*

* t_maxopd contains the maximum length of data AND options
* in a segment; t_maxseg is the amount of data in a normal
* segment. We need to store this value (t_maxopd) apart
* from t_maxseg, because now every segment can contain options
* therefore we normally have somewhat less data in segments.
*J

tp->t_maxopd = mss;

tep_input.c

E10-12 tcp mssrcvdif#: i HmssBREMIE
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1824-1834 AR I%HE B AT —AMTU(rmx_mtufEik(E), At E, &0, mssit
KU o O IMTURR 40, Boh, xS Re S — AW, S heTfefE s — 4 FM(H
in localaddr@ ¥k ®)H, XMmssHRAMEMRAS12(tep_mssdflt), ARHHRILEK
Tirh CARAEAMTU, IEakA i A —AEA 1M

2. ¥t maxopd
1835-1842 t_maxopdif® AHmss, WAE T HIRAEI BRI BEKE .

B 101348 AR B D03 5> A, BmssikE T — RSB P B RETR L .

813 = tep_input.c

1844 * Adjust mss to leave space for the usual options. We're

1845 * called from the end of tcp_dooptions so we can use the

1846 * REQ/RCVD flags to see if options will be used.

1847 )

1848 )i

1849 * In case of T/TCP, origoffer == -1 indicates that no segments

1850 * were received yvet (i.e., client has called sendto). In this

1851 * case we just guess, otherwise we do the same as before T/TCP.

1852 */

1853 if ((tp->t_flags & (TF_REQ_TSTMP | TF_NOOPT)) == TF_REQ_TSTMP &&

1854 (origoffer == -1 ||

1855 (tp->t_flags & TF_RCVD_TSTMP) == TF_RCVD_TSTMP) )

1856 mss -= TCPOLEN_TSTAMP_APPA;

1857 if ((tp->t_flags & (TF_REQ_CC | TF_NOOPT)) == TF_REQ_CC &&

1858 (origoffer == -1 ||

18589 (tp->t_flags & TF_RCVD_CC) == TF_RCVD_CC))

1860 mss -= TCPOLEN_CC_APPA;

1861 #if (MCLBYTES & (MCLBYTES - 1)) == 0

1862 if (mss > MCLBYTES)

1863 mss &= ~ (MCLBYTES - 1);

1864 t#else

1865 if (mss > MCLBYTES)

1866 mss = mss / MCLBYTES * MCLBYTES;

1867 #endif .
tep_input.c

E10-13 tcp mssrcvdif$: ARIEEDRK/mss

3. fy 4 s ) B S5UHE 0%/ Dms s
1843-1856 fNE FHE AW /A &EHE, Wmssph ik 2 K iE &k 50 K E
(TCPOLEN TSTAMP_APPA, HI1257):

1) 7% Hb 45 (PRI A1 BT (TF_REQ_TSTAMP), F HLiA %A W H] 55— & K Hyms s LT

(origofferZET-—1);

2) BAUCE) 55— K e I [A] BRI

e EREH, B Ftep_mssrovdfEtcp_dooptionsZ R i HIEALE
s=PLE R0 10-18), BRIEE Il i 2& Sy .

4. MAPEHCCES, MM bmss
1857-1860 RiTHILIAIZ %R, mssHU{EMZIE8F Ti(TCPOLEN_CC_APPA),

EFEA KA LA B ALAKBEAPPAZ E %, RFC 132365 M KA Y i 3UA Rt
FA & EFAETFHENOP, UM A4F T ok RALGG KEAREIAT T o9 2 BAE .
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Bl RFC 164444 —AM FA, A AHFHRA R4 2. LibEH, A=ACCih
I —AFT @A E B ANOPAN — R EILH, 4o@9-65 .

5. 2 AMSS AMCLBYTESIHIA% 5
1861-1867 mssEA AHIE AHMCLBYTESHY R £ f, Bl45/>mbuff iy £~ %Gl F A1024 5

2048),

XARKBH =N REAEALSE, P4 EMCLBYTESAZ2M XX F, NTUUA
THBEAKERERGEEHE, AMNet /174, CHEBR—FTH%, Nixk

E10-1445 i Ttep_mssrevdRAGHIER 5 —#F4r, M TIRE REEFFIERZFHIR/D,
p— p tep_input.c
1869 * If there’'s a pipesize, change the socket buffer
1870 * to that size. Make the socket buffers an integral
1871 * number of mss units; if the mss is larger than
1872 * the socket buffer, decrease the mss.

1873 */

1874 if ((bufsize = rt->rt_rmx.rmx_sendpipe) == 0)

1875 bufsize = so->so_snd.sb_hiwat;

1876 if (bufsize < mss)

1877 mss = bufsize;

1878 else {

1879 bufsize = roundup(bufsize, mss);

1880 if (bufsize > sb_max)

1881 bufsize = sb_max;

1882 (void) sbreserve(&so->so_snd, bufsize);

1883 }

1884 tp->t_maxseg = mss;

1885 if ((bufsize = rt->rt_rmx.rmx_recvpipe) == 0)

1886 bufsize = so->so_rcv.sb_hiwat;

1887 if (bufsize > mss) {

1888 bufsize = roundup(bufsize, mss);

1889 if (bufsize > sb_max)

1890 bufsize = sb_max;

1891 (void) sbreserve(&so->so_rcv, bufsize);

1892

1893 4%

1894 * Don’'t force slow-start on local network.

1895 * [

1896 if (!in_localaddr (inp->inp_faddr))

1897 tp->snd_cwnd = mss;

1898 if (rt->rt_rmx.rmx_ssthresh) {

1899 /*

1900 * There’s some sort of gateway or interface

1901 * buffer limit on the path. Use this to set

1902 * the slow start threshhold, but set the

1903 * threshold to no less than 2*mss.

1904 L4

1905 tp->snd_ssthresh = max(2 * mss, rt->rt_rmx.rmx_ssthresh);

1906 }

1907 } ;
tcp_input.c

E10-14 tcp mssrcvdef$: % B KB FHEWEE fFHIK/D
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6. I 1 AR AT KD
1868-1883 ZHEMALAHroutefi)Fik B rmx sendpipefllrmx recvpipeiX />
JERE, bufsizefIHkik & Armx_sendpipefIEHGREAE L), & YO kiK%
AR @ LfE. Rbufsizef{H/hTmss, nss{Hikk/hAMbufsizef{E(X e —Fh5Eid
MSSHULL S E B A= BOAME R /MY ERIE T ). &0, bufsizefI{HHOK, Hmssf% i
(A Z AR R /NE TR SCB K RV 5 T) . EPRAsb_max, 7ENet/3gk262 144, 4l
ZFMEi{EHisbreserveik &,

7. X ¥t maxseg
1884 t_ maxsegiX B ATCPHE K £5 x5 v 1 i A B B (A 46 5 L ) .

8. SO 0 MR £E ) K/
1885-1892 i NEEWRAFRIE GLE A TLAUAEHRIRE . Blan, M TLAKM R4 HE
kU, (R i Bok B ACCE RN #EH , Wit _maxopd¥fi21460, t_maxseg1440
(W 1E2-4), #H0REE ARG E G N EIREBIAES 192052/ E 16-4)& A F[8640
(1440 x 6),

9. A bR i A 12 A )
1893-1897 MWMAIMFimARMAEAMIIMEE H(in_localaddr Afk), WIEHER N
(snd_cwnd)ik% & A IR SCERBEIT 4R T 12 Bahid #2.

A G2 FinAdEARAF A Ba @ NRLEAHRT/ITCPHAE HER, &R
T/ITCP# & P ia 3SR F & 3n T VA &) Azt F 35 KiE E MR, AAFXRE ML
KAFIPRTTH oA (L3.67), ANet/3F, ERPATRE NIAL(E2ET2IN),

10. Gt ah 1R
1898-1906 WH12 B IMRE E{f(rmx_ssthresh)if0, snd_ssthreshyf ik & HILHE.

FATFEE 3- 170 P 3-3 9 aT LA BIMSSFITAOL £ 5 HM S A7 K/ N Z I 95 SURZ W . FE1#13-1
W, % PERRAT Tk Ba & L, PRU_SEND EOFiEKiHltcp mssrcvd, Hioffer
A1, %R B AR F R IR 55 2 tao_mssoptEAOE A& FumMINIEJR). HMSShERIA
{E512, BARMER TCCEM(TER 2R F 4, MEBILE), WME8FWIEEAHS04, i,
81924 A 4S04I R KL 1% o A 8568, X & MumSYNFE &M 1. 2Rifi, YAk% & HH
tcp mssrcvdit, COZEBIEIR PIEIISYN, Hh EMSS 41460, XA E R85k
YK BE) G 41452, 81928 ABI1452/ K 55 48712, X &k #HAISYNAEGE N, 2
% PumAb B sE RS B HISYNG (B 38 =), &/ imPHKIAMtep_mssrevd, iX—ikoffer
J31460, XghH& Fn It _maxopd K FE 1460, % Pt _maxsegl g A F 1452, & P
HRECER A7 R AT S 228712, X AR & P £E X R 55 2% IS YNk HH ACKIR i 45 A 7 1 .

EE3-35, Y& PumphdT TRAGERE IR, taoc_mssopt{f A1460——fFilL —k A3
S BIRE . & P uml SR E 0 8712, 41452 ¥ £ H K T8192,

10.9 tcp dooptionsiR#]

fENet/1FINet/2fft 1, tcp_dooptions HAEIRHINOP, EOLFIMSSHES, Jf H eh%if3
A28, (ENet3H N T A H 98 BERR R BGE I S 5 . SR BE e 71~ (525
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745~74611), HAr A 34 gt 0 1T I A Bak i iy, BUE L ZE L FCC, CCnewHICCecho
T, SHARES LM MR TRADE 754, BARE T B R AR KRR B R 5 FEEL
KENM% A RBUESS .

E10-154 1 Ttepopt &y, Ho i) -1 &2Etcp_input (ME—wLLAH
tcp_dooptionsfERE) N BLH, JF B AR MIZEANIREH %% tcp_dooptions, ZH
BOASEMINE . EXCAEEBK SRR CER, tep_ input % HBIFEAEIZEHPIIAE.

tcp_varh
138 struct tcpopt {
139 u_long to_flag; /* TOF_xxx flags */
140 u_long to_tsval; /* timestamp value */
141 u_long to_tsecr; /* timestamp echo reply */
142 tcp_cc  to_cc; /* CC or CCnew value */
143 tcp_cc to_ccecho; /* CCecho value */
144 };
tcp_var.h

B 10-15 tcpopt&ifs, Htcp dooptionsti S #dE
E10-1645H [ to_flag¥ Bl LI A HI44ME .

to_flag oo

TOF_CC CCHETRAT{E

TOF_CCNEW CCnew it Jii {7 £
TOF_CCECHO | CCechoitJ5iff 1
TOF_TS It (] 8k S5 A7

E10-16 to flagfiU{l

EI10-1785 1 TX A R BN S B . A4S B 5 Ne3rh TR, HESH SRS 1
Net/3h A A I8 J 31 2 8.

tcp_input.c
1520 void P="E

1521 tecp_dooptions(tp, cp, cnt, ti, to)
1522 struct tcpcbh *tp;

1523 u_char *cp;

1524 int cnt;

1525 struct tcpiphdr *ti;

1526 struct tcpopt *to;

1527 |

tep_input.c

[#10-17 tcp dooptionsififi: 2%

HAALFEOL, NOP, MSS, & H 9% B Filft [A] Bk Wi i RS 5 4258 745~747 TL A9 ALY JL
TAHIE , BrUAX B P A AT 8 CGE B R B TR SR8, RAININiEid), A 10-18
S T IXA R B — s D, BT T/TCPALBE3AN it L 35

1. A B R & 4b BRI
1580-1584 LI LR UE(HTA 3 CCREITII K JE L AE6) . ACHR B R () CCE IR,
Rt AR EMPLET (MR NN tcp_do_rfcle4dbrE Rk E, Wltcp_
newtcpcbEiXBETF_REQ CChriE), JHHTF NOOPTHEAGEIX B (B X Mt R
TCP fEHSYNH KX AR L),
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2. VEEH MBS SIS AT
1585-1588 X EAHMAIto_flagffi, PUAFHTHIETUE fFiEfEt cpopt&fito_cey B
W, JF HER e et B ML 15 T
1589-1595 HRRXZ—ANSYNIRLE, EAKERKIKXETF_RCVD_CChrik, HAWEIT
CCit i,

3. CCnewHl1CCechoik I
1596-1623 CCnewHlICCechoi TPy S IR 5CCETAIAHLL, [HE A CCnewF1CCechoik
T {LESYNR SCE A2, FrLAZEM I —T el AR B &N R ESYNFRE.

R ETOF_CCNEWAR EMA EH X E, EARRETAEE, XRXAAHARI-OF,

Je RCCHAARA L, WEAHCCHERLAKNPPFHXLAA0), 4o XA ACCnewit R,

Nce recvin RAEHZEGEE, £EB10-18F, CCHCCnewit A& fito ccP A

b)), FHY = kEFTAR(ALL-14), P4 Aéfitac_ccRMcc_recvy 4

wag ke,

4. AbERW 2 MSS
1625-1626 JoifA EmssidRA BB &MSSEMAE AR LA/, SFBR LA
FEERIOE, EXMFEN T, tep mssrevdffEiX B F Bt maxsegfilt maxopdiIff.
fitcp_dooptionsth&E R LA IZE K, HAWME0-13f/~, tcp_mssrevdfff T
TF_RCVD TSTMPFITF RCVD CChrik.

10.10 tcp reassiK#]

AR % BB S BAERISYNE, (R E TAOM K 2 W sl ik SC B P A& CCe T, A4
tep_inputi@f B EIEFAZFNT], FHfF =k BFERNENR, EELL-659, AR ER
B HSYN_RCVD, BFH —/14rXtrimthenstepé6, Eﬁ%ﬂqdodaté%ﬁf?ﬁ(%Z%?‘)O
W), %:TCP REASSKFLMLIRA A EESTABLISHED, [HLilHitcp reassffif CETEA
R R R FHROSCA S G B R R, R ECY ERE =k Tl B 52 B Z AT 2

KH, PR, BH20E27-19CEHHIMAGi it i $ 2 tcps_rcvoopackfitcps_rcvoobyte
HY 2t A IERRRY) .
tep_input.c

1580 case TCPOPT_CC:

1581 if (optlen != TCPOLEN_CC)

1582 continue;

1583 if ((tp->t_flags & (TF_REQ_CC | TF_NOOPT)) != TF_REQ_CC)

1584 continue; /* we're not sending CC opts */

1585 to->to_flag |= TOF_CC;

1586 bcopy ( (char *) cp + 2, (char *) &to->to_cc,

1587 sizeof (to->to_cc));

1588 NTOHL (to->to_cc) ;

1589 /) *

1590 * A CC or CCnew option received in a SYN makes

1591 * it OK to send CC in subsequent segments.

1592 LY

1593 if (ti->ti_flags & TH_SYN)

1594 tp->t_flags |= TF_RCVD_CC;

B 10-18 tep dooptionsik#: #HiT/TCPETLAALFE
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1595 break;

1596 case TCPOPT_CCNEW:

1597 if (optlen != TCPOLEN_CC)

1598 continue;

1599 if ((tp->t_flags & (TF_REQ_CC l TF_NOOPT)) != TF_REQ _CC)
1600 continue; /* we're not sending CC opts */
1601 if (! (ti->ti_flags & TH_SYN))

1602 continue;

1603 to->to_flag |= TOF_CCNEW;

1604 bcopy( (char *) cp + 2, (char *) &to->to_cc,
1605 sizeof (to->to_cc));

1606 NTOHL (to->to_cc) ;

1607 L¥

1608 * A CC or CCnew option received in a SYN makes
1609 * it OK to send CC in subseguent segments.
1610 *

1611 tp->t_flags |= TF_RCVD_CC;

1612 break;

1613 case TCPOPT_CCECHO:

1614 if (optlen != TCPOLEN_CC)

1615 continue;

1616 if (! (ti->ti_flags & TH_SYN))

1617 continue;

1618 to->to_flag |= TOF_CCECHO;

1619 bcopy((char *) cp + 2, (char *) &to->to_ccecho,
1620 sizeof (to->to_ccecho));

1621 NTOHL (to->to_ccecho) ;

1622 break;

1623 }

1624 }

1625 if (ti->ti_flags & TH_SYN)

1626 tecp_mssrevd (tp, mss); /* sets t_maxseg */

1627 }

tep_input.c
E10-18 ()

2% R 55 2% Bt A I SYNRYACKGE # & = ke T h 158 = /N HRSCBO WM e B, #4852
$T74THlcase TCPS SYN RECEIVEDiEH), {HiffEi AESTABLISHEDR A, AREIHH
rcp_reass BT IEHE 2 AR, IZRECE —ASHCH0, HIERL-145, (]
SEF, MR CBER AR, KFEMRILE TFINFRE, @tk ttcp reassi i
A, B RFE SL AR il —F A & 5 X 45 A dodatafJTCP_REASSH KA M. (Al
W, RFHIHRCBRE2EARTRR B ESE , WXTCP_REASS &I 1H A2 981745 BA
Fl A Bt 22 48 kR

Bk tcp_reassRE R TR /NI . BE2ET29T I 10647 returnek A frhn
S Apresentfysr &,

10.11 /©&E

2 E EHLMITAOE BIRFFEEM HRMIZRKIT P, Hfitcp_gettaocachelfH AR 41
AT TAOKAR , {HANFAEPCBIEE i 2247 H Wl A A FEAH BRI B i, WA Mt ep_rtlookup
AT,
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T/TCP{Zktcp close ¥, 1EMHEF AT/ TCPERERAMA L IHESsrteFritvar, B
(R JAEE T AEN64 MK BRI SCB . XA 51Z% LAY T — K T/TCPE 2 v LATE
TF bt 6 P P A i THEL (R 1% B R LR AR T — eI L 1 A 8 ) .

Net/3fJ ¥t cp mssfET/TCPH 4 K T AR : tcp mssrcvdfitcp msssend,
A& EYRIMSSIE T fE IR, Ja# £ & tHMSSIETN R H . J5# 538 % i BSDEZERI A A 2
RETET, B— M W HMSS A fa 4 N IMT U 2 TCPHIIP i 3 A K . BSDRZ S MAEA
b5 AL B EUE A5 12[MSS

Net/3ifjtcp_dooptions E{ET/TCPH M A KA., RN E TAHSHIGH T, H
— A EER R A . K R B B RT LKL BRI 8 SR 4T/ TCPFT G A 34N e 150, if A~ 75 4
z.
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1.1 g

T/TCP TCPf iy Ak £ e f& Bk fEtcp_input s Breh . £ %4 ok By Al v Jq I A5 e 3L
Mfs ek tep_dooptions(10.97) ey L B ALR M H. FAIAFTHE 32X —2 i
M ) g — S AR

B 11-1E 427 E28- 1/ E S, T/TCPH A &S A Bk FERR.,

FAERE M tep_input g BT MR & s, 4 B8 & 565 76 84 6k Borh tH BLRY U % 2051l
T4,

&

void
tcp_input()
{
checksum TCP header and data;
skip over IP/TCP headers in mbuf;
findpch:
locate PCB for segment;
if (not found)
goto dropwithreset;

reset idle time to 0 and keepalive timer to 2 hours;
process options i1f not LISTEN state;

1f (packet matched by header prediction) f{
completely process received segment;
return;

}

switch (tp->t_state) {

case TCPS LISTEN:
i1f SYN flag set, accept new connection reqguest;
perform TAO test;
goto trimthenstepéb;

case TCPS_SYN_SENT:
check CCecho option;
if ACK of our SYN, connection completed;
trimthenstepé6:
trim any data not within window;
if (ACK flag set)
goto processack;
goto stepé;

case TCPS LAST ACK:
case TCPS CLOSING:
case TCPS TIME WAIT:
check for new SYN as implied ACK of previous incarnation;
}

El11-1 TCPH AMCEE D B/ . T/TCPR i &l H AR A FoR



102 F—3 sy TCPF # thil

process RFC 1323 timestamp;
check CC option;
check if some data bytes are within the receive window;

trim data segment to fit within window;

if (RST flag set) |
process depending on state;
goto drop;

}

if (ACK flag off)
if (SYN_RCVD || half-synchronized)
goto stepé6;
else
goto drop;

if (ACK flag set) |
if (SYN_RCVD state)
passive open or simultaneous open complete;
if (duplicate ACK)
fast recovery algorithm;
processack:
update RTT estimators if segment timed;
if (no data was ACKed)
goto stepé6;
open congestion window;
remove ACKed data from send buffer;
change state if in FIN_WAIT_ 1, CLOSING, or LAST ACK state;
}

stepé6:
update window information;

process URG flag;

dodata:
process data in segment, add to reassembly queue;

if (FIN flag is set)
process depending on state;

if (SO_DEBUG socket option)
tcp_trace(TA_INPUT) ;

if (need output [[ ACK now)
tcp_output();
return; )

dropafterack:
tcp_output () to generate ACK;
return;

dropwithreset:
tcp_respond() to generate RST;
return;

drop:
if (SO_DEBUG socket option)
tcp_trace (TA_DROP) ;
return;

E11-1 (&)
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112 fﬁ&hﬂ

EXT=AHHEZERE, Kz —Ztcpoptéity, fEtcp_dooptionsHi i, T
B JLATIE B TR #5255 739 M8 19047,

struct tcpopt to; /* options in this segment */
struct rmxp_tao *taop; /* pointer to our TAO cache entry */
struct rmxp_tao tao_noncached; /* in case there’s no cached entry */

bzero( (char *)&to, sizeof(to));
tcpstat.tcps_rcvtotal++;

Frtcpopt S ML AORIEF EEA . IR A Wto_coFREFWFIMCCHEIXEND
0, RWERENL.

fENet/3rh, ME—[EIF|Fr 5 £ indpcb 4y 3R £ — A 4EAL T TIME_WAITR A XK F|
—HTHISYNIR LB (255 765~76651), B4 THE A MATHREDA [RIE, Arlli%s KA E—
A '

m->m_data += sizeof(struct tcpiphdr) + off - sizeof (struct tcphdr);
m->m_len -= sizeof(struct tcpiphdr) + off - sizeof (struct tcphdr);

EMATABLEf indpeba B T#K, fEgoto)a AT I —kGEMITRIGFESE2H 7515 H
BT —k, EEIS2ZIXNHIA Kk, xMd RaEf —bdr, g TR CBEST 5E T
R —8) . ZET/TCPZAHASHRFG, FHASYNAHEMHIE, Llix/ kb 1
Y — A EH L T TIME_WAITHRZE W B — BB BT S YN F 2RI K. AR
T/TCP, DA H2/4 BIF| £ indpcbft) sy L(TE/FEAIE -1 S B, XA~ 5 AL E4-7
FrriIRKACK), I HEALHEASYNIR rTREMET &R . X 48, fEfindpcbZAlly LikiXp
TR LI %, B 11-2F7R,

_ o tep_input.c

275 * gkip over TCP, IP headers, and TCP options in mbuf.

276 * optp & ti still point into TCP header, but that’s OK.

277 */

278 m->m_data += sizeof (struct tcpiphdr) + off - sizeof(struct tcphdr);

279 m->m_len -= sizeof(struct tcpiphdr) + off - sizeof (struct tcphdr);

280 A

281 * Locate pcb for segment.

282 */

283 findpcb: ;
tep_input.c

11-2 tcp_input: fEfindpcbfif&dmbufigs ik pE
XA 20 B TS 1 GLANFE 75200 MER_ R RIw 1T,

T—AMEs AT E2ETA4THIEI274T, X BAREDLE— /> Hi ik S B EE M0 6 1 i B —
N, fEt_stateiX B AHTCPS_LISTENLLfG, TF_NOPUSHFITF_NOOPTIX M/ M hrdids
250\ T 46 11 S B HT RO 4 O

tp->t_flags |= tp0->t_flags & (TF_NOPUSH|TF_NOOPT) ;

Hrptpo & 45 YWMTHE O tcpcbfy B 3h 28 &,
E2HTASTII S 344~345f 7+ tcp doopt ions i 2k A3 018 A F51(10.995) .
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if (optp && tp->t_state != TCPS_LISTEN)
tcp_dooptions (tp, optp, optlen, ti, &to);

11.3 HpHw

A LT BT (5255 748 GO A — TR S R R BB T . X R
EHRAEM A TITFRE, WFEAccp_inputw {98 B8 EE 0 . B11-354H
THNRE .

- tep_input.c
398 if (tp->t_state == TCPS_ESTABLISHED &&
399 (tiflags & (TH_SYN | TH_FIN | TH_RST | TH_URG | TH_ACK)) == TH_ACK &&
400 ((tp->t_flags & (TF_SENDSYN | TF_SENDFIN)) == 0) &&
401 ((to.to_flag & TOF_TS) == 0 ||
402 TSTMP_GEQ (to.to_tsval, tp->ts_recent)) &&
403 S
404 * Using the CC option is compulsory if once started:
405 ® the segment is OK if no T/TCP was negotiated or
406 X if the segment has a CC option equal to CCrecv
407 *x/
408 ((tp->t_flags & (TF_REQ_CC | TF_RCVD_CC)) != (TF_REQ_CC | TF_RCVD_cC) ||
409 (to.to_flag & TOF_CC) != 0 && to.to_cc == tp->cc_recv) &&
410 ti->ti_seq == tp->rcv_nxt &&
411 tiwin && tiwin == tp->snd_wnd &&
412 tp->snd_nxt == tp->snd_max) {
413 v
414 * If last ACK falls within this segment’s sequence numbers,
415 * record the timestamp.
416 * NOTE that the test is modified according to the latest
417 * proposal of the tcplw@cray.com list (Braden 1993/04/26).
418 ® I
419 if ((to.to_flag & TOF_TS) != 0 &&
420 SEQ_LEQ(ti->ti_seq, tp->last_ack_sent)) {
421 tp->ts_recent_age = tcp_now;
422 tp->ts_recent = to.to_tsval;
423 } )
tep_input.c
E11-3 tcp input: A& ] Ll R &S
1. 45 E B e tR 2 b s % A
400 X BYE —TifEdot AR IETF_SENDSYNFITF_SENDF INprb & & [Al i Ab TR MR A
2. fe A i) ik 0 Chun 2R A7 1)

401-402 FE2HESSB%&/GHItcp_dooptions A XHIE: A HMiAts_present,
fiAMiKto_flaghJTOF_TSHrabfr, H H ALK w AL, EMELEo_tsvalifif
&ts_valr,

3. R EHT/TCP, #EUFCC
403-409 fJa, WA SERT/TCPH i (FRA1ZRACCETT, (B % —mmidf kik, S&EK
IHRA R A oK), Wi EMRGkEEE T, MR TT/TCP, MK AR SCBR Lo E —
ACCieT, HCClHMM% Fee_recvili, XA 4RSI £,

A 1A EAEF M T/TCPH 5 o A~ B 45 % A B S8 P, RUOAE — R B /M T/TCPHR SCB
R, HEBRRIR AR SCBHE R A I R E(SYNFIFIN), X 25 (6 B 11-3h 758 35k 2
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W, XLET/TCPR XBt tcp_inputfy{%lE kb8, B, fERXFFT/TCPIIMAEHLZ
TR 1 4 (f5 Ao A At P B 12636 ) T LA FICCRE BT, M i BB T e 225 .

4. EkcEm R IRE Hits_recent
413-423 ts_recentB&HHIZEHMINIR S5E2ET48THIHEITI~-3727 i AR, E11-3
Hh R B A D JiL R A 45 256 694 ~695 T A FEAHALA .

1.4 WHHITFHREZ

AN BB E2HTSSTRY 2 AR . L TLISTENAR AR D A0 2B i 2 /Y
SYNHI ALY B Ja — #0700 XA 24 Rk 55 25 AN — % P B W B — 4~ SY NI 8 30 4T IF 19
JAE) (AR EE B2 TS3~TS4 T AR RS T TR LA RRD) . B11-425H Tix B
(AT =115 8

tcp_input.c

545 tp->t_template = tcp_template(tp);

546 if (tp->t_template == 0) {

547 tp = tcp_drop(tp, ENOBUFS) ;

548 " dropsocket = 0; /* socket is already gone */

549 goto drop;

550 }

551 if ((taop = tcp_gettaocache(inp)) == NULL) ({

552 taop = &tao_noncached;

553 bzero (taop, sizeof (*taop));

554 }

555 if (optp)

556 tcp_dooptions(tp, optp, optlen, ti, &to);

557 if (iss)

558 tp->iss = iss;

559 else

560 tp->iss = tcp_iss:

561 tcp_iss += TCP_ISSINCR / 4;

562 tp->irs = ti->ti_seq;

563 tcp_sendseqginit (tp) ;

564 tcp_rcvseginit (tp) ;

565 /*

566 * Initialization of the tcpcb for transaction:

567 * set SND.WND = SEG.WND,

568 * initialize CCsend and CCrecv.

569 */

570 tp->snd_wnd = tiwin; /* initial send-window */

571 tp->cc_send = CC_INC (tcp_ccgen) ;

572 tp->cc_recv = to.to_cc; i
tcp_input.c

E11-4 tcp input: TAOIZFIL, #AAILEE RIS

1. HU% P i) TAO i 55 i
551-554 tcp_gettaocachefRIEK FumfITAOILRI, AREAHIKE], EL2IIXED
OfFEM B aAE &,

2. bR RSB AR AL
555-564 tcp_dooptionsiCEEATA MET(H FERLFLISTENRE, XA EEIELZ
Al SRR . WIEAREFSEss)miEERTF S (1rs), HHlSh A Fo 2 & 4D
Htcp sendseqginitflitcp rcvseqginiti#FTHI4A1L.
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3. WA E
565-570 tiwing7EHUCHEISYNrhl% w45 e 0 G258 742~74301), EA N
FIMGEIE R AT D, @%, REFHE-HFHKS TN AACKHIHR CBA X EH(E2
$7857)., AT/TCPEF|HATKFIMISYNIR XBRPMAEE AE, IEXTRICBEALE
ACK, X/~% 0 B20 3 AR 55 5 v 25 1 B Bt wTLASE B & 38 45 & P i O 48 A % /0 (T/TCPZE #ii
R/ =R SCBEISE 2R SCED) .

4. ¥t ¥icc _sendflicc_recv
571-572 cc_sendi% & Atcp ccgenffl, H B AR CCEFIE, Mlcc_recvik & AHCCIE.
IR CCIRIAATFIE, B TR — Tt E L toftafe A0, Fillce recvilR&OCKE ).

P 11-5 %W B {4 SC BT TAOTI IR

5. i TAOMIiA
573-587 {UXAEHR B & A CCIETM A #HFTTAOMIK . an R FIAICCEIEOE KT
%% Pl A7 E(tao_cc), NITAOMIA L.

6. TAOMIABR Ty ; W HI% 1ot TAOLE 7
588-594 IXAK FURMIEAFEATER, Jf B ERAR &R B HESTABLISHED * (B ik
SEBEMENILTHIRE, EZ28A¥ERPMERE).

7. R SE R R K IKEACK
595-606 WHRHRSCBCPFREFIN, S anfARoCBrh R HE, B2 % Pk R T4 6E
T/TCPR 4Bl M sendto, Hi¥§EMSC EOF, fFH ZRiAREIAHconnect, writefll
shutdown), fEXFEN T, ACKERER KK, LAHELILIR S 3% R 2 e 15 ik 55 2% 25 tH Y
SYN/ACK,

= o tep_input.c
574 * Perform TAO test on incoming CC (SEG.CC) option, if any.
S5 * - compare SEG.CC against cached CC from the same host,

576 * if any. ‘

577 * - if SEG.CC > cached value, SYN must be new and is accepted
578 * immediately: save new CC in the cache, mark the socket
579 * connected, enter ESTABLISHED state, turn on flag to

580 * send a SYN in the next segment.

581 * A virtual advertised window is set in rcv_adv to

582 * 1initialize SWS prevention. Then enter normal segment

583 * processing: drop SYN, process data and FIN.

584 * - otherwise do a normal 3-way handshake.

585 wy

586 if ((to.to_flag & TOF_CC) != 0) {

587 if (taop->tao_cc != 0 && CC_GT(to.to_cc, taop->tao_cc)) {
588 /%

589 * There was a CC option on the received SYN

590 * and the TAO test succeeded.

591 */

592 tcpstat. tecps_taook++;

593 taop->tao_cc = to.to_cc;

594 tp->t_state = TCPS_ESTABLISHED;

595 f*

596 * If there is a FIN, or if there is data and the

597 * connection is local, then delay SYN,ACK(SYN) in

E11-5 tep input. XTI SCE AT TAOM K
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598 * the hope of piggybacking it on a response

599 : * segment. Otherwise must send ACK now in case
600 * the other side is slow starting.

601 LV

602 if ((tiflags & TH_FIN) ||

603 (ti->ti_len != 0 && in_localaddr (inp->inp_£faddr)))
604 tp->t_flags |= (TF_DELACK | TF_SENDSYN) ;

605 else

606 tp->t_flags |= (TF_ACKNOW | TF_SENDSYN) ;

607 tp->rcv_adv += tp->rcv_wnd;

608 tcpstat. tcps_connects++;

609 soisconnected(so) ;

610 tp->t_timer [TCPT_KEEP] = TCPTV_KEEP_INIT;

611 dropsocket = 0; /* committed to socket */
612 tcpstat.tcps_accepts++;

613 goto trimthenstep6;

614 } else if (taop->tao_cc != 0)

615 tgpstat.tcps_taofai1++;

tep_input.c
11-5 (%)

RFINfrE R E, (LR CBE PR ERE, B4l THICB RS TSYNFRE,
XBHTRERE P A RN LM CBEBIEPOE B, EXMERLT, AR AEAR
WM d(in_localaddr SR A AYAO), Xt E AR P el GEAL T2 BahikE, #ilA
FIEIE,

8. it¥rcv _adv
607 rcv_adviE ok BT EECGE & B T P 1 G2 I 24-28), (HREAEE11-4d )%
tcp_rcevseginitfH MBI ABYIFFIS ., EXACE A L, rev_wnd¥&Hh N E
WEEGFIAR/NEE2ETS2T), X4, Wrev_wndiiBlrev_advllfg, J5&RIEFEH Y470
BKHE N, rev_advéF{EX BT, BATHEZERECcp_output (MR E O
BEGHLEI R (258 700T0), rev_advittcp_outputtRERMIRE, EFEEMEREE -1
WM (fEX BN IZERS SR P mSYNRIN RSYN/ACK), HE/ET/TCPH,
rcv_adviFEfEtep_output gt iTHE —RixE, BANMAIGEENT KEE — 1RO
AR E R .

9. 5K E%

608-609 #ilitcps connectsHlififlsoisconnectedifi # & EEEIE = kB FHIIE
SR BRI T CE2E 77450, BESRERED LK, ET/TCPH X MMIT X R PIE,
610-613 EFEHETEMBILEASTSF, dropsockedprBE ik B AHO, M THRER
trimthenstep6l4r X,

E11-625 T fELISTENR Z& A4 1 W B — 4> SYNIR iy S AL BRARRS

tep_input.c
616 } else {
617 7 %
618 * No CC option, but maybe CCnew:
619 * invalidate cached wvalue.
620 * )
621 taop->tao_cc = 0;
622 }

F11-6 tcp input. LISTENAbER. 745 CCE s TAOMIIK 2 W
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623 1%
624 * TAO test failed or there was no CC option,
625 * do a standard 3-way handshake.
626 L1y
627 tp->t_flags |= TF_ACKNOW;
628 tp->t_state = TCPS_SYN_RECEIVED;
629 tp->t_timer [TCPT_KEEP] = TCPTV_KEEP_INIT;
630 dropsocket = 0; /* committed to socket */
631 tcpstat.tcps_accepts++;
632 goto trimthenstepé6;
633 }

E11-6 (&%)

10. JLCCET; ZAF Bt E ACCORE X
612-622 YCCEIATFER, PhiTelseiff(E11-5%F A1 fi5MTE). ZHFPHICCH
BB AOBNARE SO IR iZBERF T ZBMR B h & A CCnewE T, N2 = kil Fid B 5K
PAJG B H R 7 AICCIE (B 11-14),

11. SLRRAT =K T
623-633 ITEIX A, BELMLBHEACCEN, BELACCETETAOMK LK. 7+
Ef—FiER T, SERPTZKEFER. MRAHRGTS5E2hE28-1THEGEH > %L

—F: X ETF_ACKNOWHRE,

1.5 FZITHAHBZ

T—AcaseSYN_SENTRZE, TCPLHIKEL —SYN(—KEITIH), HIAERLHE

tep_input.c

REFEAHSYN_RCVDIRE, XHt&LAIZESYN/ACK,

MR &M% . BI-T4H TBBRFRE —isr . HMAINet/3REME2HE 75T 4.
=i = tcp_input.c
635 * If the state is SYN_SENT: )

636 * if seg contains an ACK, but not for our SYN, drop the input.
637 * 1if seg contains a RST, then drop the connection.

638 * if seg does not contain SYN, then drop it.

639 * Otherwise this is an acceptable SYN segment

640 * initialize tp->rcv_nxt and tp->irs

641 * 1if seg contains ack then advance tp->snd_una

642 * 1if SYN has been acked change to ESTABLISHED else SYN_RCVD state
643 * arrange for segment to be acked (eventually)

644 * continue processing rest of data/controls, beginning with URG
645 2

646 case TCPS_SYN_SENT:

647 if ((taop = tcp_gettaocache(inp)) == NULL) {

648 taop = &tao_noncached;

649 bzero(taop, sizeof(*taop));

650 }

651 if ((tiflags & TH_ACK) &&

652 (SEQ_LEQ(ti->ti_ack, tp->iss) ||

653 SEQ GT(ti->ti_ack, tp->snd_max))) {

654 il

655 * If we have a cached CCsent for the remote host,

656 * hence we haven’t just crashed and restarted,

657 * do not send a RST. This may be a retransmission

E11-7 tep input: fESYN_SENTAR AR #IAEALEE
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658 * from the other side after our earlier ACK was lost.
659 : * Our new SYN, when it arrives, will serve as the
660 * needed ACK.

661 x/

662 if (taop->tao_ccsent != 0)

663 goto drop;

664 else

665 goto dropwithreset;

666 }

667 if (tiflags & TH_RST) {

668 if (tiflags & TH_ACK)

669 tp = tcp_drop(tp, ECONNREFUSED) ;

670 goto drop;

671 }

672 if ((tiflags & TH_SYN) == 0)

673 goto drop;

674 tp->snd_wnd = ti->ti_win; /* initial send window */
675 tp->cc_recv = to.to_cc; /* foreign CC */

676 tp->irs = ti->ti_seq;

677 tcp_rcvseginit (tp) ;
- tep_input.c

BE11-7 (58)

1. FRTAOZE £ 5% Bl
647-650 HUZARSTEFMITAOZAFICFKI., HATM BN A IELSYN, RiZA Al 55,

2. WP AN IE B ACK
651-666 4R CEBH L EFACK, {H& H il T B ERCN &2 FE28-19%} i 47 LL ey
LA FEMIRGR), NP EmEB T 208 AhiZENLERF Ttao_cesent, MR
cc_ccsentqE0, M EFIZRICEE, MAKIERST, XA CHE P TR EREES-THHIbRS
4 “discard” 4b, {H#ZnRtao_ccsent A0, FMEFILM LB, HEKXRST, XEFEIZRE
R A IEBHACK 1 % TCPHi J

3. KXAFRST
667-671 WRIBWFIAFIIRSCB PR E TRSThRE, MIEFMCB, B, ankikE TACK
Frik, WIEBA AR 55 2 AU TCPE: ahiE a3k 4% , H- ¥ ECONNREFUSEDH; iRk [l 45 T FHE#2 .

4. P ESYN
672-673 WIRSYNfRBEAIRE, MEFHRCE.
674-677 fiHAEHE ik E AR CEFEENENEE, Hce_recvik B AFNHIFICC
[EENRCCETIALFAE, $A0), irs&MBEKIT S, Ztep_rcvseginitxH &l
WA R TR RA L.

RGP AT T X, RETEGHRCBEPRE —4 X & SYNHI#HIAACKGH F
O T), S & GACKERER AT H U RN E T RIS A0 k). B85 H T
I H IS O

- - tep_input.c
678 if (tiflags & TH_ACK) {
679 ¥
680 * OQur SYN was acked. If segment contains CCecho
681 * option, check it to make sure this segment really

#11-8 tecp input. fESYN_SENTIRZAALFESYN/ACKI Ry
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682 * matches our SYN. If not, just drop it as old

683 * duplicate, but send an RST if we’re still playing

684 * by the old rules.

685 LV

686 if ((to.to_flag & TOF_CCECHO) &&

687 tp->cc_send != to.to_ccecho) {

688 if (taop->tao_ccsent != 0) ({

689 tcpstat.tcps_badccecho++;

690 goto drop;

691 } else

692 goto dropwithreset;

693 }

694 tcpstat. tcps_connects++;

695 soisconnected (so) ;

696 /* Do window scaling on this connection? */

697 if ((tp->t_flags & (TF_RCVD_SCALE I TF_REQ_SCALE)) ==

698 (TF_RCVD_SCALE | TF_REQ_SCALE)) {

699 tp->snd_scale = tp->requested_s_scale;

700 tp->rcv_scale = tp->request_r_scale;

701 }

702 /* Segment is acceptable, update cache if undefined. */

703 if (taop->tao_ccsent == 0)

704 taop->tao_ccsent = to.to_ccecho;

705 tp->rcv_adv += tp->rcv_wnd;

706 tp->snd_una++; /* SYN is acked */

707 I*

708 * If there’s data, delay ACK; if there’s also a FIN

709 * ACKNOW will be turned on later.

710 */

711 if (ti->ti_len != 0)

712 tp->t_flags |= TF_DELACK;

713 else

714 tp->t_flags |= TF_ACKNOW;

715 /*

716 * Received <SYN,ACK> in SYN_SENT[*] state.

717 * Transitions:

718 * SYN_SENT --> ESTABLISHED

719 * SYN_SENT* --> FIN_WAIT_1

720 */ !

721 if (tp->t_flags & TF_SENDFIN) {

722 tp->t_state = TCPS_FIN_WAIT_ 1;

723 tp->t_flags &= ~TF_SENDFIN;

724 tiflags &= “TH_SYN;

T2 } else

726 tp->t_state = TCPS_ESTABLISHED; -

tep_input.c
BE11-8 (%)
5. ACKhri& 2 FTIF Y

678 WRACKERELTHARE, BATNEL-THAtL_ackMiXaTLA%E, ACK#IA T K

frIHISYN,

6. ¥4 CCechoffi JE L {7 1E
679-693 AR ICBHEE T CCechoit M, {HCCechofJ{H S5k HAIAHMEE, W EFiX
o B (BRAE S —vm R A, BN, BAELWE THEFASYNIIACK, FrLAXZE “RA
ZEAERT ), WRBNHEA Ki%TCCET(tao_ccsent £0), HBAERIERST,
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7. BRI 11 A O R R AL B AT 1 0
694-701 #f OARIC HC 2R ER:, 6 09 LA b FE (AR A1),

Bob Braden#) T/TCPE A 44 4%, A~ M 7 MK CCechofi Z AT 3t #ATiX 474K 45 ,

8. R AE L, MEHTAOLE
702-704 IRICBRTUARERZ, XKE, WX AARS S HITAOZ A7 %A & L (FlanE FEH B
T, HERET —/CCnewstIi), FHfi1stHEEKFHICCechofd (4R CCechoitTHALEE, B
HI{E A 0) H AT B # .

9. XBrcv_adv
705-706 Hiircv_adv, fnE11-4frR, ERHIISYNERMIAG, snd una(E AL
/S 5 E) il .

10. #Z MR K EACK
707-714 ARARS BWERSYNAR KX EYE, IIRNBREREKEACK; TN, SrEIKH
ACK(H Ay ix 1R T At = kB iR S8 SRS BY) . BB R XEACKERE A, anfikss 2 &k
FISYNrR &L E TR, 4RSS @R ATREIE/E(EFHT/TCP, X AEtIR vl fEAE S HEH 3 55 S
RO, HPaERARMERIE, XMtiEa B E AR EACK, (AR XA B+ [E
I 4 2 5 AR 25 2% I FIN (e /Y = 4R SCERT/TCPAS e fp 958 AN R SCBY), B 11-18 R iy ARES &5
FTHTF_ACKNOWHrE, LAESLHIAIZACK,
715-726 FHf1Ailit stateZFTCPS SYN SENT, {HAEFEHEIRSIETF SENDFINH,
TR, WATHWRE LI EESYN_SENT*, EXxMFER T, RMAMRKREETH
FIN_WAIT_1RZ (4R FE BRFC 1644 [ REBTEEERTLAE H, X% EEMRTREE T
HIZH A, FESYN_SENT*R A FHREKFISYNEEZS TR FIN_WAIT_1RR A, WX SYNFJACKIN]
AT FFIN_WAIT_1IR ).

xRz T E11-8FF ki £ el se RS anE 11-9F /R . “EX PR P Rl IHAT . Fe 1%
T—/SYN, REWE T —MEEACKIISYN, X /NERL T 4258758 T I8 581~58217,

727 } else { top_npuL.e
728 /*

729 * Simultaneous open.

730 * Received initial SYN in SYN-SENT[*] state.

731 * If segment contains CC option and there is a

732 * cached CC, apply TAO test; if it succeeds,

733 * connection is half-synchronized.

734 * Otherwise, do 3-way handshake:

735 * SYN-SENT -> SYN-RECEIVED

736 * SYN-SENT* -> SYN-RECEIVED*

737 * If there was no CC option, clear cached CC value.

738 */

739 tp->t_flags |= TF_ACKNOW;

740 tp->t_timer [TCPT_REXMT] = 0;

741 if (to.to_flag & TOF_CC) {

742 if (taop->tao_cc != 0 && CC_GT(to.to_cc, taop->tao_cc)) {
743 il

744 * update cache and make transition:

745 * SYN-SENT -> ESTABLISHED*

746 x SYN-SENT* -> FIN-WAIT-1*

E11-9 tcp input: [RINFTIF
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747 *f

748 tcpstat.tcps_taook++;

749 taop->tao_cc = to.to_cc;

750 if (tp->t_flags & TF_SENDFIN) {

751 tp->t_state = TCPS_FIN_WAIT_1;

752 tp->t_flags &= ~TF_SENDFIN;

753 } else

754 tp->t_state = TCPS_ESTABLISHED;

755 tp->t_flags |= TF_SENDSYN;

756 } else {

757 tp->t_state = TCPS_SYN_RECEIVED;

758 if (taop->tao_cc != 0)

759 tcpstat.tcps_taofail++;

760 }

761 } else {

762 /* CCnew or no option => invalidate cache */

763 taop->tao_cc = 0;

764 tp->t_state = TCPS_SYN_RECEIVED;

765 }

766 } "

tep_input.c
B11-9 (%)
11. 7. BTACKRIG P 4% o} 2%

739-740 SrHI%RMACK, JEHEH B ER 28, R EN M, (Bl FTF_ACKNOW
brB&IRE TH, fEtep_inputfREE M A Htcp_output, ERIXACKE, HAELE
—/EIEF YN EA R H HABEMIA, Bz EiE k.

12. AT TAOMI i
741-755 MRMHMXBHEERCCEL, LM EHRTTAOMK: ZHFME(tao_co)biiiE
0, #EWFIMCCHELAMATEMATIIE., anfilad TTAOMIRK, 2471 E st % H I FICC
(BT BT, X Z 2 MSYN_SENTHR A48 1L F|ESTABLISHED*{R &, %2, MSYN_SNET*1k
AT FIFIN_WAIT_ 1R 4, :

13. TAOMI i K We sk 2 41 CCE I
756-765 MR TAOMIK KW, HAREHZESYN_RCVD, AREEAFCCET, NTAOLZ T
PINZAEBOCKE L), FREHZESYN_RCVD,

E11-1045H Thr5 Atrimthenstep6 S EL, R EALHELISTENAR & 45 st 19—/
S R(ENL-5), XA A s O B 255 759 1 & il iy .

767 trimthenstep6: bep_tnputs
768 1%

769 * Advance ti->ti_seq to correspond to first data byte.
770 * If data, trim to stay within window,

771 * dropping FIN if necessary.

772 L4

773 ti->ti_seq++;

774 if (ti->ti_len > tp->rcv_wnd) {

775 todrop = ti->ti_len - tp->rcv_wnd;

776 m_adj (m, -todrop):;

777 ti->ti_len = tp->rcv_wnd;

778 tiflags &= “TH_FIN;

El11-10 tep_input. ZbERZEEZNEMEITIH G TR trinthenstepe fRIDE
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779 tcpstat.tcps_rcvpackafterwin++;

780 . tcpstat.tcps_rcvbyteafterwin += todrop;

781 }

782 tp->snd_wll = ti->ti_seqg - 1;

783 tp->rcv_up = ti->ti_seq;

784 I

785 * Client side of transaction: already sent SYN and data.

786 * If the remote host used T/TCP to validate the SYN,

787 * our data will be ACK’d; if so, enter normal data segment

788 * processing in the middle of step 5, ack processing.

789 * Otherwise, goto step 6.

790 */

791 if (tiflags & TH_ACK)

792 goto processack;

793 goto step6; i

tep_input.c

BE11-10 (£7)

14. 2% r o WA Zkd ACK LB
784-793 ARACKERESTIF, Bl FH LA mE fom. b, HRIMTREMSYN
38 TACK, {12 MSYN_SENTRERTE Y ATRER, MR MLISTENR B TRM.
EXFMEI T, BIARERITstepesy32, FAAFES 2Bkt X ACKRI L HE B (LI 11-1),
i gn R FAIAES YN SC B o RGK T8t sb T A B R ACK R AT Ab B (R B TCP & 7R X B
Pkt Xt ACKATACHE £, oA EMRA ZFESYN—E R IA 5.

R R T — A SRR T/TCPH N . %, 28 7S3TH kI switchiffmh R
ALISTENFISYN_SENTAR &IX P/~ case b #E AR Gk # i L B AT 1 #BRITAI Ay 231 ), T/TCPH4
M TLAST_ACK, CLOSINGFITIME_WAITIR & X = Bt casefbB{CRY, anE11-11Fm,

— P tcp_input.c
795 * If the state is LAST_ACK or CLOSING or TIME_WAIT:

796 * if segment contains a SYN and CC [not CCnew] option

797 * and peer understands T/TCP (cc_recv != 0):

798 L if state == TIME WAIT and connection duration > MSL,
799 b drop packet and send RST;

800 %

801 * if SEG.CC > CCrecv then is new SYN, and can implicitly

802 * ack the FIN (and data) in retransmission queue.

803 * Complete close and delete TCPCB. Then reprocess
804 * segment, hoping to find new TCPCB in LISTEN state;
805 %

806 * else must be old SYN; drop it.

807 * else do normal processing.

808 *y

809 case TCPS_LAST_ACK:

810 case TCPS_CLOSING:

811 case TCPS_TIME_WAIT:

812 if ((tiflags & TH_SYN) &&

813 (to.to_flag & TOF_CC) && tp->cc_recv != 0) {

814 if (tp->t_state == TCPS_TIME_WAIT &&

815 tp->t_duration > TCPTV_MSL)

8l6 goto dropwithreset;

817 if (CC_GT(to.to_cc, tp->cc_recv)) |

818 tp = tcp_close (tp);

E11-11 tcp input: LAST_ACK, CLOSINGFITIME_WAITHR 21 f) dG b PR
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819 tcpstat.tcps_impliedack++;

820 goto findpcb;

821 } else

822 goto drop;

823 }

824 break; /* continue normal processing */
825 }

tep_input.c

E11-11 (&%)

812-813 NAEHKWIIMRICEFEE TSYNMCCET, HH#KNCLHIETINESRSF
CCfEi(cc_recvik0), AhATH TRAVEANIL. RsmEEEA=FREZ—, TCPELAH
T—/FIN, FHH:UE|—AFIN(E2-6), fELAST_ACKHICLOSINGIRE T, TCP%:{F3tH ot
KFINFJACK,, FrLAZ AT RN AE TIME_WAITAR & FYCEIHTAIS Y NI & 7 m] LA %e 4 b i
WITIME_WAITHR &, ¥ fELAST_ACKZCLOSINGIRA T E — P HISYNE G s &/
{r18r % X FINRJACK,
15. R FEEEI (] K T MSLAEA SC VP I TIME _WAIT AR &
814-816 il , AL TTIME_WAITIRZE T HYE R LU BT S YNRY (525 765~766 1), iX
A& AR TE AT 38 R 10 R GEFT VT TN BI TIME_WAITARZE, /0 MNET/1LLfE kX # T
CE1H @18 SR E UL T X —Feth) . AnREHAL T TIME_WAITAR &0 ¢S il K
MSL, LERMEEAET/TCPHREARTIFRY, XA IERST, AT/ 4 17 B AR
16. FISYNRIAFE MR A ACK
817-820 ZARBWEIMCCIEKR TEAFHICCHE, MTAOMK B IH(BIXE—HHISYN), X
b 2 AT ESE, |k TEindpcbsyr 3, EHE|— ML TLISTENAR Z5 A 46 1 ok 40 HL T
MISYN, BE4-745H 7RSS 846 DB —A B+, fERCEER&HIACKRE:, #114FLAST_ACK

1.6 PAWS. BjItFEEE

255740 TUATPAW SR % A 28 (b —— b R AL BE I R B AR F5 . B 11- 12 BR i MR 7 i
LEi AR Z FE AT, JeiEsicEIfCC,

po— P tep_input.c
861 * T/TCP mechanism:

862 * If T/TCP was negotiated, and the segment doesn’'t have CC

863 * or if its CC is wrong, then drop the segment.

864 * RST segments do not have to comply with this.

865 /)

866 if ((tp->t_flags & (TF_REQ CC | TF_RCVD_CC)) == (TF_REQ_CC | TF_RCVD_CC) &&
867 ((to.to_flag & TOF_CC) == 0 || tp->cc_recv != to.to_cc) &&

868 (tiflags & TH_RST) == 0) {

869 tcpstat.tcps_ccdrop++;

870 goto dropafterack;

871 }

tep_input.c
E11-12 tcp input: EHFEWEIFICC .

860-871 U RfEHT/TCP(TF_REQ_CCHITF_RCVD_CCETARIRHTIF) , XMW /4R 3¢
Bt W & CCHEI, HCCIELMF T &R MME(cc_recv); TN, RICBALH E



$H1l% T/TCPEH: TCPH A 115

qwy, EEFARESMFIN, FARA BEZHRTBEATFERMIN . mRHR B A& TRST,
SEAE TR, FOUFRCBR 1R SC B A oA ORI mT AR RS TREFTALEE

11.7 ACK#4hI2

E&E2ETII |, RSTROEE S, RACKEREEAITH, B EF, X2
TCPALHE I FE, T/TCPR&ARix— 5, @ 11-13f1%,

T e tcp_input.c

1025 * If the ACK bit is off: if in SYN-RECEIVED state or SENDSYN

1026 * flag is on (half-synchronized state), then queue data for

1027 * later processing; else drop segment and return.

1028 */

1029 if ((tiflags & TH_ACK) == 0) {

1030 if (tp->t_state == TCPS_SYN_RECEIVED ||

1031 (tp->t_flags & TF_SENDSYN) )

1032 goto steﬁS;

1033 else

1034 goto drop;

1035 } ) :
tep_input.c

E11-13 tcp_input: ACEEEAHACKERERIHR SCE

1024-1035 RACKFREXH, HHERELSYN_RCVD, ##TF SESNDSYNfREST I
(BERIZE), WHhfrstep6sy 3, AR EFILMCE., XAEBACHEM A ERR A, 0
F—ADSYNZJG, A ACKH B He 3T BT 3% H 1 U8 (1511 el 3-9 79 58 24 S BEFNSE 340 SCBY) .

11.8  SEMH BT FERHTFF

AR 298 —FE, AREEXFACKHEATALBE . 55774 51 K o AR IA 2 — READ (I BRES
80617), {H A& 11-14ffCRDAEF I p 8 13~81577, XM AL TSYN_RCVDARZ, ALELAY
e TR IR E TG — N ACK,, X R 1EMR % 2% b sery # Blab i f

L AR CCARE S, BB
1057-1064 EPUX X FmAITAOIL RN, AR A HICCEAOGRE S0, NI H Ik F
WICCIESE# . R, RAEZRFIEARE A ST ERIRIE, BBATHE, E11-68 LR 1E
CCRETAAFAER it tao_ccik BAOCGXFE, 4= kiR T2 Bl sk b T ). (B2 4n
RTAOMIK KW, sk A& Edtao_ccWE, JFEXAIEER LW T —4 %F 1
SYN, AJ5l@gkfrtao_cclyeE, Ak I{EE4-11HFTE,

2. BT HFARE
1065-1074 JMSYN_RCVDIRAEZTHIESTABLISHEDR A, RARS &% = ki F ot B m
HHTCPRERT. HAHECLMAMSC_EOFFRE XM TH FREMHERE, EHREMN
SYN_RCVD*25 1 F F|FIN_WAIT_11{R &,

tep_input.c
1057 V
1058 * Upon successful completion of 3-way handshake,
1059 * ypdate cache.CC if it was undefined, pass any queued
1060 * data to the user, and advance state appropriately.

E11-14 tcp_input: #zhFT FF sk RHT I 52 K
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1061 */
1062 if ((taop = tcp_gettaocache(inp)) != NULL &&
1063 taop->tao_cc == 0)
1064 taop->tao_cc = tp->cc_recv;
1065 /*
1066 * Make transitions:
1067 ¥ SYN-RECEIVED -> ESTABLISHED
1068 * SYN-RECEIVED* -> FIN-WAIT-1
1069 */
1070 if (tp->t_flags & TF_SENDFIN) {
1071 tp->t_state = TCPS_FIN_WAIT_ 1;
1072 tp->t_flags &= ~TF_SENDFIN;
1073 } else
1074 tp->t_state = TCPS_ESTABLISHED;
1075 *
1076 * If segment contains data or FIN, will call tcp_reass()
1077 * later; if not, do so now to pass queued data to user.
1078 *yf
1079 if (ti->ti_len == 0 && (tiflags & TH_FIN) == 0)
1080 (void) tcp_reass(tp, (struct tcpiphdr *) 0,
1081 (struct mbuf *) 0);
1082 tp->snd_wll = ti->ti_seqg - 1;
1083 /* fall into ... */ .
tcp_input.c
11-14 (&%)
3. K B SR FIN

1075-1081 ARARCEPRE A BIEFINGRE , 4 TEbRS hdodatafty fordf7uk 214 A
Z:TCP_REASS([u] i Bl 11- 1) B i 5 148 H P b RE . B2 790145 HH T AR S dodatakbxt
XA, XBRIAET/TCPHEA kL, S EMFAtcp_reass, B A2%h
0, PFBAZ H 1 BT A B0 9528 148 F P dE R

11.9 ACKAhE ()

Prod MR PRIE I R (B20029 4D IR FFAE . B 11- 1S RIS A FEB 258779 T/
899~90047 Z[Hl,

s P tcp_input.c
1169 * If we reach this point, ACK is not a duplicate,
1170 W i.e., it ACKs something we sent.
1171 */
1172 if (tp->t_flags & TF_SENDSYN) ({
1173 fix
1174 * T/TCP: Connection was half-synchronized, and our
1175 * SYN has been ACK’d (so connection is now fully
1176 * synchronized). Go to non-starred state and
1177 * increment snd_una for ACK of SYN.
1178 *y
1179 tp->t_flags &= “TF_SENDSYN;
1180 tp->snd_una++;
1181 }
1182 processack:
tep_input.c

K 11-15 tcp input: ANSETF SENDSYN{TIHF [, st %M
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1. XM Bk B bR i TF_SENDSYN
1168-1181 HURRAHCR BbrETF_SENDSYNIL FATFRIRA, ISR Li, 1 R b
FIFACKFIA T2 KkE M —2 R0, EHCAHEEFEY. FASYNESHFIMIA,
HHSYNE R T 171+ 540, snd_unaknl,

P 11- 1645 77 #5245 780~781 T [1926~9277 Il ,

10 o tep_input.c

1211 * If no data (only SYN) was ACK'd,

1232 e skip rest of ACK processing.

1213 */

1214 if (acked == 0)

1215 goto stepé6; .
tcp_input.c

E11-16 tcp_input: 40%% A Bk ACK:E Bk FIACK AL B o #

2. IR BAT W BARIIACK, Bkl 3 4 A CK b B it A2
1210-1215 A A AR AIRA TR A IS YN H T #iik), ACKALEE T B TI4x 4
Sy aRBkit 25, Bkid FeiAb R A R HE T I HH 2L T 10 R A3 BB IA SR M R R A p R

ZR M AAALA 5 LAT/ITCPY AR e, ZHET A1412F 6 RE TR GH—A

A2 HG, EARELEZNOR S BR AT AEAANATEFRERARFRES, AR —

AR

AN 1-17F7 1%, FH TG 209 E29- 1270 (40 RS . X 3547140 FCLOSING:
B ACK T, AbPREE R AR AT TR TIME_WAIT, T/TCP i &k kr
TIME_WAITH: 2 (1.4.47).,

1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283

tep_input.c

* In CLOSING STATE in addition to the processing for
* the ESTABLISHED state if the ACK acknowledges our FIN
* then enter the TIME-WAIT state, otherwise ignore
* the segment.
* i
case TCPS_CLOSING:
if (ourfinisacked) ({
tp->t_state = TCPS_TIME WAIT;
tcp_canceltimers (tp) ;
/* Shorten TIME_WAIT [RFC 1644, p.28] */

if (tp->cec_recv != 0 && tp->t_duration < TCPTV_MSL)
tp->t_timexr [TCPT_2MSL] = tp->t_rxtcur * TCPTV_TWTRUNC;
else
tp->t_timer [TCPT_2MSL] = 2 * TCPTV_MSL;

soisdisconnected (so) ;

}
break;

tep_input.c

E11-17 tcp input: fECLOSINGHR&IFIACK: 1% ETIME_WAITER &

1276-1280 nRBATI Fhn Sl B — A~ CCIE, I HIEHRI R EEit [a] 0 TMSL, ix it
TIME_WAIT £ b} &5 gk 1% & 4 24 5 & 58I AU TCPTV_TWTRUNC(8)f%, &0, TIME_WAITE
I 2% 1 B4 H R 25 MSL,
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11.10 FINAbIZ

TCPHi AKCBR A HE T A1 =305y BTG N &R, 58 S B AN Bt Ab D (£ T/TCP
H BB A S (BT R 11-1), el Bi2A029.9%1, 4nRiXE TFINFRE, (HEAF5 2 miyas
i, EASEHHIN, IB— bR e T iEBRFINGRE. Bk, 78X BN EEFING 2

SEFFWRIAN,

FINL B B 5 — AN (b anE 11- 18 Fok . X A sic Al TR 791 TR 112317,

T = tcp_input.c

1408 * If FIN is received ACK the FIN and let the user know

1409 * that the connection is closing.

1410 */

1411 if (tiflags & TH_FIN) {

1412 if (TCPS_HAVERCVDFIN(tp->t_state) == 0) {

1413 socantrcvmore (so) ;

1414 [*

1415 * 1If connection is half-synchronized

1416 * (i.e., TF_SENDSYN flag on) then delay the ACK

1417 * so it may be piggybacked when SYN is sent.

1418 * Else, since we received a FIN, no more

1419 * input can be received, so we send the ACK now.

1420 )

1421 if (tp->t_flags & TF_SENDSYN)

1422 tp->t_flags |= TF_DELACK;

1423 else

1424 tp->t_flags |= TF_ACKNOW;

1425 tp->rev_nxt++;

1426 } )
tep_input.c

E11-18 tcp input: % & & 4EE KEFINFJACK

L s it A 5 R 15 ACK .‘
1414-1424 QR RIS M (Ea Bk BFRETF_SENDSYNITH), ACK@t#ER%IX,
VA B 7 S R S B R i HFACK i — RSB RS UL, 40 TLISTENAR &I T/TCP iR 55 25 W 21
SYN, X#EE11-5 i feidsk 4 ik B TF_SENDSYNbRE, T, FEH R CHIERKEACK
HIARESTIF, (HiX B ETCPEME LS IXE THIFINFREHE ERZM. MR TF_SENDSYNR
EBAITIF, MACKARELR,

07 T & MFIN_WAIT_2R & TIME_WAITR &, fET/TCPH X thFE sk, LAE
{ TIME_WAITR 2 ] RE B 0F (W.4.477), 111943 T ixsefal, I FRAE2HT2TM
1142~11527,

T > tep_input.c
1444 * In FIN_WAIT 2 state enter the TIME_WAIT state,

1445 * starting the time-wait timer, turning off the other

1446 * standard timers.

1447 x5

1448 case TCPS_FIN_WAIT_2:

1449 tp->t_state = TCPS_TIME_WAIT;

1450 tcp_canceltimers(tp);

1451 /* Shorten TIME_WAIT [RFC 1644, p.28] */

E11-19 tcp_input; ASEF| TIME_WAITHRZALE o] REEMTE ] %
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1452 if (tp->cc_recv != 0 && tp->t_duration < TCPTV_MSL) {

1453 . tp->t_timer [TCPT_2MSL] = tp->t_rxtcur * TCPTV_TWTRUNC;

1454 /* For transaction client, force ACK now. */

1455 tp->t_flags |= TF_ACKNOW;

1456 } else

1457 tp->t_timer [TCPT_2MSL] = 2 * TCPTV_MSL;

1458 soisdisconnected(so) ;

1459 break; .

tep_input.c

BE11-19 (%)

2. % ¥ TIME_WAIT b} i) b
1451-1453 mME1L-17FR, BA YR Fimle s —/~CCE i, I Hok e A F T
MSLIE, TIME_WAIT:Hk & A GEHMT

3. 530 B & S FINACK
1454-1455 XTI T RTET/TCPRIE i, 4SR5 &5 fm B2 UL B il 55 2% RS YNFI
FIN R A0 R 55 2 RIFIN L IZALENER tHACK, AP AR £ &% TFIN, E8iAHH
FREIR &ZIBEACK T,

A AT & B HTIME_WAITZ i 35 . & TTIME_WAITHK & 44 £| ACK

Ao 4t T TIME_WAITHK & B 300 ZIFIN(E2 784 WA= £ 792 W), T/TCPE A 45X &

R, XA, PPk K STIME_WAITAH A B, 4o R A& ol £] & £ $) ACK RFIN,

RHBHEAMSLHEE3, HARLERBENE, ERHIHBHEXNE LA

MW7 G 69 LB AT B (B2 Hl ), (2R & T FRLMESE, AT OBERTK

B TIME_WAITK & |

11.11 NG

T/TCPRT A & SR R4 #i 2 fEt cp_input iy, Jf HH A BRI 18 S S5 4T IR Bk 4%
GRS

FELISTENAR M B SYNI ZHATTAOMIRA . n s se Bt 7 ix AMiA, 0 SC Bt A
AR ETHRCE, —RETFHRRATE T, ESYN_SENTREKESYNE, CCechoikfi(4n
RAE) A TRIEZSYNA M EERICE. 4 TLAST_ACK, CLOSINGHI
TIME_WAITAR AW EISYNI, RAFARESYNE R E&WACK, WTEASE RIAFIE R K H] .

Y Eh I AR, A RERAI RS A% TMSL, NI TIME_WATT:R 28 #1 ,
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121 HEi&

tcp_usreqER LBk B4 0 B ATAPRU xxxif K, fEAF pHBAIr 48
PRU_CONNECT, PRU SENDFIPRU_ SEND EOFif:K, K AT/TCPr Hiix =/~ iFKMk T
%, BTSN 4tep_usrclosed @, ML X THMI ZIRHHX ., ©F
tep_sysctlf$th S48, EHRCHEBFHITCPHfsysct 14 &,

BMATHAr#8tcp_ctloutput sk (R AE2/30.6 )R IE k., XA EEH TixE
FHUREPN A~ B 46 1 L : TCP_NOPUSHAITCP_NOOPT, FifiiIB i AEH it A&y, H
B2 1) 1R AR sk R A B PR

12.2 PRU CONNECT&E K

fENet/3r, KEFTFE2STHRIG (525 808~809T) kb Mtcp _usrregqk iy
PRU_CONECTiFK, {fET/TCP, KifsrXLefRiD#EHE| T tep_connect ¥ (F—T1ifr£3),
HREF 7 E12-15r 4 H AR,

tcp_usrreq.c

137 case PRU_CONNECT:

138 if ((error = tcp_connect (tp, nam)) != 0)
139 break;

140 error = tcp_output(tp);

141 break;

tcp_usrreq.c
E12-1 PRU CONNECTi# K

137-141 tcp connectffTEFEIIIENTE, tecp output K HSYNIR CE (T3
7).

YEN AR Hconnect b, B 4% ib = AL F0 5% 82 10 0 S um £ LA L FFT/TCP, {1554
BRDEFH = kBEF TR, XEHAATTEMHconnect ML H 5, XFtcp_output
LU AR IESYN, AT okt =B Fa i, NHRFLHEE M Hconnect, fijg{#EH
sendtossendmsg, FH-45 Bt Fidt S vm ik %5 2 b hk .

12.3 tcp connectiR#]

FHtcp_connect MEMITENITHENLHE LR, YR M Hconnect
(PRU_CONNECTI{f Kl # 4 it FE A flsendtosisendmsgltt, A AHMIZRE, HERFESE
HIX S im b i (PRU_SENDA{IPRU_SEND EOFi#:K), tcp connectfI—rfEE 122745 H .

L GFE A b 1
308-312 namiffa]—/ Internetdfi O bbb &5, Hoob & Rk ik 55 2 TPHb AL Fnde 1 2,
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MAE A 1 PR — A A H GE# I, MM in_pcbbindgt s 4Bl —A i H (52
F558T0).

2. R A Hu o hk , KA i 00 ekt
313-323 WA AEALEOHE N ARIPHAEGEFIE R T), MHin_pcbladdrjt el
SrELAMIPHbAE, in_pcblookup#E4RICELYPCB, #nR4R3, ik E —NHE2HgEr. (UYL
EHBSE T DL EN A O A TR E A~ CEAPCB, H AR
in_pcbbind®#HAME O, SAEE—NHAAEERNA RO, (HEET/TCPY,
A ATRENI R — & Punilt B A — RPN E SR — DA s A (4.279),

3AMECATEES:; KA TIME_WAITAR &R 75wl UL
324-332 4RARE| A ICRIPCB, BT T =I5 .

1) PCB A 74 T TIME_WAITHR 2

2) P FREEI A 7 4 TMSL

3) R A AT/ TCPHL R T, & & M mIe E] T —/~CCEH sk CCnewi£ ),

R ERX =AFKARERCAE, WAMtcp_close X B AMIPCB, Xike&i17E4.41
RIHEERY, 24—/ E S R fE A [R) 4 0o AT — ik 4T A, TIME_WAITHR &
E0F L

4. {E I P CB 72 B4 1%

333-336 EAMIHELZEETF, Min pebladdritB HI{EGEAEPCBR ., Sh
hEFnsbEbEs 1 A7 fig fEPCBH

E12-2h 5 TR 5 E7-5h B — 9 #{El. top_connect(lffi —#o fEE12-3+
i, XBARID 5 #255808~809 1 PRU_CONNECT i 2R Y Bk J — ¥ sr AH{LL.

tcp_usrreq.c
295 int P 1

296 tcp_connect (tp, nam)
297 struct tcpcb *tp;
298 struct mbuf *nam;

299 {

300 struct inpcb *inp = tp->t_inpcb, *oinp;

301 struct socket *so = inp->inp_socket;

302 struct tcpcb *otp;

303 struct sockaddr_in *sin = mtod(nam, struct sockaddr_in *);
304 struct sockaddr_in *ifaddr;

305 int error;

306 struct rmxp_tao *taop;

307 struct rmxp_tao tao_noncached;

308 if (inp->inp_lport == 0) {

309 error = in_pcbbind(inp, NULL) ;

310 if (error)

311 return (error);

312 )

313 1%

314 * Cannot simply call in_pcbconnect, because there might be an
315 * earlier incarnation of this same connection still in
316 * TIME_WAIT state, creating an ADDRINUSE error.

317 £}

318 error = in_pcbladdr (inp, nam, &ifaddr);

319 oinp = in_pcblookup (inp->inp_head,

12-2 tcp_connect %y : H—H4
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320 sin->sin_addr, sin->sin_port,
321 inp->inp_laddr.s_addr != INADDR_ANY ?
322 inp->inp_laddr : ifaddr->sin_addr,
323 inp->inp_lport, 0);
324 if (oinp) {
325 if (cinp != inp && (otp = intotcpcb(oinp)) !=
326 otp->t_state == TCPS_TIME_WAIT &&
327 otp->t_duration < TCPTV_MSL &&
328 (otp->t_flags & TF_RCVD_CC))
329 otp = tecp_close(otp);
330 else
331 return (EADDRINUSE) ;
332 }
333 if (inp->inp_laddr.s_addr == INADDR_ANY)
334 inp->inp_laddr = ifaddr->sin_addr;
335 inp->inp_faddr = sin->sin_addr;
336 inp->inp_fport = sin->sin_port; tep_usrreq.c
A12-2 (88)
tcp_usrreq.c
337 tp->t_template = tcp_template(tp);
338 if (tp->t_template == 0) {
339 in_pcbdisconnect (inp) ;
340 return (ENOBUFS) ;
341 }
342 /* Compute window scaling to reguest. */
343 while (tp->request_r_scale < TCP_MAX WINSHIFT &&
344 (TCP_MAXWIN << tp->request_r_scale) < so->so_rcv.sb_hiwat)
345 tp->request_r_scale++;
346 soisconnecting (so) ;
347 tcpstat.tcps_connattempt++;
348 tp->t_state = TCPS_SYN_SENT:
349 tp->t_timer [TCPT_KEEP] = TCPTV_KEEP_ INIT;
350 tp->iss = tcp_iss;
351 tcp_iss += TCP_ISSINCR / 4;
352 tcp_sendseginit (tp);
353 /* )
354 * Generate a CC value for this connection and
355 * check whether CC or CCnew should be used.
356 */
357 if ((taop = tcp_gettaocache (tp->t_inpcb)) == NULL)
358 taop = &tao_noncached;
359 bzero(taop, sizeof (*taop));
360 }
361 tp->cc_send = CC_INC(tcp_ccgen) ;
362 if (taop->tao_ccsent != 0 &&
363 CC_GEQ (tp->cc_send, taop->tao_ccsent)) {
364 taop->tao_ccsent = tp->cc_send;
365 } else {
366 taop->tao_ccsent = 0;
367 tp->t_flags |= TF_SENDCCNEW;
368 }
369 return (0);
370 }

F12-3 tcp connectif#. F _H4r

tcp_usrreq.c
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5. PG ALIPRITCP i
337-341 tcp_templatesrfic 4 mbuf, JAFEFIPHITCPEE, FHHRAHELIIE Bk
ERAX A D

6. IFRE NN T
342-345 HHEBEANIE D EE.

7. VR O RIERE AR 2
346-349 soisconnectingfEHfi HARSAE Frp ik BEre ) —ehndifs, JHRXETCPERAY
KA ASYN_SENT(Zn £t LS HMSG_EOFFriti, HiMHsendtosk#F sendmsg, i iHH
connect, FfiMRRkSFEF tecp usrclosedik BETF_SENDSYN[RBCIR b, EHRE
AT FISYN_SENT*), i 7 i 25 #0 46 1E A TSR,

8. ML
350-352 MR Rtep isshEHlMEALE TS, RiFiZeReaEEnm, Mk
LI4JGHITCP _ISSINCR, %ki%F S Htcp sendseqginit#lifft,

£MA32H Pititid HISSHM AL A % TCP_ISSINCRY £,

9. ik CCAy
353-361 RHEOGFmRNTAOZAFiLFM. &R ERtcp_cegenfin kcc_INC(W8.27)f5
i (ET/TCPIAE Bt cp_cegentt, AN[EFRMNILARIAE, ARG HEM TCCEMm, FHLAHE
SL—Ai%4E, top_ccgengtE AN,

10. #f & J A i FH CCel CCnew ik Ji
362-368 A XA EHLTAOL ff(tao_ccesent) RO( M 5 FEHLZRICAEALZE
—kiER), JfHcc_sendH K Ti% Ttao_ccsent(CClEMAL A MF0, 4REEFEH), X
W% — A CCETRH H T ICCEE HTAOZL 7. & WIKE A FAICCnewik i, JEi%
tao_ccsent'1523%]0(&[19!‘:%)'()6

| AR pE4-127, AREMIE LT LAMEA ik 1 £ Rt 58 30 N BOLR — A 566 &5
— K KRIEXNFEHRICCIHZI(tao_ccsent), {Htcp_ccgenGHX A EHEKY, BH
cc_send)f) Y Ai{E L2 147 483 648, xF#E, T/TCPgk 4% & 1% CCnew & I fij A &= CCHE TR, [H
R RATR BAICCEIRE A2 147 483 648, (it 5 EHUEEREFAHICERN] Lk RER
CCla(BIT), ABA-EHLE B HIAT —kIBTF1ME, B ACCECL R F0IARSEMEIA. X FHL
etk X 4y CCIE A2 147 483 648[YSYNZE G2 — il E R oCE . Wi H, R/ EET
CCieT, Bl =y Fid BIMFIFZHE, 77 EHALA S 5B BT A = HLAIEE A7 10 7 5 G 7
BERE4-12), FLXEMECCew T, &)/ ims Gl T = ke FH#1E, HHESHERS ST
=R TR E G BT BT A E WL SR AFE

Bob Braden®#jT/TCP% M2 Atcp output P @l & & i CCit 7 if £ CCnewit

R, MARLEINHEY, IRFET A5G, LT @6 #HAEOlah 1995],

FEB41, LEZRIAIRTEGEARGEER, RLA24WBAHF, KE

Pi#ol60l KRG EBRNE T, FEPHAIHT—MRIAREFHHIRLKL,

2 3t A — ANFUA H 1569 CCnewit 7, IR HAR AR HALE], TR F B B H

HZkBF., ZRUE, MEBEFETEEP #HHCCEAMRIALS, o RHE
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R TAT T — At eg & 52, £ eICCHAS5000, R H BAEEHLILT,
Mty ik RAEEP BRPAENIT TR F B & K ECCERLEACCnew 7, A2
fetep output P A E R AR F) B,

12.4 PRU SENDFIPRU SEND EOFi{gF3K

FEAE2H811 T H, XPRU_SENDIF KA (UL %I sbappend, AJEHIAM
tcp_output, ET/TCPH, HXAiFERALHEILE —+, RE&REHmE T3
PRU_SEND EOFif:KMIALEE, AN 12-4f7~, FATRILAFE S|, XTCP, PRU SEND EOFi§:K
EAEHRE TMSG_EOFHRE (W ElS5-2) 3 H XY e J5 — > mbuf & 2% 45 Wil B Hi sosendf™ A: ),

tcp_usrreq.c
189 case PRU_SEND_EOF:
190 case PRU_SEND:
191 sbappend (&so->so_snd, m);
192 if (nam && tp->t_state < TCPS_SYN_SENT) {
193 /*
194 * Do implied connect if not yet connected,
195 * initialize window to default value, and
196 * initialize maxseg/maxopd using peer’s cached
197 * MSS.
198 *if
199 error = tcp_connect (tp, nam);
200 if (error)
201 break;
202 tp->snd_wnd = TTCP_CLIENT_ SND_WND;
203 tcp_mssrcvd(tp, -1);
204 }
205 if (req == PRU_SEND_EOF) {
206 /*
207 * Close the send side of the connection after
208 * the data is sent.
209 *y
210 socantsendmore (so) ;
211 tp = tcp_usrclosed(tp);
212 }
213 if (tp != NULL)
214 error = tcp_output(tp);
218 break;
tcp_usrreq.c

12-4 PRU SENDFIPRU SEND EOFi¥f

1. & R Y.
192-202 fnfRnamZ k%S, HEMIAAsendtodksendmsg, H45E /St
R &R B CLOSEDHLISTEN, #iZtcp connectitbfThas G, MIAKLE
Hi% & A4 096(TTCP_CLIENT SND WND), [KIAFET/TCPH, % P el LAZEWEIIR 55 B8
P13 25 DART S R S B R (HL3.6719) .

2. R R R A WIRMSS
203-204 Jifitcp_mssrovdMBIME A BHOH—1, FORBNBERAKSISYN, FiLlH
XA FEHHIZE A (tao_mssopt)fEAFEEMSS, Y4tep mssroevd il BOR ElF, ARIRELEN
tao_mssopt{Hs AL E B R AR R RICKRIMHIXEMEGCE_netricsf#hfrnx_mtu
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BRI B R maxsegfit_maxopdfJ{E . ZRH H YUY B AR 55 2% & A A MSSEITHY
SYNR}, tcp mssrevdfifik#itcp dooptionsifi i, K7W 2 %% imFIMSSIET 2
Ak A TR, BLE T/TCPRRE W BISYN Z il ik /E TCPEE il B vb 1 BEMSSAE & {I1{H

3. 4bPIMSG EOFhsidi
205-212 WMEHBIEE TMSC _EOFfiE, Xifsocantsendmoreft EXBE#H MY
SS _CANTSENDMOREFr#, AJitcp_usrclosedtiB & RAEMSYN_SENT(H
tcp connectiX &) IEFISYN_SENT®RZA,

4. BB SCBE
213-214 tcp output# AR EMIZKIEMR LB, ET/TCPE FimlIKI$s EMSG_EOFHrE
A Tsendto(L & 1-10)8, XAV AR H— MR CB, K EE&SYN, IEFFIN,

12.5 tcp usrclosedifi#{

Net/3#1, {EALPEPRU_SHUTDOWNiE KN, 1%k dHtcp_disconnectififl, iR
12-4 7 LAE S, {ET/TCPH1, XA A% # PRU_SEND_EOFIH:RiFM. B12-54H TX4
AR, B E2HE817H Ry,

tcp_usrreq.c
533 struct tcpcb * P 1

534 tcp_usrclosed(tp)
535 struct tcpcb *tp;

536 {

537 switch (tp->t_state) ({

538 case TCPS_CLOSED:

539 case TCPS_LISTEN:

540 tp->t_state = TCPS_CLOSED;

541 tp = tcp_close(tp);

542 break;

543 case TCPS_SYN_SENT:

544 case TCPS_SYN_RECEIVED:

545 tp->t_flags |= TF_SENDFIN;
546 break;

547 case TCPS_ESTABLISHED:

548 tp->t_state = TCPS_FIN_WAIT_1;
549 break;

550 case TCPS_CLOSE_WAIT:

551 tp->t_state = TCPS_LAST_ACK;
552 break;

553 }

554 if (tp && tp->t_state >= TCPS_FIN_WAIT 2)
55 soisdisconnected (tp->t_inpcb->inp_socket) ;
556 return (tp);

557 }

tep_usrreq.c
[#12-5 tcp_usrclosedik$
541-546 {ET/TCPHi, @iti%BTF SENDFINJR &brz, HF{ESYN_SENT#SYN_RVD

RETREXAEE, HFREBTFHEMERE. ﬁ:%ﬁ’ﬂk I EAT/TCPHEA
E&QO
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12.6 tcp sysctlif#f

FE A TITCPIfi & diehid, MsysctIRFESTCPERIIGE RN E T . T/TCPX it
THEEFF A Tbs ok, (HXATHREIR M T o R TCPAE BB — AW i, A48
FRCER P N T B b, TCPERFLARIZinet . inet . tepRirilijilH . {ETCP
protoswfiipr_sysct 17 B (25 641 T)Id Rk B4R AL A B — ikt E12-645

tep_usrreq.c

&tcp_do_rfcl323));

&tcp_do_rfclé4dd));

TIXA R
570-572 HATAZR=AEE, HERES M EELHERE,
561 int
562 tcp_sysctl(name, namelen, oldp, oldlenp, newp, newlen)
563 int *name;
564 u_int namelen;
565 void *oldp:
566 size_t *oldlenp;
567 void *newp;
568 size_t newlen;
569 {
570 extern int tcp_do_rfcl323;
571 extern int tcp_do_rfcl6d4;
572 extern int tcp_mssdflt;
573 /* All sysctl names at this level are terminal. */
574 if (namelen != 1)
575 return (ENOTDIR) ;
576 switch (name([0]) ({
577 case TCPCTL_DO_RFC1323:
578 return (sysctl_int(oldp, oldlenp, newp, newlen,
579 case TCPCTL_DO_RFC1644:
580 return (sysctl_int (oldp, oldlenp, newp, newlen,
581 case TCPCTL_MSSDFLT:
582 return (sysctl_int (oldp, oldlenp, newp, newlen, &tcp_mssdflt));
583 default: '
584 return (ENOPROTOOPT) ;
585 }
586 /* NOTREACHED */
587 }

12-6 tcp sysctlRfk

12.7 T/ITCPHJREI=

tep_usrreq.c

A—tABrE, FHEAERFC 13235 LTCPEM 5 £/ K&, Lhr EE&XT&EN%
FE AN A BRE TR S (k. X SEAF (b A2 H 23 364 A W 2% 33 3 (T3 i % R % AIFDDI) LA K 8 7E K
B RE % (T R 25 3% ) S YR 4. Thomas Skibo 2k SGI T3k it 52 B Y % e & B R 2Bl 2 —,
SRIE M XAE(A LA Net/2R b filt T ixsbf&ek, (X ok fE19924E5 H alLAA 3 E(E 1-16+
PEARZE H T &/~ BSDRUA 2 A1) X 51 B 3 & Arit el . K#)—4ELLJA(19934E4 ), Bob Braden
FILiming WeiZ\ £ 7 SunOS 4.1.1#124{)] FREC 1323950 &ek, 19934E8 H, {f17F|4ESkibo
HIE OS] T4.4BSDAR b, X {28 ARTE19944E4 H o[ LA 15 51|4.4BSD-Litefiit, F|19954, £ —
LR C 20 E THREFC 1323(93F;, B — L0487 I & FRiES i EXRFC 13231934,
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{HRFC 1323 AR R Ay, $5RIRPCHL Livscll (st b, 1464 hRINSER, HEAR
F2% 119 7% P BB % 2% B 1 9 FE R i Bk TR AR R WWW R 25 22)

T/TCPIR A RS E RN H, . 1994459 H 1955 — R SEBL(IL1.9%7) HUE 31 SunOS 4.1.3 755
Tk, K% BH PR A AR L, Bl 48 {3 SunOSHYIERD , SR 5% HA ot
BETITCPIEHEZEM — A2 %Ll ., L BAETRIS0 x 861 -4 L FreeBSDELH(BIA T
SunOS Y 9 5 2 143 ) 7E 19954 1y LMk Wl LA A FFAR I T, B IS T/TCPEHE B R £
I F,

AR 453X 84y T H A I T/TCPSE {51 5k 18 B 4 f+ 4 T/TCP J& %t TCPHIR A 1A f) ke itk
£ HH SORS O 4015 RIS A9 B b . ANRIRFC 1323tk i ok —4%, T/TCPYH 54ET/TCPs:
HURTLAFE, (024 755 i [ B 0 S F CCRE TR A e R

12.8 NG

tcp_connect RERMEI, LA IT/TCPEHFHHIER, B connectZEiHHE, R
AUEE L (R & B b ik sendtosi# sendmsg) i &, anRESEME A ET/TCP,
HFFZEm A% FMSL, 2% R B P i A T TIME_WAITHR 25 )32 42 F ok B B $E .

PRU_SEND_EOFiFK&#H, BIEE)m—kiIAMh B B F #2718 E TMSG_EOF
brER BRSO B A . EER AR HARSGES R, HHERE TVSG_EoF R A H
tcp_usrclosed,

*ttep_usrclosed i £ T AIME — & o RF— AN HERR AT LA P I AL T SYN_SENT
SYN_RCVD:RAMIERE, X% E G MbiETF_SENDFIN,
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13.1 #iR

AL il (Hypertext Transfer Protocol, HTTP)/g& J5 4k [%(World Wide Web, WWW, {h
EFRAWeb) o2k al, AFIRNIMEHTTPHMYL, £ F—3iHie—/4-LhrAYWeblR &5 8 AialE, &
LRAE M T A2 IVF 2 A LS PR RN 2. (B AT A1 28 Websl 4 Al il Fi Web k) B 2§ .

NFSnet# T M2 G THEAR LB 13-1)FK M, [ 199441 ALK, {# FHHTTPEM L RHE K
WAL AR,

At HTTP(%) | NNTP(%) | FTPH#(%) | Telnet(%) | SMTP(%) | DNS(%) | 4»4H#(x10%)
1994.01 1.5 8.8 214 15.4 7.4 5.8 55
1994.04 28 9.0 20.0 132 8.4 5.0 71
1994.07 45 10.6 19.8 139 75 53 74
1994.10 | 7.0 9.8 19.7 12.6 8.1 53 100
1995.01 13.1 10.0 18.8 10.4 74 54 87
1995.04 | 214 8.1 14.0 75 6.4 54 59

E13-1 NFSnetf TR _E& ML ABRERTH

VL XS m 53 BUR T or HB R G R0, miA 2 T T 5 GX 2o 48 L BoiE 14 =T A
ftp://ftp.merit.edu/statisticsikfF)., MEHTTPIH TS B 4 tbAy BT, FTPH
TelnetfJ LA TP, FIMFMTEER, A0S RERAN 19944 5E T, 19954 mFF
TP, XRE 1994412 A K AL TR AHIANFSnet T T/, i, 2AKNE S
iR A%, ERMEHHTTPIML A @S R E i,

Web 19 5] .45 19 P 13-2 571

an EESR, WebZ F1GER PR N B 28) 5 Web iR 5 28 8 — /N sk £ AN TCPIEHESE AT 15 .
44 I WebfiR 5 25 i & TCPRYS0S5 1, Webitl Wit i 55 iR 45 2% £ TCPiE+2 | okl 1%
Pt R O B Uk & A iR FOHTTP, B SCA R . el FH, —/4 Webfl45 &% w]
PLB G 8 A58 “F5n1” B —WeblRSS 2%, WebflR 55 8% b ASX sofb 3 A 2 H el LL$E [\ Web
M55 2%, DAL H MR RIRIARS &%, Bilin. —EFTPEE Telnet R %5 2% .

RAEHTTP LA 19905k FF 4465 . (B S5 — 4w FH Y SC RS LAE 19934 ([Berners-Lee
1993] KFdik THTTPHMUTI1.0MA), B i%Internet &g kst 1 7, B ARA B A0 =] FIT
C#%([Berners-Lee, FieldingflINielsen 1995 B, {HZ{4IH H & —/ Internet#14%,

[Berners-Lee, Connolly 1995]r fifiik T —Fl M Webfift 45 8% 1% [81 45 % P ERR A SO RS, R A
HTMLGE XA FRICTE 5)30R . Webllk 55 2% 7B 3 [ 3 {2 AU SCR4 (B R, PostScript3tff, &
WA, F5), BV IEA TR Jo 2 3] 5 Wk 26 30,
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BickuE | Ik

W&W%ﬁ# ———————— WebfRF&EF- - -~ - - - = - - » Weblli 25 2%
TCP¥5; 1180 TCP¥# [180 4 TCP 1180

TCP| tepiggs

Web% 1
(P E%)

E13-2 Web% F—fR % B 454

TR B A ZBHTTPER SCRIHTMLSC RS, Bl a2 b DOGEEAT i difiid . SRR3R AT
T — AN RAT R 5E 25 (Netscape) & B HE G AL M LAY, HTTPH) I FH TCPRY— 2248 - B4
HTTPE ) —LEAERERIE . [Stein 1995]1HiE [ iafE— 4~ Weblli sl T £ 4 L4011 .

13.2 HTTPFIHTMLAEA

HTTPZ — /R B, &g r— KRR S s+ BRI TCPEEE, AR5 &R HiFkIF
IRBUIR %5 a8 St R M L . IR 55 2% AR O M BEF R AR Wi P ES R . AR 55 23 2E B2 R [a] /9 3¢ 43l
AR MRS & ESCHRREGEICARBERE) . P B8R AT LATRER A Hb I 3 X Lo B4 M —
RS B F T — RS 2%

ErP#AAGIEB)R®NE ZENANMRE, HTTPIR $ B#AEZ 2R FHEiE Y

F P ALRT i K SLAS, BRHTTPIR & & 4 HHTTPE P R F 3. Flde,

NCSARR A1.3605UnixfR $ B & X 4965004 CK L5 K, mX Windowif# F #Unix

Mosaic 2.5 % % 4 #4980 000457 C4X &5,

FATAT LA — A6 B 5 A T R £ Internet MU /8 24 TAERY . APwkA& 47— Telnet
M PR SHRIAR % BB TE . X R X HTTPH MU Z 7T 7/, XEFE AR PR
Kk 25 Nk 55 &5t A IE ) B & A ASCIIdy 4 (LA 8] 4= F SZ R AV f T 7P RORE5 R, #RACR/LF),
it % 28 3 B3R ] 9 N 2 2 LAACSITF 247 - i . HTTPEB X A1 (028 bitAYISO Latin 15%F
B, EZFEBASCHFIF K — L PgRKIE 5 b 09 F R4S (LA T Rk o] AFR R & Fre FF R AV
B: http://unicode.drg),

T A IRHLAddison-Wesley £ GTHI ] f-.

sun % telnet www.aw.com 80 EEFIRE 80261

Trying 192.207.117.2... Hi Telnet’&: P4
Connected to aw.com. H Telnet’& g tH
Escape character is "7]'. f Telnet& P

GET / BATREA TiX—1T
<HTML> WebliR %5 #5 4 tH 28— 17
<HEAD>

<TITLE>AW's HomePage</TITLE>
</HEAD>
<BODY>
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<CENTER><IMG SRC = "awplogob.gif" ALT=" "><BR></CENTER>
<P><CENTER><H1>Addison-Wesley Longman</Hl></CENTER>
Welcome to our Web server.

L X H A 733 Tha
<DD><IMG ALIGN=bottom SRC="ball_whi.gif" ALT=" ">

Information Resource
<A HREF = "http://www.ncsa.uiuc.edu/SDG/Software/Mosaic/MetaIndex.html">
Meta-Index</A>
L SR 10 T 4T
</BODY>
</HTML>

Connection closed by foreign host. gTelnet& P&t

HATHRBA TCET /, RFFHERE T5147, #H36117%, X, Mi%ZWebjR S 2 AH# H
x A TEMET, Telnetty & P itREHIE G 1T BERRS SRR RS 1T
fa Wl TTCPiEH:,

— A RHTML R LA <HTML > HF 4%, Lh</HTML>E55, K5 FIHTML 6y & #R QX FE
okt tHEL, HTMLICHS & LA <HEAD>JF 45, Ll</HEAD>Z5 5 i fILL<BODY > 44, LA
</BODY>E5 i LR ER 4y . Pl f & P AT B s £ KA TS . [Raggett, Lam, and
Alexander 1996 i¥41i-}it THTML,

THX—THE T 9k B R (64 42 FRHRiR).

<CENTER><IMG SRC = "awplogob.gif" ALT=" "><BR></CENTER>

<CENTER>HrE & IFE PR RIZE R BIERREF R, <IMC>HrESH ZE XS
B BPEFERBIZE R £ HSRCHR R, ALTH H Y Fai XA % HERFERRT
FRHHREGF R FFFEH), <BR>LIEE| BT, WeblR 5523 B2 K BX A 1 7K H A
R EE R XA, ERIREER SRRSO A, B PRI ST H 5 — & TCPER KR
&S (A B A1 B 3o B — A48 2 0 B R 5 A 5] 0  B25 16 i Web i) f#) .

T X — TR R — B (<P>),

<P><CENTER><Hl>Addison-Wesley Longman</Hl></CENTER>
X—BATE AR, BEE —RbBl(<HL>), F P ERFAILLER EF D RE —Lbr(FH
KR A 2~THR b)), A LE R EREHAN T RER,

MEBETAA S, i F (4eHTML) 5 & 4 4 X L5 3 (4o Troff, TeX,
PostScript)Z 8] & E %], HTMLA & FSMGL, 47 £ i@ A 47 i2. % % (Standard
Generalized Markup Language) (http://www.sgmlopen.orgé@ & % £ &4 %
SGML#1z &), HTMLAG & 7 L& ¢ A 2 M (KB b A — /N1 UARH), 122 EFR
A6 | 3B EH T LA AT XA,

A RNEZIEFE TR IRE “Welcome” JEHMIR % [f&iE, & Fifm)LiT:

<DD><IMG ALIGN=bottom SRC="ball_whi.gif" ALT=" ">
Information Resource
<A HREF = "http://www.ncsa.uiuc.edu/SDG/Software/Mosaic/MetaIndex.html">

Meta-Index</A>

Hp<DD>$—KE L EMAL., ZAALUL-—- kB R (—ANA)IFLE, FEBEXT
"Information Resource Meta-Index", HJg—# o5 — M XA (<2 > FI—1LA
"http://www.ncsa.uiuc.edu" LA XA S| HHREFEM), {§iXHA#8 A REEE
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WAER PR o T RIS A B B K Bor, 24EE] PRy B R (4 s FRE),
AR 45 28 AS 25 iR [l B 42 5 | P 1% R S HTML SRS . & 7 B il o &5 S B 3R B R BoR e
£ E, AXTEICREEE, BRIEA P a2, BRARBRIZERE EH ), TE
PREFFREAICE, M P sE T ik, &R —/ Flwww.ncsa.uiuc.edu
i RHTTPIERE, HHATCGET, fHIIFRUIRYICHY.

#{lhttp://www.ncsa.uiuc.edu/SDG/Software/Mosaic/MetaIndex.html
PR AR AURL . 48— IR &7 FF(Uniform Resource Locator), URLHYTEAR R HAFI &
S {ERFC 1738 [Berners-Lee, Masinter and McCabhill 1994], FIRFC 1808 [Fielding 1995|4251 ,
URLE B —AEE PG F—FIFEFRIHFURI(Uniform Resource Identifier)fy—3#4y, URI
L@#ﬁﬁﬁi’ﬁ()ﬁ&ﬁ:URN(Umversal Resource Name), RFC 1630 [Berners-Lee 1994]th#iiA T
URI, URNIK & LLURLIGAR 47, {HL{EA filE k.

X % i W BARMEE AWebA @HTMLKR #4246, 42, Netscapedo
Mosaic#f 2 4% “View Source” #34F 1.

13.3 HTTP

L, & PRFRHIIGET /ar A RHTTPRR A0 fir 4, K 2 $ullk %5 &% 3 S ke
XA A CAH T e i fa st . (HHATHTTPRIRRA 2 1.0, I)bl.OHﬁZISHTTPWiSLH’JEP%
FrAETs R w47 g R A5, Bilan

GET / HTTP/1.0

D5 bk Al 25 2% RE A5 & P RR 7 B R RV HT TP I R A% o A< 17 AT 45 3 L 403t 1T
HTTP/1.0,

W HER . FR SR

HTTP/1.04k SCA BRI A . KR Bz, HTTP/1.OfE R AI#% 04 -

request-line §

headers (0K % 4N

<blank line>

body (P2 POST ik KA )

request-linefJ f& A

request request-URI HTTPRa K5

ZRELL T =ik

1) GETIE K, iR\l request-URIFTR HEFIEREIE B,

2) HEADIE K, EK{UTCETIHK, {HARS &R IR FsE R EHER, mMARE %
BrF SCRE N o 12075 R 5 4 FH SR M T8 SO A B A AE b . T U () P A ) £ e

3) POSTifk, MRAEEHEM, FriEScE ez L BRIk, XM HEE
i K b R i body YK . 8 I POST iR # 2 EH L ¥ #fiContent - Length - B
fig thibody UK B2 .

St — A BRI Web iR 55 25 347 RAE, FHIUHEERRY: 500 00040% P REFIERPE
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99.68%=GETif K, 0.25%&HEAD{FkK, 0.07%&POSTiFk, 242k, PR AE 2L
R Wt A L, POSTINRINE 4 L & .
HTTP/1.00 oz B #& A
status-line
headers (0/~FHK % 4Y)
<blank line>
body
status-lineffI kg 2 «
HTTPJ& A5 response-code response-phrase
T AT E R X LA T B

B FH

HTTP/1.0F) i SR AN Bz 4 32108 553 ol 6 & r B BRI 7B, F— A2 A g
BESHoCEhR Rk, A EHTBRETRAGEI-3FRMMERNE 5. 42T
BREAK, TRERSX KNG,

WA =2 — R TIER, — R TmE, &fF —XKhA k. AL
3CA(I4n: Date)BERT F T if R AT I TR R itk 5 (R pO R 3K 7T DA BLAEPOS TR SR F1 B
AW sc, B13-35H T17RASE R 3C3k,, BA1#E[Berners-Lee, Fielding, and Nielsen
1995 94 PEAREIHR . RAMIRSCK FEORF B E 20& . FATiHE 52 mn b ACRD fa 45 1] it
SRAF LA E R SR B

HEBAARR THK? M| J327 k7
Allow .
Authorization .

Content-Encoding .
Content-Length o
Content-Type .
Date L] °

Expires .
From °

If-Modified-Since .

Last-Modified 2
Location .
MIME-Version ° .

Pragma . .

Referer e

Server °
User-Agent .

WWwW-Authenticate .

El13-3 HTTPHR &I A58

M Rz X85

AR 25 & B il B 38 — A7 MR & AT . RBATLARTTPIRA S 8, ) 1 B AE 3L 80 3RoR
W o PR, e f A B 1 N B A T . P 13-4 30 HY T 3 4 = ey oz FRAD A & SL . ARPE S — (L wT
LA MR B 53 RS 3 o
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&

1 X AP 345 6ok B K AL H R RAEE M AF, KMNFASNNTP(LE15-2) & ik
#yInternet & | 4o FTP, SMTPAL{E ] 13X 22 £ 7 oY vefy o X 2D

1 7 i B
lyz HEM, MaiAH
KT
200 OK, i&kmzh
201 OK, HifeIEHE L (POST 4 )
202 ihkwiREE, (HALBERSERK
204 OK, {Hi#%A N%#IRE
LR, M RERTE 203 1E.
301 FIT i o 1 % R EL AR IR Sh TR [ 2 URL
302 i i of A % U e B2 F 8 M URL
304 ORI A (B (4 FGET)
& PR,
400 BRI K
401 AR 1Z%1E K E R AIAE
403 AN R R 2% E
404 A HKE
MR 55 2% 225k .
500 A EB AR 55 2% 22 5
501 A%
502 FERAIMIO s A5 b I R 45 % S i TS 7
503 1l 55 8 I 2 %

13-4 HTTP 370 & i

i8]
AR A MEFHHTTP/ 1.0 KB L5 By £ 5T rh B VAR, MIF/EPATLLT —L&

#BR1E:

sun % telnet www.aw.com 80
Trying 192.207.117.2...
Connected to aw.com.
Escape character is ""7]"’.

GET /awplogob.gif HTTP/1.0 HAVA Tix—F1

From: rstevens@noao.edu L Bx—47
BRIGHIAN— N BITFoRIE RER

HTTP/1.0 200 OK R 55 25 il p2 R S — 17

Date: Saturday, 19-Aug-95 20:23:52 GMT
Server: NCSA/1.3
MIME-version: 1.0
Content-type: image/gif
Last-modified: Monday, 13-Mar-95 01:47:51 GMT
Content-length: 2859
23 TINS5 2 W Sk S 45 R

— X BIKCE 72859 i i HIGIFE (R

Connection closed by foreign host. H Telnet % F g Hi

* fEGETF R fr ik 41.0,
o Rk —/Nal LAWE AR 55 25 10 R I R B4R 303k . From,
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* fR %5 R B AR BT ThRAS . wa R ALRD200F0m f 52 1% “OK”,

* Dateffi KA AR 55 2% LA aIFn H 3T, i R A AR R IG I ial . b (5l v IR 45 2% 3 1] —
AEXE R &, HEFEORNE: FEHX, BMPAREETT, MIKNE. Fln.
Date: Sat, 19 Aug 1995 20:23:52 GMT

IR BERFHIRBFIRA S 5> JIR : NCSA Serverhfi 41.3,

s MIMERR A< 21.0, 7E#11928.475 11 [Rose 1993 H# £ £ FMIMERI N % ,

s AR EIE I B HContent -TypefliContent -EncodingF {5 ii. Content-
TypeiRiHAUZ %A, EKRIFR— /7, RELTFEE., KHPEBEinage, FHEH
&=gif, HTTP{# HAYInternet i {4 2 % 7F £ L [ Assigned Number RFC 3C#4 7 (A
SVER TR XA &« [Reynolds and Postel 1994]),

e A B AU (A

Content-Type: text/html
Content-Type: text/plain
Content-Type: application/postscript

R SCEARE LT gDHT, NContent-Encodingffi kS HBL, Blan: ik
[l 4R SCH & A £ Unixfjcompre s s L 45U PostScript L GRH A - ps - Z2fF8), T
A1 O 79 bR 33k 2 Rl HA B .

Content-Type: application/postscript
Content-Encoding: x-compress

*Last-Modifiedgth T &/a— KRB SR AN E],

o BRSO BE(2859F T9)fEContent - Lengt hifR 3Lk ip R .

fEEfE— /MR e EE. RS SEFEREBRRELE T A2 EE/A4R)
fr3t). PCAHTTPHR AR #8020+ 823, BrLA T LAl TCPiE £ & ik b HIE I . X A
A T H fb Ay Internet iz FH , FEBIESMTPHMLCE 1192E28%%), ‘Billid TCPEEZ{EHM 7L AIASCII
FIF, B AR R B 40, BLIE T HERIRAR MR

User-Agent &2 AME FRFHRICK, EARGRRE P BFOHER, ThHE EAH
KL HIF -

User-Agent: Mozilla/1.1N (Windows; I; 16bit)
User-Agent: NCSA Mosaic/2.6bl (X11;Sun0S 5.4 sundm) libwww/2.12 modified

BIF: BEREFET

VF 2 % PR ARSE SR BOCC M b i B AN A 7E 7 £ EZRAFHTTPSCAY . aniR& P i 25k
WX EAFEER PBRFNEGFS, NIRRT EXIf-Modified-Since IR E T,
X, AR ARSS B RR T R BLZ SO A K AR, SRTCAI R IE —KIZ IR T . XFRA
K MHFGETIER.

sun % telnet www.aw.com 80

Trying 192.207.117.2...

Connected to aw.com.

Escape character is ""]*.

GET /awplogob.gif HTTP/1.0

If-Modified-Since: Saturday, 08-Aug-95 20:20:14 GMT
Wz ITE R E ik

HTTP/1.0 304 Not modified
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Date: Saturday, 19-Aug-95 20:25:26 GMT
Server: NCSA/1.3

MIME-version: 1.0 I o
247 RIS BN kB4

Connection closed by foreign host.

b ] 7 e ST AR R ARG 304, ERIR RS AR L. INTCPHM SRS , XA (e 4
T SCAY ) F AR (R — 42859 Wi IGIFE O M IR 5 SR F LR A E T, (HERT
FITCPEZIIF (=R BT . & ILERERIPUA 3 )b 2 BT,

BIF: IRFB[/EERE

Tlig— RS HFEREAMOGT. FATKELZRBIEER T, (L EaAMERR /7
(3 AL H k4 & B S IURL T 4381 —3547) .

sun % telnet www.noao.edu 80

Trying 140.252.1.11...

Connected to gemini.tuc.noao.edu.

Escape character is '"]’.

GET /~rstevens HTTP/1.0

FZEATEE & Pk

HTTP/1.0 302 Found

Date: Wed, 18 Oct 1995 16:37:23 GMT

Server: NCSA/1.4

Location: http://www.noao.edu/~rstevens/

Content-type: text/html
e 2 Feor R 25 RSk B o

<HEAD><TITLE>Document moved</TITLE></HEAD>

<BODY><H1>Document moved</Hl>

This document has moved <A HREF="http://www.noao.edu/~rstevens/">here</A>.<P>
</BODY>

Connection closed by foreign host.

- v iR B2 4 S RAIRE B2 AR RS 5302, FR BT iF KAYURLE L #i#4) . Locationdf CHE
R TLEL 77 S5RAELE . V£ XN EERE A shZEHX N FRIURL, (H AR R W& A I8
A 3h & ViRX A HTHIURL, IR 55 28 B2 PP Ui el — /> a] g 53 2% BRI HTML 3T f:

13.4 —16IF

THA —MERRITHIWeb% P FE 7 (Netscape LIN)TEARGIF, @ eRITRE &R
HTTPFITCPHI{#E B, Fk{ 1M Addison-Wesleyf) £ (http://www.aw.com)H4E, RGEE
AR =A@ Ewww . aw. com |), E/aEIE I REA TR E&5R, REH17H/TCP
EHE, BPENKE3327T, IREGE EHLR 47 483571, E175RERT, 45%&4 T 15
HTMLC4(3£28 15957), B4 13542 FMGIFE QL9 32457), EdfTX /&G0, &
{HBRRE S ERyNetscapef FHEVEZE £, 8% PR 7 MR & R EUE T A . BITEER
PEYL L@ frTepdumpik f, idac% PR T AR FEENC I BT A #R SCER .

I HAR, B —RTCPERE DM FET(GET/), ERAHTMLICE L K& 774
GIFER . & PREFEEXAE G, 5L#ﬁﬂﬁﬁﬂ14%TCPi§f¥£3§mﬁﬁ44\GlFfio %
AE=Netscape 7 2 T 3T I 3 0TS R —Fh O B OKk 2 B Web%& PR T HARIX AR, ik
HEE— K TH A EBR) ., HimESEKaEr A REE, BN, SXEEED A —&K
LRI, & PRF S SR IF — TR E R KRBT — A E %, BRI PR IS 2T E
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ff. E13-5%7RX8RTCPERENIN L, yHEr R, LA,

XBRTCPEREMME PEEFRE, RKEMN4~11218984 55 15, Mi8fRkiERE ik
FHBIFEF ., BAMEE P EFEZEBEABSYN(E P connect) IR ERNIFH, FHE
PRl B AR %5 2% B R IFING REFIN(E P iiclose)il AR EHEMEE R, BB XANETLARE
B B I BT 74 B (R 3L 5 S22 1 28D ],

T—EAE 1422085 7 lE P RF RS — FREEGE D5 1114)F Tepdump 73 41 it
Z3 RV

00 —— .
ol GRS 14
02—
03 —— J’T = -
04—
05—
06— 1118 s 117
1116
07—
08 ——
091 v 1
10— 121 ¥ 1120
1119 L
L, 4
n—
LA
2L
V.
el (F)

E13-5 —AFEBTR74GIFE A8 & TCPE HE A jin) £

Z2E, HoFTAHIIS, 1116, 1NNTH =44 HRAF—FEHG T AH1114)%
RZ AT ey, iR FHNetscapet) F P AL F ik 2] F—FH4E Foh L4 RAREN
B, #EAAF—FAEBZNAL=FAMENEE, FiRE, AB14-229KMNT
iz E, EPALA LIS FINEEE AF 4%+ X HFINS 4,

(el IR} FH 26 SR TCPE At & FLHYRE LAV 2¢ T2 H P B i

R FE R RIDE? T MIRX — A, WOIEEEHsun LiEfT Aty | )
NetscapeZ PR (& 1-13), b & sk 3k Bt Addison-Wesley [ 311 , 1 14.5
3% & WU S 0436 PR 77 B Internet, BT 5 4% 2 1 . 0
il fig R 25 UA28.8 kb/sHyid fE i HEInternet, FRATE & PRI ‘; }g;
YRS, % PR R B O | B TERE A T R, 5 102
IR P T % PR RO AR AR SRR, 1R R ROGER T 7 102

EPRFYENT R, REROTHE, BBORMRER.  mie Wk rERHS
WEH AR, WIE4, BEERME, SRR R s aM R
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o B InF A Tepdump R BRERIX FiZe #e, A& KB, SR P el fEEE S HO% BB T 4,
R FRIRRES. A EELIL, ﬁd4%n§§ﬁ§ﬂuﬁ§&ﬁ%ﬁfﬁlEﬂﬁ?ﬁ%ﬁum&%mdn
A1~2, 2~3, 3~4IF 4B iR,

B 13-587 T 69 8 M 18] YL B 13-657 T 69 m 42 0 (8] (10.245) & 8 #4924, IR A HEF
IMAR TRGRBEHER, BI3-6Hr M KR BEPARBHA—SI/SL, B
B13-5SP 7t RXEPARFETA—SITREREITEEHBRBEANMNAGFEMN L,

(Padmanabhan 19951451 T 2 &G R R, Bk, ZFEEROT A ICRL T 6l
an, FTPHRERE 2 A S gk ARG — RER (P RAEEHIER) . ik, S FikE
LB RATHE R ATEE1R21.6 A A, P28 %G B A S i B bk
E*%.

MEPAARL, AR —EMEN S FE2EEHFERAGTRRR—F5%

B, wRATHRANKGEAAREREZAXF LRG>, A2 ERG 50

WA ER G BH AR ETRIMEA,

% PR T[] 20 A R H A R 10 55— A () A2 7 5 it R 45 25 2 oA 76 IO RE 32 BA 51
dith, EFESERE 7 EILEAEMSYNS HifniE R KRIE, T8/ 1i+EWeblk %
A, CBRAE14.59T v LR AN B IR 55 25 PR PP o 76 BUEHEBA 21 .

13.5 HTTPHIZH 24t

fE F—Z b AT 40 HE TCP/IPH LRI — Lo R FE #EE — A ST MHTTPAR 45 25 |
ERGNRA) BN, ATRITELEBA & WA HTTPE R KR BB, HI1HER
T—8 — A 24 /WA Tepdump B4 5

B 13-7%1 7 3+L 130 0004~ B FHT TP AT A LA R . anRE PR FAEIE # 55H]
EEE, GlanRiERgss, Rt ikdid Tepdumptfa t 5 B A =5 THE080 b Al (median)
s (mean) sk HE WIE. f7E— kﬁﬂﬁ%%‘%ﬁﬁﬁﬁfﬁﬁm:@%"{fﬁFF]%#%#%‘?HTIEIE’JW
(B EEIE 8 (E fh s

FofE (B E

%P RIER TR E 224 266
k% 28 Rk nEs: | 3093 | 7900
AR PRSI 18] (FD) 34 22.3

13-7 HSZATHTTPERE IS T

REBR THTTPER IS TR b BHEFEE, AR AL “IEH " &N
oL, M E 2 FoA RS miE R . [Mogul 1995b]/h 41t 7200 0004 HTTPESE, %
PUAR 55 5% 3R (Bl B o B 19 v R {E A9 (& 23 BIH 177075 F012 925575, esCE 55— /4R 55 &8
EAISOH MRS, GFRRIR | B R A R {E R E 5 B h 958 F i fn23945 i,
[Braun and Claffy 1994] %] tHRUX NCSARR 55 28 HEATHETH A SRR Hh [AHE 430005, H{E
17 0005, Wi o] LAFE iRk 55 &5 3R =] Bdid B A kNI ik TiZ AR %5 &8 LT R EEA X, Afhl
AR 55 &% 2 A A AR KR ZE 50
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FEANT R IEA A IERATTHERERE 2 ATCPIHTTPES: . K £ $uz f7Web{X| W 28 #Y
H P& —AHTTPS G MR Uil 4 2 IR 55 2/ 2 430k . BRIA IR %5 28 T | F R (5 Bt 2 &
FHLAIPHoAE, BrLA M RHTTPZIEM R L WA, £ /4 FH P RETE R — I il I H Rl — 2% P
FEHLGR R/ ARF &% . Mo, A LR ARHTTPE Fif k& b ki D EULA
AR %5 2% (A Wt &% A B ok B3l X 25 fif D) 25 15 (] SMES I U Web iR 45 28 . iX # 7E Web Il 55 2% in B kg e 1R
% M P ERTE (DB LA TP IE GX 26/ L B I AR 55 &5 38 POV R EEAR 55 2%, 1E([Stein 199511955
4F AT TiHIR). AEE LY, [Kwan, McGrath, and Reed 1995] i i B fTENCSAJR
%ok ExSTERIFR AT E . HE L SiE B K FFEE R 4305 Bh, 1EiX304 B & 1E
S EAF P TOAHTTPIE K, AR5 25 3LE 195 0005558 .

AT R BIPGE R FEAR 55 2FvmBE AT I B Ry, [R5 8052 AR 55 25 Fr iR (L AU HTTP 3L Y
KRN, Bl4n, — AR KR BRI WebR 55 28 1) 5 HTTPZ iF BT B 19 7 15 5 E
bo—A T RS E BRYIRSS 285 K 2 . il £ Web L FRER KR & PR 5534 A [ iR 55 25 Y
HTTPi& R GEIR S H A A4 1H45 5 . [Cunha, Bestavros, and Crovella 1995/ $2 4t 7 — 20 | & %%
5. fbfi x4 700HTTPLiEEST T, AP BRAESIUA A H 34575 7724 3 #y ill o
ik () 25 2 X 2 SR 3 K 2 11 500577, [Al b AT g2 4 17 AR 268 S (4nHTTP,
B, A, U, CARSRESRE, @ i, %S R o AR 2 h 2%
AN KEE, BV REMAARRSCH, XS0 -f2m 7 3CHRE 75, iR 30K R b
i) a2 /et

13.6 14EE) A

B EHTTPH L A (E13-1), EXfinternetf A T {Zifn & Z M 720, [Kwan,
McGrath, and Reed 1995/ £5 HH TNCSARR % 28 EHTTPHM L —f% b2 IR, 19944, 3¢
HIEE ARG FW B EXHHT T AR AR ERGH T840, G, hiEES
58% % FiE KA B A ANTRILAER, XKiFRIEABKEREI%~14% 217, i1
FORR M T — B & KEViE R B R . FI RN A 401408 . [Braun and Claffy 1994)+1 42
it TXNCSAfR & & fy Kb srtr . fEXEIRCH, EEAIHE THTTPARS 28 vl LAl it 28 7 2
W B U 1] A SRS R A i PR E .

o 28 AR e oz i 1] ) B K Rl R HT TP RS Hp (i FIR TCPak #2 . i M58 Bl 484>
TR O —ATCPi%E$%. [Spero 1994ald1ll “HTTP / 1.0 5TCPE B AHIA" Akr
B XA AT Tk . %P 5IRS 23 Z A FIRTTH AR 55 2% 9 B 82 52 el i S5z s (] ) 3 i
FSEN

[Spero 1994a] i H % 182 HE 3 5018 (5 11920.67 fh A H ) B8 i 7 INHAE 2 7 I 1) 3=
FI T & i R AR SCFNAR 55 2% FIMS Sl 25 S GL i Internet ) % FodEHE, LAY BE A S128¢
5367 MK, EBMERE FRIERRIONTFSE TS12909, —/AMSSHCHIK EAS12
TN, BLaEEEIMNE®RASEK TULREERE, REETARFAE L HI X mbuf(7£
141195 A ik ) i [e] 25 5 R AE e EE ST R W (A1) . 24 % /7 i R R S0 iRk 55 28 HOMS S,
BARRESOEE N EFSMIRTT, % P if R SCrK B T3 25 8kt [Spero 1994a] 12
F| 24 Xmoasic il 1T 2% 1 =k = A~ TCPR LB & A2 T — /4~ 1130F 17 I iE R LG ARSI
F42f1, K417 AcceptiRCEF). E13.4RIMIT, Netscape LINJIYIZRILLALT
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g R, MOCKERTEE R 150~197F, HIk%A KA K EARER. EI13-7FH 7%
R i sk K R b AR A, WAl K 2 5E PR R RS FHiERAS SR
RIFRE, {HAR S5 2% 0 R R SO £ 5 i iE
A MR A2, Mosaick P A2A & A i+ $Accept ML HE, {2k 4] L #H 3
FEA LB13-3F 5 & k(A #H € 1EA f[Berners-Lee, Fielding, and Nielsen 1995] ¢
), B A Y EIRH B3I SR L H IR T R, BT VA A AMnternet ¥ E X
AR CM, TERIARNENRLFRFS B, FrEFRETHEHESEL,
#oGIFE 1%, PostScript L+ ¥, 288 JERF SRE—AXB G TR X6G8] K,
MABMNERARBEPFEFAERFBEDHLSA TG F ik,

BV EER — gk . HTTPIERGE # HARS 20, RS 28 213 TIME_WAITIRE 5 3 4
HHE, SBAERTNRS S LF 26l s B aizRE.

[Padmanabhan 1995]F1[Mogul 1995b]r &% /7 5k 55 2% (R ¥ — ST FRITCPIEE:, i
AN e 55 &5 1E S Wi B2 T 56 PR E 48 . 224 IR 45 % Jen i A Bl 1 i o7 4 S K 8 B A AT LA 33k 4 i
m AT 13.3 T h BT HE BRI B F, Content-LengthifRCHHH IR HGIFEGM A/, &
W, Rk 95 2% 6 250585 5% SRR 4 & P RE AR HA M 7 () 45 2 o i 150 M85 A Y 8 b 4 45 [ s
EscE PR S 2w . & PimlE Pragma: hold-connectiondR CE#E, &G H#
BHIRE D . ARARSS B AREIAB X FiPragma, & RMEE, SRJE1EK IR SEW BLfG R HERE.
X FfiPragma L IF % PR E R AT RERE 0L FORFEIERE, RIR D RIBAOAR S 88, L AVFBLA B
A% PR 252 HAR1E.

HTPPH R AT —MRARAL D) P TR 2 X HH40:%8, BARAAKE A MTHR
2R T,

AXERAMEFLERI T EMNEAN MRS BLEELANN T E, RN Ik
&1 fiContent -Lengthik X &4k, -ﬁ-&z"(ﬂﬁ%‘giiﬁ"’i\%ﬁboqndary = &
M #jContent - TypedRk X & #f([Rose 1993]496.1.1% ¥ £ T &A% FiX AP & 4 654
F. ERAFHHGEFAZAFRLSIANN), REGAFZR ZENG)RR
TR H & KXW EdE,

Padmanabhanf{IMogul 147 H 5 R (1) % P id K40 30, 2 7 VR IR 45 2% i 7k 2 X i /2,
X PG R A& GETALL (R 55 2% 5 78 8. 4> W B PR3 [8] — /4N HTMLIC RS R BT A A #00 1B4) #n
GETLIST(KMUE FEFIT—RFIMIGETIER). M% PEFHINE CREF b A T &
REVEM SR, FTEAEHGETALLIR ., ¥& FRFEEM A HTML X HIGETIH K E,
MGETLISTp 4 W LAMRAFIZHTMLICRS BT S| IR . AFELRAF R R FT A St

HTTPHH LAY — /> 8 R R . 1 ) 5 5 B TCP R HE I 5 1A 1l 4R SC FIHTTP R 45 A T ¢ .
—FPER AR T A . TETCPHR I Z Bl — DN EHTTPE P FIfk &5 2% 2 A, B/ TCPi# 4%
Z b SRBEHE R RS OIS TE B, (Spero 1994b]rh i T iX #—FhFR AHTTP-NGHY fig
RF5#%. HTTP-NGFERATCPER: ERE £ N &1E . Hb — AN &iFH#EHEHlE B(&F Ak
AR 25 25 Wil B2 45 3C) . HoAth IO 23 16 MR 55 28 3% 8] BT i SR i S0k . i i TCPE 43 28 i 19 B 4% —
MBFENREEHRE—EhEM, — N SIEIDAFTRERENKE), SiEEHEEREXA
SAHHI B .
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13.7 Ih&

HTTPE — /ML . & PRF SRS S HAL 1 TCPERE, Kk RIH% H ik %5 2%
MRz, AR 55 2% 3l ik 3¢ PR R R R BRI R A5 o . AR 55 2% i Il iy SOl & A HR B (R
A BERE) R 7] — Lo T H A AR 55 2R STk . FH P Rl CASR # b PR X Sk N — IR S5 283 3 55—
MRS 2 .

PG R R A IASCISC A, AR S5 28 iamm bt 2 LASCIISC A TF 45 (B HE6) . Ja T R & 4
AT LA ASCINE —E A HR) . % P R P (0 BT &%) o A IR 55 28 il 7, HAE B dg L i
t, [R5 e 1) fth SCRS P B 2 .

T HTTPE BR8N, &P IERMRSCKE, AJLE TN, ARG 4w b 4R SCHY
HWAME AR LA F 1 E10 00055, Al 24— ek S0 (an FEHR sk i PostScript 3 #) 25 ¥ ik
% S BLAR SR BERE S ERLR, FrLAHTTPE Ll ot i, F 2 MR, RS 250
Joz A SCK BE Y A [RME /N F 30007,

HTTPH7 5k 8 55 KR 1 RE (Rl 484~ SO — &R TCPESE ., HAF— F 1347 iR EIRY
G, ATIH—AER, FPRFE T8RTCPIEEE, M& P iF KR CHIK BRI IR 5% 4
il HIMSSIRY, S48 R ST (E R — A TCPIESE S In TSP SE . 55—/ AR . AR 95 2% it
B IE W e R S R AR AR 55 88 F ML L AE TIME_WAITHHAE, £ — ARG & LR
FIR L X FhFFL 1L HERE,

FATbbE — FILF SHTTPHM X[ B H & B Gopher il . Gopher B i #Y 3L #4 5 & RFC
1436[Anklesaria et al. 1993], MMM A HEFE, HTTPS5GopherdE# 4L, & PR FITH—
% 5k % % 09 (Gopherff 7050 H), HAiER, AR5 R BIHA M ERRER, FHX
FER:., BN EZEX ETIRSG &ERS R PAHRCHINA . R4 Gopherthil LAk 55 45
BEHEXAE R, nGIFXf:, {Hk %% Gopher& F i & AHASCHA v 5t i, [HttGopher
A% 3R 810 SCHY, K % BORASCIICA S E, BFAHTTPHMUA B B MRS, FLABIEAS
fifInternet |FYF £ 0 A E26 ] T B 1RYGopher JjR &5 #2 /7. 24 URL Ggopher://hostname
i, A 1R % Webix| K 28 GEIR 5l Gopherbi il , H5ix tGopherfik 55 2%l 5

HTTPHHR LA F— N HRASHTTP / 1.1 E19954E12 A E A —/ Internet B2 A F . JE I,
WASANIEMDS % £) . FrEITCPIES: | I i 55 5 45 4 prig o .
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14.1 #id

AT EL AT — D EICHHTTPAR S 28 LATACERRY 4 41, M 55 S FiT 5 5
HTTPHM X, [R5 % Internet i 5 b (9 — S b E AT — e PERY 20 47 . X RETR (T IBhARIR 21
G2 AR I TCP/IPIMY Y — Lokt 5L L R Ik Rk K. MAZMATFEH, TCPHHL
RIAT AL EERE, AEEHEAAHE, AFARLEE, RIHEEITLEIILR
TCPEREZNVERI T K2k ERE ST . BiRfemmnigaskilk.

BTN — kW Internet iR 5 FE LR 1 A EYWC BB . X/ ARG A22/ 41 414 (it
HTTPiR %5, [Al}iZzfTNCSA httpdflR 55 &8 HI2240 B A (FRATEE F— b ititsir 2k %
ST, 1ZASNCPUEIntel FEALEL S, BT IERLEBSD/OS VL1,

AW T = Fhscds .

1) FEELERIS K Y P/ N izfT—iknetstat )y, BT HF-sk i, MR E
InternetPh i 4E4 DT A T8 2% . X EEiH e BEE2R RMEA N, P 164T(IP),
#6397 (TCP)%E,

2) fEix 5K Y 1 Tepdumpe [ (L& 1 Fff sk A) 24/ s 17, AR A & A A 80 H 3k
HIHASYN, FINSRSTHREMTCPsrH , X4, FATATLLFME ETCPERMIL L,
Ro FEXMIRILBIEFI686 TSSAMFFA LR KIS A, e B 1147 103k TCPiE
=

3) ESKRIWIMIEAp, BT —k A5/ ESETH, IEFFTA & H A1 805, 1 kI TCPSy
H, HABNTATLAXER THASYN, FINSKRSTHRICUAYMIE £ At 47, FiLA
FATAT L DB R oA AT SE R o0 . TR X IRGETh IEids% 11 039 23549341,
T ER1154,

W 8224/ NI N EYSYS / FIN / RST4y 4 [ 442

$ tcpdump -p -w data.out ‘tcp and port 80 and tepl[l3:1] & O0x7 1= 0’

-phRE A LM S 4 0 B TR A (promiscuous) {5, AL R4 f7Tepdumpfe Y 3 4L
K AW s A AT REME A , X IEZ& RN T EM . XA D T A b 9 25 i IR A
K, [EELE Tepdump® ik /b T o HIE % .

EAFEZARIEFREBEX, CAATUARA LR oEHRSEX,
AEAEME ok KB EE fTepdump, RE & 5w ERHAH: £16 0004-%
KIANZEH22 0004~£ X 1AN2Z 9],

~winS R SR R UL WA A SCHE, T AR A A 5 A e S v B it . X AN
SO B R R S AT DU - bRl e 4 sl e 1 3 0 B2 0 SO A S

HA & H 8800 N R FITCP A Hil . BANEZESR: WTCPOA B AR, I
FRFNERFTRITER SR, SRUHH0, XRAKMIASYN, FINSRSTHRER T #
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BALEIEITIT), @it WE#E LR FUad, REoSYNRFIN EHTCPF5, #&
B EIEEEA 5 W b, ERBIRN T %, Vern PaxsonfJt cpdump - reduce k4t
R TxME R (http: //town.hall.org/Archive/pub/ITA),

BATE M — kB (B 14-1) &5 R p 2 R0E SN S8, S FahmushE rniEs:, B
HRETRHIEMNTCPIHH 3% : tcps _connattemptfliteps acceptsfyita sk, #5H &2
F639T1, Mok TR &L —/ - SYNS AR, AN 5eesn—: M7 MW 0 s —
ASYNG R, 38 AT I —. X LEi$eas 4L LR Ir A TCPIE AT 4, AR
AEHTTPER:, RIMMMEAGK BN EZIERELEAHMERBERESL, HARG T TR
Webflk %5 (428 Rt A VEH A &, [HFZERTCP / TPk & & HHTTPr 14 /%)

Pt B = SR B b8 BIH
i A 4 s EF E4F
800000 ' : - L - i t / ‘ 800000
il | | L
700000 { : : L 700000
| |
] | | i
600000{ - L | L 600000
. | o® |
~ J-'. | L
500000 g ! - 500000
| |
. ] Jﬁf’ﬁl [ -
IEHEE 400000 | ! | - 400000
Rk o | :
] ®$ o : I I
300000 - ,@‘y"’ : | L 300000
4 ’K%j;\ ..o I | L
200000 - o : I L 200000
> *"’,l". | | L
| |
100000 o | | 100000
{ & EETI R : : -
e T T T T T T °
0 1000 2000 3000 4000 5000 6000 7000

4t Ezhfapraat itk (5r#h)
El14-1 Fzh SeahEs s ks R it
Pl v 2 38 o A PR A R A S IR AR B UL B R R 2 T A 24/ FR L, 7R IX 24 /N ekt
SYN/FIN/RST4r 4 it 4T THRER. K., HEEWAES Ak, CrRRRGIRNT
BWIEEAE RS — AR AR AT ER bR K. AT/, MR A0 ROJT 46 B A X Be
IhiE], i ZeA R —EHAEBUN . B4 H /N e ahE R 2R ks mdh 2, anfE14-2577%,
MR ZE 5 & A R FE A ME R A
BT RHFBOHOLLRAMA LT RNBEF I R LA XL H|AT150 000/HTCPE
Wik, B4 % FFH A1 744 % 45 £ . [Braun and Claffy 19941324 7 NCSARR 4 %
itk ol: 199459, -F ¥ KA 360 000NTCPE 4% # K G A4 45A6~84 2 3
#1—%). [Mogul 1995b] P 4k T A ANMAFH AR A “fastie” viR$ 8, AFy—~4 =%
# RAZ1007 NEdEF K, R D —A R AL A B E] 7 -F 244 Kk2]40 0004 % 4
K, 199556 A21 8 &) (L RAE) REFETREEHIONAWebIR B, 4Lt T A
1995 F5SA 1B E2708ZRACMNYEFLRE, oA HEHI307 &
(www.netscape.com), Zf&#AHKXLAI0F ., HTEXL2 5, RMNLEFRESH 2
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e A ARG WebiR # B o iAot it iR, e AF P RMNPAA 2, ATXERER
BXOEA]: BERAEFREK, BEXERR, FXEPEPEXER. 3 —NREBFY
FER —NMABAWebIRF BAEFETALEEMNE, AMNFLET—FitRZAAHKIL,

B E= e RIE B RIA
Ef E4 E4 2 EA o
14000 L F— ; - L 14000
12000 | + 12000
10000 - - 10000
o F
BEATIF goog 8000
SR T
SRR
/i) 6000 - + 6000
4000 - 4000
2000 4 2000
] L
L e e I AN B S B S S Y
0 1000 2000 3000 4000 5000 6000 7000

R R bt e (4r4h)
F14-2  fg/i B ahiE ez IRk

14.2 ZANHTTPHRE 28

BEARHTTPAR S & KHE& — 6 £l LizfT /A HTTPiR S & B2 7. A 1R £ Webili i3 &
XARECRY, (B PR I IR Y TE .

) —8FH, MRS EET. TP rEIESRIE T — 8k M h Asfr L.
A EHA ZANHIWRIEHTTPAR S . B — P HARWWWIE # (www . organization. com)
Wi — A B RV IPHbAE (FBAE R — B L), S~ LLR B2 O 45 Bt 4 — /> A [R] 9 TP b ik
BT 51 £ (6.6 15 i difiiR T Net / 3EAE VR AN LRI LZ /N PHbEE, EFIPHIAEY
JaHRURE 2% 2 1 IPHbAE IR A Bl ), X220 ht tpdfk 55 &8 L o — 4> &R S fE
HA—ATPHbhE . YARS FEEIFEa0R, EEARM TP IESE & B ER T TCPHE O |,
Bl e R EI AR LE B bl 2 I IPHbhE )+ .

2) 2L, BEPRMRSFBETFH—IREA, ZFEARBFETHHARELAS T
oy Aafam A A BN e ), A VAHAARWWWE £ : www.organization.com
/IR T £ A 1PHbAE, f—/RELHTTPARSS 19 EWLA ARIRIIPHbEECE 1/U585 143, DNS
% KAILT)., XFP4 LAIDNS ik 45 25 Wi FZDNS & Fig ki, 44750 RE LA A [ Y il
B E £ A AR EIPHbhE . DNS H14ix 4> FR 2 8 34 fd F (round-robin),  f3il4n, 7E 38 # 79
DNS AR 55 &5 2 124 Bl i A 3) L FRX Fh Ih RE
fBilfn, NCSAfE{EO/HTTPARSS 2% . A1 KA ENIHIR & ARS S0, EEF .



#14% LHTTPJR # B _E X 5| 6) 5 40 145

$ host -t a www.ncsa.uiuc.edu newton.ncsa.uiuc.edu
Server: newton.ncsa.uiuc.edu
Address: 141.142.6.6 141.142.2.2

www.ncsa.uiuc.edu A 141.142.3.129
www.ncsa.uiuc.edu A 141.142.3.131
www.ncsa.uiuc.edu A 141.142.3.132
www.ncsa.uiuc.edu A 141.142.3.134
www.ncsa.uiuc.edu A 141.142.3.76
www.ncsa.uiuc.edu A 141.142.3.70
www.ncsa.uiuc.edu A 141.142.3.74
www.ncsa.uiuc.edu A 141.142.3.30
www.ncsa.uiuc.edu A 141.142.3.130

(host FEFE&EUF 4B AR IR TE. ) LHIGLSPEE - SHERINEER
fINCSARIDNSHR % 2 &%, RIS EMEFRRE . fEREFL T, hostf/FHE
FAAHDNSAR %5 25, A IR 2RSS SR al REA X9/~ 1%, M H I e kiR El
&l —A~IPHb AL .

B kIR ST Lo R, B3 T ARKT.

S host -t a' www.ncsa.uiuc.edu newton.ncsa.uiuc.edu
Server: newton.ncsa.uiuc.edu
Address: 141.142.6.6 141.142.2.2

www.ncsa.uiuc.edu A 141.142.3.132
www.ncsa.uiuc.edu A 141.142.3.134
www.ncsa.uiuc. edu A 141.142.3.76
www.ncsa.uiuc.edu A 141.142.3.70
www.ncsa.uiuc.edu A 141.142.3.74
www .ncsa.uiuc. edu A 141.142.3.30
www.ncsa.uiuc. edu A 141.142.3.130
www.ncsa.uiuc. edu A 141.142.3.129
www.ncsa.uiuc.edu A 141.142.3.131

14.3 FERIHmSYNR)Ei 8] R i (8]

TR A RS R P ERSYNRIEE, FADRE TR E R A
Fie KT R 3 Z AR DX B o AR S5 25 B A RE D B AT B T, AR P Tk,

L XFSYN / FIN / RSTHEAT24/ e BiRER , A TR LAsr H7 % FomSYNROE K A] (Al e . 73X
A24/ it R BRI 1) 2L 45 160 9484 SYNELE(FEA R M I L AT 127, fEixWIR A 147 103
KoEHZER, XPREMHARREASYNR RS, EER, KOH0%HISYNMER). K/l
)ik AR A0 1 ms, Bek(H244.5%0, F(EHRS38 ms, Fhial{ER222 ms, 91%HIFikH
Rt ) F1L5FD ., BE14-345 H T 5k Al B ik Al iR 14

EIKE BAA R, (e TR, h T ME (AR, R K240
kRl S VRS R ] ] B, - LA DRI S YNE i A B (ScPrill & 786 6220, EL24/hiHC Loy
By, B 14-4F0H T AT204N 0 (r] i R B (R, B PR E TFIAR T R A FARISYNSL, 5B
SRR R R 2R E AL R HISYNE A S, ARG, WA A =510 %E.

Filan, ZEFAFEMSYN, —XKAH27 8688 (—KHHI32%)NEASYNEE, 224718
(—KHI26%)M AA —kSYNEiE, %%, —BhRRMSYNEIEE AR, —KPHEAR
YGX PR BL. BB T A SYNF K R RO SOR I “Fb™, HF R BUENTHRAE— 435 BhRy
B, S A T B AR e
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45000 - 45000
400004 | | 40000
350001 35000
_ 300001 30000
it
25000 A +25000
20000 20000
150004 K +15000
(e
10000 - i L 10000
5000 { | 5000
0 L B R B R RN I s e e e s e i
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
[l e [A] (ms)

El14-3 2% P S YN S ik ] B (] 45 A

17 ElE A SYN FISYNHY
FISYN/AN % 2% Bit#
0 27 868 30 565
1 22 471 22 695
2 13 036 12 374
3 7906 7316
4 5499 5125
5 3752 3441
6 2525 2197
7 1456 1240
8 823 693
9 536 437
10 323 266
1 163 130
12 90 66
13 50 32
14 22 18
15 14 10
16 12 9
17 4 3
18 5 2
19 2 1
20 3 0
86 560 86 620

14-4 S ERVBNEERISYNH

P 14-6 & & AU MARA /DS B, fEXAEd, FA1IEE30F 25 RIS YNEEUCE
B, yhF RWEEDIEMSYNE, FHERERL AT, Bk, XA /N LR
FEHISYN LT A (AR I,

P 14-7T25 H T B &g (E BB 340 Bh i LR Am S .
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EX 35 PP VR AE AT A S, thRWISEE A RH A, AR A M X35
BhTepdumpf2 5 tH 2T R BL, [AVBLR AR K B — 5B A . (EAL A I 1475 £ eI (930
o, A% P EMA ARG 0 &K1 0244 SYN, FE 304, A DBILEEFE60~65
RZIA, FEmEEAR PR ER, 15 E bR R BGIL 704> . B 14-7 v v i) (9 4ol th & i

R PGIRE,
Pl 14-551H T 53X 4% AR SC A ES 2y Temdumpfy H .

1 0.0 client.1537 > server.80: S 1317079:1317079(0)
win 2048 <mss 1460>
2 0.001650 (0.0016) server.80 > client.1537: S 2104019969:2104019969(0)
ack 1317080 win 4096 <mss 512>
3 0.020060 (0.0184) client.1537 > server.80: S 1317092:1317092(0)
win 2048 <mss 1460>
4 0.020332 (0.0003) server.80 > client.1537: R 2104019970:2104019970(0)
) ack 1317080 win 4096
5 0.020702 (0.0004) server.80 > client.1537: R 0:0(0)
ack 1317093 win 0
6 1.938627 (1.9179) client.1537 > server.80: R 1317080:1317080(0) win 2048
7 1.958848 (0.0202) client.1537 > server.80: S 1319042:1319042(0)
win 2048 <mss 1460>
8 1.959802 (0.0010) server.80 > client.1537: S 2105107969:2105107969 (0)
ack 1319043 win 4096 <mss 512>
9 2.026194 (0.0664) client.1537 > server.80: S 1319083:1319083(0)
win 2048 <mss 1460>
10 2.027382 (0.0012) server.80 > client.1537: R 2105107970:2105107970(0)
ack 1319043 win 4096
11 2.027998 (0.0006) server.80 > client.1537: R 0:0(0)
ack 1319084 win 0
E14-5 EHHE LA SR KL LAHISYN
40 r40
354 . | 35
4 F
304 - 30
r -
25 | -25
Bk |
0- 20
SYN/ ¥
15 ' 15
104 I 10
& :
0 t I y I I l
0 10 20 30 40 50 60

Bl (53 )
B 14-6 604> Bhikt i) A A PV EE RIS YN S
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+70

0

70
80

4
604
50 4
RSN |
SYNI'B |
30 -
20 -
104 |
5 ||||||| |l||||“ e .
0 20 40 6
il BB

Pl 14-7 345 Sty iee (& i (] A G FD B K RIS YN B

BT RZFTRFFHISYN, B iTRRSBAISYN / ACK, FE =172 ME—1% FHY[E
— M im ERB—ASYN, (REREGBFFIS&13, thE 1T, FNUTERSE XX —
ARST, FHITKIES —IRST, FARITRE P KIEMRST, NEBTHFHBXEEX/MENR.

Mt 2R & B TNEAE P REMRARSTCE LATAE /11?2 rIRE&l XA TENH
HeHy KSR R BE o e, (R Oh i Y & TepdumpREZFR /7 (U & A SYN | FINSRSTHr A4 3
Bt. SR, XARMBLEM T, EE A5 0 antk s S & X SYN, HH M —ASYNE|
T A FFI S AR ) '

60
50
40

i
30
120
.

lI.ll"lII'hlil.'.lll |"l I "‘IIII' ||| t.llﬂﬂlﬂ]nﬂ:o
100 120 0 16

14 0 180

PR EEMSYNEHITHEER

RIMNEEZIEEENSYN, EFHOE SSYNWR AR E . BAM EERITILE
H, — A BRI T R SR b B e R . I AnFR AR AT A A AR EAY
2 EE R LR Z10%ISYN, [RFE, it 82 A GISYN, 10l LAk o i 83 ik IR
FaxmE, A LA RSYNE LN TCP/IPHM L AL B (K A B — A SYNE 5 % & IR ah 2
IPEIAN, SRIGARTCPHIA), EHRIERERENMHTTPAR 5% &8 (k55 &5 85 g — &b
BHTE PG K).

EZ2MEEESYNSG, E14-3d 1 F 5 (E d1538 msHhnFE600 ms, wal{AH222 msifhnZE
251 ms, EE14-4h T 1CL HEPHFLERISYNAI A B, 1 (E h1R B 14-6vh FKRpAbAE,
A BEANRE, —RPBFIRFISYNE S ARIBFN S BIAAE19, 21, 33/SYNEFE, XHFHk
I1—/~35 0, MAERAA(F 3 k0 e 8 B (251 msf33)F334SYN, #4485 MK A, X
AEERE, MIANEIE—WebR%S 1, M{EEREE MR EEXFEYEZ . 1459
R T TH 7 303 Foh A 422 17 R BA 71 o f e {1 310 s SR A 1
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14.4 RTTHNE

T AHANBEL BN EEFE P SRS &% ZRIMAERRE, AR, KR4 RER
dEIR S 2% FERERSYN/FIN/RSTMI &, & 14-8fik T TCP =k FF1 H M9 /™ 4 S B ke &
IE— A ERRNE R — /A FINH AR S5 25 & ). I AR REREESYN / FIN / RSTH #] UL
HRERE

% Pl s 2
( gFl’z%!‘iJliﬂ??SYN

RTT :

J! . s B BIST

h T PIRSTNIIACE RTT
; % S YNAg Ay

i

|
L’
é/

gy B RBEET

RTT -+ %E

g PANBACE ]

-

F14-8 TCPHY = k4B FFaE a2 1k

TE% P o] AR RTT, BI% X SYN 5HE ik 55 25 & K ASYN Z al (ot fa] il b, {ELFHA
M ) AR AR 55 a5 Ut o FRATT T LA 2o 0 iR 95 25 A SR FIN 500 1 A R O FIN 2 (] (9 B ] )
R M ERTT, (X Fhl S A& — A ATERIRLE . 2 5 R PR SO Hibn 5 %
P14 2 [a] I R

BT EREERS & WA 4R MERTT, [ 3 A14E F A 42 20092, 5/h i i iR
Br, JEOUEAR 55 85 KiXSYN / ACK 5 H| & FIIACK Z [a It fEl [l bR . & P REH, Fk
AR 55 45 SYNHY ACK R SCil % A & $IE IR (E2585 758 1), K] bl ik bl Bk A~ 25 4 & — /-t
MERIACK,, X 24 SOE % #0R R rTRERY/MIR 55 SR IS YN G447, Gl W B4 — /IR %5 & L
fEFAIMSSIET, & P HRJACKA40F), HIL/ERIEASLIPSPPPHER: AL AN
I3

FE2.5/0 N, BEAT 719 195RRTTHYMIE, K810/ A EHIIPHEAL ., H/NAIRTTSH T
OCA [ —FEHLIIZ PR, BeKRIURTTR 12380, “FI(ER445 ms, hiE{ER187 ms, [ 14-9
Lyt T3IFLANMIRTTHI Sy Al . 98.5% WIRTTAESFILAN . iXSEMIBER, hAAPRERFE
FEHIRTT B 4F RS DLE6O msZi Ay, HUAUME UL TAIRTTIE £ /D RX A ERI3 %,
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A2 FRME(178 ms)rbdy X & F 5 £ K-F# & HRTT(60 ms) N iX 4 37 —HF T
RERBATHAT, KEHH F 5 AHKS K5 P Internet, Bp ik 2 5 b oy & H S
(28 800 bps), 4L.4&/ARTT#Mm100~200 ms# i, HIr—AREAR, ALEFE
MR =ZRBEFAHEAARLA(EP KiEd), ARMHKRF ZSYNHACKIR ) H
AT,

i
5000 | ‘ 5000
4000 4 L4000
% 3000 4 - 3000
2000 4 B - 2000
#f
1000 - i - 1000
g I A R G S LA B S SN AR A B A

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
RTT(ms)

14-9 & PER I ] 455 4

145 HRlisteni@BNEENIINETE
AT R A GERE RS D, RS &S F AT A A -

listen(sockfd, 5);

B A BHFR Abacklog, fiRlistenifHRIAERAFIRIZA B, BSDNELE G #)
JRH, it fE<sys/socket . h>3k 37 L SOMAXCONNF &, 1§ AT 2 &AM L
FRIEAS, aRPARFEE T — K TFSHE, NERA ML (T~ it & B HSOMAXCONN,
BT A 2K SOMAX CONNRY (B M % 1080 &, 3 InAy IR A1 EZEAr 43,

e QB , so_qlimit{H#t % TbacklogZ$EH(E25365T), 44—/ TCPA%E
HIE KB RRHE PERISYN), TCPRFiifrsonewconnif i, BEREHE 740 FMK (2%
37071 HI4130~13147):

if (head->so_glen + head->so_gOlen > 3 * head->so_qglimit / 2)
return ((struct socket *)0);

Ede B2 Frinif &, e A2 48 & fjbacklog R A —NE RARE G B T 3/2,
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R RE &£ A A 4% £ backlog HSH B F A EEPOE M ES, INTEANRENRD TR A
AT 16 A AERLTHERELIEI95R),

JEABAFN HE A PR BRI AT P SRR

1) REHIEEF(so_golen, —ANSYNCLREFEA, {H =ik FBEA 5EHRERE) Y
Tk

2) B IEHEAF(so_qlen, =k TFLER. WEIEFFERMITacceptif)HAY
Tk,

- 2369 T ARNIA T Y — N TCPHEHEIE K FIAR, AR5 a5 B A2 P%

% L 58 B FE BN S 4 B (B 4, R 95 2R R R SRk 55 2R B ALAR R ALK, SR AT
acceptif ARG, FRERIHFZPAS), Sk O F e T, Hfik Bbackloghy |
B, SRS & EHLS%E P ENERM RS, mAELEmE ., HEREERBLEEHR,
2k 55 3% wk Z e AR R e — AR, O — D FTRIS YN & B 51 e A — A~ 2 R TR e (]
—IRFEIRIIE], P 14-10658 T A58 B HEPA 51 03 5 20 I il

& Pt Nl 55 2% b
F Frp,
%&%WS YN
sy )
%
\i8 " PSYNB")ACK
%ﬁ | T A
THR % A% (ol i) = RTT
W
J

FE14-10 A 53 4 FRAI A 58 BOEHEBAFI dp — A e e T i i .

h T RS R e BGE R FIE & (4 & C 58 BOEREBA S, BT — A # 1& St 19
netstatfF, 7EHENHTTPYITARS & %L so_q0lenflso_gleniXFi/M a5
ME. XABFEiT 7240, 35477379 076K R4,
A L9 msi T —IRRAE. E14-115H TR,

Hil T % 224231, ¥fbacklogi% 45K, SLhr ERTLLA 8%

BAFI | RTERERE | B kit
K | Bl | SR

SEHETEHERN . Eon i BN B KoY B %5y, By | 0 | 171 | m0m

AR AGK BT, REIRS BEFMacceptl | 5 | 'wis :

PRI, % A T F A rh G . 3 | e
YPAF| E iR, TCPEF AERIFER(E2HET43M), 5 14 581

ERERPRFSRAEN, TEEHSYN, FREl | ° elo

P LA EPA | R R B 22 AL B . (A& Net/3 N B 3 A 11 8 245

A X ERPSYNIG e, Bk AL R H 5 ikl 379 076 379 076
XRE R R AR E, BRIMERGE X —BRABME T E14-11 4t HTTPIR & 21
& . FEREBA B B 4> i
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if (so->so_options & SO_ACCEPTCONN) {
so = sonewconn(so, 0);
if (so == 0) {
tcpstat.tep _listendrop++; /* new counter */
goto drop;
}

eSO E ok M T — AN Es .

B 14-1200 51 HH T ABISK, —/NiRE—RABIR TR (A, XA TH s R 0L B
WA R 55 e fE PPt AT EETHy, (R FAIBE BT iEAR R EALE R A — &5 WebllR 55 88, SKbr
ok 2 B R R AEfEht epd I BINTHE O L. ACEI BRUE, X & EHLE S PRRIVEAE
HeiF R i R AIE =/~(22 918k tHBRLATI395 8, (HASX B A JLMEREEHEREE %
BORAIBkEK . KRETERA5005r8h (BRI TF4 : 00) 245, —A/DIFAEFE T 196440 AJEHRH
K, LIRS B2ACERPE—) . HMMRRIER R & A R — T 2Rk,

B = R BT 123 VAN EHIA

IEf IEAF IEF 1EF EF 1EF
24000 » L t L : L . l : 24000
22000 22000
200001 20000
18000 | | 18000
1axm: + 16000
I 14000 - [ 14000
ikt 12000 ] [ 12000
10000 - [ 10000
8000 | 8000
6000 1 | 6000
400(): :4000
2000 2000

o] "

0 1000~ 2000 3000 4000 5000 6000 7000

FYE Jazh Ja B it 9 (al (53 #)
Bl 14-12 i35 &5 W A 31 A it H

5B N AU AR 55 2% (N backlog 2 80 B, [l 44 0015 ok S AT Ak 55 88 By F
F(filsnhttpd), fZi%E— % K#iJbacklog, 4N, httpdiyl.3RELAFEX AR, KA
‘T i Y15 1) P backlog 5 il 1% B 45«

listen(sd, 5);

L4k frbackloghé fn®| 735, {HiXf TR AR S B KD,

ASTRIR T3S SR F AN (] 9 5 i3 2k 38 il % iybacklog iy 1P, fil4n, BSD / OS V2.0 x4
somaxconn4£ A mIFE A6, HRAGEE A LA EAREE KAE. Solaris 24701F &
SiE P B Findd B kB TCPE % . tep_conn_req_max, XANZHAVEINEARS, &
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KAILAR32, Solaris 2.5 EINEHMFI32, Wi AFTLAR(1 024, AERYRE, W HREFER
listen{f FIRE, {5647 — A 16 B A 70 R W2 24 A R 1E R E N B BT FR VR IOBA S0 B K1, BT A B
b B o 5 R o PR P R AR v £ A 2 B0 — SR K (EL (R A (1 i s tenif B A& B A
EAME KK B8R, S LM PR CAE A & TR E XA 28, fE[Mogul 1995c]4gH
—FEE, INAEListeniAMHP 2N Z 8, MHARNEZAERIEERARKE.

A& R AL A4 & backlog R B A — N EAK O A RFR 5 B o) A &, B,
L X AP U TF A Al 3 i B R AL A P A X AR B,

SYN_RCVD#iR

HEMEnerstat kR &I, 6 NAESYN_RCVDRE T REF T )Lordh, Net/3H
"B A HE 3 I 25 PR A X AR PR FR AT I R A TSP CE2 55664 5175511, Aft 248 & HE
XFILR? E14-1351H T Tepdumpftyi i .

1 0.0 client .4821 > server.80: S 32320000:32320000¢(0)
; win 61440 <mss 512>
2 0.001045 ( 0.0010) server.80 > client.4821: S 365777409:365777409(0)
ack 32320001 win 4096 <mss 512>

3 5.791575 ( 5.7905) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>
4 5.827420 ( 0.0358) client.4821 > server.80: S 32320000:32320000(0)

win 61440 <mss 512>
5 5.827730 ( 0.0003) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>

6 29.801493 (23.9738) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>
7 29.828256 ( 0.0268) client.4821 > server.80: S 32320000:32320000(0)

win 61440 <mss 512>
8 29.828600 ( 0.0003) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>

9 77.811791 (47.9832) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>
10 141.821740 (64.0099) server.80 > client.4821: S 365777409:365777409(0)

ack 32320001 win 4096 <mss 512>

fiR % % o4 Fb EEACK / SYN

18 654.197350 (64.1911) server.80 > client.4821: S 365777409:365777409(0)
ack 32320001 win 4096 <mss 512>

P14-13 JiR 55 8546 N FESYN_RCVDAR A # PHLIEEVT 115 Bh

& PRERISYNIEE — RSB P FL, MRS SFHISYN / ACKTER “ Mk Bk . [H]
i AR 55 a5 i BLERE R ST E T &S A TSRy, BEAFER S h6Ry. LEMEITH, EHEEMN ST,
k%5 & EESYN / ACK, XIEZFNPHER.

LT ATLAR R & P umm Rz, X A0 R 8 % 58 17 h g AR SYN, i A
AT AR5 4 SYNRINR PLACK, & Pumbf ROR bl 7. RS &4t T IEMRAIm R .
HEESYN / ACK, WB| AN ICBIE, AR5 & b 0 TCPRE -0 i 4% 3% £ 10 R 16 a2 I 2%
(keepalive timer){yBHt [F] A 15 A2/ (B 255745 T0), (HAE, PRIGIERS 28 5 Hedt Sr b 8 {8
RLERAE RIS fIE — AT B2 B 25-2), Bk, BFFERRIZIHEERM MAT{E69F),
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B2/ . Gl E & P A R AR %5 8 SYNRJACK K 52 i =tk #8 F, HEZTCPiE# .
X ASACKHR SCHEACFE f, (RIGE I 28 B A2/, (& it 28 Wk %A .

F6. 7. 8ATMIEOLAAL. MRS FAVE M EM SR E248 a8, FEFEMSYN/ACK, {H
AR P I R (E X — IR E AL T RAIISYN)ASIERf, BIUEAR S5 & Bk (E#ib R ZSYN / ACK,
EEMTATLAR B, MR 55 a8 A (5 it 3% R 48FD Ja f ok it , AR (5 ERISYN / ACK, iXF¥,
A EMSH T ERNEKIA: 64F), TEEEMEF Zarlbk A 712k FEL12/EE256745
HJ% B TCP_MAXRXTSHIFTHIH).

R ARG E 3% B ER 25 L FITCPT_KEEPTH 43, ATLAMS XA MR 75 ik 42 «
RS EA AL AT G255 7450, AKE ORI I 25 A0 Rl PR i h 2/, M8, BT
R E, BREER MEHFL R R RS AIR B SE IR R IE 2 I 8 1% B B A1 2/ .

14.6 FRiRAISYNIEID

A A 24/ A BRER S T AT A ISYNR ST, Mrh ATl LAFE B A BES YNAY —
LN [a] 9 2 B RN T

EPRAS

B FA A R G0y Bl & P IEHE F 5 051 YR 2 1024~5000(45255 588 51), 1E4n
AR RARKE:, ®ik160 0004-% 1o 4793.5%F F fum A fEIX AN TEBIN . A 1440% Pk
P A A 15 /1102405 115/ T 10249 7ENet / 3l 1E AR R AR 1), HAR6.5%H
B2 EBLES001~655352 0], Y& S, Hiul ESolaris 2.x, 4rBefR Fiu 1125k 32768,

100000 — — 100000
50000 — — 50000
20000 — | F — 20000
10000 | || ' 10000
5000 — L5000
2000 — ' — 2000
1000 — 1000
2 H L 500
G S0 R | )
BHEHT) 00 _| b AR A n ] A T b0
100 — 1L HT [n W m i TR |10
50 | ] i 1 d A I A1 L |50
| 1 I
20— i 20
10| —10
5 —5
2| —2
1 1

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000
w05
F14-14 7% g SRITEE
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Bl 14- 1458 — A% 7 (i s S 9 -4l B, 4100045 FL(411001~2000, 2001~3000) 1%
=AU . R A A B bR IR AT B, o & 6 e 1A
1024~5000.2 i), fi H.2 / 3% 1 ££1024~2000 2 [f] .

BRABMIKE

Al LT3 F A& A MTUCRL i i A7 Bl 10-9 18 ) s AL 420 [ 2 [ AR He i [7] R 2
] {E 51268536, KREMBSDAFE1024, F5%) ki EMSS, RFC 1191[Mogul and Deering
1990171t 7 LRy 16 Fp A [W (IMTU,  [RIHe, 79656 b 3014 2 RETE 3 Web & 1 Bt & tH 19 AN (]
IMSSHIEA LR SR £, FSE B R T UTFAEAE, JEEE128~17 5202 [d],

& 14-15%1 H 7 B Wi 1350 % POl 2 IMSSHIE . X507 14 % F| WebfIR 55 25 U 1 5 &
53861994 % . i bRrid “none” HYREER FHISYNEA @ EMSS,

MSS | it % TEE < 2

I 703 RFC 112247 A~ (i FHET, 154536
212 53

216 47 256—40

256 516 MTU %296/ PPP& SLIPHE %

408 24

472 21 512—40

512 465 JEA e -EHLA & FI BN A
536 1097 EA b E ML A BIAE

966 123 ARPANET MTU (1006) — 40
1024 31 HhASBSDH A b = WL BRI (A
1396 117
1440 248 LAABMTU (1500) — 40
1460 1626

5071

El14-15 & PPl & FIMSS{ERY 43 1

MREOREES | |
w H i % [
% PESYNA AL A T % P 44 B 1 0 | o

RS, R BAAUTHRRNE, BETEAE | am | w

Ui O~ . T 1024 67
[EAI7ER : 0~65535, E14-1651H T &% WLAY 145k 20s8 oo

[EIE ST 8. 1X 4990/ [H (5 5386/ A [a] & iy 2920 296 | 2x 1460

i AE-N BB (3 TR 4096 2062 | BCEEAE SN ERIAME
93%. FALLlHARRAE S, BALHEIEARR X% 4199 633 | s RSB LIE

2% (54122099, 8760 179 | 6 x 1460 (UL KM 5 H)
16384 175
18 H LPC-F 45 L &)Webi| ¥ 5 44 22099 486 | 7x7x11x41?
M A R MSS Ao indé i o R, ALEA 250 - 126 | g M
MNAH —L£FBEH—IEB, AFPEE 61440 89 | 60x 1024
XA T RAZTHAERCIAOAER., 4990
REELM, HRMERB11TH IR El14-16 2 FE S eiaE N
MSS{EFe 1174 T~ 094145 H 2 R+, H4# Rt 95 A

& 72674 B 69MSSFe s & o R+ 40
A FRA KN MNZE AR08 XM,
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BT O L 70 B BT

RFC 1323455 T & 1 LLBIANIN BOET(E2-1), fES386/ ARAE P A 7840 Rkis T
& G, 234N BE &% T & 1 LG I S k% TR RGE S, A — A HUR K R 6.
FERRA AT 01 B Bl 15T rb Rl 25 T S Al FOCGERR B EL Gl Al 121, st id & rITCPE K Y
FLEE)o

FIASYNR X H#E

A PERIEISYN R H SR, (HiX SESYNHA G E T / TCPIYET, ##ix st
S, RIVXEEZER R MK, FPERE - EENSYN, AEEMEIE. =kiET
M AR SCBR IR 55 2 A B, (ER MRS AFREAR T, Hk%x &G TEMSYN, HE%
—A% P EESYNH AR S A BARE (1E200~300F 17 Z A, —A~% WAYHTTPE FiFK).

BEMTUZR I

{ERFC 1191[Mogul and Deering 1990 F14; 1{924. 25 94548 TR AEMTU R B, @A
% PR &k ISYNAR SC B R IDFAL (A 45 BY), mTLAKIMT & P & S ERX AN E T, 31051
i, HOTINE P (512.6%) X FFigEMTU LB,

BERNERF3S

A KRIZE P (i 10%)(EROME A5 S , ROTE AR5 EE R TTCPHLE,
X% FEITCP / IPSEHL b B A 1 3 s BB FIOFE AR 4 P o1l 5, TERRERrh e 1AL,
Al —A~%& PAE LB AE A R0 1 A B 2 A0 E TR R EROE A RIS 515 . E14-19 5
tH—A X FERIR P,

147 EPRImBSYNERE

TBEFIIRAE ARG ARAEAAGSYNK H OV G EAASYNNRTTE), ARAE24F0 A 51 A 31 i)
B, AP EECE2H664T1) . BHFE24/h M HIBRER s 3ANCT T T A RIS YNIR SC(LFE AL
BA P i Tepdump £ FE ), FrLAFRMGEM G FHF A EESYNG L HMEME —KkEL 2
1] e [

fEiX 24/t I ERER P AL A7160 9484-SYNE|E(ML14.377), H 117 6807~k 11%)2 EEH)
(AIEEMEGBEE/N—L, FAMRHE PG 05 HESEM 4-SYNR 3C 2 Al f9I il
WK, MAEASYNRARER, MAERAEH SRk, BNEAREZBRIXH
orEfE, FATREN%HH—/NE).

SYNHES— kBl WAL, EEHRIMAERER HMHBESYNLUGES, 48580,
REBEMLZR, WELE P EHABSDIRZ:: B —KEEREHLE, HENT - RE24PE.
FATHI(6, 24 kX RS, HABIEE BN 7512

* {3,606, 12, 14},

* {5, 10, 20, 40, 60, 60} ;

* (4,4, 4, 4)GER TRFC 122 5 HUB R IVE K),
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«{0.7, 1.3}QR0BKLASPHY ENLIE SR E W EL; Ehr b, EXNEY LA EEEEL
SYN, FififyE % A FR&ES/h 500 ms | ),

« {3, 6.5, 13, 26, 3, 6.5, 13, 26, 3, 6.5, 13, 26} (XA L #4547k B 1% f5 B Biiktg BoR 8 5 i
Hf%);

* {2.75,5.5, 11, 22, 44},

« (21,17, 106} ;

*{5,0.1,0.2, 0.4, 0.8, 1.4, 3.2, 6.4} (55— ABI 5k EZh b £);

* {0.4, 0.9, 2, 4}(5—A 198k T LT 3 SR E R F %)

« {3, 18, 168, 120, 120, 240},

AEWRMAERN, bEALLTRIFI, HLUSYNREARLK, ATEeBEAKEE
& PARRM RS EReREBIRRIIRS &, (HBCATIARS & e, FAE, e vl 6e
A& il — /i AR T SR A BT SE Bl (B 255 765~T66 T fifi ik | BSDJ 55 &% & An fof AL BLX A DLy . 24
FIHISYNIFFHI 5 UL FE TIME_WAITHR & E B I B Ja — A SYNRYFFI5 8 KNy, ARk 55 2% 4%
Hes ik AR E RS RO, (B X AR (Bl4n, BB A R3F 6 I 580 ik AF KA K
%. ‘

14.8 H 2

FE24 /)N 3 (8] 2 45 53864 A [RITPHbLE % P i 82 3 Web iR 55 4% . Rl 4 Tepdump (Gff-whri&)
HACTFA IPHL L 95 4 50, R 3R AT 44 200 7 R AR AR LA IR 44

FHM1F — e FADNSE R 47, K B X LIPS 2 BT A . RERE 740524~(4
75%), SRIGFAIEDNS LigfT T —K, A#HF F13341Pht, NHFE T2 4. XE
Tk & £ 23.6% 1% P TP hE B 58 4 10 3 B S AN IE (S 19 14,5 THE TiX Se48 i) . B
XEeR PR A BB ARl I R B, RS 4 e AL B AR, B fth 710 B I A AT
£ RS E R 2 TR, i B4 TR 55 &8 R AT (I 3 4% A Internet i)

TEDNSHEH 274G, ®A1D AR TAI12724% PiairPingf )y, BiFX %A b
hE— 4 TSR PR RSG5 R PingML KD T 5206 FHL(L41%),

Gy BT 3 2 A e Bt B — AN IR R TP b AE A TR G R & 0 5r A, RBVENTR B 574 AR I T
Foik 4, HASONMRBREEUNLMERAEAS FTRARAL, XWIEHHA “HREE N
(world wide)” XA~ 1] I A4 Web & 1A 2411,

14.9 @R RIFFERN

Net / 3R A et & 2% B 48 Ml (persist probe), IPEEZ, 4Net / 3 FI Rt 2 & 3% 1 9%
FEROMIE Pl I, EAEES 52U E x5 WETR 3C, #BAMHb R R R E M, 24t
S oe 2T A (Fl4n, fESLIPEPPPE B2 HE T i id), X Aok &= AR, B — T 42
FI23TARFNN, M& umil R, ALedin g b &S kik A EVA AR IR FICMPHR 3,
— HEdENT, TCPf 2B X SeeliR,

AR ER AW ES, TCPAH60ME T 214 TR EHLE % — /45 S 4 Mk 3 (R 7
Internet’¥§ i), R4 — SEBHEAREE i H 0L LB A A7 FITCP ;[ 4 il

14-17%1 i ff94.4BSD-Lite2h (T fRADAE#b T3 AN RIS, HERBRE2E 6627 HIH,
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tcp_timer.c
case TCPT_PERSIST:

tcpstat.tcps_persisttimeo++;
/*
* Hack: if the peer is dead/unreachable, we do not
* time out if the window is closed. After a full
* backoff, drop the connection if the idle time
* (no responses to probes) reaches the maximum
* backoff that we would use if retransmitting.
Ef
if (tp->t_rxtshift == TCP_MAXRXTSHIFT &&
(tp->t_idle >= tcp_maxpersistidle ||
tp->t_idle >= TCP_REXMTVAL(tp) * tcp_totbackoff)) {
tcpstat.tcps_persistdrop++;
tp = tcp_drop(tp, ETIMEDOUT) ;
break;
}
tcp_setpersist(tp);
tp->t_force = 1;
(void) tcp_output (tp);
tp->t_force = 0;
break;

tep_timer.c
P14-17  IE B RCER F SR A KR

B pifiEaR#H IS, KRtcp maxpersistidle —HiE LR, EMNFIE
& TCPTV_KEEP_ IDLE(14 4004500 msfy i $h % & (clock tick), #2/hi), & &
tcp totbackof f#iE— /M Hi &, 'EMERZS]], ftcp_backof £H4 (24669 1) fr
HILHRZAM, )5, tcps_persistdropittcepstat£iH(E25 638 1) H Y — iy 4
o, EOtiH s E IR,

TCP_MAXRXTSHIFTHiiE [ TCPEFFACKIM B KRB FkE, ERIEZ12, R/
i seoxt 3 v 19 24 ATRTORYS LLEE R A BN N S A B 5 AR TR 30, TE12KE 5 ek
iR, Flan, RTOR2SHGAHRIEE, —REAVE), £225 phEN26404 BBl E )
JG, ORMR R MR — A HsEEFERK, HA2640KT2555(H15 x 511),

KA 6 “Hack” 2B R2ALEH, RFC 1122 L7 BRREST 2 EAHO,
{2 2 £ 43 TCP 4k 4 45 MR X & £ 9% B, TCPREL IR o IR AR 4 — A ik 48 4T FF
KA, R EKHEAKENEA DL, RETAEFLEE,

ERGEHMARIRI AT UAF HX AL R AR 2%, E14-1845 H T AMISKATIXA
W E. XA FHBREFOMNERE, B4,

EFAVFANE — P SRR, E14-1925H T Tepdumpsy 21 BRER AT HEART UL .

FE1~3F7rER T AT SHR(0), MSSIEA LA ELASL, 2 HEH WAITCP =ik Fid
. EBMT, TPRET T I82FNR R, BT MRS @3 FRET TR, FEm
Frtk X @& T R EBIRRIRIS 1271, Bofre & RS12F BRI E

EFETTE P RET—AFIN, FE8F7r RS & XFINSEST TWR: ACK, BEBELFT
fRe %5 2% KK T 10247 iR . & PIES 047N TIRSS SRIAIS 12 iR %, JFEEEN
FIN, 81147, $B12/72 MR %5 SHIG1024FGHIRE . F13~15F7 P S T X Fri UL,

TERE, MARS &K EKARM, &FALEFET, 10, 13f16fTdd & R/, HEH1747
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L8 B Y B 23N EIHH
IEF E 4 E4 B4 EF
450 1 1 L L 1 i L 1 450
400 4 400
350 (350
300 300
250 4 250
By 4ai0)
AT K
200 - rZOO
150 A -150
100+ -100
50 50
0 T T I T I T I T —[ T ] T I O
0 1000 2000 3000 4000 5000 6000 7000
# Y 5 5h g & i fBs a1 (5 )
Bl 14-18 FrERMEM G EF BN R
1 0.0 client.1464 > serv.80: S 0:0(0) win 4096 <mss 1396>
2 0.001212 (0.0012) serv.80 > client.1464: S 323930113:323930113(0)
ack 1 win 4096 <mss 512>
3 0.364841, (0.3636) client.1464 > serv.80: P ack 1 win 4096
4 0.481275 (0.1164) client.l1464 > serv.80: P 1:183(182) ack 1 win 4096
5 0.546304 (0.0650) serv.80 > client.1464: . 1:513(512) ack 183 win 4096
6 0.546761 (0.0005) serv.80 > client.1464: P 513:1025(512) ack 183 win 4096
7 1.393139 (0.8464) client.l1464 > serv.80: FP 183:183(0) ack 513 win 3584
8 1.394103 (0.0010) serv.80 > client.1464: 1025:1537(512) ack 184 win 4096
9 1.394587 (0.0005) serv.80 > client.1464: 1537:2049(512) ack 184 win 4096
10 1.582501 (0.1879) client.1464 > serv.80: FP 183:183(0) ack 1025 win 3072
11 1.583139 (0.0006) serv.80 > client.1464: . 2049:2561(512) ack 184 win 4096
12 1.583608 (0.0005) serv.80 > client.1464: . 2561:3073(512) ack 184 win 4096
13 2.851548 (1.2679) client.1464 > serv.80: P ack 2049 win 2048
14 2.852214 (0.0007) serv.80 > client.1464: 3073:3585(512) ack 184 win 4096
15 2.852672 (0.0005) serv.80 > client.1464: 3585:4097(512) ack 184 win 4096
16 3.812675 (0.9600) client.1464 > serv.80: P ack 3073 win 1024
17 5.257997 (1.4453) client.1464 > serv.80: P ack 4097 win 0
18 10.024936 (4.7669) serv.80 > client.1464: 4097:4098 (1) ack 184 win 4096
19 16.035379 (6.0104) serv.80 > client.1464: 4097:4098 (1) ack 184 win 4096
20 28.055130 (12.0198) serv.80 > client.1464: 4097:4098(1) ack 184 win 4096
21 52.086026 (24.0309) serv.80 > client.1464: 4097:4098(1) ack 184 win 40396
22 100.135380 (48.0494) serv.80 > client.1464: 4097:4098 (1) ack 184 win 4096
23 160.195529 (60.0601) serv.80 > client.1464: 4097:4098(1) ack 184 win 4096
24 220.255059 (60.0595) serv.80 > client.1464: . 4097:4098(1) ack 184 win 4096
B 14-19 Tepdump X345 HE R i PR s
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PR e ST
140 7187.603975 (60.0501) serv.80 > client.1464: . 4097:4098(1) ack 184 win 4096
141 7247.643905 (60.0399) serv.80 > client.1464: R 4098:4098(0) ack 184 win 4096

E14-19 (8

W HAEA0, BFNT74741k, &P K T MRS & K RA4096 F i i, 4096511 HI4E
RO T, FLAE FaB S E 0 oA0, & v i FRR i A SR A X A i A 448

FI8THARFHE LN T ENE - NFREHENR S, ©RYWBIZE & 0 A0/ E & 25F 8
Ja & . FRERBE MR SO ] BR A ] 4% B A2 B 25- 14p SR RS gk A7 . TESE 174 7An1847 2 [H]
fIRtE P, % P BT T Internet, 7R3 FARAI2/META, RS 28I K% T 124 Fr 848 IR 3C,
IR aEEFE TERE, HEFI14147KE T/ RSTH C(RSTEHtep_dropi & X1,
WAE2FETI31),

A 2 XA T PIR F B A E B SR IR KA B, 4 2 8 A &N

£ A% AT @3t i id #94.4BSD-Lite2ik K 45 45 ORM X 85 5 A & 4 R AT KA HF

LAY R %Ak A 69RBSD / OS V2.0, AP XAD2NKt_idle® & X

F A ¥ Ftcp maxpersistidle, ORZK 4l X ¢9/5 F 45 & f£4.4BSD-Lite2 F o

A # KA, ALradip T, ANETUAAEMAIBEREHRER: 8503

—in AR B T Internetdy, SAFFEHA2DHAHEEAT .

A 1/E ETH 2 2] RS0 F H8 KA IO X FFFE It &S, XBER EMEARKNEA
%X iR, ARG ARG A30 XM “RE7 &, XBsEEH LKA TR
TCPHR L. H4h, FEAHTTPARS & 8RB 4x se®k PR A 5dE, FrlAE &4 —EmbuffE
R R R F NS A fF R0k, [Mogul 1995a) 42 3 : “ 247 fd B E TCPigE R, 451
K IR %5 23 R P BRI B, i B IE b RS Mt RE”

E14-19098 7479, IRFHFWRIRK P& RII—AFIN, XRS5 8% & AHCLOSE_
WAITRE, (HERESERY, ARG HAHcloseifH, MEFELAST_ACKRE, (]
FHAREM Tepdumpfyfar th o X B K. B9, 4Kk 2 8OoX FE S ELAST_ACKR 4%
MR S ‘

A1995FFH, RMFitisomELLAST ACKR A&yt it b, A
A % £ SO_KEEPALIVE# F KA M & 7 iR h 6hut e, REAEd4e(K14) 523
FiHit T EAAMARRARELZ /ety R2H256TRETRACHEY), REHRL, &
HMLAMALRT M, 2&K2£6630, KEEPALIVE# ] AFIN WAIT 1,
FIN_WAIT_2, CLOSING#AwLAST_ACKKA&Hf ARLabikis, A, AL Hai
HTHAE,

14.10 T/TCPEEH T K /MATAEHL

KIAT/TCPHEN A~ 5 E@ BRI EIRE — KB AROERTER), w4 A
oy EHLAETRIES R RA — R B A D B B R E R B, BTLASEBLT/TCP Al R Z 5 T
— /N EGGE F GE RS R R 2 RIBE AR . ATHE FAHTTPAR 55 28 & t A9 80 R B4 T/TCP
MR, FEMZRRNEEAELR,
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Tl R b T R A AL, il i XX AN ELRE T 24/ A s AR B R L — MBS K,
K& E A SHTTPAR S &8 F M WL A 5386/ A E ITPHL L) AU RE . PR IR IR WA
g — 4 8% H1AE BRI A B a — RO T A 1] FRATTHE A 28 A 4 B 1 4304y 8, 605y
A2/ e BEAT O . 100 B ks &, AT A B J O ) % bR A R B (A
{76.10isAYin_rtqtimofIzh{E), H—A it & kicFHR PR FTHLE ., XEIHEHAT
{EE14-20

TEE2 B8 2 R 1EER, 45 —%KNet / 3R R R HE 5 1525, ET/TCP+H,
EANBFE K T168F Y, BnflerTi&rt_metricsfi#), HMTETAOZAF, At /EBSDHY
WA B R, SCPR o BEMIAR256F 1, An U A Ul . 2/ ), B i R AT R K
¥k E10004, BIFEE256 0007415, Hede it Ml , wTCAE A7 & A B h—2F,

A 5386/ A I IPHE hE i [ iX AN AR 45 a5 iF,  4n 5 2kt ] 1% 304y 8, B R BT
F|£3005% KW, X HERDZS X BE i & AR RA D)L,

1000 1000
900 - 900
_ 2N S8 [
800 - 800
700 - L 700
600 I
g 6%
WRIE 500 | 500
604538l 34 I
400 1 400
4 v
300 +300
200 3057 hRA 200
100 100
0 Tr T T T T T T T T T T T T T T T T T T T T T T 0
F4131415161718192021222324 1 2 3 4 5 6 7 8 9 10 11 E¥
—RPENBA
/14-20 T/TCPE& B R A RRIFRIE
EHENER

B 14-20 85 PR 3471 24 6 I AS [R] B 280t Tl B i R R A 2 K. (B 5 — AT 500 A ]
Bk BERPREMXEEHGEETAELZOWEN. A LERBIBLER DR K
miEE.

AT HEX R, WAVEEN24/NERERR R AI686 75504, HMNHKIER X
Hifa — M HE 105 B0 K HISYN, B 14-2145 T =080 55 i BRIN ) (43 B0 B9 AR X
KFAE, Bldn, {53864 A[EHy% ;AT FE R E AL b A 683 & FEHLIE 105 Phaliifiat 104 Bh i
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BRI IR G %05 T 5 —ASYN, fE11 2 Bhaolid 115> BhA i BRI R 5 K0k 1 55— A~ SYNRT 4L
WL E669E, HEET AL 1205 BhRIE T 5 — S SYNRY EHLA367E .

1000 L 1000
900- 900
800 r 800
700 700
600 600

LK 1 i
500 -500
100 | 400
300 300
200 | f 200
100+ 100

0 —— T — o

T T T T T T T
1314151617 18192021 222324 1 2 3 4 5 6 7 8 9 10 11
A iSRRI ] (3Bl

E14-21 7 — Bl Al AOERER )G &k — S SYNRI FHLE

RN E— TEPE— BBt iRl 5 SCEBLAY AL, ENTRIIPHBAE Xt B2 EAL AR —
Lwwwproxyl, webgatel, proxy, gatewayMR{FiXtef &y, wstil, ZHR
— R B AR 55 25 .

14.11 mbuff§x%H

{E i Tepdump 3t HT TP #E 28 it A7 Wi, FAMEAIM T -1 A B R, REMSSHIE
KTF208CH AT AIXAE), W& YN HEF SR 7 EAE101~208 2 [k, 4.4BSDFH4E
AR B K T A mbuf(—A FSRAFHATI00F 1, B —MFFA1~1085 1), XFER T
PATCPHR LB, XA RAREE & : sosend iR (52553991 f1E400101), K ATCPA
BB, FTLAGEEHEFE A mbuf, B eR ok v i — k.

(ERREA R BARER WiERMo K EZAW, SRR Rs™ET. &
FA FEW ) AR 25 28 3 55— AR SCRIRRIA G A R0k 58 ARG, X k3 i T —A~RTTIAE,

KERHTTPIE R BEAE101~208 75 0], W, FE13.4% &M 1HER 1741 R A&
JETELS2~197FHijn], X EFE AR PIEREAR FER A E R, Nk
ARk R &M URL,

FERIX A 1) AR 6 B (AR R A ZREN A LED), # BMINCLSIZERY{A R 2082k h
101, XEEfERES101-208F 5, AFEMERM /S mbuf, fiR&iEREE 100557 BEA —4
KL A mbuffirp, i TiXA G, 8RB EA-6FN1A-7H2007 7 SR P /T i RIEFL R
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B 14-22()5 i 25 ) R TepdumpRER I Pk LM T X /MB4b, @R #HE1TX A~ B 4b,
ZPNE RO REAF100FYT, FP8A TEHFX RN L —NRTT(1&&
), REFEFPARERENS2TY ., RATEKBRIEHTENE, REFSASERHE-ITNE
3.

XEH— LB TR, F—RFFER: —Ambuftd X T AH 1285 738

MmEIS6FH, HERXATFIHEARMY AL CEHMT IASE(P 40, AIX), F .

ifsosendffa, %A %A mbufit, & % % kPFATCPH L,

14.12 TCPHIPCBE RLZFFI & B HIN

Y Net/3W B — AR CH, BARIEE R A7 EA R Internet PCB($F A inpcb 549 /H)
tcp_last_inpcbigfl, WE2E28-5)F, HHFE TN FLEMMCER R TR —&KiERH., X
REHORE . T A 4R TCPRYPCBEE R, X AEAIA AN BN, B —KREFLER LK, it
¥ tcps_pcbcachemissittiéfn, 7E42E24-SHIHFS I PR AR drh R EBE80%, {H
Gt RGEAE— NHTTPAR %5 % i — A M@ 10 2y v R4

MG EERT B T M RXAE T HFEMACK(ERIE LX), g T 1%
B IR R SC(TE SR B ), TCPRYE AT — Lo i I (52 28.47),

EAZITEMWHTTPIR S 2% £, JRATWESR T PRy —LH7 oK.

* 20%HIPCBEE - fr 2 (18%~20%)

o ST — A ACKHR S 15% 1 i E P2 (14%~15%) ;

o S — AN ER R SCHI30% 0 SR TR IEE (20%~35%)

B e kb SR EL B IR . 0 R b AN /DI i e i oy FodE il &, R BB R (L #R AR
A EEFESHFIH T & KIERTER.

VEh—TE R —I 2 KB AR A E TCPRIHTTPIR S 58, PCBLEF frh LRI+
AEABREFE., XK LR SHTTPE —/MEHthilAHE R, [McKenney and Dove 1992]
f#E 8 T Net / 3FPCBLE A HLIX 35 55 th i A KA 2.

il —/ANHTTPHR 55 88 KX BB oC b e E L . B14-222 B 13-5Fh % PRYE—A
HTTPi# K BIRFAI £ (% P 0 5o 1114), 2 P iE R E4BR S0, MRS EMMEZES. 6.
8, 9. 11, I3FII4ERRL, X B, IRFHRA A TRERIEAR R SCTIm, ARt E 48R L.
AR % 2309 T —A> AT REMVACKR SCTRMIZESE 7, 10, 12, 15FN16 B4R CCYFE 3R LR, &
BAEA LRI, B1TEBRMCPFINGREERF A S HE 7M. XLEACKHR IR
A SR TE O SR E, BT & P e K X ACKH B T £ /DR %S 25 E
Bl R . BlAnfERTEAR 3, TCPHAIA T EI1024 554, {HZAHTTPZE P b A EEF RN
i D2 AP IR HL T 260 45 $H8(1024—8192+7428),

LTCP#200 ms © B BB, 2 KE—ANAERHACK, CHFH—ATENET
vil4, AHARAERGACK, FTAE FHI12H M LK 8] L6 £ ERT99 ms: 44
TCP #5200 msi & F i, X7 ¢ NARERGACK, Kif©MNAE K5 3 b,
AR A BAZRTT I, AEoEAERBEHARN. FI0RMR LA ELIFRE
ABRHACK, BHEH FTHIRLZE 68 6 %603 ms,
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WA /NI PR S RIACKR SCHY RS 2 5 B FIIIR R, A RH A& Nl & REF
TR A DRIER, A ST EEH,

& P, % 151114 AR 55 2 i, % H 580
i

00 ! YN 3971984992:397198.49950)
win 8192, <mss 1460
0
SYN 1233856000:123}85:0082( ) 2
0441225 (0.441) 2ck 3071984993, win
0442067 (0.0008 ack 1, win 8192
0.579457 (0.1374) 4 PSH_1:153(152) ack 1, win 8197

w

—
1:513(512) ack 153, win 409 5
1.101392 (0.5219) s o131025(12) ack 153, win 4096 6
1.241115 (0.1397) e
1.249376 (0.0083) 7 ack 1025, win 74
. 1025:1537(512) ack 153, win 4096 £
1.681472 (0.4321) o T537:2049(512) ack 153, win 4096 9
1.821249 §0.1398; ——
1.853057 (0.0318 10 ack 2049, win 6404
2049:2561(512) ack 153, win 40 1
1.960825 2041078; i
2.048981 (0.0882

12 ack 2561, win 5892

2561:3073(512) ack 153, win 4096 13
(347) ack 153, win 4096 14

2.251285 (0.2023)

FIN PSH 3073:3420
2.362975 50.1117) - ;
2.369026 (0.0061) 15 ack 3421, win 5032 :
2.693247 (0.3242) 16 ack 3421, win 8192

FIN 1

2.957395 (0.2641) 17 53:153(0) ack 3421 win 8192
ack 154, win 4095 18
3.220193 (0.2628)

14-22 HTTP% F—R%E & F 5%

BRI, BATHHTTPAR S 45 L& MR RO A BB F . ETCPERE LK
BAVBAER B E N TR &S . FOARENEE BN TR A RTCPER, i
HAERIIX & AL T — A B4k SCHy & BT & a2 Fu(5 T — A ACKRY Bl AR b ) &
R AR A FINNTPE (8 15-3), X FNNTPER &R TCPERK EW 2913005 F 1,

18E R

TR F B 14-22v 24 IR 55 8% KK BRI R B G A R BUBEARFE S £ 18 )Rzh . BRI &
MR % 8 kS 127 MR L, FHEHIACK, BRGEE T —NS129 1IR3, MRS &




#H14% LHTTPJR # 5 EK£|65 5 48 165

ARXHMT), ERAFRHFE P RIACKT R LAIA R TEAS125 1R SCCESBEFISE 6 B4t
30). FK X PRI 4K 2 A FIRIR A R SRR D WA E Y, BV 2 B AL 4D
RAE P RERZBEIRANS . HEEXM TFTPhRXHE, flan, M—AFTPIRkS & LIKH
— N3P, FTPRRSS S 4TIF— Btk se, Sbn LAk T 8AR FMAVE Fim (6 11827-74
T — X HRBF).

EAERHfECep_input W k. FRER BN HHER DA —HRL. ST PERGE
BRI E(GE2E28-21), RBhiTHZETlstepe, Bkid TACKHILHE, HEFRED 8
BT, EMPMER DR MR, XEAIEMM., B, RS % 2HEREFCE2H
29-2), BEEPATLEACKIIND, KHIACK/EHZER N RIC(E2E29-T), Xte
At 2k % & — I R ELE R AP AR fROGX ARG A R AT E 11- 16 AR ANt 2%,
PE XA AE ZFFT/TCP,

YR R AEETBRARSCHWBIACKE, EMHFEE W ME3INHROCB, HEERS HA
REE2 B CESTEIBRR D), WAIAREME 14-22F $RH RSk,  BA BN A EEHEM
— Ui 18 AR C(TE % Pz fTepdump), 55 10BCFNEE 11 B4R 3 AT RETE 25 h & P i 55 i 95 25 o
R 28T . R FORIXHE, AB2 AR 55 &% mRAT TR Fe 1 P UM A IRAE . PR d DA TE &
AR .

IXEAR SO B SR WX o L ERER 15 R AURTTIE . £E% F il & HORAVE 1B 5828
R ZEFIRTTR441 ms, FABREHESBE ZMRS21 ms, FTBRE5HE8B ZAR432 ms, X2
AL PTRERYIE, 1E% P {E APing#2 )3 (H5 % 2 4 K B 2H 300 7)) 3R B E x4 IR 55 &% 2 Al A
RTTA#)/&461 ms, {HF10B 55511 Bk CZ MAYRTTHEH /v, R 107 ms,

14.13 NG

I E T/ E N R WebfIR %5 25 K B A Z B TCP / IPHISEHL, WATILAESR, REBSUK
Fl|Internet | & Fp & HERIE P AR — SR04,

fEAZER, TO—/EICAIWebiR & F W H b fTiRER, HExIREREE Ridtfrodbr, &
IRTF&Fpsc B p et . |ATEE TanFE5R.

o & P S Y Ny (B 51558 2R 3 2 4 F B B8 R R A8 5 (BRE A IEH I E F) o

« % P E| IR S5 2% Z R FIRTTE 2 {H 2&445 ms, F[E{HZE187 ms,

* KA A ybacklog il PRIESEC 108, A 5EHGEREBAFIRA Bt . XA [R)EA 2 4 Ak

FaARAN, MEEARPPHSYNEDEENF|HER —~ARTTHRE ., —4FICH

Webfl 55 28 X A S TFELLX KB ZRIA &, [ AR — /> T 888 o ix /4~ B3

it tH B AT4E T, R A GE ST ER Bk wT DA e i i it % 2B 55

o %P FELAST_ACKAR ASHERE AW S AT FEEEERM, B XFiiE 2% HEBL, FiLAR S

R — P RE LE X POk BRI

* VF 2T FIIRA: RGIER Pl KR SCHI K EE A 101~208 %50t G % 1F 2 % 1 30X HE)

{iF Fmubff) 383 LA .

* F 2R IR A R GEH) SR L TCP PCB Rl 2R A7, [W]BeH £ K % By 2 S thu 42 it o 0 Tl

M, BRSNS BAT A WebfIR 55 2305 Bh 2R /I

[Mogul 1995d] 742 T % 5 — A~ AT I WeblIR 55 28 £ THLIRI S 47 .
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15.1 i

NNTP, BB 6 (b, 7EBVERY EHL 2 8 R AT H7E SCF ., NNTPg —/~# FiTCPHY
Y, RFC 977[Kantor and Lapsley 19861%'&2i3t47 T 404k, [Barber 1995]1%} ) — sk
BLiEfT T4 f&. RFC 1036 [Horton and Adams 1987 ] % 7 3CF i & Fh i B8 Beadb AT T 1 W,

Wi 2% %7 [ #2 JR T ARPANET L Isl 512, B JG & & s h Usenetf (Bl R 45, #BH7IIFR4 K
ARG T, HanRaiE A ERE, MEFEETEOTERRAWHEEK. NEI13-147LL
i, NNTPA IR IR —FE LRI 4%, [Paxson 1994a]rh$EF], M 19844E )4 (] £% 5 (=]
Wi B R T AR 2075 %Ry K

Usenet A& — MBI M4, MBI/ ARIKBE ML L — 28, 248
PART, FEUsenet b f 120 i B 4% 3 8 i F B il Ui £k 5 Ch 7 & 80l 72 JLAS /N LA
J&), MFEA-K, Interneti#a K Ko7 E KA I EEE, [Salus 199517 Y58 | STE R4 IR
TUsenetfy 5,

B15-18 —A A3 E R GBIt . — B 1EAH LR AR 55 25 09 EVLERERL IR &

£y FHl
(BT AR 25 2%) (Brim R g5 &%)

Internet

(ol 55 &% )

EHL

T BL A P oA 2%
E15-1 #AFIHTIE RS
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TR B E . X8 AR 55 2% il Internet 5 HC M AT I AR 55 45 B 15, BLAHPLER . T
Pee ke 95 2% 2 Al Ol 15 (E FINNTP P . BT I AR %5 2% A % Fb AR K L, INN(InterNetNews)iE
BAUnixE & bR fTRIRT AR % 5 R

20 21 v 9 K b = HIL T ) U R 55 @3 Sk (2] 5% 39 el S 3 A0 8 5 38 B LG BT e . e
XEREPFRFRA HEE ST, XERPRFSHTERS & Z B HE R ANNTPEMY
BEh, wRFEE P SEERS FER— N L, %P ANNTPR SRR E .

ARIME FEERG 6 LA LR %S (F PR . SREGHIUnixgE%E PR T
#EReadnews, HEZRnFIEHZEF: R XFHEfEEremote) IR A, ERTE A
k55 SEAEARRIRIENL Ly T FEAE “ZkF(threaded)Rn”, EwTLASEH £ SRR £ —1-8T1H
Arpitit; Xr@RnfIX11% O RGEMRA . GNUSAE —/1~A & Emacsg 8 &% HI 317 #3974 5
PREk. A Ll HAYWeb ST 28, FilanNetscape, £ %2 b B 5 1T AR &5 s 0,
XA A TR IR & PR AR A R R R R AR S 2 AR P D —FE,
P[RR % PR AR BRI A P A

AEAE PR R, AT AR 55 85 R UL, X e A W] A e A 0 BT ROAR R A A KB
{f FINNTPH I, X IERBANIEATEIHEN,

15.2 NNTP

NNTP{f FHHTCPHpiX, Zn#ZHINNTPARSS #0052 119, NNTPHL (& H {h /) Internet)i; F
(HTTP, FTP, SMTP, %H%)—#¢, & RIKASCIAT &R S 2%, Aid5 45R BB & Ami RS ,
Je T B A AT I ASCIIBHR IR T PRI ar4). fir & Fm 2 EBUA ] 4 e A 145 5K

Z5 ELIX TP B 18] B Y D Pk A& F TelnetBe Fi ol i 8 — & EAHL LAINNTPSG [, 245K, X
& EHET TNNTPRR S S8 7. (B, @ % RATLHN—EREBARS & EHIRBINEN Lis
& PRF, SRR EMNE —AARLEHH—& L, Bildn, Fi@idnternet AF
W& I AL EAE SR AT AR DS &8, SWCEIA T UEIRIEE

vangogh.cs.berkley.edu % telnet noao.edu nntp

Trying 140.252.1.54... HTelnet & FfEFHIH
Connected to noao.edu. HTelnet % PR H
Escape character is '*]'. fHTelnet & PREFHH
502 You have no permission to talk. Goodbye.

Connection closed by foreign host. HTelnet% P FEHH

i HY 41T R INNTPAR 55 a8 i tH A, Wi RG 2502, HTCPERME L JG, NNTPR%
ar B % P ATIPHbLE , 5 E SRCE B R FRIIPHL AL AT ELER
FEEAIBTr, BATVK—6& " EVERESHERS .

sun.tuc.noao.edu % telnet noao.edu nntp

Trying 140.252.1.54...

Connected to noao.edu.

Escape character is '"]1'.

200 noao InterNetNews NNRP server INN 1.4 22-Dec-93 ready (posting ok).

X R MR 55 25 K W RLRD A 200( 4 4 OK), WA RZAT sk THIZIRSS SR XE L. BE{EER
fcJak “posting ok” # “no posting”, XEP TR LUFE FREHTE GXA b RGEEE 57
W& P EIIPH AL A5 ).
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A F R g5 2% wnE A B A AR B, X AR 55 % & NNRP(Network News Reading
Protocol) iR 55 2%, 1 ASA&INND(InterNetNews daemon)fik 55 2%, o2& INNDARS s & P RIS
K, ARE PHIPHAL, AnRE PP LR B VPR, HEE AR CRR. RAHE
HIEML, IBLANNRPARSS &% #kigis, BHAINNDRS %, RER P SBEiHEim AL BES
e 5 @R FR AT I . ik T LA B (45 IR 95 2% (2910 0004 7CARD) 537 ] ba i Al 55 2% (£1500047
CHRAD) 5> B LB,

15251 T B mi RS o 58 VAR 20 & X o X SFTPHR iy AL IRAR (B 1#9319T0).,

N & W

lyz | REFILAHE

2yz | WA PAT )

3yz | EAMIEGSIITED) RERTHWE

dyz | a4 IERR, {HRHREEE R A RESAT

Syz | A& AREI, S AAIER, SRR T EARFES

x0z | &, IXEMZTE L

xlz | FiEH R
X2z | CEEEE
X3z | rkIhie
x4z ik

x8z | JEbriEd R
x9z | A H

PE15-2 = oz i e 5 L FSE 2R & X
R AEFERSSHIE — s Rhelp, helpmA S XN HERS & X HENRE
i 451 3k

help
100 Legal commands 1002 i) Jo7 fith
authinfo user Name|pass Password
article [MessageID|Number]
body [MessageID|Number]
date
group newsgroup
head [MessageID |Number]
help
ihave
last
list [active|newsgroups|distributions|schema]
listgroup newsgroup
mode reader

newgroups yymmdd hhmmss ["GMT"] [<distributions>]

newnews newsgroups yymmdd hhmmss ["GMT"] [<distributions>]
next

post

slave

stat [MessageID|Number]
xgtitle [group_pattern]
xhdr header [range|MessageID]
xover [range]
xpat header range|MessagelD pat [morepat...]
Xpath xpath MessagelD
Report problems to <usenet@noao.edu>

X AT RE AR, FoRARSS 280 RIS R
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B oh% P IAIR 55 4R Bl 65 BBEHR 2017, LA ICERRS #L -1 RE&
ST REHRE . AR BLA Sk, IBAMRS &% & ATH BN E—A4
AEHEE, FPARERTREREINDS,

THEMKE - Flistfrd., WRAFEMBEMITLise@m S, CHIHITAE RS S
LE-NFEANAT, FREBEXINMHSRE —RFEMAPE -BHENRS, BER
YT m”, RAREE VXA GG B R — Al A4

list

215 Newsgroups in form "group high low flags". 2152 M 275

alt.activism 0000113976 13444 y
alt.aquaria 0000050114 44782 y

AR LT8R BTk

comp.protocols.tcp-ip 0000043831 41289 y
comp.security.announce 0000000141 00117 m

BHVFBATERA R R

rec.skiing.alpine 0000025451 03612 y
rec.skiing.nordic 0000007641 01507 y

X AT A A, RonIR S R4 sk

MR, 215N RAY, A RFEANSRS . XAFFhry AR S 8 m & Sk | T 42384 %
FELHREOL, 6175 833\ RITCPHHE . & I8l I 4L 5 B A 1% T .

EFEE P EiRid BBk 5 8RN — S H AR 55 3R RBUX AE— A1, @ H S RBIRE,
Biln, AnREAR 4 E R E28 800 b/s, LA FRFFIETR L)1 5 BhCEBRMI R, {E FHixHE
—/AVRHIARIR RS, JEEBIRE R EM TR, KAFESOR). FELLKK L, x4t B2 At iE
ANF|1FD,

groupdn & MRKIFER, —HEAESZ P H "7 FEL. TEAG L]
comp.protocols.tcp-ipi& X4 REiE4A.

group comp.protocols.tcp-ip
211 181 41 289 43 831 comp.protocols.tcp-ip

AR 55 5 LAMR BLRS2 11 (A 2 $hAT BB IF 3k, Jo R X A4 b e S B A THIE (181, A&
JERAH P — AT A5 5 (41289), Befm— T E SRR 40 5 (4383 1) Ff (M 41K 47
FEHT [ SCFE RS A6 045 5% 5 2 I Y 22 {H (43831 -41289=2542) 3@ ¥ K T #7 i) R 4 (181), —
75 A R A A 2 SR S R AOFAQ(Frequently Asked Questions), B/ 4 it [a] Gl # 414
AR E MK Z B EARPHILR, MR TIRS SEANFDERFLZ, 7P EEEX
ey e B b B .

T HEEf T Hheaddr 4R F — RERCE GRS AH438 DI EIBNE .

head 43814

221 43814 <3vtrje$ote@noao.edu> head

Path: noao!rstevens

From. rstevens@noao.edu (W. Richard Stevens)

Newsgroups: comp.protocols.tcp-ip

Subject: Re: IP Mapper: Using RAW sockets?

Date: 4 Aug 1995 19:14:54 GMT

Organization: National Optical Astronomy Observatories, Tucson, AZ, USA
Lines: 29

Message-ID: <3vtrje$ote@noao.edu>
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References: <3vtdhb$jnf@oclc.org>
NNTP-Posting-Host: gemini.tuc.nocao.edu

P B H 5 — AT A WA LA 221 (A A AT R ED) , SR 10T E#E, B A& SH
__"f:j‘o

XERERFEAMME, 24 004IDA LA LEAEL, INNKESET &Y
# XA RCE—0 0 LIDK X SATEE, —ASH5, #4ID, —AN@#F5, AL
MO T ARG, W Efedt 42 T oy RAAARI2HF BT $ . BRFhAESL =34
¥AH—W, B—H1AFE: 0.9 . vEAT.

FERHbodyfir 4R Bl [A — R X ER L

body 43814
222 43814 <3vtrjeSote@noao.edu> body

> My group is looking at implementing an IP address mapper on a UNIX
E AR A 28T A P ok
HERESMEETUA -4 (article)gR B, Rk £ 5% F R LIS S
WD, FoUF& PRSI A A T, AR )E BRI P BT B SC R A
iV quitfird ks LIRS BIEHE, |

quit
205
Connection closed by foreign host.

i 35 &5 Fmi B2 B - AKaG . 201, FfTH9% P AR TelnetiE s ik 55 €% % ] 1k,

BAEP SRS SRR AERRNT, BE P RENTCPESR., a2 LA
o7 BOURER A h IR 55 % A 1 2 RN o SR S T] DA B B R 2 e B Fi R FH P 1 T [
LSRR S

15.3 — 1 HENFEER

T EIRATE A T R R PR, TR ERESIERE - TNNTPG 4
S o7z W A58 B, B liE B 2 A0 # E R i 2 Rn, EREAM EAS SR, FitEHed
Boh WA IRET(-DLer AT, BER B ERITIF TIRHKES)., XikHEA
] AR B % P & HINNTP 6y 4 LK AH B0 AR 95 28 e Bz . 31 B R 7k Ron & P iy
w4 .
DE—Aarddlist, E£E NP RNMNEZMNIRS SR E TL175 0005FY, BITHER
— /N FTE A . (Rl Rt A R 15 8 2 DA R AE ik 4 B e i T Y R
HIFIFZRAFE S . newsre(FEH P HIEHFH) R, Filan, H—17:

comp.protocols.tcp-ip: 1-43815

T RS R AR . B S G AT E R SRS S BB YT R GRS AT EUER, &
Pk il AL R B A Bk 08T
2) BRIa% PG AR & A BT E A T .

NEWGROUPS 950803 192708 GMT
231 New newsgroups follow. 23 1AM B i
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RofE il P BRI . enlast FRAF T Halt —JOGl iR BT AT E A IR, X AN
] X Anewsgroupsfiy & 2 (NNTPiy & FIdr S B HE S K/NE LK), EX/H
TR RAFAE R HAKEIRIRI19954E8 A3 H, 19 : 27 : 08, A% 23R B AZE(TEIR
E5231 5 RE& AT REa MRS, EREAEFFEHREL. A H
M Ed S, ZPBRFSRRR P RTEMAK4,

3) FEERE BRATSAFEA R RIEFENSS, HivRETERILE A HEA.
comp.protocols.tcp-ip, HMIA—NFTFTSMR, iERnR BE—ANFHZA A XE
F—Fr s, SRR LA B A SR iR LR (RTLA A - roini e XX R FTECE ,
iERn#Z BTG RS HE — EHESCEARE. BrEEERE R B =R
5. T, XEMTEMCENES). groupf4 & HRk HEY, X8 2YATAIHTEL .

GROUP comp.protocols.tcp-ip
211 182 41289 43832 comp.protocols.tcp-ip

B—ERIESCEN S EE TR T s 3k
ARTICLE 43815
220 438f5 <3vtgBo$5pl@newsflash.concordia.ca> article

XFERFH

F—RARE SR — T R ER b L.
4) X AL P RTINS RIEAHF E I Txhrdir 4, RJEH Aheaday 4. T EAIEIF

XHDR subject 43816
221 subject fields follow
43816 Re: RIP-2 and messy sub-nets

HEAD 43816
221 43816 <3vtge3Scgb@xap.xyplex.com> head
. BB 1447 K51 H

xhdrfr & RERZ NS BAETUR BN XER S, LTS SHERE, Xt hft4
AR 2iBE T HZT, RRURSERDANTERNER. 8RXEN—THELR
& b,

5) BB EERE —RAEN R, EPARF A Hheadid, #HLarticledy
4, XEEEREL b, XA CERLE R XM 4.

6) LM TETXANHRIFE G, EHE D —TH, XHEFBEFXEKE B —Agroupfy
Ao BAVAARS 2 TE RS —RAREH O —ITRE, EFNAPHE KT LIt
BUR:OF RO

BATEEFRE — M FERERE H T REMG4. Flan, h TR ARECERS—

THRE, AEAHxhdrRGHE, REEMheadmSPMAXENEEH, WML HIE
—NEAGER, X BRI iy & H R R 2 — o BT 4RI e iy 4o Oh TARAE LR
AR %5 8%) B % PR IR TR, DRk SEP a4 FTRESEPR — 25, RO 0 45 Y (5 a0 1]
{3 FANNTP ] i 72 37 1 AR 55 2% R Zh RE & Ja R i _E 25 /9

15.4 —PERXNHMEES
THERNKE N ELRIFEE PR Netscape 1INIAIWeb RN %, LN E TH
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M REERE . XAEPRFEAERER, URNMNASAREE SRS 8 2R #iTCPy 4
kB ERERTIEN,

D) Y4EAVEE PR, e RIREEER, Bi% . newsreXfF, HH Rmik% &
R AE XA SO |RAVBT T OB AR R N R . g —TIT AT A & &
groupfir 4 K ME RGNS R XER S, H5 . newsro X BrfF il 105G 8%
XERSHITLR, EANEFd, (EF1E4000% A S RFIT 7774, Hiks
774 groupfiy & K MR %25 . XFEHR S LRAVPPPRERS | (NFE23F0, MLLEM 5, Roff
FEHMList 4 508D,

Jo F A& W 46 B F WA000R, Yy £77, E P AT EE A NF234. £HFEE, A
sock (XIMRC)KETIANF Hegroupd & A F #4347, ALRm LB AZTIAG
At AT EAet B AT,

2) HMEE 1A RIEXENFEY: comp.protocols.tep-ip, FHMIT FHEIM
frdes

group comp.protocols.tcp-ip

211 181 41289 43831 comp.protocols.tcp-ip

xover 43815-43831

224 data follows

43815\tping works but netscape is flaky\troot@PROBLEM WITH_INEWS
_DOMAIN_FILE (root)\t4 Aug 1995 18:52:08 GMT\t<3vtg8o$5plénewsfl
ash.concordia.ca>\t\t1202\t13

43816\tRe: help me to select a terminal server\tgvcnet@hntp2.hin
et.net (gvecnet)\t5 Aug 1995 09:35:08 GMT\t<3vvelc$ggS@serv.hinet
.net>\t<claude.80753760 @bauvl11>\t1503\t23

e EN RS EN—RE

B AR MR, B A A IR S ks SCE R, EX AP,
43815 . 383REE - BARNXE, BRCEN THELRE. TSR,
FE . %, AMFNE . B4EID, CEMSIH, FHERARGEEEAS T REE
R, BT R A0S — TR Lo AT, IR TR A1 4E 5 B - B A tab P e bk T \ &,
XPEE T B ‘

NetscapeZs V2 i 1 R4 SR I ORI, H: S0 7 oA 3 1 R A 1) 26 LA SC 28 ¥ 1 o
filh. B—BXERKNEALE K, RARKE, FA-MUENSRETLAE
TE—i2H,

3) g —ERATEE IR X E, $hiTF—karticlefmd, LEMEDRLK,

AL i ffy Netscape 7 [ % R PP ME Lt AT A L R R A R AL H e Sk 020 R P 1) %
it . AR F IR S5 55 R P BT BT, WA List s, B
=, Bl fixoverfr SRt — B OCENIE, Wi RN P IS B M A —kheadf
xhrdfp 4,

15.5 NNTPH%G+&E#

h T E MR ML BIAYNNTPRY &, RAES 145 BB @9 FHL L1z f7Tepdump, KI5
NNTPPH{ FIRUSYN, FINFIRSTHRIC, XA EHLI— & NNTPH [ 43 0L R4 57 (T 6
A HAth & BT HE4s 4L, (ERMEF IR CAE R A R — & FH), REoERE1041 b
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SR FEX 10 uh st R RS EFNNTP, HAh A2 f AUUCP, FrLAFA1H Tepdump Hid
FEF/ANNTPHELS L. P4 H FONNTP I HLYSCE 937 i R X & UK 3T i A — /)
oy, BehE, BAXE EVURT — A InternetfR 5532 L, FrlA& & HERZ FHEE LY BT
(e ke 55 28 R e 8] . B 9% P BRI 8 (E FANNTP MY, E0 4% [R] 78 T HL L ok i ) ise ot
BRI Ah AL b rty s i) (] i E A (S Y )R 5 i PPP el SLIPiE4) . Tepdumpi£5izfT T 113/)
BF(4.7K), FEMcdET1 2504 %8 EE R, EIS3IE TXEFR.

145 A 4~ tH 3 1 ] 3% B
i i (4 P
EFER 67 32 1151 1250
WAE B 875 345 619 4499 593731 | 875943 849
Tt T B 4071785 | 1194086 | 56488715 | 61754586
SRR ] (4 B0 6 686 407 21 758 28 851
WEBERAT R 13 064 860 141 516
ERRE T 60 773 37 315 49 078
i&#&%ﬁiﬁf#éﬂﬁrl‘ﬁl(ﬁ@) 100 13 19

E15-3 A FHLE4.TRAINNTPS 5

BlTE eEERM A B T, EEREEIH1.86/CFTRIFE, T3/ 24800
. RN AT AT AR 1, B 3257 048 EHLRINNTPE B2 i £ et MR . 10043 B,
2 T 13005 FH B . X6 EHLE TrYH AT E 4 LYl 2 M H TCPE R £ 1t — B ikt [A]
(R BR S HRT AR 55 85 SR ). TR TR SN PR TR kR

ST ) (e () U3 PR O S INNTPIE S £ 19 53 Bh, (RELZ)50 000F T .. R EHK
NNTPfc &2 B0« A 387 ] 1k 45 S LA 1 3 B AR 55 2% A3 I e 95 25 G 10 37 B B i3 2 /2

3hE—E B ENNTPR EZ A EXMEZ R, E&AGETHBALR AT X
Lt AR PR R

15.6 NG

NNTP/& X —/4~ i FITCPHMX A ] B il . % 7 % tH ASCILir & (IR 55 4% S Hr i 205 A4 [l
WO 4), AR5 25 WM 2 S R 2D, SRIGERE — T T NE, BEURAEENSHTE
SRCAR M B A% AR BE) . ZE{ULH iy Internet il , NNTPpMUA S 2B A 2L, (H2H
& PR iR 2 AU PR DAV TR AR PR

A [ 38 I B 3% 2 2z T O AR % [ B BRI o T B AR R B AR GE A P . FRATTB BIRnE
FE ¥ AONetscape B Z A RO AN R : W WP LE SCRER IR T 3k AR, BUAR R 5 SR D 05 i3
A,

NNTP S (i F B TCPE 4k ¢ A A& P — IR 55 a5 B 2 e . 3X — ) SHTTPEA U [
HTTPY SO AR 55 2% B P — A~ SO B H 57 — AR TCPIEHE X Fh 2 5 — 5 i & A ANNTPZ
PRSIk GEE, MHTTPE FEERIM 52 ARG SEE. RNRIMLERIERE
B TCPiEFE - FINNTPH XA BRI A S 17 Y o






#1165 Unix3thil. #th

16.1 #Eik

Unixis pir iR 3682 (8] @ 15 APO I — R X, wT LA i &5 W 4% 3 {5 o fif FH B AR ] # B API
kGl e, Bl6-1MAEDRREREDSRNEPBFMRS SEF, BINER—&EN
EF A Internetth i f 7@ E . E16-109 4D F 7 s 0 5 F AUnixE i@ B0 g,

B AR S #ET
T T T T T T E e T A r-—-——~—~T~-T T T T T T T T T~~~ A
| | | |
| | 1 |
: %P g5 st L % Pt fidisee ||
T w01 1 &0 #O
| o !
| | 1 |
| TCP L Unixd il :
| T o |
| | |
| [ | I
| tr L :
| | 1
| | | |
| I | | |
| | | I
| i . :
; BT L .
|
e B J
L E#L

FE16-1 {d FInternetf i FIUnixi il & P REF SRS SR F

L% PRSI TCPHE AR 55 28 BE AR KX BRI, $0HE & e i TCPH AL, ARfa 2t 1P
HiHACTE, BeJaRAEREREHE(LE2M5.479), EFRERBhEF, BiE 8 e s IPH AR
5, RIELEIPHAMTCPRALE, BGHARIRS . X TIERRL, HHMTEH
A EHL BRI FimCE P ERAARS SF AR RIEE BN, A, ETCP/IPHIRETFEK
B R, BRI A I NN, X e R Sbr R AR,

Unixi Wil B FAE BB A S B AL, L AR AL Bt PR GX FE SR 15k st
£ 7). AFREHRTHREAITREMEIE, BBt ASKTF, BTHERERZE P HERMRS
HEROPMTER, REEIBECKERT, F%. RARIPCHH A thA X LHE mGH
BBAF, RN, rAEE, %%), (&, Unixdthil@g ST eiEmeEn 5ms
MARFERMENEO 2 M EPREFAMconnect, RFEFERFAHListentn



176 F =85 Unix& X

accept, B AAHreadfiwrite, %%, M MEXWIPCH HELARAIAPI, Kihf
— AR ESH AR E S NWI/ORIF A B (H4n, £ZFEVIHEEBY KA GEMEH
selectK¥),

—XTCP/IPEAY A@ 3 hAERGHE, Fliod B eIt R IX D4 o B T
.94 TCP# %o Ao ) 1+ H Ao 24,

Unixige b i BESE it — 1~ 0 (SOCK_STREAM, S5TCPE AL, MHEH—/4 5iE ik
i1 (SOCK_DGRAM, SUDP¥{ERAH{L. Unixifdh O Al K EAF_UNIX, 7EUnixdihil
s AR 00 4 F & i R G 72 44 (Internet b i {3 B TP b HEFss 050940 A K 4R iR
TCPFIUDPHE ),

M % % 42 AP14% AIEEE POSIX 1003.1g 4 L HF Unix3Rp oL, €1 M 6586 =2
“local IPC”, it RAF LOCAL, Wil#4 APF _LOCAL, B A AX#E “Unix”
KA KX B AF TR AP L,

Uni s 578 REAR (67 7 L 28 2 R LG (0 0 O 0. 35— DhREib A ik 7
it Bk Unix ik D UL FE 715 LK AL BR (4 A5 058 FAORE D, 320 BT Bl 1A 7E 55 183
.

16.2 FAig

VF 22 Jo AR (o A Unix St i

D) &#E, E-NRFEERIPNZER, (ERUnRRHEDRSHMEE, £17.13% B2k
Hititpipe RS0 R LHL,

2) X Window %%, Y 5X11ARS & HER, X117 3@ % E TDISPLAYRE A B
[Esik F-display@ &2 8UE R B EER T AL, XMERIFER Zhostname:
display.screen, X ¥ hostnamej&r[ &), BOIAERE YMar oL, A IGE A
A AE A5, A BB AY R UnixddR R P . [ unix 32 i (A Unixssi thil . AR %5 25 46
EFUnix$E 0 ERAFELT/tmp/ . X11-unix /X0, °
BT XAk 5Bl # R R — & FHLE M LR PR iE R, XiEkE R
5w R T A/ R BA TCPH 1 s & Unix{iifei 1,

3) BSDATENRBEAL A G (Lpr & Pt FI1pdfik %5 &t FE, 7E[Stevens 1990]/7%55 1352 ¥ 40
fili iR ) H—A~£°0 /dev/ 1pfyUnixis i # 1 FEAR R A EHL BT (5 . RXAR% 2% —
B, 1pdfik %5 & (£ H Unixdf 0B EAH R EHL_ L% PR iER:, &FEHTCPHE D
REPE 2% b2 P g R,

4) BSDAGLIL K & (syslogE s, w LA b R IR D fisyslogd ik %5 24 12
(fERH—A & h/dev/LogIUnix s B 4Rk 46 0 7EAHRI 0 £ 0L B fTdf5). P dtiRS
—MHEFHE A L, MRS HBRRNRIFETORE, kS 2R MK H Kb HL
L UDPH O 2 E BRI IE B, 56 T X FhL 6l A9 1 40 /1 28 WL [Stevens 1992]#Y
13.4.27%,

5) InterNetNews<F {2 F(innd) Bl & — /M Unix F3EHE D R iZBEsHIHR X, —4 Unixif
A7 11 R e HUAS Mo (e 1) 135 28 BRYSCEE, XA 0 4 Bl & controlfinntpin, @



#1165 UnixMth . #EiE

f{f/var/news/runlFxH .
A EREHA 2, DA HMr R R A Unix$dd 0,

16.3 148E

FeAUnixtliidi 0 5TCPHE O MERE 2 AEH A #kAY. BR TTCPRIUDPHE O, ks ik
teepBFM—/MRA, EZ M- UnixSiEHE 0. HOER—& B Lsfr s AR al

A ZEIEE16 777 216 ViR, 2R ME16-25R,

N B BetEpITCP Unixi# Wi
(FH/ED) (F D) Btk
DEC OSF/1 V3.0 14 980 000 32109 000 114 %
Sun0S4.1.3 4 877 000 11 570 000 137
BSD/OS V1.1 3 459 000 7 626 000 120
Solaries 2.4 2 829 000 3 570 000 26
AIX3.22 1592 000 3948 000 148

E16-2  Unixddidfi 0 5 TCPHE 1 758 M- 5 1 b

FATRELRAY & I — A TCPHE 13— A Unixdgidfi H o B 3R, i AN A i 1 (i 2
Ma T E LA AR ARG L, BT AR ERE, EARPT E#TRELVRZELE
). B RIREERE R TIAEF], A ESolaris 2.4, FHATTLAFRS, ER FAEFANE L
A Unix# M ELTCPHE 1 SR M {5 £, fESolaris T KHERMH £,

SVR4WA B kT & #Solaris, KA T Z&FE &7 ik & FEMUnixE4E o . [Rago
1993]897.5% 48i£ T X T A SVRAF LA Unix3R4E o ¢ 7 ik,

XL, KRiE “Fastest TCP(FetREITCP)” bk & X Lol 2 7E FAIE R T 3E7A9
P RIBFEAF TR AT B 432 T68GX MEZE L — B2 IBIMEKR), B EREH
bmiAZ EHLA CRIIPHbAE, ERWIRIBSDLELG, 45 & T EHLAIPHbHE, ARATEARP
RHAT Z AT HA S RSB IR E O (W51 E2-4), X RGPS T HEREGX g A A 4 & il
Rz {Th Ef EFR B HhAL) . XEFHEE A RAREA D, 80 R RE R E
WKZNEEF, 1875 A Al BIZ% A 1140.252.13.325; & — A5l F-(SunOS 4.1.3), BHHIBSDN
A —&BENAGIPHAMEH, KEDRLHFXEEESF, E2E18-2d A0
140.252.13.355k & — /{3 -(BSD/OS V2.0),

AT Unix BB SEBL G . 1218, 1179 P [ 38 P e )

16.4  4mAdEE{)

T B 4 N— /N TCPEK P — R 558 5— A Unixd® & 1 — IR %5 28 Z A 251, Hd1i&
o T EL-SFIE - T E P -k &, EENFIAUnkhGERE . B16-3% R UnixiR g /2
FF, 5EI1-5EA R 20 B TR,
2-6 MBEE T <sys/un.h>k3H:, FPFARS 204 D Hht£5 9L E & sockaddr_un
*AH,
11-15 socketifHfIHIERZEPF_UNIX, iHMstrncpy¥ 5hk% MK R4 G
ATEKBRTE)DE A O bHEE .
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unixcli.c
1 #include "cliserv.h"
2 #include <sys/un.h>
3 int
4 main(int argc, char *argvl(])
5 { /* simple Unix domain client */
6 struct sockaddr un serv;
7 char request [REQUEST], reply[REPLY];
8 int sockfd, n;
9 if (argc != 2)
10 err_quit ("usage: unixcli <pathname of server>");
11 if ((sockfd = socket (PF_UNIX, SOCK_STREAM, 0)) < 0)
12 err_sys ("socket error"):;
13 memset (&serv, 0, sizeof(serv));
14 serv.sun_family = AF_UNIX;
15 strncpy(serv.sun path, argv[l], sizeof(serv.sun_path));
16 if (connect (sockfd, (SA) &serv, sizeof(serv)) < 0)
17 err_sys ("connect error");
18 /* form request([] ... */
19 if (write(sockfd, request, REQUEST) != REQUEST)
20 err_sys("write error");
21 if (shutdown(sockfd, 1) < 0)
22 err_sys ("shutdown error");
23 if ((n = read_stream(sockfd, reply, REPLY)) < 0)
24 err_sys("read error");
25 /* process "n" bytes of replyl[] ... */
26 exit (0);
27 } . B
unixcli.c
E16-3 UnixikFE % P ET
FAVE T — IR BRI, A B E SRR NHFE,
B 16-4 4 UnixififiR & 2 B, SEI1-THAR 2R BRTRR.
unixserv.c

1 #ipclude *cliserv.h"
2 #include <sys/un.h>

3 #define SERV_PATH "/tmp/tcpipiv3.serv"

4 int
5 main()
6 { /* simple Unix domain server */
7 struct sockaddr_un serv, cli;
8 char request [REQUEST], reply[REPLY];
9 int listenfd, sockfd, n, clilen;
10 if ((listenfd = socket (PF_UNIX, SOCK_STREAM, 0)) < 0)
11 err_sys("socket error");
12 memset (&serv, 0, sizeof (serv));
13 serv.sun_family = AF_UNIX;
14 strncpy (serv.sun_path, SERV_PATH, sizeof(serv.sun_path));

E16-4 UnixIES RS [HEF
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15 if (bind(listenfd, (SA) &serv, sizeof(serv)) < 0)

16 err_sys("bind error");

19 if (listen(listenfd, SOMAXCONN) < 0)

18 err_sys("listen error");

19 for (;;) (

20 clilen = sizeof(cli);

21 if ((sockfd = accept(listenfd, (SA) &cli, &clilen)) < 0)

22 err_sys("accept error");

23 if ((n = read_stream(sockfd, request, REQUEST)) < 0)

24 err_sys("read error");

25 /* process "n" bytes of request[] and create reply[] ... */

26 if (write(sockfd, reply, REPLY) != REPLY)

27 err_sys("write error");

28 close(sockfd) ; .

29 }

30 } X

unixserv.c

E16-4 (4E)

2-7 FAEE T <sys/un.h>3k30tk, HHEXT 5k & B AR 4 GRE BT AR
EEPBRFARS SBFARSTLACERE L, A THEA, BIMEXEEL. BENED
HhhkEE#y e sockaddr unZ Y,

13-14 M strncpy i 4 A S ARk 55 & 0046 D bt 454 .

16.5 NG

Unixlsf iR it 7 2 B2 A58 5 9 — R, B H W M 45l (S MR g B B N (i ).
Unix i b i RE4R HE 200 T TCPAY SR 1, AR ML (UL TUDPHI B 4 0 . M Unix3g b 5 HE
R AR R EE . £ MR T AN L, Unixith CZ EETCPAP K2R B % .

Unixig B H Bok A PO BHEANX Window A48, anRX%E Pt R IXNR S5 & it i 5X %
PERAER — & ENLE, Bt HUnixiSiE ok KB TCPE R, TCPE /11— RS a5 # 7 Fl
Unixif & P — ik %5 & e O E fL R AR /MY

T I A P A A Net/3 N % Unindsldd 9553,
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171 BEd

fEuipc_usrreq.c X LB Unixi i IR FCRD BLE 164N sk B, 3L K294 100047C
EEWERF, X 55290 LI UDPHSOO TR F R EZEA L, LB TCPH45004 TR F2 )T
CX I ED

15 PIEE KA AR UnixSRPML I LB, T HEVORE R FF 53k, J M A & 7E A
ZIHE,

17.2 REN4E

FE—ANCXHH 164 Unixifef B, EIABCICHFIRA K SO b A ot A KA L
ET-157R

o LU
sys/un.h sockaddr un£EHIHE L
sys/unpcb.h unpcb 5 5 3L
kern/uipc_proto.c Unixliprotosw{ } fildomain{ } {17
kern/uipc_usrreq.c Unix 5 A %
kern/uipc syscalls.c pipeflisocketpair A4 iHH

FE17-1  {EA B HER S .
fEAER A& A Apipefisocketpair RLLMM, G THIE A BEHA MY Unixik s 8,
2RTR
I 17-251 T A BRI T — S HE R LA 2R A8 &

L & HoHm %k W WM
unixdomain struct domain e (E17-4)
unixsw struct protosw MY AE X (#]17-5)
sun_noname struct sockaddr | HLEEMEANIE O HALEH
unp defer int HEIR AT A S T SR T B
unp_gcing int AN AT JC TR s A, iR E
unp_ino ino_t T4 Bef fhi_node B AI{H
unp_rights int 214 iy {4 12 P SC A A T
unpdg recvspace | u_long B i O KR R I BRIAVE L, 409655
unpdg_sendspace u_long Bdm im0 KR BIATEE , 2048
unpst_recvspace u_long Al AR AR BN TE . 4096
unpst sendspace u_long e KA BIATEE, 409677

BE17-2 fEARFEP AN LRTR
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17.3 Unix domainflprotosw4E#y

E17-3% 78 T Net/3 &40 & W =/4>domaingk#y, [ALA P Mprotoswii,

domains:

inetdomain: routedomain: unixdomain:
domain{} domain() domain{)}
L T 1
inetsw(]: routesw(]: unixswl(]:
\_l g ] raw i
UDP - . K
TCP - raw
REP 3
v - TTTTTm
IGMP Y
U
Lo e

17-3 domainZ fliprotoswiidl

H24#A T InternetFNig ERRR, E17-448 T Unixdf i & FH I doma in&k 4 (42 K] 7-5)

HHIFE.

WFHERE, HAraw IPit 0 A K2B7-12F ik,

dom_externalize
dom_dispose

LA {& oM
dom_family PF _UNIX SR
dom' name unix HBF
dom_init 0 FEUnixdsy b % 45 {8 H

unp_externalize

unp dispose

dom_protosw unixsw i S B 2R (Pl 17-5)
dom_protoswNPROTOSW PSS e AL ) A e
dom_next fldomaininitifs, #%2
dom_rtattach 0 FEUnixds b % 4 {8 H
dom_rtoffset 0 FEUnix s %4 fiff
dom_maxrtkey 0 fEUnixisg i & 4 {8

SMERE U Al AL (PE 18-12)
FEHOA R AEAUR (] 18-14)

E17-4 unixdomainZk#

{¥ £ Unix domain%E ¥ [dom externalizeflldom disposefi/~Ei%k, FKMI{EF18%E
iR 7T (i I PR X P A R B, 1T Unix 3875 B kR, FrlAdomaingh Ky B
fE=A R ERENL.

17-5%& T unixswiE R LCE2ET- 1348548 T Internet b il % B 45 44) .

L =AY

» 5TCPHILLAIHE MY 5

* SUDPAH{LLAY £ B8 45 0 13 5

* 5IFRTPAR (LA raw i,
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. uipc_proto.c
41 struct protosw unixsw([] =
42 {
43 {SOCK_STREAM, &unixdomain, 0, PR_CONNREQUIRED | PR_WANTRCVD | PR_RIGHTS,
44 0, 0, 0, O,
45 uipc_usrreq,
46 0, 0, 0, 0,
47 Yo
48 {SOCK_DGRAM, &unixdomain, 0, PR_ATOMIC | PR_ADDR | PR_RIGHTS,
49 0, 0, 0, 0,
50 uipc_usrreq,
51 0, 0, 0, 0,
52 Y
53 {0, 0, 0, 0O,
54 raw_input, 0, raw_ctlinput, 0,
55 raw_usrreq,
56 raw_init, 0, 0, O,
57 Yo
58 }; .
utpc_proto.c

E17-5 unixswiEHIH AL

H T Unix 383 #5505 R A Gk & B AT 7E T — S E AR FF 5 38) , Unixdsif iR s 4
il EP % B PR RIGHTSHrE. iy % sh# M br&PR_CONNREQUIREDHIPR_WANTRCVD
STCPHIbRE —FE: BB IRID I B M REPR_ATOMICHIPR_ADDR 5UDPHIbRE—H, FHE
TE A0 T P DU S B R B DUE SCRIME —— A B B dR B B uipe_usrreq, M'BALBEFTARY
gk,

fErawlth il fprotoswiE g PO/ el S dREH B LA raw_JF3k, 5 PR_ROUTEMHIHY—FE,
XN A TEE 2RI 205448,

W MR A O B3 — AN B R AL A48 A Unix3X #raw 30,
17.4  Unixigig O db ik 4544

E17-648 A T —4Unix 3# O bt 254809 E X, —‘/\sockaddr ungE #4106
T,

38 struct sockaddr_un { o
39 u_char sun_len; /* sockaddr length including null */
40 u_char sun_family; /* AF_UNIX */
41 char sun_path[104]; /* path name (gag) */
42 };
un.h

E17-6 Unix #46 O #hk£549
FFAARITE A5 H M A6 D b kS H— . HbhER(AF_UNIX) R ERE — D REFT.

g M4.2BSDVL K, =M “gag” #MALT ., LHFREEFERERAEZLRT
FUnixkiE o, RAAR L EGRZLERKKALE Ambufy BERT(BEEZ2 L6 KA R
ik £]1024F ),
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BB EFEF UnixigfE O FERACHZLEFNBRBEARRIAED, FHBRELAFHE
sun_path#i, sun_pathfJk/NA1045FH, —Ambufffyk/hAH1284 51, WL "TLAFFHK
O hhE R — A FoRE BRI E T mET- TR,

m_type (MT_SONAME)

sun_len
£—sun_family(AF_UNIx)

mbuf & sun_path[104] -

204y 1 1 1 1
L_m_hdr()_L_ sockaddr_un(} .|
[ S ol
le =l
I‘ mbuf{} (128%%) il

PE17-7 AFfif 7E—/>mbufrf R Unixigef 0 ik 254

A mbuf i fm_types B i B AKMT_SONAME, [ %mbuf & A — M 1 Mol £ kol
m_typetAix A, RAME LB RIEHAFHRA LR, HES xR 0 AR R &
KRB LR104FY, HEARMBEAFEFunp_bindflunp_connect B L — ik f
e v B — A 25 T AT AR R 10557,

UnixiE o ht— 25 EE2EAGLEE, 9 FIHALNHLEZNCEAL,
itk ® T2, 5 et F—4F, Internetth e AIPH I Fosh o 5/ A H &
2, A%V IPC([Stevens1992]69 ¥ 145 ) M32ILAHF A, & TUnixRE 7 42 A
BRELEERSBRAART, AABFERNLNRBZLEOUA/FFK), WmRERAATSE
BE, BPEAFRY BEALALARNGERF, REMFPBEAFNKEIHKEZL
T2 E P AL ¥ connectfesendto X,

17.5 Unixigiihigds $lk

Unixdgiffi 1A — /AR B U BlB(PCB), — A unpcbZity, KAER17-8fifiid T
XA36F TS

unpcb.h
60 struct unpcb {
61 struct socket *unp_socket; /* pointer back to socket structure */
62 struct vnode *unp_vnode; /* nonnull if associated with file */
63 ino_t unp_ino; /* fake inode number */
64 struct unpcb *unp_conn; /* control block of connected socket */
65 struct unpcb *unp_refs; /* referencing socket linked list */
66 struct unpcb *unp_nextref; /* link in unp_refs list */
67 struct mbuf *unp_addr; /* bound address of socket */
68 int unp_cc; /* copy of rcv.sb_cc */
69 int unp_mbent ; /* copy of rcv.sb_mbcnt */
70 };
71 #define sotounpcb(so) ( (struct unpcb *) ((so)->so_pcb))
unpch.h

[ 17-8 Unix3s phpiscdzs il
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5 & g {4 F i Internet PCBFMS HllEAN[E] , 33X 6 & #B 2 i ik N BZMALLOC R Sk 47 BL iy
(57 B W A2 E120-18F11%]22-6), iunpcbZb A7 fEmbufrf, X" GEE A~ BN AHE .

B — /A [l AR BR T Unix BB HIBREASN, B A B4 SR IR B8 72— A X n) 5 PR s 2
F 2% R I REE I A X A B A B (e S5 A R R 1 . T AT A B Unixds B iUE
filgeiii &, A B ERPEAENEER, FORMEAERE, kX% PR connecti,
TR S HEMEHRERE TN CANREAERRECR LI, —BRBIRSE0
unpcb, ALK ERIMIETFiEER P it unpcbd, [F2hUnixdgddh A% PR S5 kS
ex Pt REE AR E ML L

B 17-945A T AbPE Unixisiddi 0 AR BB S50 95 &, 7R A~ B A 34 18R T 4> Unix

fitih ¥

BT

file()

o

DTYPE_SOCKET DTYPE_SOCKET f_type

f_data

socket{)}

SOCK_DGRAM so_type SOCK_DGRAM so_type
&unixsw(1] so_proto &unixsw(1l] so_proto
so_pcb so_pcb

unpcb(}

unp_socket
unp_vnode
unp_ino

unp_refs
unp_nextref
unp_addr
unp_cc
unp_mbecnt

unp_conn -—————’///

mbuf{}

MT_SONAME

unpcb({}

unp_socket

unp_vnode - -

unp_ino

unp_conn

+unp_refs

unp_nextref

- unp_addr

unp_cc

unp_mbecnt

sockaddr_un{}
A ESPEFIHEA
B4

FE17-9  FAH AR AR /S Unix S8 46 0

vnode(}
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BAEREED, BIOMREALH(RS SEBED L9 E T N RELFI D, 2L
(FPifEneLEEIRSsBNREL L,

% Pt FEPCBJunp_conn 8 C 45 fR 45 28 #EFERUPCB, R %5 2 dEEfJunp_refsif ik
fZFIXAPCB LW — /& PR (AR, £/ 8dEHE Pt LLER SR — IR %
AR b, E1T 11530 2 140 1 Unixase 0 H 46 1 A3 HE) .

k%5 2 fJunp_vnode ¥ Cff M vnode, vnode 54 Bk & & DR E LKA, &
HIv_socket ¥iCHi MR %5 2 fUsocket, Xk E N —/1 A4 E T I AN unpcbfr kM
HEdE, flan, MRFELE T -TRELFEHUnixEHE O, 46128 — M vnodesity,
H B ¥unpcbfI4EEH 7 ik fEv_nodefyv_socketf, Y& FbfRiE B AR5 88 L, g
R A AR AR E fLv-node, ZRJ5Mv_socket 5 3R1F RS ¢ it B unpcbi4t.

WHPE R R 5 346 N &2 TR & fEsockaddr_unf5#yh, sockaddr_unfEfgk G &
ffunp addrg [ AImbufé £, Unix fv-node M 3k 14 4 £ & 45 7 v-node )i 12 44, BRI A 1E
—/Unix X R G0 24 45 (B B Fic I RE [R5 11— 4255 193¢ - (BlTv-node)

B 7-9Fm A ERE BB RS 1, 7R 7260 AT B S, TR O 5k B A7 e
Al

17.6 uipc usrreqii#f

EEL17-5hRMER, X TRMBEIERDPIL, unixswiiHyrp 5| KM — &5~
uipc usrreq, E17-105H TiX /R B A,

uipc_usrreq.c
47 int pe-

48 uipc_usrreqg(so, reqg, m, nam, control)
49 struct socket *so;

50 int req;

51 struct mbuf *m, *nam, *control;

52 {

53 struct unpcb *unp = sotounpcb(so);

54 struct socket *so2;

55 int error = 0;

56 struct proc *p = curproc; /* XXX */
57 if (req == PRU_CONTROL)

58 return (EOPNOTSUPP) ;

59 if (reqg != PRU_SEND && control && control->m_len) {
60 error = EOPNOTSUPP;

61 goto release;

62 }

63 if (unp == 0 && req != PRU_ATTACH) {
64 error = EINVAL;

65 goto release;

66 }

67 switch (req) {

246 default:

[#[17-10 uipc usrreqpf ¥ ik
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247 panic ("piusrreq") ;
248 }

249 release:

250 if (control)

251 m_freem(control) ;
252 if (m)

253 m_freem(m) ;

254 return (error);

255 }

uipc_usrreq.c
E17-10 (£k)

1. LW PRU CONTROLi K
57-58 PRU CONTROLIi&zK*k [ ioctlALIAM, A #Unixds k¥,
2. {UHPRU_SEND % Frib £l {E B
59-62 R ERELEEHIELE(EHsendmsgRLE M), 1HRVHAEPRU_SEND; A,
IR E IR AR IS R A (G B AL, X FAIEE 185 p e,
3. 4 AT A
63-66 flRsocketf A IRA—UnixiZ b, HRK400&PRU_ATTACH; A0,
iR Bl —A B R,
67-248 {ETHEIJLYAHINTHEXA REWE— 1 caseii ), LLKIAHMIA Eunp_xok %,
249-255 FEHAEMIEENE BAEHEmbuf, 2R )5 R %GR A,

17.7 PRU ATTACH{EKFllunp attachif#{

M EREE K FE — T R R AR O, socket £AGLIAH fisonewconn
(52K 15-29)/ - PRU_ATTACHIF K, AnE17-11F7xR,

uipc_usrreq.c

68 case PRU_ATTACH:

69 if (unp) {

70 error = EISCONN;

71 break;

72 }

73 error = unp_attach(so);
74 break;

uipc_usrreq.c

K 17-11 PRU_ATTACHI# K

unp attachB e BuX NG RTE AR T/, anE17-12075, socketfEHC 26
0 B fmmiait, BUEREILRE S BEREI B Srthilliz i, &40 dix 4~ il
Bl Aunpcb g,

270 int

271 unp_attach(so)
272 struct socket *so;

uipc_usrreq.c

273 {

274 struct mbuf *m;
275 struct unpcb *unp;
276 int error;

17-12 unp_ attackif %
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277 if (so->so_snd.sb_hiwat == 0 || so->so_rcv.sb_hiwat == 0) {
278 switch (so->so_type) {
279 case SOCK_STREAM:
280 error = soreserve(so, unpst_sendspace, unpst_recvspace) ;
281 break;
282 case SOCK_DGRAM:
283 error = soreserve(so, unpdg_ sendspace, unpdg_recvspace) ;
284 break;
285 default:
286 panic ("unp_attach") ;
287 }
288 if (error)
289 return (error);
290 }
291 m = m_getclr (M_DONTWAIT, MT_PCB);
292 if (m == NULL)
293 return (ENOBUFS) ;
294 unp = mtod(m, struct unpcb *);
295 so->so_pcb = (caddr_t) unp;
296 unp->unp_ socket = so;
297 return (0);
298 ) .
uipc_usrreq.c
E17-12 (&%)
1. BEER 0 KB bR i

277-290 HRAE N R EFHEE I & AR MARIC A0, Msoreservel 11 E K E 17-2F7R
PIBCOAE, Bk AEARIC RG] T 7 BAE# D RS A P s &, it socket RGEIA
ki Hunp_attacht, XFHAFRICERAO0, (HE Y4t sonewconnif flunp_attachlf,
EET WY A R,

2. 5rBCIE W)U L PCB
291-296 mw_getclrzkff—/-mbuf  TunpcbfE#y, FfmbufigFZ AR % & W¥MT_PCB,
EE T A PCB R ICA# W4at A0, diitso_pcbfllunp socketdfflffsocketFflunpch
EER IR K

17.8 PRU DETACHIEXKFlunp detachpf#l

YO EHAR % HPRU_DETACHIERK(E2E15-39), XA ERMMEPRU
DISCONNECTIH R EH* A E#NHE DO EE, anE17-1357R,

uipc_usrreq.c

75 case PRU_DETACH:
76 unp_detach (unp) ;
77 break;

uipc_usrreq.c
[¥]17-13 PRU DETACHi:K

75-77 E17-14fhfJunp detachpA$5¢ K PRU_DETACHIFRKHIFT AL Tk,

1. B Jftv-node
303-307 fRFHEHE—/v-nodek R, ML RIRRIPCBE MR FE B A0, HHIAH
vreleBEfv_node,
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uipc_usrreq.c
299 void P q

300 unp_detach (unp)
301 struct unpcb *unp;

302 {

303 if (unp->unp_vnode) {

304 unp->unp_vnode->v_socket = 0;

305 vrele (unp->unp_vnode) ;

306 unp->unp_vnode = 0;

307 }

308 if (unp->unp_conn)

309 unp_disconnect (unp) ;

310 while (unp->unp_refs)

311 unp_drop (unp->unp_refs, ECONNRESET) ;

312 soisdisconnected (unp->unp_socket) ;

313 unp->unp_socket->so_pcb = 0;

314 m_freem(unp->unp_addr) ;

315 (void) m_free(dtom(unp)) ;

316 if (unp_rights) (

317 f*

318 * Normally the receive buffer is flushed later,

319 * in sofree, but if our receive buffer holds references
320 * to descriptors that are now garbage, we will dispose -
321 * of those descriptor references after the garbage collector
322 * gets them (resulting in a "panic: closef: count < 0").
323 *f

324 sorflush (unp->unp_socket) ;

325 unp_gc () ;

326 }

327 }

uipc_usrreq.c

E[17-14 unp detachpf#i

2. W R VR TOCALEG 0, VPR
308-309 4 ARLHIRIHE NERS 544N Lk, lZunp_disconnect gk ZEWi X 4 4
A ESE, XFME O ERA SR s D p S R 4.

3. W97 £ 2 G P4 11 A 4 11 )
310-311 AURIALAIEIR RS D ERBIX AR O, WA unp_dropi fix skikfs, Lk
1 gk 2% FIECONNRESETH R . whilefAI A i 53X 1~unp cb I & unpcb &5 #5E
#o. BB unp dropiffunp disconnect, EH&APCBfjunp refsii I iFm XN T
— AT, HENHMRCOLEH)E, PCBIunp_refstiEiE A0,
312-313 #EHMHE N HsoisdisconnectWiFFiEdE, $§MPCBAYsocket 4t #3545}
AAO,

4. Feigcthk FIPCB mbuf
314-315 MRAMHACLHER ik, m_ freemih BRI A ifiX A Hohk fImbuf, 7 ERT
A¥ifEunp addrEH A%, HAm freem&SHifr, unpcbiim free B,

EAMm_free®y B AN G442 LKA, BABEHunpTiR2AT—AAEA
2RA.

5. Ke e WAL R B 5
316-326 WHRNEBEMIERERTHAR, Wunp rights A0, x&SHIHA
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sorflushfilunp gc(JC H 8 TCKERED .. Tl PEER18Z P HER AR I L%,
17.9 PRU_ BINDiFXKFlunp bindif#]

AT LA b i nd R Unix 3 A 1Y A SCHE H 4 D 408 B S R 4 b Vg 2 4 L, bind R4
IHHF=H=PRU_BINDi&K, #nE17-158i1,

uipc_usrreq.c

78 case PRU_BIND:
79 error = unp_bind(unp, nam, p);
&0 preak uipc_usrreq.c

17-15 PRU BINDi#:k

78-80 AR LIE# Hunp_bindR#OR5EH, AE17-16F7R,
1. )i fknameidataZbf

338-339 unp_bind4rfii—/ nameidatafity, XN EBEHEEFMA FHnanei IS
¥, FERINDINITZ RAMILIX 554, CREATEZ ¥R L0 4, FOLLOWARF
BRI 5 iEH:, LOCKPARENTHE /£ [l B w4 25 B H{E S 35 AT v-node (B 1EFRATIESE B LAE
ZHi R & Bov-node), UIO_SYSSPACEHT M2 A WAL (I Toind RGEIH M ¥ e
A P22 (A & il B — /> mbufrt), soun->sun_pathg & AREGHILCEHIE AnanZ
K%k %{unp_bind), Ffa, pafFR K Abind RS H AR procfaeh, X4
WRERAA X —ITHENGEE, NETE BB ZHRFERENFH . NDINITZ XA
fhax /454, Xname i {76 X 4 BR UG i .

uipc_usrreq.c
328 int pe- q

329 unp_bind(unp, nam, p)
330 struct unpcb *unp;
331 struct mbuf *nam;

332 struct proc *p;

333 {

334 struct sockaddr_un *soun = mtod(nam, struct sockaddr_un *);
335 struct vnode *vp;

336 struct vattr vattr;

337 int error;

338 struct nameidata nd;

339 NDINIT (&nd, CREATE, FOLLOW | LOCKPARENT, UIO_SYSSPACE, soun->sun_path, p);
340 if (unp->unp_vnode != NULL)

341 return (EINVAL) ;

342 if (nam->m_len == MLEN) {

343 if (*(mtod(nam, caddr_t) + nam->m_len - 1) != 0)

344 return (EINVAL) ;

345 } else

346 * (mtod (nam, caddr_t) + nam->m_len) = 0;

347 /* SHOULD BE ABLE TO ADOPT EXISTING AND wakeup () ALA FIFO's */
348 if (error = namei (&nd))

349 return (error);

350 vp = nd.ni_vp;

351 if (vp != NULL) ({

352 VOP_ABORTOP (nd.ni_dvp, &nd.ni_cnd) ;
353 if (nd.ni_dvp == vp)

17-16 unp bindpf
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354 vrele(nd.ni_dvp) ;

355 else

356 vput (nd.ni_dvp) ;

357 vrele(vp) ;

358 return (EADDRINUSE) ;

359 }

360 VATTR_NULL (&vattr) ;

361 vattr.va_type = VSOCK;

362 vattr.va_mode = ACCESSPERMS;

363 if (error = VOP_CREATE (nd.ni_dvp, &nd.ni_vp, &nd.ni_cnd, &vattr))
364 return (error);

365 vp = nd.ni_vp;

366 vp->v_socket = unp->unp_socket;

367 unp->unp_vnode = vp;

368 unp->unp_addr = m_copy(nam, 0, (int) M_COPYALL) ;
369 VOP_UNLOCK (vp, 0, p):

370 return (0);

371 )

uipc_usrreq.c

E17-16 (%5)

AL L, XMW EGEFEGBZEL0HEL—HAnamnei, €A K “name-to-
inode”, INAHBERFEANAIH R L EERBENLF, WwRRT, HNELAE
Y #yinode& My, IANEMH S NEE LIFE L4 6i_nodefs &858 KX, KEv-
node 2.2 54X 7 i-node, {2 & Ki&Fnameilf RAEF T Tk,

XA A F— ki RBSDA AL 04 LM £ KA, BSDA % L 44 % R & LA
AUER. HANBEIHAL(AFHALME “REIHEAAL ), REIHEL
(NFS), CD-ROMSX 2%, MS-DOSX# A%, AT HAMBNIHAL4GI T8 &,
Fl4e/tmp), ¥ % . [Kleiman 1986]#if T —AN-F A4 v-node LM, VIVOP 4 Hh & F
T4t 64 & S — M A v-nodedffF F 2k, XM E Bk AR 404, SAAAE, BASHK
PR — AN AR LR B ERATXANEE, A—NNEFEVF KRG H R AEL
oy #, X EHBCTRRARA—ARR % HVOP_KH, #l4e, vput# IVOP_UNLOCK,
KEFBHARAvrele, vreled $#F3—/ v-node: v-node®#y3| Bl 1+ Bk ik, doFiX
#|0, #t78 FlVOP_INACTIVE,

2. KR dl 1 R kb
340-341 WRHHHAPCBunp_vnodedf%, #iHmMOLHHE, X HiR.

3. A FRF (nul) SR B2 4
342-346 R M@ Esockaddr ungHyfymbufi & 108(MLEN), K EE{E & Mbind &4 iH
HBE =S HEHIH, Wmbuff g — A~ F TLAMERE T, Xk /] ARIEE R A LAZE T
FEER, JEXMHARGE T ARRE A XS TFHICE2E 1520 ) sockargs g $ R IE H i
FEAEX AV O HbhE S5 A K AR 108F77), anmbuf iy /N 10851, MITERS 2 A4
RAFB—AZFN, URHEBERDZE TR R4,

4 e RGP ARBIEA
347-349 nameift RGP AKEE L, FHRTREAAARI B b A e rik 2 46l
BNl filgn, anREBE R DR AL/ tup/ . X11-unix/X0, ABAICHEX0L
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A BB /tmp/ . X11l-unixH, WEXOMICRTME FWELCHF, wRBF
/tmp/ . X11-unixNfFfE, BEMBAFE, HECLBE-ATXOMXH, IBLRERE—
MEIR. BT REMEE IR R R A BURFE AL H b S 3 F . Mnamei #8753 5|
&S R MR EGR B —/~0{, nd.ni_vpik Bl # & —A S48 CCHER L) . XA &
HEBIERE, AB4nd.ni_dvomt & 2 G0 B S 4r i B .
AT B BN R RXRZ L2454 £ F Ebindii gk, WL K44
% Unixi®dé o &9 5 F 42 A £ AbindZ AT £ 8 Aunlink Mk 4 A 69312 .4,

5. R B 1E
350-359 fnfknd.ni_vpiE%, WL RELMELFL, v-nodeS| ABEEE R, JHRRE
EADDRINUSEZ #f#2 .

6. flldtv-node

360-365 VATTR NULLZ#MGbvattraity, A4 E HVSOCK(—/ME D), 1hlHE
B A\ H777(ACCESSPERMS),, XL/ BRIOZ ARV XA A & . 1 BAY B R A -
(kA POMATIE. SHRATIRIE. EHRERE b, S0k ihse: 2 90r 617 e 5 r
%1 VOP_CREATE$ B, F@AOIBERKENSEEnd. . ni_dvp(iL H Zv-nodefIHR4El),
nd.ni_cndCk Bnamei T B FELVOPHK MM INER), ARkvattrfily, B oANSHK
nd.ni_vp#HGR EIE B, nd.ni_vpdEEl G I v-node(Znk 6 & 5 2h) .

7. WA R
365-367 vnodefflsocketifiidv socketfllunp vnodetgif B AH$G R X 5,

8. R{FIRIE A
368-371 HHm_copy ¥ RIRIZEE 2 1 (19 124 5 #F]—/mbuff, PCBfJunp_addr
R XA Fifymbuf, ¥ v-nodefifii.

17.10 PRU CONNECTiEXK#lunp connect if#{

E17-174A T PRU_LISTENFIPRU CONNECTiE K,

uipc_usrreq.c

81 case PRU_LISTEN:

82 if (unp->unp_vnode == 0)

83 error = EINVAL;

84 break;

85 case PRU_CONNECT:

86 error = unp_connect (so, nam, p);
87 break;

uipc_usrreq.c
El17-17 PRU_LISTENFIPRU CONNECTi# K

LSS UE YW DO B g
81-84 HEEAE—TELHE T —ITHREANFEN LiTlistenRGEIAMH, TCPEAXNTT
K, FEE2E30-3RATFRN A —NEAL ERITCPH A AAListentf, TCPEE&®ERE— I
s 0, HR e oA D .
85-87 PRU_CONNECT{E KM A TIE# funp_connect MECRIIT, BREMIE
S L7-18FR . X Tifili A, %R BB PRU_CONNECTIF KM 4Gk iEsE—A> Tk $%



192

# =84 Unixi th

B4l 16 Db, 1% BR BB PRU_SENDIFRIEH .

uipc_usrreq.c

372 int

373 unp_connect (so, nam, p)
374 struct socket *so;

375 struct mbuf *nam;

376 struct proc *p;

377 {
378
379
380
381
382
383

384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407

struct sockaddr_un *soun = mtod(nam, struct sockaddr_un *);
struct vnode *vp;

struct socket *so2, *so03;

struct unpcb *unp2, *unp3;

int error;

struct nameidata nd;

NDINIT(&nd, LOOKUP, FOLLOW | LOCKLEAF, UIO_SYSSPACE, soun->sun_path, p);

if (nam->m_data + nam->m_len == &nam->m_dat [MLEN]) { /* XXX */
if (*(mtod(nam, caddr_t) + nam->m_len - 1) != 0)
return (EMSGSIZE) ;
} else
* (mtod (nam, caddr_t) + nam->m_len) = 0;

if (error = namei (&nd))
return (error);
vp = nd.ni_vp;

if (vp->v_type != VSOCK) {
error = ENOTSOCK;
goto bad;

if (error = VOP_ACCESS(vp, VWRITE, p->p_ucred, p))
goto bad;

s02 = vp->Vv_socket;

if (s02 == 0) {
error = ECONNREFUSED;
goto bad;

if (so->so_type != so2->so_type) {
error = EPROTOTYPE;
goto bad;

uipc_usrreq.c

E17-18 unp connect%¥t: & —H5r

2. P 1 i ik nameidatafhify

383-384 nameidataffifJHNDINITZEHITMILEIL. LOOKUPEHrig M b Y Ak MIER 1244,
FOLLOW L BRI 5 4%, LOCKLEAFZ 404 M i [a] it 44 451 8 2 v-node (Bl 11 76 P47 45 5K
Al Bt B2 & 80X /4 v-node), UIO_SYSSPACEZHIFM B AEMNZ Y, soun->
sun_pathZe &R Bibil(EHIEAnan2 K F#EHunp_connect), pigl KA

connectisendto RS AR procsiiy,
RNIPEAE Y e

385-389 AR MBS R 1085, HRfa A F4ah%, TNEREAILE

R — =TT,

BEXAERLT-16F 0K BAAM, E2EFERTR G, FMF—LifE) AR,

LYK E—ANFHETHAGDEFELNRE . X2 XEMSCSIZE, M E17-16F &
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EINVAL, %%, IR KA ESEERBERT LA ANAEFTH A B R, FARAXTHE
218K, B AHsockargsd ¥R ALILHE 0 M hELE a0 — AP,

4. FR R HIFR S I IE#TE
390-398 nameiff XHZELPEHRKEL, MERE(ELZOK, ILEnd. ni_vpH gtk
vnodeZ5H U455 . v-nodeff) K L4 £ VSOCK, JH Mpit AR HE N —EEAH SRR,

5. ERN R BCHERRIEH
399-403 —/HEN YA LA ERRESL L, K&, fEv-nodediffiv_socketfiFft
- MAHEEE . ARG AR XK, R IR, ARG R YA st HEE L —K
BT R A R IE S A Sh, X RS T RER A

6. W3 UF 4 11 8%
404-407 EEME PR D (so) I 515 #HEHE IR % &3 2R 3 H (so2) 2B AR
Ao HmbRi, — AN AREERES /S BUEdE P sEZ M,

PE17-194fR Tunp_connect @RISR, EH EOEEREEEHN, AREMAMHunp_
connect 2 £ M ~unpcbsil .,

uipc_usrreq.c

408 if (so->so_proto->pr_flags & PR_CONNREQUIRED) {
409 if ((so2->so_options & SO_ACCEPTCONN) == 0 ||
410 (so3 = sonewconn(so2, 0)) == 0) {

411 error = ECONNREFUSED;

412 goto bad;

413 }

414 unp2 = sotounpcb (s02) ;

415 unp3 = sotounpcb(so3);

416 if (unp2->unp_addr)

417 unp3->unp_addr =

418 m_copy (unp2->unp_addr, 0, (int) M_COPYALL);
419 s02 = s03;

420 }

421 error = unp_connect2 (so, so2);

422 bad:

423 vput (vp) ;

424 return (error);

425 }

uipc_usrreq.c

E17-19 unp connectEi#: % iy

7. EHHHN
408-415 [fiH N T ERARER, B4 AARE YT O B — R . B, RS &
{1 45502 WU 46 H . SO_ACCEPTCONNFRE 4 40 # 1% & (1 42 & 15-24f)solistenR $k
2K). HRJEH A sonewconn @l B — /N Hii4E 1, sonewconniB4Rix A~ Eri 4 O 3 W 4
F 9 SE BRI ESERA F b

8. SLGRE B W W i 1 0 F 7
416-418 nRWVTHE DA E AR M mbuffyfiE, mbuffl & —/{-sockaddr_un, jfH
sockaddr_unif A 4bE i M B2 A GX R 2 S X 1), A4 TAMn_copy#iZmbufs il
R BRI O

FE17-2045 ) T fEso2=so3MIE Z A A RISk &, BT
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RE BRI Hsocket Bl A BMEile, socketflunpeb&ity, KRJ5i1HM
bind & ¥ vnode filfl & i 12 4mbuffi 5|, Bif5iMMLlisten, RFE PR
cx P BRI Fsocket Bl ANMEile, socketflunpecbiiHy, AJ51HH
connect, connectifflunp connect,

s HfIFR A fIsocket &Ml “CIEFMRS BN, EHsonewconnfli,

% PSR T ile 5 &% W W A T

so_head NULL so_head so_head

so_q0 NULL so_q0 NULL - so_qg0

so_gOlen ] so_qgO0len 0 so_g0len 1

so_q NULL so_q NULL

so_glen 0 so_qglen 0

so_pch
g L : (ka
fisonewconnfi|# unp3 ‘ a2
unpeb{} unpceb(} unpcb(}
unp_socket unp_socket unp’_socket
unp_vnode unp_vnode unp_vnode J—\
unp_ino unp_ino unp_ino
unp_conn unp_conn unp_conn
unp_refs unp_refs unp_refs
unp_nextref unp_nextref unp_nextref
unp_addr - unp_addr - unp_addr
unp_cc unp_cc unp_cc
unp_mbcnt unp_mbcnt unp_mbcnt
mbuf {} mbuf {}
MT_SONAME MT_SONAME
sockaddr_un{} sockaddr_un({ }

BEHER Y
O RRES

B EHET RN
HOEEEs

E17-20 748 K fIconnect i F Y& FhgsHa
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sonewconn @ 52 1%45 4 )5 % HHPRU_ATTACHIEK, 6IEAHMAJunpcbfsts,
* sonewconnilliff flsoginsequeiHi|f=4: I socket KA YW 1 AR 78 B AIE BN
Fl rp (T 1B EBAFIIF th R 2= W) . FA1EF F WU OB 2 BUEEPAFI(so_gfn
so_qglen)A%, FtsocketfJso headtfht kd k45 WaPrfE O,
*unp_connect i fim_copyfill & 45 B WU h N ik 2 & mbuf U EIA, HiElp
unpcbff[aix/~mbuf, Ff1¥F Fgetpeername R FTHFEX/EIA,
BEEEENARE, DA A filefffi i socket (FE Lt sonewconn
% B SS_NOFDREFfrEHKIEAIX — A, YMWTARS st flaccepth, BRELHIX
socket 4y fig—/~ £ ile&E HFnxt b AY SR FF .
vnodedg %A MGVl N E I ELEEM RS &0 . vnode& MM ME —E HBLE iF
% Pl v_socket gt connect B AHP IR 55 A socket 8544,
9. FEHW A I s B 4 4 1
421 unp_connect fIfIE /5 —F & Munp_connect2(F—¥ifliid), X TR FREHR
AR, BMELT-20M 5, ZRECEREER A DRI unpcbZ g unp_conn B, Jf
Hof 7 G146 1 W WT IR 55 28 U socke t YR 72 BGEFEBA S FE 2| O 5¢ BOEREPA S, FRATH
1 e T BT A i A B O B &5 (BT 17-26),

17.11 PRU_CONNECT2iEKflunp connect2pf#]

E17-21HfJPRU_CONNECT2iE KU {E Hsocketpair ZAIHAFTEN—ITEE, M
Hix /i =k REUnixikh 53 24,

uipc_usrreq.c
88 case PRU_CONNECT2:
89 error = unp_connect2(so, (struct socket *) nam);
90 break; 3
uipc_usrreq.c

[17-21 PRU_CONNECT2i# Kk

88-90 XA ifKRAIFTA I TIEERHUnp_connect2 MECkEM, EMIMATEE17-224F
F|#—#%, unp_connect2 i HOLEMA R b B A1 75 R A A .

R 1B1EL17.12%ifr#Bsocketpair &G i fllsoconnect 2%k, 7F17.13Fi/r#8pipe
M., E17-234A Tunp _connect2i#,

L. kB4 1 Y5 Y
426-434 WO SEIERIE M socket MR E: soikiFlso2, HAMEM AN AL
I GARE WA 1 2 S il 1 .

2, {5 AN D EERISE AN
435-436 fiifFBunp_conni¥ i —unpchiEE B ~tunpcb, fAifi, THERAZPRE
TN ] 2 18] & AN [REY

3. BB A D
438-442 PCBfyunp nextrefflunp refsFEEEEMERIEN . Hlan, HE -/1HE
T4/ tnp/ foofI MRS RIE D, R —TEERET FERERIX I BREL. B
17-24% 1 T ffunp_connect2iR Bl [543 fJunpcb 54 Ch T RiI{ER WL, 1A i+ R
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(:EEEE;;EEEE:) soconnect
PRU_CONNECTZ2

uipc_usrreq

unp_connect?2

[E17-22 unp connect2 & 1) #

I

426 int

427 unp_connect2 (so, so2)
428 struct socket *so;
429 struct socket *so2;

430 {
431
432

433
434
435
436
437

438
439
440
441
442

443
444
445
446
447

448
449
450
451
452 )

struct unpcb *unp = sotounpcb(so);
struct unpcb *unp2;

if (so2->so_type != so->so_type)
return (EPROTOTYPE) ;

unp2 = sotounpcb(so2);

unp->unp_conn = unp2;

switch (so->so_type) {

case SOCK_DGRAM:
unp->unp_nextref = unp2->unp_refs;
unp2->unp_refs = unp;
soisconnected(so) ;
break;

case SOCK_STREAM:
unp2->unp_conn = unp;
soisconnected(so) ;
soisconnected(so2) ;
break;

default:
panic ("unp_connect2") ;
}

return (0);

E17-23 unp connect2 %

uipc_usrreq.c

uipc_usrreq.c
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connect ("/tmp/foo") bind("/tmp/foo")

E17-24 VRN BAR RS 1

Mfiledisocketfity, AFERALHOMEE M vnode), KR T4
unp_connect2H HE|IH 4~ HEunpfiunp2,

MHE—ANC8A ERNEIERME D, unp_refs{FHERPIZHE O WA D AREXRD
#F—/PCB, ifiifunp_nextrefifflis X%,

B 17-25%0R T 8 =/ BAR R 0 (Z B WA ) B3 R — IR 45 28 J5 19 = A PCBIR A,
HEM T LR/ tmp/ foo,

unp2

unp
unpcb{}
(—‘.

[ * e :
unp_conn g unp_conn unp_conn NULL
unp_refs NULL unp_refs NULL - unp_refs

unp_nextref |(NULL unp_nextref |[NULL

connect ( "/tnip/ foo") conheét ( "/tmp/ fc;o") bina(;'/i:h\p/ fdo")

_

E17-25 B—/-H 0 0)ER A B D

PAPCB¥Etunp refsfllunp nextrefM 44T, HAEI7-25¢ 40040 A RE
EHEE R B R RAE D .

4. R D
443-447 ffE O AGER SEIRRE D AERE AR, XEFEDRGEE 4% iR ER
Fl A D LIRS SBHE), & bRAR S & HREAPCBAIunp_conndSél sy RIS M * F
HIPCB, 4nPe17-26 7 7R GX /> Pl /& & 17- 20/ HESE)

EAE R E SRR T A so22 Isoisconnectedf A, x4~ FHHE 1A
SEWT R AR S8 BGE HERA FI (B 17200 fiso_q0)B B B 5e ki 2R Fll(so_q)H, accept BEMIX
ABAFI R SR EUET B AY4E O (5215-34), FEERMAL, soinconnected(#2[15-30)i%E
so_statedJSS_ISCONNECTEDFr:, {¥24#fi N Mso headiFildEZs A ¥ socket N K 5E
R FEPA SRS B B 58 BOEEBAFI (AR 4% N I so_headfgEl-AZsit, 3 0 ASEAE(T—ABAF ),
Bk, {EE17-23v, WA so2$soisconnected — kIR Eso state,
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% PR T IR 25 25 Wl ik 7
file()

so

unp np2
unpeb(} ¥ unpeb() unpeb(}
unp_socket | unp_socket unp_socket
unp_vnode unp_vnode unp_vnode ‘_T
unp_ino / unp_ino unp_ino
unp_conn - - unp_conn unp_conn
unp_refs unp_refs unp_refs
unp_nextref unp_nextref unp_nextref
unp_addr + unp_addr + unp_addr
unp_cc unp_cc unp_cc
unp_mbcnt unp_mbcnt unp_mbcnt
mbuf{} mbuf {} wvnode{}
MT_SONAME MT_SONAME

sonewcoﬁll 218

sockaddr_un{}

BEHEIEYT
OB EL

sockaddr_un{}

AEEREYT
OB EA

so_head NULL so_head so_head

so_qg0 NULL so_qg0 NULL so_qg0 NULL
so_qg0len 0 so_gOlen o so_gOlen

so_q NULL so_qg NULL - so_gq

so_glen 0 so_glen 0 so_glen 1

E17-26 EREEMTHEH

17.12 socketpairZ#ZiAH

socketpairZG M FEUnixiR A 3 5] 45, EOIEMA D HEREN, FERE
PR, BARERE R, B, —AHPAERE IR

int  fd(2];

socketpair (PF_UNIX, SOCK_STREAM, 0, fd);
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Bl —FHEEE RSN TUnRFEHE D, fEfd 0] fuREE — M ERSF, EE4A[1] HIR

B AR WRE A S HESOCK_DGRAM, NI 61l HE — X B AH % £ A9 Unixis £ 47 i 46

. #wRIAAI, socketpairiRE0; &I, KE-1,
E17-274& T socketpair ZGEIHFHRIEEL.

= uipc_syscalls.c
229 struct socketpair_args {

230 int domain;
231 int type;

232 int protocol;
233 int *rsv;

234 };

235 socketpair(p, uap, retval)
236 struct proc *p;
237 struct socketpair_args *uap;

238 int retval([];

239 {

240 struct filedesc *fdp = p->p_£d;

241 struct file *fpl, *fp2;

242 struct Socket *sol, *so2;

243 int £fd, error, sv[2];

244 if (error = socreate(uap->domain, &sol, uap->type, uap->protocol))
245 return (error);

246 if (error = socreate(uap->domain, &so2, uap->type, uap->protocol))
247 goto freel;

248 if (error = falloc(p, &fpl, &fd))

249 goto free2;

250 sv[0] = £d;

251 fpl->f_flag = FREAD | FWRITE;

252 fpl->f_type = DTYPE_SOCKET;

253 fpl->f_ops = &socketops;

254 fpl->f_data = (caddr_t) sol;

255 if (error = falloc(p, &fp2, &fd))

256 goto free3;

257 fp2->f_flag = FREAD | FWRITE;

258 fp2->f_type = DTYPE_SOCKET;

259 fp2->f_ops = &socketops;

260 fp2->f_data = (caddr_t) so2;

261 sv[l] = £4;

262 if (error = soconnect2(sol, so2))

263 goto free4d;

264 if (uap->type == SOCK_DGRAM) {

265 us

266 * Datagram socket connection is asymmetric.
267 */

268 if (error = soconnect2(so2, sol))

269 goto freed;

270 }

271 error = copyout((caddr_t) sv, (caddr_t) uap->rsv, 2 * sizeof(int));
272 retval[0] = sv[0]; /* XXX 22?2 */

273 retval[l] = sv[1l]; /* XXX 22?2 */

274 return (error);

275 freed:

BE17-27 socketpairZ%iik
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276 ffree(fp2);
277 fdp->fd_ofiles([sv[1]] = 0;
278 free3:
279 ffree(fpl);
280 fdp->fd_ofiles[sv[0]] = 0;
281 free2:
282 (void) soclose(so2);
283 freel:
284 (void) soclose(sol);
285 return (error);:;
286 } .
uipc_syscalls.c
BE17-27 (4%)
1. 3%

229-239 NS K, MdomianFlrsv, EAT L& H P Hsocketpairff
FHdEfT TR, Hisocketpairid® LRI =4 2% (p. vapFfiretval) &% E A
ZHrRKIAHN S5,

2. G316 10 R A R AT
244-261 iHfsocreatefiik, BIERMAMEN, MAMERTHIE 4 Hfallocsrhid, 1
EArRIR EHATFAOME , WidRFHIR £1le MM He4tfE£p1 B ], 1% B FREADFIFWRITES:

sv([0]
R T

| DTYPE_SOCKET

FREAD | FWRITE

SOCK_STREAM

unpcb{}

unp_socket

unp_vnode

unp_ino

unp_conn

\

unp_refs

unp_nextref

unp_addr

unp_cc

unp_mbcnt

sv(1l]
fil ik

file{}

f_type

fp2

DTYPE_SOCKET

f_flag

FREAD|FWRITE

f_data

unpcb{}

so2

¥

SOCK_STREAM

unp_socket

unp_vnode

unp_ino

- unp_conn

unp_refs

unp_nextref

unp_addr

unp_cc

unp_mbcnt

BE17-28 M sockerpairf|EIIFEA RS D
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E (HTFHEOELWTM), XX E AHDTYPE SOCKET, %Bf opsigi AAHE N ik
TREFAI B (28 15-13), X EE_datafflsocketfiby, F /A TFHfallocsyrfid, I
H b filessty,
3. ERMAED
262-270 soconnect2k{HPRU_CONNECT2{H:K, XA iFRINAEUnixigh B2 LF, Wk
ZoE AR IEECI RN, SLBIMsoconnect2riR [B], B HIESA anfE 17-28 7R,
mENBENEERED, RTFE M Hsoconnect2@ik, B —kiAHERE A FHN.
CFKIERLLE, ROTA T E 172994,

sv([0] sv[1l]
fpl l fp2
file(} file()}
f_type DTYPE_SOCKET f_type DTYPE_SOCKET
f_flag FREAD | FWRITE f_flag FREAD | FWRITE
f' data - f_data
sol so2
socket{}
SOCK_DGRAM so_type SOCK_DGRAM
so_pcb
unpcb{} unpcb{}
unp_socket | unp_socket
unp_vnode unp_vnode
unp_ino unp_ino
unp_conn ——// - unp_conn
unp_refs - - unp_refs
unp_nextref |(NULL unp_nextref |NULL
unp_addr unp_addr
unp_cc unp_cc
unp_mbecnt unp_mbecnt
E17-29 Hysockerpair @l E iy A~ HodE 446 1
4. B P4 R T 5T Ay R

271-274 copyout ¥ Fy /MR R & il 4t

FHERXXX 22?2 AANAKEXE— kL HMA43BSD Renoh A2, B %
copyoutde B AR A EH L HAZ, FIUARESXAMNARLX, KMNHAFpiped
%A M@tk Eretval [0l feretval [1] A G AAMES, HPretval 2 L2418
M F=AAN, ABRTREZALBARNALCETAALZHFBEANAEKretval [0]F
retval [11 A ANBHFAEBE 2N ITEAAANMLAGE, ERXRARPF#42P,
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HELZAGERARNNGICHTAFLMERILEFHFBEF LB RAR2FE M, Chik

B tpiped R IF LR XA, 2R socketpaird i ik 24,

5. soconnect2 AL

E17-307 Y e % & H{PRU_CONNECT2if 3K, XS\ {Esocketpair ZGE AR HEIAM.

uipc_socket.c

225 soconnect2(sol, so2)
226 struct socket *sol;
227 struct socket *so2;

228 {

229 int s = splnet();

230 int error;

231 error = (*sol->so_proto->pr_usrreq) (sol, PRU_CONNECT2,

232 (struct mbuf *) 0, (struct mbuf *) so2, (struct mbuf *) 0);
233 splx(s);

234 return (error);

235 )

uipc_socket.c

E17-30 soconnect2 f %

17.13 pipeZ%ifAH
El17-31 pipe RS A Ssocketpair RS H JL 48,

" uipc_syscalls.c
645 pipe(p, uap, retval)

646 struct proc *p;
647 struct pipe_args *uap;

648 int retvall[];

649 (

650 struct filedesc *fdp = p->p_£fd;

651 struct file *rf, *wf;

652 struct socket *rso, *wso;

653 int fd, error;

654 if (error = socreate(AF_UNIX, &rso, SOCK_STREAM, 0))
655 return (error); )
656 if (error = socreate(AF_UNIX, &wso, SOCK_STREAM, 0))
657 goto freel;

658 if (error = falloc(p, &rf, &£fd))

659 goto free2;

660 retval [0] = fd4d;

661 rf->f_flag = FREAD;

662 rf->f_type = DTYPE_SOCKET;

663 rf->f_ops = &socketops;

664 rf->f_data = (caddr_t) rso;

665 if (error = falloc(p, &wf, &fd))

666 goto free3;

667 wf->f_flag = FWRITE;

668 wf->f_type = DTYPE_SOCKET;

669 wE->f ops = &socketops;

670 wf->f_data = (caddr_t) wso;

671 retval[l] = fd4;

672 if (error = unp_connect2 (wso, rso))

673 goto freed;

E17-31 pipeZZiIEH
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674 return (0);
675 freed:
676 ffree (wf);
677 fdp->fd_ofiles([retval[l]] = 0;
678 free3:
679 ffree(rf);
680 fdp->fd_ofiles[retval[0]] = 0;
681 free2:
682 (void) soclose(wso);
683 freel:
684 (void) soclose(rso);
685 return (error);
686 }
uipc_syscalls.c
E17-31 (&k)

654-686 iHsocreatef|BMHUnixiifiiE N, pipe &S Ssocketpair RS AN
e — 2 Bt A pipeft B AR FF I SE — ik BB R i (read-only), 8 - NREHKAE
(write_only); /R fFHretvalZ¥uRE, MiALi#ifcopyout; pipe B #IAH
unp_connect2, MA&i#iidsoconnect2 %,

Unix#)—& 8 K, #5 ZSVRA, Sl ML EHBHTHFEE,
17.14 PRU ACCEPTiEXK

MEF—AE D, 82— EETER R o B T 1E b Kt N 8 &R e ik -
sonewconn & Fsocket &4y, H A& HPRU ATTACH{EK, accept ZRGTIAH WL M
e BOE AT BRI scaccept,, soaccept(FH2)N A PRU_ACCEPTIE K, AT
Unix3{fJPRU_ACCEPTIF K, #nE17-33f17%,

B2 PR B
94-108 RE P HEAHbind, HHRE P ABRIEEDARFL, BaxNMiEREER
®PHERE R A sockaddr_un® #ilF inanZ K dE W Ambuf, BN, &\ % K24

(sun_nonname),

uipc_usrreq.c

91 case PRU_DISCONNECT:
92 unp_disconnect (unp) ;
93 break;

uipc_usrreq.c

17-32 PRU_DISCONNECTiF K

uipc_usrreq.c

94 case PRU_ACCEPT:

95 1*

96 * Pass back name of connected socket,

97 * if it was bound and we are still connected

98 * (our peer may have closed already!).

99 */

100 if (unp->unp_conn && unp->unp_conn->unp_addr) {
101 nam->m_len = unp->unp_conn->unp_addr->m_len;
102 becopy (mtod (unp->unp_conn->unp_addr, caddr_t),

[E17-33 PRU_ACCEPTi# K
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103 mtod (nam, caddr_t), (unsigned) nam->m_len);

104 } else {

105 nam->m_len = sizeof (sun_noname) ;

106 * (mtod (nam, struct sockaddr *)) = sun_noname;

107 }

108 break; .

uipc_usrreq.c

E17-33 (&%)

17.15 PRU DISCONNECTiEXK#lunp disconnectif#j

MR N E#E, close RGEIAMEE L HPRU_DISCONNECTIA K, AnE17-32Fi7xR,
91-93 p_disconnect R SER A HIMIE TIE, ankE17-3450%,

uipc_usrreq.c
453 void pe 4

454 unp_disconnect (unp)
455 struct unpcb *unp;

456 {
457 struct unpcb *unp2 = unp->unp_conn;
458 if (unp2 == 0)
459 return;
460 unp->unp_conn = 0;
461 switch (unp->unp_socket->so_type) {
462 case SOCK_DGRAM:
463 if (unp2->unp_refs == unp)
464 unp2->unp_refs = unp->unp_nextref;
465 else {
466 unp2 = unp2->unp_refs;
467 for (;;) (
468 if (unp2 == 0)
469 panic ("unp_disconnect") ;
470 if (unp2->unp_nextref == unp)
471 break;
472 unp2 = unp2->unp_nextref;
473 }
474 unp2->unp_nextref = unp->unp_nextref;
475 }
476 unp->unp_nextref = 0;
477 unp->unp_socket->so_state &= ~SS_ISCONNECTED;
478 break;
479 case SOCK_STREAM:
480 soisdisconnected (unp->unp_socket) ;
481 unp2->unp_conn = 0;
482 soisdisconnected (unp2->unp_socket) ;
483 break;
484 }
485 } X
uipc_usrreq.c
17-34 unp_disconnect
L. A4 1 A

458-460 RHH DA ERBIIALE D, NRBOLALE R, HR#Hunp_conn® 40, %
X /N4 PR A R B b O,
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2. 55 X P BdE i PCB W S 36 v ISR
462-478 Xy RIS L 4 N VPCB A O B KRR PCBI BER TP I ER . Bil4n, 4nf3k
MIAE7-25FF 48, RIGXRFEADNED, RERE17-350 0% EEH . HTFunp2->
unp_refs% Funp(# K HIIPCBRERERIIK), FrLAtEkAPCBRunp_nextreffgf ik

HHTRIBER K
unp  IEFERHIRIEE D unp?2
unpcb(} unpcb(} \__ unpeb()
unp_conn NULL unp_conn  |NULL
unp_refs NULL NULL - unp_refs
unp_nextref |NULL NULL unp_nextref |NULL

mp/foo") bind("/tmp/foo")

conhec£ (" /tl.np/rf.olo" ) e N .
| \_
FE17-35 e fe i 4 11 3 1A Js B 1 7-25 Hh Y BE 2R A & AR AR 1L

AR FANTENE1T-2557 45, RAFEED, shER E17-36rh ey, x—kphk
14 H IPCBE A& BER Ik . unp2 NBER K44 A # < HIPCB Z BT IPCB, MR
HIFIPCB 2 Ji, unp2jks Al E 17-36 4 e £ IPCB, SR J5 15 AIPCBfJunp _nextrefi§kt
W25 5% (unp) FRT—/"PCBfyunp nextref,

unp?2 unp IEAESE AR K
\ unpeb(} \ unpeb{} unpeb(}

unp_conn - unp_conn NULL unp_conn nuLL
unp_refs NULL unp_refs NULL - unp_refs
NULL extref |[NULL

unp_nextref |NULL unp

o

connect ( "/tmp/foo") connéét ( "“/tmp(/.

N

B 17-36 a4 0 26 1 Jo B 1 7-25 b i B 28 B % A 9 A8 (L

3. SE IR 11 1 i
479-483 W T Unix3Rift il 0 RGER — /A ifiHh D, Fifn A ReEdk, BirERkutt
B, REEN T unp _conndg kB A0, JF H & pbRR A0 AR 95 4% HE AR X A

solisdisconnected,
17.16 PRU_ SHUTDOWNiE K flunp shutdown iR %]

Yt A F shut downZk || (F ([t — P4 B ik, & HPRU_SHUTDOWNig K, 4nf&17-37H1R,
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uipc_usrreq.c

109 case PRU_SHUTDOWN:

110 socantsendmore (so) ;
111 unp_shutdown (unp) ;
112 break;

uipc_usrreq.c
& 17-37 PRU_SHUTDOWNi# K

109-112 socantsendmoreiX B#fi DfrE2X IHEM#EE—SRE Y, RiGEHAE17-38F14)
unp_shutdownpfi %,

: uipc_usrreq.c
494 void
495 unp_shutdown (unp)
496 struct unpcb *unp;
497 (
498 struct socket *so;
499 if (unp->unp_socket->so_type == SOCK_STREAM && unp->unp_conn &&
500 (so = unp->unp_conn->unp_socket) )
501 socantrcvmore (so) ;
502 } .
uipc_usrreq.c
& 17-38 unp_shutdown & 4
S S I 46 1 3l Je ok 5 4 11

499-502 X THEEMEOIAFTERMMA L. (B, MAXMEORKEHD, HHELEE S —
AR O AEE, BXEmED A —{socket£hity, NIX & imiE N M Hsocantrcvmore,

17.17 PRU ABORT{EXFlunp dropif#

MRFEOE IR HED, HFHRTERMERKARLENNT|F, ILsoclosest kit
PRU_ABORTi# K, N 17-39f7~. socloseXt{E AT BE HERA I F0 B 52 BEHEBA FI] A i) B
—/~ i O #B & XA~ ik (52E 15-39),

uipe_usrreq.c

209 case PRU_ABORT:
210 unp_drop (unp, ECONNABORTED) ;
211 break; '

uipc_usrreq.c
17-39 PRU ABORTIf K

209-211 [®17-40hfJunp drop =4 —/ ECONNABORTED{E IR, F{1EE17-140F
#|, unp_detachilifHHH S HECONNRESETHJunp_droprR %k,

uipc_usrreq.c
503 void pe= 9

504 unp_drop (unp, errno)
505 struct unpcb *unp;

506 int errno;

507 {

508 struct socket *so = unp->unp_socket;
509 S50->S0O_error = errno;

E17-40 unp dropif$
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510 unp_disconnect (unp) ;

511 if (so->so_head) ({

512 so->so_pcb = (caddr_t) 0;
513 m_freem(unp->unp_addr) ;
514 (void) m_free (dtom(unp)) ;
51.5 sofree(so);

516 }

517 }

uipc_usrreq.c

E17-40 ()

L PRAFERIR, DSOTH6 0 e
509-510 XE#HAWso_errorfl, HHAPHN LA ER, #iH)Hunp disconnect,
2. 2R AR D AE N T IR 55 2R A BA A k-, s NIBR Bodin &5k
511-516 MARMOMso_headiBfl4EZ, ABAHE N Y A& 78 W4k 1 A4 58 Bk B2 PA 1]
b, BEERIHE O CERERES] L, Msocket Flunpcbf54H 48 E 40, A
m_freemPEif & 455 BIWITHE O A2 & mbuf(E 28 & 17-20), F—&ilHn_freeBii
unpcb#ity, sofreeBltsocketfEHy, HMTH#HHEWYTARS & LM —ABAFF, FrLAE
BEASEHAMRMRELlesfy, FHAIZEHRTER DI B 52 K & BB 71 o il B it 8 A
acceptyrBtHy.

17.18  Hi&MiER
1 7-4 A T HAROA R THERI K.

uipc_usrreq.c

212 case PRU_SENSE:

213 ((struct stat *) m)->st_blksize = so->so_snd.sb_hiwat;
214 if (so->so_type == SOCK_STREAM && unp->unp_conn != 0) {
215 ' S02 = unp->unp_conn->unp_socket;

216 ((struct stat *) m)->st_blksize += so2->so_rcv.sb_cc;
217 }

218 ((struct stat *) m)->st_dev = NODEV;

219 if (unp->unp_ino == 0)

220 unp->unp_ino = unp_ino++;

221 ((struct stat *) m)->st_ino = unp->unp_ino;

222 return (0);

223 case PRU_RCVOOB:

224 return (EOPNOTSUPP);

225 case PRU_SENDOOB:

226 error = EOPNOTSUPP;

227 break;

228 case PRU_SOCKADDR:

229 if (unp->unp_addr) {

230 nam->m_len = unp->unp_addr->m_len;

231 bcopy (mtod (unp->unp_addr, caddr_t),

232 mtod (nam, caddr_t), (unsigned) nam->m_len) ;
233 } else

234 nam->m_len = 0;

235 break;

E17-41 HABAIPRU xxxif:k



208 B =854 Unixi& th

236 case PRU_PEERADDR:

237 if (unp->unp_conn && unp->unp_conn->unp_addr) {

238 nam->m_len = unp->unp_conn->unp_addr->m_len;

239 bcopy (mtod (unp->unp_conn->unp_addr, caddr_t),

240 mtod (nam, caddr_t), (unsigned) nam->m_len) ;
241 } else

242 nam->m_len = 0;

243 break;

244 case PRU_SLOWTIMO:

245 break;

uipc_usrreq.c
BE17-41 (£8)

1. PRU_SENSEj§ K
212-217 XAiEREHEstat RGP L HI . B 0 R IEE F @ ARIARICHY 24 A (R 45
stat&gfyst_blksizefEAREIE, B, MRXATHALE DA ERWKEH, BoH
Xt vl WA P EOmBEXAME . 243118 2 R PRU_SEND| R IH & &
B, XA Z gk P8 FHOE A B D A R SEBR CEET AR,
218 Jfst_devE ANODEV(FI A LLFF AL IHVEEIE, RE - AFERIRE),
219-221 i-nodeSHRIRXIFRAEP RIS, Z(E(statFHst_inoFBR)Z&EA—1 Unix
WA O Wi-node SR B 1Y, ERAMNERE FEunp_inofR B —AME—{H., WEABEAN
unpcbsr Bl —A~iX K fhi-node’s, Fffunp_inof) Y Fi{EMKS ZunpcblE A Hi-node 5, RJF
¥runp_inofnl, ZETLAFRIXLEi-node’5 24 fhi-nodes, & E A CIIHA &MU R G+ PR
X, EAMNETRZEN B 2RS4, R B R Unixis s 0482 350 28 h iy
— A BREAA XN DL), PRU_SENSEIEKFLFEME st _devflst_inoff k&%
w4,
2B TEEFunp_ino®BIRN L AMBEZ N A AR ERBEZE Tk, EAKER
B, AUnixskds o §—k@MEstatht, A /A4 ounpebd 8EHFH0, 22, do
Rt 946 o A kA Mfstat, & Funpcb¥ ¥ HATH RO, AL HEF
unp_ino#3E0{Etk A A HPCBY, ‘

2. PRU RCVOOBi{f K flIPRU_SENDOOBI# K
223-227 Unixd§ AL Har oM B,

3. PRU_SOCKADDRi} K
228-235 X/A-iEKiR B 40 B4 H EY P AE (FE Unix 46 A 4B 4) . R ikiE a4
EFHFEN, unp addrgtfi A& fifk 2 4 sockaddr unffymbuf, uipc usrregfy
namZ 548 15 iR F o Blry . H TS Riymbuf, M n_copy ™ A O bk 254970 &l
A, RBEAERLSERE D, AL KEmbuffK K% E A0,

4. PRU_PEERADDRI R
236-243 MCPELXANER SET—TERAALL, (HEBR2 R e a2 e 5 R RERNE O
FOERIHE QYA T . R R RERERY I H CERER— A3 S infdi H, A4 unp_conndfZE,

KA GRG0 36 0 X B AN ik K602 5 PRU_ACCEPT# K #) 4 2 ARl (B
17-33), %X A L F 40, getsocknamefegetpeername & 418 Aliflid % =4
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AL w0, maccept HFBF L FE=AAHLETI6, B E A REDELL A
sockaddr un¥ @ T F i A&k 1958 2.4 (sun_noname® —Aifl f] #sockaddr
H, CHKARITFT),
5. PRU_SLOWTIMOi# K

244-245 WM FUnixEH A ERER S, FILAMKA S K HEXATER,

17.19 NG

FAFEA BB B Unix s b ISCE BL B, SR TR EIRiaE 1, Hh i
{LIFTCP, ¥iE4kthil3{lTUDP,

BRARSEF UnixiiEN, IREBHESE HMEANHRRLA, FHEREESIXAR
%4, JBEMmA LA EE, SUDP—#, 4K HBTLLERERIR -1 IRESHER L.
Socketpair i $oth o LA GBI i K Ay AR Unix3fddi 0 . Unix pipe R AEGIR M A BAH
R UniddS i i 1, I8 PR R E SLhr Bk A Unixisifi i b .

5Unixif i 1A K IUE filb 2 unpeb gy . 5 H hISAS R 92 X 6 PCB - A R A7 1E
—AEEFEPb . R, ¥ AMUnixBEAFREE S — 4 Unixd 3 QR P (connect &
sendto), @it NZPHIRE LK E Hnanei R ES HJunpecb, H#nameifFH—4
vnode£5 ), lidix 454973 F| HAJunpcb,
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18.1 #fik

AT MA L —-FEHUnixBpIER, FEMNE - HIHFAVO, PRU_SENDH
PRU_RCVDifk, HRE S afMiAri 4,

18.2 PRU_SEND#FIPRU_ RCVDiEF K

it 2kt fE, H—AERS Unixigdl 0 & X8 E3E 1265 B #8 % & HPRU_SEND
k. WROE o RLEEHIER, AELEKERED, WEIS-1FTUR,

uipc_usrreq.c
140 case PRU_SEND:
141 if (control && (error = unp_internalize(control, p)))
142 break;
143 switch (so->so_type) {
144 case SOCK_DGRAM: {
145 struct sockaddr *from;
146 if (nam) {
147 if (unp->unp_conn) {
148 error = EISCONN;
149 break;
150 }
151 error = unp_connect(so, nam, p);
152 if (error)
153 break;
154 } else {
155 if (unp->unp_conn == 0) {
156 error = ENOTCONN;
157 break;
158 }
159 }
160 S02 = unp->unp_conn->unp_socket;
161 if (unp->unp_addr)
162 from = mtod(unp->unp_addr, struct sockaddr *);
163 else
164 from = &sun_noname;
165 if (sbappendaddr (&so2->so_rcv, from, m, control)) (
166 sorwakeup (so2) ;
167 m= 0;
168 control = 0;
169 } else
170 error = ENOBUFS;
171 if (nam)
172 unp_disconnect (unp) ;
173 break;
174 }

uipc_usrreq.c

18-1 ¥ R4 4E N AYPRU_sSENDiH K
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L. w)hs A P AT Pl 2
141-142 R HEEHsendmsgkEEHIEE, HEunp_internalizeffk ARIHEATT
e £1ledifbl, BATREL8.4%Th iR XA~ e 4L,
2. Frimf A JO e B R i 0
146-153 fRHBREE WA B O g a2 1R, namBHdEZ), B4
O VAR TERER, GNREIEISCONNER, i#idunp connect#&#HLEENEN. &
B — N T R R B R R4S 0 KRS 5 452 #123- 1SR UDPR AL AR .
154-159 AR IREEA Lk A Bikbhl, P23 T —A-ToiEHE A O ik B ENOT CONN
iR,
3. ik iy hk
160-164 so2igM HMHE A MsocketfHy, MR K EFHHO(unp) ELHE T HREA,
fromiFR A ERKELNsockaddr _ ung#,; TN, fromf§Rlsun_noname,
sun_nonameg—ALLAEFHiEARZE L E T sockaddr_unfkfy,
do R —AUNIEHAR IR KA R R R —ABRLE T D, RIEIRHHE
AcH o TR B k(B 4o, B2 8)R A Alsendtok#E N &, X3 5UDPARF,
LHBERZ —RINE-ANARZHRBERE K, MAHEL AL R—A I
#imo5, UDPRRASAEA AHEABRR O TH—ARBARILE o5 GUDPR
A, K, XIHALTHRBLHARARAUnxEE RS, BRI —NEAHL
Unix3siiEo A A BRBRLTRALEEG A F K,
REEFEE-ANPRLERETHERNAZAS, Hlio, syslogh A AR —N %L
F e HUnixZ B ERED, CRAERLE AHsyslogdT 47 # 4L R8T 5| —
ANRE,

4. 48450, Hohb AR mbufi S 6 o 8 5
165-170 sbappendaddr{Zilfs BARFEE), K& thhbFSdR d mESEE 0 i
WeBAFY . an e R O T, sorwakeup gt BEMLER AT A X e BRI WCE , A TR
mbuf{fftmfllcont ro L 7E BR 3L &5 R I # B s, FF B2 B AH0(E17-10), 4nk B IR (7T 6E
B A ZE BB B b A R B2 el SR A i B Bis . bkl FndE Hf5 B), #EiEEIENOBUFS,

X AR EUDPARE, 4o R AR LR RS EE, & AUnixE K
#4046 o tysender 2 E| A E Hfr ik RFA w4 iR, FIUDP—4, R AE D
W AP LA RS ENE, AL2KERNEEBREHLEAS, o X4EIKUDP X AL
RS o BT LRR E 8], Ol R K E—ANICMP3# o T A )RS KiE
2% 4o R K EH XA EBEBIE, C AT A X A4 % (20 F) %2 % 600~601
MR —H), AF2L5BRFHLEABFUnixRKEX AME, =2k
ENOBUFS#i%? 4 b, HBEMAKET K ¥ HEEH. [Rago 19931k A, A
SVRAT %#FAHH, RELUnixXBBMIEoRBEAZTEFN RIS EREZH,
5. PTFIT T SR EE SR 1 R

171-172 unp_ disconnectWf A ¥ HEEAFD,
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B 18-245 T3 T #fi 1 FUPRU_SENDiE KHYALEE

uipc_usrreq.c
175 case SOCK_STREAM:

176 #define rcv (&so2->so_rxrcv)
177 #define snd (&so->so_snd)

178 if (so->so_state & SS_CANTSENDMORE) {

179 error = EPIPE;

180 break;

181 }

182 if (unp->unp_conn == 0)

183 panic("uipc 3");

184 so2 = unp->unp_conn->unp_socket;

185 Ve

186 * Send to paired receive port, and then reduce
187 * send buffer hiwater marks to maintain backpressure.
188 * Wake up readers.

189 */

190 if (control) {

191 if (sbappendcontrol (rcv, m, control))

192 control = 0;

193 } else

194 sbappend (xrcv, m);

195 snd->sb_mbmax -=

196 rcv->sb_mbcnt - unp->unp_conn->unp_mbcnt ;
197 unp->unp_conn->unp_mbcnt = rcv->sb_mbent;

198 snd->sb_hiwat -= rcv->sb_cc - unp->unp_conn->unp_cc;
199 unp->unp_conn->unp_cc = rcv->sb_cc;

200 sorwakeup (s02) ;

201 m= 0;

202 #undef snd
203 #undef rcv

204 break;

205 default:

206 panic("uipc 4");

207 }

208 break; X

uipc_usrreq.c

E18-2 {##% 0 HYPRU_SENDi#K

6. SR uESh 1R

175-183 MWFEFHEANKIEZEHELEH, #RREIEPIPE, K AsosendBilFHE /&M
HOREG OB ER, FLLXAMED 40 ik, SNHHpanicGE2E16-24),
F— kM EIF A —ATFHRAPEG TR, sosend LA T X AR K(E2H
16-24),

7. fEmbufF mE] 8 R ¢
184-194 so2igMBHE N socket ik, AR Hsendmsgffix THEGIEE, B4
£ il mbufFI4E (W 3¢ P mbufEf 23 i sbappendcont ro LR INBIFE W HE N U E R . &1,
sbappend ¥ $#Embuf @ BB LR AT . dnksbappendcontrol ki, 4 TBh ILTEREES 2
HHm freem, ¥fcontrolgiti% & AHO0(E 17-10), [ Asbappendcontrol CL&E K T mbuf,
8. B Sk A R ) U 28 (O 31 i ) It 5 4% D)
195-199 M TREEEEHMANLE: sb_mbmax(FAFH FiA mbuf 7 ¥ HY & K F 1 80 F
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sb_hiwat(ZFAfF RIFFREFREIRIRR T E), £E20E16-24h Ff1EE S|, *fmbuf
B I BR I BH 1 T K & /R SCIF#E K £ fymbuf,

X FUnixIRAAE H . XA BRAGIE 2 SR A R IS A AT RS AN, fildn,
— A Unix$ifi i F 1) K8 77 A& fF U sb_hiwat PIRG{EARZ4096(1& 17-2), Ak Ki%kE
21024+ BHHE N L, AEEKE PIsb_cc(fi M4 1924 51715 80 MO K 1024(IE 4n
HOVFAR LN, fHEXFNsb_hiwat MA096RFI30720X & FMF AR LN, *THAb
P ANTCP, AnR%A BXIRER OAEN, ZfFAIsb_hiwat{fRA XL, sb_mbmaxify
E—FE: YEElE T sb_mbent [HH IR, KiXEHsb_mbmax{f T,

(Al oA % 3% 20 UnidBIRE 16 A8 MOk A 2 E K% 3 QD R X 8 e rp, PrDA Bk 8 Kk

IR AT PRI AR CE A 2 AT TH 8. BB o r B nE B2 D AR b, A B EIR TR
i U] 40 B 408 ke B A% 4 10 9 &R PA B B, SRR S B Sl Se a4 R X B WA S . gk
BUEGFHEAESRNZN, AEEMEWHME, B2, fsosendfiEREE, KEZFH
D25 (ALK /N4 2 B A L B R AT R I 2E TR K/, BB SRE R AR, YRERATERA
Kedinit, R 2 5 15 ol 1% 28 A7 B il ke BB AH B2 $ WL 28 A7 vh i 23 8] K /)
198-199 #RFMALLE KIEXEMsb_hiwat FIIEKH Funp_ccly#{E(sb_mbmaxH
unp_mbent{JEMEHREARME), EiXx— A Ll TEIRENIBERE M #EKRZESF, Fillrev->
sb_coptZF THWZEHFETHFH %, unp->unp conn->unp ccirev->sb ccHJEi—4*
[, FrLAEN) Zial 2= E k2 R Rl B R ZFN T TR ESH T NE). RN, #
snd->sb_hiwat PEMREHEMNFTHEMNI S FNE) ., BWEF 2 a0 T T ERGFE
unp->unp_conn->unp_ccH, FLLF—KilldiX BRI RN S T 2/ 0%,

Flan, ME1EHE AR, RiEEMsb hiwat£4096, &R sb ccflunp cc#iA0,
WMRE 7102457, BLakEEHEKsb_hiwat 43072, HWEFIsb_ccHlunp_ccHii
1024, 7EREI8-3hHANTEHFR], LBl fRikix1024F Yk, RiXFMIsb_hiwat T
4096, MmFEWEMIsb_ccflunp ccHifEAO,

9. WA B it B A R
200-201 sorwakeupMifE FEFFEREAVE(T R, BT mbufBLfELERMEAS L, BREAAT
B - 7E R B 55 R Fm_freem, fmik®E A0,

E18-3F /ORISR A Jo 84y &£ PRU_RCVDiFR, MM —/ i D i A thiik &
PR _WANTRCVDHRERS, soreceivek HixANigR(#&E2&16-51), E17-5F 3 Unix i thil ik B
XAFRE. XATERE H IR 24 0 BR8N —~ 46 0 BB R P R L E IR IR GHE
fill. Flan, BFHPERZAFPEAERELPE AZEE, TCPHE XA 1R K FIWE & BLiZH
HTHTE 1B A AR B3, Unix i s (o A s A 17 = 25 S 0 8 P DGR A7 T .

10. kA  5 se fho 1 48k
121-122 WMEBHWAHEFLECERLE R, AHEBAEM TIE. E8, BREVEEFAE
F: AR, HTREHEEXHA TEMNED, IR EEMNEFIHREFERAREER. BHTXRE
EAHARE A SIEMESE, RLASA L EERZF IS,

11. BRI A i Bas
123-131 so2fFM Ak Hsocket G5y, MRHEIHLH A EE K EH KK FH A sb_mbmaxFl
sb_hiwat, {§l4n, unp->unp cciiFrcv->sb_ccit & riER e 1%,
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113 case PRU_RCVD:

114 switch (so->so_type) {
115 case SOCK_DGRAM:

116 panic("uipc 1");
117 /* NOTREACHED */
118 case SOCK_STREAM:

119 #define rcv (&so->so_rcv)
120 #define snd (&so2->so_snd)

121 if (unp->unp_conn == 0)

122 break;

123 S02 = unp->unp_conn->unp_socket;

124 s

125 * Adjust backpressure on sender

126 * and wake up any waiting to write.

127 g

128 snd->sb_mbmax += unp->unp_mbcnt - rcv->sb_mbcnt;
129 unp->unp_mbcnt = rcv->sb_mbent;

130 snd->sb_hiwat += unp->unp_cc - rcv->sb_cc;
131 unp->unp_cc = rcv->sb_cc;

132 sowwakeup (so2) ;

133 #undef snd
134 #undef rcv

135 break;
136 default:
137 panic("uipc 2");
138 }
139 break; :
uipc_usrreq.c
[ 18-3 PRU_RCVDiF 3k
12. M B AT fof A 26 B 00 0E 7

132 AMEEHBASR BRI, BNk AE Wsb_hiwat, mFrIREAZER, BTLAMEMF/HE
1 11 5 00 At R A A

18.3 #AFFRIIEE

il R FF A 328 % T E R (P38 3 o BE R — TR KA HLAR . [Stevens 1992]#958 15 7£4.4BSD
FISVRAT A E AP RAIBIF. BATEX LB REAAARRE, (BRI 752 fit
T LR o e S BL 22 S O R BR B

P S AR A 3 — EL MR A 15 (7] 4 (access right), il FFARE — R B 3 R AT
VO DR BANEA XN, WEBRA S A BATIFRET) . (BRI 68 H (LE
IR ERTR TP A AEL., G, BEEFS, BESF T4, N %R S
— AR, IR X A, D FE AR R P A VR R AT T, I HLED
EELITH T, ERRMIXHHLATREREERPIRENEAHE . #RFHE—
TEGKESEBRP AR ELPRIRFF . — DR AR 5 H AR R AR — A 322 15 3%
BB — A RTEENAEB BB, RN — AR B 5 — A SRR A T R

B 18-4w 7R [ B N — R E ] 5 — A REER S, X dRNT.
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proc{} file{)} socket () unpcb({(}
Hk %5 2
4_/—- Unix -
e
fdi <
1 [T\ e vode) |
] £z
] fEfIm | =5
HiR T o | &
|
7|2
iz | B
proc{} file{(} socket ()} unpcb( )}
%P - | —
_jf Unix o
St i 1
fdm +—
fdn«

El18-4 FEfi R FF 153 b il R AV BIR 544

) FfifiE i Bt — /M UnixRiiHE O HE2 B RS SR, iR
THAVHRE, BB AUnidifiiis 03 5k &S HF RN BE. &P #EMAfdns|
MeErER, miksSHERAMCRSIRENED, £XA0FPRMAMEERER,
(B TR AT 1 5 78 B4R FF 1538 th BB 7E Unixsk B0 8 4R 4 1 IRl b f 7. FRATHBRE17.10%5
acceptiR B HIfdifE AR 55 S RANERNE D, A TRAER, B BRIRS &2
R QS

2) AR % BAEREIT I 55— A3, FFRfdR TR G, kil R FF U5 n) 09 301 wT REA AE (]
KA X, k. A, F%, FiHvnodekFomix . XHERITR
i, R EREileZ5MANE count B, fECH® —kITHI2T1,

3) Ik & fefdi i H sendmsg &k & — A~ AV A scM_RIGHTSHN fdj {EMIEHIEE. N
A P s n i, BNE PR fdm, $5 fdj #REKRAIELLeSMh Y51
B2,

4) K Pt Efdm A EEGIE BEFrecvmnsg, REMEGIEER -1 EEE
SCM_RIGHTSH fdn{l, fE%& PR dng BAKH. MR HRAT.

5) fEMR S R H, YsendmsgiR 5, AR% & F S KHRIAFEIRR (). XS
FEGIATHBRE L, Bl Tl fEsendmsgflrecvmsg ZAIHATFIE “fFikrh” (in flight),

=TS N AT, AR EREIEA,
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1) f_countZ&filefifi—AFB, ARICHIZEHSIHKE ., 42 TMEFLE
R Eilefb i), XA FRETRAE ., Bl —BERR4THF—ASCHRE, %3
I E_count 1, it E MM fork, W EilefMfE QB AR a3
=, FiLAE_countiyfEAE 42, I HACHE RN 1 b fRERA — ANl AR P45 )+ [R] SO
G5, M— R TR, £_count{HLALSRR, A RAEGE0, FHE A SCH-SAd
A#sch], HHEilef5AREEB{EM .

2) £_msgcountiEfilefEMM—FB, (HE&BEF AR FT4E0, Yk
ffiisendmsgffikilf, £ _msgcount1i#H, YrecvmsgfE I B #i k7T,
f msgcountlAlbil, £ _msgcountf{ERXAfilefLMs| HE, filefHhiE
F 42 BB Z1 v e i 2 OR 3 28 (BI E AT AE 1535 ).

3)unp_rights@& /2R E, FRICT YA ERGX R T8, sk XAl
2 e BA Z1) o 5 7 5

P —ANCATHF, (HEEA W EERARTF, £ countWIEATO, £_msgcountfI{EFT0,

FE18-5Bon T 24—/l FF &S = AR (A, Tl B e 2 AT A 151X HAR A RA T

f_count f_msgcount unp_righté

K% Jihfopenfa
ki FithfTsendmsgli
FEA WS FIBA A

B HthfTrecvmsgla
kikFthitcloselq

E18-5 kG B EE

fEXA B R AR E, R E N recvnsgif 8 J5 K %% 5 MR T . (F & 708U 5 iR
recvmsgZ i, FlFRIEEERRGT BB ERAEATE, EI18-6%7) T ixFis & A =4
A5 B, '

_N NN =

0
1
1
0
0

o O = = O

f_count f msgcount | unp_rights
RixFhfTopenfs 1 0 0
ki FHfrsendmsglg 2 1 1
e IR L 2 1 1
RiEFthfrcloselm 1 1 1
FERMCH A L 1 1 1
B Pfrrecvmsglg 1 0 0

18-6 iR FH{& & L B N BAYE

Tk EHEEEKE M Hrecvusg Z AT Z o R AR T, BRASRAZE A, Bl
M EEFAE R GER S, sendmsgd¥inErA /I =11, Mirecvmsg R R P HIRE
AT RS .

F e 1% 326 43 A8 9 (9 R A AR R AABE 2 b 7B A EL A 1RT BB o 1 326 19 4 o A 2 8 B AL Bz Y
£iledREH R B Unixisldhi N9 5 —in . fERENGHRR D, R E1 1e i bl Fe 4l A B RAY
B A MR TT . M 7EALFE W REAY BRI R A (R T, Bilgn, M — A THE BRIHIK
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PAFI LRt , et R R BESC H BRI Unixdgiddi A .

W — - H R TR SO LAY £ 11 e 485 MU 1E PN B (E (internalizing), {EREWHER Y, BERY
EiledRt i BRI . BEA (8 AUREA T U AR Sh B fL (externalizing), Zn R ERR (%16 i M5
E, E18-14PRU_SENDIFRK WM Hunp _internalize$., #nR KR ELEIE
MT_CONTROLEHfJ—/ mbuf, soreceivejtififlunp externalizeif$(#&E2E 16-44),

E18-7TR/R T # B %5 Bl sendms gWHZ Hil{E B HUE X, X BIEHIE B H FE AT,
LEWE| - AP, recvmsglE AR MAT— /4 EiH4

socket.h
251 struct cmsghdr (
252 u_int cmsg_len; /* data byte count, including hdr */
- 253 int cmsg_level ; /* originating protocol */
254 int cmsg_type; /* protocol-specific type */
255 /* followed by u_char cmsg_datal]; */
256 };
socket.h

& 18-7 cmsghdrits

@A, Ao R BRI, TATRIE S BIE3FT, E18-848H T HI(E B AL,
ATELE H T msghdr 54 vh ik 215 B A T B,

msghdr ()} cmsghdr(}
msg_name cmsg_len 20
msg_namelen cmsg_level SOL_SOCKET
msg_iov cmsg_type SCM_RIGHTS
msg_iovlen 3
msg_control < 7
msg_controllen | 20
msg_flags

PE18-8 3% F/~Hili iR FF A4 15 B I 1]

B EREH — A sendms g KX EBEAHOARF, (HA2& 5K R TRy bRy g Y
BT REE— R, A —A 2R BR# & 12 H15 B AR K /N4 508 & — A mbuf(h
sockargsEE RN, X/ >sockargslE X iE#isendit BEE AT, 4 B0 E2E15-20
E16-21), XFERBRH] T ETHER R 2 R X240 H A 7T .

£4.3BSD RenoZ #f, msghdr%#)#imsg controldvmsg controllenF &
S ymsg_accrightsfemsg accrightslen,

R gticmsg lenF A E R F Fmsg controllen, X F&578 H2 ALK
ARBEHAELEALER —NMEREAET, 2RANKEAH 2R KD LHFXAHHFL,
T R & KA AN H 8 B —ANEF 4R L,

i F—AUDP% 484k, Internets® + £ 4 697 —4x #1135 & R & = B ¢1PH# AL (K2
B23-25), *F & A74F £ OSIH & 690SIHA L X H WA Bl £ & 65424113 &,
BI8OELET AR EF UM AEAFIATHNGLE, FRVHLKAELLET HE,

ARed BN K2,

18-10845 Tunp_internalizefllunp_externalizeXtH F 5§l 47 FlA & mbuf
TR PR RO £ 1 L e £ HIY & Fh iRl
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sonnn { s >

sendit

fa il
BE I
mbufrh
mp internalize B Fnds il
- g b dcontroly MbufiinFf
ekt | Ftrh
Rkt I
r=——-- r - |
I I ________________ L HEREAR
y | e
Lo o o =
beligriz e ,
I
Y EilefgE 4t

dom_externalize

soreceive

= Mmbufr & {7
recvit

EI18-9  fE &%k 1t 5 b i B HY R 4%

18.4 unp internalizepf{#]

B 18-114#k Tunp_internalizepf . EWMIWMNIEEI8-1FFH—F, HY%kH
PRU_SENDi# >k H it IE £ XA FFit, uipe_usrreqiff Hix 4~ eh#k.

1. B ilfcmsghdr Bt
564-566 JH P fJcmsghdrZE#y LaifgE K RISCM RIGHTSFIZL HISOL_SOCKET, #HH BN
K BT B4 1% Tmbufh {518 & (X &msghdr&i#Hnsg_controllenFBM—A 84,
msghdr£i#y iR %1% F|sendmag),
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H Fremsghdr { } A HImbuf { }
W ERR TS @,90 mbuf &
Hi1E.8 PR (MT_CONTROL)
2
60 G‘@
unp_internalize}
BB PR AR
R A R £ 11 e R
P sbappendcontrol
Hetiw A il mbufigs |
_J_Il ________________ B 11 BN A
B WZHmbuf { }
mbuf i #H
(MT_CONTROL)
0& unp_externalizeff]
TS > HEWCEERE T 5y RE AR
cmsghdr { } & Tt ilegst
&
B AR TR
filfE.8

E18-10 Hunp internalizeflunp externalizefhf7iIHE(E

2. B UEAL RS S R4 A BTk
567-574 oldfdsik B AW IFRAMIRTIE, rpfem®E — AR, FE— A ukEmn
HARTF, forfEHEIEX AR FFA &L Y ar R (E B AR B K, LARAREHES
(B R FF 24T ) o

3. HEiledRFH R MR AY
575-578 ffrpEFIXEAIRRE AT, forfEIRHSIHELlefs s o —4
FHIRTF

4. B =AS T REs
579-581 fileZ5#fUE countflf msgcountieZzHibH, RIHEEE— kiR R A%
W, M/E#&EMHunp_ externalizeifik, B, ¥ FH /1 Hunp_ internalizeffkAH
ARG, £RH2 Funp_rightsigi¥, WATHER, MHTE -/ Hunp_externalize#
ZWHARTF, unp_rightsamk. (7R EREADR 24 70 N b IETE 525 4R k.
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uipc_usrreg.c
553 int Ped 7

554 unp_internalize(control, p)
555 struct mbuf *control;
556 struct proc *p;

557 {

558 struct filedesc *fdp = p->p_£d;

559 struct cmsghdr *cm = mtod(control, struct cmsghdr *);
560 struct file **rp;

561 struct file *fp;

562 int i, fd;

563 int oldfds;

564 if (cm->cmsg_type != SCM_RIGHTS || cm->cmsg_level != SOL_SOCKET ||
565 cm->cmsg_len != control->m_len)

566 return (EINVAL) ;

567 oldfds = (cm->cmsg_len - sizeof(*cm)) / sizeof(int);
568 rp = (struct file **) (cm + 1);

569 for (i = 0; i < oldfds; i++) (

570 fd = *(int *) rp++;

571 if ((unsigned) fd >= fdp->fd_nfiles ||

572 fdp->fd_ofiles[fd] == NULL)

573 return (EBADF) ;

574 }

575 rp = (struct file **) (cm + 1);

576 for (i = 0; 1 < oldfds; i++) {

577 fp = fdp->fd_ofiles([* (int *) rp];

578 *rp++ = fp;

579 fp->f_count++;

580 fp->f_msgcount++;

581 unp_rights++;

582 }

583 return (0);

584 }

uipc_usrreq.c

E18-11 unp_internalizepd %

FANEELT-1470F 3], SA{E(TUnixigedli 0 5CH], - HiH8EsJEOR, I M Jc S T e 58 ek 8
unp_ge, LA%R R DA BRI EBAFI| b8 & (R IEAE FF s RO RA T
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