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Figure 1. A PEBUF_RAM pbuf with data in memory managed by the phuf subsystem.
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struct netif {
atruct natif *next:
char name[2];
int num;
struct ip_addr ip_addr;
struct ip_addr netmask;
struct ip_addr gw;
vold (# input){struct pbuf *p, struct netif *inp);
int (* output){struct netif *netif, struct pbuf »*p,
gtruct ip_addr *ipaddr);
void +state;

5
Figure 5. The netif structure.
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field specifies how much of the datagram that should be checksummed.
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datagram recv

struct udp_peb {
struct udp_pch *next;
struct ip_addr local_ip, dest_ip;
ul6_t local_port, dest_port;
ud_t flags;
ul6_t chkeum_len;
vold (* recv)(void +arg, struct udp_pch #*pch, struct pbuf +p);
vold *recv_arg;

Figure 7. The udp_pcb structurs
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struct tecp_pch {
struct tcp_pch #next;
enum tcp_state state; /* TCP state =/
vold (* accept)(voild #arg, struct tcp_pch *newpchb);
vold *accept_arg;
struct ip_addr local_ip;
ul6_t local_port;
struct 1p_addr dest_ip:
ul6_t dest_port;

u32_t rcv_nxt, rcv_wnd; /* receiver variables */

ul6_t tmr;

u3Z_t mss; /* maximum segment size */

us_t flags;

ulé_t rttest; J* rtt estimation */

u32_t rtseq; /* sequence no for rtt estimation */
832_tL sa, 8v; f* rlL average and variance =/
u32_t rto; /* retransmission time-out */

u32_t lastack; /* last ACK received */

us_t dupacks, /#* number of duplicate ACKs */

u32_t cwnd, u32_t ssthresh; /* congestion control variables =*/
u32_t snd_ack, sand_nxt, /* sender variables */

and_wnd, and_wli, snd_wl2, snd_lbb;
void (* recv)(void #arg, struct tcp_pcbhb #pch, struct pbuf *p);
void *recv_arg;
struct tcp_seg *unsent, *unacked, /+* queues */

*003eq;
};
Figure 10. The tcp_pchb structure
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struct tcp_seg {
Struct tcp_seg *next;
ul6_t len;
struct pbuf *p;
struct tcp_hdr *tcphdr;

vold *data;
ul6_t rtime;
+;
Figure 11. The tcp_seg structure
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pbuf chaining functionality
, tcp_output()

It checks if there is any room in the current window for any more data. The
current window is computed by taking the maximum of the congestion window and the

advertised receiver”"s window , tcp_enqueue() TCP
ip_route() ip_output_ if() unacked ,
ACK unacked , 10.8
TCP 1P TCP TCP ackno  wnd
16
TCP checksum [ Rij9% ] checksum
IP IP 1P
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[ASP99] dupacks 0
10.8 Timers

BSD TCP IwlP 500ms  200ms
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TCP PCB tcp peb flag ( 10) delayed
ACK , TCP
coarse grained timer tcp_timer_coarse() PCB
PCB, ( tcp_seg unacked 11), is traversed ,
rtime rtime PCB rto

, slow start threshold

slow start
TIME-WAIT , coarse grained timer PCB tmr
2><MSL coarse grained timer

TCP , tcp_ticks round-trip time out
10.9 Round-trip Round-trip time estimation
round-trip TCP round-trip

IwIP  round-trip BSD round-trip round-trip

smoothing [ Jac88 ]
TCP PCB rtseq PCB Rttest
tcp_ticks rtseq ACK
round-trip tcp_ticks rttest round-trip
10.10 Congestion control
ACK ,

cwnd, mss /cwnd ,

depending on whether the connection is in slow start or congestion avoidance

11 Interfacing the stack
TCP/IP TCP  UDP ,
IwlP API
TCP  UDP
, TCP UDP ( ) TCP/IP
TCP/IP ,

TCP/IP

TCP/IP
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12, API
TCP/IP API API.
TCP/IP TCP/IP API
ROM ROM
API buffer ,
TCP/IP buffer buffer
pbuf
buffer s
LWIP
TCP/IP API API
TCP/IP API .
TCP/IP API
13
LWIP
Intel Pentium I11 , FreeBSD 4.1 GCC 2.95.2 ,
6520 [Nab, Zak83]. cc65 2.5.5 [vB] ,
Intel x86 7 32 32 6502 , 8
8 16
13.1
1
Table 1. Lines of code,
Maodnle Lines of code | Relative size
TCP 107G 12
Support functions 554 21%
API 523 209
IP 180 %
UDP 149 6%
ICMP 87 3%
| Total 2578 100%,
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13
1 LWIP 13 "sunpport functions"
C "API" AP1 TCP/IP
API.
. TCP
, APl support functions TCP
13.2
2. LWIP Intel x86
Module Size (bytes) | Relative size
TEP 6584 48%
API 2556 18%
Support functions 2281 16%
P 1173 8%
UDP 731 5%
ICMP 505 4%
Total 13830 100%
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2 Intel x86 14
API support functions
TCP
42% TCP TCP
( pointer dereferencing)
2 3
(dereferenced)
,3. LWIP 6502
Module Size (bytes) | Relative size
TCP 11461 A
Support functions 4149 18%
API 3847 17%
[P 1264 6%
UDP 1211 5%
[CNMP 714 3%
Total 22646 100%
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3 6502 14
TCP AP1 support functions Intel x86 IP UDP ICMP
2 support functions API ,API
support functions
TCP 6502 32 32
TCP 32 TCP
Lwip TCP TCP/IP TCP

Free BSD4.1 BSD TCP/IP Linux2.2.10 TCP Intel x86

gcc LWIP TCP 6600bytes,FreeBSD 4.1 TCP
27000bytes, LWIP 4 Linux2.1.10 TCP 39000bytes,

LWIP 6 FreeBSD Linux2.2.10 TCP
SACK[MMFR96] BSD socket API.

IP FreeBSD linux IP
FreeBSD linux IP LWIP
LWIP  API Lwip Lwip API
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LwiIP
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netbuf,

netconn,
C
API
15.1.1 Netbufs
Netbufs
Netbufs pbufs
RAM
netbuf
netbuf netbuf
Netbufs
15.2 Buffer
15.2.1 netbuf new()
netbuf
netbuf_delete() netbuf
15.2.2 netbuf delete()
netbuf_new() netbuf
netbufs
int
main()
struct netbuf *buf;
buf = netbuf_new(); /* netbuf */
netbuf_alloc(buf, 100); /* 100 bytes

struct netbuf * netbuf new(void)

void netbuf delete(struct netbuf *)
I* netbuf */
r*[.]*
netbuf_delete(buf); /*
}

15.2.3 netbuf alloc()

netbuf */

6.1 netbuf pbuf

RAM ROM

netbuf_next()

1P

buffer

netbuf_alloc()

buffer */

netbuf_first()

buffer



netbuf buf buffer
netbuf buf

15.2.4 netbuf free()

netbuf buf buffer

15.2.5 netbuf ref()

netbuf buf
netbuf
netbuf_ref()

netbuf_ref()
int
main()

struct netbuf *buf;

char string[] =" "
/* netbuf */
buf = netbuf_new();

void * netbuf alloc(struct netbuf *buf, int size)

int netbuf free(struct netbuf *buf)

netbuf free()

buffer netbuf buf

size
netbuf_alloc() netbuf malloc()
buffer

int netbuf ref(struct netbuf *buf, void *data, int size)

* */

netbuf_ref(buf, string, sizeof(string));
1* netbuf */

*[..]17*

/* netbuf */
netbuf_delete(buf);

}



15.2.6 netbuf len()

netbuf buf netbuf netbuf
netbuf

15.2.7 netbuf data()

netbuf data len
netbuf netbuf
netbuf_first() netbuf_next() netbuf
netbuf_next() netbuf data()
15.2.8 netbuf next()
netbuf buf netbuf
netbuf >0
<0.
netbuf_next() buf netbuf
*[.]*
do {
char *data;
int len;

int netbuf len(struct netbuf *buf)
int netbuf data(struct netbuf *buf, void **data, int *len)

int netbuf next(struct netbuf *buf)

* */
netbuf_data(buf, &data, &len);
* */

do_something(data, len);

} while(netbuf_next(buf) >= 0);
*[..]17*

15.2.9 netbuf first()



netbuf buf

15.2.10 netbuf copy()
netbuf buf data
data
netbuf_copy()
netbuf buf 200 200
void example_function(struct netbuf *buf)
{
char data[200];
netbuf_copy(buf, data, 200);
I* */
}

15.2.11 netbuf chain()

netbufs
netbuf

15.2.12 netbuf fromaddr()

void netbuf first(struct netbuf *buf)
void netbuf copy(struct netbuf *buf, void *data, int len)
void netbuf chain(struct netbuf *head, struct netbuf *tail)

struct ip addr * netbuf fromaddr(struct netbuf *buf)

netbuf buf IP
netbuf_fromport()

15.2.13 netbuf fromport()

netbuf buf
200
data
netbuf

len



netbuf buf
netbuf_fromaddr() IP

16

16.0.14 netconn new()

TCP
NETCONN_TCP NETCONN_UDP

16.0.15 netconn delete()

netconn conn

16.0.16 netconn type()

conn netconn_new()
NETCONN_UDP
16.0.17 netconn peer()

unsigned short netbuf fromport(struct netbuf *buf)
struct netconn * netconn new(enum netconn type type)
void netconn delete(struct netconn *conn)

enum netconn type netconn type(struct netconn *conn)

int netconn peer(struct netconn *conn,
struct ip addr **addr, unsigned short port)

conn

netbuf

UDP

NETCONN_TCP

addr

port



16.0.18 netconn addr()

int netconn addr(struct netconn *conn struct ip addr **addr unsigned short port)

conn IP
16.0.19 netconn bind()

|int netconn bind(struct netconn *conn struct ip addr *addr unsigned short port)

conn IP addr TCP UDP addr
IP
16.0.20 netconn connect()

int netconn connect(struct netconn *conn
struct ip addr *remote addr
unsigned short remote port)

UDP UDP remote_addr remote_port
TCP netconn_connect()
16.0.21 netconn listen()

|int netconn listen(struct netconn *conn)|

TCP conn TCP
16.0.22 netconn accept()

|struct netconn * netconn accept(struct netconn *conn)

TCP conn
netconn_listen() netconn_accept()

2000 TCP
int main()

{

struct netconn *conn, *newconn; I* */
conn = netconn_new(NETCONN_TCP);
I* IP 2000 */
netconn_bind(conn, NULL, 2000); /* */
netconn_listen(conn);



I* block */
newconn = netconn_accept(conn);

I* newconn */
process_connection(newconn);
I* */

netconn_delete(newconn);
netconn_delete(conn);

¥
16.0.23 netconn recv()

|Struct netbuf * netconn recv(struct netconn *conn)\

conn NULL
netbuf
netconn_ recv()
example_function()

void

example_function(struct netconn *conn)
{

struct netbuf *buf;

I* */

while((buf = netconn_recv(conn)) '= NULL) {
do_something(buf);

}
[* */
netconn_close(conn);

}
16.0.24 netconn write()

|int netconn write(struct netconn *conn void *data int len unsigned int flags)\

TCP TCP conn
bu &-#174:ers

TCP It puts the data pointed to by data on the output queue for the
TCP connection conn. len

flags

#define NETCONN_NOCOPY 0x00
#define NETCONN_COPY 0x01



NETCONN_COPY flag
flag NETCONN_NOCOPY

stay there for an indeterminate amount of time.

ROM
netconn_write()

NETCONN_COPY text
int
main()
{
struct netconn *conn;
char data[10];
char text[] = "Static text";
inti;
/* conn */
I*[..]*
/* */
for(i=0;i<10; i++)
data[i] =1;

netconn_write(conn, data, 10, NETCONN_COPY);
netconn_write(conn, text, sizeof(text), NETCONN_NOCOPY);
I* */

for(i=0;i<10; i++)

data[i] =10 - i;

/* take down the connection conn */
netconn_close(conn);

}

16.0.25 netconn send()

int netconn send(struct netconn *conn struct netbuf *buf)|

UDP conn netbuf buf netbuf
IP MTU
netbuf 1000
netbuf
IP 10.10.0.1 UDP

UDP

flag

7000



int

main()

{

struct netconn *conn;
struct netbuf *buf;
struct ip_addr addr;

char *data;

char text[] = "A static text";

inti,

I* */

conn = netconn_new(NETCONN_UDP);
I* IP */

addr.addr = htonl(0x0a000001);

I* */
netconn_connect(conn, &addr, 7000);

I* netbuf */

buf = netbuf_new();
data = netbuf_alloc(buf, 10);

I* */
for(i=0;i<10; i++)
data[i] = i;

I* */

netconn_send(conn, buf);

netbuf _ref(buf, text, sizeof(text));
I* text */
netconn_send(conn, buf);

I* connection netbuf */
netconn_delete(conn);
netconn_delete(buf);

16.0.26 netconn close()

int netconn close(struct netconn *conn) \

conn

17 BSD socket
BSD socket API LWIP API

BSD socket APl select() poll() LWIP API
BSD socket LWIP
API
17.1 socket
BSD socket API
BSD socket API netconn

BSD sockets netconn sockets[] BSD socket



17.2 socket
17.2.1 socket()

socket BSD socket
socket API

UDP (SOCK DGRAM) TCP (SOCK STREAM)

int

socket(int domain, int type, int protocol)

{

struct netconn *conn;

int i;

/* netconn */

switch(type) {

case SOCK_DGRAM:

conn = netconn_new(NETCONN_UDP);

break;

case SOCK_STREAM:

conn = netconn_new(NETCONN_TCP);

break;

}

/* sockets[] */

for(i = 0; 1 < sizeof(sockets); i++) {

if(sockets[i] == NULL) {

sockets[i] = conn;

return i;

}

}

return -1;

}

17.3

BSD socket API API

socket AP1

17.3.1 bind()

bind() BSD socket « ) . bind() , IP
.bind() IwlP API netconn_bind()

int

bind(int s, struct sockaddr *name, int namelen)

{

struct netconn *conn;

struct ip_addr *remote_addr;

unsigned short remote_port;

remote_addr = (struct ip_addr *)name->sin_addr;

remote_port = name->sin_port;

conn = sockets[s];

netconn_bind(conn, remote_addr, remote port);

return 0;

}



17.3.2 connect()

connect() bind() bind()
int
connect(int s, struct sockaddr *name, int namelen)
{

struct netconn *conn;

struct ip_addr *remote_addr;

unsigned short remote port;

remote_addr = (struct ip_addr *)name->sin_addr;
remote_port = name->sin_port;

conn = sockets[s];

netconn_connect(conn, remote_addr, remote_port);
return 0;

}

17.3.3 listen()
listen() IwIP API netconn_listen() , TCP
BSD socket API . IwiP

int

listen(int s, int backlog)
{
netconn_listen(sockets[s]);
return O;

}

17.3.4 accept()

accept() TCP socket ; , TCP socket

listen() . accept() ,
, accept() .

, wlP netconn accept() ; 1P

, socket

int

accept(int s, struct sockaddr *addr, int *addrlen)

{

struct netconn *conn, *newconn;

struct ip_addr *addr;

unsigned short port;

int i;

conn = sockets[s];

newconn = netconn_accept(conn);

/* IP */

netconn_peer(conn, &addr, &port);

addr->sin_addr = *addr;

addr->sin_port = port;

/* */

for(i = 0; 1 < sizeof(sockets); i++) {



if(sockets[i] == NULL) {
sockets[i] = newconn;
return i;

}
}

return -1;

}

17.4
17.4.1 send()
BSD socket APl ,send() UDP TCP . send()
, connect(). UDP ,send()
IwlP API netconn send() , IwlP API ,
send() . , ;
IwIP API netconn send() TCP , TCP netconn write()
send() . BSD socket API , send() ,
NETCONN COPY netconn write()
int
send(int s, void *data, int size, unsigned int flags)
{
struct netconn *conn;
struct netbuf *buf;
conn = sockets[s];
switch(netconn_type(conn)) {
case NETCONN_UDP:
/* */
buf = netbuf_new();
/* */
netbuf_ref(buf, data, size);
/* */
netconn_send(sock->conn.udp, buf);
/* */
netbuf _delete(buf);
break;
case NETCONN_TCP:
netconn_write(conn, data, size, NETCONN_COPY);

break;
}
return size;
}
17.4.2 sendto() sendmsg()
sendto() sendmsg() send() ,
,sendto() sendmsg() UDP .
etconn connect() ; socket , IP
sendmsg()

int



sendto(int s, void *data, int size, unsigned int flags,
struct sockaddr *to, int tolen)

{

struct netconn *conn;

struct ip_addr *remote_addr, *addr;

unsigned short remote port, port;

int ret;
conn = sockets[s];
/* peer */

netconn_peer(conn, &addr, &port);

remote_addr = (struct ip_addr *)to->sin_addr;
remote_port = to->sin_port;
netconn_connect(conn, remote_addr, remote_port);
ret = send(s, data, size, flags);

/* */
netconn_connect(conn, addr, port);
}
17.4.3 write()
BSD socket APl ,write() UDP TCP
TCP , IwlP API netconn write(). UDP ,BSD
socket write() send()
int
write(int s, void *data, int size)

{

struct netconn *conn;

conn = sockets[s];

switch(netconn_type(conn)) {

case NETCONN_UDP:

send(s, data, size, 0);

break;

case NETCONN_TCP:

netconn_write(conn, data, size, NETCONN_COPY);
break;

}

return size;
}
17.4.4 recv() read()
BSD socket API, recv() and read() socket . TCP UDP
recv() flags. , flags

int

recv(int s, void *mem, int len, unsigned int flags)
{

struct netconn *conn;

struct netbuf *buf;



int buflen;
conn = sockets[s];
buf = netconn_recv(conn);
buflen = netbuf_len(buf);
/* men */
netbuf_copy(buf, mem, len);
netbuf_delete(buf);
/* len, len,
if(len > buflen) {
return buflen;
} else {
return len;
}
}
int
read(int s, void *mem, int len)
{
return recv(s, mem, len, 0);
}
17.4.5 The recvfrom() and recvmsg() calls

recvfrom() recvmsg() recv() ,

IP

recvmsg()
int
recvfrom(int s, void *mem, int len, unsigned int flags,
struct sockaddr *from, int *fromlen)
{
struct netconn *conn;
struct netbuf *buf;
struct ip_addr *addr;
unsigned short port;
int buflen;
conn = sockets[s];
buf = netconn_recv(conn);
buflen = netbuf_len(conn);
/* men */
netbuf_copy(buf, mem, len);
addr = netbuf_fromaddr(buf);
port = netbuf fromport(buf);
from->sin_addr = *addr;



from->sin_port = port;

*fromlen = sizeof(struct sockaddr);
netbuf_delete(buf);

/* len, len,
if(len > buflen) {

return buflen;

} else {

return len;

}
}

K/



