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Elementary features of Transport Layer

e It establishes connection between two peers after three way handshake.
e STCP provides a connection-oriented, in-order, full duplex end-to-end delivery mechanism.

e [t is similar to early versions of TCP, which did not implement congestion control or opti-
mizations such as selective ACKs or fast retransmit.

e STCP treats application data as a stream i.e., no artificial boundaries are imposed on the
data by the transport layer.

e [t runs continuously until connection is either closed by peer or by the application itself. In
between it waits for events when network packet arrives or application sends some data.

e The whole code is developed only in C language using various libraries.



Design Choices

The code is written in imperative manner.

e An STCP packet has a maximum segment size of 536 bytes and with fixed congestion window
of 3072 bytes.

e The local receiver window has a fixed size of 3072 bytes.

Test Procedure

Testing has been done on the VM provided and as well as on the Ubuntu 16.04 machine. Server
and client runs perfectly using my implemented tranport layer.

Also provided binary file of server works smoothly with the client using my transport layer and also
the client binary makes flawless connection and make requests with server using my transport layer.

Summary

STCP layer gracefully bridges the gap between application layer with the network layer. An ap-
plication sends data which is then passed to network layer after encapsulating the payload with
appropriate TCP headers. Similarly network data received is pushed up to application after remov-
ing TCP headers.

Acknowledgements are sent to peer to notify successful delivery. Proper FIN/ACK is sent to
and fro when at least one of the peer requested to close the connection.



Appendix
Source Code of Transport Layer

/%

* transport.c

*

* Project 3

*

x This file implements the STCP layer that sits between the

* mysocket and network layers. You are required to fill in the STCP
x functionality in this file.

*

*
~

#include <stdio.h>
#include <stdarg.h>
#include <string.h>
#include <stdlib .h>
#include <assert .h>
#include <arpa/inet .h>
#include <sys/time.h>
#include ”mysock.h”
#include "stcp_api.h”
#include ”transport.h”

enum { LISTEN, SYN.SENT, SYNRECEIVED, CSTATEESTABLISHED, FIN.WAIT_1, FIN.WAIT_2,
CLOSE_WAIT, CLOSING, LAST ACK, TIME WAIT, CLOSED }; /* you should have more

states =/

#define MAXSEQNUM 4294967296
#define ISN_RANGE 256

#define WIN_SIZE 3072

#define CONGESTION_WIN_SIZE 3072
#define OFFSET 5

#define MSS 536

#define HDR-SIZE sizeof (STCPHeader)
#define OPTIONS_SIZE 40

/* this structure is global to a mysocket descriptor x/
typedef struct

{

bool_t done; /* TRUE once connection is closed x/
int connection_state; /* state of the connection (established, etc.) x/

tcp_seq initial_sequence_num ;
tcp_seq initial_ack_num ;

/*Used when send data from app to network and to determine
remote_advertised_window x/
tcp_seq sequence_num ;
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tcp_seq last_byte_acked;

/*Used when send data from network to app and to determine local_advertised_-window
*/

tcp_seq ack_num;

tcp_seq last_byte_read;

/* Remote and local advertised window x/
uintl6_t remote_advertised_window ;
uintl6_t local_advertised_window ;

/* any other connection—wide global variables go here x/
} context_t;

static void generate_initial_seq_num (context_t *ctx);
static void control_loop (mysocket_t sd, context_t *xctx);

/* My Functions x/

uint16_t getRemoteWindowSize(context_t *ctx);

uintl6_t getLocalWindowSize (context_t *ctx);

void setSTCPheader (STCPHeader xhdr, tcp_seq seq, tcp_seq ack, uint32_t data_offset
, uint8_t flag, uintl6_-t win);

void getSTCPheader (STCPHeader *hdr, char xbuf);

void printSTCPheader (STCPHeader xhdr);

void send_segment_to_app(mysocket_t sd, context_t *ctx, char *segment, size_t
segment_size , STCPHeader xhdr);

void printContext(context_t xctx);

uint32_t myhtonl(uint32_t hostlong)

{

#if _BYTE.ORDER = __LITTLE_ENDIAN
return htonl(hostlong);

#elif _BYTE.ORDER =— __BIG_ENDIAN
return hostlong;

#else

#error _BYTE.ORDER must be defined as _LITTLE_ENDIAN or __BIG_.ENDIAN!
#endif

printf (”BYTEORDER: MUST NOT reach Here\n”);

return —1;

}

uint16_t myhtons(uintl6_t hostshort)

{

#if _BYTE.ORDER = __LITTLE_ENDIAN
return htons (hostshort);

#elif _BYTE.ORDER — __BIG_ENDIAN
return hostshort ;

#else

#error _BYTE_.ORDER must be defined as __LITTLE_ENDIAN or __BIG_.ENDIAN!
#endif
printf ("BYTEORDER: MUST NOT reach Here\n”);

return —1;
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101 uint32_t myntohl(uint32_-t netlong)

102 {

s #1f _BYTE.ORDER = __LITTLE_ENDIAN
104 return ntohl(netlong);

05 #elif _BYTE.ORDER = __BIG_ENDIAN
106 return netlong;

107 #else

s #error _BYTE.ORDER must be defined as _LITTLE_ENDIAN or __BIG_.ENDIAN!
109 #Hendif

1o printf (?BYTEORDER: MUST NOT reach Here\n”);

111 return —1;

112 }

113

114 uintl6_t myntohs(uintl6_t netshort)

115 {

116 #if _BYTE.ORDER == __LITTLE_ENDIAN
117 return ntohs(netshort);

s F#elif _BYTE_.ORDER = __BIG_ENDIAN
119 return netshort;

120 FHelse

21 #error _BYTE_.ORDER must be defined as _LITTLE_ENDIAN or __BIG_ENDIAN!
122 #endif

123 printf (?BYTEORDER: MUST NOT reach Here\n”);

124 return —1;
125 }
126

127

128 /* Send STCP header with appropriate flags to peer x/

129 int sendTCPheader (mysocket_t sd, STCPHeader xhdr, context_t xctxt, uint32_t
data_offset , uint8_t flag)

130 {

131 hdr—>th_seq = myhtonl(ctxt—>sequence_num ) ;

132 hdr—>th_ack = myhtonl(ctxt—acknum + 1);

133 hdr—>th _off = data_offset;

132 hdr—>th _flags = flag;

135 hdr—>th_win = myhtons(ctxt—>local_advertised _window);

136 return stcp_network_send (sd, hdr, sizeof (STCPHeader), NULL) ;

57}

138

139

140

141 /* initialise the transport layer, and start the main loop, handling
142 x any data from the peer or the application. this function should not
143 * return until the connection is closed.

144 */

145 void transport_init (mysocket_t sd, bool_-t is_active)

146

{
a7 // check
148 context_t *xctx;
149 ssize_t bytes_transfer;
150  STCPHeader xheader = (STCPHeaderx)calloc (1, sizeof (STCPHeader)) ;
151 ctx = (context_t x) calloc(l, sizeof(context_t));
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assert (ctx);
generate_initial_seq_-num (ctx);

ctx—>done = FALSE;

ctx—>local_advertised_window = WIN_SIZE;

ctx—>remote_advertised_window = WIN_SIZE; // Default window
size

/% XXX: you should send a SYN packet here if is_active , or wait for one
x to arrive if lis_active. after the handshake completes, unblock the
x application with stcp_unblock_application(sd). you may also use

* this to communicate an error condition back to the application, e.g.
* if connection fails; to do so, just set errno appropriately (e.g. to
* ECONNREFUSED, etc.) before calling the function.

/

// Active connection

if (is_active == TRUE)

{

while (ctx—>connection_state != CSTATEESTABLISHED)

if (sendTCPheader (sd, header, ctx, OFFSET, 0 | THSYN) — -—1) // Send SYN

{

errno = ECONNREFUSED;

ctx—>connection_state = CLOSED;

printf(”Error: Receive —1 from stcp_network_send method\n SYN Not sent => CLOSING
connection\n”);

break ;

}

ellisle

{

ctx—>sequence_num-+-+;

ctx—>connection_state = SYN.SENT;

bzero (header , HDR_SIZE) ;

bytes_transfer = stcp-network_recv(sd, (voidx)header, sizeof(STCPHeader)); //
Receive SYN+ACK

if (bytes_transfer <= 0 && !(header—>th_flags & (THSYN | THACK)))

printf ("ERROR: SYN and ACK Flag NOT set by server\nCLOSING CONNECTION\n”) ;
ctx—>connection_state = CLOSED;

break ;

}

else

{

ctx—>connection_state = SYN_RECEIVED;

ctx—>initial_ack_num = myntohl(header—>th_seq);

ctx—ack_ num = ctx—>initial_ack_num;

ctx—>last_byte_read = ctx—>ack_num;

ctx—>last _byte_acked = myntohl(header—>th_ack);
ctx—>remote_advertised_window = MIN(CONGESTION_WIN SIZE, myntohs(header—>th_win));

bzero (header, HDR.-SIZE) ;
if (sendTCPheader (sd, header, ctx, OFFSET, 0 | THACK) — -1) // Send ACK

{
errno = ECONNREFUSED;
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ctx—>connection_state = CLOSED;

printf (”ERROR: Unable to send ack to server\nCLOSING CONNECTION\n”) ;
break ;

}

else

{
ctx—>connection_state = CSTATE_ESTABLISHED;

s 2 S

// Passive connection
else

{

ctx—>connection_state = LISTEN;

bytes_transfer = stcp_network_recv(sd, (voidx)header, sizeof (STCPHeader));
/*Receive SYNx/

if (bytes_transfer <= 0 && !(header—>th_flags & THSYN))

printf (”SYN Flag NOT set\n”);

}

else

{

ctx—>initial_ack_num = myntohl(header—>th_seq);
ctx—>ack_ num = ctx—>initial_ack_num;

ctx—>last_byte_read = ctx—>ack_num;

ctx—>remote_advertised-window = MIN(CONGESTION_WIN_SIZE, myntohs(header—>th_win));

ctx—>connection_state = SYN_RECEIVED;

bzero (header , HDR_SIZE) ;

if (sendTCPheader (sd, header, ctx, OFFSET, 0 | THSYN | THACK) — -1) /%
Send SYNHACK x/

{

errno = ECONNREFUSED;

ctx—>connection_state = CLOSED;

printf ("ERROR: Unable to send syn+ack to peer \nCLOSING CONNECTION\n”) ;

}

else

{

ctx—>sequence_num--+;

ctx—>connection_state = SYN.SENT;

bzero (header, HDR.SIZE) ;

bytes_transfer = stcp_network _recv(sd, (voidx)header, sizeof(STCPHeader)); /x
Receive ACK x/

if (bytes_transfer <= 0 && !(header—>th_flags & THACK))

ctx—>connection_state = CLOSED;
printf ("ERROR: ACK Flag NOT set by peer\nCLOSING CONNECTION\n") ;
}

else

{

ctx—>last_byte_acked = myntohl(header—>th_ack);
ctx—>remote_advertised_window = MIN(CONGESTION_WIN SIZE, myntohs(header—>th_win));
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ctx—>connection_state = CSTATE_ESTABLISHED;
}

}
}
}
stcp_unblock_application (sd);

if (header)

{
free (header) ;

header = NULL;
}

/* Going to Control Loop if connection is estblishedx/
if (ctx—>connection_state = CSTATE ESTABLISHED )
control_loop (sd, ctx);

/* do any cleanup here x/
free (ctx);

}

/* generate random initial sequence number for an STCP connection x*/
static void generate_initial_seq_num (context_t *ctx)

{

assert (ctx);

#ifdef FIXEDINITNUM
/* please don’t change this! x/

ctx—>initial_sequence_num = 1;
#else

/* you have to fill this up x*/
/*xctx—>initial_sequence_num =;x/

srand (time (NULL) ) ;

ctx—>initial_sequence_num = (tcp_seq) (rand ()%ISN_RANGE) ;

ctx—>sequence_num = ctx—>initial_sequence_num ;

ctx—>ack_num = ctx—>sequence_num ; /* Can be Random, so
initializing to its own sequence_num x/

ctx—>last_byte_acked = ctx—>sequence_num;
#endif

}

/* control_-loop () is the main STCP loop; it repeatedly waits for one of the
x following to happen:

* — incoming data from the peer

* — new data from the application (via mywrite())

x — the socket to be closed (via myclose())

* — a timeout

o

static void control_loop (mysocket_t sd, context_t *xctx)

{

assert (ctx);
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assert (! ctx—>done) ;

/* Header variables for network and application x/
STCPHeader xapp_hdr = (STCPHeaderx) calloc (1, sizeof (STCPHeader)) ;
STCPHeader xnetwork_hdr = (STCPHeaderx)calloc (1, sizeof (STCPHeader)) ;

if (app-hdr = NULL || network_hdr == NULL)

printf(”Error: Unable to allocate space. Insufficient Memory!\n”);
ctx—>connection_state = CLOSED;
return ;

}

ssize_t bytes_transfer;

uintl6_t curr_remote_window ;
uintl6_t curr_local_window;

/* Variables to handle Application Data x/
size_t app-segment_size;

/* Variables to handle Network Data x/
size_t network_packet_size;

size_t network_segment_size;

size_t payload_size;

tcp_seq ack_value = 0;
uint8_t dataOffset ;

/* Boolean Variables x/

/* LocalFINcalled: Set to 1 when I send FIN first*/

int LocalFINcalled = 0;

/* RemoteFINcalled: Set to 1 when peer sends FIN firstx/
int RemoteFINcalled = 0;

/* Sequence Number at which FIN is sent or received x/
tcp_seq FIN_seq_num;

struct timespec *xabs_time = NULL;
struct timeval tv;

unsigned int waitFlags = ANY_EVENT;
while (!ctx—>done)

{

unsigned int event;

curr_remote_window = getRemoteWindowSize (ctx);
window Size Left x/
curr_local_window = getLocalWindowSize (ctx);

window Size Left =/

/* Remote

/* Local

/* If FIN has been sent or received then No APPDATA would be entertained x/
if (ctx—>connection_state =— FIN.-WAIT_1 || ctx—>connection_state — FIN_.-WAIT_2)
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waitFlags = 0 | NETWORKDATA;

/* Wait for any event if there is sufficient remote window x*/
else if(curr-remote_window > 0)

waitFlags = 0 | ANYEVENT;

/* No Remote Window size left then only wait for NETWORKDATA or
APP_CLOSE_REQUESTED: /

else

waitFlags = 0 | NETWORKDATA | APP_CLOSEREQUESTED;

/* see stcp_api.h or step_api.c for details of this function x/
/* XXX: you will need to change some of these arguments! x/

event = stcp_wait_for_event (sd, waitFlags, abs_time);

/* check whether it was the network, app, or a close request x*/
/* Application Data x*/
if (event & APPDATA)

{

/* the application has requested that data be sent x/
/* see stcp_app-recv () x/

app_segment_size = MSS; /* Payload Limit is a MSS x/
if (curr_-remote_window > 0)

{

if (curr_-remote_-window < MSS)

app_segment_size = (size_t)curr_.remote_ window ;
char xapp_segment = (charx)calloc(l, app-segment_size) ;
app-segment_size = stcp_app-recv(sd, app-segment, app_segment_size);

if (app_segment_size > 0)

{

/* No TCP options are set x/

setSTCPheader (app_hdr , ctx—>sequence_num , (ctx—>ack.num + 1)%MAXSEQNUM, OFFSET,
0|THACK, ctx—>local_advertised_-window);

bytes_transfer = stcp_network_send (sd, app_hdr, HDR.SIZE, app_segment
app.segment_size , NULL) ;

if (bytes_transfer < 0)

{

/* Peer may have closed connection abruptlyx/

/* No other possibilities , as no packet loss is assumedsx/
errno = ECONNREFUSED;

ctx—>connection_state = CLOSED;

ctx—>done = TRUE; /* T don’t think I should try again x*/
if (app_segment )

{

free (app-segment) ;

app-segment = NULL;

continue ;

}
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ctx—>sequence_num = (ctx—>sequence_num + app-segment_size )7ZMAXSEQNUM;

}

if (app_segment )

Eree (app_segment ) ;

app-segment = NULL;

{)zero (app-hdr, HDR_SIZE) ;

}

else

{

waitFlags = 0 | NETWORKDATA | APP.CLOSEREQUESTED;
}

}

/* Network Data x/
if (event & NETWORKDATA)
{

payload_size = MSS;

if (curr_local_window > 0)

{

if (curr_-local_window < MSS)

{

/* Removing OPTIONS_SIZE also from payload_size because if there are no options
then more payload will be

read due to OPTIONS_SIZEx/

/* Such case won’t occur as every time local window is advertised 3072 to peerx/
payload_size = curr_local_window — OPTIONS_SIZE;

}

/* Full Payload with header and optionssx/
network_packet_size = HDR.SIZE + OPTIONS_SIZE + payload_size;

char snetwork_packet = (charx)calloc(1l, network_packet_size);

/* Receive network packet from peerx/
network _packet_size = stcp_network_recv (sd, network_packet, network_packet_size);

/* Received packet should be of length greater than equal to STCP header Size x/
if (network_packet_size >= HDR_SIZE)

{

/* Copies first 20 bytes i.e. Header Size from network_packet to network_hdr x/
getSTCPheader (network_hdr , network_packet);

ctx—>remote_advertised_window = MIN(CONGESTION_WIN_SIZE, myntohs(network_hdr—>
th_win));

/* ACK Flag is set by peer x/
if (network_hdr—th_flags & THACK)
{

ack_value = myntohl(network_hdr—>th_ack);
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/* ack_value lies between window x/
if (ack_value >= ctx—>last_byte_acked && ack_value <= ctx—>sequence_num )

{

ctx—>last_byte_acked = ack_value;

/* Case I: Got ACK of my FIN which was sent before the peer’s FIN x/
if (ctx—>connection_state = FIN.WAIT_1 && (ack_value—1) >= FIN_seq_num)
ctx—>connection_state = FIN.WAIT_2;

/* Case II: Got ACK of my FIN which was sent after the peer’s FIN x/
if (RemoteFINcalled = 1 && (ack_value —1) >= FIN_seq_num )

{

/* All FINs are sent and ACKed so Now closing connection x*/
ctx—>connection_state = CLOSED;

ctx—>done = TRUE;

RemoteFINcalled = 0;

if (network_packet)

{

free (network_packet) ;

network_packet = NULL;

}

continue;

}

}

else

{

; /% ACK flag is not set. Such case can occur only when x/
/* ACK flag is not set deliberately by the peer x/
}

}

if (network_hdr—>th_flags & TH_FIN)

{

ctx—>ack_.num = myntohl(network_hdr—>th_seq);

/* Already sent the FIN and now got the FIN of peer x/

if (ctx—>connection_state = FIN_-WAIT_2)

{

/* Well, application must not be blocked at this point on myread call as x/
/* app queue was cleared before . But Still to remain safe. x/
stcp-fin_received (sd);

/* Send ACK of peer’s FIN x/

bzero (network_hdr , HDR_SIZE) ;

setSTCPheader (network_hdr, ctx—>sequence_.num, (ctx—>ack-num + 1)%MAXSEQNUM,
OFFSET, 0|THACK, ctx—>local_advertised_window );

stcp_network_send (sd, network_hdr, HDR_SIZE, NULL) ;

/* NOW close the connection x/
ctx—>connection_state = CLOSED;
ctx—>done = TRUE;

if (network_packet)

{

12
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free (network _packet ) ;
network_packet = NULL;

}

continue ;

}

/* Receive FIN from peer x/

if (ctx—>connection_state =— CSTATE ESTABLISHED)

{

/* Suspending all transmission to and fro from application x/

/* As packets are assumed to be arrived in order so no more data packets will
arrive x/

stcp-fin_received (sd);

RemoteFINcalled = 1;

}
}

dataOffset = (network_hdr—>th_off);
network_segment_size = network_packet_size — (dataOffsetx4);

/* There must be some payload in network packet x*/

/* If connection state is not established then no need to send data to application
*/

if (network_segment_size > 0 && ctx—>connection_state = CSTATE_ESTABLISHED)

if (ctx—>local_advertised_window < network_segment_size)
ctx—>local_advertised_window = 0;

else

ctx—>local_advertised_-window —= network_segment_size;

assert (network_segment_size <= MSS);

char xnetwork_segment = (charx)calloc(l, network_segment_size);
bcopy (network_packet + (dataOffset«4), network_segment, network_segment_size);

send_segment_to_app (sd, ctx, network_segment, network_segment_size, network_hdr);

ctx—>local_advertised _window += network_segment_size;
if (ctx—>local_advertised_window > WIN_SIZE)
ctx—>local_advertised_window = WIN_SIZE;

/* Send Ack x/

bzero (network_hdr , HDR_SIZE) ;

setSTCPheader (network_hdr, ctx—>sequence_.num , (ctx—>ack num + 1)7ZMAXSEQNUM,
OFFSET, O0|THACK, ctx—>local_advertised_-window);

stecp_network_send (sd, network_hdr, HDR_SIZE, NULL) ;
/* ACK sent x*/

}

/* If remote sent FIN first and no payload is appended then sending ACK of FIN x/
else if (RemoteFINcalled = 1 && ctx—>connection_state = CSTATE_ESTABLISHED)

{

ctx—>last_byte_read = ctx—>ack_num;

13
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bzero (network_hdr, HDR_SIZE) ;
setSTCPheader (network_hdr, ctx—>sequence_num , (ctx—>ack.num + 1)7ZMAXSEQNUM,
OFFSET, O0|THACK, ctx—>local_advertised_window);

stecp_network_send (sd, network_hdr, HDR_SIZE, NULL) ;

}

bzero (network_hdr , HDR_SIZE) ;

}

/* Detected a EOF of socket or peer may have presses Ctrl4+C x/
else if(network_packet_size = 0)

{

step_fin_received (sd);

ctx—>connection_state = CLOSED;
ctx—>done = TRUE;

if (network_packet)

{

free (network_packet) ;
network_packet = NULL;

}

continue ;

}

if (network_packet)

{

free (network _packet ) ;
network_packet = NULL;

}
!

}
/% APP_CLOSE REQUESTED x/

if ((event & APP.CLOSEREQUESTED || LocalFINcalled = 1 || RemoteFINcalled = 1) &&
(ctx—>connection_state = CSTATE_ESTABLISHED) )

LocalFINcalled = 1;

/* Some data left in APP queue or network queue.sx/

if (event & (APPDATA|NETWORKDATA) && ctx—>connection_state =— CSTATE ESTABLISHED
&& RemoteFINcalled = 0)

{

gettimeofday (&tv, NULL) ;

abs_time = (struct timespecx)(&tv);

abs_time—>tv_sec += 1; /* Wait for a sec x/

/* No APP Data in the app_queue remains. NOW send the FIN to peer x/
else

{
/* Send FIN x/

setSTCPheader (app_hdr , ctx—>sequence_num , (ctx—>ack.num + 1)%MAXSEQNUM, OFFSET,
0|THACK|TH.FIN, ctx—>local_advertised_-window);

stecp_network_send (sd, app_hdr, HDR_SIZE, NULL);

14



616 bzero (app_hdr, HDR.SIZE) ;

617

618 FIN_seq.num = ctx—>sequence_num;
619 ctx—>sequence_num--+;

620 ctx—>connection_state = FIN.-WAIT_1;
621

622 LocalFINcalled = 0;

623 abs_time = NULL;

624 }

625 }

626 /* etc. */

627 }

620 /x Clean Up =/

630 if (app-hdr)

631 free (app_hdr);

632 if (network_hdr)

633 free(network_hdr);
634

635 app-hdr = NULL;

636 network_hdr = NULL;
637 }
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641 /* our_dprintf

642 *

643 x Send a formatted message to stdout.

644 %

645 x format A printf—style format string.

646 *

647 x This function is equivalent to a printf, but may be

648 x changed to log errors to a file if desired.

649 %

650 x Calls to this function are generated by the dprintf amd
651 * dperror macros in transport.h

652 */

653 void our_dprintf(const char xformat ,...)

654 {

655 va_list argptr;

656 char buffer [1024];

ess  assert (format) ;

659 va_start (argptr , format);

660 vsnprintf (buffer , sizeof(buffer), format, argptr);

661 va_end (argptr);

662  fputs(buffer, stdout);

663 fflush (stdout ) ;

664 }

665

666

667 void send_segment_to_app (mysocket_t sd, context_t *xctx, char ssegment, size_t
segment_size , STCPHeader xhdr)

668 {
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6co  assert (segment) ;
670 assert (ctx);
671 assert (hdr);

673 tcp-_seq seq-num = myntohl(hdr—>th_seq);
672+  tcp_seq expected_seq.num = (ctx—>ack num +1)%MAXSEQNUM;

676 /* sequence number is the same as we expected x*/

677 if (seq_num = expected_seq_num )

678 {

679 ctx—>ack_.num = (seq.num + segment_size —1)7MAXSEQNUM;

6so  stcp_app_send (sd, segment, segment_size);

681 ctx—>last_byte_read = ctx—>ack_num;

682 }

6s3 [+ Sequence number less than expected x*/

684 else if(seq.num < expected_seq_num)

685 {

6sc  /* Case I: If there is some new data x/

os7 if ((seq-num + segment_size —1) >= expected_seq_num)

688 {

6s0  ctx—>ack_num = (seq_num + segment_size —1)7MAXSEQNUM;

600 stcp_app_send (sd, segment + (expected_seq.num — seq.num), seq.num -+ segment_size —
expected_seq_num) ;

691 ctx—>last_byte_read = ctx—>ack_num;

692 }

603 [+ Case IT: No new data x/

694 else

695

696 ; /% Duplicate Data x/

697 }

698 }

600 [+ Wrap Around x/

700 else if(seq.num > expected_seq_.num && (seq.num + segment_size —1)%MAXSEQNUM >=
expected_seq-num )

701 {

702 ctx—>ack_num = (seq_num + segment_size —1)7MAXSEQNUM;

703 stecp_app_send (sd, segment + (MAXSEQNUM — seq_.num + expected_seq_num),
segment_size — (MAXSEQNUM — seq.num + expected_seq_num));

704 ctx—>last_byte_read = ctx—>ack_num;

705 }

706 else

707 {

708 /* Such case where sequence number > expected_seq_.num can never occur since
packets are assumed to be in order x/

709 printf(”Must not be printed as packets are assumed to be in order \n”);

710 }
711 }

714 void printContext(context_t *ctx)

715 {
- 3 . I//II/I//I//I//I//I//I/II//I/II//I/II//I/II/ﬂ RN IN NI Ieei
716 prlntf( T i i it i it OIlte){t/l(lIlIlIl/I/I/II/I/I//I/II/I/I//I/I/II/I//I/I/I\Il )

717 printf (7 ctx—>sequence_num = %u\n”, ctx—>sequence_num);
718 printf(”ctx—>last _byte_acked = %u\n” ,ctx—>last_byte_acked);
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printf (”ctx—acknum = %u\n”, ctx—>ack_num);
printf(”ctx—>last_byte_-read = %u\n”, ctx—>last_byte_read);
printf(”ctx—>remote_advertised-window = %u\n”, ctx—>remote_advertised_window);
(
(

printf (”ctx—>local_advertised_window = %u\n”, ctx—>local_ advertised Window);

rintf Ly ) ) g gy g ) g ) ) g g ) g ) ) ) ) ) g g g ) ) ) g ) ) ) ) ) )
p I/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II/I//II////II///\\]‘,l

void printSTCPheader (STCPHeader #hdr)
{

”

printf(” HEADER n”);
printf(”Sequence Number: %u\n”, myntohl(hdr—>th_seq));
printf (”Ack Number: %u\n”, myntohl(hdr—>th_ack));
printf (7 Offset: %u\n”, hdr—>th_off);
printf(”Flags: %u\n”, hdr—>th_flags);
printf (?”Window: %u\n”, myntohs(hdr—>th_win));
(

printf

return ;

}

void getSTCPheader (STCPHeader xhdr, char xbuf)
{

assert (hdr);
beopy (buf, hdr, HDRSIZE);

return ;

}

void setSTCPheader (STCPHeader xhdr, tcp_seq seq, tcp_seq ack, uint32_t data_offset

, uint8_t flag, uintl6_t win)
{
hdr—>th_seq = myhtonl(seq);
hdr—>th_ack = myhtonl(ack);
hdr—>th _off = data_offset;
hdr—>th_flags = flag;
hdr—>th_win = myhtons(win) ;
return ;

}

uintl6_t getLocalWindowSize (context_t xctx)

{

assert (ctx);

if (ctx—>ack-num < ctx—>last_byte_read) /* Wrap around x*/

return (uintl6_t) (ctx—>local_advertised_window — (MAXSEQNUM — (ctx—>
last_byte_read — ctx—>ack.num)));

else

return (uintl6_-t) (ctx—>local_advertised_window — (ctx—>ack.num — ctx—>
last_byte_read));

}
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uintl16_t getRemoteWindowSize (context_t xctx)

{

assert (ctx);

if (ctx—>sequence.num < ctx—>last_byte_acked) /* Wrap around x*/

return (uintl6_t) (ctx—>remote_advertised_ window — (MAXSEQNUM — (ctx—>
last_byte_acked — ctx—>sequence_num)));

else

return (uintl6_t) (ctx—>remote_advertised_window — (ctx—>sequence_num — ctx—>

last_byte_acked));
}

Listing 1: Transport Layer
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