










































































































































































































































































































































































6.4.4. Sending Datagrams

To send a datagram, you must know the socket handle for the program you want to
communicate with. If you are responding to a datagram you just received, use the socket handle
returned by IPC_$RCV. However, if you are initiating the communication, you can obtain the
handle if you know the pathname for the socket handle file. Use IPC_$RESOLVE to obtain a
handle from a handle file. For example:

VAR
status . status_$t; { status code }
prog2_socket_handle : ipc_$socket_handle_t; { handle for your socket }
BEGIN

ipc_$resolve( ’'prog2 socket file’, { file with prog2’'s handle }

17, { length of filename }
prog2_socket_handle, { prog2’s handle }
status ):

IPC_$RESOLVE returns a handle only if the socket is currently open. If you call
IPC_$RESOLVE and the file you specify does not contain a handle for an open socket,
IPC_. $RESOLVE returns the error IPC_ $SOCKET _ NOT _ OPEN.

To send a datagram, use IPC_$SEND or IPC_$SAR. IPC_ $SEND sends a datagram, while
TPC _$SAR sends a datagram, waits a specified amount of time for a response, and gets the
response if one arrives. This section describes IPC__$SEND; for information on IPC__$SAR, see
the DOMAIN System Call Reference.

IPC__$SEND has the following format:

IPC_$SEND ( to-handle, reply-handle, hdr-buf, hdr-length, data-buf,
data-length, status )

The following are input parameters:
e to-handle -- The handle for the socket where you are sending the datagram.

e reply-handle -- The handle for the socket where you want to get a reply. The
program that gets your datagram uses this socket to send a reply.

e hdr=-buf -- The buffer that contains the header for the datagram you are sending.
e hdr-length -- The length of the header.

e data=buf -- The buffer that contains the data portion of the datagram you are
sending.

e data-length -- The length of the data.

IPC_$SEND returns a status code to indicate whether the call completed successfully. Note that
even if IPC__$SEND completes successfully, there is no guarantee that the datagram has reached
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the target socket, or that the target program has received the datagram. For example,
IPC _$SEND will complete successfully even if the target socket is closed. Therefore, programs
that use IPC calls must acknowledge the receipt of datagrams, and must synchronize their
activities. Sections 6.5 and 6.6 describe some techniques to provide this synchronization.

Figure 6-5 uses IPC_$SEND to send a datagram. The datagram contains two fields of
information: a message number and some text. The datagram is only 128 bytes long, and is
stored entirely in the header. Therefore, the IPC_$SEND call uses a small buffer as a
placeholder, and specifies the data length as 0.

CONST
socket_file = ’'progi_handle_file’; { file for own socket handle }
TYPE { user-defined format for datagram }
datagram t = { that fits into 128-byte header }
RECORD
msg_number @ integer: { 2 bytes for sequence no. b4
msg_text : ARRAY [ 1..126 ] OF char; { 126 bytes for data h
END;
VAR
status 1 status_$t;
local_socket_handle : ipc_$socket_handle_t; <{ handle for your socket }
prog2_socket_handle . ipc_$socket_handle_t; { handle for prog2’'s socket }
send_buf : datagram_t; { buffer with datagram to send }
send_len . integer; { length of datagram you are sending }
data_buf . integer; { buffer for data portion of datagram }
BEGIN

{ Create file for socket handle and open socket
Then get handle for socket you want to send to.}

ipc_$send( prog2_socket_handle, { where to send datagram }
local_socket_handle, { your handle }
send_buf, { header portion }
send_len, { length of header }
data_buf, { data portion }
0. { length of the data ¥
status );

Figure 6-5. Sending a Datagram

6.4.5. Closing Sockets and Deleting Handle Files

When a program is through with a socket, the program should close it. To close a socket, use
IPC_$CLOSE. This call removes the socket handle from the handle file and unlocks the handle
file. You should close sockets when you no longer need them, as the number of sockets on your
node is limited. When you close a socket, you make it available for other programs that need to
use it.
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A program should always close any open sockets before exiting. However, if a program fails to do
so, the IPC manager will automatically close sockets and unlock handle files when a program
exits.

In addition to closing a socket, you can also delete the handle file. To delete a handle file, use
IPC_$DELETE. A program does not have to delete its handle file before exiting. For example,
if you execute a program frequently, you may save the handle file rather than creating and
deleting it each time you run the program.

Both IPC_$CLOSE and IPC__$DELETE accept the name and length of the pathname for the
handle file. In addition, both calls return a status code. Figure 6-6 illustrates IPC__$CLOSE
and IPC__ $DELETE:

{ Declarations for program }

{ Use IPC for interprocess communication. }

{ Close socket and delete handle file when you are through. }

ipc_$close( ‘'progi_handle _file’, { file containing handle }
17, { length of filename }
status ).

IF status.all <> status_$ok THEN

error_$print_name (status, ’Error closing socket.’, 21);
ipc_$delete( ’progil_handle_file’, { file containing handle }
17, { length of filename }
status ) ;

IF status.all <> status_$ok THEN
error_$print_name (status, 'Error deleting handle file.’, 27);

Figure 6-8. Closing a Socket and Deleting a Handle File

6.5. Writing a Server

The main function of an IPC server is to service client requests. Therefore, an IPC server waits
for incoming datagrams, gets them, and processes them. However, because a datagram
connection is unreliable, an IPC server needs to acknowledge the receipt of each datagram. In
addition, the IPC server needs to remain synchronized with the client. For example, if the client
retransmits a datagram (because the server’s acknowledgment got lost), the server must recognize
that the second datagram is a duplicate.
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One way to provide synchronization is to have the client include a sequence number with every
datagram. In this way, a server can check to see that a datagram contains the expected sequence
number. If the client increments the sequence number for each new datagram, the server can
then know which datagram to expect. For example, after processing datagram number 5, the
server expects number 6. If the server receives the same sequence number twice, the server can
identify a duplicate.

The sequence number is also useful when the server sends acknowledgments to the client. For
example, the server can include the sequence number in an acknowledgment to identify which
datagram is being acknowledged.

The following algorithm describes one way a server can receive datagrams, acknowledge them,
and remain synchronized with the client:

1. Use IPC_$WAIT to wait for datagrams. When a datagram arrives, use IPC_$RCV
to get it.

2. Examine the datagram and determine whether you should process it. First, check the
length. If the length is not within the limits you are expecting, ignore the datagram
and wait for another.

3. If the length is acceptable, check the sequence number. If the sequence number is not
what you’re expecting, ignore the datagram and wait for another.

4. If the datagram contains the correct sequence number, process the datagram and
increment your sequence count. Then use IPC__$SEND to send an acknowledgment
to the client. Include the sequence number for the datagram you are acknowledging.

5. If you receive a datagram that contains a sequence number that is one less than what
you’re expecting, don’t process it. (You processed it when you got it the first time.)
However, send an acknowledgment because your original acknowledgment may have
gotten lost.

6. Keep waiting for and processing datagrams until the data transmission is complete.

Figure 6-7 shows a server that waits for and processes IPC datagrams, following the algorithm
described above. Note that the server expects datagrams that contain the 128-byte header, but
do not contain a data section. Within the header, the first two bytes contain the sequence
number. The following 126 bytes contain a message sent by the client.

First, the server creates a file for its socket handle and opens a socket. Then the server waits for
datagrams. When it gets a datagram, the server determines whether the datagram is valid. The
server first checks to see if the datagram’s length is between 1 and 128. Next, the server checks
that the sequence number matches the one that the server is expecting. If the sequence number is
correct, the server displays the client’s message on the screen and then sends an acknowledgment.

If the sequence number is one less than what the server is expecting, the datagram contains a
second copy of a previously received datagram. The server does not display the message a second
time. However, the server sends another acknowledgment to the client. The server continues
waiting for datagrams, displaying them, and sending acknowledgments until the message "q"
arrives.
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" PROGRAM ipc server;

{ This program accepts datagrams from a client and displays
the message portion of the datagram. The program also
illustrates techniques for acknowledging datagrams and
remaining synchronized with the client. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE °’/sys/ins/pgm.ins.pas’;
%INCLUDE '/sys/ins/error.ins.pas’;
%INCLUDE ’/sys/ins/ipc.ins.pas’;

CONST
socket_file = ‘server_handle_file’; { file for socket handle }
wait_sec = 300; { number of seconds to wait }
TYPE { user-defined format for datagram }
datagram t = { that fits into 128-byte header }
RECORD
msg_number : integer; { 2 bytes for sequence no. }
msg_text : ARRAY [ 1..126 ] OF char; { 126 bytes for data }
END:
VAR
status . status_$t; { status code 3}
local_socket_handle : ipc_$socket_handle_t;{ handle for your socket }
rcv_socket_handle : ipc_$socket_handle_t;{ handle for received datagram }
expected_msg_number : integer; { datagram you expect >
receive_buf © datagram t; { buffer to receive datagram }
receive_len . integer; { length of received datagram }
text_len . integer; { length of message text >
ack_buf : integer; { acknowledgment }
data_buf . integer; { buffer for data portion }
data_len : integer; { length of data portion }
PROCEDURE program cleanup. { Cleanup procedure }
BEGIN
ipc_$close( socket_file, { file containing handle }
sizeof ( socket file ), { length of filename }
status ) ;
IF status.all <> status_$ok THEN
error_$print_name (status, ’Error closing socket.’, 21);
ipc_$delete( socket_file, { file containing handle }
sizeof ( socket_file ), { length of filename }
status );

-IF status.all <> status_$ok THEN
error_$print_name (status, °Error deleting handle file.’, 27);
END;

Figure 6-7. An IPC Server
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| PROCEDURE program_exit; { Program exit procedure }

BEGIN

program_cleanup;
pgm_$exit;

END;

BEGIN { ipc_server }

{ Create file to contain a socket handle. }

ipc_$create ( socket_file, { file for handle }
sizeof ( socket_file ), <{ length of filename }
status )

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error creating handle file.’, 27);
pgm_$exit;
END;

{ Open a socket so you can receive datagrams. }

ipc_$open( socket_file, { file for handle }
sizeof ( socket_file ), <{ length of filename }
4, { socket depth }
local_socket_handle, = { handle for your socket }
status ) ;

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error opening socket.’, 21);
program_exit;
END;

writeln ( ’Socket opened successfully.’);
{ Initialize datagram sequence number. }

expected_msg number := 1;

Figure 8-7. An IPC Server (continued)
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{ Enter loop to wait for and acknowledge incoming datagrams.
Acknovwledge a datagram if it is valid and it contains a
sequence number that you are expecting. }

REPEAT { begin receive loop }
{ Wait up to 5 minutes for a datagram. }
REPEAT { bvegin wait loop }
ipc_$wait( local_socket_handle, { your socket handle }
wait_sec * 4, { wait 5 minutes }
status );

{ If a datagram arrived, exit from the wait loop and get the datagram. }

IF status.all = status_$ok THEN
EXIT;

{ It the call timed out, wait again. }

IF status.all = ipc_$timeout THEN
NEXT;

{ If another error occurred, print error and repeat wait loop. }
error_$print( status );

UNTIL false; { end wait loop }

{ Get the datagram. }

ipc_$rev( local_socket_handle, { your socket handle }
sizeof ( ipc_$hdr_info t )., { maximum size of header }
0, { maximum size of data }
rcv_socket_handle, { where the datagram came from }
receive_buf, { buffer for header }
receive_len, { length of header }
data_buf, { buffer for data +
data_len, { length of data T
status );

{ If there’s an error, print an error message and return to the top
of the receive loop to wait for a new datagram. }

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error getting the datagram.’, 27);
NEXT;
END;

{ If you successfully got a datagram, make sure that it’'s valid before
you use its contents. First, check that the size is valid. If the
size is not valid, print an error message and return to the top
of the receive loop to wait for a new datagram. }

Figure 6=-7. An IPC Server (continued)
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IF receive_len > sizeof( datagram t ) OR ELSE
receive_len < sizeof( datagram_ t.msg_number )
THEN
BEGIN
error_$print_name (status, ’'Bad datagram length.’, 20);
NEXT; i
END;

{ Check the sequence number to make sure you remain synchronized
with the sender. 1If the sequence number is bad, return to the
top of the receive loop to wait for a new datagram. Discard any
datagram whose sequence number is larger than you expect. Also,
discard any datagram whose sequence number is two less than the
number you expect because this is an old datagram that you have
already processed. }

IF receive_buf.msg_number > expected_msg number OR ELSE
receive_buf .msg_number < (expected_msg_number — 1)
THEN
BEGIN
error_$print_name (status, °'Received out of sequence.’, 26);
NEXT;
END;

{ If you got the datagram you expected, process it by
displaying it on the screen. Then increment the sequence number.
If you got a datagram whose sequence number is one less than
what you expected, assume that the sender never got your
acknowledgment. Don't process the datagram, but send another
acknowledgment. }

IF receive_buf.msg_number = expected msg_ number THEN

BEGIN
text_len := receive_len - sizeof( datagram_t.msg_number );
writeln ( 'Received message: °, receive_buf.msg_text : text_len );
expected_msg_number .= expected msg number + 1;

END;

{ Send an acknowledgment for the datagram you just processed,
‘or for a datagram whose acknowledgment was lost.
Send the sequence number for the datagram you are acknowledging. }

ack_buf := receive_buf .msg number;

ipc_$send( rcv_socket_handle, { where to send acknowledgment }
local_socket_handle, { your handle by
ack_buf, { the number you’re sending }
sizeof ( ack_buf ), { length of the number ¥
data_buf, { data portion }
o, { length of data portion }
status );

IF status.all <> status_$ok THEN

error_$print_name (status, 'Error sending acknowledgment.’, 29);

Figure 8-7. An IPC Server (continued)
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{ When you receive a °'q’ then quit running. }
IF ( text_len = 1 ) AND
( receive_buf .msg_text[1] = °q’ ) THEN
program_exit;

UNTIL false; { end receive loop }

END.

Figure 6-7. An IPC Server (continued)

6.6. Writing a Client

The main function of an IPC client is to send requests to a server. Therefore, the client must:

¢ Obtain the information to send.
e Send a datagram containing this information.
e Wait for the server’s acknowledgment.

o If the acknowledgment does not arrive within a specified amount of time, resend the
datagram.

In addition, the client must perform special checks to remain synchronized with the server. For
example, if an acknowlegment is late and you resend a datagram, you might eventually receive
two acknowledgments -- one for each datagram that you sent. Your program should be able to
identify duplicate acknowledgments.

Another condition you need to watch for is if the server (or the network) becomes unavailable. In
such a case, you will receive no acknowledgments and should probably report an error condition.

As described in Section 6.5, you can use sequence numbers to provide synchronization. Include a
sequence number with every datagram that you send; check the sequence number from every
acknowledgment that you receive. '

The following algorithm describes one way a client can send datagrams and wait for
acknowledgments:

1. Use IPC_$RESOLVE to obtain the handle for the server you want to communicate
with. Note that you must get the handle after the server has opened its socket.
Therefore, always start the client after you start the server.

2. Obtain the information you want to include in the datagram.

3. Use IPC_$SEND to send the datagram. Include the sequence number within the
datagram.

4. Wait for an acknowledgment using IPC_$WAIT. If a reply arrives, use IPC$_RCV
to get it. Then verify that the acknowledgment is for the datagram you just sent. If
it is, increment the sequence number and send the next datagram. If the
acknowledgment is bad (e.g., it contains the wrong sequence number or if it came
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from the wrong socket) wait for another datagram. Wait for, and receive, up to three
datagrams. If you still don’t get a valid acknowledgment, resend the datagram.

5. If you are waiting for an acknowledgment and it does not arrive within the allotted
time, resend the the original datagram. Try up to five times to send the datagram
and get the correct acknowledgment. If you don’t get an acknowledgment after five
tries, then display an error message and exit.

6. Continue sending datagrams and waiting for acknowledgments until the data transfer
is complete.

Figure 6-8 shows a client that sends IPC datagrams using the algorithm described above. Note
that the client sends datagrams containing the 128-byte header, but they do not contain a data
section. Within the header, the first two bytes contain the sequence number. The following 126
bytes contain a message.

First, the client creates a socket handle file and opens a socket. Next, the client uses
IPC_$RESOLVE to obtain the server’s socket handle. Then the client prompts the user to enter
a message.

The client places a sequence number in front of the message and then uses IPC__$SEND to send
the datagram to the server. The IPC__$SEND call includes the client’s socket handle; the server
will use this handle to send an acknowledgment.

Then the client waits for an acknowledgment. If the acknowledgment arrives within the specified
amount of time, the client verifies that it is valid. To be valid, the acknowledgment must be two
bytes long and must contain the current sequence number.

If the correct acknowledgment arrives, the client prompts for a new message to send. However, if
the correct acknowledgment does not arrive, the client resends the current message. The client
continues prompting for and sending messages until the user enters "q" (or until the client is
unable to communicate with the server.)

PROGRAM ipc client;

{ This program prompts for input and sends it to an IPC server,
using a datagram. The program waits for an acknowledgment
before prompting for new input. }

%INCLUDE °’/sys/ins/base.ins.pas’;
%INCLUDE ’/sys/ins/error.ins.pas’;
%INCLUDE '/sys/ins/pgm.ins.pas’;
%INCLUDE °*/sys/ins/ipc.ins.pas’;

CONST
socket_file = ’client_handle_file’; { file for own socket handle }
server_socket_file = ’server_handle file’; { file with server's handle 3
wait_sec = 10; { no. seconds to wait }

Figure 6-8. An IPC Client
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TYPE { user-defined format for datagram }
datagram_t = { that fits into the 128-byte header }
RECORD
msg_number . integer; { 2 bytes for sequence no. }
msg_text : ARRAY [ 1..126 ] OF char; { 126 bytes for data }
END;
VAR
status . status_$t;
local_socket_handle : ipc_$socket_handle_t;{ handle for your socket }
server_socket_handle : ipc_$socket_handle_t.{ handle for server’s socket }
rcv_socket_handle . ipc_$socket_handle_t;{ handle for received datagram }
current_msg_number . integer:; { datagram you are sending >
send_buf . datagram t; { buffer with datagram to send }
send_len . integer; { length of datagram you are sending 3}
text_len : integer; { length of message text }
receive_buf . datagram_t; { buffer in which to receive datagram }
receive_len . integer; { length of received datagram >
data_buf . integer; { buffer for data portion of datagram }
data_len . integer; { length of data portion of datagram }
count . integer;
send_count . integer:
walt_count . integer;
LABEL

message received;

PROCEDURE program cleanup; { Clean-up procedure }
BEGIN
ipc_$close( socket file, { file containing handle }
sizeof( socket_file ), { length of filename }
status )

IF status.all <> status_$ok THEN
error_$print_name (status, ’Error closing socket.’, 21);

ipc_$delete( socket_file, { file containing handle }
sizeof ( socket_file ), { length of filename ¥
status );
IF status.all <> status_$ok THEN
error_$print_name (status, 'Error deleting handle file.’, 27);
END;
PROCEDURE program_exit; { Program exit procedure }
BEGIN
program_cleanup;
pgn_$exit;
END;

Figure 6-8. An IPC Client (continued)
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. ipc_$create ( socket_file, { file for handle }

BEGIN { ipc_client }

{ Create file to contain a socket handle. }

sizeof ( socket_file ), { length of filename }
status )

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error creating handle file.’, 27);
pgm_$exit;
END;

{ Open a socket so you can receive datagrams. }

ipc_$open( socket_file, { file for handle }
sizeof ( socket_file ), { length of filename }
4, { socket depth }
local_socket_handle, { handle for your socket }
status )

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, °Error opening socket.®, 21);
program exit;
END;

{ Get the server’s socket handle. }

ipc_$resolve( server_socket file, { file with server’s handle }
sizeof( server_socket_file ), { length of filename }
server_socket_handle, { server’s handle }
status );

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error resolving socket name.’, 28);
program_exit;
END;

{ Initialize datagram sequence number. }
current_msg number := 1;

{ Enter loop to prompt for messages, send datagrams, and
wait for acknowledgments. }

Figure 6-8. An IPC Client (continued)
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REPEAT { begin get message loop }
{ Prompt for message. }

writeln ( ’Enter a message ( q to quit) : *);
readln ( send_buf.msg_text );

{ Determine the message length. }

text_len := sizeof ( send_buf.msg_text );
WHILE ( send_buf.msg_text[text_len] = * * ) AND
( text_len > 0 ) DO
text_len := text_len - 1;

{ Define the sequence number and length for the datagram. }

send_buf .msg_number := current_msg number;
send_len := text_len + sizeof( datagram t.msg_number ) ;

{ Send the datagram and wait for an acknowledgment. If you don’t
receive the acknowledgment within 10 seconds, then resend the
datagram. Try to send up to 5 times. }

FOR send_count := 1 TO 5 DO { begin send loop ¥
" BEGIN
ipc_$send( server_socket_handle, { where to send datagram }
local_socket_handle, { your handle }
send_buf, { header you’re sending 3}
send_len, { length of the header }
data_buf, { data portion }
0, { length of the data }
status ) ;
{ If there’s an error, try sending again. }
IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error sending datagram.’, 23);
NEXT;
END;

{ If the send completed successfully, wait for an acknowledgment.
Repeat the wait loop up to 3 times, then resend the datagram. }

FOR wait_count := 1 TO 3 DO  { begin wait loop }

BEGIN

ipc $wait( local_socket_handle, { your handle }
wait_sec * 4, { wait 10 seconds }
status );

If you get a bad acknowledgment, ignore it and wait for another one.

Figure 8-8. An IPC Client (continued)
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IF status.all <> status_$ok THEN
BEGIN

{ If the wait timed out, exit from the wait loop and resend the
datagram. If there was another type of error, display an
error message and repeat the wait loop. }

IF status.all = ipc_$timeout THEN
EXIT.

error_! print_name (status, 'Error waiting for datagram.’, 27):
NEXT;
END;

{ If the wait completed successfully, get the datagram and
verify that it contains a valid acknowledgment. }

ipc_$rcv( local_socket_handle, { your socket >
sizeof ( ipc $hdr_info_t ), { maximum size of header }
o, { maximum size of data }
rcv_socket_handle, { vhere datagram came from }
receive_buf, { buffer for header }
receive_len, { length of header }
data_buf, { buffer for data 23
data_len, { length of data }
status ).
{ If there’s a receive error, repeat the wait loop. }
IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ‘Error receiving datagram.’, 25);
NEXT;
END;
{ If you got a datagram, make sure it came from the server.
Otherwise, display an error message and repeat the wait loop. }
IF server_socket_handle <> rcv_socket_handle THEN
BEGIN
error_$print_name (status,
'Received message from unexpected socket.’, 40);
NEXT;
END;

{ If the datagram came from the right socket, make sure it’'s
the right length. If it is, then check that the sequence number
is correct.If either condition is FALSE, then display an error
message and repeat the wait loop. }

Figure 6-8. An IPC Client (continued)
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IF receive_len <> sizeof( datagram_t.msg_number ) OR ELSE
receive_buf.msg_number <> current_msg_number

THEN
BEGIN

error_$print_name (status, °Received bad acknowledgment.’, 28);
NEXT;
END:

{ If you got a good acknowledgment. exit from the wait loop
and the send loop. }

GOTO message_received;
END; { end of wait loop }
END; { end of send message loop }
{ If you failed after 5 send attempts, display an error message and exit. }
writeln (’'Unable to communicate with foreign socket.'’):;:
program_exit;
message_recelved:
{ If the message started with a °q’, exit from the program.
Otherwise, increment the sequence number and repeat the get

message loop. }

IF ( text_len = 1 ) AND ( send buf.msg_text[1] = ’q’) THEN
program_exit;

current_msg_number := current_msg_number + i;
UNTIL false; { end get message loop }
END.

Figure 6-8. An IPC Client (continued)
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Appendix A
Sample Pascal Programs

Appendix A contains complete versions of the Pascal examples that are used throughout this
manual. The MS programs are described in Chapter 2; the EC2 programs are described in
Chapter 3; the MUTEX programs are described in Chapter 4; the MBX programs are described in
Chapter 5; the [PC programs are described in Chapter 6.

Table A-1 summarizes the programs that appear in this appendix.

Table A~1. Summary of Programs in Appendix A

Name

Function

MS_ MAP .PAS
MS_ ADVICE.PAS
MS_ ATTRIBUTES.PAS

MS_RELOCK.PAS

MS_REMAP.PAS

MS_ TRUNCATE.PAS

EC2__PRODUCER.PAS

EC2__ CONSUMER.PAS

MUTEX _INIT.PAS
MUTEX__ USER.PAS

MBX _ SERVER.PAS

MBX __ CLIENT.PAS

MBX__GET_EC.PAS

Maps, accesses, and unmaps a file (page A-3).
Provides file usage advice after you map a file (page A-5).
Obtains attributes of a mapped file (page A-7).

Waits for other programs to unmap a file and then relocks it (page
A-9).

Maps different sections of a file (page A-11).

Deletes the contents of a file, writing new information, and setting
the file length (page A-13).

Uses user-defined eventcounts to synchronize data transfer to another
program (page A-15).

Uses user-defined eventcounts to synchronize data transfer from
another program (page A-19).

Initializes a mutex lock (page A-22).
Uses a mutex lock (page A-24).

Uses a mailbox to wait for and service requests from other programs
(page A-27).

Uses a mailbox to send requests to another program and receive
replies (page A-31).

Waits to receive a mailbox message (page A-33).
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Table A-1. Summary of Programs in Appendix A (continued)

Name Function

MBX_PUT_EC.PAS Waits to put a message into a mailbox (page A-37).
IPC_SERVER.PAS Uses datagrams to obtain data from another program {page A-42).

IPC_ CLIENT.PAS Uses datagrams to send data to another program (page A-47).
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A.1. MS_MAP.PAS

PROGRAM ms_map;

{ This program tries to map a file. If the file does
not exist, the program creates and maps it. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/error.ins.pas’;
%INCLUDE */sys/ins/ms.ins.pas’;

%INCLUDE '/sys/ins/name.ins.pas’;

TYPE
sales_record_t = { user-defined record }
RECORD
item_code : integer;
units_sold : integer;
END;
CONST
pathname = ’data_file’; { file to map }
namelength = sizeof (pathname) ;
VAR
status . status_$t; { status }
mapped_seg_ptr @ “sales_record_t; { pointer to record }
len _mapped ! integer32; { length mapped >
BEGIN

{ Try to map existing file. }

mapped_seg_ptr := ms_$mapl (pathname,
namelength,
0.
sizeof (sales_record_t),

where to start }
desired length }

A

ms_$nr_xor_1w, concurrency }
ms_$wr, access }
true, extension }
len_mapped,

status);

IF(status.all <> status_$ok) AND (status.all <> name_$not_found) THEN

BEGIN
error_$print (status);
RETURN;

END;
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IF status.all = name_$not_found THEN

BEGIN { create and map }
mapped_seg_ptr := ms_$crmapl (pathname,
namelength,
0

sizeof (sales_record_t),

ms_$nr_xor_iw,
status) ;

IF status.all <> status_$ok THEN
BEGIN
error_$print (status);
RETURN;
END;
END; {create and map }

{ Write a record to the file. }

mapped_seg_ptr~.item code := 1;
mapped_seg_ptr~.units_sold := 10;

{ Unmap file and exit. }

ms_$unmap( mapped_seg_ptr,
sizeof (sales_record_t),
status );

IF status.all <> status_$ok THEN
BEGIN
error_$print (status);
RETURN;
END;

END.
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A.2. MS_ADVICE.PAS

Before you execute this program, use MS_ MAP to create the file DATA _FILE.

PROGRAM ms_advice;

{ This program maps the file DATA FILE and then provides file usage advice.
Before running this program, run MS_MAP to create the file DATA_FILE. }

%INCLUDE */sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/error.ins.pas’;
%INCLUDE *'/sys/ins/ms.ins.pas’;
%INCLUDE °/sys/ins/name.ins.pas’;

TYPE
sales_record_t = { user-defined record }
RECORD
item code . integer;
units_sold : integer;
END;
CONST

pathname = ‘data_file"’;

{ file to map }

namelength = sizeof (pathname);

VAR
status . status_$t%; { status }
mapped_seg_ptr : ~sales_record t; { pointer to record }
len_mapped . integer32; { length mapped }
BEGIN

{ Map existing file. }

mapped_seg ptr := ms_$mapl (pathname,

namelength,

0.

sizeof (sales_record_t) * 100,
ms_$nr_xor_iw,

ms_$vr,

true,

len_mapped,

status).

IF(status.all <> status_$ok) THEN

BEGIN
error_$print (status);
RETURN;

END:

where to start
map 100 records
concurrency
access
extension

P N e
e
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{ Provide advice to say you will access the file sequentially. }

ms_$advice ( mapped seg_ptr,
len_mapped,
ms_$sequential,

0.

sizeof ( sales_record_t ),

status );
{ Unmap file and exit. }

ms_$unmap( mapped_seg_ptr,
len_mapped,
status );

IF status.all <> status_$ok THEN
BEGIN
error_$print (status):
RETURN;
END;
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A.3. MS _ATTRIBUTES.PAS

Before you execute this program, use MS_MAP to create the file DATA _FILE in the directory
where you will execute MS_ ATTRIBUTES.

PROGRAM ms_attributes;

{ This program obtains the attributes of a mapped file.
Before running this program, run MS_MAP to create the file DATA FILE. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/error.ins.pas’;
%INCLUDE ’/sys/ins/ms.ins.pas’;
%INCLUDE ’/sys/ins/name.ins.pas’;

TYPE
sales_record_t = { user-defined record }
RECORD
item_code . integer:
units_sold . integer;
END:
CONST
pathname = ‘data_file’; { file to map }

namelength = sizeof (pathname) ;
attrib_max = sizeof (ms_$attrib_t). { attribute buffer length }

VAR
status . status_$t; { status }
mapped_seg_ptr : “sales_record t. { pointer to record }
len_mapped : integer32; { length mapped }
attrib_buf : ms_$attrib_t; { attribute buffer }
attrib_len . integer; { length of attribute record }
BEGIN

{ Map existing file. }

mapped_seg_ptr := ms_$mapl (pathname,

namelength,

0, { where to start }
sizeof (sales_record t), { desired length }
ms_$nr_xor_1iw, { concurrency }
ns_$r, { access ¥
true, { extension }
len_mapped,

status) ;

IF(status.all <> status_$ok) THEN

BEGIN
error_$print (status):
RETURN;

END;
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{ Determine current file length. }

MS_$ATTRIBUTES ( mapped seg ptr.{ start byte
attridb_buf, { attributes buffer
attrib_len, { length of returned attributes
attrib_max, { length of attributes buffer
status );

WRITELN ( ’The file is ’, attrib_buf.cur_len,' bytes long.');
WRITELN ( ’'The file uses ', attrib_buf.blocks_used, * blocks.’);

{ Unmap file and exit. }

ms_$unmap( mapped_seg_ptr,
len_mapped,
status );

IF status.all <> status_$ok THEN
BEGIN
error_$print (status);
RETURN;
END;

END.

Sample Pascal Programs A-8

}
b
}
}

()



O

O

A.4. MS_RELOCK.PAS

Before you execute this program, use MS_MAP create the file DATA _FILE in the directory
where you will execute MS__ RELOCK.

PROGRAM ms_relock:

{ This program maps a file with a protected read lock.
Then it tries to change the lock to an exclusive write lock.
If the MS_$RELOCK call is not successful, the program
waits five seconds and then tries again to relock
the file.

Before running this program, run MS_MAP to create the file DATA_FILE. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/ms.ins.pas’;

%INCLUDE ’/sys/ins/time.ins.pas’;
%INCLUDE ’/sys/ins/cal.ins.pas’;

LABEL
unmap;

TYPE
sales_record t =
RECORD
first . integer;
second . integer;
END;

CONST
pathname = °*data_file’;
namelength = sizeof( pathname );

VAR
status : status_$t;
mapped_seg_ptr : ~sales_record t.
len_mapped . integer32;
wait_time : time_$clock_t:
BEGIN

{ Map file with protected RIW lock. }

mapped_seg_ptr := ms_$mapl ( pathname,

namelength,

0, { where to start }
sizeof ( sales_record_t ). { desired length }
ms_$nr_xor_ 1w, { concurrency ¥
ms:$riG, B { access }
true,

len_mapped,

status ).

IF status.all <> status_$ok THEN
RETURN:
writeln( ’'File was mapped’ );
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{ Get system clock value for 5 seconds. }
cal_$sec_to_clock ( 5, wait_time );
REPEAT

{ Keep trying to relock file until the MS_$RELOCK
call is successful. After each try, wait &
seconds and then try again. }

ms_$relock( mapped_seg_ptr,
ms_$wr,
status );
IF status.all <> ms_$in_use THEN
EXIT.
time_$wait( time_$relative, wait_time, status ):
UNTIL false;

IF status.all <> status_$ok THEN
GOTO unmap.

{ Write new data into the file. }

mapped_seg_ptr~.first (= 1;
mapped_seg_ptr~.second := 3000;
{ Unmap the file. }
unmap:
ms_$unmap ( mapped seg_ptr, { pointer to file }
sizeof ( sales_record_t ). { size of file }

status ) ;
IF status.all <> status_$ok THEN
RETURN;
writeln( °File was unmapped’ );

END.
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A.5. MS_REMAP.PAS

Before you execute this program, create the file DATA_FILE in the directory where you will
execute MS__ REMAP.

PROGRAM ms_remap;

{ This program uses MS_$REMAP to map each segment of a
large data file. The file contains user-defined records.
Before running this program, run MS_MAP to create the file DATA_FILE. }

%INCLUDE '/sys/ins/base.ins.pas’;
%INCLUDE */sys/ins/ms.ins.pas’;
%INCLUDE °/sys/ins/error.ins.pas’;
%INCLUDE °’/sys/ins/pgm.ins.pas’;

TYPE
sales_record t = { A sales record is 4 bytes long }
RECORD
item code : integer:
units_sold : integer;
END;
data_page_t = ARRAY [0..255] OF sales_record t; { 256 records in a file }
mapped_seg_t = ARRAY [0..31] OF data_page_t; { 82 pages in a segment }
CONST
pathname = ‘'data file’;
namelength = sizeof( pathname );
VAR
mapped_seg_ptr :@: “mapped_seg t: { address returned by MS calls }
status . status_$t: { status code }
num_pages . integers2; { number of pages to map }
first_seg : integers2; { first segment to map }
last_seg : integers2; { last segment to map }
start_byte : integer3d2; { first byte }
len_mapped : integer32; { length mapped }
seg_num : integers2; { counter }

PROCEDURE check_status; <{ for error handling }

BEGIN

IF status.all <> status_$ok THEN
BEGIN
error_$print( status );
pgm_$exit;
END;

END;

BEGIN

WRITE('Enter file size in pages: ’);
READLN (num_pages) ;
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{ Determine the range of segments you need to map. }

first_seg := 0; { first segment }
last_seg := ( num _pages - 1 ) div 32; { last segment }

{ Initialize variable to indicate first byte to map. Map the first
segment, starting at byte O in the file. }

start_byte := O;

mapped seg_ptr := ms_$mapl( pathname, { file to map T
namelength, { length of file name }
start_byte, { start at first byte }
32 * 1024, { map 1 segment }
ms_$nr_xor_1w, { concurrency }
ms_$vr, { access }
true, { extend }
len_mapped, { bytes mapped - returned 1}
status) ;

check_status;

{ Print message about the current segment. Then remap the file
to get the next segment. Keep looping until you finish. }

FOR seg_num := first_seg to last_seg DO
BEGIN { map loop }

writeln(’Finished mapping segment °,seg num);
writeln(’Segment contains data starting at byte ', start_byte).
writeln(’The first record at this address has this item code: °');
writeln( mapped_seg_ptr~[0,0] .item_code);
{ Remap the file to get the next segment unless you are done. }
IF seg num < last_seg THEN

BEGIN { remap }

start_byte := ( seg_num + 1 ) * 32 % 1024;

mapped_seg ptr := ms_$remap( mapped_seg_ptr, { previous segment
start_byte, { new segment
32 * 1024, { map 1 segment
len_mapped, { length mapped
status) ;

check status;
END; { remap }

END; { map loop }

{ Unmap the file and exit. }
ms_$unmap (mapped _seg_ptr,
len_mapped,
status) ;
check_status;

END.
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A.6. MS _TRUNCATE.PAS

Before you execute this program, create the file DATA_FILE in the directory where you will
execute MS__ TRUNCATE.

PROGRAM ms_truncate;

{ This program maps the file DATA_FILE and uses MS_$TRUNCATE to delete
the contents of the file. After writing a new record to
the file, the program uses MS_$TRUNCATE to set the file
length to the number of used bytes.

Before running this program, run MS_MAP to create the file DATA FILE. }

%INCLUDE °’/sys/ins/base.ins.pas’;
%INCLUDE °’/sys/ins/error.ins.pas’;
%INCLUDE '/sys/ins/ms.ins.pas’;

%INCLUDE °’/sys/ins/name.ins.pas’;

TYPE
sales_record_t = { user-defined record }
RECORD
item code : integer;
units_sold ! integer;
END;
CONST
pathname = ‘data_file’; { file to map }
namelength = sizeof (pathname)
VAR
status . status_$t; { status >
mapped_seg_ptr :@: ~sales_record_t; { pointer to record }
len_mapped : integers2; { length mapped }
BEGIN

{ Map existing file.}

mapped_seg_ptr := ms:$mapl (pathname,

namelength,

0, { where to start }
sizeof (sales_record_t). { desired length }
ms_$nr_xor_1w, { concurrency }
ms_$vr, { access >
true, { extension bg
len_mapped,

status) ;

IF(status.all <> status_$ok)  THEN

BEGIN
error_$print (status);
RETURN;

END;
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{ Truncate the file to O to delete existing contents. }

ms_$truncate ( mapped_ seg_ptr, { where to start }
' 0, { no. bytes to keep }
status ); '

{ Write a new record to the file. }

mapped_seg ptr~.item_code := 1;
mapped_seg_ptr~.units_sold := 10;

{ Truncate the length to 4 - the number of used bytes. }

MS_$TRUNCATE ( mapped_seg_ptr. { where to start }
sizeof (sales_record_t), { no. bytes to keep }
status );

{ Unmap file and exit. }

ms_$unmap( mapped_seg_ptr,
len_mapped,
status )

IF status.all <> status_$ok THEN
BEGIN
error_$print (status);
RETURN;
END;

END.
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A.7. EC2_PRODUCER.PAS

After initializing user-defined eventcounts, this program invokes EC2__ CONSUMER.PAS (see

Section A.8).

Before you execute this program, create the file INPUT _FILE in the directory where you will
execute EC2__ PRODUCER. Also, be sure that EC2_ CONSUMER is in this directory.

PROGRAM ec2 producer;

{ This program uses user—defined eventcounts to synchronize data transfer

to another program, EC2_ CONSUMER.
directory where you will execute EC2 PRODUCER.

Be sure that EC2 CONSUMER is in the

Also, before you execute

this program, use the DM editor to create a file named INPUT_FILE. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE ’/sys/ins/streams.ins.pas’;
%INCLUDE ’/sys/ins/ms.ins.pas’;
%INCLUDE '/sys/ins/pgm.ins.pas’;
%INCLUDE °‘/sys/ins/error.ins.pas’;
%INCLUDE °/sys/ins/ec2.ins.pas’;

TYPE
shared_info_t =
RECORD
producer_ec
consumer_ec
done

record_present

useful_data
data_len
END;

VAR
status
length mapped
stream_id
seek_key
shared_info

res

consumer_wait_value

local_buf
data ptr
i

ec2 $eventcount_t;
ec2 $eventcount_t;
: boolean;
: boolean;

. string.

integers2;

status_$t;
integer32;
stream_$id_t;
stream_$sk_t;

. “shared_info_t;

:uid_$t;

integer32;

. string;

: “string;

integer;

A-15

{ fields in mapped record

{ producer eventcount

{ consumer eventcount

{ set to TRUE when you
reach end of input file

{ set to TRUE when you copy
record from input file

{ record from input file

{ length of useful_data

S S B S

{ status code

{ length of mapped data

{ stream ID

{ where stream data starts

{ address of first byte of
mapped storage

{ reserved parameter for
pgm_$invoke

{ trigger value when waiting
for consumer eventcount }

{ buffer where stream $get_ rec
may copy data }

{ buffer where stream_$get_rec
copies data }

{ value returned by ec2_$wait}

I o
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PROCEDURE check_status; { for error handling }

BEGIN

IF status.all <> status_$ok THEN
BEGIN :
error_$print( status );
pgm_$exit;
END;

END;

BEGIN

{ Open a stream to get records from. }

stream_$open( ’input_file’, { object to be opened }
10, { length of pathname }
stream_$read, { access type ¥
stream $no_conc_write, { concurrency type }
stream_id, { stream ID returned }
status );

check status;

{ Map 2 shared data file containing the eventcounts.
Use this file to hold a record of type SHARED INFO T. }

shared_info := ms_$mapl( ’'shared_file’, { object to be mapped }
11, { length of name }
o} { first byte to map }

sizeof ( shared_info_t ),

{ no. bytes to map }
ms_$cowriters, { locking mode }
ms_$wr, { access type }
true, { map length in 3rd

parameter, even if
object is shorter }
length_mapped, { bytes mapped - returned }
status );
check_status;

WITH shared_info™ DO
BEGIN

{ Initialize the eventcounts }

ec2_$init( producer_ec );
ec2 $init( consumer_ec );

{ Store the current value of the consumer eventcount
0 you can use it as a trigger value later. }

consumer_wait_value := ec2_$read( consumer_ec )
{ Set the condition field to FALSE. }

record present = false;
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{ Invoke the consumer program in

pgm_$invoke( ’ec2 consumer.bin’,

16.
0.
0.
0.
0,
(1.

res,

status )

check_status;

©

program to invoke
name length
no. args. to pass

A AAAANAAAS

reserved

REPEAT { loop over input file }

addresses of args.

no. of streams to pass
stream IDs to pass

invoke in a separate process

separate process. }

}
}
}
3
}
}
}

{ Get a record. If the input record is longer than your buffer,

the get call returns a negative value.

the record length to be the buffer length. }

stream $get_rec( stream_id,

IF data len < O
data_len :=

{ Set DONE to TRUE or FALSE, depending on result

of stream_$get_rec. Store DONE in shared memory. }

data_ptr,
data_len,
seek_key,
status );
THEN

To correct this, define

{ stream ID to get record from}
addr( local buf ), { where data may be read }
sizeof ( local_buf ), { buffer size }

{ where data is read - returned }
{ length of data }

sizeof ( local buf );

done := status.all <> status_$ok;

{ Copy record to shared buffer. }

useful data := data_ptr~:

{ Set condition field to TRUE and advance producer

eventcount. }

record_present

.= true;

ec2_$advance( producer_ec, status ):

check_status;

{ Wait for consumer to get the record. }

consumer walt_value = consumer_wait_value +1;

i := ec2_$wait( addr( consumer_ec ), { eventcount }
consumer_wait_value, { trigger value }
1. { no. eventcounts }
status );

check_status;
UNTIL done;

END;
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{ Clean up and terminate. }

ms_$unmap( shared_info, { first byte of mapped object }
length_mapped, { length of mapped object }
status );

stream_$close( stream_id, status );

END.
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A.8. EC2_CONSUMER.PAS

This program is invoked by the program EC2_ PRODUCER.PAS. (see Section A.7).

PROGRAM ec2_consumer;

{ This program uses user-defined eventcounts to read data sent by another
program, EC2 PRODUCER. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE °’/sys/ins/streams.ins.pas’;
%INCLUDE °’/sys/ins/ms.ins.pas’;
%INCLUDE °’/sys/ins/pgm.ins.pas’;
%INCLUDE °’/sys/ins/error.ins.pas’;
%INCLUDE °’/sys/ins/ec2.ins.pas’;

TYPE
shared_info_t = { fields in mapped storage record }
RECORD
producer_ec . ec2_$eventcount_t; { producer eventcount }
consumer_ec . ec2_$eventcount_t; { consumer eventcount }
done . boolean; { set to true when you
reach end of input file }
record_present : boolean; { set to true when you copy
record from input file }
useful data . string; { record from input file }
data_len . integer32; { length of useful_data }
END;
VAR
status . status_$t; { status code }
length mapped : integer32; { length of mapped data }
stream id . stream $id_t; { stream ID }
seek_key . stream_$sk_t; { vhere stream data starts }
shared_info : ~shared_info_t; { address of first byte
of mapped storage b
producer_wait_value : integer32; { trigger value when waiting
for consumer eventcount }
i . integer; { value returned by ec2_$wait }

PROCEDURE check status;

BEGIN

IF status.all <> status_$ok THEN
BEGIN
error_$print( status )
pgm_$exit;
END;

END;
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BEGIN

{ Open a stream to "consume" records into. }

stream $create( ‘output_file’,

11,

stream_$overwrite,
stream_$no_conc_write, {
stream_id,
status );

check status;

{object to be created

{
{

{
{

}
name length }
access type }
concurrency }
stream ID - returned }
completion status }

{ Map the shared data file containing the eventcounts. }

shared_info := ms_$mapl( ’shared_file’,
11,

check_status;

WITH shared_info~ DO
BEGIN

0,

{
{
{

object to be mapped
name length
first byte to map

sizeof ( shared_info_t ),

ms_$cowriters,
ms_$vr,
true,

length mapped,
status );

{

{
{
{
{

no. bytes to map

locking mode

access type

map length in 3rd parameter,
even if object is shorter
bytes mapped - returned

{ Store the current value of the producer eventcount
SO you can use it as a trigger value later. }

producer_wait_value
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REPEAT { wait for and process records }

{ Wait until a record is available. Check RECORD_PRESENT

before you wait. }

WHILE NOT record_present DO

BEGIN

producer_wait_value

!= producer_wait_value + 1;

1 := ec2_$wait( addr( producer_ec ), { ptr to eventcount 3}
producer_wait_value, { trigger value }
1, { no. of eventcounts }
status );

END;

{ If a record is available, write it to the output file. }

IF NOT done THEN

BEGIN

stream $put_rec( stream id, { stream ID }
addr ( useful_data ),{ data to put }
data_len, { length of data }
seek_key, { seek key }
status )

check_status;
END;

{ Set condition field to false and advance

record_present :=

false;

ec2 $advance( consumer_ec, status );

check_status;
UNTIL done;
END;
{ Clean up and terminate.
ms_$unmap( shared_info,
length mapped,
status );

stream $close( stream id,

END.

}

consumer eventcount. }

{ first byte of mapped object }

{ length of mapped object

status ) ;

A-21
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A.9. MUTEX _INIT.PAS

Before you execute this program, create the file TICKET _SALES_ FILE in the directory where
you will execute MUTEX _ INIT.

PROGRAM mutex_init;

{ This program shows how to initialize a mutex lock record. It maps a file
that contains a lock record and ticket sales count. The program
initializes the lock record and sales count and then exits. Before you execute
this program, use the DM editor to create a file named TICKET SALES FILE. }

%INCLUDE ’/sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/cal.ins.pas’;
%INCLUDE °/sys/ins/ms.ins.pas’;
%INCLUDE ’/sys/ins/ec2.ins.pas’;
%INCLUDE '/sys/ins/mutex.ins.pas’;
%INCLUDE '/sys/ins/error.ins.pas’;
%INCLUDE ‘'/sys/ins/pgm.ins.pas’;

TYPE
ticket_sales_t =
RECORD
lock_record : mutex_$lock rec_t: <{ mutex lock record }
tickets_sold : integer; { counter }
END;
VAR
status . status_$t; { status code }
ticket_info . “ticket_sales_t;
length_mapped : integer32; { length of mapped data }
tickets_wanted . integer;
wait_time : time_$eclock_t;
lock . boolean;
PROCEDURE check_status; { for error handling }
BEGIN
IF status.all <> status_$ok THEN
BEGIN
error_$print( status );
pgm_S$exit;
END;
END;
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BEGIN

{ Map a data file containing the mutex lock. Use this file to hold data
of type TICKET SALES T. }

ticket_info := ms_$mapl( ‘ticket_sales_file’, { object to be mapped }

17. { length of name }
0. { first byte to map }
sizeof ( ticket_sales_t ),{ no. bytes to map }
ms_$nr_xor_1w, { locking mode }
ms_$wr, { access type }
true, { map length in

parameter, even if

object is shorter }
length_mapped, { bytes mapped - returned }
status );

check status;
ticket_info~™.tickets_sold := O;

{ Initialize the mutex lock. }
mutex_$init ( ticket_info~.lock record );

writeln( ’*Mutex lock file has been initialized. Start lock users now.’ );
{ Unmap file and exit. }
ms_$unmap( ticket_info,

sizeof ( ticket_sales_t ),

status ) ;

check_status;

END.
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A.10. MUTEX _USER.PAS

Before you execute this program, use MUTEX __INIT.PAS (see Section A.9) to initialize the lock
record. You can run this program concurrently from different processes.

PROGRAM mutex_user;

{ This program uses MUTEX calls to lock a file that contains ticket sales
information. When the program gets a mutex lock, it determines whether
there are enough tickets to fill the ticket order. If there are tickets,
the program updates the ticket count and unlocks the file. The program
processes orders until tickets are sold out.

Before you execute this program, run MUTEX INIT to initialize the ticket
sales file and the mutex lock record.}

%INCLUDE °/sys/ins/base.ins.pas’;
%INCLUDE ’/sys/ins/cal.ins.pas’;
%INCLUDE ’/sys/ins/ms.ins.pas’;
%INCLUDE °’/sys/ins/mutex.ins.pas’;
%INCLUDE ’/sys/ins/error.ins.pas’;
%INCLUDE ’/sys/ins/pgm.ins.pas’;

TYPE
ticket_sales_t = { ticket sales file }
RECORD
lock record : mutex_$lock rec_t; { mutex lock record }
tickets_sold : integer: { counter }
END;
VAR
status . status_$t; { status code }
ticket_info © “ticket_sales_t;
length_mapped : integer32; { length of mapped data }
tickets_wanted . integer;
wait_time : time_$clock t;
lock . boolean;
PROCEDURE check_status; { for error handling }
BEGIN
IF status.all <> status_$ok THEN
BEGIN :
error_$print( status ).
pgm_$exit;
END;
END;
BEGIN

{ Map a shared data file containing the mutex lock.
Use this file to hold data of type TICKET SALES_T. }
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ticket_info := ms_$mapl( ’'ticket_sales_file’, { object to be mapped }
17, { length of name }
o, { first byte to map }
sizeof( ticket_sales_t ), { no. bytes to map }
ms_$cowriters, { concurrency mode ¥
ms_$vwr, { access type }
true, { map length in 3rd
parameter, even if
object is shorter }
length mapped, { bytes mapped - returned }
status );

check_status:

{ Get system clock value for 30 seconds. }
cal_$sec_to_clock ( 30, wait_time );

{ Keep looping as long as you can get a lock and there are tickets left. }
WITH ticket_info™ DO

BEGIN
WHILE tickets_sold < 100 DO

BEGIN {while }

write ( °Input the number of tickets you want :@: * ).
readln ( tickets_wanted ).

{ Get a mutex lock on the file. If you get the lock, try
to buy tickets. Otherwise, assume there’s a problem and exit.
The theater holds 100 people.}

lock := mutex_$lock( lock_record, wait_time ).
IF NOT lock THEN
BEGIN

writeln( ’'Problem locking file. Try again later.’ ):
ms_$unmap( ticket_info,
sizeof ( ticket_sales_ t ),

status );
check_status;
RETURN;
END;

IF tickets_sold + tickets_wanted > 100 THEN

writeln ( °*Only’, 100 - tickets_sold:4, ’ tickets left.’ )
ELSE

BEGIN

tickets_sold := tickets_sold + tickets_wanted,

writein ( ’'You got’, tickets_wanted:4, ° tickets.’ ).

END;

mutex_$unlock ( lock record ):

END; { while }
END; { with }
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{ Unmap file and exit. }

ms_$unmap( ticket_info,
sizeof( ticket_sales_t ),
status );

check_status;

END.
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A.11. MBX _SERVER.PAS

PROGRAM mbx_server ( input,output );

{ This mailbox server creates a mailbox and handles requests from clients.
The server handles open requests, close requests, and data transmissions. }

%INCLUDE °/sys/ins/base.ins.pas’;
%INCLUDE '/sys/ins/mbx.ins.pas’;
%INCLUDE °/sys/ins/error.ins.pas’;
%INCLUDE °/sys/ins/pgm.ins.pas’;

LABEL
get_message_loop,
done;
CONST
mbx_bufsize = mbx_$serv_msg_max; <{ channel buffer size }
mbx_maxchan = mbx_ $chn_max; { no. mailbox channels - 255 }
mbx_name = ’'test_mailbox’: { mailbox name }
mbx_namelen = sizeof( mbx_name ). { length of mailbox name }
srv_msg_len = mbx_$serv_msg_max; { length of buffer that server can
use to receive messages }
TYPE
server_rec_t =
RECORD { server message }
mbx_hdr : mbx_ $msg_hdr_t; { header has 3 fields:
cnt - message length
mt -~ message type
chan - message channel }
msg_data : ARRAY [ 1..mbx_$msg max ] OF char;
END;
server_rec_ptr_t =
~server_rec_t,; { pointer to a server message }
VAR
mbx_handle . univ_ptr; { a pointer to the mailbox }
status : status_$t; { a2 status code }
srv_msg_buf : server_rec_t; { 2 buffer that the server can use to
receive messages >
mbx_retptr . server_rec_ptr_t. <{ a pointer to the buffer where MBX
placed a retrieved message }
mbx_retlen . integer32; { length of a retrieved message }
send_msg buf @ server_rec_t. { a buffer where the server places
a message to send }
open_chan : integeri16: { number of open channels to the mailbox}
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PROCEDURE check_status;

BEGIN

IF status.all <> status_$ok THEN
BEGIN
error_$print( status );
pgm_$exit;
END;

END;

PROCEDURE process_data;

{ for error handling

.
.

{ a counter }

CONST
reply = ’'Message written.
reply_len = sizeof( reply ):
VAR
reply_array : ARRAY [ 1..reply_len ] OF char;
i . integer;
BEGIN

{ Display the

client’s message. }

writeln ( mbx retptr~.msg_data : mbx_retlen
- mbx_$serv_msg_hdr_len );

{ Construct a

send msg_ buf.mbx_hdr.cnt

send msg_buf .mbx_hdr.mt
send_msg_buf .mbx_hdr.chan

header for a return message. }

reply len

mbx_$data_mt;

{ Construct the data portion of a message. }

reply_array
FOR 1 =1 TO

reply:
reply len DO

send_msg_buf .msg_data[i] := reply array([i];

{ Send the return message. }

mbx_$put_rec(

check_status;
END;

mbx_handle,

addr( send_msg_buf ),
send_msg_buf .mbx_hdr.cnt,
status ).

BEGIN { program test_server }

{Initialize variables.}
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open_chan := O;

{ Create the mailbox. }

mbx_$create_server ( mbx_name, { name }
mbx_namelen, <{ name length }
mbx_bufsize, { buffer size }
mbx_maxchan, { maximum channels 1}
mbx_handle, { handle b
status );

check_status;

writeln( °Mailbox ’, mbx name, ° was successfully opened.’ ):

{ Keep getting messages until .there are no more clients. }
get_message_loop:

REPEAT
mbx_$get_rec( mbx_handle,
addr( srv_msg_buf ), { where message may be received }

srv_msg_len, { length of message buffer }
mbx_retptr, { where message is received ¥
mbx_retlen, { message length }
status )

check_status:

WITH mbx_retptr”™ DO
BEGIN
writeln( ‘'Message received from channel °, mbX_hdr.chan:4 ):

CASE mbx_hdr.mt OF

{ If message is an open channel request, accept it. Also, keep
track of the number of open channels. }

mbx_$channel open mt
BEGIN
send_msg_buf .mbx_hdr.cnt

mbx_$serv_msg_hdr_len;

{ there’s no data in this message }
mbx_$accept_open mt;

{ type of message you are sending
send_msg_buf.mbx_hdr.chan := mbx_hdr.chan;

{ channel to send to X

send_msg_buf.mbx_hdr.mt

mbx_$put_rec( mbx_handle,

addr( send_msg_buf ), { message to send }
mbx_$serv_msg_hdr_len, { length of message }
status )

check_status;

writeln ( ' Open request from channel °,
mbx_hdr.chan:4, ' has been accepted.’ ).

open_chan := open_chan + 1;
IF mbx_retlen <> mbx_$serv_msg_hdr_len THEN

process_data;
END;
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{ If message is a close channel request, deallocate the

and decrement the open channel count. }

mbx_$eof mt
BEGIN
mbx_$deallocate( mbx_handle,
mbx_hdr.chan,
status );
check status;

{ channel number }

writeln ( ’Channel ’, mbx_hdr.chan:4,

* was deallocated.’ );
open_chan := open_chan - 1;
IF open_chan = O THEN

GOTO done;
END;

{ If message is a data transmission or a partial

process the data. }

mbx_$data_mt
process_data;

mbx_$data_partial_mt
process_data;

OTHERWISE
writeln ( ’'Invalid message type’

END; { case statement }
END; { with statement }
UNTIL open chan = O;
{ Close mailbox and exit. }
done:
mbx_$close( mbx_handle,
status );
check_status:

writeln ( °'The mailbox has been closed.’

END. { program test_server }

),

).
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A.12. MBX _CLIENT.PAS

This program uses the mailbox created by MBX__ SERVER.PAS (Section A.11). Execute the
client from the same directory where you execute the server.

PROGRAM mbx_client ( input,output );

{ This mailbox client opens a channel to a mailbox. The client sends
messages to the server, and gets the server’s reply. EXecute this
program from the same directory where MBX_SERVER is running. }

" %INCLUDE °’/sys/ins/base.ins.pas’;
%INCLUDE ’/sys/ins/error.ins.pas’;
%INCLUDE */sys/ins/mbx.ins.pas’;
%INCLUDE °/sys/ins/pgm.ins.pas’;

LABEL
done;
CONST
mbX_name = ‘test_mailbox’; { mailbox name }
mbx_namelen = sizeof( mbx name ). { length of mailbox name }
buf_len = mbx_$msg_max; { length of data buffer }
msg_buf_len = mbx_$msg_max; { length of message buffer }
prompt_str = ’Enter a new message: °;
TYPE
msg_t =
ARRAY [ 1..mbx_$msg_max ] OF char; { client message }
msg_ptr_t =
“msg_t. { pointer to a client message }
VAR
data_buf . msg_t; { buffer for data to be sent }
mbx_handle : univ_ptr; { mailbox handle ¥
status . status_$t; { a status code }
msg_buf : msg_t; { a buffer that the client can use to
receive data }
msg_retptr @ msg ptr_t; { a pointer to the buffer where MBX
placed a retrieved message }
msg_retlen : integer32; { length of a retreived message }
PROCEDURE check_status; { for error handling }
BEGIN

IF (status.all <> status_$ok) AND
(status.all <> mbx_$partial_record) THEN
BEGIN
error_$print( status )
pgm_$exit;
END;
END;
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BEGIN

{ Open a channel to the mailbox. }

mbx_$open ( mbx_name, { name }
mbx_namelen, { length of name }
NIL, { no data being sent }
0, { length of data }
mbx_handle, { handle }
status ).

check_status;
{ Read data and put it in the mailbox. }

write( ’Enter a message; end with CTRL/Z: °*
WHILE NOT eof DO
BEGIN
readln( data_buf ).
mbx_$put_rec ( mbx_handle,
addr( data_buf ),
buf_len,
status );

{ Get a response from the server. }

mbx_$get_rec( mbx_handle,
addr( msg_buf ),
msg_buf_len,
msg_retptr,
msg_retlen,
status );
check_status:

writeln ( msg_retptr~: msg_reétlen ).
write( prompt_str )
END;

done:

mbx_$close( mbx_handle,
status ) ;

check_status;

END.
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A.13. MBX_GET_EC.PAS

This program uses the mailbox created by MBX__ SERVER.PAS (see Section A.11). Execute the
client from the same directory where you execute the server.

PROGRAM mbx_get_ec ( input, output ):

{ This program uses a mailbox eventcount to determine when to get messages
from a mailbox. Execute this program from the same directory where
MBX_SERVER is running. }

%INCLUDE '/sys/ins/base.ins.pas’;
%INCLUDE °'/sys/ins/mbx.ins.pas’;
%INCLUDE °’/sys/ins/streams.ins.pas’;
%INCLUDE ’/sys/ins/ec2.ins.pas’;

LABEL
done;
CONST
kbd_ec =1; { index for keyboard event }
mbx_ec = 2; { index for mbx event }
mbx_name = ’'test_mailbox’; { mailbox name : }
mbx_namelen = sizeof( mbx_name ); { length of mailbox name }
msg_buf_len = mbx_$msg_max; { length of message buffer }
TYPE
msg_t =
ARRAY [ 1..mbx_$msg_max ] OF char; { client message }
msg_ptr_t =
“msg_t,; { pointer to a client message }
VAR
empty . boolean; { TRUE if mailbox is empty }
ec2 ptr : ARRAY [ 1..2 ] OF ec2 $ptr_t;
{ array of eventcount pointers }
ec2 val : ARRAY [ 1..2 ] OF integer32;
{ array of trigger values }
which . integer; { integer that indicates an event type }
data_buf . msg_t; { buffer where stream data can be read }
data_retptr : msg_ptr_t: { buffer where stream data is read }
linelen . integer32; { size of stream data line }
seek_key : stream_$sk_t;
mbx_handle : univ_ptr; { mailbox handle }
status . status_$t; { status code }
msg_buf : msg_t. { buffer that the client can use to
get data }
msg_retptr : msg_ptr_t. { buffer where MBX places a retrieved
message }
msg_retlen : integer32; { length of a retrieved message }
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BEGIN

stream id
type of eventcount

{ where pointer is returned

{ Get an eventcount that changes when there’s input from the keyboard. }
stream_$get_ec ( stream $stdin, {
stream_$getrec_ec_key, {
ec2 ptr[kbd_ec],
status );
IF (status.all <> status_$ok) THEN

RETURN;

}
}
}

{ Open a channel to the mailbox. Then get an eventcount that changes when

there are messages in the mailbox. }

mbx_$open ( mbx_name,
mbx_namelen,
NIL,
0.
mbx_handle,
status ).
IF (status.all <> status_$ok) THEN
RETURN;

A AAAA

mbx_$get_ec( mbx_handle,
mbx_$getrec_ec_key,
ec2_ptr[mbx_ec],
status );
IF (status.all <> status_$ok) THEN
RETURN;

AN

name }
length of name }
no data to send }
length of data }
handle }
mailbox

type of eventcount
where pointer is returned

{ Initialize the trigger values using the current eventcount values. }

ec2 val[kbd_ec] := ec2_$read( ec2 ptr[kbd_ecl” ):
ec2_val[mbx_ec] := ec2 $read( ec2 ptrimbx_ec]” ):

{ prompt for input }

writeln( ’Enter a message; end with CTRL/Z: * );

Now go into an infinite loop to wait for events.

input, go to the kbd_ec loop. When there is a mailbox message, go to

the mbx_ec loop. 2}

>
}
}

When there is keyboard

REPEAT
which := ec2 $wait( ec2_ptr, { 1list of pointers to eventcounts
ec2 val, { trigger values
2, { no. eventcounts in the list
status ) ;
IF status.all <> status_$ok THEN

RETURN:
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CASE which OF

{ For keyboard input, create a loop to read the current eventcount and
increase it by one —- this is the new trigger value. Then get
keyboard input. When there is no more input, exit from the loop. }

kbd_ec:
REPEAT

ec2_vallkbd_ec] := ec2_$read( ec2 ptr([kbd_ec]~ ) + 1

stream_ $get_conditional( stream $stdin, { stream id }
addr( data_buf ), { buffer for data  }
sizeof ( data_buf ),{ length of buffer }
data_retptr, { where data is read }
linelen, { length of data }
seek_key, { seek key }
status );

IF (status.all <> status_$ok)

AND (status.code <> stream_$end_of file)
THEN

RETURN;

IF (status.subsys = stream_$subs)

AND (status.code = stream_$end_of_file)
THEN

GOTO done;

IF linelen > O THEN

BEGIN

mbx_$put_rec ( mbx_handle, { handle }
data_retptr, { data to send }
linelen, { length of data }
status );

IF status.all <> status_$ok THEN

RETURN;
END;

UNTIL linelen = O;
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{ For a mailbox message, create a loop to read the current eventcount and
increase it by one -- this is the new trigger value. Then get the
mailbox message. When there are no more messages, exit from the loop. }

mbx_ec:
REPEAT

empty := false;

ec2_val[mbx_ec] := ec2_$read( ec2_ptr[mbx_ec]™ ) + 1i;

mbx_$get_conditional ( mbx_handle, { handle }
addr( mgg_buf ), { buffer for data 2
msg_buf_len, { length of bvuffer }
msg_retptr, { actual data }
msg_retlen, { length of data }
status ).

IF (status.all <> status_$ok)
AND (status.all <> mbx_$channel_empty)
AND (status.all <> mbx_$partial_record)
THEN
RETURN;

IF (status.all = mbx $channel_empty) THEN
empty := true
ELSE
writeln ( msg_retptr~: msg_retlen ).
UNTIL empty:
END; { case }
UNTIL false;
done:
mbx_$close ( mbx_handle,
status ).
IF (status.all <> status_$ok) THEN
RETURN;

END.
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A.14. MBX PUT_EC.PAS

This program uses the mailbox created by MBX__ SERVER.PAS (see Section A.11). Execute the
client from the same directory where you execute the server.

PROGRAM mbx_put_ec ( input,output ).

{ This mailbox client uses eventcounts to wait for input from the
keyboard or from a mailbox. The client also uses the putrec eventcount
to wait for a previously full channel to accept a message. Execute this
program from the same directory where MBX SERVER is running. }

%INCLUDE °‘/sys/ins/base.ins.pas’;
%INCLUDE */sys/ins/mbx.ins.pas’;
%INCLUDE '/sys/ins/streams.ins.pas’;
%INCLUDE */sys/ins/ec2.ins.pas’;

LABEL
done;
CONST
kbd_ec =1; { index for keyboard event }
get_ec = 2; { index for mbx get event 3}
put_ec = 3; { index for mbx put event }
mbxX_name = 'test_mailbox’; { mailbox name >
mbx_namelen = sizeof( mbx_name ); { length of mailbox name }
msg_buf_len = mbx_$msg_max: { length of message buffer }
TYPE
msg_t = ARRAY [ 1..mbx_$msg_max ] OF char; { client message }
msg_ptr_t = “msg_t; { pointer to a client message }
VAR
channel_full : boolean; { TRUE if channel is full 1}
empty : boolean; { TRUE if mailbox is empty }
ec2_ptr © ARRAY [ 1..8 ] OF ec2_$ptr_t;
{ array of eventcount pointers }
ec2_val © ARRAY [ 1..3 ] OF integer32:
{ array of trigger values }
which . integer; { integer that indicates an event type }
data_buf . msg_t; { buffer where stream data can be read }
data_retptr : msg_ptr_t: { buffer where stream data is read }
linelen ! integer32; { size of stream data line }
seek_key . stream_$sk_t;
mbx_handle : univ_ptr; { mailbox handle }
status . status_$t; { status code 3
msg_buf . msg_t; { buffer that the client can use to get
data }
msg_retptr @ mMSg_Pptr_t; { buffer where MBX places a retrieved
message }
msg_retlen : integer32; { length of a retrieved message }
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BEGIN

{ Get an eventcount that shows when there’s input from the keyboard. }

stream $get_ec ( stream $stdin, { stream to get eventcount for }
stream_$getrec_ec_key, { type of eventcount }
ec2_ptr[kbd_ec], { where to put pointer }
status ) ; ’
IF (status.all <> status_$ok) THEN
RETURN;

{ Open a channel to the mailbox. Then get the getrec and putrec eventcounts. }

mbx_$open ( mbx_name, { name }
mbx_namelen, { name length }
NIL, { no data to send }
o, { length of data }
mbx_handle, { handle }
status )
IF (status.all <> status_$ok) THEN
RETURN:
mbx_$get_ec( mbx_handle, { mailbox to get eventcount for }
mbx_$getrec_ec_key, { type of eventcount }
ec2_ptrlget_ec], { where to put the pointer }
status );
IF (status.all <> status_$ok) THEN
RETURN;
mbx_$get_ec( mbx_handle, { mailbox to get eventcount for }
mbx_$putrec_ec_key, { type of eventcount }
ec2_ptr[put_ecl], { where to put the pointer 1}
status )
IF (status.all <> status_$ok) THEN
RETURN; :

{ Initialize the trigger values for kbd_ec and get_ec using the current
event count values. Initialize the trigger value for put_ec as one
-greater than the current value. }

ec2_vallkbd_ec] := ec2 $read( ec2_ptrlkbd _ec]” )
ec2_val[get_ec] := ec2_$read( ec2_ptrlget_ec]” );
ec2_val[put_ec] ec2_$read( ec2_ptriput_ec]~ ) + 1;

{ Initialize variable. }
channel full := false;

{ Prompt for input. }

writeln( °’Enter a message; end with CTRL/Z: ° );
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{ Now go into an infinite loop to wait for events.

a mailbox message, go to the put_ec loop. }

When there is keyboard
input, go to the kbd_ec loop. When there is a mailbox message to get,
go to the get_ec loop. When a previously full channel has room to accept

REPEAT
which := ec2 $wait( ec2_ptr, { list of eventcount pointers }
ec2 val, { list of eventcount values }
3, { number of pointers in list }
status )
IF status.all <> status_$ok THEN
RETURN:

CASE which OF

{ For keyboard input, create a loop to read the current eventcount
and increase it by one —- this is the new satisfaction value
for the ec2 $wait call in the outer loop. Then get keyboard input.
When there is no more input, exit from the loop. }

kbd_ec:

REPEAT

ec2_vall[kbd_ec] := ec2 $read( ec2 ptr[kbd ecl™ ) + 1;

{ If the channel is full, return to EC2_ $WAIT.
in the channel, the put_ec section will change channel_ full

to FALSE. }

IF channel full = true THEN
EXIT: '

stream_$get_conditional( stream $stdin,
addr( data_buf ),
sizeof( data_buf ),
data_retptr,

linelen,

seek_key,

status )
IF (status.all <> status_$ok)

A AAAA

AND (status.code <> stream_$end_of file)

THEN
RETURN;

IF (status.subsys = stream_$subs)

AND (status.code = stream $end_of_file)

THEN
GOTO done;
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IF linelen > O THEN

{ If mbx_$put_rec_cond fails because the channel is full, set
channel_full to TRUE. }

BEGIN

mbx_$put_rec_cond ( mbx_handle, { handle }
data_retptr, { data to send }
linelen, { length of data }
status ):

IF (status.all <> status_$ok)
AND (status.all <> mbx_$no_room in channel)

THEN
RETURN;

IF status.all = mbx_$no_room_in_channel THEN
channel full := true;

END;

UNTIL linelen = O;

{ For a mailbox message, create a loop to read the current eventcount and
increase it by one -- this is the new satisfaction value. Then get the
mailbox message. When there are no more messages, exit from the loop. }

get_ec:
REPEAT

empty := false;
ec2_vallget_ec] := ec2 $read( ec2 ptrlget_ec]~ ) + 1;

mbx_$get_conditional ( mbx_handle, { handile }
addr ( msg_buf ), { vuffer for data }
msg_bdbuf_len, { length of buffer }
msg_retptr, { where data is copied }
msg_retlen, { length of data }
status ) ;

IF (status.all <> status_$ok) AND
(status.all <> mbx_$channel_empty) AND
(status.all <> mbx_$partial_record) THEN
RETURN;

IF (status.all = mbx_$channel_empty) THEN
empty .= true;

IF NOT empty THEN
writeln ( msg_retptr™: msg retlen ):
UNTIL empty;

{ When the putrec eventcount is satisfied, try to put the message
in the mailbox. If there still is no room, go back to EC2 $WAIT.
If the MBX_$PUT_REC_COND succeeded, set the keyboard eventcount
s0 that you will check to see if there are any more keyboard messages.
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put_ec:

BEGIN

ec2_val[put_ec] := ec2_$read( ec2_ptr[put_ec]~ ) + 1;

mbx_$put_rec_cond( mbx_handle, { handle }
data_retptr, { data to send }
linelen, { length of data }
status )

IF status.all <> status_$ok THEN
IF status.all = mbx $no_room_in_channel THEN
EXIT
ELSE RETURN;
channel_full := false;

{ Set the keyboard satisfaction value so that the ec2_$wait call will
indicate a keyboard event when you return to the ec2 $wait loop. }

ec2_val([kbd_ec] := ec2_$read( ec2_ptr([kbd ec]~ );
END;

END; { case }

UNTIL false;

done:
mbx_$close( mbx_handle, { mailbox to close channel in }
.status );
IF (status.all <> status_$ok) THEN
RETURN;
END.
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A.15. IPC_SERVER.PAS

PROGRAM ipc_server;

{ This program accepts datagrams from a client and displays
the message portion of the datagram. The program also
illustrates techniques for acknowledging datagrams and
remaining synchronized with the client. }

%INCLUDE '/sys/ins/base.ins.pas’;
%INCLUDE °‘/sys/ins/pgm.ins.pas’;
%INCLUDE *'/sys/ins/error.ins.pas’;
%INCLUDE */sys/ins/ipc.ins.pas’;

-CONST

socket_file = ‘server_handle file’; { file for socket handle }
wait_sec = 300; { number of seconds to wait }

TYPE { user-defined format for datagram}
datagram t = { that fits into 128-byte header }
RECORD
msg_number : integer; { 2 bytes for sequence no. }
msg_text : ARRAY [ 1..126 ] OF char; { 126 bytes for data }
END;
VAR
status . status_$t.; { status code }
local_socket_handle : ipc_$socket_handle_t;{ handle for your socket }
rcv_socket_handle . ipc_$socket_handle_t.{ handle for received datagram}
expected_msg_number : integer; { datagram you expect }
receive_buf . datagram_t; { buffer to receive datagram }
receive_len . integer; { length of received datagram }
text_len . integer; { length of message text >
ack_buf : integer; { acknowledgment >
data_buf . integer; { buffer for data portion >
data_len : integer; { length of data portion X
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PROCEDURE program_ cleanup; { Cleanup procedure }

BEGIN
ipc_$close( socket_file, { file containing handle }
sizeof ( socket_file ), { length of filename }
status ) ;

IF status.all <> status_$ok THEN
error_$print_name (status, °Error closing socket.’, 21);

ipc_$delete( socket_file, { file containing handle }
sizeof( socket_file ), { length of filename }
status )
IF status.all <> status_$ok THEN
error_$print_name (status, ’Error deleting handle file.’, 27):
END;
PROCEDURE program_exit; { Program exit procedure }
BEGIN

program_cleanup;
pgm_$exit;

END;

BEGIN { ipc_server }

{ Create file to contain a socket handle.}

ipc_$create ( socket_file, { file for handle >
sizeof ( socket_file ), { length of filename }
status ):

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error creating handle file.’, 27);
pgm_$exit;
END;

{ Open a socket so you can receive datagrams. }

ipc_$open( socket_file, { file for handle b
' sizeof ( socket_file ), { length of filename }
4, { socket depth }
local_socket_handle, { handle for your socket }

status );

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error opening socket.’, 21):
program_exit;
END;

writeln ( 'Socket opened successfully.’);
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{ Initialize datagram sequence number. }

expected_msg_number = 1;

{ Enter loop to wait for and acknowledge incoming datagrams.
Acknowledge a datagram if it is valid and it contains a
sequence number that you are expecting. }

REPEAT { begin receive loop }

{ Wait up to 5 minutes for a datagram. }

REPEAT { begin wait loop }
ipc_$wait( local_socket_handle, { your socket handle }
wait_sec * 4, { wait 5 minutes }
status ) ;

{ If a datagram arrived, exit from the wait loop and get the datagram. }

IF status.all = status_$ok THEN
EXIT.

{ It the call timed out, wait again. }

IF status.all = ipc_$timeout THEN
NEXT;

{ If another error occurred, print error and repeat wait loop. }
error_$print( status );

UNTIL false; { end wait loop }

{ Get the datagram. }

ipc_$rev( local_socket_handle, { your socket handle
sizeof ( ipc_$hdr_info_t ), { maximum size of header
0. { maximum size of data
rcv_socket_handle, { where the datagram came from
receive_buf, { buffer for header
receive_len, { length of header
data_buf, { buffer for data
data_len, { length of data
status );

{ If there’s an error, print an error message and return to the top
of the receive loop to wait for a new datagram. }

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error getting the datagram.’, 27):
NEXT;
END;
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{ If you successfully got a datagram, make sure that it’s valid before
you use its contents. First, check that the size is valid. If the
size is not valid, print an error message and return to the top
of the receive loop to wait for a new datagram. }

IF receive_len > sizeof( datagram_t ) OR ELSE
receive_len < sizeof( datagram_t.msg_number )
THEN
BEGIN
error_$print_name (status, °'Bad datagram length.’, 20);
NEXT;
END;

{ Check the sequence number to make sure you remain synchronized
with the sender. 1If the sequence number is bad, return to the
top of the receive loop to wait for a new datagram. Discard any
datagram whose sequence number is larger than you expect. Also,
discard any datagram whose sequence number is two less than the
number you expect because this is an old datagram that you have
already processed. }

IF receive_buf.msg number > expected_msg number OR ELSE
receive_buf .msg_number < (expected msg_number - 1)
THEN
BEGIN
error_$print_name (status, °’Received out of sequence.’, 26);
NEXT;
END;

{ If you got the datagram you expected., process it by
displaying it on the screen. Then increment the sequence number.
If‘you got a datagram whose sequence number is one less than
what you expected, assume that the sender never got your

acknowledgment. Don’t process the datagram, but send another
acknowledgment. }

IF receive_buf.msg_number = expected_msg_number THEN

BEGIN
text_len := receive_len - sizeof( datagram_ t.msg_number );
writeln ( ’Received message: °, receive_buf.msg_text : text_len )
expected msg number := expected _msg number + 1;

END;

{ Send an acknowledgment for the datagram you just processed,
or for a datagram whose acknowledgment was lost.
Send the sequence number for the datagram you are acknowledging. }
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ack_buf := receive_buf.msg_number;

}
}
¥
}
}
}

ipc_$send( rcv_socket_handle, { where to send ack
local_socket_handle, { your handle
ack_buf, { the number you’'re sending
sizeof ( ack_buf ), { length of the number
data_buf, { data portion
0, { length of data portion
status );

IF status.all <> status_$ok THEN

error_$print_name (status, ’Error sending acknowledgment.’, 29);

{ When you receive a ’q’' then quit running. }

IF ( text_len = 1 ) AND

( receive_buf.msg_text[i] = ’'q’ ) THEN
program_exit;
UNTIL false; { end receive loop }
END.
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A.16. IPC_ CLIENT.PAS

This program uses a socket opened by IPC_ SERVER.PAS (see Section A.15). Execute this
program from the same directory where you execute the server.

PROGRAM ipc client;

{ This program prompts for input and sends it to an IPC server, using a
datagram. The program waits for an acknowledgment before prompting
for new input. Execute this program from the same directory where
IPC_SERVER is running. }

%INCLUDE °’/sys/ins/base.ins.pas’;
%INCLUDE ’/sys/ins/error.ins.pas’;
%INCLUDE *'/sys/ins/pgm.ins.pas’;
%INCLUDE ’/sys/ins/ipc.ins.pas’;

CONST
socket_file = ‘client_handle file’; { file for own socket handle }
server_socket_file = ’'server_handle_file’; <{ file with server’'s handle }
wait_sec = 10; { number of seconds to wait }
TYPE { user-defined format for datagram }
datagram t = { that fits into the 128-byte header }
RECORD
msg_number : integer; { 2 bytes for sequence no. }
msg_text : ARRAY [ 1..126 ] OF char; { 126 bytes for data }
END;
VAR
status . status_$t;
local_socket_handle : ipc_$socket_handle_t:{ handle for your socket }
server_socket_handle : ipc_$socket_handle_t;{ handle for server’'s socket }
rcv_socket_handle . ipc_$socket_handle_t;{ handle for received datagram }
current_msg_number : integer; { datagram you are sending ¥
send_buf . datagram t. { buffer with datagram to send }
send_len . integer; { length of datagram you are sending }
text_len . integer; { length of message text }
receive_buf . datagram t; { buffer in which to receive datagram }
receive_len . integer; { length of received datagram }
data_buf . integer; { buffer for data portion of datagram }
data_len : integer:; { length of data portion of datagram }
count . integer;
send_count . integer;
wait_count : integer;
LABEL

message_received;
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PROCEDURE program_cleanup; { Clean-up procedure }

BEGIN
ipc_$close( socket file, { file containing handle }
sizeof( socket_file ), { length of filename }
status ) ;
IF status.all <> status_$ok THEN
error_$print_name (status, ’Error closing socket.’, 21);
ipc_$delete( socket_file, { file containing handle }
sizeof ( socket_file ), { length of filename }
status ) ;
IF status.all <> status_$ok THEN
error_$print_name (status, ’Error deleting handle file.’', 27);
END;
PROCEDURE program exit; * { Program exit procedure }
BEGIN

program_cleanup;
pgm_$exit;

END;

BEGIN { ipc_client }

{ Create file to contain a socket handle. }

ipc_$create ( socket_file, { file for handle }
sizeof ( socket_file ), <{ length of filename }
status ) ;

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error creating handle file.’, 27);
pgm_$exit;
END;

{ Open a socket so you can receive datagrams. }

ipc_$open( socket_file, { file for handle }
sizeof ( socket_file ), <{ length of filename }
4, { socket depth }
local_socket_handle, { handle for your socket }
status )

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, 'Error opening socket.’, 21);
program exit;
END;
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{ Get the server’s socket handle. }

ipc_$resolve( server_socket file, { file with server’s handle }
sizeof ( server_socket_file ), { length of filename b
server_socket_handle, { server’s handle }
status ).

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ’Error resolving socket name.’, 28);

program exit;
END;
{ Initialize datagram sequence number. }

current_msg_number := 1;

{ Enter loop to prompt for messages, send datagrams, and wait for
acknowledgments. }

REPEAT { begin get message loop }
{ Prompt for message. }

writeln ( *Enter a message ( q to quit) : °);
readln ( send_buf .msg_text ).

{ Determine the message length. }
text_len := sizeof ( send_buf .msg_text )
WHILE ( send_buf.msg_text[text_len] = * * ) AND
( text_len > 0 ) DO
text_len :!= text_len - 1

{ Define the sequence number and length for the datagram. }

send_buf .msg_number := current_msg_number;
send_len := text_len + sizeof( datagram t.msg_number )

{ Send the datagram and wait for an acknowledgment. If you don’t

receive the acknowledgment within 10 seconds, then resend the
datagram. Try to send up to 5 times. }
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FOR send_count := 1 TO 5 DO

BEGIN

ipc_$send( server_socket_handle
local_socket_handle,
send_buf,
send_len,
data buf,
0,
status );

{ begin send loop }

{ If there’s an error, try sending again. }

IF status.all <> status_$ok THEN

BEGIN
error_$print_name (status,
NEXT;

END;

s { where to send datagram }
{ your handle }
{ header you’'re sending }
{ length of the header }
{ data portion }
{ length of the data }
Error sending datagram.’, 23);

{ If the send completed successfully, wait for an acknowledgment.

If you get a bad acknowledgment, ignore it and wait for another one.

Repeat the wait loop up to 3 times, then resend the datagram. }

FOR wait_count := 1 TO 3 DO  {

BEGIN

begin wait loop }

ipc_$wait( local_socket_handle, <{ your handle }

wait_sec * 4,
status );

{ wait 10 seconds }

IF status.all <> status_$ok THEN

BEGIN

{ If the wait timed out, exit from the wait loop and resend the

datagram. If there was another type of error, display an
error message and repeat the wait loop. }

IF status.all = ipc_$timeout THEN

EXIT,;

error_$print_name (status, 'Error waiting for datagram.’, 27);

NEXT;
END;

{ If the wait completed successfully, get the datagram and
verify that it contains a valid acknowledgment. }

ipc_$rcv( local_socket_handle,

sizeof ( ipc_$hdr_info_t ),

0.
rcv_socket_handle,
receive_buf,
receive_len,
data_buf,
data_len,

status ).
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{ If there’s a receive error, repeat the wait loop. }

IF status.all <> status_$ok THEN
BEGIN
error_$print_name (status, ‘Error receiving datagram.’, 25);
NEXT;
END;

{ If you got a datagram, make sure it came from the server.
Otherwise, display an error message and repeat the wait loop. }

IF server_socket_handle <> rcv_socket handle THEN

BEGIN
error_$print_name (status,
'Received message from unexpected socket.’, 40);
NEXT;
END;

{ If the datagram came from the right socket, make sure it’s
the right length. If it is, then check that the sequence number
is correct.If either condition is false, then display an error
message and repeat the wait loop. }

IF receive_len <> sizeof( datagram_t.msg_number ) OR ELSE
receive_buf .msg_number <> current_msg_number

THEN
BEGIN

error_$print_name (status, 'Received bad acknowledgment.’, 28);
NEXT;
END;

{ If you got a good acknowledgment, exit from the wait loop
and the send loop. }

GOTO message_received;
END; { end of wait loop }
END; { end of send message loop }
{ If you failed after 5 send attempts, display an error message and exit. }

writeln (’Unable to communicate with foreign socket.’);
program exit:
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message_received:

{ If the message started with a 'q’, exit from the program. Otherwise,
increment the sequence number and repeat the get message loop. }

IF ( text_len = 1 ) AND ( send_buf.msg_text[1] = 'q’) THEN
program_exit;

current_msg_number := current_msg_number + 1;
UNTIL false; { end get message loop }
END.
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