Kylix Shared Memory

by Jeremy Blythe

How to use Kylix to create and control semaphore synchronised shared memory.

TheKylix articleinthelast edition showed how named pipes
can be used for communi cation between separate processes.
While this is a very good way to communicate, there are
more efficient ways to pass data between processes. In this
article, we see how to use shared memory for Inter Process
Communication.

When using pipes the communication is through a stream
of data. One application puts data in the pipe and another
takesit out. With shared memory, the datais stationary and
any application using the memory can changeit.

Shared memory isavery quick communication method. Each
application involved accesses it like a normal variable. As
soon asavaueischanged inthat addressrange, itisavailable
to other processes. As its name suggests, it is a great way
for multiple processes to share a block of information.

Sharing

The following LibC functions are used to create, control
and destroy the shared memory.

function shnctl (__shmid: Integer; _ cnd:

I nt eger;

__buf: PSharedMem dDescriptor): |nteger;
function shnget (__key: key_t; _ size: size_t;
__shnflg: Integer): Integer;

function shmat (__shmid: Integer; __shmaddr:
Poi nter;

__shnflg: Integer): Pointer;
function shndt (__shmaddr: Pointer): |nteger;

When setting up a shared memory system, one application
creates the memory and other processes attach that memory
into their address space. The shmget function is used to
create the memory segment. It uses an integer key to
identify it; we'll be using 1234 in the example. All the
processes sharing the memory require this key. Shmget
returns an ID that is used in the other shared memory
functions. Following is a snippet of code that sets up the
shared memory. We call shmget to create the memory
segment of the specified size. Shmat is then used to attach
the memory to the address space of our process. Shmat
returns a pointer to the first byte of shared memory. We
then assign the shared memory to our record.

const
MVEM_SZ = 4096;
BUFFER_SZ = 255;
type
TShar edRec = record
SonmeText : array[O0..BUFFER_SZ] of char;
end;

var
shared_nmem : pointer;
shared_stuff ATShar edRec;

shm d : integer;
function TfrmMVain. I nitSM : bool ean;
begi n
shm d := shnget (1234, MEM SZ, 0666 or

| PC_CREAT) ;
if shmd = -1 then
result := fal se
el se

begi n
shared_mem : = shmat (shmi d, nil, 0);
if integer(shared_nen) = -1 then
result := fal se
el se
begi n
shared_stuff := shared_nem
result := true;
end;
end;
end;

We can now use this record as if it was declared like a
normal variable. It's as simple as that.

procedure TfrmVain. WiteSM const s :
begi n

strpcopy(shared_stuff”. SoneText, s);
end;

string);

function Tfrmvai n. ReadSM : string;
begi n

result := shared_stuff”. SomeText ;
end,

Whenwe' vefinished with the shared memory we should detach
it and then delete it. To detach the memory we use shmdt and
to delete it we use shmctl with the IPC_RMID command.

function Tfrmvai n. DetachSM : bool ean;
begi n

result := shndt(shared_nen) <> -1;
end;

function TfrmVain. FreeSM : bool ean;
begi n

result := shnttl (shmd, IPCRMD, nil) <> -1;
end;

Semaphores

The shared memory system we have just developed has a
major problem. What if two processes access the memory
at the same time? Thismay be OK if one process writes and
the rest read, but if we want all processes to have read and
write access then we have to devel op some kind of locking
system. The Linux 1PC system includes semaphores that
can be used in avery simple way to provide the locking we
require. All we need is a way of showing that the shared
memory is locked or not. This is known as a binary
semaphore. When the process enters the critical section
(accessing the shared memory) it can set the lock. When it
has finished it releases the lock. While the lock is set all
other processes have to wait. Following are the LibC
functions for semaphores.

function senctl (__sem d: Integer; _ semum

I nt eger;

_cnd: Integer): |nteger; varargs;

function senget (__key: key_t; __nsems: |nteger;
__senflg: Integer): |nteger;

function semop(__senmid: Integer; __ sops:

PSemaphor eBuf f er;
__nsops: size_t): Integer;

Don't confuse these | PC semaphore routineswith the thread
based semaphores also declared in the LibC unit.



As with the shared memory, the semaphore is created by
one process and the other processes use the integer key to
get it. Semget is used to create the semaphore or get the id
if it has already been created.

function Tfrmvai n. Get Sem d : bool ean;

begi n
Sem d : = senget (1234, 1, 0666 or | PC_CREAT);
result := Semd <> -1;

end;

One of the processes must then initialise the semaphore
using Semctl. Thisis so we can set the initial value of the
semaphoreto 1. We use Semctl with the SETVAL command
and pass the initial value as the val member of a SemRec
record. SemRec has to be defined by our program as a
trandlation of the semun C union. The definition can befound
asacomment in LibC or in the man pages.

type
{ SEMUN UNI ON DEFI NI TI ON

int val; <= value for SETVAL
struct semi d_ds *buf; <= buffer for
| PC_STAT & | PC_SET
unsi gned short int *array; <= array for
CGETALL & SETALL
struct senminfo *__buf; <= buffer for
I PC_I NFO}

SenmRec = record
val : integer;
buf : PSemaphorel dDescri ptor;
arr : “byte;
__buf : PSenmaphorel nf o;
end;

function TfrmVain. I nitSem: bool ean;
var

sr : SenRec;
begi n
sr.val := 1;
result := senttl(Sem d, 0, SETVAL, sr) <> -1;

end;

Now we need to define the EnterCritical Section and
LeaveCritical Section functions. When we enter the critical
section, we want to decrement the value of the semaphore
to mark it asunavailable. When weleave thecritical section,
wemark it asavailable by incrementing the semaphore value.
The semop function is used to change the value of the
semaphore. We pass it a record that has three members.
The first member, sem_num, is the semaphore number. In
this case, it's 0 since we are only using one semaphore.
Sem_op is the value that we want to change the semaphore
by, -1 to decrement and +1 to increment. We set the final
member, sem_flg, to SEM_UNDO this lets the operating
system take care of releasing the semaphore if it was held
by a process that terminated without releasing it.

function Tfrmvai n. EnterCritical Section :

bool ean;

var
sb : TSemaphoreBuffer;

begi n
sb. sem num : = 0;
sb.semop := -1;

sh.sem fl g : = SEM UNDO,
result := senop(Semd, @b, 1) <> -1;
end,

function TfrnmMain. LeaveCritical Section :
bool ean;
var

sb : TSemaphor eBuffer;
begi n

sb. sem num : = O;

sh.semop : = 1;

sb.sem fl g : = SEM UNDG,

result := senop(Semd, @b, 1) <> -1;
end;

When we' ve finished with the semaphore we delete it using
semctl with the IPC_RMID command.

function Tfrmvai n. Del eteSem : bool ean;
var
sr : SenRec;
begi n
result := senctl(Semd, O, IPCRMD, sr) <> -1;
end;

Synchronising

We can take the functions for shared memory and
semaphores and bring them together to create a
synchronised communication system. The critical section
routines can be used to guard any access to the shared
memory. Whether just writes, or reads and writes should be
guarded is dependent on the application. It might be vital
that processes can never read partly written data, in which
case reads need to bein critical sections as well. However,
the data could be arranged such that reading or some write
operations don’t need to go in a critical section. So, when
using this communication system, we have to weigh up
safety against speed.

Following isan example of acritical section guarding awrite
operation. A sleep command isincluded to artificially extend
thelock time. Thisis purely to demonstrate the semaphores
in action. If we run this procedure on two processes we'll
find that one will be forced to wait for the other to release
the lock before it continues.

procedure TfrmVai n. bt nWiteC ick(Sender:

TObj ect) ;
begi n
if EnterCritical Section then
try
WiteSM nDat a. Text);
Sl eep(10000) ;
finally
LeaveCritical Secti on;
end;
end;

On the command line

We can use the ipcs command to show all the shared
memory segments and semaphores which are currently in
use. While running the example program the command
shows the following output. (The 1234 key is given in hex)

Shared Menory Segnents
key shm d owner perms bytes nattch status
0x000004d2 851970 root 232 4096 2

Semaphore Arrays
key sem d owner perms nsens status
0x000004d2 0 r oot 232 1

Comprehensive information on shared memory and
semaphore functions is available in the man pages.
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