System V Shared Memory

wi

e 14.1 Introduction

System V shared memory is similar in concept to Posix shared memory. Instead of call-
ing shm_cpan followed by mmap, we call shmget followed by shmat.

For every shared memory segment, the kernel maintains the following structure of
information, defined by including <sys/shm.h>:

struct shmid ds |

struct ipoc_perm shm_pécm;: {* operation permission BCEuct *f
alza_t phm_SegHE; /* gogment size =/

pld_t shm_lpid; /* pid of last operation */

pld_t sha_cpid; J/* creator pld */

ERmALE_T shm nackchy J* curcent # accached =/

Ebmak_k shnm_cnatckch;y #/* in-core § attached */

cime_k athun_atime; 4% lask attach ti=ma %/

tinme_E alm Acima: f* last detach time */

time_kt alun_sCima; f* lask change time of chis structucs °/

Fa

We described the ipc_perm structure in Section 3.3, and it contains the access permis-
sions for the shared memory segment.

14.2 shmget Function

A shared memory segment is created, or an existing one is accessed, by the shmget
Tunction.
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Systerm W Shared Memory Chapter 14

| Fipncliste <sya/akm. ho
int shmgetikey_t by, size_t siee, Ent oflagly

| Returns: shared memory sdentifier i OK, =1 on emror

The return value s an integer called the shared memory identifier that is used with the
three other shmX XX functions to refer to this segment.

key can be either a value returned by frok or the constant TPC_FRIVATE, as dis-
cussed in Section 3.2.

size specifies the size of the segment, in bytes. When a new shared memory seg-
ment is created, a nonzero value for size must be specified. If an existing shared mem-
ory segment 15 being referenced, size should ba UL

oflag is a combination of the read-write permission values shown in Figure 3.6 This
can be bitwise-ORed with either IPC_CREAT or IpT CREAT | IPC_EXCL, as discussed
with Figune 3.4.

When a new shared memory segment is created, it is initialized to size bytes of 0,

Mote that shmget creates or opens a shared memory segment, but does nol provide
access to the segment for the calling process That is the purpose of the shmat function,
which we describe next.

shmat Function

After a shared memory segment has been created or opened by shmget, we attach it to
our address space by calling shmat.

5 @k hs |

| ¥includa £y
woid *shmatiint genid. consk wvaid ssliddr. int I||--'£| i

Returns: starting address of mapped region if OK, =1 on eryor |

slhmid is an identifier returned by shmget. The return value from shmat is the starting
address of the shared memory segment within the calling process. The rules for deter-
mining this address are as follows:

e 1f shmaddr is a null pointer, the system selects the address for the caller. This is
the recommended (and most portable) method.
+ 1f shrmaddr §s a nonnull pointer, the returned address depends on whether the
caller specifies the SHH_RKD value for the flag argument:
» |f SHM_RND is not specified, the shared memory segment is attached at the
address specified by the shmaddr argument.
» If 5HM_RND is specified, the shared memory segment is attached at the
address specified by the shmaddr argument, rounded down by the constant
suMLEA. LBA stands for “lower boundary address.”

ar

T olRRT LY TR



Section 14.5 shmcel Functlon 345

By default, the shared memory segment is attached for both reading and writing by the
calling process, if the process has read-write permissions for the segment. The
SHM_RDCHLY value can also be specified in the flag argument, specifying read-only
access,

14.4 ghmdt Function

When a process is finished with a shared memory segment, it detaches the segment by
calling shmdt

dlnelude <=sysSstm. hs
int shmdt [const wold *shmaddr);

Beturna: 0 if 0K, =1 on ermor

When a process terminates, all shared memory segments currently attached by the pro-
cess are detached.

Mote that this call does not delete the shared MEmory EE'E'.I'.I'IEHL Deletion 18 accom-
plished by calling shmetl with a command of IPC_EMID, which we describe in the
next section.

14.5 shmectl Function

shmotl provides a variety of operations on a shared memory segment.

finclude <oysfahn.h>

int shoctl(int shomid, fot omd, struct sheid da “huff);

Heturns: 0 i OK. -1 on ermar

Three commands are provided:

IPC_RMID Remove the shared memory segment identified by shmid from the sys-
tem and destroy the shared memory segment.

IPC_SET 5et the following three members of the shmid_ds structure for the
shared memory segment from the corresponding members in the
structure pointed to by the buff argument: shm_perm.uid,
shm_perm.gid, and shm_perm.mode. The ehm_ectime value is also
replaced with the current time.

TPC_STAT Retum to the caller (through the buff argument) the current shmid_ds
structure for the specified shared memory segment.

i i

yorrma
I et t LRI T T

e

A S S |

=
—TT



e -
[T p—
e

Chapter 14

i14.6 Simple Programs

We now develop some simple programs that operate on System ¥ ghared memory.

ghmget Program

Our shmget program, shown in Figure 14.1, creates a shared memory segment using &

specified pathname and length.

1 #inclede *unplps.n”

_:1:1_||r_||.'5ll.'llz.".| s
&

2 int
¥ main{int arge. chab - £ - 1]
i [
-1 int g, id, aflegr
[3 char *pEE;
T gize_t length
A afilag = cUEHM_MODE | IF. EREATT
i wmile | (o = Getopk(aDys, ATgY LAt m- =1} §
19 switch (&) &
11 casa '@’
12 aflag |= IBC_ENCL)
13 Braak)
14 ]
15 ]
16 if [eptind i= arge - 21
17 srr_guit [*usage: shmget [ -2 | epachmamax <length=*};
18 length = acal largv[opeind + 1104
18 id = Ehmget (Frokargy [optindd, o), lengcth, oflagii
28 ptr = Ehmac{id, HULL, 033
21 el (01
22 )
soeafm [shomgel.c
Figure 141 Create o System V' ghared memary segment of a specified size
19 shmget creates the shared memory segment of the specified size. The pathname

passed as a command-line argument is mapped into a System V IPC key by ftok. If
the - option is specified, it iz an error if the segment already exists. If we know that
the segment already exists, the length on the command line should be specified as U.

a0 ehmat attaches the segment into the address space of the process. The program
then terminates. Since System V shared memory has at least kernel persistence, this

does not remove the shared mamory Segrment.

shmrmid Program

Figure 14.2 shows our trivial program that calls shmct 1 with a command of TPC_RMI B
to remove a shared memory segment from the system.

:
E
E
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Section 14.6 Bimple Programs M7

— syakm  shmrmid e

1 #incluste *unpipc.h”
2 int
} mainiint argo, char "*argw]
4 [
5 1t 1
E if [arge |= 2)
T err_quit|"osege: shmemid <pachnames*) |
B id = Sheget(Ftok{arge(l]. 9}, 0, SVEHM_MODE)|)
g Shmcel(id. IPC_RMID, MAFLL):
10 axle 0]

soshimt f shrarmmif ¢
TiEL‘II:E 14.2 Femove a F-!.'ﬁlli:'ll W shared memory segment,
shewrite Program

Figure 14.3 is our shmwrite program, which writes a pattern of 0, 1, 2, ..., 254, 255, 0, 1,
and so on, to a shared memory segment.

snsfam fshmeorile.c

1 Finclude "unpipo.h®

2 inx

] main(in® acgo. char *+argv]

4

5 ins i, 4d:

B struct shmid_ds buff;

7 unsigned char =*ptr;

B Lf jacge 1= 3}

B Err_quit | "uange: ahmerite cpathname="];
10 id = shmget|Frokiaggv{l], 0}, 0, SVSHM_HODE]:
11 eEr = Shmat(id, MULL. Q)
12 Ebnctl [1d, IPE_STAT. Lbhuff);
13 f* sat: peg[0] = @, perfl] = 1, ege. */
14 for [1 = Q7 L = buff.shn segszi 144}
15 *ptres = § & I56)
16 exiE [0} 2
17}

. Fushm ) shmonile.c

Figure 143 Open a shared memory segmand ard Gl 5 with & pattern.

10-13 The shared memory segment is opened by shmget and attached by shmat. We
fetch its size by calling shmct1 with a command of TPC_STAT.
2315 The pattern is written to the shared memory.
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348  System V Shared Memory Chapter 14

ghmraad Frogram

o-13

13-14

Our shmread program, shown in Figure 14.4, verilies the pattern that was written by
& hmwT L Cey

— gtrahan | sheread £

1 #insluds suppipe.n®

2 inkt

3 main[int argo, chat samrgy]

4 1

5 int f, Addy

E sEruct shrld de tuff;

T unsigned char . "DEEI

B i# [arge I= 1)

| RET_ULIL | "uSAagEES ghmread -rpn'.l':_:.'nu.-':._

10 id = Shmget |{Frokiargyill, o), 0, SVEHH_HDOEI:
11 pir = Shnat (id, WOLL, 011

12 ghmerliid, IPC_STAT, &bufll:

13 o check that perli] = o, perll] = 1. etc. I |
14 for (L = 0; 1L = wufE, gho_megsE] Lle+)

i5 if [ [ = *pexe+] 1= [1 W 25E]11

16 s ret [*proied] = wd®, L, cli

17 axlc (D) §

18 1]

ot — spshan {shmread.c
Figure 144 Cpena shared memory segment and yerify its data patbern

The shared memory segment is opened and attached. Its size is obtained by calling
shmetl with a command of 1pC_STAT.
The pattern written by shmwr L te is verified.

Examples

We create a shared memory segment whose length is 1234 bytes under Solaris 26, The
pathname used to identify the segment (e.g., the pathname passed to frak) is the path
name of our shmget executable. Using the pathname of a server's executable file often
provides a unique identifier for a given application.

golaria 1 shaget shmget 1334

solaris % lpea -bmao
TPC status [rom <punning sysbems a8 of Thu Jan B 13:17:06 1998

T iD EEY HODE OWMNER CROUEP HATTCH EEGEE
Shared HemoEy!
| | px0OD00El2a ——Fw-r-=E-— rRCevens other]l 0 1234

We run the ipcs program to verify that the segment has been created. We notice that
the number of attaches (which s glored in the shm_nattch member of the shmid_ds
structure) is 0, as we expect.
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Mext, we run our shewrice program to set the contents of the shared memaory seg- f
ment to the pattern. We verify the shared memaory segment's contents with shmread
and then remove the identifier.

- |

golaris § shewrlite shmget

solaris % sheread shmgekt

salarls % shzraid sbagek

golaris % ipss -bmo

e statos from <minning system> a8 of Thy Jan B8 13;18:01 1338

e e e

T 1D EEY HODE CHHER GROUF HATTCH SEGSZ k
Shared Mmooy ]

We run ipes to verify that the shared memory segment has been removed. E }

: 3 Bt !

W hen Ehe name of the server eecutable is used &5 an argumen! o frok to [dentify soma harm

pf Systemn V IPC, the absolute  pathname would normally be spedfied, such as e

Jusr/bin/eysecverd, and nat a relative pathname as we have used (shmget]. We have IEE - !

begn able to use a relative pathname for the exxmples i this section because all of the pro- gl - |

grams have been nun from the directory confalning il server exgcutable. Roalize that frok s !

115 the i-pode of the filk o form the IPC idend) fier fe.5., Figure 3.2, and whethar a given lile 15 ll

refarenced by an absoluba pathnama oF by a relatlve pathname has pa gffect on the i-node 16N
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14.7 Shared Memory Limits -

e~ |

' L : B /|

As with System V message queues and System V semaphores, certain sysiem lirmiks 1% |

exist on System V shared memory iSection 3.8). Figure 14.5 shows the values for some o

different implementations. The first column is the traditional System V name for the Ii
kernel variable that contains this limit. i
i

[ Mame | tl-e-l.l;rii'llll:‘:n | DUnix 4.08 | Salasss 26 || i
| shrax | max &bytes for & shared memory segmant [ 4154304 1,048,576 i:
shromb | min "l.:'_-'lE.'ﬁ for a shared rrlenu'lrér segmen | 1 1 ":
I ehmmnl | max fshared memary identifiers, l}':tru'-'.:--'-ie 128 1o 3
stmoeg | max $shared memery sEEmMEems attxched per prooess =] | E i
;

Figuri 145 Typical sysiem limiits for System. ¥ shared memory. ;

Example E

The program in Figure 14.6 determines the four limits shown in Figure 14.5. l
grshm | linmits.e iff

1 #includa ‘ypplpc.h”

2 pdefine HAX_MIDS 4056

Rl

1

|

i

s Bl |
main|int argc, char **argv¥l .
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350 Systern V' Shared Memory Chapter 14 "I
]
E -1 1, 3 shnid[MAX NIDS]:
7 yaid "mddr [MA_MIDS]
| unsigned long size;
L] #* oee how many fidentifiers we can "opepn® */
1) for (i = 0; 4 <= HAX _HIDS; 1w+) |
11 shmid|4i] = shmger{IPC_FRIVATE, 1024, SVSHM_MODE | IPC_CREAT)
13 if (sheid[i] == -11 |
13 pripel{*%d identifiers cpen at ocnca\n*, i)}
14 braik;
15 ]
16 !
17 for (1 = 0z § = 87 q=#)
L& Enmctl (ahmid(ji]: IPC_RMID. NULL);
19 /% pow Bee how many we can “astach® =4
20 Lor (& = Op § <= MAY NIBE; fss)
a1 shrld[{] = Shmget [IPC_PRIVATE, 1034. SVSHH_WODE | IPC_CRERT)
2 addr(i] = shmat[shrfd[i], WOLL, 0}
i L (addr[1] s= (wvaid =] -1] {
4 Frintl (*%d shared memory segments actached at oncevm®, i):
45 '.-i'_'.jTi::'.IF.I'l.HE:1I'i_|. IPC_RMID, MWULL} ; #* the one that failed =7
A6 break;
27 ]
28 1
23 for {1 =0 4 < 43 F++)
e li] Ebndt (addc[§]);
31 Ermec] (@hmid[§],. IPC_REMID, MULL):
33 ]
i3 /* see how small a shared memory gegment we capn create w
a4 for [mize = 1;; slzg+s] |
35 ablimid{0] = shemget (IFC_FRAIVATE, size, SVSHM NODE | IPC_CREAT)
LT if {slmiA[B] |= -1} | f* stop on first success */
37 princfi*minimam size af shared mEnory gegment = Wluin®, sizel:
i Ehmec] (ahmid (0], IPC_RMID. MULL):
19 bradk;
40 i
41 ]
41 f* sea how large a shared memcory segment we can crsabtes ®
83 tor [size = E5%316:; mize <= 4098) [
£4 shrid[0] = shmget [IPC_PRIVATE, aisze, SVSHM_MWODE | IFC_CREAT):
45 il {(shmid[D] == =1} | f* geop &n first fallure #J
46 printfi*maximun size of shared memory segment = ¥luin®, slse - L0%E|
4T brealk: i
48 ] =
5 EITI.IT-‘:t].'S:.'I.I'!".I.'_'l:\':. IPC_RMID, BULL]
50 ]
81 exit(0);
532

susiu f[Eniils.s

TR
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Chapter 14 Exercises kL3

14.8

We run this program under Digital Unix 4.0B.

alpha % limitwe

127 fdencifiers open at opnce

12 shared memory sagnents atbsached at once
minimm slze of shared memory segment = 1
maximmm slge of ahared nemorcy segment = 4194304

‘The reason that Figure 14.5 shows 128 identifiers bul our program can create only 127
identifiers is that one shared memory segment has already been created by a system
daemaon.

Summary

Systern V shared memory is similar in concept to Posix shared memary. The most com-
mon funchon calls are

* shmget to obtain an identifier,

* shmat to attach the shared memory segment to the address space of the process,

* shmetl with a command of TPC_STAT to feich the size of an existing shared
METOrY E-IEE:IHL‘I:I.EI and

* shmetl with a command of I2C_RMID to remove a shared memory object.
Une difference is that the size of a Posix shared memory object can be changed at any

time by calling £truncate (as we demonstrated in Exercise 13,1}, whereas the size of a
System V shared memory object is fixed by shmget

Exercises

141 Figure 6.8 was a modification to Figure 6.6 that accepted an identifier instead of a path-
name to specify the queue. We showed that the identifier is all we need to know to access
a System V message queue (assuming we have adequate permission). Make similar modi-
ficatlons to Figure 144 and show that the same feature applies to System V shared mem-
ory.
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