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RPC System with Memory Sharing Consideration

TakUYA Azuwmr,™H12 Hirosnr Ovamafs
and HIROAKI TAKADAT!

In order to reuse software in a variety of environments of embedded systems,
RPC technology is also applied to memory sharing systems. There are four
types of procedure call as follows: (1) Same task on same processor, (2) Dif-
ferent tasks on same processor, (3) Different processors with a shared memory,
(4) Different processors without a shared memory (network connection, etc.).
Especially in (2) and (3), unlike general-purpose systems, it is necessary to
consider the types and usage of a memory. Since the main purpose of existing
RPC system is (4), shared memories are not considered. In addition, there are
a variety of RPC channels. Therefore, it is not easy to apply existing RPC
system to (2) and (3). We realize RPC on an embedded component system
for enhancing reusability of software. Moreover, interface descriptions to repre-
sent memory allocation and deallocation are proposed. The effectiveness of our
proposed interface descriptions is shown by comparing with that of an existing
one.
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Fig.1 Component model.
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1: /+* 00000sSigO 00 */
2: signature sSig {
3: ER func1([in] int32_t data, [out] int32_t *result);
4: ER func2([in, size_is(size)] const char_t x*buf,
[in] int32_t size,
[inout] int32_t *result);
5: }

02 0000000
Fig.2 Signature description.
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/* 00000 tA0DO00O %/
celltype tA {
/x 00000ssig0O000000O %/
call sSig cCall;
I
/x 00000 ¢BOOO %/
celltype tB{
/* 00000ssigd 000000 =%/
entry sSig eEntry;
attribute{
/¥*ooooo */
s
var{
/¥00o0og */
}s
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Fig.3 Cell type description.

/* 00 BOOOOOOOO %/
cell tB B{

}s

/* 00 AO00000000 %/
cell tA A {

/* 00 BOODODOOOO =/
cCall = B.eEntry;

}s
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Fig.4 Build description.
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1: /» 000000000000 */

2: celltype tTask {

3: entry sTask eTask; /x OO ODOO0O %/

4: entry siTask eiTask;/* 0000000000000 00O0O */

5: call sTaskMain cMain; /x DJOOO00O0O0O0O =/

6: attribute {

T: ID id = C_EXP( "TASKID_$id$" ); /* 0000 ID */

8: [omit]ATR task_attribute = C_EXP("TA_ACT");/x 0O OOO0O =/
9: [omit]PRI priority = 16; /* 0000000 =/
10: [omit]SIZE stack_size = 4096; /* DO0O0OoO0og */
11: s
12: /+ 0000000 =/
13: factory{
14: write( "tecsgen.cfg",

"CRE_TSK(%s,{%s,&$cb$,tTask_start_task,%s,%s,NULL});",
id, task_attribute, priority, stack_size );

15: }s
16: };

05 O000D0O0OO0OO0ODODO
Fig.5 Cell type description of task.
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1: CRE_TSK(TASKID_tTask_TaskA,{TA_ACT,&tTask_CB_tabl[0],
tTask_start_task,16,4096, NULL}) ;

2: CRE_TSK(TASKID_tTask_TaskB,{TA_ACT,&tTask_CB_tab[1],
tTask_start_task, 16,4096 ,NULL}) ;

06 O0O0O0OOOOODOODOOOOODOOO
Fig.6 Generated configuration file.
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Fig.7 Development flow.
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1: /» 00000 +tBUOOOO eEntry 000 func2 0000000000 */

2: ER eEntry_func2(CELLIDX idx, const char_t *buf,
int32_t size, int32_t *result)

3: {

4: ER ercd = E_0OK;

5: CELLCB *p_cellcb;

6: if (VALID_IDX(idx)) {

7: p_cellcb = GET_CELLCB(idx);

8: }

9: else {

10: return(E_ID);

11: }

12: /+ 0000000000 =/

13: return(ercd) ;

14: }

08 OJ0OO0OODOODODOO
Fig.8 An example of template code.
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Fig.9 Difference between in and send.
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1: /0000000000000 DOO0O0O0O0O0OO =/
2: composite tAlloc{
3: entry sAlloc eAlloc; /* 0000000000000 =/
4: attribute{ /* 00000000000 =/
5: uint32_t small_size = 8, middle_size = 80, large_size = 160;
6: uint32_t small_count = 10, middle_count = 10, large_count = 10;
7: }s
8: /*30000000000000000000 */
9: cell tMemoryPoolFixedSize MpfSmall{
10: block_count = composite.small_count;
11: block_size = composite.small_size + 4;
12: }s
13: cell tMemoryPoolFixedSize MpfMiddle{
14: block_count = composite.middle_count;
15: block_size = composite.middle_size + 4;
16: }s
17: cell tMemoryPoolFixedSize MpfLarge{
18: block_count = composite.large_count;
19: block_size = composite.large_size + 4;
20: }s
21: / 000000000000000000000 */
22: cell tAllocMpf AllocMpf{
23: cMpf [ SMALL ] = MpfSmall.eMemoryPoolFixedSize;
24: cMpf [ MIDDLE] = MpfMiddle.eMemoryPoolFixedSize;
25: cMpf [ LARGE ] = MpfLarge.eMemoryPoolFixedSize;
26: small_size = composite.small_size;
27: middle_size = composite.middle_size;
28: large_size = composite.large_size;
29: }s
30: composite.eAlloc => AllocMpf.eAlloc; /» 000000 =/
31: };

011 OO000O0OOOO0OO0OOOocOoOoOooOoo
Fig.11 Composite component for memory allocator.
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Fig.12 An example of compoent model for memory allocator.
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/ 000000000000000sAllocO0O0O %/
signature sAlloc{

ER alloc( [out] void **p, [in] int32_t size); /* DO OO0 %/

ER dealloc( [in] const void *p); /*x 0OODO0O =*/
s
/» 0000000000000000C00000 =/
celltype tAllocMpf{

/* 000 =/

entry sAlloc eAlloc;

/» 00000000000000 =/

call sMemoryPoolFixedSize cMpfl[ 3 1;

/ 00000000000000000000000 =/

attribute{

uint32_t small_size;

W 00 N O O WN

e el
[S SV V=)

uint32_t middle_size;

[ure
[}

uint32_t large_size;
s
s

=
0 N

013 ODO00oO0ooooooooooooo
Fig. 13 Cell type description for memory allocator.
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1: /+» 00000 tAllocMpf 0000 eAlloc 000 allocO0OO0O0OO =/
2: ER eAlloc_alloc(CELLIDX idx, void** p, int32_t size)
3: {

4: ER er;

5: int32_t index;

6: /¥000o0ooooog */

7: /* 00 000000000000000000000000 %/
8: if( size > ATTR_large_size){

9: return E_NOMEM;

10: }

11: else if(size <= ATTR_small_size ){

12: index = SMALL;

13: }

14: else if(size <= ATTR_middle_size){

15: index = MIDDLE;

16: }

17: else{

18: index = LARGE;

19: }
20: er = cMpf_get( index, p ); /* 0ODOO0O %/
21: *(int32_t *) (*p)= index; /* 00000 %/
22: *p = *p + 4; /¥ 4000000 */
23: return er;
24: }

014 0O00O0O0O0OOO0OO0OO0OOOCOOOOO

Fig. 14 Implementation memory allocator for allocation.

1: /*» 00000 tAllocMpf DO 00 eAlloc OO0 deallocOOOOOO x/

2: ER eAlloc_dealloc(CELLIDX idx, const void* p)

3: {

4: /¥ O00oooooog */

5: return cMpf_release( *(int32_t *)(p - 4), (p - 4) ); /x 000000 =/
6: }

015 O00000000000O00O0000

Fig. 15 Implementation memory allocator for deallocation.

0000000000078 000000000O0O0O0DOOCODOO0O000O0Osendd00O
receive UOOOOOOOOOOOO0OOOOOOOOOOOOOOOOOOOODOOOOO
ooooO0O0000bwf00000C0COO0O0O00O00O0O0OCO0O0DOCOODOODODODODOO
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1: ER func3([send(sAlloc), size_is(size)] int32_t *buf, [in] int32_t size);
2: ER func4([receive(sAlloc), size_is(*size)] int32_t x*x*buf,
[out] int32_t *size);

0 16 send O receive 0D DOOODOOOOODODO
Fig.16 An example of signature description for send and receive.

1: /» 00000000C0CO0O00000 =/

2: cell tAlloc Alloc{

3: middle_size = 40;

4: large_size = 80;

5: };

6: /+ 000000C0OOO0O0O %=/

7: [allocator(eEntry.func3.buf = Alloc.eAlloc,
8: eEntry.funcd.buf = Alloc.eAlloc)]
9: cell tB B{

10: };

11: cell tA A {

12: cCall = B.eEntry;

13: };

017 O00OO0O0O0OOOOOOOoOoooOO
Fig.17 A way to connect memory allocator cell.

tA tB

A cCall eEntry B

tAlloc

Alloc

018 00O0O0OO0ODOOO0ODOOO0OOOO0OOO0OO0O0OO0O00O0
Fig. 18 Component model for memory allocator.
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1: int32_t x*buf;
2: /+ 000000000000000000O00O =/
3: cCall_func3_buf_alloc( &buf, SIZE * sizeof(int32_t) );
4: /¥O00o0ooooooo */
5: /* 000 cCall 000 func3 OO OOO */
6: cCall_func3( buf, SIZE );
019 00D00OO0o0OOoOooooooooo
Fig.19 Implementation code for caller to allocate memory.
1: /* 000 eEntry 000 func3 000000 =/
2: ER eEntry_func3(CELLIDX idx, int32_t *buf, int32_t size)
3: {
4: /¥000o0ooog */
5: /¥00o0oo */
6: /* 0000000000000 00000000 */
7: eEntry_func3_buf_dealloc( buf );
8: }

020 000OD0OO0OO0O0OO0O0OOO0OD
Fig. 20 Implementation code for callee to deallocate memory.
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Fig.21 RPC flow.
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A B | ™| AP
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b s
cell tA A{ cell tA A {

cCall = B.eEntry; [through(Plugin,"argl")]

cCall = B.eEntry;

g W N

s

o O W N

}s

0 22 throughOOOO
Fig.22 An example of through description.
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tRPCChannel tTask

tDataqueue tDataqueue
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tA tMarshaller tTDR tDataqueueChannel tTDR tUnmarshaller tB
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(10)

ServerTask

0283 0000000000 RPCUOOOOOO
Fig.23 An example of RPC channel of date queue.
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1: /+*RPCOOOO0OO0OOOODOOOOOOO */

2: composite tRPCChannel{

3 entry sSig eEntry; /x (1):0000000000000 =/

4: call sSig cCall; /x (2):0000000000000 =/

5: cell tDataqueue DataqueueO{}; /x (3):000000 x/

6 cell tDataqueue Dataqueuel{}; /x (4):000000 =/

7 cell tDataqueueChannel DtqChannel{ /* (5):000000 =*/
8 cDataqueue[ 0 ] = Dataqueue0.eDataqueue;

9: cDataqueue[ 1 ] = Dataqueuel.eDataqueue;
10: }s

11: cell tTDR TDRO{ /* (6):00 00000 TDR */

12: cChannel = DtqChannel.eChannelO;
13: }s
14: cell tTDR TDR1{ /* (7):000000000 TDR =*/

15: cChannel = DtqChannel.eChannell;

16: }s

17: cell tMarshaller Marshaller{ /* (8):00000 =*/

18: cTDR = TDRO.eTDR;

19: }s
20: cell tUnmarshaller Unmmarshaller{ /* (9):0000000 =/
21: cCall => composite.cCall; /* (2):000000 =/
22: cTDR = TDR1.eTDR;
23: }s
24: cell tTask ServerTask{ /* (10):000000 =*/
25: cMain = Unmarshaller.eMain;
26: priority = 8; /* 000000000 %/
27: stack_size = 1024;/x 00000000000 =%/
28: }s
29: composite.eEntry =>Marshaller.eEntry; /* (1):000000 =%/
30: };

024 0000000 RPCOOOOOOOOOOODODO
Fig.24 Automatically generated component description of RPC channel.
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1: /+ 000000000000 0O00O %/
2: celltype tDataqueue {
3: entry sDataqueue eDataqueue;/* DO0O0O0O0O0O0O %/
4: entry siDataqueue eiDataqueue;/* 0000000000000 00O =/
5: attribute {
6: ID id = C_EXP( "DTQID_$id$" ); /+ DO ODOODOD ID */
7: [omit] ATR dataqueue_attribute = C_EXP( "TA_NULL" );/+* OO =/
8: [omit] uint_t count = 4; /« 000000000 =/
9: [omit] void  *pdgmb = C_EXP( "NULL" ); /+ 00000O000D0O0ODO =/
10: }s
11: factory { /* 0000000 */
12: write( "tecsgen.cfg", "CRE_DTQ( %s, { %s, %s, %s } );",
id, dataqueue_attribute, count, pdgmb);
13: }s
14: };

16: /* 00000000000 OOO0O0OCOO0O=/
16: celltype tDataqueueChannel{

17: call sDataqueue cDataqueue[ 2 1;/+* 000000000000 O00OOO %/
18: entry sChannel eChannelO; /+ O OOOOOO0O =/

19: entry sChannel eChannell; /* OOOOOO0O0O =/

20: };

21: /x TDROOCOOOOOO0O */
22: celltype tTDR {

23: call sChannel cChannel; /+ 0000000000 OOOOOOO */

24: entry sTDR eTDR; /x 000000000000 000000000 =/
25: attribute {

26: TMO tmo = C_EXP( "TMO_FEVR" ); /x DOOOOO0O %/

27: }

28: };

025 RPCOOODOOOOOODOOOOOOO
Fig.25 Cell type description for RPC channel.
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1 /* 000000000000 00000o0O0OO */ 1 /* TDROODOO00O0D0000O0OSTODROOO */
2: celltype tMarshaller{ 2: signature sTDR{
3 entry sSig eEntry; /* 0000D0O0O000O00O0O =/ 3: /* 0000 %/
4: call sTDR cTDR; /* TDROOOO0OOO0O */ 4: ER open( [in,size_is(size)]const int8_t *arg,
5: }; [inlint16_t size, [in]TMO tmo );
6 /* 00000000000 000Oooooooog =/ 5: ER close( void ); /* 00000000000 %/
7: celltype tUnmarshaller{ 6: ER reset( void ); /* 000000000000 =/
8 entry sTaskMain eMain; /* 000000000000 00O %/ 7: ER sop( [inlint no ); /* DO0O0OOOog =/
9: call sSig cCall; /x 0000000000000 =/ 8: ER is_sop( [inlint mo );/* ODOOODOO =/
10: call sTDR cTDR; /* TDROOOO0O0O0O =*/ 9: ER eop( void ); /* DO0D0O0O0og =/
11: }; 10: ER is_eop( void ); /= 0000000 =/
11: /* 00000000 =/
026 000000OO0OO0OO0OO
Fig.26 Automatically generated cell type. 12: /+ ODO0put_int8, put_intl6, put_int64 */
13: ER put_int32( [in]int32_t in );
000000000000 Dataquene000 24 0 500000000000000000 4: /» DODget_intd, get_int16, get_int64 */
15: ER get_int32( [out]int32_t *out );
Dataqueueld 0 24 0 6000000000000 OO0O0OODOOO 16: }
goobooboooobooobbOoobDbOobObUoboobOooboooDb 250 027 TDROOOOOO
l620000000000000000OLOOOODODODODITOO0™TDROOOO Fig.27 Signature of TDR.
goooos-19oogooboonbD 240 7-1o0boooooobobobobooobo
gobobooooooooobobobooboboboooo 1: ,/+0000000000000000 */
TOROUODOOOOOUODOOOODOOOODOOTDRODODOOOODOOODOOOOOOD 27 2: ER eEntry_funcl(CELLIDX idx, int32_t data, int32_t* result)
oo004-100000000000000000012-1500000000 put-inttd O 3: {
. 4 ER retval_,ercd_;
O00D0egetintD0O0DO0O0DOO0ODOO0O0ODOOODOOODOODODOODOOODOODOODO 5 int32_t func_id = FUNCI:
ooopoobO0o 240 1116000 TDRO 20000000000DO0OO0OOODOOO 6 /¥ 00000000 */
oo0ooooooooooo 7 CTDR_SOP(].); /x OO0QO0QOoOooO =/
8 cTDR_put_int32( func_id ); /* 0O IDOOO =*/
000o0O0000o0oo0U00 ADDOO0OoOoOooOoO0oOoooooOoooooooooo 9: CTDR_put_int32( data ); /+ 0000000 */
000000 BOOOOOOOODOOOOOOODOOOOOOOOoOOO RPCOOOOO 10: cTDR_eop () ; /+ 0000000 =/
000000000000 26000000000000000000000000000 11 cIDR_is_sop( 2 ); /+ DOOODOOD +/

12: cTDR_get_int32( result); /x 00000000 =/
gbobobobooboobobobobobobobobobobo 2800000 OoOoOO 13: CTDR_get_int( &(retval ) ); /+ 0000000000000000 */
O0D0C00O0O 200000000sSig00O0 funcl 000000000000 OOODOOO 14: cTDR_is_eop(); /+ 0000000 =/
gboobooboooobooboobuoooooboboo 2800 290b00boOobO 16: return retval_;

Doooo te: }

028 0J00O0OO0O0O0OO0OOO0OOOO0OOO
Fig. 28 Automatically generated marshaller code.
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goooooo 20 700o@mooooooooooooooooo 290 y00@moOo

000000000 0000000 Vol 2 No.2 37-53 (Mar. 2009) (© 2009 Information Processing Society of Japan



50 0000000000 RPCOOOO

1: /+ 00000000000 O0OO0OO0O00 =/

2: ER doService_main(CELLIDX idx, intptr_t exinf)

3: {

4: int32_t func_id;

5: /¥000 Doooag */

6: while(1){

7: cTDR_is_sop( 1 ); / 0000000 =/

8: cTDR_get_int32( &func_id )); /x 00O IDO OO =/

9: switch( func_id ){
10: case FUNC1:
11: {
12: int32_t data, result;
13: ER retval_;
14: cTDR_get_int32( &(data) ) );/x 0000000 =%/
15: /+ 000000000 */
16: retval_ = cServerCall_funci( data, &result );
17: cTDR_is_eop(); /* 0000000 =/
18: cTDR_sop( 2 ); /x 0000000 *x/
19: cTDR_put_int32( result ); /* 000000 %/
20: cTDR_put_int32( retval_ ); /+x 0000000 OCOOO0O0O0O =/
21: cTDR_eop() ; /* 00000000 =/
22: }
23: break;
24: case FUNC2:
25: /* func2 OO0 =/
26: break;
27: }
28: }
29: }

020 00000000000O0000O00O0

Fig.29 Automatically generated unmarshaller code.
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01 0000000000
Table 1 Comparison of the number of clock cycle.

000000 (2) | DO0ODOO (3)
in (oneway) 22,124 20,063
send (oneway) 20,355 18,371
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