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ABSTRACT

This paper presents a design and implementation of CRS(CHILL Run-time support System) to adapt the concurrent
processing facilities of CHILL(CCITT High Level Language) which had recommended by ITU-T(Intemational
Telecommunication Union Telecommunication Standardization Sector). Because the CHILL provides more various
roncurrent processing facilities than other concurrent programming language, a design and implementation on CRS can
give us real effects to gain the major functionalities and the techniques of the concurrent processing. In this paper, we
design the interface rules of concurrent functions to conform with the CHILL compiler. We use the concurrent
processing primitives as the library style to be invoked by procedure calls, and implement the start-up routine of the
CHILL program, the context switching routine, and the CHILL process control parts to control the execution of the
CHILL processes concurrently.
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51 CHILL #Hujglaietel Qle{mjojA

CRS$ CHILL Zzayd#e] 71239 e~
TEE ZEARY £ Pz A dAEA
th. &, CRS= CHILL dej7t MF3he WA 2
8% JI5ES TAFO FeHo Zvgr FHo
2 7Esto] HPA AQ dojuR FARA A
F@ch. CHILL #H=s¥els CHILL Z2yd W94
CHILL ?lol9] Haxza|sl BdE rtloje] HAFE
hete] iz 99S ggEn zvisdch CHLL

(E 2) CHILL H¥x2| Z2|0jE|= HE 73

xzlujg)y CHILL +& CRS ¢Ig#o]~ 9 A
START START processName ( start (Addr, procDef, stackSize,
[ParameterList]) priority,timelimit,
[SET instanceloc] systemOrUser, typeOfStart,
[0S Directives): interval,unitOfInterval,
tartTime, actCount, numOfArgs
[,actualParamList]
)i
STOP STOP; stop{);
THIS THIS; this();
DELAY DELAY EVENTLoc delay(->EVENTLoc, priority);
[PRIORITY priority]:
DELAY DELAY CASE [{SET instanceloc delaycase (->instanceloc,
CASE [PRIORITY priority}; priority,
| PRIORITY priority;}) numOfEVENT,
(EVENT 1): ->EVENT_ 1, ...,
action_statement list; ->EVENT n
_ ' _
(EVENT n)
ction_statement_ list;
ESAC;
CONTINUE CONTINUE EVENTLoc: continue (->EVENTLoc) ;
BUFFER SEND bufLoc (bufMsgLoc) sendbuf (->bufloc, priority,
SEND [PRIORITY priority}; ->bufMsglLoc) ;
BUFFER BufMsgLoc:= RECEIVE bufloc; rcvbuf {(->bufloc, ->bufMsgloc) ;
RECEIVE
BUFFER RECEIVE CASE rcvbufcase (cmdType,
RECEIVE [SET instanceloc;] ->instanceloc,
CASE (bufLoc_1 [IN msgloc_1]}: numOfBUFFER,
action_statement_ Jist ->bufloc_1, ->msgloc_1,
(bquoc n [IN msgLoc n)): ->bqu6c;n, ->msgloc_n
actich_statement Tist );
[ELSE
action_statement_list}
ESAC;
SIGNAL SEND sigName (sigMsgLoc) sendsig (SIGNALId, procDefld,
SEND [TO instance] destination, priority,
[PRIORITY priocrity]; sizeOfValue, ~>sigMsqg) ;
SIGNAL RECEIVE CASE [NONPERSISTENCE rcvbufcase (cmdType, ->instanceloc,
RECEIVE [EXCEP numOfSIGNAL,
CASE save_SIGNAL list]] numOfSaveSIGNAL,
[SET instanceloc; ] SIGNALId 1, ->msgloc_1,
{sigName_ 1 [IN msgloc_l}):
action_statement_ list SIGNALId n, —>msgLoc n,
saveSIGNALId 1
(sngame n [IN msgLoc_r]):
action statement list saveSIGNALId n
|ELSE )i -
action_statement_list]
ESAC;
REGION REGIONName : REGION enterREGION (->REGION)
<REGION body> <REGION body>
END; exitREGION{->REGION)
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CRSS 32E A€ 9AAQ UNIXAA =
Zzaye AL FEIE Wyoes Axde HY
Wl “start"E ol &¥} F BE Za o o
Ay g7 st FGAMA s 34 “_start”=}
F xgad TE 2doen AoE YAFE ez
AztE ], o] ZRlA AlgA T2l “main” F
He 3&¥oad ALV FAAHF T2 4y
o] 1% HEE 3t Wy AMg

CRSY 7% AAE olg fAlR Wieoz AU
%, $9AA9 Z2 a9 4% ™M “main"g& E&3
£ tiNel CHILL Z21ye] F8d it zof A#S
7FA 3 9= CRSE 32358 WAgoeM CRS7H 4

UNIX CRS Startup CHILL Sanup CHILL
Shell Routine Routine Program
/ _stwi () 7/ (_Oﬂ.ﬂ("lh( » 7/ Mﬁm MODULE
{ - -
Program
Loadar Y, I procaas A
exit(_crs_init( )); d }
X\ 3\ omom;ost. o8 () enl.luk
retum; { e
call main; w—J @ start A;
} retum ™ end main;
1

(32 3) W CHILL T2I39| 725 A

PHEE & & gon, o] MRFHE ZE CHILL Z24
29 75 9 Aol B #oIE CRS7L Aj@et. (24
& ol YEHolx FAHE =AHE Aonh

o] CRSY Vax-11 A9 7% FEL (29 4 2Y

char **environ = (char **)0;

asm("#define _start start”);
asm("#define _eprol eprol”);

extern unsigned char etext;
extern unsigned char eprol;
start()

{
struct kframe {
int kargc;
char *kargv(1]: /* A7)E karged E */
char kargstr[l}; /* @% A7| */
char kenvstr(l]; /* W% 37| */
I

register int ril; /* initE ¢18 98 */
register struct kframe *kfp; /* rl0 */

register char **targv;

register char **argv;

asm(" movl sp,rl0");

for{argv=targv= &kfp->kargv(0];*targv++; )

if (targv >= (char **) (*argv)!
--targv;
environ = targv;
asm("eprol:");
/* "main® fj{lof ® crs init" & */

exit(_crs_init (kfp->kargc, argv, environ)):

asm("#undef _start");
asm("#undef _eprol”);

(18 4) CRSY FFEFE

53 Z2M 2 Ho| £%(PCB)

PCBE Z2A2o dig 43 HRE 8@, #elst
71 ¢ AegAN CRSE CHILL ZE2HAE 44
o g2 2& AREo] AFAU Hede PCBE
A se] T2 A2E BB}

cZa Azl Ho Az

c XLEA LS AaEx

c ZZ M2 AH

« A9

+ AN 289 7|F FA(base address)

- 43X 71% #e A B(EVENT, BUFFER, SIG-
NAL, REGIONel #& AK)

« XTZA20 B An(HALE )

PCBell & dlojg] 2 &t 2o

struct processControiBlock {
PROC_DEF_MODE procDefld: /* Z24A A ID #/



1950 S=RFEMEIBS =2X M6 MT7Z=(9.7

INSTANCE_MODE instance; fe ZTRMHA QAR »/
unsigned state; /« @ AH &/
PRIORITY_MODE runPriority; /* d $4&4 +/
PRIORITY_MODE queuePriority: /+ i $4&$ «/
unsigned long stackBase; /e 2€8] 7|FE FAh ox/
unsigned long stackTop: /x 299 § FA ¥/
int sizeOfStack; /x 29 37 »f
DCL_EVENT_NODE »*pDciEventList;

/x AAE EVENT 8| 2E »/
DELAY_CASE_MODE *pDelayCase;

/% EVENT Delay-Case ¥21E #*/
DCL_BUF_NODE *pDclBufList;

/* AA¢ BUFFER | £E #/
BUF_RCASE_MODE *pBufRecvCase;

/* BUFFER Recv-Case E%1E #/
unsigned *pBufMsg;  /* 418 BUFFER "4 #/
int regionState; /* Region Xl +/
REGN_HEAD_NODE #*regionPtr:

/* region = EQIE */
SIG_MSG_NODE #*pRecvedSigList:

/+ A E signals Y 2E #/
SIG_RCASE_MODE =*pSigRecvCase;

/% SIGNAL Recv-Case X21E +/
unsigned *pSigMsg;  /+ FA€ SIGNAL A1 A =/
REGISTERS saveArea; /* #lZ2E HAE 99 +

54 Z2AHl2 Mej Ho|
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_saveContext (saveArea)

unsigned *saveArea;

{
asm(™movl 4(ap), r0"};

Hs +
asm("movq r2, (r0)+") /12, 3 AR +/
asm("movq rd, (r0)+"); /* x4, r5 AF +/
asm("movq r6é, (r0)+"); /* 6, 7 HF +/
asm("movq r8, (r0)+"); /* 8, r9 A% */

/* 110, rll AF +/
/* o189 ap, fp AP/
asm("addl3 $8, ap, (r0)+");/* o]He] sp A% +/
asm{"movl 16(fp), (r0)" ); /* o|H¢ pc A% */
asm{"clrl 0" ); /* 10 Zelo] +/

asm({"movg rl0, (rQ)+");
asm("movq B(fp), (r0)+");

}

_resumeContext (saveArea, returnValue)

unsigned *saveArea;

int returnValue;

{

AR 12 2/

/A5 BE2o2RE Y 9
q g5 +/

/* r2, r3 ARG +/

/* 4, 5 AAZ +/

/* £6, r7 AAZ */

/* 18, r9 AANZ +/

/* rl0, rll AAZ +/

/* ap, fp AR +/

/* sp AAG +/

/* pc QAR afoR
Jump */

asm("movl 8(ap}, r0");
asm{"movl 4(ap), rl");

asm{"movg (rl}+, r2");
asm{"movq (rl)+, rd4");
asm("movqg (rl)+, ré");
asm("movq (rl)+, r8");
asm{"movq {rl)+, rl0");
asm{"movqg (rl)+, rl2");
asm("movl (rl)+, sp”};
asm("jmp *{rl) ");
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/* CHILL Run-time System */
main()
{

int i;

int exist;

int outermost():

for(i = 1; i < MAX_NUM_PROCESSES; i++) {
pcb(i].pid = -1;
}

/* initialization of the loutermost process */
start (outermost, DFLT_STACKSIZE);
/* save KERNEL status then resume here */
_saveContext (4pcb [KERNEL] . saveReg) ;
/* select next process to be run */
schedule ();
printf ("SELECTED : Process %d WITH\n", this(}};
printStatus(this{());
/* resume process */
_resumeContext (&pcb[this ()] .saveReg, 1);

}

block ()
{
/* save status of CHILL process */
if (!_saveContext (&pcb[this()]}.saveReg}){
printf ("BLOCKED : Process $d\n", this(});
/* go to KERNEL to schedule */
_resumeContext(&pcb[KERNEL].saveReg, 1):
}
/* CHILL process blocked will be resumed here */
printf ("RESUMED : Process $d\n", this{)};
}

schedule ()

while (1) {
printf("\nNext process to be run (0-%d) ? ",
noOfProcesses) ;

start (process, stackSize)
int {*process)();

int stackSize; /* size in byte */
{

char *malloc();

noOfProcesses++; /* assumed pid = 0 for kernel */
pcbincOfProcesses) .pid = noCfProcesses;
if (stackSize < DFLT_STACKSIZE)

stackSize = DFLT_STACKSIZE;
stackSize

={stackSize+sizeof (long)-1)/

sizeof (long) *sizeof (long);

pcb[noOfProcesses) . saveReq.sp

=(long) {calloc(l, stackSize) + stackSize);

/* € 9dojol] 28] 7|£@ CHILL ZRH2E +/
outermost {) /* CHILL main - outermost TEAHX */
{
int p2(), p30);
printf ("Executing outermost process firstly...\n");
start(p2, 1024);
printf ("START... p2 with stack size 1024\n"};
start (p2, 1024);
printf{"START... p3 with stack size 1024\n");
start (p2, 1024);
printf ("START... p2 with stack size 1024\n");
start (p2, 1024);
printf ("START... p2 with stack size 1024\n");
start(p3, 1024);
printf ("START... p3 with stack size 1024\n"};
start (p3, 1024);
printf ("START... p3 with stack size 1024\n");

for (;:){
printf ("Executing outermost process\n");
block ():
}
}
p2() /* CHILL XZM2X p2 */
{
for ;i) {
printf ("Executing process definition p2\n");
block{);
}
}
p30) /* CHILL L2M2 P3 */
{
for (54
printf ("Executing process definition p3\n");
block();
}
}
5 F- b
[CRS@tdx] crs

Next process to be run (0-1) 2 1

SELECTED : Process 1 WITH

STATUS of Process 1 : pc 802 sp 18436 fp 18436

Executing outermost process firstly...
START... p2 with stack size 1024
START... p3 with stack size 1024
START... p2 with stack size 1024
START... p2 with stack size 1024
START... p3 with stack size 1024
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START... p3 with stack size 1024
Executing outermost process
BLOCKED : Process 1

Next process to be run (0-7) 2 2

SELECTED : Process 2 WITH

STATUS of Process 2 : pc 1042 sp 53396 fp 59396
Executing process definition p2

BLOCKED : Process 2

Next process to be run (0-7) 2 3

SELECTED : Process 3 WITH

STATUS of Process 3 : pc 1042 sp 67588 fp 67588
Executing process definition p2

BLOCKED : Process 3

Next process to be run (0-7) ? 4

SELECTED : Process 4 WITH

STATUS of Process 4 : pc 1042 sp 75780 fp 75780
Executing process definition p2

BLOCKED : Process 4

Next process to be run (0-7) ? 2

SELECTED : Process 2 WITH

STATUS of Process 2 : pc 254 sp 59372 fp 59372
RESUMED : Process 2

Executing process definition p2

BLOCKED : Process 2

Next process to be run (0-7) ? “C[CRSEtdx]
[CRS@tdx)
[CRS@tdx]) exit
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