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msg.msg_accrightslen = sizeof(int);� 
filetable_op = SYS_socket; if (proc-nurn == 1)� 

THREADunlock(&sysio_sync);� 
for (i = 0; i < proc_nurn; i++)� 

if (i == THREADn) return (fd);� 
continue; 

if ((sendrnsg (s fd [0], &msg, 0» < 0) (� 
perror{"in open; sendrnsg’);� 

} 

kill (THREADnpid(i) , SIGUSRl); 

/**************************************************************************/ 

if (proc-nurn == 1) j* THREADsysaccept *j 
THREADunlock{&sysio_sync) ; j* *j 

J***************************************************** *********************/ 

return (sockfd); 

int 
THREADsysaccept (int s, struct sockaddr *addr, int *addrlen) 
( 

struct msghdr msg; 
int pid, i; 

J***************************************************** *********************/ int fd, 
j* THREADsysopen *j 
j* *j THREADlock(&sysio_sync) ; 
Jr**************************************************** *********************/ signal_recv_count = 1; 

accept_label: 
int fd = accept (s, addr, addrlen); 
THREADsysopen (char *filename, int flags, int mode) if (fd < 0) ( 

( if (errno == EINTR) j* watch for *signal* interrupt error *j 
struct msghdr msg; goto accept_label;� 
int pid, i; return (fd),� 
int fd;� 

THREADlock(&sysio_sync) ; msg.msg_iov = (struct iovec *) 0,� 
signal_recv_count = 1; msg.msg_iovlen = 0;� 

msg.msg_name = (caddr_t) 0;� 
open_label: msg.msg_accrights = (caddr_t) &fd;;� 

if (flags & O_CREAT) msg.msg_accrightslen = sizeof(int);� 
fd = open(filename, flags, mode); filetable_op = SYS_accept;� 

else� 
fd open(filename, flags); for (i = 0; i < proc_nurni iH)� 

if (fd < 0) ( if (i == THREADn)� 
if (errno == EINTR) j* watch for *signal* interrupt error *j continue;� 

goto open_label; if ((sendrnsg(sfd[OJ, &msg, 0) l < 0)� 
return (fd);  open; sendrnsg"l;� 

}� 
kill (THREADnpid(i) , SIGUSRl);� 

msg.msg_iov = (struct iovec *) 0;� 
msg.msg_iovlen = 0;� 
msg.msg_name = (caddr_t) 0; if (proc_nurn  1)� 
msg.msg_accrights = (caddr_t) &fd;; THREADunlock(&sysio_sync) ;� 
msg.msg_accrightslen = sizeof(int);� 
filetable_op = SYS_open; return (fd),� 

for� (i = 0; i < proc_nurn; i++) (� 
if (i == THREADn)� 

continue; 
if ({sendrnsg(sfd[O], &msg, 0» < 0) (� 

perror("in open; sendrnsg’),� 
)� J***************************************************** *********************/ 
kill (THREADnpid(i) , SIGUSRl); j * THREADsysclose� */ 

j*� *j 
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/**************************************************************************/ 

if (proc_num == 1) 
THREADunlock(&sysio_sync) ; 

int 
THREADsysclose (int fd) return (new_fd); /' sucessfully */ 
( 

int pid, i; 

THREADlock(&sysio_sync) ; /**************************************************************************/ 

signal_recv_count = 1; /' THREADsysdup2 */ 

/' */ 
close_label: /**************************************************************************/ 

if «(close(fd)) == -1) { 
if (errno == EINTR) 

goto close_label; int 
return -1; THREADsysdup2 (int fd1, int fd2) 

( 
int pid, if new_fd; 

sys_fd[O] = fd;
 
filetable_op = SYS_close; THREADlock(&sysio_sync) ;
 

signal_recv_count = 1;
 
for (i = 0; i < proc_num; i++)
 

if (i == THREADn) dup2_label:
 
continue; if (( (new_fd = dup2 (fd1, fd2))) -1) {
 

kill (THREADnpid(i) , SIGUSR1); if (errno == EINTR)
 
goto dup2_label;
 

return -1; 
if (proc_num == 1)
 

THREADunlock(&sysio_sync) ;
 
sys_fd[O] = fd1;
 

return (0); /' sucessfully '/ sys_fd[l] = fd2;
 
filetable_op = SYS_dup2;
 

for (i = 0; i < proc_num; i++) { 
if (i == THREADn) 

/**************************************************************************/ continuej 
/' THREADsysdup '/ kill (THREADnpid(i) , SIGUSR1); 
/' '/ 
/**************************************************************************/ 

if (proc-num == 1) 
THREADunlock(&sysio_sync) ; 

int 
THREADsysdup (int fd) return (new_fd); /* sucessfully */ 
( 

int pid, i, new_fd; 

THREADlock(&sysio_sync) ;
 
signal_recv_count = 1;
 

/***************************************************************************/ 

dup_label: /' THREADcopyfdset */ 
if «(new_fd = dup(fd))) -1) ( /***************************************************************************/ 

if (errno == EINTR) 
goto dup_label; 

return -1; void 
THREADcopyfdset (fd_set 'source, fd_set *target) 
(
 

sys_fd[O) = fd; *target = *source;
 
filetable_op = SYS_dup;
 

for (i = 0; i < proc_num; i++) { 
if (i == THREADn) /***************************************************************************/ 

continue; /' THREADcopyfdsetlimited '/ 
kill (THREADnpid(i) , SIGUSR1); /' */ 

/' copies limit bytes from 'source to 'target */ 
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/***************************************************************************/ 

void 
THREADcopyfdsetlimited (fd_set *source, fd_set *target, int limit) 
{ 

int i;
 
fd..JT\ask *s &(source)->fds_bits[Ol;
 
fd..JT\ask *t &{targetj->fds_bits[O];
 

for	 (i = limit; i >= NFDBITS; i -= NFDBITSj ( /* NFDBITS bits per mask */ 
*(t++) = *(s++); 

) 

if (i > 0) (
 
fd..JT\ask mask = (1«i) - 1;
 

*t = (*t & -mask) (mask & *s); 
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J***************************************************** **********************/ 

1* thread - thread package. * I try_again:
 
1* * I if «*id = shmget( (key_t) rand()), size, flagIIPC_CREATIIPC_EXCL)) < 0)
 
1* Copyright 1986 Thomas W. Doeppner Jr. - Brown University *1 if (errno == EEXISTj (
 
1* - All rights reserved. *1 goto try_again; 1* we don't want interfere with our business *1
 
J***************************************************** **********************/ 

J***************************************************** ***********************/ if (errno == ENOSPC)
 
1* Programmer : Tsugn-Jen Chou *1 char buf[108];
 
1* *1 sprintf(buf, 'No free shared memory available\nUsing ipcs and\
 
1* This program is modified from the work done by *1 ipcrm to deal with\n"),
 
1* David Edelsohn (edelsohn@sccs.Syr.EDU) *1 write(2, but, strlen(buf));
 
1* *1 return NULL;
 
1* This program *1
 
1* (1) asks a shared memory (starting at the same place for the same kind *1
 
1* of machine) . *1 if (errno == EINVAL) (
 
1* (2) read in the to-be-Ioaded program to the starting address. *1 perror("shmget") ;
 
1* (3) pass the control flow to that starting address. *1 return NULL;
 
1* *1 }
 

1* acc this file with -Bstatic *1 else (
 
1* acc -Bstatic loadfunc wrapper.c sharem.c -0 loadfunc *I perror ( "shmget") ,
 
1* -Bstatic : because we want to load another executable onto our data sec.*1 return NULL,
 
1* so we could only use -Bstatic *1
 
1* wrapper.c because the to-be-Ioaded file will access loadfunc *1
 
1* ( -A loadfunc) so wrapper can't appear in the following line.*1
 
1* this file wraps the normal system io function. *1
 
1* to-be-Ioaded program should be linked with *1 if «(shmaddr = shmat(*id, 0, flag)) -1) (
 

1* Ibin/ld -N -x -T f76fOOOO -A loadfunc -e _starter (0 files) (libs) *1 perror (" shmat") ,
 
1* *1 return NULL;
 
1* current support Sun models : SPARCsystem 1, SPARCsystem 1+, *1
 
1* SPARCsystem 2, SPARCsystem IPC, SPARCsystem SL, SPARCsystem 600MP series,*/
 
1* SPARCsystem 10 *1 return (char*) shmaddr,
 
J***************************************************** ***********************/ #undef flag 

) 

#include <stdio.h> 
#include <sys/errno.h> 
#include <sys/types.h> 
#include <sys/ipc.h> #define Key «key_t) getpid()) 
#include <sys/shm.h> #define Perm 0666 
#include <fcntl.h> 
#include <a.out.h> /* **************************************************************** 

Current supporting Architectures 
#define Chunk 1040000 
#define round(x, s) « «x) -1) & - «s) - 1)) + (s)) Application Kernel Current Sun 

Architecture Architecture System Models 
#include 'loadfunc_only.h' sun4 sun4c SPARCsystem 1, SPARCsystem 1+, 
extern int errno; SPARCsystem 2, SPARCsystem IPC, 

SPARCsystem SLC 
/*************************************************************************/ sun4 sun4m SPARCsystem 600MP series, 
1* shmdemand -- *id <- shmget (key, size, flagIIPC_CREAT) *1 SPARCsystem 10 
1* return (shmat (*id, addr, flag)) *1 
1* * I * entry address 
1* need to take care of shmget's error, so we call shmdemand instead of *1 * sparc 4c : Oxf76fOOOO 
1* call shmget directly *1 * sparc 4m : Oxef6ffOOO 
J***************************************************** ********************/ * ****************************************************************/ 

#define sun4mEntryAddress Oxef6ffOOO 
char* #define sun4cEntryAddress Oxf76fOOOO 
shmdemand (int size, int *id) 
( 
#define flag 0666 

long shmaddr; /***************************************************************************/ 

struct shmid_ds buf; 1* loadfunc *1 
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/***************************************************************************/	 printf('couldn't read data from %s\n", filename); 
shmctl (shmid, IPC_RMID, &buf); 

void exit(6); 
loadfunc (char *filename, int ac, char *av[]) } 

( close ( fd) ; 
int fd;
 
caddr_t base; bzero(base+readsize, header.a_bss); f* clear bss section *f
 
u_Iong readsize;
 
u_Iong offset; IX x*****************************
 

int shmid; * jump	 to the loaded executable. 
struct exec header;	 * *******************************/ 

struct shmid_ds bUf; entry = (int (*) (int, char ell)) header. a_entry;
 
int (*entry) (int, char* []); (*entry) (ac, av); f* pass control *f
 

f* open the file *f 
if «fd = open (filename, O_RDONLY, 0)) < 0) ( 1* ************************************ 

perror('in loadfunc, open'); * came back from the loaded executable. 
exit (errno) ; * ******x******************************/ 

if «shmctl(shmid, IPC_RMID, &buf)) < 0) f* delete the share memory *f 
perror ( "shmct I') ; 

1* ******************************************************************* 

* allocate the memory to load the executable. 
* we don't want to call shmget & shmat directly because we must take 
* care of some unexpected situations 
* *******************************************************************/ 1***************************************************** ***********************/ 

if «base = shmdemand(Chunk, &shmid)) == NULL) ( 1* main *1 
printf(Oerror in share memory allocation\n"); 1***************************************************** ***********************/ 

exit (errno) ; int 
} main (int argc, char *argv[]) 

#ifdef DEBUG ( 
printf('base is %x\n", base); if (argc < 2) ( 

#endif printf("usage: %s to-be-Ioaded-file\n', argv[O]); 
exit(l); 

1* ************************************************************ 

* start to read in this file. header information first.
 
* ************************************************************/ srand(getpid()) ;
 

if «read(fd, &header, sizeof(struct exec))) != sizeof(struct exec)) loadfunc(argv[l], argc-l, &(argv[l]));
 
printf('couldn't read header from %s", filename);
 
close(fd) ;
 
exit (errno) ;
 

}
 
readsize = round (header. a_text , 4) + round (header. a_data, 4);
 

Nifdef DEBUG 
printf('text=Ox%x, data=Ox%x, bss=Ox%x\n", header.a_text, header.a_data, 

header.a_bss) ; 
printf(Oreadsize=Ox%x\t%d\n', readsize, readsize); 

Nendif 

1* ********************************************************** 

* read text + data from the executable, then close this file 
* ********************************************************** *1 

offset = N_TXTOFF(header); 
Nifdef DEBUG 

printf(Oactual data, i.e. N_TXTOFF is %x %d\n', offset, offset); 
#endif 

if ((lseek(fd, offset, 0)) != offset)
 
close (fd) ;
 
printf(Ocouldn't position file %s\n", filename);
 
shmctl(shmid, IPC_RMID, &buf);
 
exit (5) ;
 

)
 
if (read(fd, base, readsize) != readsize)
 

close(fd) ;
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/***************************************************************************/ 

I' thread - thread package. '/ 
/. , / 
/' Copyright 1986 Thomas \./. Doeppner Jr. - Brown University 'I 
/' - All rights reserved. '/ 
J***************************************************** **********************/ 

#include <signal.h> 
#include ·privatedata.h· 
'include ·tcb.h' 
#include ·logerr.h' 
#include 'thread.h' 
#include 'preempt.h' 

static int THREADerrorlevel ~ WARNING; 
LOCK THREADdying ~ UNLOCKED; 

J***************************************************** **********************/ 

j* logerr '/ 
J***************************************************** **********************/ 

void
 
logerr (int level, char 'message)
 
( 

char bUf(150); 

if (level < THREADerrorlevel) 
return; 

THREAD_PROTECT; 

switch(level) 
case INFO: 

sprintf(buf, '\nTHREAD (info): %s\n', message); 
write(2, buf, strlen(buf)); 
break; 

case ~lARNING:
 

sprintf(buf, '\nTHREAD (warning): %s\n', message);
 
write(2, buf, strlen(buf));
 
break;
 

case ERROR:
 
sprintf(buf, '\nTHREAD (error): %s\n', message);
 
write(2, buf, strlen(buf));
 
break;
 

case DISASTER: 
case TERMINATE: 

int omask ~ sigblock(Oxffffffff);
 
/' give default handling to the following '/
 
signal (SIGHUP, SIG_DFL);
 
signal (SIGINT, SIG_DFL);
 
signal (SIGQUIT, SIG_DFL);
 
signal (SIGILL, SIG_DFL);
 
signal (SIGTRAP, SIG_DFL);
 
signal (SIGIOT, SIG_DFL);
 
signal(SIGffi~T, SIG_DFL);
 
signal (SIGFPE, SIG_DFL);
 
signal (SIGBUS, SIG_DFL);
 
signal (SIGSEGV, SIG_DFL);
 
signal (SIGSYS, SIG_DFL);
 
s}gnal(SIGPIPE, SIG_DFL);
 

signal (SIGTERM, SIG_DFL), 
if (!THREADcondlock(&THREADdying)) 

write(2, "ABORT: ", 7); 
sprintf(buf, "%d aborting (pid %d) (disaster), THREADn(%d) \n', 

THREADpindex, 
getpid{), THREADn);
 

write(2, bUf, strlen(buf));
 
_exit (1);
 

if (level ~~ DISASTER) 
write(2, '\nTHREAD(disaster): " 19); 

else 
write(2, "\nTHREAD(terminate): ", 20); 

sprintf(buf, "pid %d (%d): %s\n', THREADwhichprocessor, 
THREADpindex, message); 

write(2, buf, strlen(buf)); 

if (level ~~ DISASTER)
 
THREADsigbroadcast(SIGQUIT) ;
 

else (
 
int i;
 

THREADsigbroadcast(3l) ; 

I' give everyone a chance to do something, then blast 'em '/ 
for (i=O; i<lOOOOOO; i++) 

THREADsigbroadcast(SIGKILL) ;
 
for (i~O; i<lOOOOOO; i++)
 

if (level ~~ DISASTER) (
 
kill (getpid() , SIGQUIT);
 
sigsetmask(-(l«{SIGQUIT-l))) ;
 
write(2, "abort failed\n", 13);
 

} 

exit(2); 
) 

default:
 
logerr(ERROR, "LOGERR: Invalid message level');
 

THREAD_UNPROTECT; 

Jr**************************************************** **********************/ 

/' THREADset_error_level 'I 
/***************************************************************************/ 

void 
THREADset_error_level (int level) 
( 

if ((level < INFO) II (level> DISASTER))
 
logerr(WARNING, 'THREADset_error_level: invalid level");
 

else
 
THREADerrorlevel ~ level;
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1***************************************************** **********************/ 

1* Build a dynamic memory allocation (malloc, free, ..... ) * I 
1* * I 
1* This program is modifed from the malloc.c in cs169's assignment. This *1 
1* version of malloc & free is dedicated to be used with THREAD package *1 
1* * I 
1***************************************************** **********************/ 

#include <stdio.h> 
#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/shm.h> 
#include <sys/errno.h> 
#include 'lock.h' 
#include 'tcb.h' 
#include 'runQ.h' 
#include 'preempt.h' 

extern int errnOj 

#define SHMSIZE (1024 * 1024 - 100) 

1***************************************************** ********************/ 

1* below for dynamic memory management *1 
1***************************************************** ********************/ 

struct BTag { 
int size; 
struct BTag *blink, *flink; 

}; 

struct BTag avail; 
int *freepool; 
LOCK memlock; 

1***************************************************** **********************/ 

1* malloc_init *1 
1* * I 
1* return 0 : fail; return 1 : success *1 
1***************************************************** **********************/ 

int 
malloc_init () 
( 

int sid; 
extern char* shmdemand(int, int*); 

if «freepool ; (int*) shmdemand(SHMSIZE, &sid»;;NULL) 
printf('in malloc_init error\n"); 
fprintf(stderr, ' error in dynamic memory initialization\n"); 
exit (errno), 

freepool[O] ; SHMSIZE; 
freepool[SHMSIZE I 4 - 1] SHMSIZE; 

avail.flink ; avail.blink ; (struct BTag*) (&freepool[l]); 
avail.flink->blink ; avail.flink->flink ; &avail; 
avail.flink->size ; 2 * sizeof(int) - SHMSIZE; 
freepool[SHMSIZE I 4 - 2] ; 2 * sizeof(int) - SHMSIZE; 

memlock ; UNLOCKED; 
return sid; 

/***************************************************************************/ 

1* _malloc -- allocate a memory of «(size+3)14)*4) *1 
1* *1 
1* We free the tcb on freeit_queue. DON'T try to memlock should be unlocked*1 
1* before invoking THREAD_FREESTACK, because it will invoke _free in turn. *1 
1***************************************************** **********************/ 

char* 
-malloc (int size) 
( 

struct BTag *to;
 
THREAD tCbp;
 

THREADlock (&freeit_queue. lock) ;
 
while «tcbp ; THREADqueueGet(&freeit_queue» != NULL)
 

THREAD_FREESTACK(tcbp) ;
 
THREADunlock(&freeit_queue.lock) ;
 

THREAD_PROTECT;
 
THREADlock(&memlock) ;
 

if (freepool ;; 0) (
 
THREADunlock(&memlock) ;
 
THREAD_UNPROTECT,
 
return (char*) 0;
 

if (size % 4) 1* alignment to 4 *1 
size +; (4 - (size % 4»); 

if (size < 2 * sizeof(char*» 1* must make room for two links *1 
size; 2 * sizeof (char*); 

to ; avail.flink;
 
while (to !; &avail) (
 

if «int) (to->size + 2 * sizeof(int) + size) <= 0)
 
goto found;
 

to ; to->flink;
 

THREADunlock(&memlock) ;
 
THREAD_UNPROTECT;
 
return (char*)O;
 

found: 
if «int) (to->size + 3 * sizeof(int) + size + sizeof(struct BTag*) > 0) ( 

1* 
the free space is not big enough to support, allocate all this free 
space to allocated area 

*1 
to->size = -to->size; 
«int*) «char*)tO + to->size - sizeof(int») [0] = to->size;
 
to->blink->flink = to->flink;
 
to->flink->blink ; to->blink;
 
bzero( (char*) «char*)tO + sizeof(int»), size);
 

THREADunlock(&memlock) ;
 
THREAD_UNPROTECT;
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return (char*) ((char*)tO + sizeof(int)), return 1; 

/*
 
below divide the free space into two parts, one is allocated, the other
 
one still linked to freepool list with size changed
 

*/ /***************************************************************************/ 

(int*) «char*)tO - to->size sizeof(int))) [0) = size + sizeof(int) * 2; /* memalign */ 
to->size = to->size + size + 2 * sizeof(int); /***************************************************************************/ 

«int*)(char*)tO - to->size - sizeof(int))[OJ = to->size, 
«int*) «char*)tO - to->size)) [0] = size + sizeof(int) * 2,
 
bzero( (char*) «char*)tO - to->size + sizeof(int)), size); char *
 

-memalign (unsigned alignment, unsigned size)
 
THREADunlock(&memlock) , (
 
THREAD_UNPROTECT, char *Pi
 
return (char*) «char*) to - to->size + sizeof (int));
 

p = -malloc(size); 

if (p == NULL) 
return NULL, 

/***************************************************************************/ if « (unsigned) p) % alignment) ( 
/* _free */ char buf [108J; 
/***************************************************************************/ sprintf(buL "Error in memalign, not aligned\n"); 

write(2, buf, strlen (buf)), 
int 
_free (struct BTag *b) return NULL; 
( else 

struct BTag *to, *tl, *t2, return Pi 

THREAD_PROTECT;
 
THREADlock(&memlock),
 

#define PREV(x) «(int*) (x) [-1]) 

b = (struct BTag*) &PREV(b), 
b->size = -b->size; 

if (PREV(b) < 0) (
 
to = (struct BTag*) «char*)b + PREV(b));
 
tl = to->flink,
 
t2 = t O->blink,
 
tl->blink = t2,
 
t2->flink = tl,
 
to->size t= b->size; 
b = to;
 

)
 
to = (struct BTag*) «char*)b - b->size),
 
if (to->size < 0) (
 

tl = t O->flink,
 
t2 = to->blink,
 
tl->blink = t2,
 
t2->flink = tl,
 
b->size += to->sizej 
to = (struct BTag*) «char*)tO - to->size),
 

)
 

PREV(tO) = b->size;
 
b->flink = avail.flink,
 
b->blink = &avail;
 
avail.flink->blink = b,
 
avail. flink = b,
 

THREADunlock(&memlock) ;
 
THREAD_UNPROTECT,
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!***************************************************************************/ 

/* thread - thread package. */ 
/* */ 
/* Copyright 1986 Thomas W. Doeppner Jr. - Brown University */ 
/* - All rights reserved. */ 
1***************************************************** **********************/ 

#include <stdio.h> 
hnclude ·tcb.h" 
#include "manager.h" 
#include "preempt.h" 
#include ·monitor.h" 

#define manager_ops_num 

int THREADmanager_offset; /* assigned in mp.c */ 

static 
struct manager_ops monitor_ops[manager_ops-numJ 

HANAGER-ABORT, THREADmonitorabort, 
HANAGER_EXCEPTION, THREADmonitorabort, 

}; 

1***************************************************** **********************/ 

/* THREADtellmanagement */ 
/* */ 
/* when a thread is switched to run, it must check if it got exceptions */ 
/* or not, if so it calls the corresponding function */ 
1***************************************************** **********************/ 

void 
THREADtellmanagement (int func_code, THREAD tcb) 
( 

THREAD->llrnAGER manager = (THREAD_l~AGER) manager_newest (tcb) ;
 
int i;
 
void (*func) () ;
 

THREAD_PROTECT; 

switch (func_code) {
 
case HANAGER-ABORT,
 

while (manager != NULL) {
 
/* try each manager in the manager stack */
 
for (i = 0; i < manager->num_of_ops; i++j
 

/* check out the id's for a match */ 
if ((func_code == manager->ops[iJ .id) && 

(( func = manager->ops [i] . func)) ! = NULL) 
(*func) (tcb, manager); 

manager = manager_forward(manager} ; 
~~NAGER_RELEASE(tcb) ;
 

}
 
break;
 

case ~UUIAGER_EXCEPTION, 

while ((manager != NULL) && HANAGER_IN_SCOPE(manager, tcb)) ( 
/* try each manager that was created farther in the stack 

than where setexception was called */ 
f?r (i = 0; i < manager->num_of_ops; i++) ( 

/* check out the id's for a match '/ 
if ((func_code == manager->ops[i] .id) && 

((func = manager->ops[i] .func)) != NULL) 
(*func) (tcb, manager); 

manager = manager_forward(manager) ;
 
HANAGER_RELEASE(tcb) ;
 

} 

break; 
) 
THREAD_UNPROTECT; 
return; 

1***************************************************** **********************/ 

/* HANAGER-ALLOCATE '/ 
/* '/ 
/***************************************************************************/ 

void 
HANAGER_ALLOCATE (THREAD_~llrnAGER 'manager, THREAD_HONlTOR monitor, THREAD tcb) 
( 

int size; 

size = sizeof(THREAD~{ANAGER_BLOCK) +
 
((manager_ops_num - 2) , sizeof(struct manager_ops));
 

if (*manager == NULL) (
 
*manager = (THREAD_HANAGER) -rnalloc(size);
 
bzero(*manager, size);
 

else ( 
bzero(*manager, size); 
manager_onstack_set('manager); /* don't interchange these two lines '/ 

(*manager)->data = monitor;
 
(*manager)->num_of_ops = manager_ops_num;
 
bcopy(monitor_ops, (*manager)->ops,
 

manager_ops_num' sizeof(struct manager_ops»);
 

THREADmanagerexcpptr(('manager)) = THREADexception_stack(THREADcurrent); 

/* chain the manager together, in the case of nest monitor */
 
manager_forward((*manager)) = manager_newest(THREADcurrent);
 
manager_newest (THREADcurrent) = (*manager);
 

/***************************************************************************/ 

/* I~AGER_RELEASE */ 
/* '/ 
/* N.B. if manager_onstack is true, this manager is supported by the user, */ 
/' so don't free it */ 
/***************************************************************************/ 

void 
r"'~'-.", 
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~~NAGER_RELEASE (THREAD tcb) 
( 

THREAD_~~AGER manager ~ manager-newest(tcb); 

manager_newest (tcb) ~ manager_forward(manager);
 
if (!manager_onstack(manager» (
 

_free (manager) ;
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/*-***********************************************-*************************/ 

1* thread - thread package. *1 
1* * I 
1* Copyright 1986 Thomas W. Doeppner Jr. - Brown University *1 
1* - All rights reserved. *1 
/***********************************************************-***************/ 

iinclude <stdio.h> 
iinclude <signal.h> 
iinclude <sys/types.h> 
iinclude "monitor.h" 
iinclude "malloc.h" 
iinclude "manager.h" 
iinclude "privatedata.h· 
#include "mp.h" 
iinclude "queue.h· 
iinclude "preempt.h" 
iinclude "io.h" 
iinclude "logerr.h· 

/*********************************************************************-*****/ 

1* THREADmonitorCheckOK *1 
1* *1 
1* this function determines if monitor & its condition appropriate or not *1 
/***************************************************************************/ 

static 
int 
THREADmonitorCheckOK (THREAD~ONITOR monitor, int condition, char *funcname) 
( 

char s[108]; 

if ((condition >= monitor->nr_of_conditions) I I (condition < 0)) ( 
sprintf(s, "%s: called with out-of-range condition·, funcname); 
logerr(ERROR, s); 
return(O) ; 

if	 (monitor_thread (monitor) != THREADcurrent) ( 
/* not our monitor! */
 
sprintf{s, -%s: you don't own this monitor", funcname) i
 

logerr(ERROR, s); 
return(O); 

return 1; 

/**************************************************************-********* ••• / 

1* THREADmonitorinit *1 
1* *1 
1* allocate and initialize the monitor *1 
/***************************************************** **********************1 

THREAD..J·IONITOR
 
THREADmonitorinit (int conditions, void (*resetfunc) ())
 

THREAD_MONITOR monitor; 
THREAD_MANAGER manager; 

1*	 allocate enough space for the monitor structure and
 
the condition structures *1
 

monitor = (THREAD_MONITOR)_malloc(sizeof(*monitor) + (conditions-l) * 
sizeof(THREAD_MONITOR_CONDITION-BEAD)) ; 

if (monitor == NULL) (
 
logerr(ERROR, "THREADmonitorinit: out of memory");
 
return (NULL) ;
 

1*	 initialize the monitor data structure *1 
THREADqueueInit(&(monitor->queue)) ; 
monitor_nr_of_conditions(monitor) = conditions; 
monitor_reset (monitor) = resetfunc; 
monitor_clear_active (monitor) ; 

if (condit ions > 0) (
 
1* initialize the conditions *1
 
bzero(&monitor_condition(monitor, 0),
 

conditions * sizeof(THREAD_QUEUE-BEAD)); 

return (monitor) ; 

1**-***********************************-************************************1 

1*	 THREADmonitorfree *1 
1******************************************************************-*-******1 

void
 
THREADmonitorfree (THREAD_MONITOR monitor)
 

_free (monitor) ; 

1************************--*************************************************1 

1*	 THREADmonitorentry *1 
1***************************************************************************1 

int 
THREADmonitorentry (THREAD~ONITOR monitor, THREAD_MANAGER manager) 
( 

MANAGER_ALLOCATE (&manager, monitor, THREADcurrent); 

THREAD_PROTECT 

THREADlock(&monitor->queue.lock) ; 
THREADlock(&((THREADcurrent)->context.lock)) ; 

1*	 ask for permission to enter *1 
if (monitor_active (monitor) ) ( 1* does anyone hold this *1 

1*	 permission denied, so we wait *1 
if (monitor_thread (monitor) == THREADcurrent)
 

1* we already hold this monitor *1
 

THREADunlock(&((THREADcurrent)->context.lock)) ; 
THREADunlock(&monitor->queue.lock) ; 
logerr(ERROR, "THREADmonitorentry: deadlock! "); 
THREAD_UNPROTECT; 
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return(O) ; 
} 
THREAD_TCBAPPEND(THREADcurrent, &(monitor->queue)), 
THREADunlock(&monitor->queue.lock) ; 
THREAD_PASSPROTECT; 
THREADlock(&THREADrunqlock); 

THREADrun(); 
f* it will only be waken up when other thread leave this monitor *f 

else ( 
f* permission granted *f 

monitor_set_active(monitor, THREADcurrent); 
THREADunlock(&«THREADcurrent)->context.lock)) ; 
THREADunlock(&monitor->queue.lock) ; 
THREAD_UNPROTECT; 

) 

return(l); 

/***************************************************************************/ 

f* THREADmonitorexit *f 
f* *f 
f* THREADcurrent will leave the monitor, wake up the first candidate, if *f 
f* any. *f 
/***************************************************************************/ 

int 
THREADmonitorexit (THREAD_MONITOR monitor) 
( 

THREAD tcb; 

if (monitor_thread (monitor) ! = THREADcurrent) ( 
/* not our monitor! */ 
char s[100);
 
sprintf(s, 'monitorexit: threadcurrent is %x\n", THREADcurrent);
 
write(2, s, strlen(s));
 

logerr(ERROR, 'THREADmonitorexit: you don't own this monitor");
 
return(O) ;
 

THREAD_PROTECT; 
THREADlock(&monitor->queue.lock) ; 

if «tcb = THREADqueueGet(&(monitor->queue))) != NULL) 
f* someone else wants in from the entry queue *f 
THREADlock(&tcb->context.lock) ; 
monitor_set_active(monitor, tcb); 
THREADlock(&THREADrunqlock) ; 
THREAD_MOVETORUNQ(tcb) ; 
THREADunlock(&THREADrunqlock) ; 
THREADunlock(&tcb->context.lock) ; 

else ( 
/* no one wants in */ 
monitor_clear_active(monitor) , 

THREADunlock(&monitor->queue.lock) , 
THREAD_UNPROTECT; 

MANAGER_RELEASE(THREADcurrent) ; 

return(l) ; 

/***************************************************************************/ 

f* THREADmonitorwait *f
 
f* *f
 
f* The current thread will append to Queue condition and sleep *f
 
/***************************************************************************/ 

int 
THREADmonitorwait (THREAD_MONITOR monitor, int condition) 
( 

THREAD tcb; 

if (1 (THREADmonitorCheckOK(monitor, condition, "THREADmonitorwait'))) 
return 0; 

THREAD_PROTECT;
 
THREADlock(&monitor->queue.lock) ;
 

if «tcb = THREADqueueGet(&(monitor->queue))) 1= NULL)
 
f* someone else wants in from the entry queue *f
 
THREADlock(&tcb->context.lock) ;
 
monitor_set_active(monitor, tcb);
 
THREADlock(&THREADrunqlock) ;
 
THREAD-MOVETORUNQ(tcb) ;
 
THREADunlock(&THREADrunqlock) ,
 
THREADunlock(&(tcb->context.lock)) ,
 

else ( 
/* no one is waiting, so monitor becomes inactive */ 
monitor_clear_active(monitor) ; 

THREADlock(&«THREADcurrent)->context.lock)) ; 
THREADlock(&«monitor->conditions[condition)) .queue.lock)); 
THREAD_TCBAPPEND(THREADcurrent, &( (monitor->conditions[condition]) .queue)); 
THREADunlock(&«monitor->conditions[condition]) .queue.lock)); 
THREADunlock(&monitor->queue.lock) ; 

THREAD_PASS PROTECT , 

THREAD lock (&THREADrunqlock) ;
 
THREADrun ( ) ,
 

f* when we get here, we must have just been signalled *f
 
return(l) ;
 

/***************************************************************************/ 

f* THREADmonitorsignalandexit *f 
f* *f 
f* leave the monitor and signal the condition queue; if no candidate there *f 
f* find somebody else on the standard queue *f 
/***************************************************************************/ 

int 
THREADmonitorsignalandexit (THREAD_MONITOR monitor, int condition) 
( 
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#define condq ((monitor->conditions[condition)) . queue) 

THREAD tcb; 

if (ITHREADmonitorCheckOK(monitor,condition, "THREADmonitorsignalandexit')) 
return 0; 

THREAD_PROTECT;
 
THREADlock(&monitor->queue.lock) ;
 

/* first check to see if there is anyone to signal */
 
THREADlock(&(condq.lock);
 
if ((tcb = THREADqueueGet(&(condq)) == NULL) (
 

/* no one is need to signal */
 
THREADunlock(&(condq.lock) );
 

if ((tcb = THREADqueueGet(&(monitor->queue))) != NULL) 
/* someone else wants in from the entry queue */ 
THREADlock(&tcb->context.lock) ; 
monitor_set_active(monitor, tcb); 
THREADlock (&THREADrunqlock) ; 
THREAD_MOVETORUNQ(tcb) ; 
THREADunlock(&THREADrunqlock) ; 
THREADunlock(&(tcb->context.lock)) ; 

else ( 
1* no one is waiting, so monitor becomes inactive *1 
monitor_clear_active(monitor) ; 

THREADunlock(&monitor->queue.lock) ;
 
THREAD_UNPROTECT;
 

~~NAGER_RELEASE(THREADcurrent) ; 

return (1) ; 

/* tcb is the thread waiting on the condition queue */
 
if (THREAD_IN_WAIT(tcb)) (
 

1* ************************************************************** 

tcb is blocking in wait and occupying some other process.
 
THREADfirstpipe+THREAD_PORDER(tcb) is the *magic* pipe
 
exclusive for the process it is on.
 
we write a letter to it and wake it up from select call
 

N.B. don't put tcb onto runq. it's already running. 
****************************************************************/ 

write(THREADfirstpipe+THREAD_PORDER(tcb), 'a', 1); 
monitor_set_active(monitor, tcb); 
THREADunlock(&(condq.lock)) ;
 
THREADunlock (&monitor->queue. lock) ;
 

THREAD_UNPROTECT; 

~~NAGER_RELEASE(THREADcurrent) ;
 
return(2); /* return indication that we did something */
 

THREADlock(&(tcb->context.lock)) ;
 
monitor_set_active(monitor, tcb);
 
THREADlock(&THREADrunqlock);
 
THREAD_MOYETORUNQ(tcb) ;
 

THREADunlock(&THREADrunqlock) ;
 
THREADunlock(&(tcb->context.lock)) ;
 
THREADunlock(&(condq.lock)) ;
 
THREADunlock(&monitor->queue.lock) ;
 

THREAD_UNPROTECT; 

~~NAGER_RELEASE(THREADcurrent) ; 

return(2); /* return indication that we did something */ 

#undef condq 
) 

/***************************************************************************/ 

/* THREADmonitorsignalandwait */ 
/* */ 
/***************************************************************************/ 

int 
THREADmonitorsignalandwait (THREAD_MONITOR monitor, int sigcond, int waitcond) 
( 

THREAD tcb;
 
THREAD_MONITOR_CONDITION condq;
 

if (! (THREADmonitorCheckOK (monitor, sigcond, • THREADmonitorwait" ) ) ) 
return 0; 

if (I (THREADmoni torCheckOK (monitor, waitcond, "THREADmonitorwait"))) 
return 0; 

THREAD_PROTECT;
 
THREADlock (&monitor->queue.lock) ;
 

/* first check to see if there is anyone to signal */
 
condq = &monitor_condition(monitor, sigcond);
 
THREADlock(&(condq->queue.lock)) ;
 
if ((tcb = THREADqueueGet(&(condq->queue))) != NULL) (
 

if (THREAD_IN_WAIT(tcb)) ( 
1* ************************************************************ 

tcb is blocking in wait and occupying some other process.
 
THREADfirstpipe+THREAD_PORDER(tcb) is the *magic* pipe
 
exclusive for the process it is on.
 
we write a letter to it and wake it up from select call
 

N.B. don't put tcb onto runq. it's already running. 
**************************************************************/ 

write (THREADfirstpipe+THREAD_PORDER(tcb) , "a", 1);
 
monitor_set_active(monitor, tcb);
 
THREADunlock(&(condq->queue.lock)) ;
 
THREADunlock(&monitor->queue.lock) ;
 

/* put THREADcurrent to condition queue */
 
condq = &monitor_condition(monitor, waitcond);
 
THREADlock(&((THREADcurrent)->context.lock)) ;
 
THREADlock(&condq->queue.lock) ;
 
THREAD_TCBAPPEND(THREADcurrent, &(condq->queue));
 
THREADunlock(&(condq->queue.lock)) ;
 

THREAD_PASSPROTECT;
 

THREADlock(&THREADrunqlock) ;
 
THREADrun(); /* runq and THREADcurrent must be locked alrea~y */
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if (monitor_thread (monitor) == tcb) ( 
return(l); 1* when we get here, we have just been signalled *1 1* the thread is in the monitor *1
 

) 1* put the monitor back into a consistent state *1
 
THREADlock(&tcb->context.lock) ; if «resetfunc = monitor_reset (monitor» ! = NULL) (
 

else ( (* reset func) (moni tor) ; 
if «tcb = THREADqueueGet(&(monitor->queue»)) != NULL) ( } 

THREADlock(&(tcb->context.lock») ; if «nexttcb = THREADqueueGet (& (monitor->queue))) ! = NULL) ( 
else ( It allow the next thread in the entry queue to enter the monitor *1 

IX no one is waiting, so monitor becomes inactive *1 THREADlock(&nexttcb->context.lock) ; 
monitor_clear_active(monitor) ; monitor_set_active(monitor, nexttcb); 

THREADlock(&THREADrunqlock) ; 
THREAD_MOVETORUNQ(nexttcb) ; 
THREADunlock(&THREADrunqlock} ; 

THREADunlock(&condq->queue.lock) ; THREADunlock(&nexttcb->context.lock) ;
 
1* put ourself on wait condition queue *1 else (
 
condq = &monitor_condition(monitor, waitcond); monitor_clear_active(monitor) ;
 
THREADlock(&«THREADcurrent)->context.lock») ; }
 

THREADlock(&condq->queue.lock} ; else (
 
THREAD_TCBAPPEND(THREADcurrent, &(condq->queue); if (THREAD_IN_WAIT(tcb»
 
THREADunlock(&(condq->queue.lock» ; 1* if tcb waiting in select? *1
 

write (THREADfirstpipe+THREAD_PORDER (tcb) , "a", 1);
 
1* monitor_clear_active(monitor);
 

* leave current thread locked for call to THREADrun, below 
* now, if we had found another thread to bring into the monitor, put 
* it on the runq 
*1 

if (tcb != NULL) ( THREADunlock(&monitor->queue.lock) ;
 
monitor_set_active(monitor, tcb); THREAD_UNPROTECT;
 
THREADlock(&THREADrunqlock) ;
 
THREAD~lOVETORUNQ(tcb) ; return;
 
THREADunlock(&THREADrunqlock) ;
 
THREADunlock(&tcb->context.lock) ;
 

} 

THREADunlock(&monitor->queue.lock) ; 
/***************************************************************************/ 

THREAD_PASSPROTECT; 1* THREADmonitorwaitevent *1 
1* *1 

THREADlock(&THREADrunqlock); 1* this function has a similar functionality with system call select *1 
THREADrun(}; 1* *1 

I' If we don't need to wait (i.e. *timeout is clear) then we just call *1 
1* when we get here, we have just been signalled *1 I' select and return it value. *1 
return(I); I' If we need to wait, we put the thread on condition queue, and let the 'I 

I' next candidate (if any) run on another processor (if any) . We *don't' 'I 
1* give up this processor, because we are waiting for returning from 'I 
1* select 'I 
/***************************************************************************/ 

/***************************************************************************/ 

1* THREADmonitorabort 'I int 
1* 'I THREADmonitorwaitevent (THREAD_MONITOR monitor, int condition, int limit, 
1* if tcb is in the monitor, then get it out. 'I fd_set *readvec, f~set *writevec, fd_set *xvec, 
1***************************************************** **********************/ struct timeval 'timeout) 

void int must_wait; 
THREADmonitorabort (THREAD tcb, THREAD~~AGER manager) THREAD tcb; 
( int ret; 

THREAD_MONITOR monitor;
 
THREAD nexttcb; if (! (THREADmoni torCheckOK (monitor, condi t ion, • THREADmoni torwai tevent ") ) )
 
void (' reset func) () ; return -1;
 

monitor = THREADmanagerdata(manager); must_wait = «timeout) && ! (timerisset(timeout») o 1;
 

THREAD_PROTECT; THREAD_PROTECT;
 
THREADlock(&monitor->queue.lock) ; if (must_wai t) (
 

I' put itself to condition queue *j
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THREADlock (& (monitor_condition (monitor, condition)} .queue.lock); 
THREAD_TCBAPPEND(THREADcurrent, 

&(monitor_condition (monitor, condition) . queue) ; 
THREADunlock(&(monitor_condition(monitor, condition» . queue. lock) ; 
FD_SET(THREADfirstpipe + THREAD_PORDER(THREADcurrent), readvec); 

j* if there is other candidates in monitor->queue, let it in *j
 

THREADlock(&monitor->queue.lock) ,
 
tcb = THREADqueueGet{&(monitor->queue»;
 
if (tcb ! = NULL) (
 

THREADlock(&tcb->context.lock) ;
 
monitor_set_active(monitor, tcb);
 
THREADlock(&THREADrunqlock),
 
THREADJ40VETORUNQ(tcb) ;
 
THREADunlock{&THREADrunqlock) ;
 
THREADunlock{&tcb->context.lock) ;
 

else
 
monitor_clear_active(monitor) ;
 

THREADunlock(&monitor->queue.lock) ;
 

ret = select (limit, readvec, writevec, xvec, timeout); 

if (must_wait) (
 
if (FD_ISSET(THREADfirstpipe + THREAD_PORDER(THREADcurrent), readvec» (
 

j+ the queue on which tcb lies is *signaled* *j
 
char c; 
read (THREADfirstpipe+THREAD_PORDER(THREADcurrent), &c, 1); 
FD_CLR(THREADfirstpipe + THREAD_PORDER(THREADcurrent), readvec); 
if (ret == 1) ( j* no one is available * j 

ret = 0,
 
THREAD_UNPROTECT;
 

else (
 
ret += ((1 « 30) - 1);
 

)
 
if (monitor_active(monitor) (
 

if (monitor_thread (monitor) ! = THREADcurrent) (
 
logerr(ERROR, 'THREADmonitorwaitevent: 1');
 

) 
THREADunlock(&((THREADcurrent)->context.lock» ; 
THREAD_UNPROTECT; 

return ret; 
j* if FD_ISSET +j 

THREADlock(&monitor->queue.lock) ;
 
if (monitor_active{monitor» (
 

/* permission denied, so we wait */ 
THREAD_TCBINSERT{THREADcurrent, &monitor->queue),
 
THREADunlock(&monitor->queue.lock) ;
 
THREAD_UNPROTECT;
 
THREADlock{&THREADrunqlock) ;
 
THREADrun() ,
 
j* it will only be waken up when other thread leave this monitor +j
 

else (
 
j* permission granted *j
 
monitor_set_active(monitor, THREADcurrent);
 
THREADunlock(&((THREADcurrent)->context.lock» ;
 
THREADunlock(&monitor->queue.lock) ,
 
THREAD_UNPROTECT;
 

return ret; 
/-",,-, 
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1***************************************************** **********************/ 

/' thread - thread package. '/ 
/' '/ 
/' Copyright 1986 Thomas W. Doeppner Jr. - Brown University '/ 
/' - All rights reserved. '/ 
/***************************************************************************/ 

#include <stdio.h> 
#include <sys/types.h> 
#include <sys/socket.h> 
#include <sys/uio.h> 
#include <sys/ipc.h> 
#include <alloca.h> 
#include <sys/shm.h> 
#include <signal.h> 
#include <sys/wait.h> 

#include 'lock.h' 
#include 'mp.h' 
#include 'family.h' 
#include 'thread.h' 
#include 'manager.h' 
#include 'runQ.h' 
#include 'thread-typel.h' 
#include 'tsignal.h' 
#include 'logerr.h' 
#include 'preempt.h' 
Hnclude 'io.h' 

#define ~~XPROC 12 

#ifndef private_share_m
 
struct private_data THREADprocs[~~XPROC];
 

#else
 
int THREADproc-pid[~PROC];
 

int THREADproc_sigpause[~~XPROC1; 

#endif
 

int THREADfirstpipe;
 
int proc-num = 0; /' the current # of processes '/
 
static LOCK sync_lock; /' sync. lock for file table & new proc '/
 

1***************************************************** **********************/ 

/' ~IPROC_init '/ 
/' '/ 
/' argument n is the # of processes we will gonna have. '/ 
/, creat n + 1 socketpairs, '/ 
/, the first socketpair is for file table update use. '/ 
/' the rest are one for each process to deal with THREADmonitorwaitevent '/ 
1***************************************************************************J 

void 
MPROC_init (int n) 
( 

int i, id[2]; 

sync_lock = UNLOCKED; 

if «socketpair(AF_UNIX, SOCK_STREAM, 0, sfd» == -1) ( 
logerr(DISASTER, "MPROC_init: Can not open a socketpair.·); 

for (i = 0; i < n; i ++) ( 
if «socketpair(AF_UNIX, SOCK_STRE~I, 0, id» == -1) ( 

logerr(DISASTER, "MPROC_init, Can not open a socketpair.·); 
) 

if (i == 0)
 
THREADfirstpipe id[O] ;
 

1***************************************************** **********************/ 

/' alldone '/ 
1***************************************************** **********************/ 

static 
void 
alldone (int sig) 
( 

char buf[100]; 

if (!THREADdying && THREADdonttreadonme)
 
THREAD_KEEPSIGNAL(sig) ;
 
return;
 

if (!THREADdying) (
 
sprintf(buf, "%d terminating\n", THREADpindex);
 
write(2, buf, strlen(buf»;
 

else { 
sprint f (buf, "%d abort ing (pid %d) \n', THREADpindex, getpid () ) ; 
write(2, buf, strlen(buf»; 

) 

exit (1) ; 

/***************************************************************************/ 

/* runprocessor */ 
/' '/ 
/' Create a private thread on this processor '/ 
/' '/ 
/' which, which processor. 0, main processor '/ 
/***************************************************************************/ 

static 
void 
runprocessor (int which, void ('func) (), int 'args, int argsize, 

int stacksize, int priority) 

char buf[1001; 

THREADmain = (THREAD)alloca (sizeof('THREADmain) + 
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THREADdynamic_space(THREADtypel_extent)) , 
if (THREADmain == 0) ( 

char buf[100); 
sprintf(buf, "alloca failure on processor %d\n", THREADwhichprocessor); 
write(2, buf, strlen(buf)}; 

bzero(THREADmain, sizeof(*THREADmain) +
 
THREADdynamic_space(THREADtypel_extent}} ;
 

THREADdynamic_set_size(THREADmain, THREADtypel_extent),
 

THREADcontextthreadinit(THREADmain), 

THREADcurrent = THREADmain,
 
THREAD_PRIORITY (THREADmain) 31; /* the worst priority */
 

if (which == 0) (
 
THREADcreate(func, args, argsize, 1, stacksize, priority);
 
/*
 

* nwo that the first thread has been created, we can decrement 
* the active count to amke up for having incremented it in 
* THREADgo 
* / 

THREADactivedecr, 

while (1) (
 
if (THREADdying)
 

alldone(31) ;
 
THREADreschedule() ;
 

if (THREADactivecount <= 0) ( 
int Xi 

for (x = 0; x < proc-num; x++) 
if (THREADnsigpause(x)) 

kill (THREADnpid(x), SIGVTALRM); /* interrupt sigpause */ 

if (which ! = 0) (
 
exit(O),
 

while «wait(O)) >= 0) /* main process awaits others */ 

THREADcurrent NULL; 
return;
 

}
 

THREADnsigpause(which) 1 ;
 
sigpause(O) ;
 
THREADnsigpause(which} 0;
 

1***************************************************** **********************/ 
/* THREADgo initialize the thread environment */ 
/* */ 
/* This routine initializes the thread environment for a multiprocessor. */ 
/* The strategy is to create a unix process for each processor in such a */ 
/* way so tha~ all data sections are shared. */ 

/* */ 
/* The sequence of events here is first to set up the initial thread, then */ 
/* to start up each of the unix processes, putting them into their */ 
/* scheduling loops. */ 
/* */ 
/* For shared memory versions, there will be nprocs identical processes */ 
/* created (only one copy of text & data section. */ 
/* */ 
/* nprocs : specify the # of processes (in shared memory version.) */ 
/* specify the # of processors used (in multiprocessor version) */ 
1***************************************************** **********************/ 

void
 
THREADgo(nprocs, moredata, func, args, argsize, stacksize, priority)
 
int nprocsj 
int moredata; 
void (*func) (); 
int *args; 
int argsizei 
int stacksize; 
int priority; 
( 

int i;
 
char buf[108],
 

int sharem_id;
 
struct shmid_ds s_buf;
 

sharem_id = malloc_init(); 

if (nprocs >= MAXPROC) ( 
char buf[100j; 
sprintf(buf, "Warning! THREADgo's nproc %d is reduced to %d\n", 

nprocs, MAXPROC),
 
write(2, buf, strlen(buf));
 
nprocs = MAXPROC;
 

if (THREADtypecount == 0) ( 
THREADtypecount = THREADpresetdynamics; 
THREADtypel_extent = sizeof(thread_family) + sizeof(thread_manager_hd); 
THREADmanager_offset = sizeof(thread_family); 

runQInit() ;
 
THREADsiginit() ,
 

/* 
* set the active count to 1 now, to make certain that no one sees 
* it as zero before we get around to creating the first thread 
*/
 

THREADactiveincr;
 

/* 
* this for loop will create nproc-l child processes. These processes 
* call urunprocessor" in turn. We treat processes as virtual processors 

* using wait & signal to coordinate the control flow 
*/
 

MPROC_init(nprocs) ,
 

proc-num = 1; /* for this process */ 
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#ifndef private_share-m 
THREADn = 0; jO this is a private data OJ for (i = 1; i < nprocs; i ++) ( 

#else c10se( (i ° 2) + 1 + THREADfirstpipe); 
THREADproc-pid[O] = getpid(); dup2«i ° 2) + THREADfirstpipe, THREADfirstpipe + i); 

#endif close«i ° 2) + THREADfirstpipe); 
THREADwhichprocessor = getpid(); 

for (i = 1; i < nprocs; i++) ( runprocessor(O, func, args, argsize, stacksize, priority); 
int cpid; 
char buf [100] ; 

shmctl(sharem_id, IPC_RMID, &s_buf); jO clean it before we back OJ 

THREAD10ck(&sync_10ck) ; 

if ((cpid=fork() ==-1) (
 
sprintf(buf, -THREADgo: fork failure! Only %d processes are used",
 

proc_num) ;
 
write(2, bUf, strlen(buf»;
 
break;
 

else if (cpid == 0) ( jO child process OJ 

int j; 
#ifndef private_share_m 

THREADn = proc_num; jO this is a private data OJ 

#e1se 
THREADproc-pid[proc_num] = getpid(); 

#endif 
THREADwhichprocessor = getpid(); 
for (j = 0; j < nprocs; j ++) ( 

if (j ! = THREADn) (
 
c10se«j ° 2) + 1 + THREADfirstpipe);
 
if (j == 0)
 

continue; 
dup2((j ° 2) + THREADfirstpipe, THREADfirstpipe + j);
 
close( (j ° 2) + THREADfirstpipe);
 

else (
 
close«j ° 2) + THREADfirstpipe);
 
dup2«j ° 2) + 1 + THREADfirstpipe, THREADfirstpipe + j);
 
close«j ° 2) + 1 + THREADfirstpipe);
 

THREADun10ck(&sync_lock) ; 

jO we treat each process as a virtual processor

° so each child process calls "runprocessor- with NULL func.
 
OJ 

runprocessor (i, 0, 0, 0, 0, 0);
 
exit (1);
 

THREADlock (&sync_lock) ;
 
THREADun10ck(&sync_lock) ;
 
proc_num++j 

}
 
jO proc_num is the current # of processes we have OJ
 

c10se(THREADfirstpipe) ;
 
dup2(THREADfirstpipe + 1, THP.EADfirstpipe);
 
c10se(THREADfirstpipe + 1);
 



preempt.c Wed May 5 16:27:21 1993 1 

/***************************************************************************/ 

1* thread - thread package. *1 
1* *1 
1* copyright 1986 Thomas W. Doeppner Jr. - Brown university *1 
1* - All rights reserved. *1 
/***************************************************************************/ 

#include <stdio.h> 
#include 'tcb.h' 
#include 'privatedata.h' 
#include 'preempt.h' 
#include 'mp.h' 

/***************************************************************************/ 

1* THREADclockhandler '1 
1* '1 
1* SIGVTALRM signal handler's routine '1 
/***************************************************************************/ 

void 
THREADclockhandler (int sig) 
( 

if (THREADcurrent == NULL) 
return; 

if (THREADnsigpause(THREADn) 1) I' used to interrupt sigpause *1 
return; 

if (THREADdonttreadonme) ( 
THREAD_KEEPSIGNAL(sig) ; 
return; 

THREADlock(&THREADcurrent->context.lock) ; 
if (THREAD_EXCEPTION(THREADcurrent)) ( 

int param = THREADexception_param(THREADcurrent) ; 

1* an exception is pending for this thread *1 
THREAD_EXCEPTION_RESET(THREADcurrent) ; 
1* 'turn off· the exception so that it won't appear as if there is an 

exception in progress *1 
THREADexception_inprogress(THREADcurrent) = 0; 
THREADexception-param(THREADcurrent) = 0; 
THREADunlock(&THREADcurrent->context.lock) ; 
1* now that we are the current thread, raise the exception again *1 
sigsetmask(O) ; 
THREADraiseexception(THREADcurrent, param); 
return; 

if (THREAD_SIG(THREADcurrent)) ( 
1* a signal is pending for this thread *1 
THREADunlock(&THREADcurrent->context.lock) ; 
sigsetmask(O); 
THREADfakesignal(THREADcurrent, THREADcurrent->sig.func, 

THREADcurrent->sig.priority, THREADcurrent->sig.sig, 
THREADcurrent->sig.code) ; 

else 
THREADunlock(&THREADcurrent->context.lock) ; 

sigsetmask (0); 
THREADreschedule{); /* ******** the essence of this func. ********* */ 

/***************************************************************************/ 

I' THREADprotect *1 
I' *1 
I' for thread.external.h (export use) *1 
/***************************************************************************/ 

void 
THREADprotect () 
( 

THREAD_PROTECT; 

/*******************************************~**~****************************/ 

1* THREADunprotect *1 
1* *1 
1* for thread.external.h (export use) *1 
/***************************************************** *******~**************/ 

void 
THREADunprotect () 
( 

THREAD_UNPROTECT; 
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/***************************************************************************/ 

1* thread - thread package. *1 
1* *1 
1* Copyright 1986 Thomas W. Doeppner Jr. - Brown University *1 
1* - All rights reserved. *1 
/***************************************************************************/ 

#include <stdio.h> 
#include ·lock.h· 
#include ·queue.h· 
#include ·tcb.h· 
#include ·logerr.h· 
#include ·privatedata.h· 
#include ·preempt.h· 
#include ·runQ.h· 

/***************************************************************************/ 

1* THREADqueueInit *1 
/***************************************************************************/ 

void 
THREADqueueInit (THREAD_QUEUE list) 
( 

list->lock UNLOCKED; 
list->last NULL; 

/***************************************************************************/ 

1* THREAD_TCBAPPEND *1 
1* *1 
1* tcb will be put at the last of the list *1 
/***************************************************************************/ 

void 
THREAD_TCBAPPEND (THREAD tcb, THREAD_QUEUE list) 
( 

if (list->last) ( 
tcb->queue.next = (list->last)->queue.next; 
list->last = (list->last)->queue.next = tcb; 

else 
list->last = tcb->queue.next = tcb; 

THREAD_WHICH_QUEUE(tcb) = list; 

/***************************************************************************/ 

1* THREAD_TCBINSERT *1 
1* *1 
1* tcb will be put at the beginning of the list *1 
/***************************************************************************/ 

void
 
THREAD_TCBINSERT (THREAD tcb, THREAD_QUEUE list)
 
( 

if (list->last) ( 
tcb->queue.next = (list->last)->queue.next; 
(list->last)->queue.next = tcb; 

else 
list->last = tcb->queue.next tcb; 

THREAD_WHICH_QUEUE(tcb) = list; 

/***************************************************************************/ 

1* THREADqueueGet *1 
1* *1 
1* the first tcb in the list will removed and returned *1 
/***************************************************************************/ 

THREAD
 
THREADqueueGet (THREAD_QUEUE list)
 
( 

THREAD f; 

if (list->last == NULL) 
return NULL; 

f = (list->last)->queue.next; 
if (f == list->last) 

list->last = NULL; 
else 

(list->last)->queue.next = f->queue.next; 

THREAD_WH I CH_QUEUE (f) = NULL; 
return f; 

/***************************************************************************/ 

1* THREADqueuePeep *1 
1* *1 
/* peep the first element in the list. no side effect at all *1 
/***************************************************************************/ 

THREAD
 
THREADqueuePeep (THREAD_QUEUE list)
 
( 

return (list->last) ? «(list->last)->queue.next) NULL) ; 

/***************************************************************************/ 

1* THREADpullfromqNL * I 
1* *1 
1* NL stands for no lock * I 
1* this is a shortcut version of THREADpullfromq. It is assumed that tcbp *1 
1* is locked, its queue is locked, and that it really is in the queue. *1 
/***************************************************************************/ 

THREAD
 
THREADpullfromqNL (THREAD tcbp)
 
( 

THREAD_QUEUE qp; 
THREAD t: 

THREAD_PROTECT; 
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qp = THREAD_~lliICH_QUEUE(tcbp); 

if (qp == NULL)
 
goto not found;
 

if «(t = THREADqueuePeep(qp») == tcbp) (
 
THREADqueueGet(qp); fO it's the first element of
 

else if (t == NULL) {
 
goto not found; fO this queue is messed up of
 

else {
 
THREAD 0p,
 
P = &(t->queue.next) ;
 
while « (Op) ! = tcbp) && «Op) ! = t»
 

p = &( (Op)->queue.next);
 
if «Op) ==t)
 

goto not found;
 

0p = (Op)->queue.next; fO this queue had more than 2 tcb of 
THREAD_WHICH_QUEUE(tcbp) = NULL; 

fO now tcbp is off the queue of 

if (THREAD_RUNNABLE(tcbp» (
 
THREAD_RUNNABLE_RESET(tcbp),
 
if «THREADqueuePeep(qp» == NULL)
 

whichQ &= -(1 « THREAD_PRIORITf(tcbp»;
 

THREAD_UNPROTECT;
 
return tcbp;
 

not found:
 
logerr(DISASTER,
 

°THREADpullfromqNL: thread should be in queue, but isn'tO);
 

THREAD_UNPROTECT; fO although never reached ... of
 
return NULL;
 

/***************************************************************************/ 

fO THREADpullfromq of 
fO of 
fO first lock the tcb, then the queue it is on. To avoid deadlock, if the of 
fO queue_head is locked already, we release the lock on the tcb and try of 
fO it again of 
J***************************************************** **********************/ 

THREAD
 
THREADpullfromq (THREAD tcbp)
 
( 

THREAD_QUEUE qp,
 
THREAD t;
 

THREAD_PROTECT, 

gettcb:
 
THREADlock(&tcbp->context.lock) ;
 

if «tcbp != THREADcurrent) && THREAD_RUNNING(tcbp»
 
THREADunlock(&tcbp->context.lock) ;
 
logerr (\"IARNING,
 

"THREADpullfromq: thread is running on another processorO); 
THREAD_UNPROTECT; 
return (NULL) ; 

if «qp = THREAD_WHICH_QUEUE(tcbp» == NULL) (
 
fO thread is not in a queue of
 
THREADunlock(&tcbp->context.lock) ;
 
logerr(WARNING, "THREADpullfromq: thread not in queue");
 
THREAD_UNPROTECT;
 
return (NULL) ;
 

if (!THREADeondloek(&qp->loek» (
 
THREADunloek«THREAD_RUNNABLE(tcbp) ? &THREADrunqloek
 

: &tcbp->context.loek»;
 
goto getteb;
 

fO from now on, we get the lock on tcbp and the queue it is on of 

if «(t = THREADqueuePeep(qp») == tebp) (
 
THREADqueueGet(qp); fO it's the first element of
 

else if (t == NULL) {
 
goto not found; fO this queue is messed up of
 

else {
 
THREAD 0p;
 
P = &(t->queue.next);
 
while « (Op) ! = tcbp) && «Op) ! = t»
 

p = &( (Op)->queue.next);
 
if «Op) == t)
 

goto not found;
 

0p = (Op)->queue.next; fO this queue had more than 2 tcb of 
THREAD_WHICH_QUEUE(tcbp) = NULL; 

fO now tcbp is off the queue of 

THREADunlock(&tcbp->eontext.lock); 

if (THREAD_RUNNABLE(tebp» (
 
THREAD_RUNNABLE_RESET(tcbp) ;
 
if «THREADqueuePeep(qp» == NULL)
 

whichQ &= -(1 « THREAD_PRIORITY(tcbp»;
 
THREADunlock(&THREADrunqloek) ;
 

else
 
THREADunloek(&iqp->lock» ;
 

THREAD_UNPROTECT;
 
return tcbp;
 

notfound: 
logerr(ERROR, "THREADpullfromq: messed up queue"); 
THREADunlock«THREAD_RUNNABLE(tcbp) ? &THREADrunqlock 

: &tebp->context.loek»;
 
THREADunloek (&tcbp->context. loek) ;
 
THREAD_UNPROTECT;
 
return NULL;
 

"...---~, 
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/***************************************************************************/ 

1* thread - thread package. *1 
1* *1 
1* Copyright 1986 Thomas W. Doeppner Jr. - Brown University *1 
1* - All rights reserved. *1 
1***************************************************** **********************/ 

#ifndef tsignal_h 
#define tsignal_h 

#include <signal.h> 
hnclude "tcb.h" 

1***************************************************** **********************/ 
1***************************************************** **********************/ 

typedef struct sighandler ( 
int type; 
THREAD (*whichthread) (); 
void (*func) (); 
int stacksizei 
int pr iori ty; 

SIGHANDLER; 

struct sigparm 
int sig; 
int code; 
void (*handler) (); 

); 

#define SIG_UNASSIGNED o 
#define SIG_EXCEPTION 1 
#define SIG_SENDSIG 2 
#define SIG_CREATETHREAD 3 
#define SIG_ABORT 4 

1***************************************************** **********************/ 

1* external functions and variables *1 
1***************************************************** **********************/ 

void THREADsiginit ();
 
void THREADfakesignal (THREAD, void (*) (), int, int, int);
 

#endif
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! • file "lock.s" st %gO, [%00] 
.seg "text" LE26: 
.proc 04 ret 
.global _swaplock restore 

.optim "-O-Q-R-S" 
protocol: lock (int *J LF26 = -64 

LP26 = 64 
! when this int* is ZERO, means it's unlocked. LST26 = 64 

using ATOMIC INSTRUCTION to swap into with a local var which was ONE LT26 = 64 
.align 4 

_swaplock: !!!!!!!!!!!!!!!!!!! l!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
! #PROLOGUE# 0 .seg "text" 
sethi %hi(LF12),%g1 .proc 04 
add %g1,%10(LF12J,%g1 .global _s",apcondlock 
save %sp,%gl/%sp 
! # PROLOGUE # 1 . align 4 
st %i0, (%fp+Ox44] _s",apcondlock: 

L14: !#PROLOGUE# 0 
.seg "text" sethi %hi(LF30),%g1 

mov OX1, %00 add %g1,%10(LF30),%g1 
st %00, [%fp+-Ox4] initialize the local variable to be ONE save %sp,%gl,%sp 

L1S: ! # PROLOGUE # 1 
ld [%fp+-Ox4] ,%00 st %iO, [%fp+Ox44] 
ld [%fp+Ox44] ,%01 ! this int* L32: 
s",ap [%01],%00 swap mov OX1, %00 

nop st %00, [%fp+-Ox4] initialize the local variable to be ONE 

cmp %oOtOxl test the local variable ld [%fp+-Ox4] ,%00 
bne L17 not ONE then we get the lock ld [%fp+Ox44] ,%01 
nop swap [%011,%00 

nop 
L16 : 

ld [%fp+Ox44], %01 cmp %00,Ox1 
ld (%01], %00 be L34 

nop 
cmp %00,Ox1 wait for someone unlock the lock into 
be L16 mov 1,%00 ! we got the lock, prepare to return 1 
nop b LE30 

nop 
L17: 
LE12: L34 : 

ret mov 0,%00 ! we can't get the lock, prepare to return 0 
restore 
.optim "-O-Q-R-S" LE30: 

LF12 = -72 mav %oO,%iO 
LP12 = 64 ret 
LST12 = 64 restore 
LT12 = 64 .optim "-O-Q-R-S" 

LF30 = -72 
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ~ ! LP30 = 64 
.8eg -text a LST30 = 64 
.proc 04 LT30 = 64 
.global _s",apunlock 

.align !ident "acomp: (CDS) SunOS5.0 IDR3.5 (H6.1) 11/01/90" 
_s.lapun10ck: 

! #PROLOGUE# 0 
sethi %hi(LF26),%g1 
add %g1,%10(LF26),%g1 
save %sP,%gl,%sp 
!#PP.OLOGUE# 1 
st %i0, [%fp+Ox44] 

L28: 
ld [%fp+OX44] ,%00 




