1 #include <stdio.h>
2#include <assert.h>
3#include <sys/queue.h>

4#include "thread.h" 5

6/* Dirt simple thread package.  It doesn’t deal with any of the hard issues
7  * like blocking I/O and multiprocessors.  The scheduling policy is broken
8  * too: it can starve a thread. The code also hasn’t been tested
9  * thoroughly, so use it your own risk; i haven’t tried to run it on a sparc
10  * processor for a while.
11  *
12  * Written by M.F. Kaashoek (kaashoek@mit.edu) */

13 14

15 /*
16  * Global thread variables
17  */

18

19struct thread {
20     long sp;/* curent stack pointer */
21    long pc;/* program counter */
22    char stack[STACK_SIZE]; /* the thread’s stack */
23    void (*func)();      /* thread entry point */
24    int state;/* running, runnable, waiting */
25    int njoin;
26     int joiner[MAX_THREAD];
27#ifdef __sparc__
28     int dummy; /* make sp 8-byte aligned */
29#endif
30    LIST_ENTRY(thread) next;/* List of threads */
31};

32 33

34struct mutex {
35     int locked;
36     LIST_HEAD(thread_list, thread) threads; /* blocked threads */
37    thread_p last;
38 };

39

40 thread_p  current_thread;
41 thread_p  next_thread;

42 43static thread_t all_thread[MAX_THREAD]; 44

45/*
46  * Thread code
47  */

48

49void
50 thread_print(void)

51 {

52     thread_p t;
53

54 printf("current_thread: %d (0x%X)\n", current_thread - all_thread, 55 current_thread); 56 printf("next_thread: %d (0x%X)\n", next_thread - all_thread, next_thread); 57 for (t = all_thread; t < all_thread + MAX_THREAD; t++) { 58 printf("%d: sp 0x%X pc 0x%X state 0x%X njoin %d\n", t - all_thread,

59        t->sp, t->pc, t->state, t->njoin);
60     }

61 } 62 63

64static thread_p
65 thread_find(void)

66 { 67 thread_p t; 68

69     /* Look for a free thread. */
70    for (t = all_thread; t < all_thread + MAX_THREAD; t++) {
71if (t->state == FREE) break;
72     }

73

May 06, 98 9:01 Page 1/4

thread.c_{74 return t;}

75 } 76 77

78void
79 thread_init(void)

80 {

81     current_thread = &all_thread[0];
82     current_thread->state = RUNNING;

83 } 84 85

86static void
87 thread_schedule(void)

88 { 89 thread_p t; 90 91 assert(next_thread == 0); 92

93     /* Find another runnable thread. */
94    for (t = all_thread; t < all_thread + MAX_THREAD; t++) {
95if (t->state == RUNNABLE && t != current_thread) {
96     next_thread = t;
97     break;

98 } 99 } 100

101     if (t >= all_thread + MAX_THREAD && current_thread->state == RUNNABLE) {
102/* The current thread is the only runnable thread; run it. */
103 next_thread = current_thread;
104     }

105 106 if (next_thread == 0) { 107 printf("thread_schedule: no runnable threads; deadlock\n");

108 exit(1);
109     }

110

111     if (current_thread != next_thread) { /* switch threads?  */
112 next_thread->state = RUNNING;
113 thread_switch();
114     } else next_thread = 0;

115 116 assert(next_thread == 0); 117 } 118

119static void
120 thread_terminate(void)

121 { 122 int i; 123

124     current_thread->state = FREE;
125     for (i = 0; i < current_thread->njoin; i++) {
126 all_thread[current_thread->joiner[i]].state = RUNNABLE;
127     }
128     current_thread->njoin = 0;
129     thread_schedule();

130 } 131 132

133static void
134 thread_body()

135 { 136 thread_p t; 137

138     t = current_thread;
139     (*(t->func))();
140     thread_terminate();

141 } 142

143
144void
145 thread_create(thread_p *thread, void (*func)())

146 {

May 06, 98 9:01 Page 2/4

thread.c

Printed by Robert Morris

Tuesday September 11, 2001 1/4 thread.c

147     thread_p t;
148     int *i;
149#if __sparc__
150     struct frame *sp;
151#endif
152    /* Found a free thread; init it. */

153

154    t = thread_find();
155     assert(t < all_thread + MAX_THREAD);

156

157     *thread = t;
158#if __sparc__
159     sp = (struct frame *) (t->stack + SA(STACK_SIZE + BODY_OFFSET
160    - WINDOWSIZE));
161     sp->fr_savfp = (struct frame *) (t->stack + SA(STACK_SIZE +
162    BODY_OFFSET));
163     t->sp = (long) sp;
164     t->pc = (long) thread_body - RETURN_OFFSET;
165#endif
166 #if __i386__
167     t->sp = (long) (t->stack + STACK_SIZE - BODY_OFFSET);
168     i = (int *) (t->sp);
169     t->pc = (long) thread_body;
170     i[RETURN_OFFSET] = t->pc;
171#endif
172    t->state = RUNNABLE;
173     t->func = func;

174 } 175 176

177/*
178  * The semantics of thread_join are akward.  If a thread joins too late
179  * on another thread, that other thread might have terminated and its
180  * thread struct might be used by new thread.
181  */
182void
183 thread_join(thread_p thread)

184 {

185     if (thread->state != FREE) {
186 thread->joiner[thread->njoin] = current_thread - all_thread;
187 thread->njoin++;
188 current_thread->state = WAITING;
189 thread_schedule();
190     }

191 } 192 193

194void
195 thread_yield(void)

196 {

197     current_thread->state = RUNNABLE;
198     thread_schedule();

199 } 200

201void
202thread_wait(int *flag)

203 {

204     while (!(*flag)) {
205 current_thread->state = WAITING;
206 thread_schedule();
207     }

208 } 209

210void
211thread_notify(thread_p thread)

212 {

213     if (thread->state != FREE)
214 thread->state = RUNNABLE;

215 } 216 217

218 mutex_p
219 thread_newmutex(void)

May 06, 98 9:01 Page 3/4

thread.c_{220 {}

221 mutex_p m; 222

223     m = (mutex_p) malloc(sizeof(*m));
224     LIST_INIT(&m->threads);
225     m->locked = 0;
226     m->last = 0;

227 } 228 229

230void
231thread_acquire(mutex_p m)

232 {

233     if (!m->locked) {
234 m->locked = 1;
235     } else {
236if (m->last) {
237     LIST_INSERT_AFTER(m->last, current_thread, next);
238 } else {
239     LIST_INSERT_HEAD(&m->threads, current_thread, next);

240 }

241         m->last = current_thread;
242 thread_wait(&m->locked);
243     }

244 } 245

246void
247thread_release(mutex_p m)

248 { 249 thread_p t; 250

251     if (m->last) {
252 t = m->threads.lh_first;
253 LIST_REMOVE(t, next);
254if (t == m->last) m->last = 0;
255 thread_notify(t);
256     } else {
257 m->locked = 0;
258     }

259 } 260

May 06, 98 9:01 Page 4/4

thread.c

Printed by Robert Morris

Tuesday September 11, 2001 2/4 thread.c

1 #ifdef __sparc__
2 #include <sys/errno.h>
3 #include <sun4/trap.h>
4 #define KERNEL
5 #include <sun4/asm_linkage.h>
6 #undef KERNEL

7 8 #define t_sp 0 9 10 .seg "text" 11 12 ! void thread_switch 13 ! 14

15.globl _thread_switch
16 _thread_switch:
17 set _current_thread,%g1 ! Get current thread
18 set _next_thread,%g2 ! Get next thread
19 save %sp, -SA(WINDOWSIZE),%sp ! Get new window
20 ld [%g1],%l0 ! Load current thread
21 ld [%g2],%i0 ! Load next thread
22 ta ST_FLUSH_WINDOWS ! Flush windows current thread
23 std %fp,[%l0+t_sp] ! Save the current sp
24 ldd [%i0+t_sp],%fp ! Load new sp
25 st %i0,[%g1] ! Set current thread
26 st %g0,[%g2] ! Clear next thread
27 ! Return into the new context.  Since all windows have been flushed, the
28 ! RESTORE will cause a window underflow trap, restoring the registers of the
29 ! new context from its stack.
30 restore
31 retl
32 nop

33 34 35 #endif 36 37 #if __i386__ 38 39.text 40

41/* Switch from current_thread to next thread_thread, and make
42  * next_thread the current_thread.  Use eax as a temporary register,
43  * which should be caller saved. */
44.globl _thread_switch
45 _thread_switch:
46 pushal /* save registers on stack */
47 movl     _current_thread, %eax  /* load addr of current_thread  */
48 movl    %esp, (%eax)            /* save esp reg in sp of thread */
49 movl _next_thread, %eax      /* load addr of next_thread */
50 movl    (%eax), %esp            /* load sp of thread in esp reg */
51 movl    %eax, _current_thread   /* next_thread -> current_thread */
52 movl    $0, _next_thread        /* clear next_thread */
53 popal /* restore registers from stack */
54 ret /* pop return address from stack */
55 #endif

Feb 18, 98 10:12 Page 1/1

thread_switch.S

Printed by Robert Morris

Tuesday September 11, 2001 3/4 thread_switch.S

1 #ifndef __THREAD_H__ 2 3#define __THREAD_H__ 4

5/* Possible states of a thread; */
6#define FREE 0x0
7#define RUNNING         0x1
8#define RUNNABLE 0x2
9#define WAITING         0x4

10

11#define STACK_SIZE 32768
12#define         BODY_OFFSET     200
13#define MAX_THREAD 4

14

15#if __sparc__
16#define         RETURN_OFFSET   8
17#endif
18 #if __i386
19#define         RETURN_OFFSET   8
20#endif

21

22 typedef struct thread thread_t, *thread_p;
23typedef struct mutex mutex_t, *mutex_p;

24

25void thread_init(void);
26void thread_create(thread_p *thread, void (*func)());
27void thread_yield(void);
28void thread_join(thread_p thread);
29void thread_print(void);
30void thread_wait(int *flag);
31void thread_notify(thread_p thread);
32void thread_acquire(mutex_p mutex);
33void thread_release(mutex_p mutex);
34 mutex_p thread_newmutex(void);

35 36#endif __THREAD_H__ 37

May 05, 98 21:34 Page 1/1

thread.h

Printed by Robert Morris

Tuesday September 11, 2001 4/4 thread.h