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SIGNAL Overview
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void (*signal(int sig, void (*handler)(int)))(int);
int sigaction(int const

int sigprocmask(int const sigset_t sigset_t
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ucontext:

struct sigaction {

void (*sa_handler)(int);

void (*sa_sigaction)(int, siginfo_t *, void *);
sigset_t sa_mask;

int sa_flags;

void (*sa_restorer)(void);

}i
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Advanced Signal Handling Support

UNIX also provides more advanced signal handling:

int sigaction(int sig, const struct sigaction *act,
struct sigaction *ocact)

sigaction struct specifies various details, including the kind
of handler function:

Either the simple void handler (int sig) as before...

Or, a more advanced handler function:

void sigact(int sig, siginfo *info, wvoid *ctxt)
The siginfo struct includes many details about signals

e.g. sending process ID, memory address that caused fault, etc.
ctxt points to a ucontext_t structure

A platform/architecture-dependent machine context, containing the
CPU state of the user process, when it was interrupted by signal

Facilitates e.g. user-space threading libraries

Ysa_flagstHiZE /ISA_SIGINFO, FBALESNIBEREEsa_sigaction,

void
handler (int siginfo_t void

{
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1.1 ucontext_t
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Delivering Signals (10)

- One last component needed for the stack frame:
- The return address for when the signal handler returns

- Need the signal handler to return to the kernel:

- Allow kernel to complete final signal-
handl|ng tasks, and’ re§t9re the User Process Stack Kernel Thread Stack
interrupted process’ original context

.

- The kernel inserts address of code | useprocess
to invoke the sigreturnsyscall (before sigra)

- i.e. a wrapper to code that executes register state
“mov NR_sysreturn, %eax; int $0x80” of interrupted _ermor code |
- tomptro.|

process
- sigreturnhas a single purpose: ignal |1
saapliaabiugll T
- Perform the final task of restoring the J
interrupted process’ CPU context from
its location on the stack

interrupt no.

register state
of signal
handler

other kernel
stack data

BLHESAIEREFTITHINME, EMA TigMucontextBYEMALRYIEST, WEFIR.

//in usertrap(void), trap.c

uint64 *user_sp = (uint64*) p->trapframe->sp;
struct u_context_t *user_context_ptr = (struct u_context_t *)

(user_sp - sizeof(struct u_context_t) / sizeof(user_sp));
saveContext(p, user_context_ptr);
p->signal_ucontext_ptr = (uint64) user_context_ptr;
p->trapframe->sp = (uint64) user_context_ptr;
p->trapframe->a@ = (uint64) user_context_ptr;
p->trapframe->epc = (uint64)myproc()->alarmhandler;

BAFATEREEYuanShen OSIGEMucontextBIEK 41

struct u_context_t{
uint64 ra;
uint64 sp;
uinte4 so0;
uint64 si;
uint64 s2;
uint64 s3;
uint64 s4;
uinteé4 sb5;
uint64 s6;
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uint64 s7;
uint64 s8;
uint64 s9;
uint64 si10;
uint64 si1;
uint64 to;
uinte4 ti;
uinté4 t2;
uint64 t3;
uinte4 t4;
uint64 t5;
uint64 t6;
uint64 ao0;
uinte4 ai;
uinte4 az2;
uint64 a3;
uint64 a4;
uinte64 a5;
uint64 a6;
uint64 a7;
uint64 epc;

+

aNFAIFrRL, ERMRHIZRFEtrapframey £ T XHIBIA,
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//proc.h

int alarm_int; // alarm interval

void (*alarmhandler)(); // alarm handler

int ticksSincelLastAlarm; // the number of ticks that passed from last
alarm

uint64 signal_ucontext_ptr;
// struct trapframe *alarmframe;//if the process is alarmed, save its
// trapframe here since the old context will
be overwritten by the alarm handler.
// we will restore the trapframe when
handler returns.
int inAlarm; //if the process is executing the handler,
then the counting should be stoped temporarily.

1.3 e SNEAE AR RS EENEIESEN

YuanShen OS3 FRESHIHIRIZIHT R EMAEIMAP RS AIZMARSH, FKREREENAHEECTANRIL
HUsigalarmZIL AP R&iEt, BOBBIRSHIN T X
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struct thread{

int id;
struct threadContext context; /*THREAD CONTEXT SAVED HERE*/
int state; /*FREE, RUNNING OR RUNNABLE*/

i
// We allocate thread struct lazily.
struct threadpool{

uint32 thread_count; /*HOLDS THE NUMBER OF
ACTIVE THREADS*/
struct thread *queue[MAXTHREADNUM]; /*HOLDS POINTERS TO ALL

THREAD STRUCT*/
int currentThreadId;

}i

HrthreadContextflucontextilE—H, 1554 IEI2F Avoid handler(void* u_context_ptr), 5F A 15 LRiIFFRn
—X, ENH—NERATEIBucontextRIFHLELIEMN, HiBucontextiip B —FEEMN LT, TXEBRTH
PRZEIELIPAENE S MBI HID:

void handler(void* u_context_ptr){
struct threadContext *tc = (struct threadContext*)(u_context_ptr);
pool.queue[pool.currentThreadId]->context = *tc;
uthread_yield();
*tc = pool.queue[pool.currentThreadId]->context;
sigreturn();

FEESOXERREES, REIEBsigreturntiE AR, X MNINIEERIIucontext M E T XA B RIHIZH
trapframe, It—3RH#IZELE AP SHMEERNMES —TEREMN LT, sigreturnBLAZI0 T XFAR:

uint64 sys_sigreturn(void){
struct proc *p;
p = myproc();
if(p->inAlarm == 1){
p->inAlarm = 0; //clearing the blocking bit
p->ticksSinceLastAlarm = 0; // clearing the pending bit
//since we saved the context of uthread in the user stack, we need to
load it back to the trapframe!
restoreContext(p, (struct u_context_t *)p->signal_ucontext_ptr);
return 0;
}else {
panic("sys_sigreturn panic!\n");
¥

return -1;

}

N EXFR, ERNRREEMENESAIERERFHEITHE, BlfieSS0pendingfil, HAIRE HIZERESLIE
T2 FTRTRIRY_E T3
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2. Mt
2.1 testalarmillliz

frtestalarmXMAFRERFF, RIISAHEBRDIIKE=TMESLERERF. X=MESLEEFITRHITH
alarmHFEF— 1 2REENERE, FI=MESLEEFEERE. MNANATMELEREBEEENE
BEMNEERER, NXERMTET:

Xxv6 kernel is booting

hart 1 starting
init: starting sh
$ testalarm

testO start

test® passed
testl start
.alarm!
alarm!
alarm!
.alarm!
alarm!
alarm!
.alarm!
alarm!
alarm!
.alarm!
testl passed
test2 start

FATrI LB B testalarmZNF AN TIFRERITENHE T IEMME R, £2RTENERNSBICITENER,
2.2 testThread Mzt

frtestThread. X TR, BITWIIRLT HRAFRRLRE, MISR—RNENSITHNESNGES. &
B &A2returnil, FNTEREIHTENEN LM,

XEBBTHER, JUANEIEVIRERNFETY, FERTUNRELEEFEIERIRHT &, 51748
N TFERR:
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Thread[8] READY
Thread[9] READY
Thread 2 started.
tid:2 print
tid:2 print
tid:2 print
tid:2 print
thread[2] context saved!
thread[3] context restored!
tid:3 print
Thread[0] READY
Thread[10] READY
READY
FINISHED
READY
READY
READY
READY
READY
Thread 3 started.
tid:3 print
tid:3 print
tid:3 print
tid:3 print
thread[3] context saved!
thread[4] context restored!
tid:4 print
Thread[0] READY
Thread[10] READY
Thread[9] READY
Thread[8] READY
Thread[4] FINISHED
[
[
[

Wwwww

Thread[5] READY

Thread[6] READY
Thread[7] READY
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BATFIUBRIZRPRERELETBFH LT, SRUITHILIZRITIC/IFINISHED, FHMLAZ AR
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[1] California Institute of Technology. (2016). CS124 Lecture 15: Signal Handling.
http://courses.cms.caltech.edu/cs124/lectures-wi2016/CS124Lec15.pdf



