Exceptional Control Flow |



Outline

* |Interuption
* Exceptions

* Classes of Exceptions



Control flow

o MAWNEIXEE, CPURTITIERIERETER:
- While(1) {
o E}EL;
e HITIES ;
- }
« XMESEIIFLERSM physical control flow (or
flow of control).

Physical control flow

< startup>
Time inst,
inst,
inst,

inst_
<shutdown>



Altering the Control Flow

o ZEIBRNZESRMATIZFRATGE:
- Jumps and branches
- Call and return using the stack discipline.

- Both react to changes in program state.

* How can we change the control flows
among processes (multitasking) ?



Altering the Control Flow

o Ib9h, RE—LLEMEK, FE CPU RS
BT EEH N

* |K

data arrives from a disk or a network adapter.
Instruction divides by zero
user hits ctl-c at the keyboard

tt, RAEFEEREITHR (exceptional

control flow, ECF) BI#15

MR program BOEEITRBKE, FEIEAIES



Exceptional Control Flow

* ECFRVEE

1R —: &

g R X— S

- HIRBRENREHEE

- B R LS #HIEF
- HREZ BRI, &

Control Flow &l

FRAIT, EERN

1517, FLEi#® Exceptional



LS N HEFEFRIRZITENZR ?

o HIKEERS
- NER, BYa/tiR
o Pkbk:

- #1. HIEMARTREES? (BBEFENR)
* W17 1/0 $R1F
. HENTE

- #2. WA AR?



B #1: #IZAARITIREIIE<S?

* AE1
- ILAFEFEIECM
- AEHE
© BRI BHIRIGE, MRILAF A0, BaKEEE
- BUFRRNE, S5, thi




B #1: #IZAARITIREIIE<S?

* HE?2
- User mode: BIR#l, BLIELELENFIHNIT
* 5130 1/0 1F3K
s NRXEFMT, sMHERE, O0S = Kkill process
- Kernel mode: OS kernel B&REMXIE
* [REIRIELHEIR I system call
* 2 AH system call , EX&UIE| kernel mode EHIT
- Y{aIJ)#E mode ?
» rhitT /| FERES (CPU BRI
o PIRE| P RTNETRER, SERkfEEIR(D]



System context for exceptions

Keyboard Mouse Printer
Interrupt Keyboard usB
Processor 4—‘
controller controller controller
Local/lO Bus
Memor ierial ATI'r IDE '\ Video Network
y ontrolle controlle adapter adapter
il
e coRom
w Display Network
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Exceptions

* An exception iIs a transfer of control to the
OS In response to some event (i.e.,
change in processor state)

User Process oS
event —— I_ .« exception ; | |
I exception processing
next by exception handler
exception
return (optional)

11



Exception Table

Exception
humbers

N B O <

n-1

Exception
table

code for
exception handler 0

code for
exception handler 1

¢ ~
o

./

code for
exception handler 2

by

code for
exception handler n-1

1. Each type of event

has a unique
exception number k

. Exception table

entry k points to a
function (exception
handler).

. Handler k is called

each time
exception k occurs.
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Exception Table

Exception table
base register

Exception number
(x 4)

Address of entry
. for exception # k

Exception table

0
1
>

p
4\,

2

n—1|
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Synchronous exceptions

* Exceptions in IA32 systems

Exception number Description Exception class
0 Divide error Fault
13 General protection fault Fault
14 Page fault Fault
I8 Machine check Abort
32-127 OS-defined exceptions Interrupt or trap
128 (0x80) System call Trap
129-255 OS-defined exceptions Interrupt or trap

14



HhiE #1: EIRTRITIREIIES?

« RBERS, BEERITER

05 Program

Create entry for process list
Allocate memory for program
Load program into memory
Set up stack with argc/argv
Clear registers
Execute call main()
Run main()
Execute return from main
Free memory of process
Remove from process list

15



PEhE #1

* BRSIAY
BT

OS @ boot
(kernel mode)

Hardware

initialize trap table

OS @ run
(kernel mode)

remember address of...
syscall handler

Hardware

Program
(user mode)

Create entry for process list
Allocate memory for program
Load program into memory
Setup user stack with argv
Fill kernel stack with reg/PC
return-from-trap

Handle trap
Do work of syscall
return-from-trap

Free memory of process
Remove from process list

restore regs from kernel stack
move to user mode
jump to main

save regs to kernel stack
move to kernel mode
jump to trap handler

restore regs from kernel stack
move to user mode
jump to PC after trap

Run main()

Call system call
trap into OS

return from main
trap (viaexit ())



PEak #2: WAIHLETE?

« 52 1. a cooperative approach: wait for
system call
- E.qg., early version of Macintosh OS
- OS 5E#1E, #HEWITEBKNERG, EohksF CPU
; 7R OS B EHITHt#HiZ
- YHTZIARA system call BY, FIFE T CPU  (ffla0is
)3, ERNELER)

* yield system call: R2ITXITHIHN
- AEHEHENBRIARITEIN, HI90BREL O

s HEERtMEE trap

17



PEhk #2: WN{rIE)ELHTE?

* 752 2. A non-cooperative approach: The OS
takes control

- BEABEHTEHIIN?
- Timer interrupt ( BfjEl5 )

18



PEhk #2: WN{rIE)ELHTE?

OS @ boot
(kernel mode)

Hardware

initialize trap table

remember addresses of...
syscall handler

timer handler

start interrupt timer
start timer
interrupt CPU in X ms
OS @ run Hardware Program
(kernel mode) (user mode)
Process A

Handle the trap

Call switch () routine
save regs(A) to proc-struct(A)
restore regs(B) from proc-struct(B)
switch to k-stack(B)

return-from-trap (into B)

timer interrupt

save regs(A) to k-stack(A)
move to kernel mode
jump to trap handler

restore regs(B) from k-stack(B)
move to user mode
jump to B’s PC

Process B

19



Exception 57335

e FAlT (interrupt)
* fafF (trap)

» HFE (fault)

o &1k (abort)

20



Exception 533

« thitr (interrupt)
- 3B /0 1RFFEH
- P RE (51ELSAXNTT, EabE#Eegeg %)
- CPU B & JIEHERIIZZ PRTIEK
- WMBNIEERFI “hErabiB R (interrupt handler
)
o RTAREEITITHAIIES (BLEBEFMN)
* HRIIESEREHITHITRIERRF
* AEREF—%KiES

[ x M {2) Control passes K x )
I:FI IiﬁE‘I- LXT Y o :r-::-'ﬁ;lnd.ﬁer aﬁg" eument I:I:I Iiﬁﬁﬁ I:I:I Iiﬁ
(1) Interrupt pin insiruction finishes
goes high during ‘ourr ¢ -
execufion of fnent — J {3) Infermupt
current instruchion T handler runs

(@) Handler
refurns fo 21
next instruchion




Exception 93

* fabr (trap) MARFIAERKE

- BENRE, BRIT—FERES (Iintfg<) WE

, =_RITZEREN
- 0 software interrupt

- trap REZBIVAREEAPEFMRNZZ EEH—R

=0, BIRAFAR (system cal

S )

- ST IER, RITTEEHARE
BEFI T —%ES

(2] Control passes
{1) Application to handler

EFE, SR

S I
makes a Syscall —
sysfem call neut

to instruchion

i (3) Trap
handler runs

(4) Handler refurns

following the syscall

5]
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Synchronous exceptions

* Exceptions in IA32 systems

Exception number Description Exception class
0 Divide error Fault
13 General protection fault Fault
14 Page fault Fault
I8 Machine check Abort
32-127 OS-defined exceptions Interrupt or trap
128 (0x80) System call Trap
129-255 OS-defined exceptions Interrupt or trap

23




System Calls

* System calls in IA32 systems

Number Name  Description Number Name Description

1 exit Terminate process 27 alarm Set signal delivery alarm clock
2 fork Create new process 20 pause Suspend process until signal arnves
3 read Read file 37 kall Send signal to another process
4 write Write file 48 signal Install signal handler
5 open Open file 63 dup? Copy file descniptor
6 close Close file 64 getppid  Get parent’s process [D
7 waitpitd  'Want for child to terminate 65 getperp  Get process group

11 execve Load and run program 67 sigaction Install portable signal handler

19 lseek Go to file offset o0 mmap Map memory page to file

20 getpid  Get process 1D 106 stat Get information about file

24



System Call Example

hello world

int main()

{
write(1, "hello, world\n", 13);
exit(0);

g ~r WONDNPFR H

25



System Call Example

1
2
3
4
5
6
7
8

main:

.section .data
string:

.ascil "hello, world\n"
string_end:

.equ len, string_end - string

.section .text
.global main

26



System Call Example

First, call write(1, "hello, world\n", 13)

9 movl

10

11

12

13
Next,

14 movl

15

16

$4, %eax Sdystem call number 4

movl $1, %ebx stdout has descriptor 1
movl $string, %ecx Hello world string
movl $len, %edx String length

int $0x80 System call code
call exit(0)

$1, %eax System call number 1

movl $0, %ebx Argument is 0

int $0x80 System call code

27



x86 64 FAHY syscall AT\

int main(void)

{
unsigned long syscall_nr = 60;
long exit_status = 99;

asm volatile  (
"movq %0, %%rax\n\t"
"movq %1, %%rdi\n\t"
"syscall”

:"m" (syscall_nr), "m"(exit_status)
:Ilr.axll'I Ilrdill
I

} gCcC —0 asmsysca 11

Syscall #§%, ZFAIFASENIE rax TFEaH, SUliFEE
BEErdi. rsi. rdx. r10. r8. r9 F{F2Eh




Syscall Ex

s WAER—MRT/EBH syscall (RAERE)
- X1FiR(E (HE)
- NI (BBE. E5ss)
- IRHIERF

5 Call R[E, Syscall= FHNIE + BkiE

o IHF 4w, A EHIEIEHE OS
- THREE Y

29



Trap Example

* Writing a File
- OS must find the file, write the string to it

- Returns integer whether it is succeeded

User Process OS

it + trap

movl ‘N write file

return




System Call vs. Procedure Call

 ZgAR (5190 open() ) BICKIEGREIBUER,

Bt AX5|E?

- open() ERMEREEAR (FEEK%0)
- QBREAZBRAACYRR int 80 3§ F A exception
, BANAZE, HNEIESN open RS IARBIHEE

- 1) RGIARMREBARRE,

- 5=

X 7l 2 NRIZAS

- 2) REPARAEEBIRRERYNE, SEEFE—1

ARSI R

31



System Call

* Example: read

- count = read(fd, buffer, nbytes);
o #1, NXMHERTT;
* #2, EEBIERERERNFFRUE, AEFEERPXEHIL ;
* #3, ®BLFT
- HITAE:
* AFIAA read BIEE (B1ES)
* Read FEKZRHICHS
* Wiz read RAERBINE
« BX 11758 (THhE)

32



System Call

Address
OxFFFFFFFF

User space <

Kernel space <
(Operating system)

N r

or

Return to caller

Trap to the kernel

5| Put code for read in register

10
4
Increment SP 11
~ Call read
3| Push fd
2| Push &buffer
1| Push nbytes
6
Y
. 7 8 | Syscall
Dispatch > handler

Library
procedure
read

User program
calling read

33



System Call

* BMREINARRIARE

Process management

Call Description
pid = fork() Create a child process identical to the parent
pid = waitpid(pid, &statloc File management
S = execve(name, argy, er Call Description
exit(status) fd = open(file, how, ...) Open a file for reading, writing, or both
e — AalAaeanlfAN MNlAaecAn Aan AnAn filAa

Directory- and file-system management
nto a buffer

Call Description : :
: . )r into a file
s = mkdir(name, mode) Create a new directory
s = rmdir(name) Remove an empty directory ation
s = link(name1, name2) Create a new entry, name2, pointing to name1
s = unlink(name) Miscellaneous
s = mount(special, name, flag Call Description
s = umount(special) s = chdir(dirname) Change the working directory
s = chmod(name, mode) Change a file’s protection bits
s = kill(pid, signal) Send a signal to a process
seconds = time(&seconds) Get the elapsed time since Jan. 1, 1970




System Call

* Example : BR#E{E mount
- ?FJ)— MEFEHIIXEFREMNN—EHER (WiEH
x) L

- mount("/dev/sdb0Q", "/mnt", 0); // 3B = SR read-
write 8¢ read-only

o %

Fdisk ( #2597 KX

x) (@)

mkfs

Mount 35

df -lh



Exception 93

o MfE (Fault)
- WMEREIRS R, 2EEXESHTI., Rttt ERD
ER
- WIERBFIEFETE HIENIETEFE
o« NBEEBIE SIS, PBARESIEREBNIES, HEHRBIT

* NRFEERENIE, FREZIAZFRY abort ffliZ, abort I
ER 25 EMENNAER

i2) Control passes

{1) Current i fo handler
nstruction Yo [FT——___ > |
causes a faulf — (3) Fault
T— handler runs
- » abort

(4) Handler either reexecutes
current instruchion or aboris

37



Fault Example #1

« Memory Reference
- User writes to memory location

- That portion (page) of user’'s memory is currently on
disk

int a[1000];
main ()

{

}

a[500] = 13;

80483b7: c7 05 10 9d 04 08 0d movl $0xd, 0x8049d10

38



Fault Example #1

* Memory Reference

- Page fault handler must load page into
physical memory

- Returns to faulting instruction

- Successful on second try

39



Fault Example #1

int a[1000];
main ()

{

}

a[500] = 13;

80483b7: c7 05 10 9d 04 08 0d movl $0xd, 0x8049d10

User Process OS
movl N Create page and
| return load into memory

40




Fault Example #2

* Memory Reference
- User writes to memory location
- Address is not valid

int a[1000];
main ()

{

}

a[5000] = 13;

80483b7: c7 05 60 e3 04 08 0d movl $0xd, 0x804e360

41



Fault Example #2

* Memory Reference
- Page fault handler detects invalid address
- Sends SIGSEG signal to user process

- User process exits with “segmentation fault”

42



Fault Example #2

int a[1000];
main ()

{

}

a[5000] = 13;

80483b7: c7 05 60 €3 04 08 0d movl $0xd, Ox804e360

User Process OS

l page fault
event ——  novl > l

Detect invalid address

— Signal process
43



Exception 5335

e X1 (abort)

- AA[BEMEIRIS VR

- —R AR, bl DRAM 8¢ SRAM (i #iRIFE &
SRS EEIR
- A2EIEHISGREILG N BIERE, e IE1ZiER

{2) Control passas

(1) Falal hardware | | fo handler )
ST OCCUTS 1

(3) Abort
handlar uns

» abort

{4) Handler rafurns
fo abort roudine

44



Exceptions

Class Cause Async/Sync Return behavior
Interrupt Signal from /O device Async Always returns to next instruction
Trap Intentional exception Sync Always returns to next instruction
Fault Potentially recoverable error | Sync Might return to current mstruction
Abort MNonrecoverable error Sync Mever returns
(2) Control passes
i1 : to handler after cument o (2) Control passes
Q{M:JS nﬁiﬁﬁrﬁg Jourr 4 instruction finishes (1) Appl k.:katr-:rﬂ gyscall ® ot .
execution of et e (3) Internpt m,;—::mefaﬁ e (3) Trap
current instruchion TTTe— handler runs e <o handier runs
.:'4;111'&.'103&" {4) Handler returns
retuns 1o fo instruction
nextinstnichion * following the syscall
| Interrupt | Irap
{2) Confrol passes {2) Control passos
{ ?’};f‘“" '; et ' to handler N (1) Fatal hardware |, fo handler .
mstruction e P * -
causes a faulf TTT— —— ':IEJII Fault ol et (3 Abart
— handler runs handlsr nins
— aborT r _ , abort
{4) Handler either reexecuies {4) Handlar rofurns
F I t current instruction or aboris A b t fo abort roufing




Outline

* Kernel Mode and User Mode

* Context Switch

System Calls and Error Handling

* Process Control

46



Kernel and User Mode

47



User and Kernel Modes

* Processes are managed
by a shared chunk of OS
code called the kernel

1

- Important: the kernel is
not a separate process,
but rather runs as part of

some user process

0x08048000(32)
0X00400000 (64 )

kernel virtual memory
(code, data, heap, stack)

user stack
(created at runtime)

memory
invisible to
user code

f

1emory mapped region fa
shared libraries

Y%esp

)r

1

<«— DPbrk

run-time heap
(managed by malloc)

read/write segment
(.data, .bss)

loaded
from the

read-only segment
(.init, .text, .rodata)

executabl
e file

unused

48



RZ&IE vs. Ehdidis

* Atzzeiz, WURZES

- —AZEIERERIT

- BlaNEE SREFRRIFT. MTUERZRVAER. TUEHRAN

R

* Az izS EEHERN XS
NS, MEEHER LUSTIEAR

- Wff?éﬁz 1 E1T1E
&, WRILUBITIE
- A& iERTRE

A2

j\]*/(n_.\) -~H 1§}Eﬁj(_

PAGE OFFSET (3G L,U:) HRTE; M EHERIS
ERPS, FRERES, EHalLUER 4G Hitbzsa

49



Protection

* [REINAERF
- REERIT—E15< (IFf3E<R
- AgEifEl—LEiytzsiE] (kernel address space )
s —lRBEEMNITHIFFESER, BI—1 mode
bit KiH|

- Kernel mode: if the bit is set

- User mode: if the bit is clear

50



User and Kernel Modes

* IZ{T1E kernel mode HOHFZRERS
- #17 CPU 15 & FHIERIFES
- BER AR RAFHMERIAFEAE (PEEHhEAR])
* JIZ{T1E user mode HYHTE
- AR ITHRNES
- A gEEHE AR ZS[B]F kernel XIS RYESGEFIFC
b5
- D@D system call #EOFRMIALES

51



User and Kernel Modes

o — MNMEITNV ISR HIE
- ISR ETE user mode

- MARPSEIAZE
* & exception K%, THINEEFZE] exception handler BY
- MARSEIRRS

o M yEAY BB R AR AY
o —NMHFEM user mode TE| kernel mode By
E—75 % exception

52



User and Kernel Modes

 £E CPU BRI IFMECS
- Intel x86 CPU 21 Ring 0~ 3 RERV4FIRZLH
- HRANRIZESE, BJLieH CPU ks, &MERD
B Z R

- BZZ2uRARL (REE ] bit) , 5190 Windows
7 .

Least privileged

Most privileged

53




Context Switches

54



Context switching

e Kernel £iF T8 MHEN LT (context)

e Context xe? HIEEEM B — T HIEN TR ER
FIERSER

 Context contains
- the program’s code and data stored in memory
- Its stack
- the contents of its general-purpose registers
- Its program counter
- environment variables
- and the set of open file descriptors

55



Context switching

s IEFHITZASYR (FlanEEdstiElg) BINLE!
* Exceptional control flow NEEXA R
- METFIKE exception #¥Flz L




Context switching

* Context switch F(tA4BR TAREIR?
- Kernel EERERARPHIT—1NRFFRA, Fla0

* read, sleep, etc. which will cause the calling
process blocked

* BfF—> system call 4+ = block #%E, kernel f{iE13
FH1T—/R context switch , MIABHLEHNITIRRBVIAR
HIE (REARAE system call , #iE &t A context
switch )

- ENFRTRER
o 5% IAYE Timer interrupt

* /O KE TR EA EHIh

57



Context switching

Time

from read

read --

Disk interrupt --
Return --.

-»

-»

>

Process A Process B

L

!

lser.code }Comext
Kernel codel switch
User code

} Context
Kernel codel ¢ itch

User.cade

58



Context switching

* JAESE (—#5 kernel A53) SLRINTIIE

KPITHE:
- ERIT— T HIEBAEE, RESTEL HHFIHHIE

EERE—P Z 81 5B E (scheduled process)
, BEfTBRTIE
- @Eléﬁ']lﬁ*i

s RIFHFIHEN LETX

- EJ3 scheduled process
* [B]E scheduled process B9 ETX

o FITHINREH M E B#HEE
1%£+% scheduled process 8975750 CPU AEE X

« HERERIRHE

59



States of a Process

 New (#7iE) . # %“IZT‘?]J%‘@C
* Running (1&17) : #*=21E7E CPU 1T
e Ready ( FizE)

- HIEFHFHERIT, BIRR (1T —AF ) SWHEERT
e Stopped ( &%)

- HEFHEWNT, BXEESASHEIAE (BRIFE I Ready)
e Blocked ( FHE )

- HIEFFINEBEMF (30 1/0 STpk ) MFLERTT, BXKiZgEff=
#wWIERE (FRIESEHSTR. ¥579 Ready)

 Terminated ( 2&1E) . #HIEXKAFLEHTT

60



States of a process

© HERVATSE S

SIGSTOP. SIGCONT. SIGTERM ZF2Z Signal
Signal:0S 12 Hay—H software interrupt #l%l, ZEIRESH

61



States of a process

o (RAIAEARIEIRES FEUHIZERPT LAMZR LE (terminated)
o X |FERERIPHIEN—TRIE
. AR L
- FWE|— A ALK I #FER signal , 80 SIGTERM
- M main REER[o
- AR exit RFIER
- RAIEWALE
- 0S #XH]

62



States of a process

o HIEFRBEEZM Blocked 8% Stopped IRES#H A Running
YN

o WIS Ready IR, FHF OSFE

o BNHFEFRILRHN ready PAFY, XFFBZT T OS AY#

i

Initializec

63



States of a process

© HIERVAESEHS

Time  Processg Process Notes
1 Running Ready
2 Running Ready
3 Running Ready Processg initiates I/O
4 Blocked  Running Processg is blocked,
5 Blocked Running so Processi runs
6 Blocked  Running
7 Ready Running I/0O done
8 Ready Running Process; now done
9 Running -
10 Running - Processg now done

64



// the registers xv6 will save and restore

// to stop and subsequently restart a process

struct context {
int eip;
int esp; States of a process
int ebx;
int ecx;
int edx;
int esij; \ s \
e S . HIZEEE I ZE )
int ebp;

}i

// the different states a process can be in
enum proc_state { UNUSED, EMBRYO, SLEEPING,
RUNNABLE, RUNNING, ZOMBIE };

// the information xv6 tracks about each proccess
// including its register context and state
struct proc {

char *mem; // Start of process memory
uint sz; // Size of process memory
char =*kstack; // Bottom of kernel stack
// for this process
enum proc_state state; // Process state
int pid; // Process 1D
struct proc *parent; // Parent process
void =*chan; // If non-zero, sleeping on chan
int killed; // If non-zero, have been killed
struct file xofile[NOFILE]; // Open files
struct inode =xcwd; // Current directory
struct context context; // Switch here to run process
struct trapframe xtf; // Trap frame for the

// current interrupt 65

}i



States of a process

Process management
Registers

Program counter
Program status word
Stack pointer

Process state

Priority

Scheduling parameters
Process ID

Parent process
Process group

Signals

Time when process started
CPU time used
Children’s CPU time
Time of next alarm

Memory management
Pointer to text segment info
Pointer to data segment info
Pointer to stack segment info

File management
Root directory
Working directory
File descriptors
User ID

Group ID

66




Thread

¢ FEF—
1R

. )i

¢ BIE

PMHIEZTENZNMES R (F§HEIR)
ZiftiERIR, =0 EHEIEI
HRN

177 BBIFNT A

Web server process

|
+

Dispatcher thread

Worker thread fsai
> space

Web page cache
Kernel
Kernel space

67
Network

connection



Exception

S

RE [ RIEH]

o5

Class Cause Async/Sync Return behavior
Interrupt Signal from /O device Async Always returns to next instruction
Trap Intentional exception Sync Always returns to next instruction
Fault Potentially recoverable error | Sync Might return to current mstruction
Abort MNonrecoverable error Sync Never returns
(2) Control passes
i1 : to handler after cument o (2) Control passes
Q{M:JS nﬁiﬁﬁrﬁ; Jourr 4 instruction finishes (1) Appl Ekamn gyscall ® ot .
execution of et e (3) Internpt Sj,;?mefj e (3) Trap
current instruchion TTTe— handler runs e <o handier runs
{4;1Hand;fa" {4) Handler returns
retuns 1o fo instruction
nextinstnichion * following the syscall
| Interrupt | Irap
{2) Confrol passes {2) Control passos
{ ?’};f‘“" '; et ' to handler N (1) Fatal hardware |, fo handler .
nstruchon o MM ¥ -
causes a faulf TTT— —— ':IEJII Fault ol et (3 Abart
— handler runs handlsr nins
— aborT r _ , abort
{4) Handler either reexecuies {4) Handlar rofurns
F I t current instruction or aboris A b t fo abort roufing




System Call Error Handling

* Unix system-level functions encounter an
error
- typically return -1

- set the global integer variable errno

* to indicate what went wrong

69



System Call Error Handling

1 if ((pid = fork()) < 0) {

2 fprintf(stderr, "fork error: %s\n",

3 strerror(errno));

3 exit(0);

4 }

1 void unix_error(char *msg) /* unix-style error */

2 {

3 fprintf(stderr, "%s: %s\n", msg, strerror(errno));
4 exit(0);

5}

70



System Call Error Handling

pid_t Fork(void)
{
pid_t pid;
if ((pid = fork()) < 0)

unix_error("Fork error");
return pid;

O~NOOOGOT A~ WDNR

)

71



IRELRS]

o HEATFIHE TAEAR exception B9ZER!, DIk
T EPTIEEFRD?
- ERHPInn e SR
- MBEEERPIEE— P EUREIRT R
- A read() EKEK

76



Homeworkl

e 3 H16 H 23:00 #17E obe 13
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