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procedure booking

1: begin

2 ifrow<=n

3 begin

4 ticket[row][col]:= 1 Wl 1| o
5. write (“FE{T: " row “HE". col “EH" )
6 col = col mod m + 1;

7 ifcol=1:

8: row=row + 1;

9: end

10:  else

11: write (“EE(UEERE!")

12: end
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1: begin 1: begin
2: ifrow<=n 2: ifrow<=n
B2: 3: begin me===2>Bl: 3: begin
4 ticket[row][col]:= 1: 4: ticket[row][col]:= 1:
5: write (“HE{i:"row “HE", col “5 ") 5. write (“E(:"row“ 4", col “57);
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(1) #EARJE AT LT AT 00T B9 3H 5888 43 (S, E. Madnick,J. T. Donovan) ;

(2) #ERRIE— AP0 ST AT LLIR B 3915 3 (E. Cohen, D. Jofferson) ;

(3) HEARJE — G SR Y B AT H AT 55 0 o 22 53 TBC FHRE TS 45 %8 5 (P. Denning) 5

(4) A7 Ry A AL 0N Y 2 PP, B2 Py 7E AL BRAIL 1 40A T I 1 3% SR Ry i B (E. W Dijkstra) ;
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(5) M g Bl 42 1) RS B A S A, IR 0 AR P A B R BT o HHE A = A N A 45 45 o R4S B
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MRS T HneESEHN P #RE. NREBER EE ERERSZ st i
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X 45 il HERE R GE v T SR R HE R A A FRE 98 B i H A Ak
ROB B S, &l 3 44 Bl HE AR 45 4l Bk PCB (Process Control Block) | #f #2 #fi & %
(Process Descriptor) KR 7 B FHZ AR 7 B b 47 858 0 B s 45 0 4 .
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while(true) while(true)
() T
i i
get_next_request(&buf): wait_for work(&buf);
handoft’ work(&buf); look_for_page in_cache(&buf.&page):

} iflpage_not_in_ cache(&page))
read_page from_disk(&buf.&page):
return_page(&page):
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e Ji T B R IR AR R TE B A0 Java YR T X 2R BRI SCRE L 28 Thread J2 45 e 12
H) — 288 A — S R R T . AN start D7 I URAE H— A BT I R R R B g
L 51k stop 8% suspend 45 1R s R LR . I8 Thread W5 start WH A 7% run
KWE LA . B b, Thread. run (4R E S BIF AT S (0 A LY e 2 Thread 48 {5
) run Hik. HIKE (SO BRIERG LFF 2L BILH]  Tava L T2 38 5 5L 68 WG 2 50 bR fE R
G . AT Tava 405 A9 0 BEFE 2 A0 BRER A BT R OORAT BT . W B I, X X 24 R
WATHI M E AR (B P/ RS2 ASE PC A TAEMHLEE .MM ITE M =i EEmE
BRELE,

3.6 Linux #HiEEE
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Ge .M SO LLRI R Gs 17 240 A% o AR IR R GE . 45 Bl L BT IR CansScpE
F7 CPU 25 1 73 BC A4S BRAS LLJE RSy B0 . O T Bl 220 0 0o 3k 2 e 52 W 9 ) )7 ) 44
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3.6.1 Linux JERigE Ry

1. Linux 32 B9 4H X

75 Linux R, EfE 1 3 #8202

(1) IECE(Text) : fEMBHATHPLARIE S . XPTEEREZN. EATRETIEEER
TP B2 A 2 Z A e A% 5 —4UAS .

(2) H P88 Bt (User Segment) : £7 BCHEFE 7E $0FT B B 32 047 #0409 P A 80 . L 4%
HRE A REN ., BA X BEEEE B gk, BRI Z R A DI IE
B AR HRTGEEA T AT P BB,

(3) RG A B (System Segment) : ZE A R MAF R F BT A, FL L, XIE
SRR 0 AR 0 X P A o A SR e E B — R A . 2 B DA A A A TR Y AB AT
AUPREE R N IX — BB fF O E R ERIE R . R AT 2R RIERGEEEHE
1 EEATE T i Rl X 65 B . Linux &R T task_struct B 45
¥ o6 25 90 1 Be 22 ) (5 B ——PCB, th. 8 FRAVE 3E A2 485 8 £F (Process Descriptor)

1T 55 (Task) #l i F2 (Process) && W 1 A [7] B9 R 3%, task _struct H 52t & PCB, task_
struct Y T — D HBRTAEE AR RGN HERHTER M —F B R RE LU
R I BE A 32 AR .

AR, Linux 5 A 57 6 2 19 7 72 3 25 i 53 BiC— > task_struct 2544,
RIS AT AN R GO X R AT 55 AR AR . AR AT 55 5 R A 1 R A TE 1Y P —
brii. Linux £ NAEZS B IFRE T — A& 1710 X377 00T A7 iF A8 0 4T 55 45 4 1A%, B 7 45 4
RAEM N RIBE T — A task BOH ZBCH 0 H— D IC R B — A48 1045 55 45 K 1 458
£, i Lk task B2 KR task )&,

struct task struct « task[NR TASKS] = {&init task};

XAEH B RANERIN 512, FRBIAE Linux RGP RES RNz 17 Mt fe i £ al 4 512
(SEBr B 5 WA RN L) o

Linux SZRFMFhERE . 3538 JE R A S gF R, SRt iR A — e B E L KAk, %
SRR A0 F8 S A A A B PR A o 1 5 T < 3 A A D R Sk e R 3 A R 1Y) DX 0 S
T task_struct B4 T,

Linux W4 & JERE Fir A 5 B9 task_struct KO8 450 2 LU A TE R0 R 20 1K 257797, 4
T2 T B /R e B B AT A R LR,

(D triR5 . R0 ok R AR R 50— Ul — A R AR (H JERE AR LS IF A o HE ) B
[ task_struct Z5M R EH7E task AP RG] T . A, —AHEREA A S M A bR iR
5y B G T 3 P A BRI 5 W AR X S B A Y U ) AL

(2) REFE . — Linux FEREATA T JLMORE . 47 VAR5 5 1L AIEE

(3) PEEAFE . W BEFEY A% AR 2 58 ik AR 2 1] i D) 46t

(4) A RPERER G BE R . RGA X — 15 552 B AR ) #3815

(5) PERRBEMF R . 76 Linux RE W BRAIG AL IR Z 0 ATAT — D SERRH B A kR .
A AR A2 I ACHERR = sm e 7 R 0 . IR B/ G0 Bl DU R AR A A R AR 4 A L RN
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T B A AR R A0 R Y DL o R R AR B DL R R 0 i R AR AT . D3 Ab . Linux | 4] — 4> 3]
FidE RGP A R XA BE R AR init R, FIHXAERTWELR . WX
A LIRS Ty M 4% 3 FE A kA

(6) B [A] FIAE B % . 52 0 7F 3 26 5 B b (R A7 1 72 9 4 57 B[R] o DA R A HE A= i J 0 o e
BBy CPU W [], 3k PYAS I [T DL jiffies S 807 o 2 I 8] iy 9 8 20 2 A, — 2 R e T P
BN AL TR BT[], 2 R AE R T AE R BT ] . Linux 52 55 AT 3EFR AR OC 0 2 i) 2%
I Ry A3 ik 7R g0 R R ST IR 2 B R B B RS iz i R R 3% sigalrm
55,

(D) XM RGAFE . HEFEA] LUFTIF SO FR GE v 08 SO o 58 G0 28X 33K 26 S0 i A7 R B
FR G X 2T Bl s i AR T AT IF 09 SO R AR AR B . D3 Ah I AR ) R LS R G
(Virtual File Systems, VES) BN EK 51 45 55 BUFEEF X AR 51 45 05 40 i 2 R A0 = H F U
KRR YT H . RO G A — A5 IS A 0 0 RS ) S R 51 4 )i
K45 5 B S35t 4. RS R 5145 805 HHECh 0, W, Y & 78
FA B s 0y SO IE AR IS AT I U TC R N B X — H s I X — H s i 1 TR T 0.

(8) FIHEREAHOCH) BFSUFE R . WETAT A F R R g R RE RS M5 S
AT X — G LB, R BN SOIRE R IR RGOS task_struet F B FH Y
T CPU 7). Y FE R 7 B S A~ SRR s A7 RS U0 4 B8 4IRS B, 78 B R Serh A7
MATR RIS IR S CPU 2547 28 W0 DL SOERR (S 2 . X5 00 B 2 1 1 O o % i i 7
AT o AR bR SOfF B rh i A e R s 1T R R

K 3.27 T H B HIER ., % task_struct, fAFE H, REEHE AN HBRNE
B L3S F ) AH N A A T8 L N R AR BA S L N A AR B SO S R T AR

2. HEZTEMRSEZTE

%éﬁjﬁﬂ/l\ﬁfﬁﬁ@ﬂ AN ST A R A0 Mk S TR G AL AR o FF AR A R 400 ik s ) 0
AP A>T 23 Z3 [ FI R A )

H}F‘ﬁ?ii‘%ﬂ'ﬁif?*ﬂﬁ?ﬁ(Tmﬁ%@)FEQET@JHJF‘ S[aj v, HERE S ] vk A dER s
A7 P 8 e I B ME AR B SRR MEARR . R G X X A AR AT AR RS B0 4R S, an kAR
P i P AE Al e S5 3] AR 5 ]

WREZMERR L FE i R s [ b, AU BT A R R s Hh, e R R ERa
B R AZ DA T Ui . SRR IS AT E R AR B P S N BN i B B VTR R g
B, an &l 3. 28 s, #EfE Higid o RGN N O8G  ARevib Rg s b, — i
TEIBAT IS FE b B 7R W o PR AT R 28 2 1) A 7 3 5 46

SEBR b HERR A PR P AR R 5 A O AR R A AR AR R . R A

IRAF CGHEFR 45 1) JO A0 R A O B 1 25 [] 43 B TE — B2 . N R AT 0 BE I A 32 2 i W 3 L T

union task union {
struct task struct task;
unsigned long stack[2048];
b

lﬁﬁﬁfﬂ%@xﬁaﬁﬁmeBzmlﬂ%Uﬁu&%ﬁﬂ H] /& 6KB £
— LA HN BT A XN R REALEE T BOR SRR IE 3. 29 FiR,
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HERRR S
HERRS LA A B MR

I R

Task_struct structure

state

Thread_info structure

thread_info

[ task

exec_domaino

run_list, array

flaps

status

Kernel stack

WEFEHAEAE M) | mm —
R 1D | pid The other structures
run_queue |
BEeH e | group_info
mm_struct |
SR | user
——| Group_info |
T{EEH® | &
= ——| User_struct |
SAFARTT | files
—-—| Fs_struct |
{H55EE | signal
S5 AbEE | sighand — 4—| Files struct |
4_4 Signal_struct |
Sighand_struct |
[% 3.27  task_struct £5#y
/
CHREDT
-l TR
&
D E T
E . RS i
g RSV el ) i
....... SKB
g i VR R4
b IR S
T i i 31 ] iy l] B =2 (A
S ARETTERR R 4 gippassi
SR R T T R SO SR S T ){RMY Y}{}(X -
P RS Al
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FEHECR
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ikl
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HELFTTXMEZEETX
?E%?L%ELV HERRMAL T2 SR s AT R B AR iR B SC, RGP

HREAEACH BT, R R 5K %R %/\$1¢Wﬁ5ﬂ%’éﬁ»ﬂ:ﬁﬂf_ﬁﬁg
8 CPU By fft HI AL 2 | i 72 28 46 05 — A F B2 X A o 72 R o i 72 U0 4 (Process
Switching) , K YIH XFR R EF ¢Vl (Context Switching) . TE &R Gt N AZ b i k72
JIR 55 451 an gk AR AT — A R GE I I SRR 0 AT RS ZE N P 3 e e %A (HE i
I A% B s AT AT A R i — 3 4 B AU i N R s AT e R B P S RN A
BT 55 B B iz AT BR AR i R 48 | T S0 (System Context) . WAZTER G EF SO AT IR 23
RH 2 .

3.6.2 Linux #ERIRE B st B

J&*EE’J'{*IL;\
7&13@#(* A RIS 1R Linux @ RRARZS WNFR 3. 7 R IR e KT an A 3. 30

R .
# 3.7 Linux # MRS
REWAZLERT 3 X
TASK_RUNNING LR
TASK_INTERRUPTIBLE CIRRE: R INAN
TASK_UNINTERRUPTIBLE S AT o ) A R RS
TASK_ZOMBIE 5t
TASK_STOPPED iz
=" TASK RUNNING
N ek GBI
EFTTIREINL i
Nl wake_up_intrruptible()
wake_up()
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Linux i 2 AR 2 i F F2 8 £F (PCB) task_struct H1 (Y50 H5 T state R, HEFERE
state RYBUEA W F JLFP,
# define TASK_RUNNING
# define TASK INTERRUPTIBLE
# define TASK UNINTERRUPTIBLE

# define TASK ZOMBIE
# define TASK STOPPED

(D isfrRE— A TR ARSI LA EEET . LA EESIE 7. IEEEBfT
A FE RS2 Y T HERE (P current FT 8 [0 A RERL) T HE #5217 A9 A2 R 245 3] CPU glal LA
SEEIHEAIE AT, CPU 2 X e g fe vl — S Rr M R W, REHA —Dis 7B S (run_
queue) » IR A I A7 Ak T 0l gz 17 AR A 00 B0 R . ) B R Fy AT I o AP B 5 — A ERE 4 A
iB17 .

@) FRpRE — AT IRREMARIEEFHFRENFHF N TE. EEEMTREL
RIS S5 FF BB (wait_queue) 1, Linux oAb - 45 R 4R 25 B BERE 23 S PRl . W] v i ) 25
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SIGSTOP.SIGTSTP.SIGTTIN #; SIGTTOU 5 5 EaiAb FxX Fok 2. 610, 1 3% 52 7K
(R AL Tk MRS

) ek . R RRC KL ARl TR A AR BA AT waitO R GEH
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LA R MR B S . — UK, Linux RGE P 49 #E 2 I B A — Bl $hA7 1Y
By B HM ARG AR W A 1 PCBCRP task _struct BCHE 45 #4) Fph 37 19 77 % 25 1) .
Linux R4 fe LB &R 3 A4 misb A O F g2 1,
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o) 38 B i A R H 4 7Y init_task,

HTERGENSE —DEIERIER, TRl init 0L IR MARERS N 1. B i
S8R G — LW IR AL B AT 55 (WHT T R G 6 5 LR WX R G U AT RG]
IR ALFEIY . 4/ ete/init, /bin/init 5 # /sbin/init , X $£4) i AL 8 5 KM T BRI R 48 . init
FE7 B A R G0 b BB F AR L ok S g AR R4S A R AR . AN getty HEARREAE T
BB St A i —A~ login iERE . RGEH A SF A2 M init B0 LA IR A ok .
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PERRTE WA S BT 192 A HERR I R P AR . AQHERR AT fork O R (B2 F #EFR 1Y PID fH,
T HEFRIAT fork O BHREE 0. B T HRBIPTU0F .

# include < sys/typex. h>
# include <unisd. h>
main()
{

pid_t val;

printf("PID before fork(): % d\n", (int)getpid());

if(val = fork())

printf("parent process PID: % d\n", (int)getpid());

else

printf("child process PID: % d\n", (int)getpid());

}
AP I AT 45

PID before fork(): n
parent process PID: n
child process PID: n+ 1

Foron 91T R GAT P ASHERE N L R G I 9 PID (A>T HIEO .

i

KT

main()

i

pid_t val;

printf{("PID ...

if{val=tork())
printf{"parent

main()

pid tval;

if{val=fork())
printf("parent
else

printf{"child

printf{"PID ...

else
printf{"child

TitFe

main()

Kl
t
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pid_t val;
printf{("PID ...
if{val=fork())
printf{"parent
else
printf("child ...] 1
}

R A T B S OF R AT R )

ACHERR & fork O Z2 e JH Bt — A>T R = O T ) TR ROk S8 MR AT 55 R
SRR TEQ AT HRE Gl SR TR RS L, QRS R TIHERA RN R
L] waitORSEH . MigERE A2k ol LUl g R exitOZ LA C .
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Process

A process is an instance of a computer program that is being executed. It contains the
program code and its current activity. Depending on the operating system (OS),a process
may be made up of multiple threads of execution that execute instructions concurrently.

A computer program is a passive collection of instructions; a process is the actual
execution of those instructions. Several processes may be associated with the same
program; for example, openning up several instances of the same program often means
more than one process is being executed.

Multitasking is a method to allow multiple processes to share processors (CPUs) and
other system resources. Each CPU executes a single task at a time. However,multitasking
allows each processor to switch between tasks that are being executed without having to
wait for each task to finish. Depending on the operating system implementation, switches
could be performed when tasks perform input/output operations, when a task indicates that
it can be switched,or on hardware interrupts.

A common form of multitasking is time-sharing. Time-sharing is a method to allow
fast response for interactive user applications. In time-sharing systems, context switches
are performed rapidly, which makes it seem like multiple processes are being executed
simultaneously on the same processor. This seeming execution of multiple processes
simultaneously is called concurrency.

For security and reliability, most modern operating systems prevent direct
communication between independent processes, providing strictly mediated and controlled
inter-process communication functionality.

Representation

In general,a computer system process consists of (or is said to own) the following
resources:

(1) An image of the executable machine code associated with a program.

(2) Memory (typically some region of virtual memory); which includes the
executable code, process-specific data (input and output),a call stack (to keep track of
active subroutines and/or other events),and a heap to hold intermediate computation data
generated during run time.

(3) Operating system descriptors of resources that are allocated to the process,such
as file descriptors (UNIX terminology) or handles (Windows) ,and data sources and sinks.

(4) Security attributes,such as the process owner and the process’ set of permissions
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(allowable operations).

(5) Processor state (context), such as the content of registers, physical memory
addressing,etc. The state is typically stored in computer registers when the process is
executing,and in memory otherwise.

The operating system holds most of this information about active processes in data
structures called process control blocks. Any subset of the resources,typically at least the
processor state, may be associated with each of the process’ threads in operating systems
that support threads or child (daughter) processes.

The operating system keeps its processes separate and allocate the resources they
need,so that they are less likely to interfere with each other and cause system failures
(e. g. sdeadlock or thrashing). The operating system may also provide mechanisms for
inter-process communication to enable processes to interact in safe and predictable ways.

Multitasking and process management

A multitasking operating system may just switch between processes to give the
appearance of many processes executing simultaneously (that is,in parallel) , though in fact
only one process can be executing at any one time on a single-core CPU (unless using
multithreading or other similar technology).

It is usual to associate a single process with a main program,and child processes with
any spin-off, parallel processes,which behave like asynchronous subroutines. A process is
said to own resources,of which an image of its program (in memory) is one such resource.
However,in multiprocessing systems many processes may run off of, or share, the same
reentrant program at the same location in memory,but each process is said to own its own
image of the program.

Processes are often called “tasks” in embedded operating systems. The sense of
“process” (or task) is “something that takes up time”,as opposed to “memory”, which is
“something that takes up space”.

The above description applies to both processes managed by an operating system,and
processes as defined by process calculi.

If a process requests something for which it must wait, it will be blocked. When the
process is in the blocked state,it is eligible for swapping to disk,but this is transparent in a
virtual memory system,where regions of a process’s memory may be really on disk and not
in main memory at any time. Note that even unused portions of active processes/tasks
(executing programs) are eligible for swapping to disk. All parts of an executing program
and its data do not have to be in physical memory for the associated process to be active.

Process states

The various process states, displayed in a state diagram, with arrows indicating
possible transitions between states.

An operating system kernel that allows multitasking needs processes to have certain

states. Names for these states are not standardized, but they have similar functionality.
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First,the process is “created” by being loaded from a secondary storage device (hard
disk drive,CD-ROM,etc. ) into main memory. After that the process scheduler assigns it
the “waiting” state.

While the process is “waiting”, it waits for the scheduler to do a so-called context
switch and load the process into the processor. The process state then becomes “running”,
and the processor executes the process instructions.

If a process needs to wait for a resource (wait for user input or file to open, for
example) , it is assigned the “blocked” state. The process state is changed back to
“waiting” when the process no longer needs to wait.

Once the process finishes execution,or is terminated by the operating system,it is no
longer needed. The process is removed instantly or is moved to the “terminated” state.
When removed,it just waits to be removed from main memory.

Inter-process communication

When processes communicate with each other it is called “ Inter-process
communication” (IPC). Processes frequently need to communicate, for instance in a shell
pipeline, the output of the first process need to pass to the second one,and so on to the
other process. It is preferred in a well-structured way not using interrupts.

It is even possible for the two processes to be running on different machines. The
operating system (OS) may differ from one process to the other, therefore some mediator(s)
(called protocols) are needed.
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