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MS-DOS MS Windows OS/2 SCO UNIX  Linux MS-DOS
Microsoft IBM-PC oS 16

Windows 98/NT/2000/XP  Microsoft
32 SCO UNIX SCO
UNIX
Linux UNIX BSD UNIX
SYS Linus B.Toroalds
General Public License GPL

.
3.2
3.2.1
1
1
<< P, P
P—P; P P P, P P P,
3-1



2
3-2
L L I
I,
(¥ 3 ”P2
L1:

3-1

CPU
CPU
CPU
Ii Ci Pi(i:l,2,3) 3-2
3-2
12 C] 12 C2 P[ C3 P2
C2 C3 C] Pz P3 Pl Cl Pl
£ > ,Pl
0
P] P2
if then L2: PRINT COUNT;
COUNT:=COUNT+1; COUNT:=0;
GOTO L1; GOTO L2;
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COUNT:=COUNT+1 PRINT COUNT COUNT:=0
PRINT COUNT COUNT:=0 COUNT:=COUNT+1
PRINT COUNT COUNT:=COUNT+1 COUNT:=0

COUNT n COUNT
3-1
3-1
COUNT n+1 n
COUNT 0 1
P, P, COUNT
2
PCB
1 3-2
3-2 PCB
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3.2.3

Primitive

Critical resource

Critical section CS

CR
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2
Dijkstra 1965
1 PV
1
2 0
S S=0 S<0
PV P
A% P v
P S:=S-1 S=0 P S<0
P Semaphore

Procedure P(Var S:Semaphore);
Begin
S:=S-1;
If S<0 then W(S) { P }
End;

v S:=S+1 S>0 v S<0

A%

Procedure V(Var S:Semaphore);
Begin
S:=S+1;
If S<0 then R(S) { }
End;

mutex 1 P A\
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PV

P(mutex)

V(mutex)

3.1

L1:if
begin

P
then

P(mutex)
COUNT:=COUNT+1,;
V(mutex)

end
GOTO L1;

3 PV

P

P, P

3-6
P

A
P(S)

P R R IR
V(S2)

B

3-6

3.3

Sy

P,

T

P(Sy)

W X — 7
V(S)
HB?

B

P,
L2: begin
P(mutex)
PRINT COUNT;
COUNT:=0;
V(mutex)
end
GOTO L2;
0
P
Py
S 1
S, 0
0 3-7
P, P
P P(Sy)
P AiA 2% X MG X B — 1
V(S)) V(S))
P(S) 1HER
3-7 2
n
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Sz

PV

PV

pipe
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Si
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Py
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P(S)
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PSR
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VS
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Send(A) Receive(A)
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3.24

Hoare

Notfull.wait

notfull.signal

notfull

1974

monitor

condition construct ”~

var notempty notfull condition

1975

notfull.signal

PV

Brinsh Hansen

wait

signal

Type <
<
define < (
procedure

begin
<

end;

procedure
begin
<
end;
begin
<

end.

>=monitor

>

s

> (<

> (<

>)

>)
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34 Producer-Consumer put item get item
count
Type Producer-Consumer=monitor
var Dbuffer:array [0, ... ,n-1] of item ; {
in, out, count : integer ; {in out count }
notfull ,notempty :condition ; {

procedure entry put (item)
begin
if count>=n then notfull.wait; {
buffer (in) : =nextp ;
in:=(intl1) modn ;
count = count + 1 ;
if notempty.queue then notempty.signal ; {
end
procedure entry  get ( item)
begin
if count <= 0 then notempty.wait ; {
nextc := buffer (out) ;
out := (out+1) mod n ;
count :=count - 1 ; {
if notfull.queue then notfull.signal;  {

end

begin in:=out:=0; count:=0; end {

cobegin
producer : begin
repeat
produce an item in nextp ;
Producer-Consumer.put ( item) ;
until false;
end

consumer : begin

1122 |



( 2
repeat
Producer-Consumer.get (item) ;
consume the item in nextc ;
until false ;
end;
coend
3.2.5
CPU
CPU
CPU CPU
1
1 cc >3 <« >3 <cc >3
2 (X3 > (X3 >
CPU
3 (¥ 3 ry (X3 >y
CPU
2
1 FCFS FCFS CPU
FCFS
CPU 1/0 FCFS
2
ms ms
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1 FCFS 1
2 FCFES
WL S

\ CE CPU

i [ N\ mmsm

ﬁ = WA O

A z

| R SEEEAT
B
3-9
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3 1/0 CPU /0 1/0
4 1/0
3.2.6
1
3.5 A B
Py P
P 1 P 2
’ -l-{equest(A); <a> ) -l-iequest(B); <a>
Request(B); <b> Request(A); <b>
Release(B); Release(A);
Release(A); Release(B);
P1<a> P2<a> P1<b> P2<b> P1<a>
Py<a>
P,<b> P,
P,<b> P,
3.6 m n
k m<nk

| 125 |



3-10 PV

2
m=5 n=3 k=3
1 2
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P, P, P; P, Ps 5
3-12
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P, 6 4 2 11 1
P, 2 2 2 2 1 1
Ps 8§ 1 1 2 1 0
Py 2 2 1 1 2 1
Ps 34 2 11 1
3-12
4
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8 7 4 Ty 7
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it " EB 24 WH+E S RER 5T
prid e Rl R2 R3 Rl R2 R3 Rl R2 R3 Rl R2 R3 FRE
P, 1 1 0 1 0 0 1 2 1 2 3 1 True
P, 2 03 1 0 1 1 2 01 1 4 4 2 True
P, 4 4 2 5 3 1 111
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True P, 2
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Process

3.3

Light-Weight Process 7

User-Level Threads

“< Heavy-Weight

Kernel-Supported Threads
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3.10 COPY A
B
i
SB[
S 1
N
5 I —
1TE%I—|COPY =
0 0 B
A B COPY 1
2
A C 4
2 A C 4
COPY A B
23 4 5 ““COPYATO
B”” A 2 3 2 3
B
4 5 4 5 4
1 C
1 2 3 ““COPY A TO B*”
COPY
A 2 2
3 3 2
B
4

1139 |



”” thrashing)

Optimal

07 6 57

3.1
4 73 5 47 4565 76076

0 7 6

3-23

18

o Of >~

~| o| ~

S| o >
O| | >~

~| vn| ~
| vl o~

O vn| >~ o
| vl o~

<| »v| ~

~| | ~ *
<| | o

| vl o0

| | o *
~| vn| ~

<| v ~ ]
~| vn| ~

| | o~ *
o S| o
~| o| =~ *
(=1 =} »
=
(=
ﬁ.@lf.} ﬂ
iR

3-23

FIFO

ABCD

BELADY

ABEABCDE

07 6 57 4 7 3 5 474

3.12
56 57 6 076

3-24

FIFO

o| o] ~| ©
~| o] ~| ©
o| of | of =
O | o n
~| ~| o] vn| %
n| ol v <+
o o] v»| | =
n n| | o~ X
<t| | | n]| X
~| | en| v»n| x
<t| en| v»| <
n| | on| | X
en| en| <+| [ X
Ll IR e g
<[ < [ »| =
~| ~| v o %
| n| o] of %
o o o ~| =
~| o =~ ]
(=] B} o
=
Blem g
R

3-24

| 140 |



11 14
3 Least Recently Used LRU
T T
3.13 0 7 6 57 4 7 3 5 4 7 4
56 5 7 6 0 76 LRU 3-25
i [ U o|7]6|5|7|4|7|3|5|4|7|4|5]|]6|5]|7|6|0]7]6
) oloJe[s[7lal7]3]ls5]al7]a]ls5]e6[5]7]6]0]7]6
b 7lole|s|7]al7]3]5]al7lal5]6]5]7]6]0]7
e 7106|5547 |3|5|5]|7(4l4|l6|5]|]7]6]0
ﬁkm‘ X X X X X X X X X X X X X
3-25
10 13
4 Not Used Recently NUR
LRU
1 0 1
0 0
5
VAN
1968 Denning
t wt A VAN < Windows Size 7~

I141|



3.4

3.4.1

1’0

| 142 |

CPU

1/0
DMA 1/0

1/0

1/0
1/0
Block Device Character Device
1/0

Spooling



2
CPU 1/0 DMA
/0
/0
3.4.2 1/0
1/0
1/0 1/0
/0 4
/0 326
10 i3k 5374 10 N& /0 ThiE
N i hpbriv ‘/ #1T VO M. #%={k /O. Spooling
BEEXHE || u. @ B RN SR
| uEEnRS U | mreses. pERS
I FF AL B % YO gint, BRI
' BEE HUT VO H{E
3-26 1/0

| 13 |



3.4.3
1
CPU
2 DMA
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18 3-3
3-3
15 8 9
20 6 3
20 9 6
40 10 5
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7 9
15 10 4
2

A.

B.

C.

D.

A. B.

C. D.

C A
18
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15
40 6 8
3.15 1/0 10
1 R1 R2 R10
1 2 3 4 5 6 7 8 9 10
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10
20ms R1
4ms 10
1 10 2
1 A.180ms B. 200ms C. 204ms D. 220ms
2 A.40ms B. 60ms C. 100ms D. 160ms
1 20/10 2ms R1
R4 R2 2ms
20ms 10 9 R1
R2 R9 R10 9><22ms+ 6ms=204ms
2
1 2 3 4 5 6 7 8 9 10
R1 RS R5 R2 R9 R6 R3 R10 R7 R4
R1 R2

10 10><  2ms +4ms 10
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3.5.2
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Log File
4

2

3

4

UNIX
UNIX 4
3.5.3

inode

Transactor File

FCB
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2 UNIX
RWX
3
2
1
2
Master File Directory MFD
3

MS-DOS  UNIX

MS-DOS

absolute path name
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User File Directory UFD
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“/”

3.16
“/”
@ =]
|
L] 2] [

D2 A 2
fdl=open("__ 1  /f2",0_RDONLY);
fdl=open("/D2/W2/£2", O RDONLY);

2
1 A. /D2/W2 B. D2/W2 C. W2 D. /W2
2 A 2 2
B. 2 2
C 2 2
D 2 2
1 C
“/’,
2
C
2
2 D
354
1
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Ri Risi
offset
2
3
2
disk allocation table
l (¥ 3 Y
3-4
3-4
1 18
2 29
3 105 19
4
2 bitmap
0 1
01 2 32
01 2 31 32 33 34 63
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3.5.5

3.5.6

UNIX In

in
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in

Is /bin /usr/bin DOS dir
Is In
1
Is dir UNIX
di_nlink Is-1
2
2
UNIX In-s link
link
Is 1
2
1
Aij |
j 3-5
3-5
ALPHA BETA REPORT SQRT
RWX — R-X —
R-X — RWX R-X —
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ALPHA BETA REPORT SQRT

— RWX R-X R-X
— — — RWX
2
UNIX
Is RWX
ez Is -1 Is

-r-xr-xr-t 1 bin  bin 43296 May 13 1997 /opt/K/SCO/Unix/5.0.4Eb/bin/ls

2 10 9 3

UNIX 9

di_mode
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3-28

Spooling

JCL
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3.6.2
1

1
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user interface
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2
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Windows 98
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3 peer-to-peer

Windows NT AT & T
HP/OX IBM AIX Linux

3.7.2

UNIX System V' Sun SunOS
TCP/IP

UNIX Windows NT  NetWare

WAP

HP
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HAL

Windows CE  VxWorks

3.8 UNIX

3.8.1 UNIX

UNIX

PC
UNIX

3.8.2 UNIX

UNIX
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EEIETY E3 AR B X
3-30
[ ]
. i_node
. mount
[ )
Open Close Write
Read Stat Chmod Chown
Creat Mkdir Cd Link
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3.8.3 UNIX

1

UNIX PCB

proc user
UNIX text[]

1

UNIX

Fork exec exit
wait signal
kill msgsnd msgrev
2
UNIX
UNIX
UNIX
p-pri=p-cpu/2 + PUSER + p-nice + NZERO
p-pri p-cpu PUSER  NZERO
p-nice shell nice nice 0 39
2
UNIX £ kR
UNIX
3.8.4 UNIX

1

UNIX UNIX
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UNIX

UNIX

/o
UNIX

3 cc

shell
shell shell
UNIX shell

cat
cat input.txt

cat input.txt

cat input.txt > output.txt

cat

cat input.txt >> output.txt

cat
Ctrl+D

cat < input.txt

( 2
e}
UNIX
“>,,“>>,, “<”
output.txt output.txt
input.txt output.txt
cat
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cat input.txt
cat
shell
cat
shell output.txt cat
3
UNIX (X3 | >
Is > file
sort < filel > file2
pr < file2
Is | sort | pr
Is -a | we -1 > output.txt
Is -a
output.txt
3.8.5 shell
shell shell
script DOS
shell if for case
shell shell

cat input.txt

cat
input.txt
(X3 > Cat
cat
output.txt
Is
shell DOS
shell



UNIX vi shell

3-6

nn

\<

\>

3.17 32787 188567 1234567890

[0-9][0-97*
[0-9]*
3.18 what
/“what what
/ what$ what
A- *$

2 shell

shell shell
1
shell

ux UNIX
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3-7

HOME

PATH

shell

PS1

PS2

IFS

MAIL

TERM

CDPATH

Cd

LOGNNAME

SHELL

shell

MANPATH

3 shell

shell 3-8

3-8 shell

$0

shell $0

$1 $9

shell

$1,$2,83,...

$* H$Q@H

n$*n

shell

shell shell

set

3 shell

shell

3.19
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shell
shell

shell

shell



Shell

echo username $LOGNAME
echo Home directory $SHOME
echo Carrent shell’s PID  $$

shell
shell shell
3.20 UNIX 1 cat $1
2 cat>> $2 < $1 shell
case 1 in
1 cat$l;;
2 cat>>$2<$1;;
*) echo 'default... '
esac
1 $# UNIX shell $$ S@ $# S$*
e 33
° $@ $* n$@n n$*n
o $#
o §* $1 $2 $3
3.21 shell

if [ "$#" -1t 2 ]; then
echo "Usage $0 <output-file> <input file 1> [<input file2> "

exit 0
fi
output="8$1"
shift
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foriin 1 ;do
if [ -e "$i" ]; then # or use '-a $i'
cat 2
fi
done
1 A$ B. $i C.$ D.$@
2 A."$i" > Soutput B. "$i" >> $output
C. $i > Soutput D. $i>> $output
concatenate-files.sh < >< 1>[< 2> ]
if "SH" -1t 2 2
output="$1" shift
1 $@ $1 $2 $3
UNIX shell
caszrec s ca_»> cat
cat input.txt
cat input.txt
cat input.txt > output.txt
cat output.txt output.txt
cat input.txt >> output.txt input.txt output.txt

2 "$i" >> Soutput
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