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1. — E° £ ~ (1945 1955):. ©° & 3
© L E E 3 o
(= 3 £a°L © 4+ (7 ,C :
computer) E ©9C °C Rr & O |, 31
° L, £ E Gt 2 31.
< a 1o » -
T 7 ROE & ° e |, C ERCL
°g B L LB ) (John von Neumann),
ERC @ 1948 @ ke L9  (Morris Wilkes), = -
OLE AL t
T~ ” g t @ @ E 3 Sz [ tz°L © -
£ 4+ 3 & O 1 L G ©
< (Konrad Zuse), 19412 |~ b
- @E (Howard Aiken), 19432 |
e b 2E @ € : -0
+ 70 O 1903 @ - + & &g -
g F G .~ 19132 a ° to #ELd £ © L
+z © B3 & + -9 .7 , &° 8° L
A ao} 7aEt @ b A - .
~ 1930 @ ) ERC t2© & © &t
° 2 FE 2G0T L& @GO L 2 ., AR L
2 1 L3 &, 31 K & g 19302 -
b 2x© CrELOTT et T & EL 1 TE° L@ (Institute
for Advanced Study), G g 22 HOe T La , & 21933

a + & @& L t © 2 @€  © g
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ApudmMeTnyecko- | y "
a CTPOWUCTBO > BHelHWe
norndeckoe ;
5 P ynpasneHua — YyCTPOWCTBA
YCTPOWCTBO
OnepaTtuBHada
nam4aTb
=—————p [|OTOKW AaAHHbIX — Ynpasnawowne CBA3N
—t& 1. it G -t LR -
“tE° t & € E ® g 1 E BE -
(@ . t2.1L2), L L 23 EE -
@ 1 tCE, E CC 2 tE [ 2E @ E LCEEC
® o bt t2 L CE bt E© 31 .
i 401 E 1 g2 2 t a 3
b ER3° k tEOHEC ©E bt &EL E -

E (The Moore School of Electrical Engineering) Lok ¥
T gk° £ (The University of Pennsylvania).

T, ke RG € & °t & €€ 1t G-
g , b b boe a t 31
E - -0 1 ® o ® E
ER°® E°°EL B .7 b E & © & ap
b x© o 1946 @
- o caoaxr poga t E #° Lt &t @
+E ©13 4 EDVAC , € EDVAC EI3° [%]
1953 @ b - 1 £ &Eh & 0 = bt g€ -
@ t.
- 8 -t 22° OCxEt Lt et R, © t H E Lt
E -0 , & ©°% 4+ b f° Ra -
+ 2 R E tE ¢t %€ 0 #E °RB Lt ot Ot t1
& Kz 1 E (31 et 1.

~ 1957 @ ~0 FEe° €& CEet, , 3 -
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14 o 1. € te2 t

- 3 &3
1.7 "B k%L © 3 #E B - g L g 013
E ©L ° 1 L &Et1r ©. ©OC R B £x°k © -

3 +H 3 °E 1 ° | e € 40-1 @

2. 7 .7 LY I L B ek ERe . & -
ke 3 koL E 3 4 RE L ot € -
T £ Cgtet 1 b aEk E° °@.

2. ~ E° £ ~ (1955 1965): te QL

oy d R € @ E E CL
Le (transistor) 1 Rg © LE RO -
E° R 37 #E  LOL 3 E, °
&® 3 © bt ' 3
- 1948 @
(job) & C & E G ° kR 3 ©O-
E :
- et ® E 0 F E CL 31 (single-
stream batch-processing system) L2 ' -
Brate ,C &0 o B © ©° 4 EL -
31 : @ & . ta 3).
- E°e £ 7 (1955 1965)
T 7L b & g ©© ~ ko©° R L
T . B sz B E€ @ EFE E &
T b o & S IBM 701 (& k-
1950-1)
T B RE 2 b b ( BE 2 A° )
4t 3@ B3E (machine language) RE, E 37 -
°© gz & G @ Brz & € b 3
N g L L b4 4 RE -

Lz ® t BRI E 1.



YCTpoitcTeo c

3anvcbisanns uCTemMHas
YCTPOCTBO MarHWTHbIX NeHT DXOAHas  neHTa B:"aﬁ;aﬂ .
CHUTBIBAHUA —— pUHTEP

;D)
SO,

T

nepdgokapT g
\ = 1l

T

TN

1401 1401

a 6 8 2 0 e
—t& 3. — eke 3 @ FE E CGL: ) a Le t & E R © IBM
1401; £) IBM 1401 t&R € 1) at ° ) L oat
1R R ©  EIBM7094;2) IBM 7094 @ € t° & ate @

°© 3, B ©° R te° £ £ L2l o 31 ° 7o)
at © 2 B Bt R £ IBM 1401; ) IBM 1401 Bi1 R

R .
RE =z A° (assembly language) RE L E?*2 :
€ @ g © ® 3 bt € 3 ao} (-
egCti12 C o L0 L@ E

T b

LOAD basePay
ADD overTimePay
STORE grossPay

g2 A°  (assembler) a 20 , € -
b a Bae RE &z A° +H B0 BE _ER
° g a @ b Qete 3.
3CE a L t ReCE2 (high-level lang-

uage) RE 2 b L ke © otd 2°L@eEt L k-

LE Rt & Ot (Exte © e L a Rae t -

3 +2 E° ¢ , b a b bt
RBE 1 22 £°

T L
grossPay = basePay + overTimePay



B / $KOHEL,

A [lanHble ANs NPOrpaMMbl —
pd
prd
|
- /SaanveTus
/ $3ATPY3UTL )
e )/
_~“———— MMporpamMma Ha PopTpate //
e
(
/ SFORTRAN
//
$3AJAHVE, 10, 610 802, MapsuH TaHeHbaym /
—t&. 4. € Lt @ £t FMS (_ L ek Fortran Monitor
System)
< to (compiler) Lo L E &°L t&-
1 ROCE RE Rx E*2 . RGE
3E (Fortran) RE a b . ReCE?
, E 2 E t 2IBM & t  1950-1 @ o
31 t° @, € 3 E Ot g° 31 boeEL
B +x° O (2 . Lz 4).
- &3 © @ EL
1.~ St E 3 B © a g -
& RE =z A° ?2(C /7 )
2. Ot & a E & b et
: 24 RE?( /7 )
- S &3
1.7 .7 a 13- &° R o © a -
Rae RE =z& A° +H R0 RE,
£ R ©°¢t

2.7 . HH B B ©° g +H - ket B, G



4+ RE, 2 tt ® O C b a ¢

3. E° L ~ (1965 1980):t & © 3
&1 Bt a ®

- a o 2l (integral circuit) ° g 0-
e ,22 9 t & &

IBM/360 ( 370, 390, zSeries)
T ° t € £ 2 9 RBrar 1,194 42

T b a 2 2t R1 4L @ b P o.-
e b

t OS/360& & © b  £©9°t R (= e 31 & [©
3z b a X T °© R t MEC

a e ( 9t =@ & , multiprogramming)
& a b LE°o &2 EO -
& a , € E 2 [ © &

£t 30 / 3 (1/0 bound) ez (L°L
),ECE kO ke © e T Ea -
E L, AR & b & /3 -
g K #2 (& . La. b).

.t L £3%] 3 £&° Lt (processor bound) -
e® (LOL ), °© 0 ke © g OC s -
a t tie © tt. G zel3, € € te, 3 ©
3 &k B B ke° L L B3 © & /3 (& .
k. 5).



For a process doing intensive calculation:

Shaded area indicates
“Processor in use.”

For a process doing regular input/output: /

_———

e . . L. - N

Use Use Use Use
processor processor processor processor
Wait for Wait for Wait for

I/0 completion. IO completion. IO completion.
—t® 5 & © t ®E Dzt t t 3 3 tz-
° g ( 1)L £ L 3 / B g (L ).
ke & = 2 ta © ®
a & a E° t
T~ R1 o b0 b I -
g _ Lt #EC°EC , v G 31 t L 3
3 tz° t | ay /3
T 7 € b + Lt a2 /3 ,
a g © ° 3@ &2

O & (Simultaneous Peripheral Operation On Line, & G

b @ b b (3R L) E C -
31 t 3 tz° t0O ik
Ol,_ac a GEO L
T. &L b o& E b aE b
T < a C o P E L 2 a -

b & tzE & £ b #L0z o t 0 '



-- CL R o Ot (interactive user) © )

°,E B 1 & & @ ° HBOC '
b LT EE R © kb B
2 e b1 ¥ b o g tL°oa Ri t ©

L & ° ¢ £ (timesharing system)
3 eka , € ° 3 E -
a g% RBi1t EL RB1 © ° Q.

CTSS

T CTSS (Compatible TimeSharing System) & 2L eka
° b

T Bk e ® b o '3

T — £ 1960-1 & | ze 2 aC 1 ©°3a -
3 Lzt (MTI) & t© o E
IBM 7094

"L © (virtual memory) & @ £ & k-
dete 3 g © a & EE°C ¥ -
® ® 2 Et Gtz o & t 0 -

&2 (process) R © b & @ -

MULTICS

T MULTICS (MULTiplexed Information and Computing Service)
© L O 3 3 L 3 g% © &° K

T ® E E MTI, tezz° O %E @ © E 23
Bell Labs £ E tt General Electric @ @ GE-645
( °© ¢ 1960-1)

Tt < b L Eo e a o b @-

T E , b RE Re E 2
(PL/1)



20 o 1. € te2 t

T . b Br, 2t © @

T~ ate MULTICS Rtz © b ge ©
te L a 3 1 R ° ¢t
t LG 3

TtPDP 1 B o t  DEC 19612 ( PDP 2,

...PDP 11)
t PDP 1 g 120000 $ (5% 3 IBM 7094)
T < 2 ke © UNIX o O af 2k

MULTICS © PDP 7

B £t 2 & E : UNIX
- JE 2 ERC Windows, Macintosh, Linux t DOS,

bRt RB,ECE e, Otz © E 13
@ o @ Or € . © © t @ Rt
& & t, B °© ¢t E @0 FE E G G t, ,
E Gti- Ot © 3 € t@.
1965 1969 &2 & b 2xC © @t Bell Labs, General
Electric £ MTI b ©¢% E E @ OS MULTICS © € -
ko 2 b 3 K 3 Ett ©
©c fa o ° ek EI3° azx @@?° )
b &© @.
~ 1969 @ Bell Labs & o % &2t E ,
& K & K E°c ¥+ € E LE E -
2 < g ,C O a E E E©° EtL -
@ 4 Oete B © C Bell Labs. _ AR® -
UNICS b & MULTICS, £ b ERCe b -
UNIX.
#gECE © &tz ErR© b b b -
RE & -, &E 2° a E©° ERE
E tot RE (@ °© € a ©° & 7 et -
b).
- & < op t OrE @ bk - E°t, € -

g € kO "o ™ g ( g Oz £ © Sun



3. Ee t -~ 21

Microsystems), L Lt ker 3 E 3 UNIX, & ° BSD
UNIX (Berkley Software Distribution UNIX).

. ®n E LEL 2 a ke 3 1 oL

UNIX, Lt ©° R Ekz©° g ,C E = L CGE-

b g L & QG KR K UNIX E LEL

°© R EARCL t RE ,C RP L k% .~ ©° &k -

& E tE £ ©ke E©°° 1,2 E &1 a -

b 3 b a 2 @ Og Pascal &

RE
© £ Sun Microsystems  © & & ©QSunOSt -
gt BSD UNIX L ©°EC & L & & AT&T
E © 3 ol Solaris ® ekt UNIX
AT&T.
- a a E LE UNIX, £z € : g -
L 2 Sunt AT&Te2 +t € £ Sun R #° L
a E LE L UNIX & b o ER -
a a a ke £ (Open Software Foundation, OSF) ©
3 Lo ke @ ER @ &t UNIX £ OSF/1l.
—&C E C b OSFLAT&T, &t OC ge ©
Sun, © t©° b @ UNIX .
B 1 © 3} UNIX ERB° & gECE L & R
L RBrgke .7 1987 2 s k 3
[ & ~ @ (Vreje) & & ° 2 ek -
& Minix o g L©°
° £k I EL 3 E RBrete ,E -
A | kg © & k1 9.
Lo ° & L atOe ke © O Minix E &

& BB Le kb L 2 OB 3 Qete 3
Linux, & & @ L L ER 2 € . Linux -
g © e £E0 ¢tEO© o & & ERMBLE b,
I (= L, € € IBM, Hewlett Packard, Sun Microsystems, Intel

o a gkt Linux © 2 Lig :
2 E g ERRBRLECE Lg © b &t -
& OpenBSD, € et 2@ 0 oto @ b @

ete 1) t . o t ke & ERMR LE -
t  FreeBSD, € 2 L& ® dte © .7 ag



EBSD, NetBSD t Lt et -
& °t [ tete L.
- 23 © g EL
1.7 Rzk° °& L L © & a & Lo
L L EtL @ b E B2 /7 )
2. B° S  ©L i MULTICS € L b -
°© 0 2 /7))
. 3 &3
1.7 .7 & E0d aa °
B © L ER° 2C o & b oo
a be £ ,E tSL : EL , &t
£ ©° t 2 L a Rt E L £, ©
& £ 21 HLEC
2.7 . et e (3 ° o , E -
o o t E o & CEE°CH ® ® t,
I (< A i dis : g t° a t-
& & E EE©° g 1 t° tGLE £ LO
Afr £ 2t &+ 2° 3 3 ° t
4. Ee £ -~ (1980 . .): LtE =1 BB L
g ° BB C 3
LE &1 o&¥+ + a o &1, LSI, Large Scale
Integration) € 2 FE L L O g 0
g, @ g Bz L ke € g b-
~ £ . Intel 8080 RG t &° 08 kg -
° 37 & LE &1 19744
CP/M
T CP/M (Control Program for Microcomputers) a -
°© t © }E G
T b & © g ©° i€ &

Intel 8080



T— K 1977 @ T T T R (= £ Digital
Research)
T bt °© & Lt _ 1983 @
MS-DOS
T MS-DOS (MicroSoft Disk Operation System) baE k-
&y £ 3 Microsoft
T b eLa © & ° BiICE
IBM PC
T — K 1984 @ LT e (€ b Microsoft)
e b 2 = € : MS-DOS
- © 80-1 € £ IBM E © g 9 RBOE -
IBM PC & s Intel 8080 L R & o a
a E & b LEL IBM & Otz 2 t° T 0 -
B, A3 © b ©°L b kg © L2t -
RE ~ datE _ £ € b &8 Stz , e d
b & , € E © ER3 PC.
Qe @ © E t & C Digital Research, & 2o -
& o @ CE 23 L B ate .7 %o oo -
O & & &IBM, &° g ek 3 a., 7]
[ , 2 E E ©g b3 22 F t -
©oF tt,Ce 9 2 © R o a PC, ° g -
(o o ° t IBM&g E t°2 E~0e & &KkO
Ee L b UK & @.
~ g° a & IBM @& [3&t°, g @
L@ (- , Seattle Computer Products, & 1 -
%] b o dis DOS. _ O 3 b o#
© 2 RE £ DOS 500008, C € L Seattle
Computer Products & @ & L ©.
) 0 e °© C a DOS/BASIC,t & ER°PE -
°© IBM.© 2a L IBM 1 ©° R1 & + & -
@ b D et , " 0@ t3 go © g E B3
LT g, ° G, e #2 DOS, 2 #2 3 g° -

ot o t & 0 C tt — @ & Microsoft.



A3 et EN3© b MS-DOS t A3z -
o bt 7] ° b 3 & IBM PC. 3 -
R & °2 #* t "0z (EEE ©g, R 0 )
MS-DOS € R E b o 7 EL 2 &
b K b, ©t t R ETe oo CP/M
E 3 ° ° .
= a 1983 @ oz € IBM PC/AT & o -
3 &R Intel 80286, &tz MS-DOS g ©
ajpl, CP/M t © &2 £ 2 ¢t b T et MS-
DOS # € t& © O & E 1 & &R t 80386
t 80486. ° &t MS-DOS A3° o b ot-
£, z° gt etttz R RB1 %z & © +# E -
Rtz O bk, E° a | b & UNIX.

- L 2CGLO L Qe © © (GUI, Graphical User

Interface) k o o O & & ® € k-

0 ete , E° (%] gk & L gEL © B, G CEC

€ , Gt : B © g £t kE Bz -
a Lt @° L

e L 2E B E :" ao g aor
—Taop aof t kE ©OC R4+ LEBC t t
31 ELCE 32 © a2 ¢ g 2 ° b CE
aof & Lot o & O FEE. T
- g t /I /I E ©& L g °r R zte -
: E Le°CE £ R 3 ©C £ R & b
- Ee 3 31 L0, % 4 .2, -
3 © t & O 1 tE 19482 E -
e 2t b & t° £ 2EL@ " xx© -
O RELD " 2 L (SRI, Stanford Research Institute), 2 Rt
g O 9% =zC k.
~ 1968 @ ke b /(S 23 €
- t2E aofk L @& g FEE & tO g E -
o dis NLS (oNLine System b -
et EE "L Oo® et e ). °%t ©° Rt e° b
ER°r 34 L2 t EOL Geae € L.



- € R+ ,C B 2 7 LE
€ b XY © #&z B 13 t g, ¢ ©°¢ -
E €. 0 1 2t 1 tOtg E©°®E,?2-
b ° b LE © . RF L2 b aE € ERSE  t-
& 3. "©a 4t E° T a ¢ a
L © g °e, EEE £S5 k-
#° g © L @ ©° .
T a0 aof g tOg b R4+ t -
° gE2@ £ ©°E . & t °© 3 R ,° ot ¢t
® NLS, A3° & boete R3,E ao IR} 3t -
£t 9°C ¢t o ER3e + { S o
et + 2 t  (Bootstrap Institute) ¢ ©° & & £-
2 & ko £ 2 bamkt, + & b2 -
ao @ aotgk : N g @ &P | A
. b , ° 2 it H © R+ t
o €& £ ©CO°C .
g + L0 aof & O & b 2 @ k-
+ = . o2 b 3 O oM CE ko -
® L L L 2 a

GUI
t Apple Macintosh, 1984 &

b ke o g © 2 ¢ -
& GUI, t %] R+ t € ;

£ b I
T Windows 1.0, 1985 2

a t zE Ee & © MS-DOSC tt Microsoft;
b ©°¢ 1995 &
- &3 © g EL
1.~ of Macintosh £R3° @ b D ke @
g2 b Gk L 05 o °2C /7))

2.7 ©°%,  MS-DOS E o to ga (T /7 )



- 3 &3

1. . Macintosh £R3° @ b R & @aGUI ©

g © 2t .’ 3 GUIER®  ©f 1968 @
o ds NLS = a° g aof .

2.7 . MS-DOS E © 19842 b T &

5 & t & L °° £t 2 Lt 1)) £ 3

ARPA net
T b ©g b7

T — k 1969 2 ARPA (Advanced Research Projects
Agency, ° t g EL (31 kex O gCEL a
Lie & £ 3 )

T p o Eo I LY R1 ke bk -
b -t #2C O &EL1 a t+t g, t & 31
ARPA

T "R © R O ke La 2 & 56 TEL /2 C.
T b bt &2 @ © ¢ @ B (e-mail)

T ARPA net ERR° ot , oo LE
El 1 ©

T 72 ARPA net £3° 13 g g E° TCP/IP

- E ©° ° g/ E©°
(Transmission Control Protocol, TCP/IP) & @& €Eoe ,C-
3 © & @ ER E b @ & t°°

T (Internet) &2 €€ ©° & +L,C ° & 1-
ca €D & @ © ©OC tE 0L 2 L O E R
(® . te 6). ° R E g L °© JECE t
8% 2 tg t ° g LE G 29 3 g © ap
E , @° B €

e L £ (WWW, World Wide Web) g E -
R G Rr1 € , @ 31 & T
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BbICOKOCKOPOCTHOM

MarucTpans .
ONTOBONOKOHHLIM Kabenb

¥

PervoHanbHas cets MapLpyTuaatop
MHTepHeT-npoBaigepa
CpeAHeCcKopoCTHOM P P Aep
ONTOBOSMOKOHHBIM KommyTtupyemas

NUHKUA

K AoMaLHemy
\ &) NepcoHanbHoMy
ONTOBOSIOKOHHbIN (UL L) L] xomneioTepy

kabenb unm i

MefHbiA NpoBoa
OomawHui
nepcoHanbHbIA KOMNbioTep

Nokanbhbid __, -«— Xoct
MapI.IJ;::THSBTOP L—rl L_l'! Fl L—|'| L—|'| X
\Ethemet
—t& 6. 1 IR . & Ethernet © E©° &, 18 E°t zCELO
i3 ., ¥t E L ot C , Lt ot € Re
@tor &€ © Gbi ©L L@ L ° gtgt1 °+& @ tor aC °© Gt
of t
3 ot Eo©° L3 E 31 go  (HTTP).
Tk G B, EC o, 4 2 ELr RCE 1, E EHTML.
- (S A & G 31 @°  (HyperText
Transfer Protocol, HTTP) & @ Eote © RG © k-
€ b RE HTMLL Bt 2 -
E°L e : & @ Ee e t 0O L.
L G R0 RBE EL (HyperText Markup Language,
HTML) RE, E R Lal3 & £ L E k£ -
L o2 b2 ke L3, € g 9 3 zzROCL
o & E ay @ b
2 b 2E & E: £ ~ e-_L
"2 L L ARO £ 2 h g -_t
1989a . & o ° € -

<

(%] b ® t °© + - C (.. & R,2 -



L oeEE, £ L B, L-L L 7°13) EL aEL° £ 0
EEL.
£ -t € t°° © E@ E ©° b G -
2E Lozt B L LE 19762 .7 1980- -
ke © a (s ke © ° ap G [ #zxRCEL ©
g a E RBeg a g° Rt € A -
E .
~ 1984 @ B g LE PeE @ 2 bt tb -
31 Laz© £ @ (European Center for Nuclear Research, CERN), 2
L ©° t° R £ RBzC FE L B a R Eeg -
3 ° 2 RBrete , £ ot 3 o a k.
— K a PeC @ 2 L tb 31 Lzz® L@, 1989
a - B-_ L@ °~ E©° L ap G RBr1 @°
(HTTP), RE HTML, E RD & T A ° “g-
N/ L .
1 © ER~ L & ©

< 1

1 L °© ER 2 te -
E a g E & kot £ £ B .7 1993a ° &-
L oL b %% L L LtL ° L L © E©°
bap G B1 @° bt RE HTML,C R & O
Br © °gT L 0
< 1994 2 E° & 8° Lk g © g °C £E° 4L |
LBO 2 b T & t & t @7 t R (World
Wide Web Consortium  W3C, www.w3c.org) © & L o2
E- 1 3Pt EE ° 1 S S (- g @-
Lk, EL a L L RBe £ a g E
b bt g © @ ERMB L 1 °3% L,

- &3 © & EL

1.7 © o 32 ARPA net ° 3@ °© gtPE -
P /T )

2.7 © O o 2 ARPA net EOHTTP?( /7 )

- 3 &l3

1. 7 . ARPA net A3° Ot E Ot , Gt
E , O 2 EF 7 b b g
31 b oa E 31 o



2. 7 .79 ARPA net £R°® E 2 O E ©°
TCP/IP. — EOCHTTP & ° r - &-_t 19892
6. g3 & 3
T G Lo RP ¢ b P © ¢t Rig &

T — & °© B MBte° t & %% B B ©° £ & t -
+ L1 77, E° B E°°

T MS Windows 95, 98, NT %A%t o & BE
0 ~ O
JEe @ - L 3 BEL a L L
T ++ 4 £ RE £ - g -
(Bell Labs) © 1980-1 2
T Java £ E £ @ Sun Microsystems 1995 @
(%] &k & , A° & tg © t
b °© ¢ 4
T #( 4 ) £ E b @ Microsoft 2000 2
JEe b & EALESL € .NET
ke E - £ L a 4 £ (object-ori-
ented programming, OOP) € 3 a b L, o -
7] £ LCE a a ke L OERE &
N a Rzt Btz © E 3 a -
a tg © 3 e € 3, & 3 & + f° €° &-
&
. ke €& (object) a kg € a a tg-
° L CE Ry O ° g ©° 2
g2 g bire Oz Lt Oz LG
O ze(class) t ke € ., o LE RtE R -
E
ke E - £ L 4 ek (object-

oriented operating system, OOQS) 3 eka , G @
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2 eRLCE 3 g ° R L Fe € .7 ° t
Lt D&l3 a & °© 3 'S L &
3, E 3 °© g k£©° e Rt E° bt ttt =R -
bt a4 _ ke © ke E 3, ay ER%L © g
ke 3 EeE - t t B1 RBE 1.

. E 3 a E & £ (open-source software)
a E & L, CECE tca gz k@1 RPE LCE-
K3 I g & 20 g ER e d 3
2 2 & Lt (General Public License, GPL). € a E &-
L, CEC ko, E 3 g @ 3 bet 31
a & & b

E R a E @ t

<

t ER ® '3 L L b ° fR © 2 -
ko &

T [ K E° ¥ ® a 4 EEE E R -
°© Rt ° N
T ER b £t & Lt b aC E -
'

<

et © 3y @
T 7 L P o a RxEL o & © t 7 g

<

GPL-°L t O, a & ° ok &-
® t ER a ~—

<

T GNU E &z k& a gz g b a a kg
£ (www.gnu.org):

o —t 0o 1980-1 & 1;

ERe t L ® b ER @ b @ k-
g Rz 2 Lite £ UNIX.

TOSI LEt t a g @ 3 ER 2
a a kg . (Open Source Initiative) a ¢t b,
E b & EOt ° t L@ CER 2
~_ (www.opensorce.com)



e b 2E @ E:_t & ° &
PR A ° & Loz 1969 2 O G, L ° L.
h vt kG kO a b T & Commodore
VIC-20. © 1988 & & t° O @ t o
t t Btk © @ 1 LG te © et ®e 3
UNIX & Minix &R £ o E 3
& T, 71991 a +o 3 SR a
Linux, E E © &R Intel 80386.
T a b og °© ®& °© 3 o© et k-
@& 3 Linux, Ea&©° ez © o a & & |
EOL E 31 E E & K a ;N b -
a a ke £ (GNU). " & & g @ o
Linux & 2 g E R o} b g &%+ t (GPL) & -
& ER & E ,xkO?Q ® ¢ ¢t a g -
°© ap b a te Ltz ° t , °© t ¢t b
a 3.
< 1994 a G a Linux £ © & Eo° =& k-
° L@ © a El3 & ° EL ©°© gt =& @
© g © b b & g, ER° R o -
& 1.0.— 2 b b &R ke © 4+t UNIX ©
E Raek©° . tzte t, OS Linux ez, 2E©°-
€ g 2o &2t gttt & 23 3 Date -
3 UNIX ap & © B e RBE 31 :
T g + L0 °c & ©° gz & LE | K -
23 EE ER @ a a kg £ (Open Source
Development Labs, OSDL), € A 4 (7] &
a £ . ° E b E
E RO & o ER ¢ b d ke Linux, 2
b EobE B 2E 31 &t @ .
. 2 o &is Linux & © gL LE° L & R
E E K2t ER & 7 t 2 L 2 oe b

<

E £t © & @ B3 & 1 R CE &

- &3 © g EL
1.~ of a @ 3 R ek R -
o & ke E - Lt ¢t B2(C /77 )
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2. 7 Of ER =3 ' 22 F t o
E ® b , b Lt b &2 @ E RR-
a E & L2 /7))
. 3 &3
1. . — E LEE _ a ke © Fe € 3
b E CE R1 CE ) o L O gt foa.
b b ke E - L L g 1 9%t @k -
E 1 1t E .
2.7 .° 3 o % a gz k b L ¢t b
N °F _, © g GPL —_, & & -
& 2 g @ °L bk, © ® ° RP Lzl 37
. L O t tE L1 k& & ko -
@ ot t @
7. 7 1 Rz R 2 3
T 7 L b © ¢ &R ® Ex p o a
® b 2© X b
T a g2 R szt R

° ¢ g2 B LO° B );

<

a M B ar RB( zxE°E L E B );

<

& °© 3 #e B 3 31 4L ).

<

T & E C £y Bt Br &2 Q& 1

t t t 0 © °gt t° -
120

T Windows XP ke & t° At ©°2E L gk ° 1
Ok £t OS Windows (Windows Me £ Windows 2000)

T Linux L a4 ERBRB _ tz © e 4 L L -
& 3 a Rt @el3 t° L@ ( y
POSIX) © B+ L & et 2tLe a b £

UNIX
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- a G + ) Lo L@ (Application Pro-
gramming Interface, API) & Lt tE t ,C © Lo -
3 4+ 20 ap o eka Ry IS

(System call interface, & . t&. 7).
T L o D et 131 S K W & (Porta-
ble Operatlng System Interface, POSIX) a RJ L Oe
to ta, o £ 3@ © @ . Unix.
Tt g © g et 2L _ |, & Y Unix.
' Apphcaﬁ&iﬁ Application i' Appllcaﬂgh

. | R A S I R R R i User 5pace
Kernel space
I

System caII interface

//\

-; . OS components

—+t&. 7.7 L Je L te Lo & L 0 aka ag. - & 2 o -
© (User space) € iR E 3 a a kg L, E©

ot 2 @ 3 2 E Lt =aEL 2 & et .7 ® ® -

(Kernel space) G RE R, , k° ot a 3 & €

& 3 G

3 o 4t (virtual machine) Lo L, O} -
o EL ©° R gt C etz B (2 .
Lz 8).



34 © 1.7 € te t

Applications Applications Applications '
Linux Windows UNIX E
] ] ] Virtual hardware
=R {=1= =R {=il= =R == layer
Applications Virtual machine Applications r
Operating system i ,S_C_’ft”Er_e_ |
| i Physical hardware ‘
Dl g El[ B layer
- ol o
Processor Memory Disk |
—+2 8. 1 2 ° g H BT EL ot t o t °© gt
L °© g 3, o ] a R k& t
£ £°° Lt I a 2 CE & & £k a
E
T (3 b 3 ER3° o ek VM/370
IBM 370 £zt +H CE tz © & g & 4z
@ g 1
t a [ o° Lo b, ° % & 2t B & t-
b 2E O &b @, E @ CEtL t L o -
4+
t7 £, t °© 3 4+t 3 DOS Windows
T ¥ e A a a kg L, .. -
2 EL L % 31 © [

T7 £, L °© 3 + R Java
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L ° 4t Java (Java Virtual Machine, JVM) L -
© +H C o R © a R, k-
g 3 RE Java, ° 31 © 1, E t°t -
b a 3 . RO RBECE , b 3-
© & .
b o 4+t Java
T 7 R e g to @, .. & -
a a kg b Et t °% 1 ©° -
|
T o a b b, K a ba £-
1 £ 2t L it € R & + tE tt ot 31
o
- &3 © @ EL
1.~ Ot , b °© 3 +H 13 £©° H 2 &°
£© E° LED t L o & °© 3 +H 3?
/77 )
2. .E B °b & © EEC 31 g B-
k¢ £, B © 3 e Br & @& 12(C /7))
- 3 &l3
1.7 .7t °© 3 4+ B, ECE to £©° g ©
Re E b t o & ,EE © B3 +H R, ECCE L
by L2 B © a R @& t, o ot kK
RBre & . te 2 A R4 t HC 2t
: ° Et t % 31 ©° 1.
2.7 . — & o E E G 31 o e 3
& O b ap +H |, E° ot EC©° -
4+t ® & & . EL© & O ,t a ¢ 3
e et Ex° E£EB EE © d E t, 4+t -
R £ B taCk © g & & £ E° g @



1. (3 t iy d:
2 oy a (. , Operating System, OS)
k& L (& . ke 1), € ©
& b, t° L LLE a ¢ a Rt ke CE
3% & £ 2 2 L).
(kernel) E ©°C a , &8 ° ghi g
3 Qeke 3.

/ IMpURJIadHOC IIpOoTrpaMMHOC obecmeucHHE \

/ CHCTCMEI IPOTPaMMHUPOBaHHA \

/ nporpaMMEBI YIIpaBJICHHA JJOTHICCKUMH peCypcaMHi \

/ IpOTpaMMBI YIIpaBIeHUS (QH3HIECKHUMH pecypcaMH

\

R-
b

/ amnraparypa

\

—~+t2. 1.7 b @ a fe a
i 3 4 L 31 ek
T _Ee@ b b Pz L Lo L Lt

<

R te & b E
T _k& t t Pz Lt to t t
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T —& ° t a Ri Lt RBi &2 & &z R

& ° t b ( & , L );
& ° ¢t & & ( 3 , & -
EO LzE).
T L 3 2 31 ek

T, © g ©° RiC (Windows Vista Home, Linux,
Macintosh) g © EROL gz © a o ._

T & 3 (Palm OS, Windows Consumer Electronics) -
° E OC 1€ , K° 31 ©

. ° =& o o E 0 A SR -
E Rt 3 °© @ &L 3 Java

t o a b
2 G &tz B o a L (ke 13 ° t
+ 3 L L)
AL =z R o a L( °t o _
QNX, VxWorks).

t 3 _ (Unix, Linux, Windows XP Professional, Windows
2000) Ez© L & ° °gt
° b ot 2 kO a Rt 3

2 #B( £ L - @ )

T @ @ (OS/390) + t 3 E E C -
& 31 tg,E° L &2 L C Br £ &
a EoL = &Y -3 ;
E E E € (LzC ;N N Y L),

E E € Ety @ R1 O bt
L EO )

°o L (°C € 2ELO 2 0 ).
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T . & E L 2 ta€E Top 500, Top 50 (Unix, Linux,
g L° R £ LE Lk Windows)
t Earth Simulator ( @ R/ B R L, 7" © 2003):
5120 s 500
35,6 ° o L o0L L@ bx© L&
o a0 g =C );

10 £Q .~ (@1 E=1024"FE=29"g):

<

640 £ taE et )

15~ k@ © R E bt ° (1 TE=1024 £ =2%
S 92),
1500 t° @ a E Eo.
- &3 © g (23
1., E R ozke R o o B Lte -
® 2 /7))
2.7 o} ® 1) @ b R ake o %
a E 2 ¢ 0 o °20C /7 )
. 3 &3
1.7 . R e R o E {o b b
b ay a Rt FeE ¢+, G LECE L ° R -
+ Q.
2.7 . ap g © tt © RGL Je © -
o .. Rt b °© 2 ke b b @-
2 L to bttt R te =& L E ,
E ® ° } a 31t 1 & & &te -
3.
2. < R ' R eka
T (& . Lz 2)
T @ 3

t _E° €
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W— _'-'-_.. ...... = _——,ﬁ
_‘Apphca_pqns 1
User space
“““““ ]L e ‘““ ~ Kernel space
| System call interface
£ -J =l MM=M
| Kernel i BEe oo edule
| [l les ] Bee | [irs ] | | Poniariees
Tomere ' FS = File system
‘ iom Net ‘ I/O = Input/output manager
| : Net = Network manager
—t2.2. Lt B C R .. & MM tg L,PS  © -
ot E g2 , IPC X e 2 2 @z t ,FS X
g° Qexte 3,1/0 btz /3 , Net =& 2 tz
L £ (Memory Manager, MM) -
b Date (3, °© otfd Lt 2Ot L °© 9
. °© &2 LECG E 2 ° g
% tt &° b , &L =& @ b -
®
Et 26 (& ) (main memory) b -
, o ;N ] et ke o .
& & b k b G K I @
£ AR a ] 2 &
L ° (virtual memory) & & £ & k-
gtz g © a ® EE°C & -
& & 2 Et 2C 2 2 @ t g -
b, 2 RBa& L °© @ o EC 2@t
a b 2L ° : b ®
2 & Lt = E CE o +@.
o L otk #2  (Process Scheduler, PS) €
b Qeke 3, °© otfd,EEOD &e (LOL €E)E -
o ® E &R L EC
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&® (process) B © 3 & @ -

—  ( (thread) bat B © 20 ° g
a 1 € ( C 3 E R ° b, i

E °© L) T G 7] R ©° Lt 00 o (3
Oz 0 4 Be .

TLe ge @ 2 @z Lt (InterProcess
Communication manager, IPC) € b Q etz (3,
° gtgd ¢t Je L e L.

TLe @° @ zte (3 (File System manager, FS)
€ 3 0 aete (3, °© otd g t Lt -
Rr KEe € b ot 8 O 1L g 9 -
otdt @z © & (3 3 by 2 @2 1.

TLe / 3 (1/0 manager) -
b Oete R, C Rg Lt : O t L 3 © -
&l3 /3 31 & Br & (g

@ Lt (Network manager, Net) € -
b Qete 3, C Rg E& L b de £ C
, & 31 e EQD & & 2 L.

- 0 &2 O (device driver) a E & -
L, & & E a b De & 2= .
k. 3).

- @ R = D
T _ER L3 ot et &2 © & b L ° tog
T + E Reae L LtED & O ,C Rt Lt -

o , ., t2E R d 3 & @k g t
31 L2E 1
T~ © ® te ot & O £ t @, t-
. 9 taC 23 t £ izt B, ERL

t ERBL E t ©°
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Mpouecc nonb3osarens

MNpocTpaxcTBo p
NoNb30BaTenNs

1

OcrancHan 4acTb ONEpaUMOHHONA CUCTEMBI

MpocTpaHeTBo <

AApa Y [ Y
Opaiisep Opaiisep Opansep
npuHTepa BUEOKaMeE bt CD-ROM
i Y [ Y
AnnapaTypa KoHTponnep KoHTponnep KoHtponnep
npuvHTEpa BUAEOKaMEPbI CD-ROM
Y
Yertpoiictea
—te. 3. . 2 &C g © L @ g Oz
T L ® L L °© gt € L2 KR
& °© Bt ©° R Lt btz 2 1€
gke 3
T g O © ° I g L
R LB & O
T ke L s g d g eke 3
_E© & (shell t° b (EE  t°, Gz por
E 2 L 2E?2 L Da © °), ° g ©
°© ko & @ b 0 eke @.
- &3 ° @ EL
1.7° t otC 2 o £C & b, €

£ 17} 37 g? (C /)
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2.7 0 & O a E & E, & &
E a b O aete 3 b 0 & -
@ /7 )
. 3 &3
1.7 . o = . 7©° + otE &-
® ® o 2 Lt ik .
2. 7. b Dete 3 b 0 ® -
0 & & 1) & O
3. Dz t 31 ate
T EL =&
Tt 2

T ¥ EL 2
T — a4t 2

T Et =&
T OEL @
€ L 2 ek (e cient operating
system) 3 eka , € 2 L Re €
£ L ©° & Lt © % °© g b a fE° -
L

T L £ © & (throughput) ke E B, B © -

@ L L .
o o g 2 a (e L (turnaround time)
, € 1 L b & g b gke @
° a g ° ¢ ( @ 2 Lk



3. Oz £t 31 ztke 43

T L L oy a (robust operating system)
(= g 0L L o d

. € & Ot @ (faulttolerance) 2 2 £ =& Lo-
Oete Re o 2 & a R £ oL Rt AL
E t.

— )

7 & #k E L - b 31 a Br i -
1 HECE

T &L E 2- & Lt @, kK Lt

T~ g © g° &  to ., € R
& & , £ @3 © & 30 b o&

=¥ £L 2 ek (scalable operating
system) 4 iy , € ke © g -
&l3 ki ot .7 L , L E©° btk £E° & -

a }go Gk , t t © & o &L bt -
(@]

— =4t a ke (extensible operating
system) 3 & , € £ L@
ER3 o R L & L.

— =L

T 3 3 o & R b
E E

t—7 g © ' E & Oz |
% R 4t E CEL

EL© b et (portable operating sys-

tem) b eka , Lt L E & ©L -

R LtE 2 L L R. k° & E° Y
o At 2t t° +@.

e & (portability) & a a kg
L EL L % 1 © 1.
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ot o L ek (secure operating sys-
tem) 3 i dis : & 7] o ° t -
a E & b © bk 2 EL L a g
E g°2a L ;.
T E L 2 ek (interactive operating
system) b & , € © Lo b
a ap ge £ © o,
T EL 2 iy a (usable operating sys-
tem) b o & , & &K © +H C
g C o O 2EL1 G g 9 L £E @
b Je L EL & K Br £ Lt -
31 © ° Lo L @.
- 2R3 ©° & EL
1.~ O}, © o a ° i & E -
B L g2 £ 2 & 7 i + L o2 3 -
et _ ?2(C /7))
2.7 O}, ke © 3 @ g Qe g2
°© t o 2 B 3 EL et_ 2(C /7))
. 3 &3
1.~ .~ o©° e d a ° g EL t 37
& R L g0oa foa ot o 2L _
2.7 . © L @ 2 O g a o .-
L © 2E 13 & ia g8 et .7 0 B °
E LE o . & ek & (3 € -
Bireg & , 2Ooe 4+t E G _
4 i € L 31 ke
L 3 1t € 2 31 ek
T °t
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T
T — & o
°L 2 ek (monolithic operating
system) L i &y E 0 & L o2 C -
3 2 Dete R . Lz 4). b ke 1,EC
te o a t 3 ® E & & C -
Qate 3.
MMasHasn
npoueaypa
CepsucHbie
npoueaypbl
YTunuto!
—tz. 4. op @
ot g _
T o bt eka RG R to -
£ R E R &
T te 3 R R © et e R B R
T7° € a atp a b ® 2 Le -
T 7k tot F° t g t2 R 3
°F 13 _
T OS/360, Linux
T 7@ L& EL @& o 2 b oa Eop p

3 , e E oti12 ¢t ® ® o ° ¢+ -



46 o 2., b B oate 3
7 & E ©°2at 3 ° 4k a & , zE©°C
g € K b a ¢ a g E -
g & C
a ( age g ) L ek
(layered operating system) ° 3 eka ,E -
g 22 a1 B C R ° 3 1.5 RO
ka2 €E g°2 gzg a  a : o 3
B & I
a B .
T MULTICS
T THE (Technische Hogeschool Eindhoven, & . tz. 5):
. Q& ,19682
€ eka O aoo aE?2 Electrologica
X8;
£t ©C &° b a G
a B -
T 7 & ta ° g o b b -
L © EC a © ap )
T & Gk
ELt R, % R, .C ® Eg© -
£ £ © 2t ap k,
E o :
L B ECEL °% R, °© 4k a
- 4 iy a: &® LE (microkernel
operating system) et EL 3 eka , €
E° Lt © E° & #© E£EL K -
a o O 2E @ % tt 180 £ C 3
ar £ o t Rizste ,EC e, oy 3

(& . L= 6).



4, it € £ R oeke 47

User
i}
User space et | User applications A
TR R e e | ot
Kernel space e v lo i P
!
|
Layer 2 \ Message interpreter \ T
| =
| jo R
\ Memory management E
Layer1 |, A| @
\ Processor allocation I
Layer 0 and process scheduling
—t&. 5. L L @ zte 3 THE. 0 & ° ¢ &
1 &2 2 £ © ¢t L e ,1 ° ¢t ,2 L
& ko t0,3 ° /B , 4 ° ° &E te t .
QNX
T Software Systems Limited, 1989 @
t € Lte & i3 R
T . °c a b 3 LE
T £ & Lt C £ & Intel
b & 386
T — B1  #@:10 K 32 Tk, 64 Tk
LE R .
T7 & L&
LE & L Re E & ° &,
o b 2 R+, H° Bttt =z A -
R
2 R4+ =& & 2 &L °Q
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/ System call interface f\

i File system | Process scheduler | Device manager I
4 User space

Kernel space

\ / Kernel
[
Memory management l Synchronization
—+2.6. 1t G LE g .
7 & € °© & 2 ta2 @ & R4+ t -
c a b de L, Lt 2t Bt L
b L © &2t
L ek (network operating system)
o o & E & & °© 1 C 1,
E ot ° ¢t ° 31 ket 31 L B
ek
B <
Tt ok a =& B, © & k°¥*0toL + 0
& T Rt
t E & Brate |, EC ko, & O
E°L G @ . a7
— & ° 4 ek (distributed operating

system) 3 3 o ds : g ° o g C
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Server Server Server
f:q F:)\ O O yC_—_D] Q Disk
LJ g L D\; U U [1] Processor
myb q_J
Client -
Client Client
—te& 7. © (E°L @ ® "/
e & , @& © 3 ® E .t &t -
® 3 ke € R ER L E G G R R © L
®l3.
Sprite
t < op tJe®td t T (L
T _A° L E° ¥ L x© 2 2 3 E L1 & @,
Fe t B1°PE° Q¢
T °© RP# o R e 2 Rrg -
+@ & t ot
T 22l E G L ® bt E2© L
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- &3 © @ EL

1.~ Ot , & b et ° b
E P/ )

2. & ke °r A° 2t LC P /T )

- 3 2l3

1.7 . . ° L € : b @-
® 2 a Lt E te L.—@2 o . o

a t & b, Ee L Bt & .

2.7 . LG X E GLi1-OLE ° 3
£ 31 Bra & . E 31 Brag &

b El3 E & R a a -

o



1. — ee 3
- #®  (processor) RP E , B © gt@
3 33 RE .
° R3¢ 22  (Central Processing Unit, CPU) -
&E & 37 kot 3 tz° £ €
&2  (coprocessor) g LOLt Ry i
K Rg © R © L 2a a K E & -
Lo a L.
gz 3
T b 2Etd e g2  (graphics coprocessor) ° 1 -
@ E E EL E L@
T L @ g2 @2 © (Digital Signal Processor, DSP)
o

K bt a gka © ca (3¢ tar2® ©

€ (cycle) 4 °RF L ©C t 2?2 @2 ©.

E & (clock frequency) € ©L & E ,2 -
3 R1 &C .. o & E B 2 @& ( o
e Lt 4L ). Ot L E3 g © -
eLe @ © L L L. g @ 1,17 =1
E/zE, 17" =10°".
E
T G (Moor’s law) L &© & N

E B @ o2 (8. ta 1)
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109 J

108

107 s o

106

105 r

104 & s

Number of transistors (log scale)

1000
T 7
s

]

10 =

| i ! | ] [ | i
U‘l‘lﬁ?ﬂ 1975 1980 1985 1990 1995 2000 2005

1965 Year

—tz 1. tz° Lz &® 1 Intel

Cramming More Components onto Integrated Circuits , 1965

a
- , RYY Gy ° 7 L C , & -
L ©C Lt Intel.
t 7200012 1 &2 € @ & B & E L ©o-
a @ kz° te e 1
< £3 & & . tz 2)
T L LE -3 26 & O (Arithmetic and Logic Unit,
ALU) € g2, C Rg B © & 3

b togEE £ ©° 3 EE bt
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unit

Fetch/decode

|

L1

cache

instruction

—tg 2. R

T — 3k
e , G
3 BE

3 (registers)
@1

T b

<

Ee L otd t

t TOEC RE CEL E
e L CE Rg @
ao} [ 4+

T~ 4L E

€ R, 2o ©
RO EC EL 2 b
& 3 © E

L2 cache
\

J Bus interface J

&L

ER% , & ©
® 3, & @

R@ A° E (execution unit) €

LE-° 23 2 =&

(instruction fetch unit)
E Bt C# C
BL B ©° R

(instruction decode unit)
Er £ 31

° gt 2 O,

0

E

b
31
®

b

o

Execution
unit

e
ae

k3 L



T (kernel) G g2, ke L otd k-
R EC E L E LACE RE CGLECE
T° & (cache memory) Rz 03 g a
© e , € /N & E b RB1 t
(3 ° & L &2 (S
T ° & a (L) & R ARz R ap ¢
b + ke  K° ELC & b, & © 3 -
it
T° & a (L2) ERz B L ap
E° 4 fee e Et E #- L, & © 3 ©OLk
®® , OLE L 2E @ ©
— 3%z 3 &
T—2e B kg @ b
T ° gt Az R
2 LEC ;
E °© 2 CE;
2 s b ;R
— %% R ko @ . (general-purpose registers) -
ate 3, CE B2 3 tz © 3 s ° 3
Bt t@ € °cg © O aEL1 &R
— %z B ko 2 L
T2 3g ko 2 bt & @R © -
o
T Intel Pentium L 16 2ke ko @ b 32 kL
E a g
T ° gt a b & OE R

' Oate 3



LE E (Program Counter, PC) °© ot@d -
S ot d & 2° 0,2 20 b 3 © -
L CE B. 7 g & ECECE R b b, &g
€ E Et g £ C ° 1 £ Eg° o 0

E © g € (Stack Pointer) °© otfd Hr & -
ot @ g M Bz C L.

E (stack) £C & b, & 7] @ E° &t
B1 © € @ 3, E °© 3 ©° 2,
7] E e G O Pzt 31 31 -
® I [ B,°CE° B L 3 3,
[ ot & az 1.

° 2 & L ®® (Processor Status Word, PSW)
°© otfd g @ ot @ b E 3 s
o O gELOD b EOL b

- o © 2ELD £ (user mode) b E 3 -

g2, G & oA 4 & ¢t be° £ ot R

€ . b &R ° & EkE o =& -
& & E ata 3 I

& E (instruction set) E +H 1 CE ,
E 3 e & &£ R ©°¢t

— L (kernel mode) b E 3 g2, C-

& B & € 3, ke L Lo & R._t

R © by, A© ot & E ot BB =zz -
B & & €° 3 g2 s &®,

t°t £ o t E t=CE E £ ©°)

- &3 © @ EL
1. of ®® R ©¢t E b € ?

2.7 o ¥ a ¢ O Fe
. C ¥ a 2(7/7)
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- 3 &3
1. — E g0 © 13 1) g . ° a
E [ &° 4+ b ® g © e EQ &° -
°© & tea LG
2. 7. & a g © For € ,
E© ERz b a | Foe € ¥
a
2 3 R4 L t £ © ® b ®®
T ° 4 E E G R1
T 2E © 1L €
T a it €

Y3en Beibopa
KoMaHAbl

¥Y3en geKogupoBaHUA
KoMaHAbl

Y3en BbI6OpPKU
onepaHgos

Y3en BbINONHEHUA
KOMaHAbI

KomaHaa n+3

—tz. 3.

0

t 1BM 7030,
T

T b

KoMaHaa n+2

E R & @ g FE E EO 1

E E C RBr (& . Ltz 3)

© 1960-1 @

A © 2 e CEtt xE©CCGLICE

a E E © R ©° ® £ -
E a E tae €ttt pa & CEa&°

KomaHaa n+1

KomMmaHaa n




Yzen BbINOMHEHUA

KomMaHAa Real
Yzen BbiGopa ¥Ysen AgekogunpoBaHuA — /
—»| KOMaHAbI U BbIDOPKU \
KOMaHAgbl / \
OnepaHAos xfgizzﬂ \_>Y3en BbINOMHEHMA
KoMaHg Integer
koMaHabl | A P ~_ T~
onepaHgoe Y3en BbINOMHEeHUA
KoMaHa Boolean
—tz 4. 1 E 3 ®® ®C &€ © g 1t € 1)
2E © ik C & . Lz 4)

T Intel Pentium

T b CE 2LtR 2 @EC°C C
T P o R R © gt ©°R ©° o 31 -
)
T = a °© R ° } p K 2, 2tR Lok
E  CE R ot L R ©
a 1L € (& . Ltz 5)
T Intel Core
T & Btz © R & € t-
a oo
t~ ©oo R ° ¢z ®E © € E €
- &3 © & EL
1. © 1) E E C R R ERC Of
g2 1 Intel Pentium? (T /7 )
2.7 © ot R A © et E ik
e E @ O F E EQ 31, z°L R og0CE ERO
L 2° R7 r ?2C /7))
3.~ b ot a it G & Of -

b L L ° ei?(C /7))
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OgHoAAepHBIN Npoueccop MHorOHneprlﬁ npoueccop
\ Aapo | Aapo 1 Aapo N
L L2 |
W 1kqa ;
HTepdenc
AL MHTepcpeuc WWHbI
—t&. 5. 1 E 3 a (° )t a a (= ) i
- 3 &3
1.7 .° @ E E C 31 3 kR® o
© 1960-1 ~ I1BM 7030.
2.7 . ® i | o & -
3 i °© € g€ @ @ FE E EOQ 31.
3.7 . a ik € s Ee L -
°f ¢t b L © bate BB, ©C & , &°L -
a E & L e oo o B ° & B L&Ok-
° 3 E
3.
i (main memory) a  kat :
E /N g C Rt B & ©
eke /R 1Lk, EC @ e E o & -
2@ (& . Lz 6).
- ® £ © @ RE €& @ (Random Access Memory,
RAM) , @ E & 3 E @ & ge -
° g L © E



Latency (in processor cycles)

0 Registers
2-3 L1 Cache |
~10 L2 Cache
Main
~ 30 memory
Secondary
Hard disk ?:rfim
e EEIZE storage
DVDs
—t2. 677 1k L. °© € E & € L€
- 2 2 7] & O (secondary storage)
, € , ECE ke, ke © g © oa a
| L E° dLr ke R1 Lt a (® . Lz.06).
L . t2€ RG € £ ©,CD,DVD.
& O E° a / 3 (block device) g 0
g ,C R a LtEO (EC ke, & -
LED & E E°EQD).
T L . t2€ RG € £ ©,CD,DVD.
2 2 (7] & O (tertiary storage) -
, E JECE O kg © g © 1t b b 31

3 a (& . Lz 6).

. . E L ©° atf g@go



ot £ (memory protection) 1 £ 2 -
ot @ it °© = E & @ Ltz © -
@ a 2 L, LOL b & @.
L2 bLE © RA 2a  (bounds register) °© otd
af o a g2, C Rg 1 +t L 3
3 g, & 1 EL &e .
L © (virtual memory) G L, o -
o 4 ko a ¢ @ Cat @ @ 3
& g ° ¢t C g L c a g @ -
& g (k°¥*?2, & ) © 1 b RB1t
kg © Bt & €L
Tk . @°k (swap le) LaE E t ©.
Lt 2ELD & (real address) & OCL L 0
k.
L ° 39 & (virtual address) , G -
2 £ o & Czte b °© g b b ° 3 ®
£ b G £ & A (23 | B ° t -
a
& O ©° ¢ (Memory Management Unit,
MMU) & L ©°tt g Qe , B ° o |,
g 2L, g SR & ° 3 & L b et .
- &3 © @ EL
1.~ O, 21 b 124 L | T A (Y4
/77 )
2. g © e d geld  © ° tt sk & ?
/77 )
- 3 &3
1.7 . &L b o & @& 4+ ©, © © -

% £ E t E & O ECc 40 CEat, e -
o (3 b of t 2 .



2. 7 .7 el ke © b R 2 . 2° L
b R £ & Lt 2k 2o © g O -
°© (MMU).
4. — g & E 4
— 3 b (interrupt) RO zt2 ©, & ko otd
g © b ° a 2 AR L .
- a 2 £3%] / 3 (Programmed 1/0, P10O) -
o L /3 ° & @& ,C 3 b
R Lt t € 31 E a g0 (koL £-
) © E Of & B . PIO t Og
W & 1
- g & E £ (Direct Memory Access, DMA) -
1t 3 Bre &+ 2 2 02 &
(oL £ ) & @ E oo /3 : E otd
(3 Rt s (3 bt 3 1.
I E 3 a @ E L@ . ke 7):
1) B el3° & / 3 E oo -
/3 , E R & &3° & taC ; -
s ° R ©° L e G Lt
2) taE R E oo /3 ; 3 -
g & @E :: g , C R G @ -
a @ € t;
3) kaE &R° s R &t © o t @
+ L B3 ° L 23 / 3
23 © @ EL
1. _k° O g & € b L oe
a b 3 /3 P /T )

2.7 © go°% R L © o p a o} .
a /IR 2 17)
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RAM
:51[
Processor -
Memory
controller
b
@:&
(1) ]C_:q
Ec?ntmlier o "] Disk
IE} é L__,J
r__i}
—t& 7. 1 E 3 a ® E t
- 3 &3
1.7 .7 #te 1,te © at1 PIO, & t 2 -
& bt & + Lt C @ bt £ Rt &
tr 2 O & . DMA o &% 3 © -
a R tae CtLL 23 /3 .
2.7 .7 [ t tg © g © o tt a @ -
E E.7EeE  &R3° &% R L © ° t
a + tt 3 © ¢t 24 /3
5. 7 © a €
h ek / 3 , . (Basic Input/Output
System, BIOS) a Rz = L E 2 , € R E -
ot b Lo b b Oete Bt °© t &
Rt R te =& .
a Rz E (boot sector) ° & k-

€,2 1 2 °© R R( 2 tE) b Oatz -
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<

5, 7 © a ¢
R, ~°°, 3 E ¢t R & & a 3
°© R CE Bt E° bt G
; | |
Main Boot- BIOS |
ol st?gpped @ b
vt (D 5
&——| Memory l s TN
| b | —— ) i Boot sector
z @ e
i ,
Processor
Pos
—tz 8. 1 ° g &
| °© @ & Et(@® . tz 8):
1) 777, & k& 3 Lk Bieg & 1 Lt -
S & ]| 2 & L
2) 7. a a LE b @ gte 3 (bootstrap-
pedcode) £ 2 a aC 2 ;
3) & 3 © E ° g &
4) 4 LE 3 O ete [ 2 3 &k -
& 2 taE 2
1 © 2 Plug-and-Play
T 7] & E 7 b &2 O Bz &
t St tt PnP BIOS
T PP & O# a ° 1 b 37 g t -
° tg © a o & O& & O
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T PP & & E° €E £ o €
b o te ©
- &3 © & EL
1.7~ ©° e A & s © ° -
o ke o2 € @ e € P /)
2. © & S BIOS =& b Qete RB?2(C /7 )
- 3 &3
1.7 . &L AR © © ER©o o 2 ®
E @ e E , a kRt t € t 1)
I b © KRzt a ®
2. 7 . BIOS 23 & ® b ] & -
® b &2 ©©° tt E b daete L
Eg Lt E St 31 T (Y - &
6. £ 3
£ (bus) & G ® FE , K ot1 Rz € -
€ & OE ©°& t © ¢k Rt % Rt
g Oe b L eE@ © (2 . ta 9, 10).
< ©o  (controller) RP € , € RY
o & g Oz CH (& . Lz 9).
MonuTop fnckosog  MpueoR xecTkoro
———— ANns rbkoro aucka
Knaswarypa avcka (ecTkuni AMCK)
L , 00000
oH LHLI OHTDONAE OHTDONAG KonTponnep Koutponnep
unpgﬂzgcop Namare e}fmegn:mfu ;aampg :’::z';:’; *:ﬁg:’am
- | Bus
—+29.7C R C R & © act
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WwuHa kawa JlokanbHas wuHa WnHa namaTt

=)\ Onepatushan
namaTb

/ 4
Mpadpuueckuin \

afantep HocTynHbie
* PCi-cnoTsl

Mbiwsb | | Knanarypa

3sykoBasn
e o | e
—t#. 10. (3 et R Pentium
- &3 © & EL
1. " ©p x *L R b t © & st R?
/77 )
2. & [k O Of tp © t . RBLCE 0o -
% t t Lt ER @ £ € BIBMPC?( /7 )
- 3 &l3
1.7 . — & 4 3 o e 31, E 3 -
a E L 2 @ L ®%® b E. &%
e @ b &l FEe 4 CE©°% ¢ 31,
L €, t ¢t C E E 3
.
2.7 ._ER it ¢ Ee ¢t O ag b 2 -
E 1 2 @& IBM PC, bgo O 2 ke © -

t H RLE oo
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T _K° &
T _K° &
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ke
e , &
ek
ke
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°
e
e , &

&
+

&k

3
b

a

®L
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E
&

o 4
1. _ © t &
b e © te t a R

ERCtze © i & MULTICS (

)
& 3 (task) £ £

(process) © 2 gEL@d Ae €, Ltz otOd
B © L.

® ® %S

E
31

g C

€ (text region) 2 g @ &
g bt & €Lt B ° B

31 (data region) 3 g @ &
7] R ( L& € Lb). £C &

L@.

& & (stack region) £C & g @ &
g te CELtLt B ° €ER R
°r t g &° 3 o R1
b + Lt

o
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- &3 © @ EL

1. O}, E B 2 b a ° &
& L 2 C /7))

2. St ® 2 2 e o

eC obtae Ket?(C /7 )

- 3 &l3
1.7 .~ & 3 ® a & L 3 © t |

a ECa a & © 2EQ + © [R@° 3-
eEtd Ke E .

2. 7. ° o & g 2 & &

° b Br,z1 b1 & 2k & ( =2 g
E R, L L o2 B) o feart © a
ER &be a© kg t g k° b to,

2. ® L &
® R &a a &

T & £ R © L
T @ t G G

T b a 2t
& £ 3 © L (running state) & & 3 Be
®°L 3@ R © i
& £ A° G  Eb (blocked state) & & 3 Be
E 3 g © L ° a a2 B L, k-
: + L 3 / 3 . s 2 23
kg © o L & £
& L @ & £ (ready state) & & 2 &e
E & afERte © &R, g ° 3¢
a & '
te E @ Br E B ° L ge  (ready list)

& C B, E 0 2
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E O g @ R E R © ¢t &®l3. t € & bz
E @ f1E B © ¢t it ER e e ° g & -
@ tbetr L L
te E A° CEL 31 g2  (blocked list) & G-
31 ;) (%] E O & F° EL 3
223.” ROz te CE bt
- &3 © g EL
1.~ Of E ROE € 3@ b owte -
B © & ©°E Lt ge? (/7 )
2. Of 2 te E A° CEL 31 oy | b &
L 2C /7))
- 3 2l3
1.7 .~ a &% D ke E RAE C RG -
' A © 2 & ©OC 22 ,2E ©° € ®-
® ® o ek )
2.7 . L2 E [E° L 31 & | b & -
b, EEE tECE?2 bt a E O (EL-
Et ® b ® r@e ° 7 €,
E x| ' 3 2 btae £ER L .
3. 1 3 e b & @ £ ® & '
R E: (dispatcher) € b Qete B, -
Et ot@d © ®E & £3Y) et & ta€G @ -
1 E R © ¢t & ° g ® °© t otE -
®%®
< (quantum) € t, L€ -
a 2 ® & B °© R 2. & © b
E o b O RG 1 &
b ®%®
@ 3 L@ (interrupting clock) op -
g @ , B E 3 otdzt® ©f3 Rt -
° 3 EL L( B R E k) © a ER
et o a [ ik b &



Awake Asleep

—tz 1.7t 2 I % b & @ t ® ® t . Awake £ = -
Lt E & ot 2R @ ® ® & . Asleep
e G2 oto @@ ke © &, ot S &
® .
- 1 3 o A L ) E (& . Ltz 1)
T % L E (timer run out) ba bt E ° t-
ot E EF 4 2 @ 2 £ @ 2ttt
2 & t R © ¢t
T 7O G . (block) ge £C CEL & & k; &L e
t R © a E t t
/ R , E o & £ Lt v
T~ K b (wake up) + Lt bt /B
b g2 , © t ott ek %] E -
o 37 2t 2 te€ A° G 1 a2tz C

a 1 E B © ¢t it
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- 23 © g EL

1.~ O, & 1 B 2 & L L R & -
g& © °© t glit g2 ?2(C /7 )

2.~ O | G A O L @ 2L 2 -
& L ECERE ®?2(C /7))

3.7 e d | B, L 2@ b F°OGL G 2 -
& L B ° L2077 )

. 3 &l3

1.7 .7° t otC g o8 © &€, £ -
L L i A L B ° L gzeg L a -

2L & kt € L. "9 EL L 2282 ° &
& L e .
2.7 .7 &R £° EL gk L 2a L @ -
&t, EECE © a ER &2 b ® /3 ,
© R © 2 .
3.7 .7 + Lt 23 / 3 e
E3 & o R °© L, CCC s
£ E© Lt 3 s
4. "° EL °© t ze £ ( =€t 3
e )
ECL &2 (processtable) & G R, €& -
@1 g C O 3 zeld ake 3.

T £t tE t 30 &2 (Process ldenti cation
Number, PID) L&© L, LEC B kK b b oE-
S | .

"o ¢ © L g2  (Process Control Block, PCB)

g C 1, & g t b e (2 & b,

G & ;S SR PR 4 2C L &-
2 .

. KEl3 & b PCB (& . tz. 2)

T~ @ RY & LE (program counter)



74 © 4.7 23 &®
T ° B2 R © Lt (registers)
T @ b g2 (state)
T 7L L &2 (priority)
T € o & & &  (address space)
T € ° L © zELO g2 (parent)
T € ot b 223 (children)
T € ot ERBR @°r (open les)
T ..
Process table
PID PCB
1 P
2 -—
r; T Process control block
] Program counter
Registers
Process control block Process control block E
] Program counter Program counter Priority
Registers Registers Address space
State State Bareit
Priority Priority Children
_Addre;; space Address space Open file
Parent Parent =
Children Children Gitier ﬂs‘lgs
Open files Open files
Other flags Other flags
—te. 2. ACL 2 L AC CGL A L
- a 30 & LE (program counter) € ° 20 -
g tea CtL g2 , C o AR BB © -
% T B ° ¢t gt & € Lt 2 a -
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a @ tE € Et & G £ : M3 2 R

\\\\\\\\\\

® ®E
[ij\]
0,
—tz 3.7 It 2 L &

< EGe R © Lt (registers, execution context) & -
ar ko @ £ G 31 °© gti1 a-
& R1 b e t B © t.° E
R ©° t bt it E Rzt R "©°2 b -
3 b ek i ot b ay -

2 x° g L e t B3 ° t .
® 2 g2 (process state) & & g2 (I3 ©-

2,2 G ).

I A 2 &2 (process priority) kL, ° -
(%] & a &e & L & a e L.
& ® & (address space) £° 2t L (€ -
: Bitae €)2C Rt £ 2.
— t © zELD &® (parent process) e, A 24

L o zE°C ki g2 (2 . Lz 3).
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- Ld & (child process) 3@ BE, @ -

39 £ © zEL e . t@ e & 22 g
L b b o2 Lt 1Lt b g2 (& .
k. 3).

- &3 © & EL

1.~ of Ot ®® O} -
L2 /7 )

2. Ot g C E° € ° t &% et

ot tt b etz B?2(C /7 )

3. Of EF ko b b © E 2

g2 ?(C /7 )

- 3 &l3

1.7 . Fk°L ®%® © 1 t [f°CEL ° }

& L.

2.7 . E EC E ° ¢t & ° g -
it € @ Btz © Pzt RbLz oge et -
o Lt b Qate 3.

3.7 .7 ROg £y b X 1) &2, -

b Sinit Unix L } ©OxE 2 2R .

5. ©— E° £t € Ez
- e £t CE Ex  (context switching) A ©
b IE & @ b £ &® a ®-
g L & R © Lt a & . L . Kk g1 -
E 2@ b 3 a &E . o&a  gtp o

& b o2 e b &2 , [3fL a o ®C £ & txC
a RiE B © ¢t .

- €@ £ € G (& . Lz 4):

1) ° E° L C Ez gg Py 3 © &
?®
2) 8 @ © L @& © Rt b b ¥+ ¢t
£y a # Lt bt L Eo b E Ez



T O L E E "

Processor
e Main memory
/ ). Py /{1]
B R R T e
(3) - Process
Py's PCB
Processor
(2)
ity
F P / 4 Process
e o o o !{ P>'s PCB
T R TR e B L
Processor
/ r-*az'—"‘; / (5)
T R R R D A R
—tz. 4.7 E° R )
3) 2| E G R ° Lt g P, 2 PCB
t @ t;
4) a E G [ © ¢t g2 Pt @ PCBtL
0 t;
5 &° o £t € Ez P, [ © ®
&e
- #3 ©° @ EL
1.~ ot (2 b G Ez &
R © be CEHE t L g2 ? (T /7))
2.7 Of b et 21 E Ea

a e EOL e ? (~ /~ )
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- 3 &3
(I E° I E &
B © °© R B ix° L .7 3 G ds
° EE L : 2 E° L E -
G .
2.7 .7 E° L CE G _ &1 E Ez
a B a o ¢ ° b g2 (PCB).
6. ° R L
~ 3 b (interrupt) RP zt2 ©, & ko otd
g ©° Lt © a 3L . T B L g © -
s R © 20 o g a Bt e C€ELG, -
3 B1r £ E LE R L@
EOELE 3 t@ (interrupt handler) G , [3-
o 37 R L.
T € 3 L@ (interrupt vector) otg R0 @zt
L, C 1 g € e d &2 o £t £ E -
LE R L@.
< oo R @ (interrupt controller) LE &1
b 2E @ © Ok kP E ge e -
Lt otd (R S & ket Lt L , E& L
E EE ReE Lt t 31 R ta.
EOEC Rt @ 3 L@ (& . Le 5):
1) Py B © ® &2 & © Lt @2 ©°
Rt ;
2) 0 B L0 ke bt € La ¢
R t, ER txEC L | &% g Py
3) &R E o & C ket € LG, & -
& a0 Rt @ B LG,
4) | E B R ©° ¢t g2 P, 2 PCB
0 t:



Processor control

Tlme “}l | Process Py !
. N f
Interrupting clock (2)
S .{3]
TR vector[ ! _'|'§ l l l (4) Execution context
——— saved to t»am;:u:rrar',r
location in memory
|
© | | hanarer
/L
!
() t[w ProcessP; |
v
—te. 5 _ & £ G Rt @ R to
5) % OO E E LCE R g, B3 o .-
t  otC e, CE kg @ E & R ° ¢t
g Pt 2 PCBtL t 0 t:
6) g P, B © ® & ®© & & & € -
B¢ R ° L.
- egl3 © & EL
1.~ O, b € £ £ LC B tOCE Ee
R © L a e 21 & L2 /7))
2. ot 30 &R °t & R ©° ¢t
° E E G R b 0 R w2 (T /)

1.~ .7a% 21 t LE @& R ©° t 8-
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2, E E tC R td X t ap ,
e © 31 .
2.7 .7° t otC & a ¢+ G G R ©-
b a % ,t ° t &z R © t, &t
2 taE 2 1€ R © ¢t & E ® 3
7. 0 zald B to
NcknoyeHus A
MpepbiBaHUs Tanmepa
lMpepbiBaHuA
3aBepLUeHus MNpuopuTeT
BBOJa/BbiBOJA
[NporpamMmMHble
npepbiBaHUA
—t&. 6. 7° gzl B Lo, R bt
T TREe £ (exception) RG =2 ©, 3 @
HLEE @. " TaEC t o &
T 0 R + t;
T o BEL
T L.
) 4 Lt (abort) 3 & a -
E ot B © ¢t &2 £, © a
ek . &% b L AE & . t RO t t-
4E (trap)  LzE° L, € o | | S -
o HE CE °© t (Ea t G o E3
2 1 ap R4 a g ). . HC -
&CE &%, b et @ € tt z° g ? @, E

B © taE° .
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- 1 (fault) b beEC E, 3 a £, -
7] @ L0 = E .G 3 it 2 kR
b °© B¢ g & & ot £ E tE taE° @
( R L 139 1). @ E © Lt E 3 -
&% b e 2t e CELt, BB + 0 1.

I (I 4 @ 3 L@ (interval timer interrupt)
g2 9 B RG @ R td L kb B © -
a e C L.

R LR 4 4+ L / 3 (1/0 completion
interrupt) @2 ©°, 3 RG & O& € bt Ex© -
L L & / 3

- a 3 (3 Lt (software-generated interrupt) € -

R tae GGtk te © ot & 2 bt © © o

3 &y 31 € tg. — E° # L o -
O zE @ b b

eEL 4 3  £@ (mask interrupt) b oaCL -
bt © a R tg, Rt C a
& ©° 2 &E 2EL . 5 b, 7 2° -
R t Ok & ot ® o go g @ &
Ot £ o ® i

- &3 © & EL

1.~ O}, a 3 R Lt & RO t ELY
L v ?2C /7))

2. 7 O}, o R C: £ ap

Rt #OL &t © a 2 /7))

1.7 . & ©°R, ¢ ot E t, bt t 3-
% t © O zta 31 Etd, EECE #°t E -
b tor  E e . £t R R & ER

2.7 . T O Bkt ¢ ®® © 2L
3 t ° Rt . & & & 2 t
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Rt a t OrfF g1 b t © 31
R 0.
8. L Je L e &2 © ¢t
L2  ©13 (signals) a 3 Rt °© ot
&R & © tt o a @ ER £ Otk LE bt
JHt ECEL.
ta o3
T o 3
Tt & © tbgt2 © b et o
(3 RJ &2 ©;
(N g © a ap
- b 3 E tt & xa o
T
I b
T #E b
= (catch) &R ° , BB
b D etz 7/ & © Lt z2 o,
Ta £ (ignore) i (S ® -
& R °© t Je L °© t E E E &2 ©
b et . g @ a0 + t
&2 Otk b2 E &2 B ° ¢t .
2EL £ (masking) R (2 2 ga © -
o a b ( @t © t g E) L b ete -
£° EL &2 ©°f3 a ¢t [ (- 2CL b

13 E°



9. 7 L Je L ®® te ko t0O 83

- &3 © @ EL

1.~ ° Ot 2 ©f3 3 & t?
/77 )

2.~ O, &% ap g2 © b
2 | Bireg ¢k ?2C /7 )

- 3 &3

1.7 . 2 @ ® Etz © b #2 © £ -
b Je tt e .

2.7 .7 s I [ 2t O} £ 2EL -

&La OB o a L
9. © L Jde L &® e ko L0

- & Ao L0 (massage passing) I S o -
ot @ &R ks & E B+t " ¢t ¢t E
& ko t0 KR ot & S ek 31 Ctd t-

send(reciverProcess, message)
receive(senderProcess, message)

- x ko L@
T "° E 7]
T 7 E° EL [}

(2 (%] (blocking send) e 3

b | , C & ko Lt K g © o °
£ Lt

T E° Gk (7] (nonblocking send) -
L © °r R ° ¢t ap &Y &-

%k ko t o ER° @ © ° o .

T L .. &R3°CE i 31 R0 & k.
= © (pipe) 1t Lz ko L0, L otd

1) E 31 # t.— ©t ® b
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ot o @ b UEE: @ E° gt b, E Re -
E = £
- &3 © @ EL
1. Of, ® ° 31 te | & @2 ©
ER3 ke © & 1 ° 3 te ko LO?(C /7 )
2. ot xe, B ©t #0 E° EL 7] ,
° t b b g ko L?2(C /7 )
. 3 &3
1.7 . € e, £t R 12 © X -
it E RBzte 3, & 2t @ g o 31
€ C a 2 ©°R ° (3 E -
t ® 3t K a EOte £©° &t & 2 -
© 31 ke
2.7 . _ ° ¢t b & €, -
EE =E O EL b 2. ° 4+ t @ -
F° Rte © ® 1t g - &°L b
& t ° 3@ E , & k-



1. _ o E
~ € (thread) ©° 2 zE0 Ae E, tzR3 ot@ &° -
° g xa A © 31 a f1rte CLO -
b & . Gt o g © ® t o ¢ E -
coo a [ O } +@ E 1 2 R? -
2L EE Lt b E R ©° ¢t .
a & (multithreading) 1 ° 3 °© o
Ee ® @ & ®E © € E ot E o
R © ¢t 00 o (3 td,
(° a g2 B/ a Rr ke ).
o 3 ®E
® bz © R &2 £/ L © R © (¢ a
E t ik E &R
& & & & L@ , B © 2,
— b © xEtQ & E° EL )
- b &2l T a 30 & LE
.ERR @or3 < G R © ¢t
-k E 3 E E
3 3 #2 ©13
2 OoRt k1 £ £ LEL
o v K
te © & S T
t Bte © 2 E
Tk C ke [ 2 b L Ez L ke -

b a E G B ° R B ° & oo o .



T 7 L b o ¢ a g 1/ a 31 zte
T~ L g L (3 ko & & &
&3 © & EL
1.7 Ot ® b E E +2a ¢ €
& b g ?2( /7 )
2.~ Of b Jde t e £ © EtL
3 de L E a g2 2 (C /)
3. & ©p a R t° t B © & ARz -
1?2 (/7 )
- 3 &3
1.~ a o 3 R & & kg © & & Lt
a E t. — T bt a € 3 2O -
&
2.7 .7 ®, t ° @t e, @ E t-
& a a Rtz 7] ko @ g 2 -
2 e , B 2 E 1 L L Je t e, -
ga E o t C
3.7 . 9k & to aIK: a RE ,E -
3 a 3 © & bt g °© 0 @2t t° b
L R ©°t b a 3 °© 3 Et, £ 13-
o | ° 31 e 1/ |
2. &b 1 oo o R ° t
ek 1 3 oo o 3 EL (asynchronous concurrent
threads) G, € R & oe eka b 3-
o 2 x4 a a t £ 2B © RB&b -
1 tt g £ L 1)
Lt zELO &  (critical section,E £t £ &E A° & )
a E , B © ot @ bt ° 3 2 &
( £, & b o ). El3 -
B & CE E 0 E R a 3, & Ett =CE e €

©C kO L ° 1 £t & ©°C ¢t E.



Motok A nonagaet MoTtok A nokuaaat
B KpUTHHECKYI0 obnacrb KpUTHYECKY0 obnacTb

MoTtok A ’
| I t 1
| , MotokB , TMoTokB | Motok B
! | nbiTaeTcs nonacTe|,  nonagaet | nokuaaer
1 I B KPUTUHECKYI0 1 B KPUTMYECKYIO 1 KPUTUMECKYIO
X \ / o6nacre E/ obnactb | obnactb
I ! 1 1
Motok B 1 —:L wesorsmessmnasena T l
: 1 \'4 i 1
| \  MotokB | :
T4 T, Onokuposan T, Ts
Bpems ——»
—te. 1.7 b taE° t etz © t Ett zE e CE
R SR &:(= £ (mutual exclusion) a + b, & -
e tbeaC R B ° t a E te 2 Ett-
&E @ & € LaE° B © ¢t ap € te L1

Ett =E g E (& . tz1).” L Lz€° bt -
°© kg t € € @ £ 3 zE©° Eha E , £ o -

otiz E Lt t °© 3 3 © ti b tE Lt
T b : '3 T S+ b baE© . T e EL
- & bEE b2 © ot kg 3O EO© count.
— & b &° ] &° © 3 g AR LD
1) E 2t a4z R b @ count=n:
R=n;
2) € Or L %z R 3 L £ R=n+l;
3) X bt E b i & € ~;
4) €~ Or 2 @ count .
count=n-+1,;

5) s g & E ;
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6) E =21 L n+l L S & R
count: count=n+1.
- : count L L n+l, LE -
E 0 ¢k E L=, © £l : count=n+2,
- 23 © g EL
1.~ O}, &k 1 L L g L L O o -
B ©°C =&t 3 coo 3 &®? (/7 )
2.7 k& L °% ©°% B b kaEe b, &%t EL
o b o Y @ /7 )
. 3 &3
1.7 e btL g L L 05 ° B €
o a 3 0o o 3 eeld
2. 7 .7 b LaE° 2 g1 L °% °E
oo , &°L EL L Lt o
3 3
— L RBOeg (binary semaphore) k2 CE L ,ke2 ©-
£ 9% kbt b keE° L, € g L &
3 btk (PLV) © & €t oto @ -
@S, °© g@ & ©°t G 1 Lt g LELLE 2E
& EL (S=1 a | S=0 ).
ot o S (protected variable S) £t
£ S C 1 L& &2 A e &k Otk
3 3 2 OC 2 7] 31 -
FGPLV. T Le bt 2 S ke b & L1
£ (atomic operation) 3 R -
R ©° ° E
- E P ( 3 £ L) b I L@,
° gt A S. #°L S=0, L P

Fe EL BB otd E. %L S>0, t P 4
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£ S bt b % R [] E °
E
. £V ( b g L) ' | td,
° gti t 2 S. #°L a p
® EC EL £ EL, t VE L L it -
ot t £ S £, 2L A° EL R E ,
® o t £ S b
b : a E E z2tae © b b2 g -
TELt =EO & C
P(S)
bt L0 & C
V(S)
TELt xELO e C
4 ot & (counting semaphore) @ , €& -
S © go b a3 } EO-
4+ 1. t ot @ R t e, E®2 F1 Lt 3 -
O 2 &t ° t E RB1 & &
t ot? &
T 7 be ttet o2 g , S te t -
& t t2©° n & & o
Tt < £t P + t S trE, E R-
, E E [ © t & @t o
Tt < £V ot t b S b, CE-
R, E et & @ o
- &3 ° & EL
1 of of Et RD & ® gt -
[7 B P /T )
2.7 Of © k@ b 1 L &
t L L O a @ 2/ )
3.7 Of t Vet @2 g e a Of -
' ' a @ Lt ?2(C /7))
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- 3 &3
1.7 .7© a ® E & o a -
2 @Se& t g2 g t £ .
2.7 .7 L g tt T E E© -
EL &,k b 2 & tt 3 ©°¢t a RAE ,t -
E a afrR € ® ' aa n )
3.7 . #®©L L LEPO E [ ® 2 & bt t-
t £tV E L £ L, ot t b
® FE, CGCEECE E € k 3 © b & k-
t 0z & &
4, ' R
d (monitor) € & Gt 0o o a a t-
t G ® b EC R, Gt 3, Er k-
R © ° } b EREC b b2 © tt ko @
& @ t°% ©° t E B & &
t
T~ G, £ o otz C b , € EL 3 -
[ ® b b t b E t ®
T 7€ RP b b 1 L &8 ©9C
b E
- #° L (condition variable) ,E -
Q& ® € , b ot 1 |
2o , &L @ °© RP & & @ . Lz 2).
- ®° t
T~ #°L E Ei L & g &° Lt
JE 2 [ b b , 1 £ ¢t -
b b bt @ #° t
T~ CE ER 1) b 1 , C o
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wait(conditionVariable) L , € €
tg © x° , ®°t & @& . E I &
ERI £t t t (2 . ta 2).
signal(conditionVariable) 3 , ke ©
E E a ap EL : 2 ee £ L
1 £ t b X 37 E, ¢t gt @ £, © ¢t
ata o ROt L LE Ot L (& . te 2).
1 // Resource allocator monitor
2
3 // monitor initialization (performed only once)
4 boolean inUse = false; // simple state variable
5 Condition available; // condition variable
6
7 // request resource
8 monitorEntry void getResource()
B
10 if ( inUse ) // is resource in use?
11 {
12 wait( available ); // wait until available is signaled
13 Y/ end A f
14
15 inUse = true; // indicate resource is now in use
16
17 } // end getResource
18
19 // return resource
20 monitorEntry void returnResource()
23 i
22 inUse = false; // indicate resource is not in use
23 signal( available ); // signal a waiting thread to proceed
24
25 %} // end returnResource
—tz 2. 7 & O4LO L ® € . & getResource ©a LE
t t P, returnResource o a LE g Lt V
- &3 © 2 EL
1. ° ©t bt RO# 2 7] Eo-
2P /T )
2.7 o, E 37 b b

2 L2(T /7))



92 ™ 5% 23 €
3.7 Of, o RB1 #° tO b kg © -
& be bt L 2 /)
- 3 &3
1.7 .7 L g o0& 2 b E R ,EC
g © (&2 . ke 2).
2.7 b b °© 3 B & L ©
E @ °© g bt € L 2L CE B € -
Rt t 2
3.7 .7 Ea LG L L E g ek -
bt £ 2E a (B B b t- & Be € t b -
3 € B R okl EL L L b 3



1 £ © L L
AR L 1 (high-level scheduling)
° k@, € 3 a kR g B zke E-
b @ ;o S bt ke R & 23 . Lz l).
o b b |
T 2 © g C B1r 0 g , 1 © -
E Ok E G 31
T . ° g a et
a & £ (degree of multiprogramming) E-
g E° =& i ek e E € @ k.
AR & L (intermediate-level
scheduling) ° 3 °© 2, EE
geld £ g BE ° t @it 4 @ .
be. 1).
o b L
T "E°C H 2 & 31 ke °© ¢t otE 1 2 -
g @ , b 2E 10 228 © &2 ©° t got-
CE a
T~ ©°% ©° bt gttt a 3e -
b
o i b b (low-level scheduling)
° ¢t e, CE Rg © ° t ° ¢t &-

3 @ . tel). 222 © & © L ottt s
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6. 7° ¢t t E 3 &

R e S

{ Jobs
(f waiting for
entry

J Job entry

e

(Jubs

/ waiting for \'
initiation 5

J Job initiation

—

t/HS_l.ﬁ[Zn'-.‘-l'l ded )

A
/! processes

High-level scheduling

waiting for
£ acthraﬂun )
—

Activate 4

e

Active

r Suspend

Intermediate-level scheduling

.~  processes /
W D
Block or

timer J Dispatch
runout

——

Low-level scheduling

§
}/‘ Running
processes
{

=

J Complete

T e
...
/.) Completed
i 5

—tz 1. £t © t Lt E B &8 & jobs waiting for entry L,

. ot ; jobs waiting for invitation E, £t ot 2E ; suspended
processes waiting for activation b2 ° 3 ®2R, L ot Et Lt
active processes EL B #23; running processes R ° gte z2l3;
completed + B zel3.



2. 7° b e te €0 &% 95
- el3 © & EL
1. o 4 (%] &R & €
° t glt g2 2(C /7))
2.7 ° o0 °© t git R & b 3
& @ 2 /7))
- 3 &3
1.7 .7° bt otC a o
it e E° t otE t 2 , &°L zte -
a
2.7 .7° t ot L 2 o 2 & k-
3 2 @ b, ®2ECCE € °© t otC (3-
© & g, KB 3 ap ° -
+ L € B1 & , @ Bz © L b R ° Lt
e
2. T° L L &2 Le E J &
ELt RJ &® (active process) g2, 1 otd-
& Lt 0 Lttt otd & et £ K
s . 1 L & L EL RBire-
3 tg(R ©° 2,2 , F° L ).
T Loe ° 3@ &® (suspended process) e,
1 otde ba€ , E RAR #L3t £ AR
e : E LtHHOz 2 zxoe L.
T L e E &2  (suspend) L, 2o © -
S [ zeld b€, #°L at-
& a OLE L R at & L @
g & (& . L& 2).
EtLt L g2  (activate) L, 28 ©
k., bt aCL & b eel3, -
1 ot e ba€ , AR #E ,EEOL L &L -

@ . Lz 2).
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MpoueccopO

MnanupoBLLMK
npouecca
HoBasi
3afava OO0O0O00
Quepenb
[ IoR00] Emr—> neparusias
MNaHUPOBILMK NnannpoBLmK Auck
poctyna namaTu
—t& 2. 1 ° t t E R &® & Lte (3] &®
L bk CEL 23 ®®
T &E © € b +° 2 1 ,EE &e ERC 32
baC;

T &E © € b & ez © o &
T ECE ® 2R .
T ..

- &R © & EL

1. % © t otk =7 e b e b
t 0 b 2P/ )

2. 7 Of ° }t otC EE K ® g,

L2 /)

- 3 &3

1. 7 . 7©° t otE =& t e © ° t b
[ b ®E E EL ®

& . 32 exld E



3. 7% t t 2 t t R B & +t 97

2.7 .7° v g€ EF E©° 4t & 1 -
ELt R Lae £t ¢t
g, b2 E L EL ¢t

3. 7° L L 2 Lt L 3
A 2 v K (A & a [ & Lt (nonpreemp-
tive scheduling) b tE © L L CE ° -
& iad &R &R 1 , E @ &
g @ £ o Ok E t E .2 © 2,

£, eke 1 G @ E E CL 1.

A & £ 2 L+ L 3 3 & L  (preemptive
scheduling) b tE ©° L L, ° g L -
s e, Lt e B o 2 Lt | e . E-
° g, Lo, eke I o a EE L EL -
31 zke | ° i L.

I A 2 (priority) 2L G € ), ta-
° ° ° E Lt O ©° gzt @& [
° .

£ aCEL £ Lt (3 (static priorities) 3 ot &
E L b OB b ke b # s ° i

<

R © t Lt & 2 @ 3 t.

L £ 2CEL £ £ 3 (dynamic priorities) t ot -
& R ° t % E L BT b
& ket 2t L T bt

- &3 © @ EL

1. o ©° ¢t bk bt a R & t t

L oe ° L e B & L ?2C/7)

2. Ot e, 4+ MO E=&CE R@ tE° 3 ©° -
v, o (I S & & bt t R R & t ?
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98 ™ g O } bOER 2
3. %% t+ t zEt@ © t otE b
2 & t CGL bt , o 4t e © 3@
g &2 (C /7))
. 3 &3
1.7 .79 ¢t b K bt a R @2 t kz ¢t
®CE E E EL £ @, 1t ° g
E @ k£ E CL R1.
2.7 . #L &L g B0 Re GO L b . _ -
t ke ® °© @ & G tat bt 2 -
b Gt © , t CE a E € 3@ EF
e © 2.
3.7 . Re € ® a e @ € 2 & -
E 3 t &2, ot O 2 @ a tp © £ -
H = E [} a EE RE t t 39 ik
& @ £ b a e & .
4. o o '
T _Ee Lt Gt © aCE 2 2k &2 e R
( Lo & bt L)
T~ b Gt © b xC © °ag k -
gt1 L Et b t © 3
T _Ee L Gt © ke © o & ke B
T ""eC° b E &C ° B t (2 % L
O + AR L | E FE @ L L)
T LR Lt B(E B b R @
EC ReCE £t t ¢t L)
T tE bt e B =z B g & xte B
o o } L)
T _ ke L 2C g (& 3 : R © ¢t
Girs 1) E G tat a  (Et at-
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T ke L E (L E =& of + L C
& s eka )
T ke t =t AL g (° et L bt
© @t L S b 2 CGrLzke R)
- 23 © & EL
1.7 L L %% ©° kEz L b it k-
1 L a2t LB L v B2C /7))
2.7 L L 9% ©° kg L 3 & A1 L-
gt LB L v B2 /7))
3. 782 Ot G © t 2 g © e ROk -
© g & ?2(C /7 )
- 3 &3
1.7 . Ee L L E & e d + L C
& s o & b E R 4
g2 ®AE° ReCE t L L L.
2. 7. a 3 : R © ¢t ge 0
E G bat a  CGrekte B, 2°L zke 2
£ & R E° ReE Lt L 3 zal3.
3.7 .7 g & e B °p © b Lo
EL ° L 23 2% OC ol g k& -
4 Gt © 2 g © b g2 £ b1 & @
5. £ 13 &®
- e®, L ek te © ot @ / 3 (1/0-
bound) ee, € RG AR E C ke © -
i a L @ 2 /13
- e®, L et te © ot @ &2  (processor-
bound) &e, &1 ot@d 1 B °© L & RYY
€ LT ER geld ENR3 3 ol
R e L L2 3 o & / 3
T E Y #x (batch process) ge, € 37

£ £ + ©¢ o o
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T Et 30 &2 (interactive process) e, € -
E 3 kg Lt &t Loag o© o
- e, 3 © 30 b c a £ (real-
time process) e, © C a L © ° t k-
2 t t t.
Tt . t° b °© t+ t.
- &3 © & EL
1. 7 E R o KO 2 & G b et -
g L Bk te © ot g2 ?2(C /)
2. ELt B zeld AR 2 & C b &t
i & ke © ot /3 ?20C/77)
3.77 & S KR © t ot 2E°CCE b &R
g ©g + Lt2(C /)
. 3 &3
1.7 .7 E B &el3 b D& g © o
b b ER3 g C & L et kg © ot
& . «°b E 130 2 & £ @ & E Lz,
a & CEtL et ez © ot /3 .
2.7 .7 ELt R @B 2 R Rt
31 o o i et
E R & et tg © %18 / 3
3.7 .7° t otE € ER t & ,2E°C -
b Er £ & + .7 zel3, #°Lb
b + a to E R b

+ t ER © + © M #© t E° £ t © t-
ot E

6. R ©°& }t 3 © ¢ '
A 2 £t £ FIFO( rstin rst out, 3
L4 © 3 409 1t ° ¢t t g3 C -
i ® & b &® E 1 -

3 a 31 g2 (® . 2. 3). L L FIFO



6. B 2@ t R ° ¢t b 101

b L L R &2 L &R o &
B °© ¢t o a + L
Ready queue
' = ' | : Completion
P3 P2 Pi -———»  Processor —
—+& 3. 1 ° L £t £ FIFO. & ready queue a
& £, completion 4+ t
o L £ £ FIFO
T g 0HO °© R ©° ¢t G
T R ) O gt g 0 b
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