E13F HR: HUTE

B, @ ERERGAEE R R R RS, A POV P XHEE RS
WA RSB 4RI “ 5 TR “ ke “ Rl SEtE” 55, XSH T
AR NI A FRAR IR L P e, AR bATT,  Ad AT T L ]
R

13.1 FHERE &K

MALERE, BRI IFA R DR M. A L, PLER B WAF Bk

K 13.1 Fros. 0KB
BERG G AR —HR B CLPr R —A D, N (E BIER S
A, WEHNE 0 FFE), SREH — AN EEBITIRF G (A BR®)

64KB

F2), HATEMENAEH (FEAGIH, AR 64KB JT45),
FHAEHRIARIMI AL XEILFRARER, P HRERSENE

RUAZ . T, BAERGIT RN G AERFLIRE 5, A 4
o (R HHRS)

13.2 %3 éﬁf{i}%%aﬂj};\:}:\t’gf max
K131 BERS: 5

o7 B E, TSRS S, AN E A RO L EmHLEE . Bk, ZEEF
(multiprogramming) RGN AIFH[DV66], Hrh Z AR & R E&is T, thwnsf
— A FEEERE VO #HAERINHE, A RE VIR LR, XA T CPU WA &R H
R (utilization). HPEI%, 2% (efficiency) WIHEEICHELE, KNGS FIMAZE+
BB R E IET GRERESRE Mac R 53 1D

EARER, DR HLES ERE 2L, i RGN AL 7[S59, L60, M62, M83].
Bk, 2 NRIREE T ERRRYE, JCHERRET RARH[CVes], MR 1K
(AT CER bt AR D afE— I A . ZZ B A% (interactivity) BFRE L, KEATFZ
P AT RE RIS ZEAE AL A, B NERAESESr (B 8D A ATTHRAT HOAE 55 At mi |37

— PSRN Ay L T, Rk — AN R O S AN AR s AT — /N Bk TR OO P
13.1), REFIEE, PR EIA RIRSE BIRAERS E (BEIERMBENA), InEH
TR RPRASE R, His T — B, XSl 15 mh L BoH s L2 L £ [M+63].

BRI R, ZPITEAE AR K18 T, Fral 2 SNSRI g, BARIRAFAK
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SRR AE R GEFE, BAFFRS) MR KB e
B, (S A (S R SR AND T Btk ZEMERE eaxp [CIRE HUES)
DI, RAVRHIER G BB A SRR RE oo [
A DAREAT R SN 7 36 (LA 13.2) ook LURH M%)
(B 13200, 3 MER (AL By O, SARITEN | s s
S12KB WL 77 TSR S AT — NS A B R — e
AN CPU, #fE RGUEBIEATHp— AN HERE (Wi A, I m“(mg%%)
f3EA2 (B A C) MRS S HHE T, w8 7
BN DS RAGR AT, MBI RGO TS v

Ko Kl Z M RN IE RN, RS (protection) 512K L —
BB . AR R DL e R gy 132 3 iR SRR
17, ERHEK T .

13.3  #r 4k 72 8]

SR, FRATT A 0K IX B AGTNFR P B 75 SR AE O b PRI ERAE R R 2R — A S H
(easy to use) [NYIEEN IS . XA G U EHbEZS (8] (address space), J&izfT L& T
RGN EFXANEANERIERGAGFSR, & TN AFREIMOI G

—ANBERE M hE 7 ()AL E B AT R IO T NAEIRAS o Eetin: B IARED (code, 484
WAHENAES, eSS ) B SR FAEBATIRME, R (stack) ROFFEY
R KBRS, AR R R, LHRSHMREREE. &5, HE (heap) HT
EHENEECH . HPEREKNAE, SURIRA C1EF A malloc()ELH A0 RiEF (41 C ++
& Java) A new SRIFWNAE. 28, BEH ks
fBEIARTE (B, BEVIICIAEE), HBE | | PR | KRR S
PR AT 3 AN AR, AR o L | B coment

FER 13.3 117, AT — MRk
MY U 16KB). FEFARADALT-Hhk 2 7] i)

TR (LA 0 FF8G, 3 FL25 A Sk 4% ] Fr e

FORT 1KB) . AREE A (IR 2 5 e

2D, BT AR OB B e bk 23 () (R TR, 3% (B ERK) BB a8

R P 32 7 I S P B 2 IsKB RELE. BHSY. &
PRk, ERFEATR, M2 X 1KB

BRAT R K BRI . TR (ZETRED) P 13.3 SBhE A

At (FEIEHD . CENTAEARE, ZEOVENTHA EREW K. i e 8 E ik 25 8]
P, FATAT LS VXA G BT & EAEMR AT g BREHEEARS (1KBD
ZNIFERIF A I CHA @ malloc)1E K BE 2 WA, HRM 16KB JF46 I ) L

© BAVEE S IXRER/MIF, JRNE = OF7R 32 Mok a2 — e, @B R, JATE W R .
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CHR P BATREF AN D o SR, HERATHE R IXFECE VA R g — M), WiiREE,
R UUHIAS R 7 s Ht bl 2 8] (R RATE R, J2ADLAE (threads) fEhE 2 8] 4k
FEIS s WA BRI 73 e 23 18] B TN T ]

2R, A AL AR, PR R B R R IS IT R I S (abstract) .
FEFF AEYI AL 0~ 16KB A7, T INEEAE R R B k. [P 13.2 fh g EERE
A. B C, RATLAE BUREASHERE QTN S A A7 A AN [ Hdik o DRI R T

REBEE: WMAEMMEATE
BAF AR EL— PR NE LA S A BTHRE (TARREFNAE) AN RAY, Th
ARG ok 75 8] 4 57

MERE RGUX AT, RATRIRIE RGEEULAAF (virtualizing memory), K AIZAT
IFRE P IR BN E R e bk (Bl o) IRAEd, JF H R JE% Ribhk 2= a (Flin
32 ek 64 7). IR A—FE.

filtn, 2B 13.2 e A SREREE 0 (FRATKERRIL A ERIHE, virtual address)
PATINEIRAERS, ATHAE RGBSR T, HTERRE, DO RA M2
Hthht 0, Wi R EMEE 320KB (X2 A FAWAZMHEE . X2 NAF BRI, X2
A E NI ENLR G A

R’ REEN
(@& RAEITTRERAGKERN, R ANERILIGE, XERE N ERGEEAR LT R H —
NER, BAFZG AR ILBRBEIIGE, N bAREL gy T, B3 AEGSE, BRIELLEE—F AR
BATAE T R A R AR R AR, — IR ARAE R il W AR 5 AR A 2 Gty AR ER 4
B, ZAX—FHHE ., TG AE (microkernel ) [BH70, R+89, S+03] T ANEIK A4Z4—EF X
0T S,

13.4 B#*r

X —F, Rl IRE RGN TAE—— BIMEN A #B1E REATUEIL N FF,
A —E MR N T IR RGIXE, RANFE - LHRRES. DRRIICEE
X HA REARERRTS), RANISHXER ], HellsE-RER[EER.

REINAE (VM) ARG — A EEHFRZEY (transparency) Vo #:AF RSB A
AR, BIZEBITHREFEA . Ft, FEFARAZEE R AR L s, A
=, BIFFATAMHGEA B MR EME N, ERE, BIERG M) TR T
A B TAE, iEARIE TAEZEHNAE, NI SEIX MR R

© FEWR R EER A N, —3 )00 “RHEY 7 EWELIAFEHAZ TR X, “BREYH” ERE
HRBIEIL: BAF RGBS RN TR FEW. Bk, ZREWMHE, BHRSR - MUEEEFIN RS,
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WA AER 73— N HERZRE (efficiency) . HEAE RGN %038 3K 5 040 R 0T 68 = R
(efficient), ELIEIE] b (RIAS{EREFFIZ T8 M b (RIANTR 2R Z MG N A7
RECHFF ML) o FE LI SRR AL, #54E RGEASAREERI SRR, B4 TLB Xt
HIEA D e (FRATTRAEIE A IR 2% 21D o

e, EILNATSE = A H A2 PR3 (protection) . #:1F 22 4t B PR it #2 52 2| R 9 (protect),
A2 H AR W, FAERAAR G WA ZHET W G DHEEPAT I 7055
PRI, EAN N Z LA 7 27 0] B i A R B E R AR S I NN A (R
TEE L 23 [ 2 AR AR NS BBk, PRI IEFRATTRE B FE B FE 2 (A FR L FR B (isolation)
PR, B BEREER N AZAE H DAL IAEE s AT, i e Ho At B A B S AR B 2

3 MREBRIAE AR EEN
BaitATH B4t C B A7 RABNGIMEL (— L KRBT, @@ F ATt fl4T9p ) 2 E Bkt (virtual
address ). A& A BT ARGAR FARA LI L KE]? MRETRITI hok, R45, mRETATFE, €4
A gEabat, EERLE, AEAR P BARFGRE R, AR TR AT R bt . R A RAE R
%, WBILAFTY 6 DML N ARR, Seill XI5 A Fe KB EGHE N AOILE . FIAKZERZER: 40
FARE—ANARS P ATER th—ANdbhk, ARFh R — AN Bt . B 22 AW B e AT A AP A
BB %, RABMEASG (Fmf ) F 4l 28 s hk
EEH AR, AT main() S8 (RABFTERT ) 693bit, | malloc()& & #9345 8] 5Bt
i, ABAR LAk
#include <stdio.h>
#include <stdlib.h>

int main(int argc, char *argv([]) {

printf("location of code : %$p\n", (void *) main);

int x = 3;
printf ("location of stack : %p\n", (void *) &x);

1
2
3
4
5 printf ("location of heap : %p\n", (void *) malloc(l));
6
7
8 return x;

9

}
FE 64 1564 Mac L @470, RAVFEA Tk .

location of code : 0x1095afe50
location of heap : 0x1096008c0
location of stack : 0x7fff69laeca64

X E AR AA BIRA AL B Ik, KGR, AR KA BB = B 6 5 —3%, TR
X SR HE T B ANGG , SF BV B RAE A G e R AR R A B MR | AR B 69 3 45 B 3 B Rk 69 4E

FEAR PR E A, BATTR B R R RESME NAF T 5 OB AHLA] (mechanism), 4%
WEPFANERAE RSSO . BRATIEREWE TT— LERAR RIS (policy), REFEFRAE RS E
FeAT, SRR R A AR, PR RS RS R IR U2 R Il XN, IR
ST PR AR DA UL A A R G AR I AR S

© S, BN VRMBBIFREL . R %, WARBRPEENNERS, RS RARK!
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13.5  /N&F

HAINA TERIERGN AN EET RS BN BUAFRGE TN
ANEKRE R A R E B SR, LRy TR RS MR . #IER
GUELTIREFI AT, B R DNEMAARRS, RSOy EbhE, B AR
EAF Y B AL R FHHIE S . ARG SFIN X 2 R IAT IL#RE, JF Bk
P M EMA 2B, A IERERG. BAIAHEERERNE IRZIRE
HLED AL SCH RSN . AR BRI b, Sefiid SCspla . FRAI4k s !

N

[BH70] “The Nucleus of a Multiprogramming System” Per Brinch Hansen

Communications of the ACM, 13:4, April 1970

HREWL OS BUNAZ L% M e R AE RGN i/ B R G IFEREE S0, XA RS A OS HH %
T3 St e EL T ORTE

[CV65] “Introduction and Overview of the Multics System”

F.J. Corbato and V. A. Vyssotsky

Fall Joint Computer Conference, 1965

e A Y Multics 1830, NHEZR TR IEER A4 F: IR E ek R AR A
AT TPEHEAL 22 R g b R 7 I 22 B e . BRI, I 2 32 b LRI H s, R ARVFJLA A
IR, FF At NSt B G HLE IR . 7

[DV66] “Programming Semantics for Multiprogrammed Computations” Jack B. Dennis and Earl C. Van Horn
Communications of the ACM, Volume 9, Number 3, March 1966
KT ZHERF RGEM RIS (EARFE—FD.

[L60] “Man-Computer Symbiosis”

J. C. R. Licklider

IRE Transactions on Human Factors in Electronics, HFE-1:1, March 1960

— e KT RENUR R I T NSEAE AR BRI S0, AR e A, (EPR 4 NF K.

[M62] “Time-Sharing Computer Systems”

J. McCarthy

Management and the Computer of the Future, MIT Press, Cambridge, Mass, 1962

AJREZ McCarthy fie 16T 70 LIRS, AR, 25— RSB SCMB3], M AFRE 1957 FLIk—H
FE B IXANMET . McCarthy BT 7 RGGUR, ARG RSO N TR REOURMEN, K TAEEEIE
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LISP #Rf2iE = . BA McCarthy I ETAT L TFE ZE ..

[M+63] “A Time-Sharing Debugging System for a Small Computer”

J. McCarthy, S. Boilen, E. Fredkin, J. C. R. Licklider AFIPS *63 (Spring), New York, NY, May 1963
KR-MRFNREARA T, LT RGBTSR 8] “87, SRNEEBITREER “Za”
PEREEAR

[M83] “Reminiscences on the History of Time Sharing” John McCarthy

Winter or Spring of 1983

KT I3 L MW BESR B AT 4b i) — A T AR P SRIL s, SR XTIRLES] H Strachey IR S[SS911E X
AR TT R AR NI — LE PR BE

[NS07] “Valgrind: A Framework for Heavyweight Dynamic Binary Instrumentation” Nicholas Nethercote and
Julian Seward

PLDI 2007, San Diego, California, June 2007

XF ARl B C XA R EET FIAKUL, Valgrind ZFETFHIRUE . FIERASCLL T 3B 5w 1 — i
RMBAR —X 2L NEIGIRZ

[R+89] “Mach: A System Software kernel”

Richard Rashid, Daniel Julin, Douglas Orr, Richard Sanzi, Robert Baron, Alessandro Forin, David Golub, Michael
Jones

COMPCON 89, February 1989

REZAZMNZIE —ANTHE, {2 CMU i Mach 3H ZARFTEFIN . G0 M. ERRRILRT
macOS X FJIRAL .

[S59] “Time Sharing in Large Fast Computers”
C. Strachey
Proceedings of the International Conference on Information Processing, UNESCO, June 1959

KT IEE R P S HLIRL .

[S+03] “Improving the Reliability of Commodity Operating Systems” Michael M. Swift, Brian N. Bershad, Henry
M. Levy

SOSP 2003

B AR R AN TR = A R G SRR L.
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