Vol. 11 No. 1 4

wooa #

FRUV—=F 4 TV RFLD—HERHE

w % & s om & R

i

Abstract

Some underlying concepts of operating systems are discussed. Simplification and further
generalization of them are proposed. Interrupts (i.e. external interrupts, supervisor calls and
traps) are hardware functions indispensable to operating systems. The handling of external
The tree-
like system hierarchy is introduced which changes the distinction between system programs

interrupts and supervisor calls leads naturally to the notion of sequential process.

and user programs from absolute to relative. New basic operations on processes are proposed
which can be handled in the same way as traps. A generalized master contral program which
incorporates these ideas is sketched. An experimental TSS constructed upon the MCP for the
HITAC 5020 is roughly described. The above ideas have proved to be successful in the actual

experiment. Finally, some experiences in using a procedure-oriented-language in the description
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NGB ET 2440550, #DIAAS supervisor call

e o ek

VJP‘?"-— b, = L/:lz‘w'rwulrn 'u { program counter O
WEREE, BEMNGBETAL51K TN
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O LYW) »dbB. external interrupt DA DR
B3, AT Tor5 408 52T 0T
Wiph, KRB ERER SN (&2, 8
Fho program module &, T —7HEBEH,SD
HDAAT, HlEHSE SN BE T — 7D module

&, 2 OHIMOIEBORIC, 5 0RBIMAELR
W), trap OB, #D A £ 7z module

12 trap DFEEAEF X# L7-D T, program error &
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(3) supervisor call

(4) external interrupt
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NE7BT7HICE-T, TNSREINL LMk
Uik Sic L. F4z, user program THA U7z
SCHEREEN R SIc K 2 HDW L (trap) %, user
program HETUHBTXZ X3 d Uizl

i), 1) i user program {2 & external interrupt

2 trap HRA B X HIC Lz, DF D, &= 2 EEHS

2! L LficnEN> 2 & THD. user program
% supervisor part & user program part [Z 4> 1}
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Iha.

I) BERsNZ0i, —fic, Rt sh 3 8oL
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Kbz, LhLl, YRFLALERBELICTEEAEHE
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3 system module ZRIHX B/ DREL XS T &8
TEROE I s THRFHER SIS, Ui,
RIS M) TERINL LD, system program &
user program O#HIXFNIHE L {730, Huxdy
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% module (72E21E Y) #, filid module (72
ExW Z) AEHTES EERC, Y 2D module
(7223 X) »poERsNs [chid 1) oFde
= A DEZZBREIEE]. coBBE YR Z &b
system ] TH 575, X LV user program I TH
L. # LT, Z MHETEZEWMARE, T Y

SEMT X5, YHERLTEZHRT, ZHERT
ERROFBAH O, T, XRY.ZOXETXS
FIRE, TRNTHEETELENS T EITES.

module [iilic “AFEE” 2ifbAtrc &tk »
T, FOERREENS. D H, TRTO module
fiz, £V system #J7», KU user program FJind
JERERERY, EEINDEOITT . TR, T
TD module 1T, NDONIFERTHEEEZDT B LM
Tx5. DD, ORI “level” ERDHAIZD
75054, RIU level it % module 13, AUHEfHE
xn5d. LHEWlevel ® module (3, X D& level
@ module ¥ XTAHMTX 3. H75 level ® module
12, L VE level ® module T<THSHIMT X3
25 HAREh S ENSHAT S0, 2NUFELR,
level O#%41%, Multics @ protection ring® 12 &4
FNTHEHDTHB.
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UL, TOZBIFBERTE, MW oBERizis
RINIG, 370bb, MirMERo7:MIC, $22
DO module Ificiz, M@LAZY ENVT S
BFESELIBOESicLizy, 2D, BEWLIZAL
FHTEROEIIZ Lz 20 SERSEBLEING
V. 3L TNTO module [ific, FUFERESE S
INROE S IEFBRIET RNTEEE” THD, L
72H8 T, system hierarc hy 1z 320 JEBER D A
LOHLTNS.

5T, ) BEH5—20ERET 5. HKKEN
L7ch & LD T 3 module (3, VX F Lk
2Morvicid, TE3EHNRFEO FOHICE ( LE
MBhHd. LT, BLOELTEA 2 MIZLT,
TuT I LBONNOAS T, HWHHIITEE S C &b
Honsakoic L, 2oL SRERI, tree fik
TERBEIN MM NIFEFRICE > T3N3, ¢
D tree HHiED system hierarchy |2, level D4
D260 TH B, 2, tree DD EDES
(level) 122 mE V3D RD YT,
LHDEODEO D E WV IR DETO KRN % [z
FTHE X, D system hierarchy NI E & Ly
DEENUL (ARLNTETHS) &12, —IEMIcT
X7,

Le] Led [
[/
Le]ladle ][]

Fig. 1 An example of the tree-like system
hierarchies. Each box represents a mo-
dule (process). Alphabetical characters
denote the names of modules.

Fig. 1 iz system hierarchy oO#%=5E L7-.
module (process) A {2, B,C,D,E,F,G, H,I %%
ET&, ClI3GHIA2¥RT%%. F& G I3H
WIZHY TH 2. 572, ADKET 2 RMEKICIZ,
B,C,D OXET 2B AIC TN LA, 7=
LA, BOMIKE D O, £< Mzt 5,
Fr. IO5LTHRBRIDE=%1z, Ciz H o,
AR Coe=xi1zt3H 5 3.

2.2.2 trap [Zxid B0
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trap (& <IT, EHERE, HEGSEREE) 1,
EWBD Y 2T LTI supervisor ~OH| HDERAR
FRIT. COLE, bDhbhovzFaTlE, %
@ module D LD module (7-&2if, Fig. 1 ©E
»5 B, H 5 C15&) », HBMIC wakeup X
N3 LITET 3. UL, trapofES R L=
module DIRMEIL, BOBREDI:DICRIES N2 LE

et A £ -
nEY, Z01Y, 0 module {dokits (freeze) &

1, RESFEOFE T, o & D module (process) 7»
5D wakeup (FiIC & T h, EBELEL: LTiziss
1RO, =, RICHESAE ML (unfreeze) r Xz,
Adtsrhiz & 72 wakeup (S DRSS, kbhTTiR
WU, Leds -7, module (process) DIRAE L L
T, ready/blocked ®XBIDi3H1c, frozen/unfrozen
DXAFMBERENS,

b L, trap OFHAELE L 72 module 45, < Fizq
@D module K OnER LTS Bi&iciz, trap o
AR 1 DD module ith2&522L04, 20
module IEFSKDHIC, BOBH 7z LA T X
THY, TORFALKORENREFEIN L = & 1Y
F LWL, 27T, freeze {3 module 1 DT T,
module group (X T ZEMETS. = LT, % mo-
dule @ ready/blocked DIREEIL, BED & X D7
IZR{E SN 3 (blocked module |7, freeze iz,
wakeup {§345< 2 & ready ICH 555, frozen DIR
BRLGT, FEICEBT 5 L2 LISV, 728248,
Fig. 1 T C #% trap %3l &f8c 3 &, C, G, H, I 5
freeze I 5.

bl i1

freeze, unfreeze DIRfEIZ, trap MECROEAT
b, debug WEICHETH 2D module (process)
fl® control communication ﬂ(_j}uz’_{) (k42 &
20T, TSS ICbfiJETH 2—2.4.1). MRDC &

TH B, freeze, unfreeze (I FHd FIZfEAITX 3
NETRILO.
trap {3 external interrupt % supervisor call X )
(EHtEIz 50 T),
trap 72iF % 438 L T conditional subroutine jump &
LTHRIBEELHD 552, Lhsl, divbhotd
&I, trap & supervisor call & EERIZHE S Fas
AR
i) system [T 374% D module (25315 3
OBEELVC L (LT, 1 module (z%f
BT 2 (R EIC B D AB O MlES b7 ¢ 3
ZEITL T, 1 module HTOHDAZAH L

subroutine jump {ZFD T,
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T, #0R%R 1 module T, #EohDhirisil
WO AN B F —ur—;rz X b zL Bl A&

FEWGILA v IXAP LD o~ I RV

RS 5 O HhOMILLMBOTNI, DB
DD module 1z LTHD HhsE).

i) FlDiAH i hardware CHEBkICIR DN S T L.
ii) trap 4539 5 H 1L, & <IC segment
mechanism 254 2 IBAICIE B T H 555, L0
BAcEcisc L.

) trap(ZBODADICET D THY, MBI
AL HDTIROOT, HRLLHEE iR
ET LR LEOLEITNCE.

) trap ICk > THBHNCIEA I NS freeze fRIE
13, control communication & LT HEHHILED
THY, THTHEN, YAFLikiHHELT
5T &,

BETH3.

154, trap D TEL,
lprocess NTTx2L5iTLT,2.20
R I)(FHe=20F) 2RI ELILTE
TLbbHDHY. DXLV RT L TiE, user process
KRBT 2 IR BRI H DAL DBIENR S D,
FDAL DRI s master mode &, FIDALD

#E XN g slave mode @EE'J/JS'% 4. Lnl,
system process |25 7 5 115 (ANEFFTBIZIE, #D
ABOEES mode XHIHII0.

zhuzly, Lo i), i) offfmBLY

process DHEMAS, AYe external interrupt %
MILLDPFT KT LHDY 7+ Y 2 THEETH
5T &,
process [ZfiRIMH D T &I, #H--MEEL LK
<.
system process & user process & 2D|Zid
S XD EFMRNEBTHD, X
BTz
EDHHT, b - WHLOBITICKT 548,
—FY 2 TOMOKICE-TE, CONBANTSHD
HHENLV. T, & SRR HSSET
H5.

1%, ¢ T~y freeze, unfreeze {3, LD LD
Lampson @ suspend, release® :¥i{HlL T\ %55, %
FHXZ O system hierarchy OEMSEZ T
R &, H— process [ ZYEFT A2DA T, process
group KIEH T 3D TR LB EIZENT, BIE
ERIE TS

external interrupt %

user |24z A

ARV—F 4 VIVYRATF LDO—@BRE 25

. 2.2.3 system hierarchy & IRiRiFR

Bk XS 1z system l-nprnn‘hw D I“r TR L

HXRU) N DG, system nierarch J D4

module OXRTHEN CAEMHIRIZ, Tlncd 2L d
BEPRIR A SERICBRA TS, & 2iF, Fig. 2 T A

i B,C 4%, Cid D.E 251 L»mL, A m
A
B c
D £
| S— ' ID E ]
= -
- 7 =

—  Controllable area of each moduie
= Unprotected area of each module

Fig. 2 The relation between the system
hierarchy and memory protection.
BEHOAHUREZ, LA B C %2l A HHo
FRTHH. Lid-T, ABE-T BCAExE
212, BRLIEDT LA E L.
ZDfBiTid, ZEARERE, T r
BELTH2HREELFIISDEL, HTHRILILT
B, BELETEZIMOPLIT LIz T L0,
ZULT, RERNMHORMANTHRIZEETEX2X5
129 % (45175 supervisor call ik 5 T). '3‘“.@?) 5,
controllable area D& &, unprotected area M EA:
Z4Ed 4. @ unprotected area A L, 7D
HHcZRi+ 24k, system program O debug
{C 4 user program ¢ debuq IZHFHTH S.
[IBM 360 piofliffiis 27492, HithhoB
AU IZHIAER & 2. SRR AL 15 OoBT O
7S HERIIIE U7 fEERIC 43 1 S A1 5 D T, system
hierarchy & QBRI <. JZBR user 1257 5
N5 task DEELICIE, LB & 575 system hierarchy
DS , WRC I ERDL
LBD T iR, WHEXETFTOXMMIIDNT, T
NZENFNCHTE S K S i nid L. controllable area
D unprotected area MZLIH|T, N— F v = 7 TT
o THBBTH 2151, £DIHS overhead Hizb
1D, KDHBICHZAL51K2THAD. %
7z, Multics D X 51z, segment mechanism Aid 3
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B&iwcid, file 48 segment & LCEREEBLR—
VRUVTHHNILIDT, file D tree HisiC system

hierarchy 2 X3 c &5, BRIZEZ SN B
2.3 ABMLY 27 L0HSA

L2y 2 2 TH -3 7 B -ty pa et -
ZZ \—X&q )Q\_L.VJ"jif" Ck‘?ﬂﬁ @NVI*“J’A’IP}H)Q{KC

DRHONAERRICIER L bOORBICAI L TR T
. ~"—=Fu=7&LTi}, DEDOHHKROLOEEE
¥ 5.
master/slave () mode XZAid 5
EREREIEAE TE 220y < BETRC
EMTE, HORROTEREONM MR
HTE560. 7221, LR -TFTROTFLR
ZIET D VY REERITLHDINETH L.
paging % XU segment mechanism {3, & {
12 % 750 (relocation register i UCIZBEHIC
R Tx 5).
2.3.1 master control program DH¥RE
Z ZTik~ 2 master control program (MCP) {2
WNoyF, YTsg s, TSSICTET 52— ED
THb. 2@ MCP izk b user program 3§ system
program &[] U X 5T Bl - W, Ediico
HIRIS D8, HHNERDIE NG SN D.
ZD MCP 2k » T, Fitfidi B %A 2 virtaal
machine 23, B LS X AKX DT Y, AL
}=7v 54 module (72& 213, FALNKEER
7w /"5 4, user program &) 13, FhFh&l
& o virtual machine T & - TEITEN B L 5.
4% module (process) |, D2 ¥DX 57 MCP call
A8 3 (LT T wakeup, block, change protect [l
Az, 2O module &V & FizdH 2 module |ZDAE
BTx2).
wakeup (n) n
I3 5.
TERERT.
block O BH0ED % 1k, i\ ftho
module |Z T EK. process Hf ready HiZ wake-
up EBAZFIF5 &, 2D kb MCP TRiES
block ZE R4 Hi
LThH, £ switch 2% reset XNILDAT,
blocked 272 5§12, ready D F F KB AHHITS
%. Lampson jc ktuf, ZOHS
ing switch A3 1 bit TXW® (0% 0, ready fo
z wakeup E5MEHOETY, 1-oKFEELT
BHELW) %, coctiibhbhovRT L

THRE

n DY

%N % module *

ready 51, #hiesL

N {wakeup waiting switch!?),

wakeup wait-

o

.
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ICBOTHRA LB,
HE LTI,
change protect (a)

TREZNCKIREEIR
B4 B & X EATRER
HWOWHEAT, ERREOREL a THESND
ABICEL T EK.

change stateword (7, @) n TIEEXINDH
& DT D module D stateword %, a TTE‘E’
ENINARCEETL2ER EETEIAR
program counter, accumulator register, mdex
register, hardware switch 5%, 7o/ o4
THiZ 550D (overflow 73 & D mask % 4¢s),
protection register, ZECAREMEBIZE TH D
KT REEIR IS C OBERAE L L7z module d (0D
F3A M TIROF VL, B3R &7z unprotected

area BER I N ATREIHIA 3 A LT 0T

750, =5 LT, system hierarchy O FhsfR 7o
5. 133, module AS[4>H B T protection %

AP TEBLEHIziE, overflow 7LED mask @
ZLTEEHIC U o7 DIZ, HEDOETHH
FITHANT, B2MICENTHLOT,
15 & D mask 2T _FD module Iz ERkA I LTE
ATHH-ThH, KL T overhead [TTTnIZ
MmoTHD

freeze (n) n THE SN ASLITF D mo-
dule, BXUZNICTHREINLTNTD module
OFEDAIRET 272 00FER. &2, Fig. 1
T AWBC % freeee &, C,G, H, I +~T
MR diEE L, TOHDED module 1T &
(b A F R A A

unfreeze (n)

overflow

EEsN I HR2LUTO
module, BIUZNMEA T2 module 3T
DLW D, freeze TR, H DL trap iTL-T
B ENTO B GG AR LWL, bEDT ¥
EEe i R S o

freeze, unfreeze (3, & &EDIRMEZGFEL, |
BXH 2 AICKEEASH Y, frozen/unfrozen DIR
BLHRERET S, &2, Fig. 1 T, &L,
Ak >T C LUITH freeze $NBHNZ, B
FRIRT H DT, 4TI freeze ShTH7H
21212, Ab C LI F% unfreeze LT d, H &
F (% freeze a7:E 3T TH3.

%72, freeze DIRETR, ADSFETLE
REFRELTH %, unfreeze /b &g, Z
ORBEMELNB LTS, 72E21F, CUTF

n T



W

Vol. 11 No. 1

~lea

e a8 3o HE D A Yol aun
KEUup

Hs freeze INTHREIC, A S CIC wa
12853 3L, C B8 blocked D& Hiziz C s
ready |2 X1, ready @& ¥|3 wakeup waiting
switch %% on [Z7i &N 5.
B3O TFicH L { module %
Y, FZETFIcHE <EsR. ATTACH (0S/360),
create process (Multics) IZH% 9 %. L»L, b
NnHNOEAICIT, system hierarchy OTFDE
@ module 73, BTFIZRILID module % create
T2 2 EAP & 2WIT, % module & &IT create
T 7 module OFERMAEMNEL, D module
DIFIZH »T, THEICXE I NS module iC5
Z LI HOMA, £® module IT57 S B
Tz ohiinkSic L. 1 create X153
module 175.7 5N % create T X 5% A module
BTHS HL, mMFFINIRERL LA
12, m RSN A ARDIIZHIND T create AT
NS,

create (n,m)

delete (n} HorDXEFIZH % module T,
RBEIH 572 0T ER. 9<% module
DO TFiz& % module F~T—H#iTiHEND. D
% b, @ module (2T HN T Vv—TD
EHLENHBEEoNIDTH L.
change priority (n) n TIEEXh3 mo-
dule group DMILDERNILIZEZ ZEKR. 2D
group IO HI{IZ, group NIETEILENS.
trap DMLFL %% module OFTTas 35
LFATHIC, AR, KHED AR, overflow
mwEDEmY AL E E, £1I3ZT D module A8
HU SA—T DM D EALEN, Tr—T4
ENORAE R E e #® module Dt d
module 73 wakeup 8 N5, ZOHT freeze
Ik i EALFALT, unfreeze 1Tk - THE
Rans.
wakeup, change stateword, freeze, unfreeze, trap
MEUEH,A%mﬁE@ﬂﬁ%A~Fv17%ﬁm
T2z, G5 L D BHREIIIET 5
Sz I N, 7o & Aid, wakeup {3 restart,
freeze |2 halt, unfreeze |3 halt 2{29°9 C &, change
stateword R LY A2 RETT L5 LiICHINT 5.
wH, bhbhoy 27T, MmuttoRsl (4
W HOMMUBEICEBTEL L) LMD
Wiz, wakeup @ operation (2FI L F® module iT
s LTOATER T %, change stateword, freeze, un-

FRUV~F 4 VI VRTF LD—HKRE 27

freeze, create, delete, change priority |3, HF®

module X LCDOAIERTE L& Lz, &
Fig. 1 © C i3 A G, H 0% wakeup T%, G, H
12Kkt LT D H freeze 15 & D operation B{EMAT X 3
coz &k, 12&2d, Fig. 1 TE LLTBK
BEHINTOAALIEEYS F2 G HsED
CHFICEHINhEZ 682, HMN F 28
< wakeup T2 LHTM|Y biF 5. ¥/, change
stateword 72 &% C A3 I et LTIEAI S W EGS
iciz, CH HZHi\L HIZRITS 32 EBTE
3. FORIBIZ S LBE 22 3MNIEOD, system
SO ABEEINTO S C EITREDD ML,
2.3.2 master control program D&
iR ¥HEA FEBL T 4 master control program |3,
pure procedure TH2 7w 7 48E, Thitk-
THEHZ 5N table BEASKS. table HITi,
£ module [z LT, 12D data block A% D,
wakeup 75 & @ control communication (33T,
MCP iz & - T, % module |ZX3Jii3 2 data block %
TP A B ELELTERENS. MCP 2% module
iz L, & 180N CPU 5251 TWELD
B 5H, ready HRIEZEET B T L DL module
(72 & 7212, user program) g, BED CPU % HE
XNTLE 5T, M~ ready ic75 % module (system
@ module 2% i€, CPU DHliihfHE 518 -
TLEHBNESICT A7, module fficiZED
BREEMET oh, MCP OMERE BTHNOITE L
LT, #hupsiBahs. MCP (2%ic, ready IR#E
2% % module @ 5 BT, i & EEMIAI DT module
MBETFENZES1CT 2 (7545, master mode
5 slave mode |7/ 2 & Xic, %D module 1ZH]
\AEWT). 45 module IZXJJid % data block (3,
D XA AT,
frozen/unfrozen MOIRHE (queue O link).
ready/blocked DKM, * LT wakeup waiting
switch.
stateword (program counter, accumulator
register, index registers, protection register,
controllable area, mask register, hardware
switches).
. create T X % process DEAM.
system hierarchy % ZH4 2 list. (LD
module ¢ data block A% pointer &, TiF
¢ modules @ data blocks % X3 pointers).



= E 12, MCP 0o 7Fua 735 4 1
Haw 1K ETHD, table MITLELILS module
{4 IVEE g>i;g(hm®kmﬁb 40 3B
WE).

wakeup, block 75 & control communication O
FuTY XLOKIKDEHEZE T B S LDITHTHR
£

wakeup, block, change protect #9208
#3058
#9 50 &
create, delete, change priority #9100 B0 E

=, HEcbh s bR ERMIKE TS, TL
<, create 75 X MBI S 4 £ Y bEH S ET HDIC
Lbhb 5, FERAFERMCHRLTT » LEND
<, HIHKEMOD Y T 24 20D MCP 72 & 05&
i, BFELTH RN

LR & 5 80 ALMEZ, multiprocessing T
RBICITRTE 2 E 2 A T 528, FRFEZET
TEB ot Ll, EROFRE, 2aEd
multiprogramming system ok %E ok U,
po—ftT 20 ELT, AREFELONSG.

2.3.3 module (process) D HE EFH X

module [I;B{E13, wakeup ZfNTIfEDHNS
75, E@ module [ AEICHENTS, wakeup &1
7= module 75, &® module 5 wakeup I
D ST, THHOZHELATERY. T2
=, MifE% T 2 module O i, flag % 1 SHE
2 (20 flag OF{E LUHEREZ, BHT S mo-
dule 4ol cos TN L. LIEH-T,
MCP {®> module {F, Dz Liz2 TS
LK TEW). LT, % module (ZIF{EN 5 mo-
dule (zxtisd % flag % set L, £DOFENS module
% wakeup T 5. wakeup I Al7C module (%, &
module [Z5Gd 5 flag #s set SNTLAME D
12152 5 MU, set SN TOAY reset LALEET
%, MBLLID T, &5—[ET~TO flag ZH;H~,
O set SNTOAEMILL, set SNTOLRFNE
block 4 %. it data channel & CPU olL]Di#
Bz, —RicEbN TS logic DINHTH S

2 5@ module [OALTFICI, BHEICH L
zhFh 10220 flag ZHVE. 50D
flag {2 N b, set TS SIT reset +#+3°, reset
T2 Did set LIEHHDET S,

2.4 [SA@—TSS @ operating system

freeze, unfreeze

change stateword

i) B

Jan. 1969

ke MCP 1z, slave mode T&j< #DH»D mo-
dule 2MZTIE -7 bbb d TSS D operating
system Z B8R 3.

2.4.1 TSS o operating system D& EiEE

Z® system hierarchy {3 Fig. 3 DL EDTH 3.

Scheduler

User monitor

Line )
control Program monitor
{computer)

(a) The gystem hierarchy

of a TSS

Program Program
. monitor
CLock File *—‘—‘_‘—'User monitor

J-MCP_,

(b) Controllable area of each module (process)

Tre
'——‘ Scheduler *

Fig. 3 The structure of an experimental
time-scharing operating system,
FROTSOTHY, MRS TV, 2K
13, 4 user (CHMM AL, Kuser TEITHET ON
7= roll in, roll out Xhz#B4 (Fig. 3 T user
monitor PIF) Eizdbhn. 4 user (2L
12, % user |Zxt L Fig. 4 ® &£ 575 system hierar-
chy lzk 7 virtual operating system #4357 5hfz
FOLHES.
user monitor Bl D 8412, user T EIZHEAD
ARAT T EMTEL. Lpl, HHENG
user monitor |2, command language interpreter %
ad, Sy F Y RFLADYED Job monitor {TX -
TN 2 BIRICHB L e (T T 28D TH
5.
PIF T2, wakeup 73& @, MCP itk -~ THDN
% module |ifl> control communication %3, [L{&#HI
L ESHPNIHERTRIRT, & user [TIHGHITET
5}@{, module OB x %R~ 5
clock timer {1l module TH 5. TN
hardware timer A5 wakeup 41, Zhdi 1l

system

user program |Z 5.7 5 f1/z time quantum O
b b ThhiE, scheduler % wakeup L, roll
in, roll out f}ﬁ‘f;b-ﬁ'é EDWEET A

trc  [EIgEA %mﬁmﬁmVMﬁié
735 module ci) . tre HMERE AR A
5 wakeup XN B &, TNBEDH AP SDH
DiAB DTN, WIBT BEAF S OME set LT

scheduler 12154285, Zi1% wakeup (3 L73
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V. IEETE S, set INHICKIET S user
program HSEiAAEN 3 2 &2, BYD user
program (D time quantum DDA XT,
scheduler %3 wakeup XN ZHNZIE ¢ DIELE LG
TIEHSTHS, BT &3 clock igo0THd
A %.D%FY, user program 7 5ER xh 2t
BIE S % L3, $BH time quantum LI Fici
ISty (0F D, BXE LONAHRIE TS,
ZDENRIZM D user program I MFEDNIEHS ¢
5FTHflean3d) ©T, ML LS scheduler
12815 # ST T 545, wakeup 139 2 LM
[ AN
«  scheduler
roll out %4%k5. 2% b, ThizkV K user iz,
A1 BOHE (%25 D module MoK SO
%) &, memory space M5 X ShB. F7, B
AEERR D timer 97 » A LHEBER L L, FI Al
WET 52 2D user program & DI/ AE
U, 4 user program [ZfL, % 1 ADHKE
&, timer (#xf, MR, WA T 74 113
EBBHBDEICHE L. ZOHRE, & user
{3 Fig. 4 0k 57 system hierarhy |2k 2
virtual operating system Ai45.% Sz &[G U C
EiZis 3

¥ biC user program @ roll in,

l‘,ser monitor

Private  Private  Private
atarm corso.e file
clocs

Absoute]

and

Program
monitor

I
relative,

To be varied from
program to program

Fig. 4 The structure of a virtual operating
system given to each user.
Fig. 3 &b A4 &k 512, user monitor OF
T RERERNIZ,
DEEMTELIZAETNTEDT, roll in, roll
out % user monitor OYA AHEMIRIZDAEE
LTIT2 Z1E, {th module & HEIZ roll in,
roll out X41%. roll in, roll out d1j2, user
progrom D& module (2 & HHAE ST, R
ERMEFEIN TR NS0, 200
izld freeze, unfreeze operation A3 %)IT{f
3.

TSS @ time slicing, scheduling (user program

user program D{idd module

FRV—F 4 VI YRTF LD—HR 29
DREFRBTHID|/NEE) 1, 2D scheduler
Tﬁiit\« 13. MCP 215 1-5D module DML
RHITNDAEES bDTHY, Loz LizH
Di&bmb‘@fﬁiﬂ'f 322§ b, scheduler

{3 clock module 75 wakeup &1, FhHt
time quantum DbV TH 275 513, user pro-
gram % freeze L, drum % wakeup LT roll
out Z{T/3WY, tre(®> clock) i & DHE% FA~, HE
Hset ENTONE, BT 5
user program ODOME§LITFNCMZ, D XicE
AN B~ X user program Z 57 L, drum %
wakeup LT roll in AfT75L, %@f&fﬁ‘%m
1 -7z user program % unfreeze 2 %, =0
user program OGN %
scheduler |3, HiAt tre (% clock) /5 set &
T % user program MUFIEN 3 & =T, &
@ user (D user monitor module % wakeup L
THIGH, HiE reset 372
% 7z scheduler |3, user monitor /25 wakeup
X, TN tre NOERTHNIT, tre module
% wakeup LTERZIEA, file ~OERTHN
g, file module % wakeup L TERA 2 2 &
WHEABIT, user HhODERLIANT 5. user
P ODERIE. FT wakeup iz &k - TEZ ST
3.
2.4.2 TSS o operating system Di5#
T ZTlE, 2.3 @ MCP oo#tEns, o TSS ©&
DEHZEDPINTOE DI DN THYIT S
Hivhid TSS T2, user program ¢ module @
HFEE LR BT mZ 22 & &, MCP T
% ready IZ§45C&R3MD & T &Z). Ll
scheduler (=& b, WH#(z, D¥Dk ﬂﬁ.\oo‘b
ns
user_program DKL
(B) Blocked ..
(REEHITFHSRT R
n3)

(R) Ready.....c.ccooenennn
GaRPF BTN D)

W, (B)oikiE, %Y, user program DULF
FHITFLSRTFTENT S E =, tre % clock 75
DAoL, scheduler [IZ1% user monitor %
wakeup FNEZ EEWRL, (R)OERMLAHEsh
5D T, @ user program XL ETHNZMZ
5. ZHLT, bbby 25 4 TlE user monitor
LI % scheduler E:ME TTIE, B BT

user program %4-

= module

% _user module LD HOOIRAE
4% blocked, & %W M3 —8 ready T
b freeze TN TIVAE .

Ehbdhs ready THY, 2, £h
M freeze TN &.
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DORTTERAMNG TS - T, RBlEIREFicHED
n, Ffo, THANCMZ 2HEAMT TS -TH, LS
BE&icFkbn b, L7chi-T, scheduler OFtfIcH
VT, input wait, output wait, waiting command,
working, dormant 75 Ez {lih (IRTES T AT B4
BRIV, cocdiEd, ToBBICBOTHE O]
SOHPHMORME LT LY R 7 L2 kL,
DEBLESIDLETE. LA, Loz Eicky,
user program ASAHIIERE L LIEM5 B,
OREICNZZEHTES (0D, AAGEEED
WHIMBENTE D) LD RTEIODRKTH 5.

2.201) OFER (FEE=LHMFE) I, 2¥OX
Sl THilcan s, Fig. 4 T, @HF0OHEREZ
“user monitor” # “program monitor” ¢ blocked
RiETHY, “program” DA ready RIETIHHT
5. LdL, K (Frvad47) o ARMBEENA
HELOBEAICIR, Quit BAofMoa—FThk
W SITEET 5 &, user monitor A% wakeup X1,
NI~ FEH~N, ZThH Quit 3—FTRELOD
T, ATy FEREMRENTIZ, X5iC, program
monitor »5 wakeup X41%. program monitor (3%
Da—FERT, #4130 HAHNERS user monitor
ZMLTHYT. 22T, ABEBRAISHLOAHZEEZ S
&, program monitor 3 program DB XA Fhic{t
->THIMT 3. ¢ ZicE 5 F T, “program” & ED
a2 Mo FICHEART TS ENTE 2.
user program [} program C RIS HEKICT 5 ¢
EBTEBL, XSIKBETHREZCEDTES. &
ZiE, BoBftoiwvo (DDT o £578) Fuss
DfD
interface module & LTZ£ AT 2 LRAHTHS
L, #0713z program monitor Pl Tz
ErRERsNBC EHE0. Lrd, 20 interface
module {3 program monitor PIF 5 5E2ICIRET
x5DThH5.

2.2 OII) OEK (system program D4 module
OREAMYICTEZ &) B, 2¥DLHILEHEN
T3,

¥4, clock, trc, user monitor 75 & D& module
i, XEWEEREBSERZL DA DRI DT[(Fig. 3(b)1,
BONVKBHE LAY CEMBTERVL DL s TL
%. interval timer |3 clock module O Niz, [E##
#HI A E KT tre module DE F I B AN THD,
F/o—fkic, wakeup FHELETIHLTLrtiTC

ready

%, user monitor & program monitor

n i Jan. 1970

EMBTEIZVDT, #8F 5T trc module 7 interval
timer O set E3xkA 1 L7210, clock module Hs[A] #46]
MAMFEBIZEREL LT X573 S
VX DITIE 5T 5. freeze, delete 73 & opera-
tion HE LD module izxf LCTIEBTEROLT &,
clock module 73 EFE > TR Y AT LA L1 D,
BB 0T 3 EEHL.
—~FMAOTH L4, HOBSTHEET ZMERLMNT
RREEZDLUTOLEICLTNLZOT, #-Tih
@ module ZFEXHE LD T2 L3 DX
SIS 5T 3. F 72 scheduler |3,
PEBHEAHEBATOETIZEVOT, BT
BEHICEREZN§C ST HIR0.

ZD&HILLT, scheduler OFIc#H7z1Z system
module Zff#F L7V, D system module #%2¢
BHBLEZELTH, ZN50HRICHBBIMHEDBHL
S TYRT LRRICEBERIZT LD BH]
2, WMl s 2 X5 5T 5.

clock % trc module 73 &3, scheduler % piigd
5EMALSTEY, Fghlmshs LI AT,
user program {ZifVEWE K 5. £ 77, user program
A3 clock % tre %> scheduler &4>< @ MCP call
BLUGEDEy b (#)EFL, ¥/, SRR trap
OBERBIC X 2 icllib Tk h, TEE= 2TIEM
TXx 2 E0D ET, system program & Z=RIASIS 0,
DL HILLT, system program & user program
DOEDHMMEBEBR I NS,

243 R EE

system program & user program DX RIZ
BmHNENSFRIO—DDH ShHh L LT, system pro-
gram %, Z[EDIIWRD  procedure oriented lan-
guage [FORTRAN IV (HARP)] # T #8153
FemE ot chickd, Fas s LEELDH
FEFICESICIL D, F1:, assembler ARV 2 L XiC
Howbis, 2ELRVEEORVILLLZTe ST A
BOMIZEAERT SN, F/, assembler TEH
NebokD S, Tl FaBEEPIRDT N
b, 7es 7 A0ERERITE s ULhL—F,
AANTHRTE Lo Rick 2 &, hand-coded D& D
D 2~4 FEORIICIE->T BT &b h 1.

HITAC 5020 ¢ HARP {3, FURAEH LY 2 —
KEWTERLICAVSN, TOMRA, compiler ©
debug MIEHIC LTI NTHLBDTHLZDT, O
NHNOEEITIE, system FHICH /- procedure~

scheduler module %

interval timer
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oriented-language ¢ compiler M9V A3, operating
wﬂmlﬁwm EDLD BHEBEBXIZTTEDOMNIC
2T BRBEGoNME oo (LA, #DIE
%mﬂkr[&onﬁﬁ assembler 24 {5 -T
WIS oo tedic, TOBRYDOFERIZZSFELE TR
h-1z).

&1z <, compiler A3k < debug X TULHI,
procedure-oriented-language * R T, HEIFI/NX
WY RT L (ERIT, YT LA LD KD ISR
Bodo) %, 3139 RMRTHERT 52 8T
X255, 0 maintenance HHELICIEBT &
MESTE2., Lich-T, BIBLTEEDE, —
BiEo» 2 Nt Big b s /e MCP &, o MCP
D _Fiz system program A{ERZ L AW HICT B
procedure-oriented-language 2% 1L, FD soft-
ware % HW T, Fli%x D operating system Z{}E 3 &
2, FEFICHECN L LB S »TH D

Hhbhho TSS O operating system ¢, MCP %
B 7z, user mode TiE3, 4 user [ZHuB7LiBs A
2K BizETHS.

3. ¢ + U

#]DAA (external interrupt, supervisor call, trap
72 ¥) 12, operating system {C& - TR ZEDTX
WA= FY 2 THBIETHD, 2D/ —F v = 7K
ZOFELTHEINIATAEY 7 by 2 THOERE L
59 MCP |3, X operating system |Z & W3 %
%%?Di?AmﬁbﬁébHTéé external in-
terrupt & supervisor call MMLPRIL, process, task,
sequential process 73 & DS “;.{LU: WaETHOLNS.
FOWEAERANT, %478 operating system % {E3
72¥IC, X 51z, system hierarchy ORFSASEIA X
HlERE 2T L EEE LT tree HiikD hierarchy
THE2DERMHEshD cEdRahi, %/, %
@ system hierarchy BT, freeze, unfreeze &
WO BMEOTAME AL S D TH D, trap OMHEB
freeze I L 4E— LTIRA B T EHRE NI,

bhbhi3FERC, —fE MCP 0 BARIFEZ k),
Z®d MCP # A\ THEEREY TSS % 1E - TR L7e.
1H® MCP call RE DAL THTZT v TEBEDS
075 ABIEDAEL, 1Z3EAEDS 1 msec XD H/NE
Elc#E D, overhead 12X LTRHIEMNIEXE S
TEMDRE S, BIGEEHE, S%ROMEELT
BIhTh3

AR —F 4 VI YRT AD—RE 31

 OFEERN TSS 12, o MCP OisrENLT
FeDERBSBEINIEISITLEEDTHY, ©h
DT HERIR L.

APrgEiz, TH¥WMMmKE—ER, (EAM, 1A,
HEHES ED TSS 1z 2EEPIELO—ERE LT
whhtz, Soic, Bt TSS 'r—7°, TER
FOM—IRERE HFER TR DR L7z, iz KT
Y 2—DF#ITiE, LAVABIERIZE 222 b

DF I LIESBHT 5 IRBTH 5.
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