Vol. 12 No. 12

# n i Dec.

i

AERXFARBAERICHT I —EE"

H o 1 ik EE A

B

Abstract

To design or to develop a computer system, we had to do a duplicate work, simulation and
-actual system programming. Each of them was a separate work and was dispatched to each
working group. To eliminate this inefficient duplication, the author proposes a computer system

description language named CSDL that enables us to describe both a simulation model and actual

1971

system programs.

actual system programs.

Programs described by CSDL are used once for simulation and once for

Many problems are expounded in the paper to realise such a kind of languages as CSDL.

As a first step, many fundamental notions or principles are extracted from existant computer

systems.

Then these are abstructed into correspondant basic functions of CSDL. For instance,

new concept, I-ID relation, is introduced to represent interruptions.

CSDL is a higher level language based on SIMULA and is designed to have many convenient

functions to describe operating systems.
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%, CSDLic&k Y, BBy AT LD N—FY T &
VY7 by TR ZHLTEEINS, Thokl
i3, Y1aVLv—20ANENRY, YRTLDHEER
EFRicERENBE—K, Y777 (OS ik M8
FEK) BRE, FIVRAL—2OUEER LTERE
D “bD” ELTZOEFHAAINTEMET S

2. EHE#M:z5.4ns CSDL

AFE, HEB VAT LZATN TS SELER
EXFEOMB LEEDOEEL, ThoBOMLICHER
{k&h CSDL O##Es UTRRINTY 3 00%, ¥
1alb—YaYEEDONENS, informal [ #A T
B2

2.1 7o+&x

Actual computer system

r r
}|Hardware |___._. ] Software
i [System | System

-
V{Hardware | ______ Software : . Qs
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Computer system model
described by CSOL

Fig. 1 The development process of computer
system by CSDL.

*1 CSDL O~R—RERLIMBERE v av—va v FiE L SI-
MULA TH 3. th&, F—2HaEREAE LT, Hoare 50
REBEULEELRELDANRTVAY, ChdOFEMIT. TR 3),
22) AW LTiE L. 783, SIMULA (3, ALGOL 60 @ x—
ety PELTRIINAEBTHIC LEEFRLTHL.
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2.2 ToeROEREER

7o+ 2D SIMULA 22RO LA
Bd 5. 7o OBECREN (7 7 R) % activity
THET S, 7o ADEKIZ new TR

@ (process designator) : =new (activity identi-

fier) (actual parameter)

7 a4+ 2 OFIIE (process designator) Zf5E LT
T2, 7o ADHEIL delete STEE 5.

2 delete {process designator)

SIMULA gk, new XKk 1207 v+ zxhsE
RxhbdeE, ZOFoeRE2HM\T 500 La~F
(F—4.7057) MH2OESNE, Flora—F
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cess aspect)
g2oLra—Fi, 2070w AKEBOESRE
EBZ5BHT, new XDIEET S activity © body
TEHRTS. F20Lra3~Fig, F1ra—Fopro-
cess aspect 7 4 —/V FE(PNRT 7 R X413, pred,
suc (3, record class process &4 » b4 BLEHAH
pred, suc £\ 5HZ & T, 7@ & RD set, membership
DFIEICE 59, 2 1D record class processid, ¥
A7 ACEHEBHEASRAETNTVI0T, FREBES
LEBBTHREDRZNEDTH 5.
FlaRT.
reference (process) son;
son : =new initialize ;

priority (son, 1)

activity initialize;
{activity D R&MyEIR} activity @ body
end initialize ;
son OET 7T XDEIEIR initialize & VHZD
T774+ET74CE@F. HMARAAFIR priority (son,
i3, son DIET 7o R ICEHEE1A52 5. LB
@ record class process (D priority 7 4 —J FDfHE
1y FAND, new WXV EREKD 1
£ 2 DIREET suspend ThH D (2.3.2 2R).
2.3 TntzxnikE
HEB R F2E2BRTS 7o eriY, 3FLEN
REEHE LEIET 5. NEHBIZREICEEHT S C
EW, YIalb—2OEANBERETHS. CSDLZ
e XDREL LTO2EDLDEEZ S,
(1) Autonomous:----- execute, time delayed
(1) Heteronomous:-:---- suspend, conditional wait
2.3.1 Autonomous RAR
B, BALOHOBELATR N DDHE 702D
REEA autonomous EUVSH. ¥ I 2 L—Z& AT,
Z DIREEIT X 51T execute & time-delayed icHiF 5
NEEmE N5, Autonomous ¥ u R (A5

* 2] Lo~ {3, SIMULA D element {T integer priority 2
b b0T, ThEMALERR 7ot ACBEELLE
Aoh, ISP EENMCENTILEN LI LESZLLEE
RLaD»STHE.

n :

NEEABBRFENMMERLUISVRY), KO &8 IC
DRTHBMIC execute REEL 1LY, BEMIL VI 2
V—va Yy NEMENS. Time-delayed REDF T
€22, TR execute LB NEBFMIMNKRT-TH
b, ThITOM—MMIC, 2070 DY Ial
—Va YBRFEEIh TN,

Time-delayed {REEI3, ¥ I 2L —2NEPICRICE
BONIATHRETH L E2ERLTEHL. BE
DR TIZ, time-delayed IRIEDFa X 3213 1
BELTWADTHYD, execute IRED 7o+ R &5
ADHHEBREY, BEEREYIav—va YORR
THZHRYT 5 ATHWBIEATT - T 5 & D 2
time-delayed IREDO vt X THEELHERE T hIT X
A5, execute REEDF o+ 2|3, wait XAET
3% & time-delayed $REBE71 3.

® wait (expression);

(expression) IHEFMZEZIEETS. < DKM,
BEHRATR Y 0 e 2DOETHEE LTRIRIN S,

2.3.2 Heteronomous KA%

Heteronomous RFED 7 9 + X {L, conditional wait
> suspend REET, BHEORAERL O LIZERA L O R
Az & V) autonomous RHEICTE S, suspend |3, fi7
B2 EEHAORRLEILDE, 17 o AMEF
BHEZHTLETHLITITHED/ v R3, Yia
L — 2 N T3 suspend HEE & 75 5. conditional wait
13, IEEOBEFHVERT S THROIREE LS. wait
until 2T L7270 & 2|3 conditional wait {REE
K185, BROHERIL, activate XTI,

@ wait until {(compound event)

Dec. 1971

5 activate {event designator)
{event status)
suspend {2, CSDL @ enter, suspend, start &
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conditional wait

Heteronomous

Fig. 2 Process states and state transition
diagram
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U signal X SE(%d 5. enter X & signal SLic>
WTid, 2.6 THRYT 3B,

® suspend {process designator)

suspend i3, autonomous 7'© -+ X% suspend i
4%, start i3, suspend 7 0+ R % autonomous
e -

@ start {process designator)

72 & %1, start new controlprocess;

wait 1000;

stop;
{3, control process 73X A& D activity 2HE{T3 5
7o+ zx% 1 D8R LZ 1% autonomous (T, £ D%
1000 BAATRERGIEFTHER L, stop XT¥ialb—¥g
YEIED B,

2.4 0S #7357 0RO

OS WIZIZV 7 b9 =27 TYIalb—F &N
0 AMEREATLH, hoxdE gEHEOIz
Bho 2 2iaEL, £hEh CP (Control process),
CDP (Controlled process) & k332 &9 5%, CPid
#7075 L% activity & LT s 5, Traffic Con-
troller, Process Controller 753X & i T3
DT, CDP 2§72 BO S0« TH 5, Salt-
zer {3 Traffic Controller % 12D 7 n X ICH#HT
Thiceya~nbBig Leh®, A%zl
DOBWIL LT R LAY, FEBROFNIZ, Niffe
DTS- THH, CP % system process &L A TW
31020 FELLEINERKDE L T GPSS/360
AT ETSS ORBERS BRI S 50, 2O
EZHOBRIEZHERETE",

CP DOEifrd 288, EABDORETH S, CP
OXELRAFER, FASHLEE CDP Hf, 7ibb,
KICEFTE~E CDP O®REL, REOEE (FiLg)
EHP LA HORE) P, BBETRE-1D, B
Akl -T, CDP OEFh LIS EA{TIES. CPO
¥, BRIV FLIETNIBAABEY,
VW AN ROLEBEERIC KT 5.

2.5 ¥ 2

BB L, YRTFANHRART SHEEEND.
VRAFLDEAFIXLEERTHIRAXERD1DT
b5, LRCEZDE “GEDOEFT” b, HERVR
FLNSICARTIERD 1DTH A0, UTFTiRC
OFD I 7 alfHRBETIEL, IOKCKEITHAOH
RPFOT LEFFEL L THUbLDL, 7utAHEED
AT EBORELE b2, 7ok REEORICERD

HEBRYR 7 L EBAEBEICRT 3 —8K 749

RELSUSHEBRERESE LB LTS,

HRICEET I 0 23, KRR 2ETH
5, BRORAEEAY, TOWCREELE ST £R
E, BROREEHOEE SO ®RATHS,

activate 13, BRORELZM 7 £ R ITHIOHE
B1:HDOEDTHS, BRI, L2, 2¥DODL
HAEELIDLI—-FTEHEINS.

record class event (boolean flag, reference (pro-

cess) owner, integer event status)

HROREELET S flag, ZOHRFOREERFD
7 a2Z owner. activate T TSN T 5 EH%E
ZIFHELD event status 7 4~/ FHH B, event D
HRRidic & 243,

reference (event) complete;
complete : =(false, current*, 0);

—J event DFEAII, DEDLHICT .
activate complete (5);

2.6 BAAZDHERIL

I-ID (Invoke-Invoked) Bi{&iZ, AR TEHAINS
T, CP & CDP HOEAMBKTHS. Ch
ZHRLMCERAADEREELE, OS OXRKXEELH S
WPCT 5B,

2.6.1 ®iAsnsL ID BAfR

I-ID B8{%i2, freoREDOX %6 DCP & CDP @
HOMFEENS. & DIRE D id, autonomous &
suspend T#H 5. CP A% suspend 725, ch & I-ID
BEfRiCH % CDP (3444 autonomous T & 1, HiT
CP %% autonomous 7% 533G T %5 CDP DIREEIZAT
suspend TH 5 (Fig. 3 &R).

I-ID B8RO AR 1T, enter L TIT1LS. CP b3, #
20D CDP %452 LT enter CDP; 2795 &,
Z® CP & CDP Ofjic I-ID BIFEMLER X h 5.
ZD& X, enter XEETLIFa€x (0B
CP) 2 suspend {REEE 78D, T enter L THEL

CP : Control process,
COP : Controlled process.
-—~-»: Autonomous.
-——>: Suspend.
<-—-: [-1D relation.
Fig. 3 I-ID (Invoke-Invoked relation)

¢ current {3415 AZBMCT, HED process designator ZMHE L
ThAT.
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7e7o €2 (W DOH AR CDP) (3 autonomous R
LB, BETEE, LTULAHITIY, CP BEF
fkiz, CDP BEFTHMINZC Lt 3,

I-ID BERASEiickidn 5 &, DIalici” o =
DfICHIEIN T 1-1ID BRIIEM IS,

I-ID BIROBAIC LY, HAADEAEE L2 O X
DEICEZDLENTES,

FAL DR L THEASEEOBMICETL, CC
HOoEALMET 0SS5 AOEFBIILE BT &1,
FAAQIRETTIES CP A3, BIAARLE & F#EIT sus-
pend /5 autonomous (275 Y BWEAE BT 2 —F4,
Zh & I-1ID B8fRic & % CDP % autonomous 75
suspend {78 ) HITHHII AN B2 ETHB. chid,
I-ID BRIz E LThhigiban 3,

I-ID BIfRORizEE, COBFRICHZ2D0D Fn
L ADMT, REDREPTEbhEIC LA NS, T
LH L, suspent 7 @ 4 X {3 autonomous IT, HIC
autonomous 7’9+ Z{3 suspend €725 (Fig. 4 &
R). cocénrd, BALORE LR, I-ID fEFEHS
RE$ 52 &T, #AHESI, I-ID B O KiE(E
SO LELBRTE S,

FLAB DT, 2.6.3 THIAT 3 signal X T
3.

2.6.2 AL LMBORE

AEE Y X T AICBENEEALE, EREFNT
BB EREERT S (K3, ABHAL%
MNBPICHERAED DD, NTEAA (B L) o0
TORBHRD 2.6.4 TiLh3.).

2.5 RIS, FRICEFHT IS o R, B
THoRZ D ETRORELZMMY TOMSHE S &
5370 2DAF2MATHY, TADEETH -7z,
UL LEAS R, BAAESERE T ovR, HiAL
ESE2XFTTGEOHT o v R, 2HICHABESIC
LOEGHPMEND (#AEND) Fow OS5
SEDERFICEIFRT 5. % 2H12 I-ID BFEA AT
WA O vRTH5D.

BREOMBEEE Y Iar—va VEER, HER

Fig. 4 The inversion of I-D relation
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VAT LCHEBENISEABEEBB L TR shTOYE
L. FRbL, FREEHASICRKICEET 370 ¢
AMOHEEBERINTOED, 2hwx, ~N—Fy
=TEV TP TOBEETHEDA V2 —7 2142
DOEREZ S OHAL ML, FHEBEDICL TR
T[T, ChOHERYRTLDEREE LR
#ic LT/, CSDL Tit, BWH4EALDEREH
SPICT BB1ET I-1D BHEBAL, SHE# 25
LT BJEH IS B A S I O SR 4 FOA{L U 7-.

HALDEAEERIULEDOXS>TH 35, BEoH
ALBBBIOICHMT H 5. 2 D7 KR 2.6.3
T, &5i7 I-ID BARDERE AT S,

2.6.3 &M= I-ID BR

AL BB EERICEERT 2 720icis, Z 08
EESCRKB ULIFENNETH S, BEOTALE
HOLDEBSLLT, UTO3HESIT 2T EMNT
5. Blic, MAGERLBERSD, chdD
DHhBRERICERT S EROSH Z C &, B2ickE
ABBERT EITEEIBRIDSERD S, BHDOBASLE
HAERHCSE Lo BA, BRIFEIC 1 DHBIR X hufth
B—Wc Ry 7y v Eiibc L, H3ic, oy
7 L THE DAL BERZEE L TEAS DO ME b7
B THOLLHALT R/ OHBMEED C & TH
5. COEHITEEL, I-ID BIRO Kin 2 & &
ZF B ETREBICHBILINS,

T ZiT, S&fFftE I-ID AR &3, {5EORELH
1IN TRUDTRENAT S I-ID GO C &40
3. KEMEULLEED I-ID BREOBRKE I
EIEEN DD, Zhid, BAAREERICEALS
E—FiCB2 s LTS

G & I-ID BEEDARIL, enter until STTFH
25, until PUFiR, HAAHFEEROEETH 3.
7 2, ELALER power error, channel #1 73
EEHAELILVEXR

enter CDP until (power error, channel £ 1,---);
E#HL.
FALERNOEHRIIMAAENTEHY, D¥DLS
Th5.
record class int (boolean flag, mask, lock bit,
reference (process) owner, lavel interrupt
handler, message reference (interrupt status)
pointer) ;

message X 1 7|3, HR 19) KBAINTHSE S

DT, 120FAHERICK L, EHEFR» S ERIC

-
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HAAESLEBRNESNTE L X, ThoxHE
FHC2 % o 7 LTHEL T EAERT. HAANBEL—F
Y OFF{EIT interrupt handler T30 5.

HABBERDOERI>EDL ST S, Al

reference (int) array itable (1: 2);
itable (1) defined power error
: =int (false, false, false, current,
power error handler, empty);

ZOEHNZEFIALT, BALEROEREICSH &S
CERE, REQHASMBL —F VY AORUBLIZ
HAALBIE D drive (itable) £ 3. drive I3,
itable ZIfiIc 2+ +» v L, BIAABERIT &1 mask &
flag DWBEBEAE LD, BYIZINDS true L1L2ER
(itable OECHIFF B RIEALICHIE) ICHEEXRATNT
WARERAANBLV—F DT FLRAEEKOME LT
AT, BAALEROEG LEALME L —F ¥ ~D
RO L3, go to drive (itable) &L 27T Tk

enter XxF L5 L -

® enter (process designator) until

{interrupt designator);

FHAAESE L UEROKER, signal X TITE
5. signal 3|3, I-ID B{RDORERICH NS,

® signal (interrupt designator)

{interrupt status)

3%, #AKICEY 5 enter until X, ¥ XU sig-
nal i3, Z2heh, FHICHT S wait until
LU activate XASHIE LT BC EAFERELTEL
(Fig. 5 &4).

2.6.4 SMBENASH & AEBEIASL

STHB YR T ARRET IEHOEALE, AEE
AAHERTEASL (BHLESVD) KAEIN S,

7 AN
s AN
%
/ AN
@ /7 signal >
’ ! \\
/// \\
e N
4 1 N

Conditional I-1D
r‘elatio/n ch\ecked.

e N
e ~
7 ~
7 ~
4 ~
Interrupt Interrupt
pending accepted

® (P ———3——-»@ CPe-—-+-—() ©

Fig. 5 Conditional I-ID relation.

HARY 27 s RMERFCMT 3 - 5% 751

HRrEhic T nex s, HAHBERORBORZEAED
RIMOHMEBOMEBERNTI2VEGHZ2. KHIT
2, THEPPREIMEDLS, ARELAL &R
RS OHEEERHNLTH S,

AFEALORE LT, F+ 2 UhODARNKT
BRAD, fhOhRNIEEE NS DIES, HEEEEON
MBBICLPEASIREEHF L EMTES. Ch
SRVThb, HRAAEEERETE 02 hEY
ELUTHIBCEELTBD, cOFuvxt, I-IDY
BEHBATNBE 2OD0F 0w EE5bDET, HAKILC
SEAD7 o &2 D% T 5 (2.6.2, Fig 5 (a) BR).
L7cdioT, AEPELAHIZEA LTI, 2.6.2 TOHBA
AOMBINDOERBTOEFHATE 5. chizxL
WEEAA IETHHERICT 5.

WIBAL D E LT, 2 =734 43 — 1 (SVC),
RY@4a—F, HEGHORTY, HEKREOA—
N7~ RKYTFUREFICEIEAANHS. T
NOZHFMCERT L 2.6. 21T LBRASICE
BICBRT 2 79 2D 3 BEMEOMB LI BDTH
A EdENG. Tabb, WEELAS L, #AL
EE5AHT 7o eRE, BABICK > TETODH R
NE7o2DE—DHATHS. RBEALIL, B
B I-ID Rk B S o+ R EEALBERAEE L
Teignal XEETLICHAICHEYT S, Lcdi-T,
ZDEE, ABIALIKEFRTS 7ot 2122 M
T, FROZNERAKEL LD, WEOHERIIOXD
Hiths, BHE I-ID BRICHE 70 &R 2 EAL
FERAEEE LT signal XEET LT o3, E
RB7ZR7 LORARKAKRT 2 &, BHhitEATh
suspend FIICB D ETHHHIhT LT 5 Dz,
activate L CTHEEHOH L7 0 & X3S Lizth
W15 <, DIoOBESSLTRE & 5. I-ID 8%
DRI H LIRS ETBERLILADTH B,

2.7 BEHSEOHE

2.7.1 BEHSHBHONS

FHEB SO, 527 0«2 OEFHESER%
BB LA, BALLETE TR DT IN
HEHEREET 5720, DIncEfEodif s - Bl
DEDPSETERMT 2HEN, RN T o L2D
BEPOHTHS. chicwl, PLI ® ON 2 v F
1V a VOIRET BV —F VAETTHEAN LR,
HABFARIC, ETHAFHSZ OV —F VILEBT
LTLESBRETHS.

BED OS ofifarar 5413, &5 LIEEEH
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ICFTIE A SH80E, BB HETH B,
BREESHBOBELE DE¥D 3 DIARTE 3.
D EEPEEDODE MO ETEE.

@ EBHEPERICHEIT LT BT & OB A

TETHMEEMZRE.

@ FITHEAEH MO NE Fir X ICBT.

@2, activate XE XU from 73 LD start L&
U enter X TEBTIHATHD, @3 from fi&
@ start, enter XZA 5, @i 2.7.2 ItHHAT 3
give call & give return X ZH 3,

2.7.2 give call & give return

EITHBE RS M OB T & (B 2 HEESH®
i3, give call X, give return XX T{T7L 5,

FuxvR ABAEEZEEX, YowR AT ak
2 Biz give call 352 &2, AMBIC call x%/¥
2Bz E, THbb, FowABicgLT/A L
call XEETIRBZLEE®RT S, 7o+ BH
execute YREEICTI B &2 & T call XDIgE LI
WMEBES X ICHIENS 25, give call DxF Lo
72BDa—n .2y 7ORXIT 1B,

give return {3 give call DO, J 7545 return
ERZENIT R LR, HopbESH return X
EEFLUICHBCEEREICIEDS, a -V 22570
FEXIF1EA.

give call {process designator) {procedure id)

S

IE S I S g ]
Vdia o g, CVUmmie e

{actual parameter)
@ give return {process designator)
Z7u+2BiC overflow W HZDONBELXEHE
TEEBHAIIR, 2EFDKIKTS.
give call B overflow (condition);
enter B until (----- );
give call D41z, MIT ©® MULTICS @ inter-
process communication OFIHOERICEOLR TN
, Ok, FOETREMLINICEITHE 9.
give return 3RY 53,

3. Zofho CSDL XL

CSDL iz SIMULA, SOL #&#ic L, ALGOL 60
DR~y P& LUTEEIFINTVS, 2ECLHENE
» -7z CSDL X DB &1L b DEEEHRAT 2

@ facility #if@ lock, unlock, Zhiz7 o+
ZMHEIT O racing ML 57 DICHKREL DT,
Dijkstra ® P, V operation® & & % »35, GPSS O
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f SIMULA oft#i&bih 3,

© Remote accessing consider when, Remote
accessing 3Mi7 XD HBHE LTS F—4 (local
data) IZ7 7 2332 &TH5S. consider LT re-
cord class D& 1 X FH~TH 5, when XL TT,
EDOLA—FD7 4 —VFIZT 7 RT3, X#9E
M. 738, F—2123H»5170 3 activity @ body 3%
record class DERLEZ L LT3,

® %£o0fid ALGOL 60 icE#HE =X

4. Bbbic

CSDL i3, #HE 27 LIcaEh T B4 DE
SEEHEMSL UFESEEEBIICHA LK. L,
T2 A MY YIBERELT, SSIERES
EEMAEBVETH S, FIFICONTIE, APLYRERE
@ set, membership OHIWHE L (ASP 1ZEDF
BEEI LB OLBELTNTHAI).

Afaiz, CSDL &b i@ - SBOEBEZRE
THIDDOERNEEZFAERLI, OS 23Uy,
BEHBWS 05 AOTBRORPAM 1 DOEETH
ot o, 4t RANLHEM, v27a%id
BT EHAADPTHBFTEEDTH S,

B EEICL S OS DBOFIER, XK 2),8) Kk
NONTWA, 22 TR, BREFEIKIERIN/
O, FRFELDEXETED 5 ATEALEA
ERETHCEREHLILL., ItEXa vy 4500
WIEATHLEREE TR —BERETE>TBY
TH o, ABI L LIcBAIKE, BUHheT
7 ) BEEEAVCTERZED HAICHN, o
5 LDEEREA TS 2 b a—FOSENEE
bBLoEELHBY,

CSDL CHE L YR 7 Li&katHAIL, OSiEdL,
Yiab—va YLK ARHEAEERMICITEZSD
T, WHWBY T MY 2 TORBERIRTX 20/HEH:
bH 5.

B#ic, CSDL °EH, MFlIni @D 55,
I-ID B8fRi3, BEZASEFEEBACER L v X7
LAD@RICEARBE b LS, 27 2+ x[ORE
L LCI-IDEFRA L S ABDTIEL, TOHBAIRR
o2 ZQEADHOBEF 1: £7 0 R) KLET
BUERHAHIN, FEORAVBUETH 5. AWTE
B, Mgt hiclEs OanKEICERTE UL,

' »

‘\
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OS 28TCHER VA 7T A0SO FHE# 6 H 5.
VAT LAERIALDOE 153, CSDLOTE & YR 7 4
ERAEEDKANERET I LN EEESIER
T3, ZOBRRB-1-BEZHEDTH B,

#HE PROBEESEIOOUIE EXFIELHR
REBTHARSR & R-_NELEARXZEERE, B
TAHTIRBN DT BB RBISKESRICE
WT5 BCH—EEEARED O BERIIRE L
BRIV CCRELRETARETT
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