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Mote: Cost per bit of computer memory has declined and
should continue to decline, as is shown here for
successive generations of random-access memory circuits
capable of handling from 1024 (1K) to 65536 (65K} bits
of memory. Increasing complexity of successive circuits
is primarily responsible for cost reduction, but less
complex circuits also continue to declire in cost.
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B o« Tv 7 by THAEOHECHHEBMICH: CREI VI Ha v Ea-2g)
HETLV S bo=? 2 1980 1. 7 p.130 ~ 184
<o TREERL O L RANFERY AT L) HBI LY Fo=7 2 1980 5.

Z6-1 ABZRANRz Y C2—-20RFRBERESE 2 p.75—99-

= JECCawa—4 . /— b 19B24HE

- 1467 1968 1969 1Y TQ | 1971 1072 1973 1874 . 1978 1876 1977 1978 1979 1680 1981
IEM 1BM 1BM IBM IBM LBM 1BM 1BM ' 1BM 1BM IBM | BM 1BM4341 18 3081 30BL K
5260 S/360 5360 536 57370 54370 5370 $73-15 I 892 §/3-12 57370-148 3033 303Z 3031| IBM4331 30335 4321, 4321-1193%
I B M 95 25 8BS §/3-10 145, 148 138 125 158 5/370-115 53-8 8734 §/370-158AP & | 3033 MP IBM3033AP 4341-2 P RE [ 4341-10 #*
LBM 6% 168, 195 S5,370-138 5% 3031 AP ng LBM303I N RE 4331-2 4341-11
1401H $/360 S/3T0-168AF 5 8130 6140 | 598
. 22,195 series 1 538 J S120 8K
U390 U400 ‘ uion wWooTe UR0.-60 U90.30 ul10es10 U1100-8L 62 | U90/B0-4RE JVITRIPRE 1100/62HIMP, | U7T7-500, 70018
Ay — 55 p |UK00 u4ldm . usT0d 110020 1130-80 Us0./40 1EON, 508 HIMPRHE 1100463 64 &
U106 V110040 BCST U1 100/60R 83, 51 sAF L0 RE
E R ' ‘ UaL 25 a4, B6 62RE 1100/B1E1,
| EIEZRA
‘ 11006 JAVP A%
| VSO RA .
B2500 E B 500 B6OD B5T00 b BAT00 BITH0 B705. 711 B7750 - B3040, 30 B 2300, 3300 B6B1T B2430, XE0 % |B4Y30 RA B78dd. :’ssu}%§
B3500 ! B&500 B4500 B2700 21728 B4790 BE8O7 BRI BGECS. 6812 BI815, 1855, 3845 34 1 B5930 R R B35S ?
; BGT00 B17D0 Bl7%6 B1710 BERI1 B1530 1450 6818, 6822 | R | Bi100s B920 B
o — o= l Lw Y -% B7700 B7T00 BGBEL 1870 BIBOS. 2836, [# | 1065 {o.  |CPOMSZ baT2
i B17T76 B4B0O RAC-50 605, 3645, 4600 1086 9552 4H
' i B1625. 1B33, B9l 92 CP3558, 9572RA
i 1865
' B30-20, &0
. . B7 800 I
CDC6500 COC3500 COCE700 e 51ar100 Cyber Crber?l Crberi?y Cyber | 70-100, | Omegadgl-3 Cybeezns BE
6500 7600 3170 Cyber - 172 173 omegad8g-1 200 300 RE Cyber 110-720, Cyberl70,740
[ ' 6200 72 74, 174, 175 omegz480-2 a0 Ia|RR
14, 76 . : . 750, 760,
) . o Cyber2i?
WE228 GE405 GEIUS L GEIZO H195 HE60410 HZ020 HE1/08 60 HE610 HE4-30 B6A-0T, 17 27 | HEE DPSRH HGEDPS- DPSBAT00 o [ DPS-G/4H A4,
420- HA4200 130 ‘, 1018 §060 HZ030 H62-40, B0 H66,705 H64,50, 60 440, 520 DESETOC 74, 78, 30, 31, %
H 125 gz0p 245 275 | H1S 2015 5080 G602 HE64,20.40 HER/DPS % HE4DP S~ ® | DPSY, 44D 62 %4 33, 34, 38 &
noi 5 o 410, 430 i "R 116-2 2040 HE6K-20, 40 320. 350 DFS5/92 96 R & | DP5-BA20C
‘ 440, 615 . i H23200 5030 2050 . 60, 80 1HEZA15, 95, 35 |HE4DPS-330 % | 44G 52C.62C
115 6050 2060 H64-80 'DP$8-20, DFSE-Z0
6070 2070 B4, 8752 DPS4 RH
. U I | e BST0 R
Century Centacy .| Century f Centuty Ceéntory 251 century 201 | Cemtury 151 NCRAYS 18250 18139 RABSM, YBST75M, | 1-Bl40RE 1-901¢ 902,
100 200 1] ¢ 11 Ceetury 8200 | Criterion g560 N30, 18230 NRITO LR VBo635M, VB555M. [ RCRT530 R 9040, 9450 R
N C R 300 Criterion SETD 18150, NB450 | 14430, VB580 | VE650, VEEIO0RH
Cenluey 75 NEB560 V8590 19250, B270R:%E
R : YAASORE VIEH, BEIUR R
DEC1040 DEC System 10 ; DEG 1060 DEC 1080 DELIH40 DEG 2050 | DECZN20RR LECZ060 VAX-1L-T50 4R | FDP 1L 24 Bf
o £ ¢ Los0 ' 2K 1070 1088 {DEC system 20) PDF-11/60 VAK-1L7780 PDPIL23 fralasystem 315,
1055 1077 3090 DEC 2030 ] 750, TR0 RE
B TR [€33] [CE] R 2]
Amdzh] 700G Amdahl 47075 | Amdahl Amdahl  5H}-5850 | Amdahl SBTD
4TV, 1 4TOV5-1 ATOV/TA 560-5890 | NAS AS-8000
40v7 470VB | Magmsan 4709-7C PG
NCSS 3208 MBO4 Cambex 1636 Magnisoh
3216 MB0,/12 1641 MBO/30
3232 MBOA2 1651 MBO30E
Magmuson MED,43 | NAS A5/3000N MBOA4L
7 7 ¥ MBO-3 AS/300D
Multiprocessors ASBOOON
ERLE P R 30-3 1 AS/5000B
Nanxdata AS/5000
Ad v e—w— | VME-200, 400 AS/T0O00N
! Cambex AS/T000
1618, 1628 A3,/ TO0DPC
t 1638, 1649 AS/5000
B Megmson
MB1/31
N aodata
4K 6333
6336
6343
R 3 -E - Wb AN R e D i RO A~
zROELHTA HEHDACRDNERE. BRI
AP A& (CPET) LY M 3700
FAFrL a7 74507 uyS L HER (BLI0DS %) {NCRB0DM B> »»)
ZEUEMED TR ik RE 2 a~ORBTUEN, —BL .
(B 5000, MULTICS) LTSS/360) {(¥51,Vvs2) (MYS) . (5,/38)
B R BE R gumers-Torstrrrs Y FT B IR O R Wins, BEL
(LARC, B5000} - - { 370-188MF } (3033MF )
EERS RIS BT ET RN SR AT A Y (3081 (DE})
(5.7 360-91) (5. 360-195) ' (81ar 100, CRAY-1}
oy DERA { Cyber 205 }

{5/360-85)
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005

3DBIK
3081

303dMP
3033AF

3031AP

4341-2
3031
370/158-3
1341-11
3707158
4341
4341-10
3707148

4331-2,4331-11

Syslem36-5
System/38-3
4331

4321

A~ ZF

AZste i

1100-84
1100733

110082

110081
11080-62-H2MP
1100/62-H1MP
110061 -H2
1100-61-Hi
9080-4

an/80-1
1100761C2
1100761 C1
90-80-2

9060

9040
9020

90725

PRL-EN-3

7821

1905

1830

() BHEbREOMBEZTPLITNIAL 2,

M6 -1 ABFBZRABEa P 2— 20

Coe

(Crber205)

176

170-760
174-7420

175-300
170-740
175-200

175-100
170-730
174
174
170-720

172
Omega 480-3
171

Omega 480-2

Crmega 4B80-1

DPS 8-70(4CPU)

DPSB70(2CPU}

DPSR/TO(1CPY)
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DPSH 20
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VEET0
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VAX-11/750

IDC Eurapa, Ltd.

- DATAMATION,
« COMFUTERWORLD . July 13,

580-

580-

470
a7
470
470
270

470

amdahl

5880

5860

V8
vl
V1A
V.1
V52
L7241

AS9000DFPC

AS§000
AS/9000N

ASTOQ0DPC

AS7000
ASTOOON

A55000
AS5000E
AS3040, 5000N

AS3000N

Nov.1980

1981

Rl
TEH DT T e

FAwTlr—7—

ME043 44
MB8OA12E

M3032
ME0-21
Two-pi 3200V

MB0A3

Two-pi 32000
, CMI1638

cM11628

CMLI6I8

81 - Europa Repart Vol.l1l, Ne.7. Aprii 18, 1981,

MIPS

-+ 100

60

T 40

17

o - @

T
w




s 3 . g
6.2 [ BM®DEME 6 -2 /N B B o B M
6.21 R % B E . ‘ " e R.L.TAYLOR : Low-End General -Punpese Systems
- ) IBM J.RES. DEVELOP.. Veol.25, No.5., Sept.
ime-line of small general-purpose systems.
T generalpurpose sy 1981, P. 430
Models .
Syuemip- 39 " (236K3-M13C .
iy M10Card C («1%] M15B.C M4 96K, 128K M5 M3
Modep T MID Disk  M$ (84K BISA M3 M1z MIS3 (512K1-M13 M3
Rambers, '
memory
and filr ! 542 s34 (S {6t (25%6K)
sgex  Sytrmiide - : 128K [128M] 19¢M
Systermidd . 2560
1403 Pr.
s ] HLTA, HI0Tp.
s.nrnn_”— HP. L F. . Drreet 3004
yarem: BSCA AHSF A0l S203Pr.-M1S =12{MB}  3600Tm. 3rd74th BSCA-M13
JOCILPMPr. 142 Card  Diskefte 284 Pr.-MI13 34| T, -M iM%} 3448 F.-ME. 10 3287 Tm. 120 Tm.-M13
) - -
Systeril? . . Disketic BSCA MICR - SNAIndCA S-16 LW.S. 35295, SIS Pr.-
s{:'r:..m- =[t0M] sDLC L5329 Tm 324 MIZCmr 3600 T,
‘ ’ witd R.W.S_ KANI
l M 15 Funclion & Perl. Improvemenis
@ . Mis P . -~ “ 58
SysremlJ.  CEDSCP Mé6. RPG Auto Report Muitiprog. . CPF
‘ Systemidd  RPGTI BASIC.TPF CCGBOL.OLE S5POQL . RFG Coocorrent Tranaacnon  1DU s
ASM FORTRAN,.CCP - MRJlE nmg M12D Supp. diagnostics loggng RFG * CoBOL
Frox L -
RPG, SEU ’ RFC I FORTRAN ICF.8BASIC
| . ) DFU.SCP - W5U.DFU. COBOL DDFF
Sratemi2- ' - SEUL. DA
Sxstrmisd - ‘ - - L .
L - - v - N\ g vl
. LA P [ Applications) Application s, Enhancerneats
o, n . n n M bl 7 kU 7 79 i 0 B |
AL dates refer to the year of first cusiomer shipments. . "MRJE = Multileaving Remote job Enuy
{ ) = memory capacities in bytes; K = 1024 | ' OLE = On-Lioe Linkage Editor
- [ 1= file sizes in bytes; M = 1 048 576 g SCFP = System Control Progam
ASM = Assembler SDA = Sereen Desipn Aid
BSCA = Binary Synchronous Communications Adapter - . SDLC = Synchronous Data 1ink Coatrol
C&D 5CP = Card & Disk System Coatrol Programis) . SEU = Source Entry Utility
CA = Command Adapter 7 : . WSU = Workatation Uity
CCP = Communications Control Frogram . Catr, = Controller
CPF = Coatrol Program Facility ) F. = File
DDEF = Disuributed Disk Fie Facility
. H.P. = High Performance
DFU = Data Filé Utiliry L igh Per
LAP = [nstalled Application Program(s) ’ e N
ICF = Interactive Communications Feature - = Frioter
IDU = Interaciive Data Utifitics K = Remote
LPM = Lines Per Minute Tm = Terminais

MICR = Maguetic Ink Character Recognition ‘ ) ' Tp. = Taps .
MLTA = Muly-Line Terminal Adapter W.5. = Workstations :




6 -3 DAEHRODE
Hi#k © A.PADEGS : System/360 and Beyond, IBM ]J.
RES. DEVELQP., Vol.25, No.5, Sept.1981,
P. 387-389
Annpuncement and shipment dates, Madel characteristics.
cri - Coniral storuge Nutaher Processar Sturage Cuche
- of TL -
Datas Cycle Stre Word Type Cycle entries .. Size Hus width Cycle Size Iine Cvcle  Type  Associo-
Sl vime (ns) (K Kize tiene (K bytes) {bytes) tiure (K widih time tivity
wiclth : . words) (bits} (ns) (ns) byles) (hytes) (ns)
Moddl Annaitnced  First shipped (hytes)
SxsterniIo0
22 7147 716 1 750 4 s0+5 RO 750 none  M-32 3 1500 none
35 63-1-3 68-10 ] it 3 1642 W «n nane 16-48 2 PN nane
30 64-4-7 656 ! 750 L 50+5 RO 750 none 1664 | 1500" none
40 64-4-7 654 2! 625 4 5242 RO 625 none 32-2%6 2 2500" none
44 45-B-16 66-9 4 250 none nene 32-256 4 104" none
50 a7 65-8 4 500 2.75 B5+3' RO 500 none 128-512 4 2000 none
1024-8192 £x(1-2) Koo
60 6447 not shipped*
62 6447 not shipped* :
| 65 65-4-22 65-11 $ 200 2,75 B7+4" RO 200 none  236-1024 A2 750° nane
o ’ 1024-4192 Rx(1-2) R’
@ 67 £5-8-16 665 B 200 275 87+4° RO 200 B 256-1024 Bx2 750" nane
i 70 644-7 not shipped®
75 65-4-22 66-1 8 195 none nong 2356-1024 Bx(2-4) 750" none .
1024-K192 Bx{1-1) goo" .
85 68-1-30 65.12 8 80 2 105+2° RO RO none 512-4096 16x(2-4)  960° 16-32  16%4"  BO-160 T 14
] 0.5 105+3'  RW 80
91 641117 67-10 ] 60 none nonc 286144 Rx 16 780" none
e4-8-1T not shipped”
g? . 63-2 4 60 nane none 1024 Ax b 1RO none
10246144 Bx16 280°
195 69.2.20 713 $§ 54 none none 1024-4096 Bx(3-16) 756 32 BxE 54-162 T 4
Systemi370 '
115 73-3-13 74:3 1 480 20-28 204+) RW 480 B 64192 2 480 none
115-2 7511-10 754 2 430 12-20" 1942 RW 4H0 15 64-384 2 481N ,none
125 7204 734 2 4R 12-20 19+2 Hw 4R) I& 96-256 bl 180 nivie
125-2 75-11-10 * 76-2 2 320-480" 16-24 19+2 W 320 16 96-512 2 4% nuie
135 71-3-3 724 2 275-1485" 12-24 10+2 RW 275 -4 96-512 4 990" R noie
: . Y35t W
1252 76-6-30 77-2 ? 275-1485" 64" 16+2 RW 278 ] 256-512 2 9%0* R none
' . : 915" W
138 76-6-30 7611 2 275-1430" &4 16+2 RW 75 g 51241024 2 935" none
145 70-9.23 716 4" 201-314° g-i6" 12+4 RW 203 B 160-2048 8 540 R none
: . 6 W
145 76-6-30 77-5 4" 180-270° R I2+4 RW 180 ] 192- 1984 ] 45SR _ none
0 W
148 76-6-30 77-1 4" 180-270" n 32+4 RW 180 3 1024-204R b 405 R none

S40W




135 70-6-30
13511 )

134 72-8-2

1581 75-3-25

163 70-6-30
185-1T

168 72-8-2
168-3 75.3.25
195" 71-6-24
Svstem/I70-computible
Jon T7-10-6
3051 71-10-6
333 77-3-25
301N 79-11-1
3033.8 80-11-12
nste 80-11-12
3081-K BL-10- 21
4321 BL-11-4%
4331-1 75-1-30
431-11 SL-L1-18
43312 80-5-7
aMl-1e FL-1L-1%
4341-1 7%-1-30
A4341-13 BL-LL-1%
43412 80-5-15

743

08

29-11

13
113
115

113
(-]

.10

RO
80

34

113
80
57
Yy
57
26
26

300-1600"

2001600

150-300"

120-240°

-~ -

= T N

14-16

16-20

69+3
[{E)
6341

6943

FOS+)
105+3"
s+t
s +3*
Insed*
105+3*
ms+3*
10s+3*

69+1

105+3
105+3
122+4
105+3
122+4
[ LA
122+4
10444
toy 4y

12+4

32+4
31+4

I1+4

32+4

RO
o
RWY

R
kO
RW
RO
RWY
o
HW
RO
(41

RW
R
1w
W
RW
RV
W
RW
RWY

"W

Rw

_W
RO

1434

RW

113
135
113

115

RO
¢
o
80
H
KO
B0

so0t

o0t
100

110

none
128
128

128
none

128
128
128

none

128
128
128
128
128

128

256-20M8
256-20M8
3126144

J11-6144
512-3072

512-3072
10248192
1024-8192
1024-40%6
2048-R{92
HWR.B192
4096-25516
4096-16384
4095-.16384

16384232768
16184-32768
1024
S12-1024

1024-2048
10244094

2048-4096

2013-4026
2048-8192

204K- 16784

=]

g4,
Hxd

x4

BEx1&

Ax4
x4
BxB
Bxd
x4

g2

070"
2070
1635 1t
Y0 W
420
2000
2600
nn
i)

136

45"

K0 R
1300 W

600" B
}00™ W

200"

1440"

B%

Yiong
faone

nene
8

16
I3
16

16%2
Bx4

Bxd

Ex8

x4
Rx4

Rx8 .

Ex38
fx4

Bx 16

4x18

§x3

16%4

115210
115-210
115.230

115-230
BO-160

RO-140
H0-140
RO-160
$4-162
115-230
RU-160
5T=114
-1
57114

26-52
2%

200

223

IR
IKO W

A A T3 g g3 qag

O 4 4 H4-44

c

[N )

R

48"

'"Repluced by Mndel 63
TReptaced by Model 75
*Redesignaied as Model 91

“Offered an special govermment Caniracl




Evplanatuoe
N Mare-inccache: On storing, the vidiee is placed in the cache: the

new valye iy placed in man slorage al the time the cache line iy
reassigned of the duts is requesied by a chunnel o unuther
prcesor.

K The numher 2'* = 1024

ns  Nunoseconds

R Ageess fur reading

H{>  Kead-unly

KW Read-write { wrtable) .

T Sture-thivugh: On ~toring, the value is plagcd in mash Storage; the
vaiue ix Aot ptaced in the cache ualess o line has been sasigned to
the main-storage | i

T Trincdalinn-lool
addres:

W Aceess fur wr

Fouonoses
" The model uves magnetie-¢ore lechnology.

TCeun reginters and paths are 17 ar 14 it wide where
wddigs is processed #n ane cycle.

Exlended to W+ ) for the 1410 emlaior, or %2 + 3 fur 1he TUH)
ensnlalor

*Extended 1o %4 + 4 when uny emulastar i instalbed

"Earended 10 122 + 4 For past of cunlol sterage when gny cmulaor is
instilled.

YAlthough the &d-byic lines are lwaded into the ciche waly whea
referred 1a, anentire Ciche secton of LK hytes (18 linen) is assigned s
umit to a [ ¥-hyte <lorige sector.

"The 1152 containx & scparate 140 processing unit for some functions !
thal were execuicd wn the CPU in o 113%; hence the smalier CPU
COMIod-I0riage Capuciy.

" Variuble, depending on the type of operution performed.

Feur bytes can be accoased and Iransferred in this ume.

AN B-nyre-wide path is used for insttion fetch.

"' Purt of this capiecily is physically in processor sturuge snd thus has 10

b subtractod From dhe avidluble processor-siorage capadily.

“Depends on cuche size used.

SRR

" Ehe Systen/i70 Model 195 hus certain fucidities (e, time-of-day
chiwk, condrdd regiaters, MOVE LONG) nu
At Motel 195,

" The eifective (insier te 1o the CPU iy limited to cight by ies per C1'U
cycle,

" Euch uf the two LPUN hus the indisated comtrol-atoruge,
VLN capacity,

IK of the cuntrul storage v pageuble, using sn dres in processur
sturuge wawgnod fur this puepose.

"' 26 ms when the word is availuble in The micruinssruction buffer (.
within the vurrent el of 18 wards), -~

"Interleaving is on the husis of 2K bytex; oo interleaving rukes place
wilhin the aceess fur o cache ling of 128 bytes.

™ An amouni equal s cache line s read o written in one siorage cycle.
The effective (rinsler cate lodhe CPU is (imited Lo eight ©iytes per CPL
cyele,

100 3 when the wurd is xwailshle in the microinsiruction buffer.

AR wnlirs cuchs Ling gan be acceaed wed trunsferred hetween the
cache 1nd 1he alofage DNl in this ime.

thlc on the Systenv

wche, and
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I BMEFNEEOME - ko £k

il FTARS »E.—2 IBMI0BLOWNHEELIES
BEI Ly o= 2, 1980621 P.172~173
B E £ s/370 EFN165 s/370 €7 168 s/370 =7 168-3 3033 Pk 3081D 7w &4 3081K 7o+
SRR (4 3RILEER TOETH (T0&6H) T2EBA (T2H8 ) TE58E40 (7TH4E3H) TTEIH (T 7THE3A) B04E11A (BOE11H) | B1F12E (814108)
BEEEE (T omEE) | TI1ETH (7154 B) 7388 (73FE8H) THEG (7 s EBRE) T8EIA (TRFELH) 8 1 550 4 U BZAEHE A AR (A T A
LR ATIE. 1Ty 2.0 %3 2.6 5.0 10.2~10.5 *2 13.0~14.0 *2
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Define Syncnyms

Sort Query Resulte

Data Conwversion Functions

Help Facility

Integrity Constraints

Three—Walking Syntax

Quter — Join Syntax

Data Control Facilities

Access Permission for Tables
and Views

Permission Structure

Resource Authorization

Password for Data Base Access

SQL-DS

Yes
Yes
Yes
Yes
Yes

Optional
Yes—Uttlity

Yes
No
No

Yes
32767
Yes
Yes
No
Yes
No
No
No

Yes
Decentralized
Yes
Yes

Oracle

Yes
Yes
Yes

No
Yes

Optional

Yes—Utility-

Yes
Ne
Mo

255
No
Yes.
No
No
No
Yes -
Yes

Yes
Decentral ized
No
Yes

Ingres

Yes
No
No
No
Yes

Yes

No—0O~S PFunctim

Yes
Yes
No

No
255
No
Mo
Yes
Yes

Yes— Single Table

No
No

Yes

Centralized

Ne
No

IDM500

Yes
No
No

Yes

Yes

Optional
Yes—Command

No
Yes
Yes

Yes
255
No
Yes
Yes
NAA
No
No
No

Yes
Cent ralized
Yes
No
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Feature
Index Support

Primary Index Required
Support Dynamic Index Def.
Support Multicolumn [ndexes
Support Variable Length Keys
Physical Ordering of Data

( Clustering ) - .
Charge Clustering Index

Locking
Levels

Automatic Lock Escalation
Storapge Statistics Available

" Optimization.

Access Method
Path Selectimn Methods

Transaction Management

Mult. Statément Trarsactions
User—=Conirol led Backout
Suppart Nested Transactions
Disk Recavery Techriques

Host Language Interface

Type :
Languages Supported

Suppert for Maltiple Cursors

Camputer Envi romnent

CPUs
Operating Systems

SQL-DS

No
Yes
Yes
Yes

Yes
No

Row, Page. Table.
Data Space
Yes
Yes

Compiled
Evaluate Indexes, Scans,
and Two Join Methods

Yes
Yes
No

7 Ro1 Forward & Backout

. Precompiler

PL.~ 1. Cobol ard
. Assembler
Yes

43XX. 370, 303X
VSE

QOracle

Yes
No -~
M .

Yes

Only on Initial Load
" No

Row, Table

No
No

Intempretive
Evaluate Indexes

Yes
No
Yes
- Rall Forward

Call

- Fortran, Colol. PLA1,

'C" and Assembler
Yes

PDP 11-XX, VAX
R5TS. RSX—-11M, IAS,
Unix. VM3

Ingres

- No
~ Yes
Yes
Yes

- Only on Initial Load

Yes

Tafale
No
Yes

Interprétive

Evalmte Indexes , Scans,

and One Join Me thod

No "_
Yes
NAA

Nane -

. Cali ‘
Pascal and "C’

No:

IDM500

No

Yes
Yes
Yes

Yes
Yes

Page. Table

Yes
No

Interpretive: ‘
Evaluate Indexes, Scans,

. and One Join. Method

Yes
“Yes T
~ No .. ‘
Rotl Forward & Backout

NA
N/A
NA
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v MECS -AT BAR (FA D fih 79~ EPICS LISP| LfRedma v tnr—2var HEd
e ’ Product ion Rule.
v AGE H.P. Nii et al. 79~ INTERLISP I R S = I N I SN W
s _ ( Stanford Univ. ) blackboard BEMEHEEEIAE A & ¥R T A
I GUIDON W. J.Clancey 79~ CA I (Eg. #HFE5F) i
v { Stanford Univ. )
ONCOCIN A.C.Scott 80~ ) TSR OBE W
. ( Stanford Univ. )
SPEECHLIS B. Nash —Webber 73 HEREMY 275, SN, frame( case frame )
. (BBN) ' '
7 INTERNIST Popple , Myer 75~ P2, BERB tree structure ( 15000 —a ) (iR &
( Pitisberg ) . RERRD8E 2EU KDB ( Krowledge DB )
v | 5. MEOKDB TRALE bhA,
| PLANES D. Walty 76~ US Navy 3— M ( Maintenance , Material &
( Ttlinois Univ. ) Mamagement ) D. B.
EN ATN, Case Frame
PIP Tuft Medical Center 78~ MACLISP B2 . frame structure wree g
(MIT) ‘ .
. SCHOLAR A.Collins (MIT ) 70~ LISP HEBERSOROHR (e ) sz s
-z A4 . . _
iy M. L -Miller TBHYRT b
“ b (BBM) . SN ( Semantic Network.), inference {B3%
i %) '
:;)7 SOPHIE J. S.Brawn et al. 7o~ LIsSp CAIY257 4 (EFLE), SN, inference

{(BBN?




— 100l —

msFR

- ¥ RF 6K 58 & ERE | B4 2 E BWoE . B omouw X i &
SHRDLU T. Winograd 72~ Micro —PLANNER | BEADHR, SN (6545 ) . Specialist
(MIT) Program O#AE, WERY I aL—¥ g ¥ 0
* 1 PN
¥» |TORUS ] - Mylopoulos 76~ ZETA R.D.B.oHRSE7nr bty ¥l
;’r ( Tronto Univ. ) ’ TR NIV AT A
4‘7 RADDER E. D. Sacerdoti et al. 77~ US Naw, SN
g | (SRI> DBMS, #E+RATaH%DB(R.DB) o7
7y . 7 2 A
CASNET Kulikowski , Weiss 78~ Interactive Bk OBU v X F 4, Network BB (=703 (8 &
_ { Rutger Univ. ) FORTRAN @)
PLATON E B 74~ B RF A SN PS s
st (EHEX) ATN
% IELINGOL B 75~ B L ' Bz
-3
% LUNAR W. Wood 76~ A 2 74 ATN ( Augumented
]{ (BBN) Transition Network ) IfR#Em A » b7 —2
7 NL#H 7= DBMS
; ROBOT L. R.Harris 77~ NAADABAS, ATN, DBERITK 2B Z
S . { Dartmouth Univ.) iR R . -
' ' EAMMERIPLANES & 3iZR8
#~ |PROSPECTOR R. O. Duda 79~ BT AMEREE T VRAE YR VAT L | RS
JE (SRI) RS ’
= |ADVISOR M. R. Genesereth 79~ MACSYMA ofEREzyoAT 1 I 27s | B
i . . parameterized procedural net ( PPN) .
MACSYMA J. Moses 71~ FEHES( Slagle® SAINTELEE) B &
z (MIT) I -
o CHEMICS Ea A T4~ HEEHOBEIE
T SEEA - '
L tOE M 77~ Hi#er, BRGF -2 7w

(BATBM)




MR v 25 ag M R & | mEF | R BT B E . & ow o o i %
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£ . RS SE
KAUS KEE T8~ FORTRAN EeEtE
' (RAD —EREOLE ( FBRE) Thl s R
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AR RENER S~ A EEET 5], BEEET 2 © RBE LML FR OF R

BEPLEL LI, BECRAB - R ORBARR L1 Oy, 2hEHM < v v TE
TTA3BEICAE>THLEEH, 1980 FELLRABR—R T yDTA FTHELTH
RENHL U, choldwads7uo7Foe %, VLSIHEHRcLsELoazBAEL, 4%
ER K SNE LOLEbND,

£8 -6 MRNENTIF~N-Rev
v RAF LE R % imRE| = 7o o =
Apiary Network | C. Hewitt 1980 (7 7 F 4 3RFT/B AR T e £ 54 &S (Hyper -
C(MIT) 1 torus ) 8T 2% /S0 4+, CADR
' : TYYTYLal— A,
ZMOB C. Rieger 1981 | Al ~—R | GHE A L2607 0 & &G,
(ANV=FYFRED | | Z B0 THAREP
NETL 5. E. Fahlman 1979 | ewvF 402 | U Y2 EBMICTA Y —1 »2 108 {HD
COMIT) | A e bT— 2| - FERER
NON—~VON D.E. Show '1981 DL= gt | D= g F T —F R T Y SR
(2o vETHRE) - ACABRERET B,
MACLISPT¥3Ial— bih,
VL S I #5d. '
Hearsay —1I R.D. Fernel 1977 | Fag sy .y | dfs ) BensF Foe o, THER
(CMU D VRTF by '
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91 ZFo77iv/EROXEHM
9 1.1 . 7os5 3y rommld
(@ ERERICHSNE G
JEEMER : non—proceduratl programming LUCID
B ¥ & : functional programming L I SP. FFP (Backus )
B /& i : recursive programming .LTSP. SCHEME
i 2 {k : combinatery programming APL., FFP
FEHRENM : non—deterministic programming PLANNER‘ PROLOG
YE#RIEM ¢ search directed programming Micro—~ PLANNER. CONNIVER
‘Bl {& ® : relational programming VAL, SNOBOL. LINGOL
i T & : concurrent programming Concurrent PASCAL, Solo
A F) 4LEE : parallel programming ALGOL 68
ER By H : even.t driven programming VAL. PLASMA
¥R 1EM : object oriented programming CLU. SMALL TALK
(b BMEAFRICH SN HHEM
g L ( BEEH ) ¢ structured ( systematic ) pfogramming
4 E B (XZEW ) : conversational ( interactive ) programming
S| & : autorﬁatic( automated ) programming. .

M F A : knowledge based programming
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913

ALMEREEF a3 v 7553
WHAT — TO — HOW SPECTRUM
WHAT HOW
PROGRAMMING
LANGUAGE

Al RESEARCH —» -+— RESEARCH .
@ GOALS  “AUTOMATIC ALGOL MACHINE
E METHODS PROGRAMMING™ FORTRAN  LANGUAGE
w  PLANS LISP
Y KNOWLEDGE ETC.
G  NATURAL .
= LANGUAGE l l
'3 THECRY THEQRY ARCHITECTURAL
2 OF OF AND DESIGN
‘g INTELLIGENCE FORMAL PRINCIPLES
b LANGUAGES

— Artificial Intelligence research is that part-of computer science
that is concerned with the symbol —manipulation processes that produce
intelligent action. | )

— The potential uses of computers by people to accomplish tasks can be
"one—dimensionalized " ifito a spectrum representing the mature of instruc-
tion that must be given the computer to do its job. -

— At one extreme of the spectrum, the user supplies the intelligence
to instruct the machine with precision exactly how to do his job step.

——A-t the other extreme of the spectrum is the user with his real problem
{ what he wishes the computer . as his instrument. to do for him J.

-— The user aspires to communicate what he wants done in a ia.rlguage that
is comfortable to him ( perhaps English ), via communication hodes that
are convenient for him ( including. perhaps. speech or pictures-) s with
some generality. some abstractness . perhaps some vagueness, inprecision,

even error ; without having to lay out in detail all necessary subgoals for

adequate performance with reasonable assurance that he is addressing an
intelligent agent that is using knowledge of his world to understand his
intent, to fill in his vagueness . to make specific his abstractions‘. to

correct his errors , to discover appropriate subgoals., and ultimately to




translate what he really wants done 'into processing steps that define how

‘it shall be done by a real computer.

—— Creating computer programs that act as " intelligent agents near

the what end of the what—to—how spectrum can be viewed as the long—

range goal of A1 research.

9.2 FFmaBEE
921 "HFR2D (EFEN) "OBS
A. BEHIETONRB
O HUBESD v .~ sEE OB D)

ALGOL : FORTRANR FOERmMO F o0 /56 SETR. TAT I X L%FE
HY 2 HEEORABNTHLXOENBRFE 7o 7 =B IKERL TH
2.3 LrsEAE FIHE J (Procedural } & K30k LT, FMOEFTO
B 707 7 <BBIRIERLECEET ALY XL ERBETELZLO5KELS
nr-obt, [ #EFMEE | ( Non—procedural ) & OH @S TH D,

FOEZHBEINLORRLTHLOZETIERLL, 1950FRD7 s F
LEEORERLCEAC V23T, bLFIIMETEY, HHKEAERLD
DO BHE, EEBET TR LETH B, FFEEBOBACE SO THRERS
( Information algebra) BAIE s, L HI2BEORRERALEEL LT
BereTFarines22v—2 (RPG)PRERZSBELAAMLLEDOD,
BAECNES TTHECRARS b o FFIENE VI ssb LT a 7 85
RIS IO 2TV EO, L L-FTH., HFLOSEOMRECH
LT—20 BB LR EE5Z TREDTHS,

CHEFIER J LS MADBCOEINRREGHNEBE LLERTEEIOE —OF
NIEasHEDOBIKH2, T0LLE, BHNB20EIEFEEERTIOMS%E
ERTELEVAETETHY ., G4 RROBRWTHEIHC LLrERES B
BOENWS T ETHL, HEAE, BYROER 7o/ 5 A5 BEMNHE Lt R
. BREL LD —F 4y VORODIC(A+B )+ CEFNTZ OBEM/K
DEAHFETEICLRERNTHD., #FENTHL L0 AT,

ZHLBERTbLrrhoT . GEOBBR., ¥ X7 aCtBT 268HE AKX,
F—sEE IV le—VORBEEEELG FerSenbBL, MEBEORKE
TOMBCHENCHETIMICLD 70/ 4B TR0 LI0nE0 )
B4 YA AEHRNBSE LTHBBEREE2THA 5,
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FEFHEUZERRFOHK—NER L LTOE2—HO Yo7 nSBB8EETS,
EVS kDG EBOFH T o7 A5ECH 4 OEFIEMEMHSRD Ahoh o
ﬁ%é‘&w5®#ﬁﬁfﬁéoCné@ﬁmd\%tuﬁﬁﬁ®ﬁwﬁﬁiﬁ
EBFBALT -4y 0 - AXAORABOREL ST 052 BRTEE0
IMTHEELTS,

@ J.E.SAMMET ic X 530 : 2

" More Nonprocedural ( Equals Less l;rocedural ) Languages * &£V 9
<%—7Kﬁ?5ﬁ%&bf@%@ >

CNREEINTOIERAMNTELNE., MAFBE "[MH(what ) " Licod%t
Ex, zhd " (how ) "KL ENENELITEELBRL THEDL S
LR WE NI TETHSD, BERMIICE. FIMEEEICMEOEREREETTH
T, bERBYULIRTLLCL T, (FF) T rsat (20TIH5L
SNTMBEIERTEMEMNERINBZ L DL DT -TH Ly,

HUEEHOLOXERETLIENE., BB 7o /7307 EBRAZE.
MEERSE. EEKESE., T HFFREBETZTLOSLEAL LDOTFICHEDL
hThs, . ,

FEREBEZL, HWOHEBLRE - TEL SMAMUTEKABTOZ LEITH
50T, BB -THEET LVESNALNEZ LD LD HTTHD,
VOB ED ANE., CROEBEBEENCH VTV ADT, i2-2b LiYES
ZNO TEAGN AL INBDOTHLY, HBEGT L, TR EtEokEL Y
NETEHEDEDNILETHS . . | .

HFEORAETH. SEETFR2AMOHALINAON DI LEBELTHL, Lt
ST, HAESS TV LD T OSMBEOL B RNITEMHEREIN TS
ERONE, T - B X 0HEMR, F— 2 N—-R0HCHELI Th 2, L
L, CREEHALTNAOHE22F THL, CNWEBIEBAFOT~TE G
ILUTRE L, BBELTOARF. MOLDRET T -2 20 - dh
., SHROERB/NMECELENESITHE, TOEINRTL—7 2NV —RBEH
DHFILRRES B0,

B. SEWILETOHRN
® P.J.LANDIN&L38H: 3 _

(" FEas "W "FEFHESN "CHOOTO)FELERNODE DR, DD
LUK HD ¢
CHEBICEIVIFHEELTHEL N ODEOEOLIETRT A D,
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s EFNIFERBE L nE WS CENTERRT L&D, : .
INEBODOHETIR, COXBEFBLLBETLIDRRIAWME S, £C

Ty, "EFIOIREMK L AEOD CEVEFERBRTE LS LT TE
BHELT, 2¥Da~c DERELEEE Lo,
(0 & ZH (expression )iz, ANLFROEK>EH ( subexpression ) s &

% S .

b FHEARBRIALH 240 (FETHRE. S8E. d20EHERN )T+ £&

(denote )3 %, : R
© Eﬁﬁivfﬁﬁénéﬁ@;?mbﬁ%@WE"&\%Q%ﬁ§ﬁ®ﬁﬁ

FJIREFE L, $9REDL 20O MHE I3 KE LB,

DY yy e FusI Iy LR 4

oS ARTATY)ZLEREBLILSEDTH 2. R.A.KOWALSKIDAE %
€I LR

ALGORITHM=LOGIC 4+ CONTROL _
L5, §Hb, TAd U XA IHAEREHBMERCHMTEL, 22T,
REERR, HAR2NEOERE AR ALDICH VI ERHEL LN -
Twd, g/, IEZRRE. ThOORFBEFLEOLSICHOT, EH20IFIET
BUFLEPNIRDERCEZFETEL M, SS6E., Th oz HEMTP DL T
ESTHERI VDL OMBEESZEDDE D TH D '

Ul thoMohinLHic, TAg) XaDEKAS (what to do )iIZHRBER
L -TRHSNBADIH LT, #O8IENRE ST BRMHANE ( how to do )
BEEBRECE - THEEINET LIL115,

HFHSBEH (BBICROY vy 78778y e AT L )ICHENTA,
HHERORTERREEEOBECHBIE OGN, VAT LICE ~TRESN S
CEiEns, HIMERTHIIBETAMLENDHLIBE T, NoKIEiEE s &
ER0BT &L B,

—RiC, Te s3Iy rEEOKENSTNERAR L, 2, T s Ta
TR EBEARGREZLE Y, ZRICDOTOREEGH. 5L ohBHO
MABHREECNTL VAT LOERETIEC G -TL .

—RLETE, EFR B ITZOBRBITE LTASOREFAEZ L DHT, £
NOTHETTRTUOATVIZERESTRBREIA—LIB BT TH 5,
—— ENTHhOERROELATEHTE L, "FEFRaW " a3,
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(1) HOWT@ 7w (WHAT#RLR 526D - - A@

@2 XOFMPETOFEFLT|MBLTLbD - AD

B -¥oR#iEHEITLIEDO 0 e BO®
(@ BEHE, AWTFEHOEIHAHEEL L5,

b BRAEFHEBALHLE05RET S -

©) BRI -TRESNEHD, T0bE. 20 "H "R, TOBHRADH

VG L, 4R RO b2 2 Oft oM E KT Luv,

4 ALGORITHM=LOGIC +CONTROL #fkvdaLLid s,
LOLOGICORAZHARERT 25D e B@ |
CRODLIDOFEROIL, BARETRIERANLTLORBIODERETH S, &

CHDB LT, QLORQIOBFRULBECHILTED, DEAREFECRRET 5L0)

DEHEL ->TLE S,

— B FEHEICAHR TSN SHF Z. ' referential transparency '. & LT

LZERABEELABB UL b0 TH S,

— Z O referencial transparencyid. 7o 21y FEEREICH LTI,
"EMERASIE O LS T LY LT S,

—— referential transparency O#HHA & - SFELOLEZFOF 72y +OD
&% 'applicative ' (BAEE H 5 OIZMEMN) & . ZNEBABNEE DEX
LUBEETES ' ‘ '

— BEE T LR APOBEBE LN ERTHETE L, 2FDBOTH S ¢
AD—-1976, A®@-—-1981. BL— 1966, B®@-—1979
BOYEHEHVOMBEAK I 22 0bRENA O, —HHOY x4 b &[T LN

TE5MhbHENE,
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9.22 METIEED.D
FIETE, "HFRIR " LB/ LTEDE D UERMBEEL T L E
AHloh, FNFPTREOENCEEIPAE BN ETABH D, LT TR, "FF
AR 'L RLALSEMHCAVLOATORho@Eae. T tBHTHEOECH
B DOOTHA L. AIEOBEFBEE L v,

procedural @ % % " rnonprocedural ~ & % #
den'otatiye
% - declarative
fth
imperative descriptive
1%
2 funct ional
applicative
algorithmic heuristic
B iteration recursion
) ‘ _ ] i
?\‘—‘ ) .
z Turing model . Gbdel— Church model
£
N von Neumann machine Non—von Neumann machine

(1)- ' imperative "%t " demolative . declarative . descriptive °

— WL LDO PSS I FEETRMFTXOEABELRCE T3, AE
DLHOEEHOLHALHLLBII T, MHXIE " HOW (i) ' 2508 T2 D
Wl LR TH L., 2 LT, "WHAT (B )" 2887 2 0E Lo
B 4. #iEey (denotative ) | T4 ( declarative ). FRAY ( descrip-
tive )JE KBNZHDTHD,

— denotative . declarative . descriptive & H 3 20 &k, Fa ¥

SIVIEZHMLTEVORIED ., BLALFrXKMNLTEZ ZHBEREZ VLS T
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H5o
— imperative 7L & descriptive U X EDE WG, AIETHRXDEFEIE D

LBERTERPBEL -T2 HL T, BE TR NOHFRIETHR CIEE L

BNEZALH S, S, descriptive I XK ULTRE "BBET 20N LT,

imperative WIICEFZ O HIHER L0,
2} " imperative " % " functionai . applicative "

— functional & applicative b. & bic ' BEIHE ' 50t EHE ' R
SNTH3,

— applicative &V H Z LHOKTEUEKI, LCHKMBLE LB TEH 3,

—— applicative K b & ¥ % ZH T imperative &I ZEEMBLLNBL
%3, imperative =non—applicative &R I ~xTH5,

— applicative WEZ AD OV E SO LED, "BER "LVWIELATH I,
= NDEMWT functional & applicative S IEEA XKL LICA &2 T &3
£, LHL, Backus WERBKSLTELZ TWE L IKAXZT SN D,

— functional K2 Tid, 2FOLHI>NREEPFH L

"It follows that functional programming has little to do with funct-

ional notation. It is a trivial and pointless task to rearrange some
piece of symbolism into prefixed operators and heavy bracketing. It is
an intellectually demanding activity to characterize some phjsicél or’

logical system as a set of entities and functional relations among them.’

( P.J.Landin )
(3} " algorithmic "% " heuristic *

— FREIREETEMLINL Tl 742 ETTLHESITR, Y27 01T~
TR, LK FOTF AR RT T N c AT v TWB T KT THD,
FUubt, 707348060 algorithmiciCi-TA,

—— kFHEARMEETEANATOST AT, MELH OCBRERERHE
ABENTHAELET T, BEOR2FEIRINTOE Y. HEOREEZRR S 5012
VATLDEETH S, TORKRTHETFHREED 7077 443 heuristicTHa &
AF -

— LB@IFitik~ ALGORITHM=LOGIC + CONTROL & 3 ERIL
B > THMTN L. CONTROL H8% & x 7 & DR AMEACERAS b O #53

FREMNEETHD,




L8923 EFHIWITEOHME

" applicat{vé ==
" statement "5 c .. " .expression " 5B
( single—assigmment ) ( zero —assignment )
i
"Logic—based " "arithmetic—based" “function—level ' "object—level"

o= = ' = =1 = e = e
o CI=] [=] u = [iT=] =t 1]
PROLOG LUCID FFP .. . LISP
I1SWIM

— HFEIMUEZTORENUTHPRASNIHBEL N ESPARHTH 2,

— L TRFFRIBLLTOMEOFGOEEOAENR LT I0EERHAL 5,
Tridhb, " applicative ' THAE & EHELLE,

— AROROR. EFRAIBEFOEIUANVI- v arEM AN T B LTH
Do )

B/ DN YT - v, REREBANCHE DL EDTHS., statement D
L i3 expression BHF ENLD T, OB statement 3 expression & (23
AW RBF DH A DTIRA T, statement ZFTEOE . FEHWOEDEOMIL L

L RECABERA Y I BHBT ERKIED '

— statement X F I LT LDV & 2OM W, BIEADRE & 75 5 assignment

statement % goto statement *iBIR T2 T &2iTdh B, " zero—assignment® & ¢V D

L DREDCLETZRTZ2HDTH L
— assignment statement TF T HOCH . BIFH 2B 5120 " single—

assignment " DRHFUE AT RT HE,
—— " logic—based ", "arithmetic—based " @ﬁ%ﬂiﬁﬁ%?ﬁb%&)éo Lis L,
"arithmetic—based ' &3 OOH R, CCTORBTHY., CRTLhE Hh

F{RAL DR D TidiE oy,
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9.

2.4

— "function—level " & "object—level " ®XEIIZ. John Backus € L2 b
DTHD.0 zORAR>EFDEY ¢

"object—level® programs. That is, pro-

Most programs written today arte
grams describe how to combine various "objects® to form other objects
until the final " result objects" have been formed. New objects are const-
ructed from existing ones by the application of various object—to—obiject
functions.

In the function level style a program is built directly from the programs
that are given at the outset, by combining them with program—forming
operations (PFOs ). Thus instead of applying the given programs to
objects to form a succession of objects culminating in the result object,
the function level appfoach applies program—{orming operations to the

given programs to form a succession of programs culminating in the desired

program.

rFEmattoRrp T
EHAGVBTO "EFREER 'O TR., HEEENEFHEIMLI I oMY

PR UEEDOHBETHE D, HELCHEEEIAF LA BTV EICRHE, 2D,

RUEEZCH LT, Tha#FRIVLLALZDLEEEITREOOENE BT LT D,
Wi, F— 2 - ZAAHEESQLOBATH., ZH TR TN L ETHRER
( descriptive ) & LT 20, MOV ERFREBELTAHATHS,
c@c&ﬁﬁ%%ﬁﬂ%fmﬁiﬁ%O%?%5&\'%%ﬁéﬁ*gwimu,
HEIMEOMEOCL S, EERBEBGRB L LTHMTE26DLL20H8EFRICSH
LB EAERLTOVS,
CORFEHMETLE., ¥FRIUORE 'L VL b0E2ERLT, 85F0
EFR2EBEBHICEE I BTaROA VI LIRS,
COEIBHRBE LT, 2X¥DESB6ONBD, CREBFTHELESER DY
. H FiEE  AREMT AL O T3, TUEHE, 'FRAMORE
PMH-EOLSICHERSNS, |

PM — B DOH N AL~ arD
 EHRAOEFOLN AL 2y DEFD
(EFIERE ) ST ED HF CEFIRFE ) 25/ 8

Al iz O 0 AJRE I DEL




CORER. RTEFSAETREFETFREAESR LB EBZHTHELRLLD
DTHB, W PHOBBNLHECS2OT, 707742, ThC EXEHE
MUTPMEH L. ThoDFEYEEZEDEFDOPMLET 5,
RV a—- Y /HEEOBAOPMEOHETRIERT ¢

= =3 PM i
COBOL DBTG 6 60
Date O ¥ 200
TABLET 140
DSL ALPHA 5 0
SQL 35
925 FFEEVEFDONALERA

A. '"declarative "1 % &

' procedural ' 75 RE O FiEE L 8

# # R B

declarative "7 E

procedural R ¥

Q&0 BEIRDED

X @%%@Eu\i—?ﬁ)(— &7

DRBTT L, L0 B e ORERN
#& H o @ # QFWFHBG LT WA E, -
( L7cds » TEEH ) B LS @DECRD S S NE
FEHO Utz T o
AR A
QBMUERTT O, X QFhhH FHERILK
= . @R EHOMT ELE, Ao
RREOADY B & @HCHEELAES T &
B W P
S °

DB EBT B L&
DEE LT EME G,

E B OR B & (| kD X (| E)
T DH ST BT EARFE | X
H 0 2 = TLOREHENLPD
ET& 3,

_ (accessibi]ity )
communicabil ity

@H MR EE L T decl -
arative ¢& 5

& P A
model ing

(2 nd order knowledge)
heuristic #”

R ERICRmM X,

O:OFEMIc LhiH LI

@Hm#H oo o @mH# e EHEL,
(F2BORE )OH @ ALmEE DT TO 4
HICRMA &, EFC IR HDH

@ 'heuristic'7i D
FBECAM,

R 2T 3,

—115—




B. #FRBEFZFONEFRX -

E2 i ] = EFEENERE | FREMNESE
EYVaF -+ F0s 7S O X
gﬁﬁfﬂﬁ@’ff/’?i’;’“/ay‘ % | O
Fusr iy O0RS O | X
T o s 3 ADR T MR P O
7oy AO0ERBREHE O x
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HUEEREOPIAM T2 LRAUHRTSH %, CCTHE., BENUEAZDLMC LT, &
HO7as7 i v ERECRDANERIYCT2LIUGHAAELZRAT. B4xOSEOH
AT S & L,
FT,BOCLLEN T, Y8 vy I RECT YT 4 2ERH, 28 v 7 DO
T, ARSE . BRSEHANOMNTECHN AL TEC LA BRI L, T, €7 F 4
2D TRBADERTCOHEALBOCED TH B,

(AEEFERIRTTHY . RERTLTHB, )

¥4y g R TONHIAR €T YT 4 7AW TOHEEAR
— 5 (FEv ) Bf —E X # #
—REAEE (oD ) L:%%M/ﬁi%m
,Lﬁ 4 —RERAB ) &7 va
— sy L EmA
— Z0ft B E:E:
—BRETE (poOHEH ) 7 — # s
—& F — R HE R D
- B AGE — i B
— FEERAN (3TH: D BAfR — R T — 2R
— B AR —— R « FheiEE
':CFG - R T T
CSG — HRA
—IERSE (poOfER ) _ — B i b
B} oF — & W O i
2 e — &% 2 — AL
Z Dt —— AT AT
L HREGE (OOER ) — B iE
— R et

—117—




Fu sy iy SEROSHE
08 (FL)EF
5 B % W% & B8 & 4 | TEMB ¥ * B B
B ¥ | amy | zofe
FORTRAN I BM ( Backus ) Sl 9% 8| metn | mwaes |
ALGOL  Naur 2> go2gl . ’ wRES
COROL CODASYL 51920 | mmam
LISP McCarthy, J. (J1 960 spEme — — BHES
RPG I BM 1960 | Fyste
APL Iverson (IBM) 11962 H M| HFsEs ERES
SNOBOL Farber 12 > 01964 22nm
PL/1 [BM Jroteln  m|wwes
BASIC F—t AR (1964 | BEHR ”
SIMULAG7 Dahl {4 1967|7527
PASCAL Wirth Q988 n  m|mmas ymiEs
ALGOLG6S IFIP(Wijngaarden )| 01 96 8 | BE#M| ~ — ”
XPL 2B YT p— VA Dreto| 2774 |
BCPL Richards [J1968 o BELS HELS SRS
smalltalk Xerox 11972 &% -8 - ” "
DFPL Kosinski ( T BM) [11973 | Res WERS B
PL/S { BM Ote74| 3772, ~
c ~ VB 01974 ” » | BERS| EREe
PROLOG wn—2K( Battani) | (11 97 3 | &Smm | — — —
Clu MIT( Liskov ) H1974 | #® M
concurrent PASCAL | Brinch Hansen 1975 ” HELT
Mesa Xerox D1975 | Z*7 4
Alphard CMU (11976 i H
LUCID Ashcroft (i (11976 AL ot
Euclid Lampson & #» 1977 o«
CAJOLE oy Fk c1978]  » | mEme
VAL MIT ¢ Dennis ) 01978 o
" Reduction E3E ' Berk! ing [J1975 o — — HE LS
D UCT (Arvind ) OL979| »~ |@mEse| — "
FFP Backus ( [ BM) 01978| ~ « |BE . wmms
Ada DoD gte7e | » |mEms| — %
O #F v

O T ®wHAIE LV~

—118—




(v & 97 AICE3E)

B ok 81O ( Xk IR
& K ik € #* E &
BmEE CFG/CSG| # % oM O¥ T @O RARE | mEk
B, XF, % REAER | B BHEER | B
” " " » o
. Eﬁ:‘%{ ”” '
X, BT B | 4kl ZH= ”
B LA
245X | Combinator
R e IER b
HE N, 28 " ” o
HE, XF, 29 v | RIS Erdr SO
W@, XE, 28 " R ”
W, e ” ” "
Dwm, xw, w8 Ja—F 4t .
# REAFER | HEAELX ’”
XF, BHICS Mg | EfRER - 55
| TS /o
P EaR, X, 2R e | REE ”
HigE, XF, L5 AT -
3B
HE, XF . &5 B | (HHR) A—Fffawry ”
XE Combinator —
HEE, X%, &5 FH I K i OB
XE, SRS ” wmEAER &3S -
B, NF, B9 ” “ e

—1t9—




oI ryISEEONME
® X # & '
5 B 4 Mo H | Fhin Kmesw) T oo ®a
FEFumam | Txrva > BRE | wigm | 27

FORTRAN I BM ( Backus ) Fheshy | REEAR | Bk X X X
ALGOL Naur 24> o ” v X * X
COBOL CODASYL # ” ” X o X
LISP McCarthy |, J. JFgE & Y 2T gy ” X O X
RPG I BM Fheam | RERAB |~ X — X
APL Iverson ( IBM) o ” Bk | X O O
SNCBQOL Farber T % # 7k X @) x
PL.} I‘ BM » o # O @) X
BASIC H— bTwAK @ # # x X x
SIMULAG7T Danl i3> ,, " ” P O O
PASCAL Wirth , Jensen a ” ” O O x
ALGOLGS IFIP (Wijngaarden ) ” T ” x O x
XPL RE T —FK ” ” ” @] X
BCFPL Richards # ” » O b4
smalltalk Xerox (Alan Key ) ” ” @EkeE O | O | O

DFPL Kosinski ( I BM) ” # I HE
PL//S 1 BM ” # o O X
€ ~VER ” ” ” O x
PROLOG wnz—2K (Battani ) | EFRREN | V&7V | HAKE]D X O O
Clu ‘MIT (Liskov ) == Rl ” = 3 X O
concurrent PASCAL | Brinch Hansen " “ ” O @ O
Mesa Xerox w 4 ” O O ]
Alphard CMU s ” »” O
LUCID Ashcroft b FHFEEm # " X
Euclid Lampson id #» T &ty o » O O
CAJOL =RV FFEmEw| .~ ” O
VAL MI T (Demis ) ” ” Q X
"Reduction S35 " Berkling EFHEIN | 157wy | Bk X @]
LD UCT (Arvind ) FHEEH | REHAE | &KE C C
FFP Backus ( IBM ) EFpmam| W arvay | BEAKE] X e | O
Ada DoD Fmar | BEAR | K @ O O

—120—




(=7 ¢+ 4 RICEE )

) i B e B ,
Bfr - F B H @ B &
EAErA | H—RA | #HEd = Gaendy | WAME | mmt | Fems
®o# R x 75yt x | ® = x x |
i # K X 7oy il X " O b
e & A X 779 b X " P X
A —Calailus X ” X 5| O X
W & a2 x - F q ® P
Combimator X 7F b X w % X
3 8 B P , x . “x
B +a X Ta .t X o O %
£ # = s 75 b Pt ” b bd
L +a X 7 a - 7R x #” %
REA+a X " x ” e X -
fi # X X #” X - A\ O X
RN+ a * * ” v
R+ a x S i %
Actor Bip — 7oy 2 O O
~2 b+ xRy b ped X A F=2T7R=) O O
fEA +a e p ” X
R+ a X 7oy s X " O %
P L — 7 Fwt O qJ O
LA+ a X X X
figd +a . X ® moni tor QO P
R+ a Y O Al X
A+ a b X X
L+ a O o rkEE b4 O P
e g % X *
5| b5 O X (F—27u—) O x
AEA+a O X ( o J ) O
Combirator — 75 b G X
T O 70y s x (55 70-) O
Combinator - 75wk O i) X
i+ a x 7oy 7k O rende zvous x

—121—




2 % X B _ E

U @R 707 IV BEEOH LMK BBI v/ to=2 AT 2 €=
~% 11979—80, 1980.

2) SAMMET.]J. E. : Overview of High—Level Languages, Advances in
Computers 81, 1981. | .

3) Heuristic Programming Project 1980 .

D BEzIEN I RATNFE KU RA TS Ca— 25, 1076,

5 SAMMET. J.E. : Overview of High—Level Languages. Advances in
Computers 81, 1981. | |

6) LANDIN, P. J.: The Next 700 Programming Languages. CACM.
Vol. 9. %3, 1966. _ -

7 KOWALSKI, R.A.: Algorithm= Logic + Control, CACM, Vol. 22,
M T, 1979, 7 7

80 FRIEDMAN, D.P.& WISE, D.S.: Aspects of Applicative Progra-
‘mming for Parallel Processing, IEEE trans. on Computers Vol. C .27,
#Md, 1878. .

9 BACKUS, J : Functional Level Program as Mathematical Objects .,
Proceedings of the 1981 Conference on Functicnal Programming Languages
and Computer Architecture, 1981.

100 WELTY. C.& STEMPLE. D.W. : Human Factors Compériso‘n of a-
Procedural and a Nonprocedural Query Language, ACM-—-TODS, Vo!. 6,
M4, 1981,

11) WINOGRAD, T.: Frame Representations and the Declarative /Proéed-
ural Controversy. Repreéentation and Understanding { Bobrow. D.G., and

Collins, A. (Eds.)), 1975.

—122—




10. YI7brDz7HEEERALDOLGE

0.1 Y Z7r9 2TDEEBRICDNT
011 7 by TAEBMEOER (V7 by < T D

1) RFAEEBRIX IMREHEHENA—FI 2T 3 RAPEVYT P 2T 32
DEFHEOMERG ., BHy A7 ADTR L 97 3 —F ¥ ROFERMLICI, V7
b 2T COREPREMTER L GH 2055, (KHIO—1)

@ AEFUSNL V7Y TOREOMTICH LT, REQY 7+ 7= TDLEE
MO IH O D % % TRAS ERIE AT &, (K102

3) vz27FaDKBLE. | 24T v T« Ty FebEnF jEooslokdn, wEE
TOY 7+ 2 THROLDF TR >TOHEWVREERCL -TE TS,

@ V7Y TOEER, TIEN FHENNTH A LY LT, HILOEE
TFEORBEMLETH S

BWw—1 ~—¥F2 7T *3x v HI0—~2 Y7oz T7EROMT
Frw 2T e33R FOEA (FHIATA Y 7 +2 2 TOEBE D

HHs: B.W.Boehm "Software_quineermg - H51 1 COMPUTERWORLD .

Ty ; T
“January 18, 1982
T 7 . T
b HARDWARE / o .
- : SOFTWARE — o
at ‘ DEVELOPMENT x
+ PERCENT // )
OF AMILLIONS
coat OF OBUECT .
. IMSTRUG TIONS
b . . o4 -
SOF TWARE
HAINTENARCE APOLLG.IKTLAD
H 1S 10} -
MERCURY
- 1 A d e
193% . . 9T : 1982 1969 1945 1w 1978 [T1..]

10.1.2 77 +ro = THEBHOER., F0
() v 7 ro -7 OEEME
V7 b THER
Y7 b s THEASNDRA
VI RY LTHEER: a3 e, XE TR - AL BEATHERGLE
BoOA TR MR, BAL SRS

=HECEPENE b OOLE LOHR=

23—




@2 ¥7r9THERFMOE LI

VLY 2 THEBOERNER

Y7 THEEWNHEGEOMR

V7 MU THEM SR OB &

YHEEROEK S O 0 S F L0, B, HY S, QEAEE. QBR
RE. OXEEWEBER RT7 4, ®FFasri—a
Y. OABERGC COEBLUHES DR TH 2,

10.1. 3 V7P TOHIAZHA 70
(1) V7 bt92TD5A47%470ERF, V7Y 2T70OMERBOBERBBEELTHS,
ZOV 7P LTHHER,ER, BT, BROCEDINIITOMMEE L
T b, ' :
) Y7o TOEERE. T4 7Y A ILMDBEALOFET S, (Y7 by 2T
s FATHA TN ARPMERBNCTEENIEZH )
10— 3 Software Life Cycle
REQUIREMENTS 4_) .
VALIDATION SOFTWARE - .
‘ REQUIHREMENTS 4—| ' . ‘ T
VALIDATION : !
L [ sgamens —
VALIOATION e
_ DETAILED
pEsiGN . % .
VALIDATION - ) : -
COQE AND - B
DEAUG - - .
DEVELOPMENT « ) " I R
" . [vatioanion TE mum -
“ | anpo- '
MAINTENANCE
| REVALIDATDDH/
10.1. 4

VIR THERHRAEEDHT

1) Y7 o 2 THE~AOEBIEAODZE PS5 L3, WAVWARF o —F

DEFBEHL N, BEFENLEEIREO,
@ T Fa— g, FEERLY -4, HELAREBESSOBEBAR LD, BET

HoWg., 7or7 sy 70580, MEBUOEMK. Bilkozat., &0
: e oL ER FoESEoNS,

—124—




(3) EEEEmLy—Licid, Y7 o 2T oy - OR2ICS SEHEE . R EEE
Sm HBERUERE, SSUHEET - FT7/F + OREACEI I T T 1
v h v FE ey POFEL, AT A BRBERESAKEEHTS 5,

W) 10410 Bl 4 ICRIE L5255 TR /RHEEEAO >5h 5. RRALE

OO—-EmREM LI,

0.2 mEUROT D T SEE SR
1021 ®IMIFo s 7 I00 ¥R T A .

1) WS oY 4 TR, TOFERF—cO—2LLTHANT e I7 ¥
'Vz?bﬁiﬁéﬂéoCnﬂ‘ﬁ%%ﬁQEVZTA%%®tw@%E@i§
YRFATHHO. TLENESBOBERLE Y 27 4 (V7 P U= THEIT
Y F Ve RTFL)ELTERENLZEDOTHD

@) MPUFO LTIV v AT AL -T, FEMFETHIERIC T Y £ 2 — 2 Bl
HTxs (RAAREE CORNTFCLET0r7 L v 7 ) EIKnb, BRFEDP
MEHE E - Th, LOEBL YR T LOHERBELKIE S,

3) MU To s3Iy Iy AFaid,. TOHROBRELCER a7 ¥ « ¥R
FLOERERAATH B,

4) MM Ta s3Iy « VAT LOBR

Fur s AHHAR Y RT A
HEETEE
MEE > 27 4
EY o — NIRRT A
BV T P aT AT A
BR /709 2T «YR76 (2 v b7 -78EELEL)
VAT 4 T4 YRTA(IF &, Tl SEEHRYT b,

yz%A%ﬁmV7r,&%%y7r%}

10.2. 2 fqi%bﬁﬁéﬂyz%A
(1 & i o &

amﬁ&—x

5¢¢—mmﬁﬁmﬁﬁém%

[Pagmee Ry AT s | (HREEAD TS 2N == 2 )
7 P - R I el - B R G

,EE"J&?_/E?"D‘}”-E'A e FTHT Y AL w2352 P

AfEd 5707 LDtk

—125—



2 Fol 7 rEBAROHOE B

BEEET Vo —nd, Thich S CMEREN OKERS SRR )
FoSfMBRTLE Y 2 —nfhd, TRIRESSHESTHRA
' ( FEE A & il )

10.23 @m7osrz

e

¥ e vRT AL ERER
) "HF0rIS0r e 27 ABERD 7 7 b 2 THAZEE S DE T >
— Nk B, | '
@ MIKL->TVBELPZTOEY 7 by 27 OMBEOEL . 2L 2.
e FOr3IvrsORSE s

4,

s TnSF o roRSE
s V7 brUTOREHKE
ABEY 7y 2 TORTFOHEE R

BE, ODWE YT 197 +Fry 7 RN TI2ELAOBRESPEE 1L,
(3) BOMR D v Ea—2 « V27008 DBEE, VT LY L THAESOBE AL
BEHTA2LTRO LS,

B0 -4 BoHMRarCa—2 e RFuE VT by 2 THEY

#EMNT Forsa
i & 12 50 R EXH ORI
Farsi s
. - FoTT LD DAL
avy g - BB et
Fariivy j FhoHEH ]
NEEEE EA TN
. it B# e
MBT-s B E R - Torsivy
HH—F e THOA G
M : A
fE ﬁ ﬁ % a :”tu:k_&@!”j . N
— 250 REL AT A
_ HARSTRAE BREE. B Sors %E%ﬁg
Mg R . , Fariivy —u——/
\ E——— Far v5—3 T ¥a—-H)
3 ¥ OB Fasiivy
R (=2 25w —
75 iR MER 4 VH T —A
i D& R TATYZL -
~ow S
| reema ————
, o kAL ERT ] HMERE
o At o B M
T AN b L
YRF LT Turaisy EME0
nan s | feEmL |

—126—




—Lél—

TRUYT WS

B5F. v 7 MEE
Fad.y +HHE

*
Wit os—2 2an—

~ 1960 ro7o 1980 1480
0o ;o2 A AR [ M35 (4% ;o4 e l o5k
(G ) (r32928) (1cH (LSI) f (#MLSI) RN - ( ALfnie)
2k i j L v F LR EH Hf 5 AR N 47 b0 T
! TeNy gy AT
i % * *
IBM i 360 370 3033
- _
= 5 5 L= 3 APL * *
£ W TorIsTé | MES . PROLOG  » s )
TSz FORTRAN Mesa * [€:1:0bd-F e R -o7 v A
)\ItGOL * *PLANNEE VAL
* . PASCAL clu . (BB, MRS )
. LISP PL-1 *CONIVER  LUCID
(EERH ) x *QLISP *
(zvra—vEE COBOL - Ada ( AREEL, BESOWH)
BAS IC QBE
s T N
th B 32 5E 2R Jo-Fp—t . SADT
FoyanF—Fn HIPO .
15D0S
*
SREM
*
&M H K W0 Wik o sz . B A (E D B TTY K bewre s
_Is
7 e kB AL %
; £ oAk 8 1L B
»*
W@t
YT FEERE * * »
(TSS) MULTICS UNIX =y +pn7w (MIT Lispeir
*ALTO A sty F R
ToH RIE. TR TP ek BRER®
7 — &G ' Fuss nDEHER

7075 40T, R, T
Wk B




—128—

10.4  fRFEN 7R R ETH AL R
HoOE B ol BB B % EE @ AR x B & & £ M X R
T SF 4w Ay b Quillian [ HRED| A b7 —2LLLERROAXR Sim 13
Zadeh c 75 —BAPEA ¥ AT LERS L0 EASES | Zad T1
Filzwater c B % b | BegsR MIEROBATE Fit 76
Langefors C A Y o 7 Lan 63
RGF C '
IA Willson M-z viEa—21{t g ® b | EINE ORR AERE Wil 75
Becker M crays |RB D | SGHATORRREAN 7, v -ES Bec 73
Wymore . M~ T HE D | ARDOWE >R 7 AR _ Wym 76
HOS Hamilton . MC-avea—sft |H Rt | v27rs0f H8 (HHRBEE AXES | HmT6a.b,c
SADT Ross MC —F-fiz R o | BEEE 27 7Rk Ros 77
FeDe RCA M—Ffr &R RCAT2
Fida vF - M MR Len 72
Foung . M & R You 58
YAFFT PR Grindley M £ Gri 66
ADS NCR M HR | ERCREST Lyn 69
TAG 1BM M-avEa—3WHiE &R IBM 71
HIPO I BM M- FfEE & A P 1BM T3
1s$D0OS Teichreew M-ava—2%  EHd |PSLAPSA VY¥RFL.F—F-xn Tei 74 bk’g
SODA cwWu M & 0 | mEor—marRoRmk. 2o Nun 71
BDL 1BM M—avt.—s%@ |8 A | FEEOHESD YR AEERICA ¥ 70 2 Y F | Gol 75
Y Fimstantine M - FfF A b | Lol BEN. 7 E Hug 75
Stevens ]
LOGOS Rose M E B | ke 5w - F LB Res 72
CSC —Threads csc M —F i ® Mk csc 3
SREM TRW M-3vra % |&M & |WERSL. R—i,+ REVS-MEwars| AlIT62. b
FSM AFC M-ovea—s%@ | B R0 | V27 OBRERENE =7 ' Sal 76
VG | csc M—avCa—s%B (SR | 757 . efn ' Bel 76
GRC -ty -4k GRC Mo vEa—ATR | | V) b e SR Bel 76
Booth s M B %o | BRSLHE., HEeTa Sho 76
SARA UCLA M,L~-2¥E.—2%
VSTE PS EARE M- 3w —2% .
u DDT 85 i M3 a s %
SSD LR M—3 e o —5 %R
HDM SR1 M, L=a»eo.—2348
IR CODASYLERS | L Ik ﬁ%’“i’é\”ﬁ&*ﬁ"’@mﬁﬁm COD 62
Ho. o L Wk b | @M - BADERIHLE Ho 74
$;;fn_gfm ‘ L — i3 I r— MO L TR Bri 74
MeGowan L —RfEs WO McG 75
Parnas L - tese B A | BEOLEBE —RE Loy Par 72
Good f TSRS Immoh | mRe AR Goo 75
: - Hew itt k5 T —FRED o o | Y (R A 2B How 75
V—Graph Earley L WEN | P BOTS 74 22 Ear 71
Gattagfb L B R | s ftonmt BRNSRET Gut 76
@ BRTRIIBIL 1976458 REMER (v 7 17 . TI¥ )KL,
C BemAE M F ik 2 L:Eg &




M. AYEa—F-tF+1UF4

L] E@Ea
(1) 3751*?"‘2*1”5‘4@@%&
AYEa -2 e wF 2 T4 EEAIYE2—F « VAT LERNEFF - AERED
BROEBILLH L DEE, W, BEUEDCRETLICLETEH B,
(CONPUTER SECURITY Hsiao)
2 347y —DFEHE
T4y —LBEA BRI ARBBESWSCETAERE. o, LW BEH
BT, LT EDBRES CMARGCET A0 E0HRETAENTH A,
(HEHREBEEFRAEHEMEZRS 19735F)
3 ++2NTF 4 DEFER
Hit : Modeling Data Secure Systems. Edwin ] McCauley. 1LL
th's..leion
Tops
. Radiation
Files Radiation Registion  Taps Radiation
.ﬁ;'-' Crosstalk Crosstalx
Copying
Unauthorized sccess ]

b Communication fines !

. ]
: Processor n

D
Hardwarc———'—’—/

Failure of protection circuits
Bounds regislers
Memaory readfwrite protects
Privileged mode

Contribute to sofiware failures

/

Maln!ef\ance man

0|sab+n hardware proleciive
devices

Use stand-alone utility
proprams 1o access files

Softwara
S Bf Lo explore the sysiem
Failure of prolecion fealures

Access conirol

User identificalion Operator

Bounds coalrol Replace 2 proteciive monilor with

# nonprotective one, or with
one having "ins"”
Reveal protectlive measures

—129—

Switching
tenier

Hardware

Failure to connect 1o
proper line

Cress coupling between
lines

“

Remole
tonsales

Sysiems prcgrammer

D'sablc software protective festures
Provide private "ias” 1o syslem
Reveal proleclive measures

hecess

Atlachmenl of recorders
(platen impressions, ink
*ribbon, elc.)
Bup plani=d by individual of
kow suthorizalion level

idenlificalion

Aulhentication

Subtle modificalions.
to sofiware system




1.2 +«FalF4FROoHEEK
1) 734 =EsLtra )7 FEBOER

2 FaV 7 REBRHNOGEER

Privacy Issuss

~ ’,
]
»meino A,
4 fron /Accesy
ochionigy Mochuni:n:'mf
- —-

Oparational Securily

Communication

Physical Sacurity

Hordware Security

Software
Securily

o~
Datg-Knowledge

% B +

tFUTFq {%%g

+a )74 EEEN
Physical security .
Natural disaster

Intruder

Authentication
and identification

Electronic and
electromagnetic
tampering

Site selecticn

Detection
Extinguishing
Recovery

Boundary protection
Perimeter protection
Entrance protection
Critical-area protection
Password

“Key"

Physical characteristics
Encryption

Intruder protection

Software Security

User access

Access coatral

Propagation of
securily breach

Operating
system flaws

Identification and authentication
Logging

Threat monitoring

Access control matrix
Capability list

Access list

Autherity-item

[solation -

Multiple space method
Virtual machine monitor
Verification

Inductive assertion technique
Kernel concept -

Penetration tests

Hardware security
Msmory protection

Execution protection
IO protection

Sequence protection

Bounds registers
Locks and keys
Access control bits
Virtual memory
Binary states

Multiple states
Microprocessors
Specialized processors
Periods processing
Monitoring

Communications security
Short messages
Long messages
Distributed
terminals
Network
communications
Code breaking

Classical cryptography

Modern cryptography

Terminal interface cryptographic
transformation boxes

Network cryptographic controller

Based on key
Standard transformation

Data/KnowLedge Security

Data errors
Value-sensitive
data

History-sensitive
data

Context-dependent
data

Restrict actual data
accessed

Multilevel
security

Access authorization
and resolution

Integrated security

Access Testrictions
View mechanism
Query modification
Integrity Controls
Prevention of inference
Keeping track of the number and
‘type of queries asked
Cycle detection
Directed graphs
Partitioning
Compartmentalization
Security atom
Improve access precision
Compartmentalization
Security molecule
Authorization hierarchies
Access control procedures
Resolution capability
Secure database design
methodology
Predicates for conatrol
Database machines

-

—130—

Computer Security, David ¥, Hsiao,

Computing Serveys, Vol, 11 Na3 Sep. 1979




ingless ve him,

3 v —2 AT aARBCET24FHOeF+20T 40—
& # # B BOo#% om & %
2w .—42 27 | Principle of Léast Privilege {SNEFHEDEH])
é . L~OEEFTOT # | Object - depended Controls [JONETH ]
C e - L Capability addressing [DENNT76b,FABRT4,
g “@%ﬁﬁéémg LIND76,0RGA72,
3 RIS s —74, _ ORGA73,3ALT75 )
c 1879 & 2EFTEL | Capability list, SWARDIMYERT78)
& RS B 7 B0 ik, PSOS [NEUM77)
N Typed memory { GEHR79 )
’Ig Ring protection MULTICS [SCHR721]
0 rue e Domain protection [(SCHR72,NEED72,
£ = . NEED74 ]
B e ey Trojan horses [LIND76]
BB O N L) | - Dearance(security class)SDCIWEIS69]
K GREAILT B MITRECMILL76)
0 ——er L, i Case Western Reserve
W : ° ; Univ. [WALT75)]
C (YiDnTrs« SRI INT.LNEUM?7)
Q | o ADIICED, Y | cFuyse - 2va—micsd 3 ALAKFEBE
N Ko TT 7 & 2K MITRECMILL761
8 ey OHLEELHLT UCLA [(POPET78c)
e y SRILCNEUMTT )
L [ , Yool ToigEe
. 2 k hi FENT74
g L T Data mark machine { FENT74 ]
r'ﬁf%}'?‘._a.’:’i‘}'ﬁi?i‘,‘f..'f::‘;;'}.’h':f;ﬁfiﬂ M aEE, )
RGBS 7T B E®IC | - Tracker [SCHL75, SCHL79]
I L. FOHEFH | - Threat monitoring. (HOFF70 ]
%‘I HHLTHEERME | - Partitioned database (YU77)
E FEEMNEREH S | -Rounding controls [SCHL77I1[KARPT70]
EC oo RIBWT20ED (ACHU78) '
gg e T ahE, -Random sample [(HIANS713
ET
R
0
L
S| POl INTEUNCE & quatiner e prie
::;:1;:(.] sumnery: inference controls could pre-
el L A% | - Data encryption standard ( DES)[NBS77]
g HF0HRE. - Public -key encryotion [DIFFT6]
Y
P H
T
O
G
R C Atan .
AG =
g
P
S| oy ot e K. bkt emrgiaed comems e

i Data Security, DOROTHY E, DENNING AND PETER J. DENNING

—131—




11. 3
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extensional data

extensional data

noE
intensional data
TI R reference by name reference by name
#H * reference by description
word(byte) oriented logic
object oriented procedural representation
semantic networks
FHER production system

direct representation
semantic primitive

frame and script
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Reliability Availabitity Serviceability
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. integrity constraints
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KB O x X consistency checks
.truth maintenance
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1.4

ACTORHESRTOH

PRIVACY and PROTECTION: Actors enable us to define effective
and efficient protection schemes. Qrdinary protection falls out as an
efficient intrinsic pronerty of actors. The protection 1s based on the

"use". Actors can be freely passed out since they will work onty

concept of
for actors which have the authority to use them. Mutually suspicious
"memoryless" subsystems are easily and efficiently implemented. ACTORS
are at least as powerful a protection mechanism as dom_ains (Schroeder,
Needham, etc.], access control lists (MULTICS], objects (Wulf ), and
capabilities [ Dennis, Plummer, Lampson). Because actors are locally

computationally universal and cannot be coerced there is reason to believe

that they are a universal protection mechanism in the sense that all other

protection mechanisms can be efficiently defined using actors. The most
important issues in privacy and protection that remain unsolved are those
involving intent and trust. We are currently considering ways in which our

mode] can be further developed to address these problems.
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(LINDEN, T.A. “Operating system structures to support sécurity and

reliable software” Comput. Surv. 8,4 (DEC, 1976), P.409~445 3
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