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Table 1 Execution time of benchmark programs
on PSI and DEC-2060.

programs PSI(msec){ DEC(msec)| DEC/PSI
(1) nreverse (30) 13.6 9.48 0.70
(2) quick sort (50) 15.2 14.6 | 0.96
(3) tree traversing 51.7 61.1  1.18
(4) lisp (tarai3) 4024 4360 | 1.08
(5) lisp (ib10) 369 402 1.09
(6) lisp (nreverse) 173 194 1.12
(7) 8 queens (1) 96.9 97.5 1.01
(8) 8 queens (all) 1570 1580 1.01
(9) reverse function 38.2: 41.7 1.09
(10) slow reverse (6) 99.4 89.0 | 0.90
(11) BUP-1 43 52 1.21
(12) BUP-2 139 194 1.40
(13) BUP-3 309 | 424 1.37
(14) harmonizer-1 657 | 1040 1.58
(15) harmonizer-2 1879 2670 | 1.42
(16) harmonizer-3 24119 31390 1.30
(17) LCP-1 379 295 0.78
(18) LCP-2 1387 1071 0.77
(19) LCP-3 2130 1656 0.78
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Table 2 Execution step ratios of each component module of the
firmware interpreter (9¢).

BHehrEIRTC=/suaslass5
ATRES % PSI AR i Bk program

KB BDEEL SN B. (1) window

2K BT PSI BWAAE  (2) 8 puzzle

ZELSBEETBSE S5 (3) BUP

R EREEOE VL B, fope () harmonizer

e 2 e .
control unify trail | get.arg l cut ’ built

31.1 17.1 2.0 13.6 1&01 26.2
27.5 11.0 7.5 | 2217 0 31.3
22.3 43.0 47 | 52 5.6 19.2
25.5 46.4 541

7.3 4.0 1.0

~>



Vol. 28 No. 12

15¢, Wbid Prolog EEZ H T hiFbNEW T s
5 5 TH5. 8 puzzle [IHERMBETHD, ~v I+ 7
v 7 OIFENEL.

AREOIFH URIEHRIT, £RiCi3TOBHEARE
i window T 82%, L0 Prolog i u s 546k
Wi % BUP T 66% &5 2—4REIODIELOE
V. L LIS SHAREE (built) OFFTR 7 v 78
ODHREXRLDRSZE, &% 26.2%, 19.2% L7139
ABOLBICHERTET > LN EMD, BULAE
T8 (control= 2 — ¥ RFEDFHEIFLE) 1KH <
DHZBELTHEZ L8005, 3T TIEN
& 5ic KLO TRETERFERSS L, BERKRT
y TREETHCLOEEEEZONG. /AL
EDDHOBIEEEH U (get_arg) i bRV - T
WA EMNEARLNE. Zhbid, NBREURKO
WNRELTERTRELDTHAS. —J unify 2R
% & BUP & harmonizer TE L HERMEL, Th
BEERD L= T 4 h—Va VOB XEZEMNGTEF—
2THD =T 45—V a vEEOHRERBICDODWNT
{3, PSI {3 DEC ic b~ TR LOHEENSE SN
THH?, unify IO RF v FHERICIT, 7 v/¢
A5 Ta=74r—va ViR eRANTELLIK
GARREIRTEZEBNELEDbNS.

4. BSEOREEN— K9 £ 7FE

Je—Y F VEREINER <> v PSI O XK 1301

P —ZBERERALT, BEDO=A /0@ 74—
VEREOHE S - OMBEBERENY Y P L F+
y V2 AT ) OBEHERITICIE, PMMS S+ v v
var®E)VIalL—2EMAEL, UL COLLECT
CEDIELIc* vy Vaaw VY Freg—v L 2D
DAEYTFLADLF vy YaDlby PRIEEZK
Wi,

4.2 FvwaXEUOHM

ZE vy BIXOE—-THEBT 7 2 ROBHILOHR
BET B0, FrvVarE)DT I LRAEEE
FryValby VRRBETIF—2ENEL..
FIictry aaey FROHBEEYRT. £
247 0f@pRATy TH16% 05 23.1% BF v v ¥
227V FEEATEYD, 247 0@$b6RF v 7IC
HL1IATy THREOHATAE)BRERDHSC
EBHMB. read & write ZD a7y FORERR®
31 Tread a7 FRBL W -TWA. F /o write
Fa=y Fho 5EH S 7TEIEH write-stack 3= ¥
FThHY, 22 v 7 BicBA LI <Y FRLLFH
ThTna.

RABZ Y THOT 7 2 RAEETH 5. BUDIC,
heap OT7 7 R FEEEAKXDRE v /DT 7 X

®¥3 Fypyvaawy FOHBER (%)

Table 3 Execution rate of each cache command in the

total microprogram execution steps (96).
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Table 4 Access frequency of each memory area

(segment) (96).
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Table 5 Cache hit ratios of each memory area (segment) (9).
programs i heap I global stack | local stack |control stack| trail stack ‘ total
(1) window-1 | 94.1 92.8 98.9 99. 4 99.6 96. 4
(2) window-2 | 87.2 90.0 98.5 99,3 95.2 91.9
(3) window-3 1 84.5 92.8 97.4 98.6 98.7 90.7
(4) 8puzzle | 9.2 99. 4 99.6 99.2 97.7 99.3
(5) BUP | 982 9.8 99.0 98.2 99.7 98.0
(6) harmonizer 97.5 98. 4 99. 4 98.2 97.9 98.4
(7) LCP 96.6 93.8 99.2 99.1 98.6 96. 2
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Fig. 1 Performance improvement ratios against the
cache memory size.
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Table 6 Dynamic frequency of the Work File
(register file) access modes (%)

Source 2 l Destination

-
. Source 1
Access Mode %(ALU in-1) | (ALU in-2)| (ALU out)
(1) WFO00-0F |*12.2/ 6.9 ' *100/29.1 | *33.0/12.1
(2) WF10-3F 58.5/33.0 - ’ 63.6/23.3
(3) Constant 23.0/13.0 — ‘ —
(4) @PDR/CDR | 1.3/0.8 — ' 0.3/0.1
(5) @WFARI1 4.6/ 2.6 | — I 2.8/ 10
(6) @WFAR2 ‘ 0.07/0.04 — 1 03/01
(7) @WFCBR | 0.3/0.2 — | 0.0/0.0
‘ 100/56. 4

Total 100/29.1; 100/36.6

(Rate in the total Work File access counts.)
b: &&GHHOHE

(Rate in the total microprogram execution

steps.)
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Table 7 Dynamic frequency of the branch operations
in the microprogram execution steps (9).

operation BUP | window |8 puzzle
Type 1 73.0 [135 2.8
(1) no operation 7.2 6.7 4.8
(2) if (cond) then 16.0 16.5 12.1
(3) if (not (cond)) then 19.2 17.0 20.3
(4) if tag (src2) then 2.7 5.2 3.1
(5) case (tag (n, P/CDR)) 10.9 8.6 9.1
(6) case (irn) 2.8 4.6 4.9
(7) case (ir-opcode) 0.5 1.4 1.5
(8) goto 3.7 1.4 2.7
(9) gosub 4.0 5.7 6.5
(10) return 3.8 54 6.5
(11) load-jr 0.8 0.4 0.7
(12) goto @jr 1.4 0.6 0.7
Type 2 20. 5 19. 4 22. 9
(13) no operation 9.6 7.8 7.7
(14) goto 10.9 1.7 15.2
Type 3 6.5 7.1 4.2
(15) no operation 6.5 7.0 4.2
(16) goto @ir 0.0 0.04 0.05

64w ~DT I 2RATHY, 2O ELLER%E 1kw
Do KIBICHIER LT b~ DERIDLT N ENS L
EMBTES.
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100% % © no operation DHREZELBIWTRD S
f, 877% 55 83% LIEBICEHNWELZRLTHS.
THbL, 27417 o®{RTRT v oy 8 Bihs
BRaTH-Icc sichsh, RA~ Yy TRELOHh
ROEEENZ 5. HEETD <4 7 afp$th Desti-
nation @ no operation HEH 30% HIRTH-7=C
EDS, 2747 0fSR Ty ThoK 3 EH ALU
HEEE bIsbiivse, #5308 ALU BREZTV
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#ho(2), (3)1 64 @EHI2RHADBEEAEDEN
HDOTHD, (4)h2 JEEEOHEIC K 254500
Thsd hdDAHIET, £2RF v 70K 3B% 5
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.
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3135 14% Li-7z. TRbL, THSL8RT
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rEhie.

(12), (16)D JR It &k BRGHEMEY O DHEEHEND
A JR BrLAr—FAo vz UTHEAIRTY
B ENEL, TOREEHUTLELRT v PO
HWIODLD 12% Thotel &b, HHON-TAHY
VAERBBETAIHFNBILWEEZA SN S,

5 H & v &

PSI oE#EL, Prolog 7v 7 5 ADEEETT
@ LI — Ny = TICET 3FEET- 72 %
7 EMEOF—42&E LT, 7005 LAEfARKOXEY
T 7 e AR OREM AR LT,

EHHES, DEC-2060 L TDa w4 va— &
BETHACT ENMBINICY, IV M5 KEBER
BILWBOREBILS 0/ 5 LTk DEC M@t
L, BBOKE VISR T a7 5 LT3 PSILOKH
#HL, chid=47aFassubInic1 27
AD1OOHBERB L EMTES.
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FRBSH T 95 AT 9% EEL, Prolog it L
THryvVar Y BIRBEHTHELE, RETA
vHERMBPRGIEC E, KRE 8k EHOHIRTES
ZEMYBE LTz, A=Y T2 e XOBFHETI, read
r write a2 FOUEMNIN 1 THBTE, xEYT
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