Vol. 24 No. 5

ML EP R

Sep. 1983

2% LISP 2o & U X Mot v Y EVAL It
— AV ERFY RICE BTV DFM—

i~ o S A
il

+ H #
& f&Rn

% It

HT v ) &

*’é,ﬂ

A, ML LISP = v v v 277 2 OREL S, WBLEK, BSHSIC X b v v v DHlICD

WTHRUEUTWS., K=yvig,

YX MUEEA oy EVAL T, /O oty 4, x4V AEYH5HE

Y, & EVAL I BEEMBICEAE B TR, WESh TV, XELESUERTLTHOSRT
WBERYF2—7 TR ORR, Kvv VYRBBATHERED LISP A ¥ 2 7Y 2 iCLigd 3 &itkis (TPU-
6 @ shallow binding g7 2, 760msec) AEK LT 3. NEEEE OB ON TN, CARCDR HHIE
BiE, N~ FI2TRE v I ~DT I €RAD4 P54 /LI EAMAI EVALT 07 -7 7 Fv»iHL

T, BHEHOWE » S,

LISP = v v ~D#&H £ BAL /.

A4V AEYDT I RAZTHEBIR XA,

EVAL T 0B RIETOBNAATL 4%, EVALIL & 44 v 2 ) OBRBREEHN L. /4, EVAL
TEAAVARYVDYA I VAL L&, =V ONBEER S LCHAEHEOBMERLEOBFRICO VTR L.
ChoDRERES &ic, EVAL I #88EEHELICY X PUFIMBEI Y R TF A KD THREBREREE LK. £
DO#RE, EVAL I oRBIRIZ, BADOESICHERTARESLEMLEY (4 58 LABATHI0% BL) ©

b,

1. gL ®IC
bhbhi3gdnicELEE2 BT LISP v v v %
LELURELL. co=vvid, VX MUEEH e

+y4 EVALI, I/O Yot v¥, £LT, #4 v
AV HhogkEh, I EVALT 39y = MLl
M&T—%77F »2RMT 5 X5 KBHSOTO
5. K= oiRid, EVALIT 2EKESEHALE

)R FEFME =~ v —EVLIS = & v—ItB T,
EVAL T 1 5084 cHY4T 5. v v vy —F
Y THRESGIC EVALTI 07 —+77F + D
HIZOWVTIERIER ) EBHE IR,

EVLIS = v vigBW\WTid, %%, A1 v&2 /)4y
AT LEEZTBD, KRXTRA VA2V 2VRF
LIEERETE. UTF, cowvvricdA vy 2
YhLIAVET ) ZOBRKR, RVvFv—s T 0S5
LICX BT Yy ONERE, BEORIEIcXEw v
vOFEE, WMoz, Foky¥ EVALT &4 4 v
A &Y OBERIZIONVTRHRLS.

t Fast LISP Machine and List-Evaluation Processor EVAL Il —
Machine Evaluation on Interpreter by ToOsHIFUMI SAITO,
TosHI1o Doi, TAKESHT NISHIKAWA, HIROTOSHI MAEGAWA
and HIROSHI YASUI (Department of Applied Physics, Faculty
of Engineering, Osaka University).

1t KEAZ L BERHEEH

689

2. L V9TY 5 DHER

A=y O REEHOHMKIE LISPL.6% cHEHLL
THY, 204 vETY2RvA4 0TS 5508
< EVAL T @ WCS icistiah .

2.1 YRFEIET FLOHE

YR M ET FaRENRENEL, R2iRTH
BCAA VA FicElb 13 3. car, cdr 3O
tag OEPT + & OE¥BEHELRT id OMT, 0UE
FADBH AL ZFT, NBOEHCER -7 B
s subr BT fsubr BHEA D OHA, K20
body i3 SM D F 4 Ry FF — T IVDEEM LD
ZRERL, WCS Wicdh 2 B¥OREERD T
DF—TMTHERBRLTH 5.

2.2 BIHEEHOTA

subr B#E%E & DBE¥M A~ O EFEPEBMOTIE
Lid, ROBEHE»S, RAVIYZAZ2EZROTITY.

(1) ZOBELOEENEL, T7A0HIHE
EROMBERICKE S BET D100, BHEOEK
ThBHT L.

(2) #5133, FMEFELHEA 2L LTOWHR
BERHIEHONRELZFEESDD, 2o
DHEEMGDEDDZ 5 ¥ FOTNTREEK
IEENAIEETH BT L.

(3) EBBOEHRIER LS ZEUTKRETS



690 RROBERLRGE

car part cdr part
tag| pointer H&ag pointer
13 16 13 16 /40
Lfor GBC

meaning of pointer

*+*+ 16 bit integer

* pointer to a symbolic atom header
** pointer to 39 bit integer

* pointer to a list cell

BN O ot
I
. .

1 YR FELOHEES
Fig. 1 List cell structure.

ruse/not use of apval

id body tag apval
pointer extension
#cell to pname tag of p-list
4 16 1 3 16 /80

Luse/not use of atom-frame

meaning of bodx

++ pointer to def. of expr typed fn

+ pointer to def. of fexpr typed fn

* inform. about entry point of subr typed fn
+++ inform. about entry point of fsubr typed fn
*+ — (atom without fn property)

O oWk I»«-
O o

I 2 gl WA R VEN)Y: 35
Fig. 2 Atom frame structure.
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Table 1 Program steps of interpreter.

(unit : step)
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- Binding Shallow Deep

Routine T L o
Initialize 272 272
Kernel* 143 202
Various fns 650 644
Garbage col. 116 116
Others 105 105

Total 1,286 1,339
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address Object code
A
r TN
0lE5 00 1D 09 O 2 PFFFF 0 0
01E6 0C 00 09 0 3 FO00O 0 O
Ol1E7 04 00 09 0 3 2:0F:000 3 0
Ol1E8 00 0B 14 0 2 3:13:21B 5 0
0lE9 0OC OD OB 4 3 10004 0 7
OlEA 00 07 OF 0 2 3:13:212 4 O
O0l1EB 0C 00 OA 0 3 F0000 0 3
01EC 0C 00 14 0 3 2:0F:20E 5 0
OlED 00 09 16 0 2 3:0P:235 5 6
OlEE 19 02 03 4 3 00001 0 O
OlEF 00 07 1A 0 2 FFFFF 0 O
O01F0 0C 00 15 0 3 F0000 0 O
Ol1P1 00 07 14 0 2 3:13:1EF 4 7
0l1F2 1C OD 0OD. 4 3 00001 0 O
01F3 00 1D OA O 2 FFFFF 0 0
0lF4 0C 00 15 0 3 FO000 0 O
OlF5 00 05 14 0 2 3:13:1F4 4 7
0lF6 19 02 02 4 3 00002 0 0
0lP7 1C 0C 02 4 3 00001 0 0O
O0l1F8 00 1D 04 0 2 3:000 0 0
OlF9 0C 00 03 4 2 FFFFF 0 0
OlFPA 00 14 07 0 2 3:13:235 5 ¢
OlPB 00 16 07 0 2 FFFFF 0 0
O1PC 0C 00 11 4 3 00000 0 O
OLFD 00 1B 11 0 2 3:0F:359 7 0
OlFE 08 14 11 2 3 FFFFF 0 0
OlFF 00 16 OF 0 2 FFFFF 0 0
0200 0C 00 15 0 3 FO000 0 O
0201 00 1B 15 0 2 3:0F:359 7 7
0202 19 0D 0D 4 3 00001 0 O
0203 08 OF 11 2 3 3:0F:20A 5 0
0204 00 14 07 0 2 FFFFF 0 0
0205 00 16 07 0 2 FFFFP 0 O
0206 0C 00 15 0 3 F0000 0 O
0207 00 1B 15 0 2 3:0P:359 7 7
0208 08 14 11 2 3 3:1C:200 4 0
0209 00 16 OF O 2 FFPFF 0 0
020A 00 00 08 0 2 3:1C:237 6 0O
0208 00 04 15 0 2 3:000 0 0
020C 00 OF 07 O 2 FFFFF 0 0
020D 00 00 08 0 2 3:1C:000 3 O
021B 00 09 0B 0 2 3:0:0:EF0 1 0
021C 04 0D 0B 4 3 00003 0 O
021D 18 0D OD 0 1 0:0F:229 5 0
021E 00 1C OA 0 2 3:0F:227 5 0
021F 18 0D 06D 0 1 00000 0 O
0220 00 09 16 0 2 3:0F:225 4 O
0221 00 1C 17 0 2 FFFPF 0 O
0222 00 OA 16 0 2 PFFFP 0 0O
0223 00 1C 17 0 2 3:0:7:F00 1 O
0224 00 OB 16 0 2 FFFFF 0 0
0225 00 00 08 0 2 3:0:7:F00 1 0
0226 00 OA 16 0 2 FFFFF 0 0
Notes: (1) ALU op.
(2) Operands
(3) Branch

Location
symbol

r—t—

APPLY:
APPLY1:

;
APLAMBDAL :

i

H
APLAMBDA2:

APLAMBDA3;

H
APLAMBDA4 :

H

H
APATOM:

i
APSUBR:

APSUBR2:

A ——

NOP

H# LISP <o v &) 2 b B Ao 2 o+ EVAL 11

Mask control
Operands CARCDR
—

MAR(RSET) ,R1
Rl,ONIL
WOR,R1,(CNIL
R3,PCAR
R5,R3,LAMBDA
SMPUSH,R7
R2,UNIL
PCAR,GNIL
R1,RCAR
SAR,SPR,1

RNE(2)

JNE(N2)
CDRSET

JMP(NZ)
CDR

JNE(2)

CARSET JNE(2)

SMPUSH,ALLO
PCDR,@NIL
SMPUSH, PCAR
R5,R5,1

CDRSET JMP(NZ)

MAR(RSET) ,R2

PCDR, @NIL
SMSAR, PCAR
SAR,SAR, 2

CDRSET JMP(NZ)

R4,S5AR,1

MAR (RSET) , SMK(PREE)
SPR,R4

WCAR, SMPOP

WCDR, SMPOP

MAR,0

MAR (WCXR) ,MAR

JNE(NZ)

CNE(2Z)

WCAR,MAR, @LIST
WCDR, R7

PCDR, @NIL

MAR (WCXR) , PCDR
R5,R5,1
R7,MAR, @LIST
WCAR, SMPOP
WCDR, SMPOP
PCDR,@NIL

MAR (WCXR) , PCDR
WCAR,MAR, @LIST
WCDR,R7

CDRSET CNE(Z)

JNE(2)

CDRSET CNE(2)

JMP

CALL
SMK(FREE) ,PCDR

R7,sMPOP
RNE

R1,R3 DISP(PCAR,U4)

R5,R3,3

R5,R5,R0
MAR(R) ,R2
R5,R5,R0
R1,RCAR
MAR(R) ,RCDR
R2,RCAR
MAR(R) ,RCDR
R3,RCAR

JNE(2)
JNE(2)

MSK(B) =ALLO
MSK (B) =ALLO
JMp(2)

DISP(PCAR,LS)

DISP(PCAR,L8)
R2,RCAR

3 B apply O~4 00Ty 751k Ba—5 1 v FE] (—)

Fig. 3 Microassembler coding example of function apply (in part).
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Branch

APATOM
APNOLAMBDA

APLAMBDAS
APERRARG

APLAMBDAL

APLAMBDA2

APERRARG

GBCW

GBCW
APLAMBDA4

GBCW
APLAMBDA3J

EVAL

APPLYDISP
APSUBRO
APSUBR1
APSUBR2

SYSFUNTABLE

SYSFUNTABLE

-- “EQ x,y" and "NOP" are abbrs. for "XOR WOR,x,y" and "LD RO,R0", respectively.

-- "WOR" is a null register and "@z" is a constant valued register related to "z".

-~ "JNE", "CNE", or "RNE" is a Jump, Call, or Return operation which inhibits the
fetched next instruction from being executed when the branch is taken.
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Table 2 Execution times for benchmark programs—Interpreter

(unit : msec)

OLISP®
(ACOS.1000)

Deep

3,681
753
| 705

version.

B SFmIL AU S
Var. T e F ] S
binding| Shallow  Deep \ Shallow Shallow

Problem o U N

TARAI —3 | 24 40 | 21
—4 | 461 755 ‘ 1013 420

-5 | 12,559 20,556 27,538 11,210

TPU -1 k 346 490 904 234
-2 1,372 2,262 3,426 1,079

-3 | sa2 866 1,365 419

—4 716 1,095 ’ 1,815 558

-5 ) o7 ! 238 82

—6 2,760 4,385 6,728 2,225

-7 ] 533 952 1,311 440

—8 494 902 1,187 411

| 614 ‘ 819 285

339

482
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(1) #3(c)kvABEEEZATHTR
3B5~42% DERE LTV 5. LLdK3
(b)) THETEE © # Offid T~14% LIk
$, AEEED 67~T9% HhiBH & Fk;
b TS, TOT ERMEEE LMD
BEONFMBOBEHELZRLTVS

(2) SMEEEORKE, BB LY
A, TTIKT = v FHELHORS (SHREF®
HSDOROFBHOMS) OETERBICLIEL
Feicid, HEEEAGSORICHEE L THH
BOELRVASE, COMBIBIILN
Tahid . UEERCINE, SO
T HIEEEH 20~256% (3 (c)) THBHDIC
WL, 7=y FOAOHRHDOEER 9~15%
(£3(b)) THy, MLILBATHZOD
KL 7 = v FLEASEENMCETLT

% 3 [ TARAI-3, TPU-6 TOMMFIMBERLE # £ ) T 7« 2AHH
Table 3 Frequency of each instruction and memory access on some benchmark programs.

(a) Number of Fetchad and Executed Instructions

(d) Frequency of Access to a Scratchpad Memory

var. bindin 1 i
Pdingl challow binding deep binding Var. binding shallow deep
Problen v
Instrasitomer | TARAI-3|  TPU-6 | TARAI-3|  TPU-6 neroceion—tiobler|raRar-3| TPU-G | TARAI-3| TPU-6
L ted
xecuted .| 124 158 [ 13 076 556 174 448 17 816 250 Read Access 20,7 | 9.2 14.21 20.7
o teher Stack Po 15.7 12.6 11.2 9.6
L;;itauctmr 140 815] 15 356 733 191 106 | 19 537 586 LS 5.1 i 6 12.9 11.8
- - Write Access 16. 14. . .
{unit:step) r"g{ack Push 12.3 12.7 11.2 10.1
(i.) Frequency of ALU Cperations Access Instr. to SM 36.8 33.8 27.1 32.5
N bindl Fetched Instruction 100.0 100.0 100.0 10C.0
Var. binding shallow deep (unit:%)
Pr
Instruselon—aroblemipapaz-3| TPU-6 | TARAI-3| TPU-6
(e) Frequency of Access to a Main Memory
rcata Transfer 48.3 46.7 39.9 40.5 —
Arithmetic 8.2 5.4 7.8 4.6 Yoz, BrRding shallow deep
Logical 24.5 | 24.0 35.3 | 32.3 Instruction Problem|papar-3| rpu-6 | TARAI-3| TPU-6
[ Bguivaience 7.6 7.3 18.7 18.4 Read ACCess 15.9 17.9 24.3 26.0
NOP (only Branch) 7.2 9.1 8.3 13.8 l by CARCDR-0p. 5.4 6.4 14.5 14.7
Fxecuted Instr. tc.2 85.2 91.3 91.2 l Write Access 2.9 2.3 3.5 2.0
Non Executed Instr. e - - - -
Lton B s 11.8 14. 8.7 8.8 Access Instr. to MM 18.8 20.2 27.8 28.0
ctche nstruction 100.0 1me.n .
° 100.0 ] 100.0 Fetched Instruction | 100.0 | 100.0 [ 100.0 | 100.0
(unit:%) {unit:%)
(c) Frequency of Branch Operations
i (f) Frequency of Instructions using the K-field
var. binding R
ailow " n :
— shailow deep Var. binding shallow deep
Thnatruction SS"ITARAI-3| TFU-6 | TARAI-3| TPU-6 Problen - -
Instruction TARAI-3| TPU-6 | TARAI-3| TPU-
Uncond. Branch 11.3 13.1 11.9 14.5 as Const. laput Data 10.5 6.8 11.2 8.3
Cond. Branch 23.8 24.1 28.1 27.2 an Fddress of SM 6.0 2.5 1.4 2.7
Branch Inctr. Fetched 35.0 37.2 40.0 41.7 s Inform. of ~ranch 35.1 37.2 40.0 41.7
Jump 2 - — - - - - -
. 1; 12.7 11.0 11.3 10.0 Instr. using K-field 45.6 46 .5 52.6 52.7
a 4.1 . . .
4.2 3.3 3.9 Fetonhed Instruction | 100.0 | 100.0 | 100.0 | 100.0
Return 4.1 4.9 3.3 3.9 (unit:%)
Disputch 3.1 4.2 2.3 3.3
Instr. taken Branch 24.0 25.0 20.2 22.1
Fetched Instruction 160.0 100.0 l 100.0 100.0

(unit:%)

e
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SM DT 7t ADEEE/ 1 754 VLB Eo
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(4) #£3(e)icid, BEPCRBULOBENICEB A4
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CEMTED. 2avreYhomAHINILY XD
D car ¥, cdr ¥z, v x4 RCAR, RCDR
ICHRMINED, MEDFARATF 4 A —Ya VT 44—
F& 5\ vid CARCDR HE7 1 —V FOIEER XD,
LY %4 PCAR,PCDR it b T & 5. ZD PCAR,
PCDR BT FLAEF—~ZLIRE ELTHE &
4@ CARCDR ¥ 74—V FTZDEBLM—F
DVIREDBIBEINDE, RELZY) A L2V NDT
FLABRA VL2 ELT, 12BBIAA VY AEBINDT
7 ADEHINDE. LT, x4 vre)Ll
NODL YR ZDMETOF— 2 NEDAHTY R+ %7
S BBMIEMITA, TFVRENRBF— N7 oy y
EVAL T ORFAZREEB LT W2, ALU 24
DWATREZ L ATL T CARCDR BEMEFTREE
135,

CARCDR HEBENTHCICEZEELTED
fodd, TOBEEEFER LIZWEA®D deep binding
OB %2 [, #¥56 % K o MnEslc (&
4). zdC & » 5, CARCDR I BEEDSIRIFE
b ohic.

(5) K 74—nFOFEBHEIRZKN 0% T, 20
76~80% (253555 iIc B 2188, RO BEBRAI T —
#® 4 CARCDR B3L#fED% %

Table 4 Effect of the CARCDR-operation facility.

CARCDR-operation |

Problem ‘ e Ratio

1 Use (ms) Not use (ms) ,
TARAI —5 | 20, 556 21,439 } 1.04
TPU -5 | 171 8| L0
-6 4,385 4,620 1.05
-7 | 952 1,018 1.07

SORT -100 520 537 1.03

##% LISP =v v &) 2 ruBE S+ 54 EVAL 1T 693

FECANSN TS (£3(f)). 7ha xTk &
NIL i3, K7 4 = FZ#ERHET, BSB i221d%
HHLYR 28R Eickd, ZhsDT b
LEFERTIHEAL, MEETK7 4 — W FEFERT
ABELNI A7 oGS TRERE LS. K7
4= F OEBANF—2 & UTOERRIT *xTx
& NIL 2T 9~13% LBV, o T 2HHE
&M R W RT Lt 0EAIR, SHEERA
REDORITERIIH T SHEEAMSER T S LiIC K
b, Ky s —nrFoBRMEREZEDG, D, 7297
DHDH{EILL T EMTHETH 5.

3.3 EVALI &X 4 VXA EYOBRHE

AKewvvpav27Y 2 HERTE, VX MHEEDT
075 aEF—2NEbicA 4 A Y (MM)icki
2h, MM o7 7 £ X EEIT 20~30% (%3 (e))ic
93 MMOY—FE8LUSA T8R4 4 4103
BoDBD 450nsec, 300nsec (7 o v 7 H4 7 it 50
nsec) THO <A 27 a0 OERY A I vE 424 100
nsec 1D HRWV. Ld-T, MM gzl LESR%E
HWU%, #EBES 0 AMic, EVALT o%fTT
ERAMBEHNITL R BIBENELS. COBRICT,
MM o727 ®R5ETHEbIck3 EVAL I 0 #HEUK
DHAL, EVAL I OMEHHENETT 3.

Z ZTEMic, EVAL I 0o# UMMM o7 2
& AREEOBEETE S, avFX DB
2T EVAL I & MM OREIERZ B o BlEm
IOEHLA. EVAL I oBEELEZ, EVAL I ¢
WMERD O] (MM 07 7 2 RETHREH T2 12 VI
M) o, enEeicxtd 5 #A4THY, MM O
FBRLEIZ MMoO7 /Bl OB (23 v
Fo—SRHTET I RRAERND, FOTI7RAD
SETETORME) ©, 20BN T 28E6TH
3.

ZORE (K4) »5, EVAL I & MM ofREER
ZhTh 65~74%, 47~69% THbH, MM D T 7
2 Z2%ETHEbic & EVAL I 0BBIEHs 26~45%
BFLIEVZE. 2O &3, MMOT s &x%
BT A C itk D SNER I E K 26~45% 4
FCEAMREMBIICEERLTVS. /2, MM
OBRBRD S RO EBHETE S,

wic, EVALT & MMOE#E (47024 L)
OEB= v 2RO NEEEPHEORHRICEZ
LEELP. LT, HE TARAL-3 & TPU-
6 ILDWTC,EVALIT E MM D u w894 70%
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EVALI : BUSYI |E‘”\m :Busy EVAW”“E' EVALI :Busy rvun Busy BVAL]I 1dle
Problem M M :Idle B“"Y M M :Busy M M :Idle :Busy Busy|
N ‘. !
Ny Sso N H
TARAI-3 52.9 T 20.8 l 26.3 4.5 I ) | 40.7
TPU-6 50.0 20.4 29.6 43.5 1.6} 44.9
REV-6 50.2 19.6 30.2 42.4 l 37.3
BITA-7 47.9 | 19.7 [ 32.4 41.5 19.6 | 38.9
BITB-7 46.7 19.7 l 33.6 40.8 18.9 ] 40.3
. it:e .8
shallow binding (unit:?) deep binding (unit:¥)
B4 EVALT & A4 v A%Y0BEHH
Fig. 4 Operation ratio between the EVAL I and a main memory.
EVALI :Busv F-'VALH Busvl IEVM-JI :Idle execution |svm.n :Busy lsvm,n :Busy IEVALII Idlel execution
Problem M M :}dle M M _E\isy Busy time (ms.) M M Idlel M M Busy| Busy time (ms.)
(a) 68.4 [ 215 fo.l--- 36 @ 585 [ 18.3 ] 23.2 - 55
TARAI-3 (b 52.9 [ 20.8 | 2.3 21 B 41.5 l 17.8 ] 40.7 .35
© 35.5 | 17.4 l 47.1 =31 @f 26.3 [12.9] 60.9 - 54
(a) 65.9 [ 220 [12.1)-3026 @ 58.9 fra.5] 26.6 |- s84s
TPU-6 ) 50.0 ] 20.4 | 29.6 . 2450 (b 43.5 lu.s] 44.9 - 3892
() 12.8 | 16.9 | 50.3 <3470 @ 27.5  |o.¢] 62.9 -+ 5784
(unit:%) (unit:%§)
shallow binding deep binding
(a) ... EVALI 200 ns.; MM 50 ns.
cycletime { (b) ... EVALI 100 ns.; M M 50 ns.
(¢) ... EVALII 100 ns.; M M 100 ns.

B5 EVALT &A1 V2 YDHA 724 ALEFHROMER
Fig. 5 Relationships of cycletimes to operation ratio between the EVAL I and a main memory.

Blric 2 {51 X, Th O OB IR A R
FL, BEBREZEH L. 20oBERERSITRT. C
T, MM®7a w2744 7% 100nsec & Lics &
DY —FBIESA VT IR ZA4 L RBDED 825,
526nsec TH 5. M5D(b)YEK= Y VvOEEDY A
INEALELEDEATHY, (a)&(c)d, Eh%
N, EVALT $20WIEMMOY A4 7 vz 4 6%248%
LA TH 5. #Hicsrhid, Ro(a)id MM (T
ST, Bo(c)id EVAL I 220\ T, £€DOY% 47
NE A4 8% 12 TEELUIBROBREREABT L
bTE53. 1L, COBARNEREEZE O HED
1/2 i ET 2 NEDDH 5.

CORRHMS, MM & EVAL T 0#FBER2 T h <
B 245 U BE, S0ERRIK 20% 52

Wiz 2B5% EHT A EBDb M D T, TOBA
OBERIZENT N 16~20% £/LL, EVALT &
MM OBBRICEESEMNES. Licd-T, K=
Y OBEDOHEDY A 7 vE A4 L2, WEOEE
OFELM~ v VORERECHRICERFEEA 5L
W-THL, vvvokol kodE#lbicid, EVAL
I &MMOELLOEER LT3 LEGFHUTHS
LEZONS.

Bikic, LT oFERE S &g, EVLIS = v vy
T5% EVALI & MM oBBREHEET 5. T
3, VAMUBTHEENITEEERLT, ROIK
EEBL.

(1) EVLIS =Y vm& EVALT o HERE

MM D727 22DEERE, »EVHEERET A
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¥ EVALT 1 B0 YRFADBEICELL.
(2) MM B8~V MBI D, BNV IADT
72 ZEER—RT, N RERNIRMICT
7 ANARETH 5.

ZDOREDOD EIC, EVALI M1HEDE &0 MM
& EVAL I oREED & 1C56% ofs (K5 T
@ deep binding RO (b)DBAITIZITEL V) A&
YHT, EVALI %4 E58EL: EVLIS = v
(YTav—va vEBROKR", NEREEHEICE
LBDbh3 EVALT 0R¥II3~4ETH3) it
WTIREIREFR L.

ZOR, 2w )HBAIC L OEHRIZ, EVALI
H545%, MM H363% L7585 7:-h38, % D &AL 10%
PIRTa& Y, %k EVAL I ToOBEFRIcEI 3 E
RoEZEiz, EVLIS = vt LT HERT X 3%
DEEZLND.

3.4 SHOMRICTIER

LISP =¥ & LT, EEtEIICHED 5729,
T—%77F +OFit L EERTNEHLRND.

(1) CARCDR BB DT B 1 R0
WEBEEZ LD, CoPpRico0TRT TR~
UL, BA¥ equal, pair DX Sic2AKD Y 2 2
FIZHIET 2SR ZOHMESREINL L. L
D3> T 2 %ML ED CARCDR WE#iE %+ £/T 5
MEDH 5.

(2) "N=F92TREy7ILDNT: RE v I
HOBFEIZLHED 20~28% it3ZLTHE D, ok
BARERNEROEGFICES OTH B, BHE, B
BFUH URICIE, 24 v 7 icdiiEREBED%,
Ry FEERELBERIcHET 5.

242y 71 %D EVALT OBA, XLy
DT 7 EABZOIEFETTLNE LD IS ELE~D
MBSO, Lichi-T, PR ESEEEE~D
SEEYFNCAT, T, SEASORICHRIER
ZBBT 2R85B GHEOBORGE7 = v F%
HcHET2) CcEbTXL. coslR, X
FIEfiC T 7 2ATTHEIE A 2 w 7 %2 /¥ (3 v bo—

wa# LISP =v v &)X buB S0+ v+ EVAL I 695

WHEMER) boCEick DRI NS.

4. E b b (C

WBAEL7/ LISP = v i3, k&<, PilloR
BTH - oM e A R Uic. CoEliE LT,
EVAL I 0§~ T %% IC oA THRT ST
L&Y, BHo oy 4 DT —FF7 7 F »iICHE
Ihbc s, LISP = v /ic#&E LT —%57
FrEBBTEILED, EXGHEY I I 054 4
100nsec 2FERK LI EdF oS 5.

%7:, LISP BAOEEP Yoo E 41 2
= ) QBT L, Hiko EVAL T 2k 3 LISP =
YYDLEDZETVICODWTHAEEREL. S DR
OLizic b, BlfF, #¥ED EVALT Z2E#EL/
EVLIS = v va%thTd by, HHME YR F LD
HRIZDODTRBEHRD THBRNED2HDTH 5.

AP O I ERNFHAREIC X 2.
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