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Abstract

In this paper, we show the implementation and evaluation of A-TRS.

We have proposed a new type of Term Rewriting System (TRS), named A-
TRS, which has annotations for reduction strategies. The reducer of
TRS should have the normalizing strategy(Normalizing strategy can
obtain the normal form anytime, if it exists), and should also be
high-speed. But these two things are mutually exclusive. For this
reason, most reducers are implemented by compromising one of them.
But, to efficiently use TRS as a programming language, it is very
important to offer those features at the same time. A-TRS is one such
attempt. In A-TRS, the programmer can control the order of reduction
at will. And he obtain the normal form as he wishes.

This paper shows the implementation of a reducer of A-TRS written in
Lisp, and evaluates A-TRS based upon the current implementation from
the point of speed and effect of annotations. Finally we discus the
methodology to use annotations.
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une, RUFuncOBRLETH 5EBROEACOstLY
UToRmeEsc k- CTEX 3.

(1) x€Var OB xCTerm

(2) a()€Const OB a()ETern

(8) f€Func, tl,...,tnETern O

£(t1,...,tn) €Tern

(2) & (3) po0sMEEINS, EREAIN
WA ZEH (eround term) W\, T OHEAETer
wWTcExbY.
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TRSEBWT, ERFALHBHRE AT L, &
Ro—BHZHET 50R8KROATKKETH 5.

[E#] (A¥HE)

TR SHh&HH (Church-Rossertk) ZHin 3 & &,
M=xN1 »oM—>xN20WK, »3HLMNRELELT, N
I=>xLhDON2—>xL &b, TH5.

TRSHARUEEZHWET 555, AMOERARE
X1METH5.
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M, N%3%, PDQ, P'DQ’ 2&=MAKMLE T
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(IOMBENEERYHRHS &iX, MENOEKTIY
BAWEN’ (NS OHFT) LB—{kufEThrdC L.
(2)MBEME BB D HRDH 5 i3, MBEMOEBFHM
P (MBATEWRSE) LH—{Lufich B L.
(3IPDQLP'DQREBINDZLE, PLP'R
BRORSBC L.
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ze.
(3)TRSA#ETH 5L, TRSOLTOHKH

REBEChHEC &,

(3)

TRSHAHKBELZHWITHES hRB—BIRERLE
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DIEZRABUENRD 3. TITREFENCOIEZX,
TRS2HBEXMAOLDOAF—7, THLESuY
FhEHBIUBIILD. O, TRSEZKBITRS
Tud s aERAR
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EBMAOEMRBEB-T 3.

%] (B, BAYF v 2 2R)
FMOYVF v 7 2AM’ Rth0 Y 7 v 2 AM"OEHH
Ko TORWE, M 284Y 7y 72X (outernost
redex) &WVWH. i, MOV 7 v 2 AM " HH
BLCTwEWEEM 2BAY ¥ v 2 X (innermost r
edex) V5.

—MEBN, BAYF o 7R L ORBERELAT 3.
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UYFy 721 AEEBERIX BB ERERN (BA)
Y¥r2yvavERS. $R2TORN (BR) VFy
I 2B ERABBHEATEA (BA) V¥ 27 v a
viwS, —iiic, ERMBEFLIrCER WS o)
SIVIBEBERWTCAUITYI Y 7V a vEERT 3
Ak, E8S (BR) VF vy 22 2ELSHENHRY



FrvavEBliRiVyaiv—1rT3ENBL,
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& BRHELAEFCERVW S urS5 Iy
738, HABCOERREL TV,
1HOBEMIAZ1IAF Yy TOYT IV a Y
LEXS.

FRELFETS L &, BTRKDHILOTES
V¥ 2 R ESERE VS, KRXTH-
TWBHERY ORVEEOTRSKOWVWTR, ROL
EHRBNTVS.

[&niE] 8]
BRYVOBRVEETRSkBWT, EREVEET
nE, BAY Y 7Y e YHTETS 5.

2. 8 Y7 a—% (reducer)
BXBWIBERRTFREI LDOA Yy 7Yy (TR
'STu Y5 A0MER) Ereducerd 3. WATHSY
Py avRiTES edOreducer T 5 Rro (reduce
parallel outermost) BUTR XIS LERINS.

(%] (EFERMNY ¥ 2« vEREDreducer)
Rpo : Term0 — Term0
Rpo(t) = if nf(t) then t
elseif match(t) then Rpo(rewrite(t))
else
Rpo(f(Rpo-one(tl), .
where t=f(t1, ...

.. ,Rpo-one(tn)))
,tn)

Rpo-one(t) = if nf(t) then t
elseif match(t) then rewrite(t)
else f(Rpo-one(t1), ... Rpo-one(tn))
where t=f(tl, ... ,tn)

EHRTHVCWS FEEER OLisp® & 5 RIENK
BEE-obDET A, $hbb, if-then-elseld, X
PR LM LialseTh o icliicelsedP®, ThU
S Ou% Iz thenif 2 Tl 5 BREMXTHB. T,
BOMBOFME L TR, £ oMEAli» 5 T

(4)

Ehab0e 35, EEdPmatch(t)BFTREX6h
TW3BTRS, RS t HECHEMARELBEAIL KD
B 5. t BERERATESRIN TV fals
e MR & LTRY. rewrite(t)idmatch(t)ic & »
TR o nfzRAUPD>QEAY,

t=P0O L5 2RDQO6 2EIMEMTH 5.
UTeRIBERNRY ¥2 ¥ 2 v Dreducer R |
i (reduce leftmost innermost) TbMmEEDORH%EH
wZwa.,

[ER] (BEBHNY F7 ¥ o VBB Oreducer)
Rli : Tern0 — Term0

RLi(t) = if nf(t) then t
elseif t=a then Rli-one(a)
Rli-one(f(R1i(t1), ... ,Rli(tn))
where t=f(t1, ... ,tn)

else

Rli-one(t) = if nf(t) then t
elseif match(t) then Rli(rewrite(t))

else t

RIIOEZBEANT@IIC LB F = v 7 BBERVA, R]
iRBIHZEHO LR T SRUETHOYKRL LTS -
DRFALCH 5.

TRS7uZ3a1
double(x) [> xxx
xx0 > 0
xxs(y) D> x+(xxy)
C+y >y
s(x)ty D s(x+y)

TRS7uZ3xa%1Hwl, f(s0xss0)DY &2 &
2 ¥, Rpo, Rlik & 2 #fli 0% Fidic Ry,

WEABAYV Y 7Y 2 v OB
(PO->BUTENY ¥ 2 v a vERHVTVBEZ EART)

double(s0+s0)

PO—> (50+s0)*(50+s0)
P0—>s(0+s0)*(s0+s0)
P0—>s(0+s0)*s(0+s0)
PO—~>5(0+50)+(s(0+s0)x(0+s0))
PO—>s((0+s0)+(s(0+s0)%(0+s0)))
PO—>s(s0+(s(0+s0)*(0+s0)))




Rpo T DFEMEM (rewritten DFRIC OB HMrewriteRE
TEh Kk THBH T L2RT)
Rpo(double(s0+s0))
1=>Rpo((s0+s0)* (s0+s0))
2=>Rpo(Rpo-one(s0+s0)xRpo-one(s0+s0))

3=>Rpo(s(0+s0)*Rpo-one (s0+s0)) ‘rewritten
4=>Rpo(s(0+s0)*s(0+s0)) ‘rewritten
5=>Rpo(s(0+s0)+(s(0+s0)*x(0+s0))) ‘rewritten

6=>Rpo(s((0+s0)+(s(0+s0)%(0+s0))))
7=>Rpo(s(Rpo-one(0+s0)
+Rpo-one ((s(0+s0)%(0+s0))))

8=>Rpo(s(s0+Rpo-one(s(0+s0)x(0+s0))))
‘rewritten

9=>Rpo(s(s0+Rpo-one(s(0+s0))*Rpo(0+s0))))

‘rewritten

BEBAYY 2V 2 vOM (LI-RBBEBAY T 7 ¥
avVERWTWAZ ERERT)
double(s0+s0)

LI->double(s(0+s0))

LI—=>double(ss0)

LI->ss0xss0

RIICOMEH (rewrittenORITD OIS birewritefE

TEhEHETHB Z L 2RT)

Rli(double(s0+s0))
1=>Rli-one(double(R1i(s0+s0)))
2=>Rli-one(double(R1i-one(R1i(s0)+R1i(s0))))
3=>Rli-one(double(R1i-one(s0+R1i(s0))))
4=>Rli-one(double(Rli-one(s0+s0)))
5=>R1i-one(double(R1i(s(0+s0))) rewritten
6=>Rli-one(double(Rli-one(s(R1i(0+s0))))
7=>R1i-one(double(R1i-one(s(

Rli-one(R1i(0)+R1i(s0))))
8=>Rli-one(double(
Rli-one(s(Rli-one(0+R1i(s0))))
9=>Rli-one(double(Rli-one(s(Rli-one(0+s0))
10=>Rli-one(double(Rli-one(s(R1i(s0)))rewritten
11=>Rli-one(double(Rli-one(ss0))

COBDL BB XS Rrewritelt o CTHEMI S
BN TRS ECOBMMEBYBY Fvy 725 5.
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#oT, TRSENLDEREBHIZ, Thdreduce
r2fHVT, TRSEDYVF 27y a vERERTHILEMNR
TE5. ;

BAVY 2y 2 v CRFEBAKR, ABOY 7y
2% ZDEFHEBBEAC—LTLE S oMU ER
ZEREBOTREILERD S, i, ZORDEHRR
OEBMRZL Y, EAFCHRATIFHOIAELD
REHDB. BERAY Y 7Y « vCRESBRIEY,
FHORKEIEBUWTEAY Y7 v e vRIENRE BRI/
vz s s, OTRSYny5 ARELTY
AOBERRD 5 ERMohTWAI]. KE, BN
Y¥ 2y . vERBEET S EREERD OBV L
NdH35.

D ¥ reducerfiORE ROV TOEET 5.
[5E#] (reducerDfth, <)

2> ®reducer reduce-A, reduce-B
VR:TRS, t€ Term, reduce-B(t)=s
%5 reduce-A(t)=s

MBILT 5 & % reduce-A > reduce-B tFEX

reduce-A i reduce-B XV BEENMNBVEWV 5.
%7z, reduce-A>reduce-B » > reduce-A<reduce-B
D% reduce-A=reduce-B & F Ereduce-A & reduc
eB BRILBENERA TS E VS,

BT

[(#E2. 11 (Rpo,R1iDEESD)

(1) Rpo 2RIl1i

(2) whisbreducer reduce-A RHLTD
reduce-A o Rpo = Rpo
reduce-AoRli = pri

[#E2. 21 (Full-Rpo)
reducer Full-Rpo 2RI TO &S KEEKT 3.
Full-Rpo(t) = if nf(t) then t
elseif t=a then Full-Rpo(Rpo-one(t))
else
Rpo(f(Full-Rpo(t1), ... ,Full-Rpo(tn))
if t=f(tl, ... tn)
Z OB Full-Rpo = Rli

3. RAMNEHEFEMAR

3. 1 XRUINEHEHFEJAK (A—TRS) 0fl
TRS7uZ3A1EmMAT, ROTur 3 a8



SNTVBET 3.

TRSZ7uZ73 42
£(0)D>s0
(s ()P f(x)xs(x)

CHhE2ECERLLEBEHOTRSTY Y 27 ayv
235, ¥FBAYV ¥ 7Y a VCRUTFTOLSKED,
VY Fv 27 2AMBEOEFAE-ESNBESNEDN 3.

t(soxss0)
PO—>1(s0+(S0xs0))

PO—>£(s(0+(s0xs0)))
P0—>£(0+(s0%s0)) *s (0+(s0xs0))

ROV Iy a vPOTCDYV T IV a v TR, VT
v I AREOTEIV-INF-FLHEEBRAE
BHOATIES DERD VHERBEY, EOld, HE
BAEBOZ VWY 7 v 7 Zs0kss0D & 5 CIEREANE
HETHZLHEDPHTHEY, TOEREERDTMS,
TRETBVSIZ7Y avRRUDREEIMNR, VF9v 22
DAC—-RINTEEYTH3 Lahrhid, 20k
SBHWBTY T2 a v B TB3LIBREAARNE X
V. 2 OB, MOMEs0xss0RMITHMNY ¥ 27y a v T
KdBh, BEBRNY Y2 va v RIKBEMIZEY, (
[s0xss01), f({s0xssO}) DWFhh2HWS., ZOFHRHE
RHELTY Y2y a vERB LRI, 26RUTH
AYVFrvavEns., ZOBTIRE, s0xss0DY ¥
YavRYF v 2 ADIE—RENEVERESNEBK
DES BYEHREWV. UTREXOV T 7y a vHlR
7¥. (FREZHLUEHABRA-TRSOYVFvy 2T
»5)

W¥rvavil
f([s0xss0])
—>f(s0+(s0xs0))
—>1(s(0+(s0%s0)))
-1 (s(s0xs0))
-1 (ss(0+(s0%0)))
=1 (ss(s0%0))
-1 (ss0)
—>1(s0)*ss0
=1 (s0)+(£(s0)+s0)

(8)

=>(£(0)xs0)+(£(s0)+s0)

VY2 avE2

t({s0xss0})
-1 (s0+(s0%s0))
=1 (s0+(s0+(s0%0)))
=1 (s0+(s0+0))
-1 (s0+s(0+0))
—>1(s0+s0)
—£(s(0+s0))
->f(ss0)
—=>f(s0)xss0
=>1(s0)+(£(s0)+s0)
= (£(0)*s0)+(£(s0)+s0)
= (£(0)xs0)+((1(0)*s0) +s0)

V¥ I7vavill, 2REBXBMAILAD 5 (9H
H) ik, BREMTIRAEZALLATSS. Thi
Blid S nHREBE D, TRSYOS54HS
REHBANB L bUAETHS. 2D &5 KEkIgE
RALL T 7562 8TRS7u 548, 4TH5.
chold, fORPHExERASNIZEEERZL S
75 A3CRUTBAV 7Y avT, Tuds5a
ATCRBEBAV Y 7Y a VTORHBTH S, HINLOH
ANEFEEXWMABLERALTVWS. TOoMIRBL TR
WFBANYV Y2 a v THB.

TRS7uZ35483
1(0)D>s0
1(sDxD> 1 (x)*s(x)

1(s0%ss0)
-1 (s0+(s0%xs0))
—>£(s(0+(s0xs0)))
=>f(s[0+(s0xs0)1)
—>1(s(s0xs0))
-1 (s(s0+(s0%0)))
-1 (ss(0+(s0%0)))
-1 (ss(s0%0))
—f(ss0)

—>1(s0)*s50
—1(50)+(£(50)+s0)



TRS7uZ5a4
1(0)D>s0
(s {x})D>1(x)*s(x)

1(s0xss0)
-1 (30+(s0%s0))
-1 (s(0+(s0%s0)))
=>1(s{0+(s0%xs0)})
—>1(s(0+(s0+(s0%0))))
-1 (s(0+(s0+0))))
-1 (s(0+s(0+0))
-1 (s(0+s0))
—>f(ss0)
=>f(s0)xss0
=>1(s0)+(1(g0)+s0)

A B T1(s0)%ss0->1(50)+({(s0)+s0)D ) ¥ 7
¥ e v, Thidi(s0)*ss0kEfTRAY T 7Y 2 V¥
KORDTWB LD THS. TDOLD, ROWEMNKA &
(BoTLES. 1GORVWFREMBRAET 5 L
RbohB0C, 1(s0)xss0LEDYV FI7y a VREIL-
T, H(s0)D Y ¥ 7 v 2 v ETFES OREV. £ OB,
WATEL(s0) it L CHTHAMM LV 35, RER
MEME R 3220l QREDEHTS. TRSY
U735 ASRYUFRABMOBEALRALEZSOTS
3.

TRS7uZ3 45
£(0)[>s0
(s {(x}HDL1(x)Ixs(x)

f(s0%s50)
-1 (g0+(s0%xs0))
=1 (s(0+(s0%s0)))
-1 (s{0+(s0xs0)})
=1 (s(0+(s0+(50%0))
=1 (s(0+(s0+0)))
-1 (s(0+s(0+0)))
=1 (s(0+s0))
—>1(ss0)
~[1(s0)1*ss0
=>([£(0)1*s0)*ss0
—>(s0%s0) *ss0

7)

TRS7u”73245&, fREALTELispD&S
BEROFTHFOS >OMENFTEVERERDLTY
5. '

8. 2 A-TRSOE#H
¥PFRUHDKA-TRS CHWAHOEAATernE E
W5, Thiz, Tern2BREALLTWVWAS.

[5E#] (A-TRSOIH, KU &I, ATerw, ATerns)
A-TRS CHWAHOEAATernld, EBOEEY

ar, HARELE OEAFunc, RUFuncORREEGTH 3

EMOMAConst L VU TORMNERT &> TREE 5.

(1) x€Var OB x, [x], {x}€ATern

(2) a()€Const OB a(), all, a{}€ATern

(8) f€Func, atl,...,atn€ TernD B
f(atl,...,atn), flatl,...,atn],
f{atl,...,atn} € ATern

[1, {3} 28\ IV, KALFLHEERAN %O

HEwvS. ®Hielx], all, f[... 12 lazyBRHZFE>
X (lazy annotated term) , {x}, a{}, f{...}%eag
er’s R BH oW (eager annotated term) &V 5,

(1) ZHOYVTRHBBRENEERES IR VEER
DEAZATern0TRDT.

EER, (2) &V, EMa0, all, af
HIBX a, [a], {a}2RIEITBLNH 3.
(3) kBT T HEOMYVBS35IHKOM (
TYVF4) nBBRETCEVOTERLTWS.
T, BEAVShTWARRIESOhESR
RE2HHAVWBZ LT 5. AXIF+{a},x]
Wl{a}xlo k3 e KT 3.

[5E#] (A-TRSo&Z =@ AMA, A-TRS)
APDAQOEERE LI b DEA-TRSOEBExHA
BRlZwS, 22T, APLAQREMBASTHREA
HEXOEBCOLBEVWA-TRSOHETHY, AQiH
BRI sEH (RAME288) BBTAPI BT
230,35, ¥APROBHRERITLAHWVWT
WRWHDETE., RAMEHEEXRARKA-TRS
tBIOIILBERABNOETWES TS 5.

8. 3 A—TRS Dreducer



[%E3%] (Arp, Annotarion replacement)
Arp : ATerm0 — Term0
Arp(at) = a, Rpo(a), Rli(a),t=a, [al, {a} resp.
f(Arp(at’1), ... ,Arp(at’n))
at=f(at’l, ... ,at’n)
Rpo(f(Arp(at’l), ... ,Arp(at’n)))
at=f[at’l, ... ,at’n]
RIi(f(Arp(at’l), ... ,ArpCat’n)))
at=f{at’l, ... ,at’n)}

[E#%] (A-TRS®reducer Rat,Reduce Annotated Term)
ANEShENat TH 58
1 Arp(at)%:KR®3

2 1 OHBRRBVT, V7 2 REET

2.1 BAVYF v Z72%KDB. $hbbB, ri=
Pioit%3%, BAPiI>Qi, 6 i= {atl/x1,...,at
n/xn} 2RD 3.

2. 2 KrikPioicEE#RS

3 0i’'= {Arp(atl)/xl,...,Arp(atn)/xu} 2RK% 5.

Arp(P16 1) //1ﬁ:;;;§\\

(8)

4 QioiI'REBEH®RAB

[#&3. 11 (RatDfEH)
(DRHEZEEZVHRAL D L BA-TRSE BT
Rat = Rpo
QB UDHDOW Meager BREZFFOHTH B & &
Rat = Rli

(A)—WDA-TRSKEHNLT
Rpo > Rat 2> Rli

ZDO &S5k A—TRS®Dreduceri3Rpo &R1i DK
fEHRHL, TOEAR, A-TRSHREERHARZO
BEANIIARCE->TCHMI B LMNTES. TOX
B LTHRIOES, BEHAR 7 v 7ORTIE TR
STUZ5ARB a—P—RHELTH T L HRTE B,
BHOHH & - TW, FETSERERBLNEY
BALH BN, ThB2—FORETH 5. Tha
—F—OBAOVIRTR L - TRESBVOD, b
BERESHBVOLE, WHBEITARTORAZMY £
o B IRtANANL (TR D BRatDOBETIZReo &A%
ORNE L) ERBRKE 5HEHLLHDDRE L.

3. 5 deley®#
A-TRSOYv ¥ 97 ZARKO (4) Z2MX 5.
(4) f€Func, atl,...,atnETern OF

<f(atl,...,atn)>€ ATern

DL %<f(atl,...,atn)>%deley annotated term
VW< > 2deleyRBE WS, ThiRHTSAr pOR
Rl

Arp (<f(atl,...,atn)>) = f(atl,...,atn)
LEWD, ArpZATern0—>AtermQiCETR ST 5. T Ddeley
RHEALEVB L, TRSTu7 53 28REFTB L
RKTE5.




TRS 7 u”73 246
if(true,<x>,<y>)>x
if(false, <x>,<y>)D>y
eq0(0)>true
eq0(s(x)) > false
sub1(s(x))>x
f(x)[>if(eq0{x}, s0, <xxf[sub1[x]]>)

TRS 7a 73546 %MW ETH.
f(ss0)—>if(eq0{ss0}, 80, <ssOxf[sub1[ss0]1]>)
—if(false,s0,ss0xf[sub1[ss011)
—>ss0xf[subllss01]
—>s550%f[50]
->5s0xif(eq0{s0},s0, <s0xf[subl1[s0]]>)
—>ss0xif(false,s0, s0xf[subl1[s01])
—>350x(s0xf[sub1[s011)
—>ss0x(s0xf[0])
—=s50x(s0x(i f(eq0{0}, s0, <0xf[sub1[0]1>)
—>550x(s0x(if(true, s0, <0xf[sub1[01]>)
—>3s0x(s0%s0)
—=>550x(0+s(0+s0))
—>550%s(0+50))
~>s50+(ss0x(0+s0))

—>...

EfFfronhB Lok, TORHEEMAWD LEE
Dif-then-elsel MU &5 KW ES > TS 7 2%
fERic&%. deleyRWAELisp Kit Lisp[21c B} 5d
eleyB¥ic i g 5. Z 7z, Lisp Kit Lisp @Oforcefd
BREA-TRSCRArpRHIET 3. DX Iicdeley
RARBEBTRS v d 52 2EHT 5 LCRAT
%%, ad hocHiifltcH 5. Lh LA odeleyRIA%
SoBAGLT, 3. SMiTHBNENEHRMIZT S
CLRHEETHS. i, deleyRIZ M DdeleyRHA

EHEB T (FRXETa 75 46H0TR,if(..OD

... OLEL DdeleyRIH & ... [>if(edd{x},s0,<xxf[s
ubllx11>H D deleyRIF) 2 OXR 2 RS 5 0,
ORFAD > —o0HEANRBFHLT, 2OHORHA
DHTCHREERT I EVEHETH 5.

4 A-TRSOEH, &M@
4. 1 %8
A—TRS @Oreducer Rat &Lisp< & ~FACON-

€93

krUtilisp2AWTA v ¥ T Y S HRR Lo THEH L
fc. ZOreducer Ra t 3 a—¥—&iEMcET2
FRIBERLCELTELY, Y2 IVv—yHNESR
OHVBDTHB. IAKTRS Fu s 54HEbre
ducer O—#2 LCRBT ZHBEMSB. LHLEMR
5, Kt eRFLT, JVERCERCHVER
EhTWwsizd, EiElispTR2 0017 (NHREF
LCWBTRS7u 75 28320%L), 208E
BT OMBTEREINTYS. WRE, RpoMA
OBRED D EH2ME, R]1 i HHOBED DY
3, LEcHVIHEDEBODH]1IO0M, %
Rat 0B -» kX6 HOMBEH VTS,
reducer Ra t REEERRP - THBEhTWVS
N, ZTYULROBR»SUTO LI BFEEZHV Y
5.

o BAlOHW A B

Rpo, Rli, ArpRUZZTRHVSLh Snatce
hi3XHOMVWTRS 707 5 AktELTHY, A-
TRSBEHAOEVEROTRS 2EZATEVE D
D, natchOFHO-CRREFHZHN L OO TRYE
NEW, 22C, hoOMBAR A LDRER
FRCWMVESEZTRS 7 u 5 2%, EHAMNXOT

RSESFuFS5 4L RABRIVATIOETHRIFLT

Vw3, RAMNEOTRS7u”524ERat, Rat
HDnatchTtORHVOLNS.

s HORJNT 1

Hi3LispO VA PR AVWCHEBERERLTVS., #
o THRA V7 OBER XBB/EORT, R4 v 7
EREABERIOBEBFOMERIV » SWFTHELT
wizv, LhLihs, —BERBRE>ZHIEL
CRERHETCH 80 /%2>, Rpo, R11i,
Rat&cEBEk LY RA—OEHERIILTOH
W (nfic X BN KX MKEZBITVE. Thi,
ZreducerBZ DR UDR YT, BREHEIEF
2y 7 FBILEEBVEOET RS-0 TH3B.

4. 2 Ml

B4, 13, 1MTCRREZHMB - T, EITH
R2% P 5. BB, Rpo by Rat & BREE BT LA
~TRSTRatk ko TEFLLHRTSH S, 4.
2R OBTOMELEEE S, Roo & Rpo_by_Rat @
¥~ 5, RathRpo tRKOER2EB DI



mtch~) | BEMAEK | by FE | TR
ADEE | rewrite~d R/M
M| AhE¥ R (€3] (msec)
Rpo 106 417 44, 3 615
Rpo by Rat 106 47 44, 3 681
Rli 38 21 55. 3 225
1y JyavBil 63 217 42. 9 327
Uy dyaupi2 58 27 46, 6 338
7' 0¥ 553 57 27 47. 4 327
70y 5.4 59 27 45, 8 340
70y 55 48 21 43. 8 237
B4, 1 FEABESR (£(s0%s30))
ratchA) | BEMAER | by ME | F{TRM
ANEE | rewrite~m R/M
M| AHE R @) (sec)
Rpo 2376 633 26. 6 13.214
Rpo by R 13.447
Rli 125 71 56, 8 0.866
Y hyaupil] 1665 339 20. 4 7.164
Wihvasp2| 1643 339 20. 6 7.990 .
7' o) 543 1655 339 20. 5 8.014
70 14 1654 339 20. 5 8.029
70 345 1002 117 11.7 2.578

H4. 2 FHBSR (f(ss0ss0))

HUBA—r—~y FHEEN S, DFHDO A —t—
~y FCRBBH, Chicbdhdod, BYVF oy
avBl, Tu XS AR bBENRALLTVWS, BH
DEBER LR RET RN DA ——~y P25
BIBEHbDhTWEZ Eitbh 5.
RAMEOYY 27y avid, RPolR] i OHE
OB LTS, Rat3fthos o dE
SEOMMMTHET LHAMB. i, KA. 1, K
4.2:d370V5 280 IFHEORENEFLY. H
AORANRSHEOBER L FETSEANRKEVT
LRI MB.

5. ¥&»

FRXTR, RAVBTCRBRRBLTVS, BWMgicH@
+3RHETRSYu V5 athe BT 5 LOTR
PEBMARA-TRSOBER LM, thicEs
& £{TE 57%. A—TRSi, STRS7u 75
ARBU RO LV, BRAETRS 705
rhiciRRcEs. 20k, BTRS70s 54k
BUABBEHVEZ EHNTE, 2hick), a—W
—RERLABYR, BXRANTHSELBTR

(10)

STuZsr3rmMTEs, HEOHSE, RHIk
VREEMCOHRTHIZ LARB I,

Sk, FOBRREPAEANZ LI ZVW I uT 5240
ERRITA 3D, A—TRS:2HEYICERHCE3 LM,
EOTOTIIVIAIANEERLTY LRSS
BORETH B, TR, BHLBEIMBO
FHELTUhFEos TRV, YRV ¥ryay
FTHLERRALTVALRAT L TE, EHum
RAEFMTRS LR3I b TES, UIEFTOLDO
HRE, SROoBETH 5.
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