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Abstract

Term rewriting is a computational model based on equational theory. This is a
model that we regard equations as transformation rules from the left side to the right
side, and computation is done by rewriting. We call it rewrite rule and we call the
set of rewrite rules term rewriting system (TRS). It is a basis of computer languages
and theorem provers. For example, the following is the TRS for addition on Peano

numbers.
add(0,y) — y add(s(z),y) — s(add(x,y))
The term add(s(s(0)),s(0)) express 2+1. It is rewritten as follows:
add(s(s(0)),s(0)) — s(add(s(0),s(0))) — s(s(add(0,s(0)))) — s(s(s(0)))

Then we obtain the result: 3, which is expressed by term s(s(s(0))). The above
sequence is called a rewrite sequence.

One of the most important property of term rewriting is termination. The definition
is that there is no infinite rewrite sequence, so in terminating TRSs one can eventually
obtain the result of rewriting. The most basic method for proving termination is using

reduction orders. For instance, if there exists a reduction order such that
add(0,y) >y add(s(z), y) > s(add(z,y))

in the previous example, we can conclude that the TRS is terminating. In particular,
the Knuth-Bendix order (KBO) and the lexicographic path order (LPO) are common
and famous reduction orders. Reduction orders are also used in theorem provers
based on term rewriting like E and Vampire. In such tools, reduction orders decide
the direction of inference, so the success of proof depends on the power (orientability)
of the reduction orders. Therefore, if we can define a new strong reduction order,
then we can improve the power of these tools.

In this thesis, we introduce a reduction order that simulates the dependency pair

method with dependency graphs. The dependency pair method is a powerful method



to prove termination. Consider the following TRS, termination of which cannot be
shown by KBO and LPO:

minus(z,0) — z minus(s(x),s(y)) — minus(z,y)
quot(0,s(y)) — 0 quot(s(z),s(y)) — s(quot(minus(x,y),s(y)))

We obtain the following set of dependency pairs.

minus®(s(z),s(y)) — minus?(z,y)  quot®(s(z),s(y)) — quot®(minus(z,y),s(y))
quot?(s(z),s(y)) — minus®(z, y)

The basic dependency pair method is splits the role of reduction into the pair of
two relations with weaker constraints to prove termination. Such a pair is called a

reduction pair. In the example, if there exists a reduction pairs (=, >) such that

minus(z,0) 2 x minus(s(z),s(y)) Z minus(z,y)

>
quot(0,s(y)) 2 0 quot(s(z),s(y)) 2 s(quot(minus(z,y),s(y)))
and

minus®(s(z),s(y)) > minus*(z,y)  quot®(s(z),s(y)) > quot?(minus(z,y),s(y))
quot?(s(z),s(y)) > minus®(z, y)

then we can conclude that the TRS is terminating. The power of this method can be

improved by using a dependency graph. First, we label the dependency pair such

1: minus®(s(z),s(y)) — minust(z, )
2 quot?(s(z),s(y)) — quot’(minus(z,y),s(y))
3: quotﬁ(s(az),s(y)) — minUSﬁ(ﬂlJ,y)

We obtain the following graph by computing reachability between the rules and the

In this graph, there are two cycle. These cycles tell us it may occur infinite rewrite

rules.

sequence. So if we have reduction pairs to orient each cycle with the original TRS,



then we can conclude termination. Recall the previous example. If there exists a

29, >9) such that

~

reduction pairs (21,>1) and (

~1

minus(z,0) 21 minus(s(z), s(y)) Z1 minus(z,y)
quot(0,s(y)) 21 0 quot(s(z),s(y)) 1 s(quot(minus(z,y),s(y)))

1: minus®(s(x),s(y)) >1 minus®(z,y)
and

minus(z,0) 22 minus(s(x),s(y)) Z2 minus(z,y)
quot(0,s(y)) Z2 0 quot(s(z),s(y)) Z2 s(quot(minus(z,y),s(y)))

2: quotn(s(w),s(y)) >9 qUOtﬁ(minUS(Iay)a s(y))

then we succeed to prove termination.

Dershowitz (2013) shows that the basic one can be simulated by reduction orders
called monotonic semantic path orders (MSPOs). However, simulating the depen-
dency pair method with the dependency graph technique is an open problem. In
this thesis, we extend his approach by taking multiple reduction pairs to solve this

problem.
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3.1

Termination analysis on TPDB 11.0.



=

IEC®HIC

EEWZ 213, FRRHICESCHEEANTH 2, ZARERE AL SHLANDE
Faz HRE A7z L, HAIOFERIC X > TAEBZ1TS D TH D, FHHEKESEES BE)ERE
ODHERHEBE RoTWVWD, fHle LT, UTD XS REEMHZ R (FHIHAOES) T2
WTEZR S, ZOHEHFMRII. RT7VBOMAEZRTHDTH 5,

add(0,y) — y add(s(z),y) — s(add(x,y))
IhZEHWs e, 241 Z2RFTHTDH S add(s(s(0)),s(0)) &
add(s(s(0)),s(0)) — s(add(s(0),s(0))) — s(s(add(0,s(0)))) — s(s(s(0)))

DEIWCEMZ LI ENTE, R LT3 ERTETH S s(s(s(0))) &I EHERERE
BRI TEL, ZOEMWMZORNZEEZA] L FESR,

1.1 ®ZEHB

HEWZ BV THEHELREE O —DIEIEE FIEN 2 b DDTFEET 5, ZIUIERD
EMZHDFEER T, BICEAMESNS Z L 2EKT 5, BEILEZFEHT 3 &6 HAN
BITHEIE. BREFEEZHWS 2 TH 3, DD, WRoflzZHWS . »AEGIETE >
DL T

add(0,y) >y add(s(z),y) > s(add(z,y))

CHEMITIZ N TENRXZDHEERZ ROEIEEEZAT2 2B TE S, FiZ
Knuth-Bendix JHR [8] R&FEZUREIER [7] 3REMRENIERE LTLXHVWLRT



&7, WIOIERISIEENL R 2 e 5 2 EFEIR (E[11),Vampire[9]) T 5 &5 T
2. 25 L RGBT, AR 0 B D 710 % W C & > CRE
§3, 2O, AEHOR L KIS L ORI 2 IEFICHR L KET 2. OFh. #
N7 ENER R ERS 2 2 L AT EAUS, 2N OIS B A S < A EX 13 2 L AT
%3, AW TR, HIEHTE 2] LIRS 2 121 MR 0 T 1% HGIEFE O Heffl 21 B
D AR & DIEWY 5 2 ORISR T = 3 MiIEF 2 /RS 2 2 e 2 BN 3 3.

1.2 BEFE

RENFIE [2] 2id. BABELOMCH L oBFRZRE ML TFIEEZEERAL L5 & F
55DTHD, UTFTDHEEMZRZHE T 5, ZHud, Knuth-Bendix lHF & FEE LR
IEFFCl3E B2 REBA T X Wl TH 5,

minus(z,0) — = minus(s(z),s(y)) — minus(z,y)
quot(0,s(y)) — 0 quot(s(x),s(y)) — s(quot(minus(z, y),s(y)))
TN HiE, URD &S BIRENOEREBER SN D,
minus'(s(z),s(y)) — minus*(z,y)  quot®(s(x),s(y)) — quot’ (minus(z,y),s(y))

quotﬁ(s(x),s(y)) — minusﬁ(:zz,y)

AR TR LT, iR Z £ D R0 2 DDA 5 72 % i 7 H|
LT, JTLOHEEMZAREIRENOEEZREMNIT 2, DX D, HBHIN (2, >) DFLE
L. HERZRD

minus(z,0) 2 minus(s(z),s(y)) 2 minus(z,y)
quot(0,s(y)) < 0 quot(s(z),s(y)) Z s(quot(minus(z,y),s(y)))
KEN DEED

minus*(s(z),s(y)) > minus*(z,y)  quot’(s(z),s(y)) > quot (minus(z,y),s(y))
quot®(s(z),s(y)) > minus®(z, y)
ERIMMMFILEZREATE o Z 2Tk b, 2. BENRD DL LT, KEFESZ 7 [6] £
N2 D DEHWAMENFIEDFET %, 3. ABDKEFENZRD & 5 12HF ST 5,

1: minus®(s(z), s(y)) — minus®(z, y)
2: quot®(s(x),s(y)) — quot®(minus(z,y),s(y))
3: quot?(s(x),s(y)) — minus* (z, y)
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Zh e OBAIFRLOEERELEZFRE ST o8, ROK 5% 77 7HEREIN 2,

12251, 22056 2 LPEERL CTWAEMBFEET 2000015, KFEZ 7 72 HWFIL
TIEIR Z L W Z VTR E T 2 2 e TEIEEZIEHT 2, Zofitid,. »5MH
o0t (21, >1) b (22, >2) DIFETE L

minus(z,0) 21 = minus(s(z),s(y)) =1 minus(x,y)
quot(0,s(y)) 21 0 quot(s(x),s(y)) Z1 s(quot(minus(z,y),s(y)))

1: minus®(s(x),s(y)) >1 minus*(z,y)
D

minus(z,0) 25 x minus(s(x),s(y)) Z2 minus(z,y)
quot(0,s(y)) 220 quot(s(z),s(y)) 22 s(quot(minus(z,y),s(y)))

2: quot?(s(z),s(y)) >2 quot?(minus(z,y),s(y))

AU B R EIA TR v IC B,
Dershowitz (X EEAR RN FIRIIEHRERIEF O fE T TE 2 28 [5] Z/RL
2o L L. 12T T 7 OFIZ O W TIERBEREIEL LT > TV 3,

1.3 RBEFE

AL TIIRIBERIEIETH o 7= 1T T 7 7 % W 2 KEN TF1E % R NER DO PEH A
D AN 7 BERIEF 2R T 5, IRE2EFEE, KIF7 7 7OMERZ L IZmEfT 5
FER NS 2 729012, BRI Z 7 X — ZICH 3 B EWRERIER ~» EF 3 5 2
ETH5L, ZHORIEMEYL LT, BEOBELIEFZ T X — 225 GFERERIERF % E
£3 5,

BIRIC, RiasUILURD X5 BHRIC > T\W3, 2 ETIRIEERZ D 2 HEAN 2
ERCEHICOVWTIENS, 3 BETIEATERE & U THEERBERIEF DILRICO W TIER.
AEBH & SEERIC DO W TR B, 4 B TIIMRIFEN & BRI IERF ORERIC O W T HIEZR L.
el BETHKREY 7 7 2 BHAEWRRKRIERICED X5 I AL OWTER LA E
179, BiZIZ 6 ETAMEDRF IOV THERS,

3



E2HE

g

RETIIAMHEL B ER L FHICOVWTHERS, Zhbid (3,10, 12] 2B L L L
HbDTH 5,

2.1 HWRELZZR

EE 1. HRE#EZFH (abstract rewrite system, ARS) 1%, £4 A & A Lo IERE%
= o5 (A, =) DI THE, LIETIE (a,b) € 5 DIRODITa — b ERILT 5,

EE 2. o1 & 2o ZLTEBRYE T2, 51 & 50 DARE =1 - 22 2R L. LT XS
WCERT b,

—1 - —=o={(a,c) EAXA|a—1bDDb—sc %ili/zT bec ADFET S}

EFE 3. - = JHERE T 5,

o Ji@a)facA} n=00rE
ot n>10r

EE 4. “HBEGR - LT, UTOBREERT 3.

e <« ={(b,a)| (a,b) €=} ZHERFR (inverse relation) ¥ MR,

o == U>0 2R (reflexive closure) & 2N,

o =T =U,o0 =" B (transitive closure) IER,

o —* = 3T U0 2 REHERBES (reflexive transitive closure) & FES,
= — U<+ 2RFEAE (symmetric closure) & M2,



EES5 A= (A ) ZHMEFEZIRL T2, DD ac AN LTa—>bRd2be AW
FEETA =, 20 a ZBPEEE (reducible) W5, HA3EELFHAIRE TR WVWIEA.
FOHEZRIERA (normal form) & FES,

EE 6. A= (A, =) 2HRFWZARL T2, D5 ac A»olaE 2HEIINFEEL R
X ZOEFE o l3FLEYM (terminating) ZEOEWVWH, TRTOERE a € A DMEIM
RO E AREIEEERO WS,

22 IEEBZR

EE 7. BEGIS0ES F 22U % F ¥ (signature) MR, HFEKGE f € F 125l
BoHERITEBRE n T TIohTED, 22T V7o (arity) EFER, 7UT4 %
HRLZEWES [ TRELT 3, 7V 74 000K S IZESR (constant) & I
Nnb,

EERB Fri/3F%. VEFNY =0 THdI5RMEMERESL TS, V OER
2 (variable) EFER, F &V 257221 (term) ORE T(F,V) ZULFD X5 1IZ
RN EF T B,

ez €V DEE zeT(F,YV)
° f€f7b>o tl,,tneT(f,V)O)t%\ f(tla,tn)ET(f?V)

EEGEE fO ok s f() L TR HNEEKL f TRT, 2. Hloitke L
T fte,... tn) & f) R fll) ERT LB DS,

TE 9. Ht e T(FV) KB 2 LMEEOEE Var(t) BUTO L 5 108K T .

{t} tREBO L =
t:
vartt {&LVmw)t:fmwumnwt%

Var(t) = @ TH 2 & 5 %IH t »BEIEL TN,
EE 10. t ZHHE 5%, JL—F5ES (root symbol) ZUTFD XS ICEHRT %,

root(t) = t LDPEBDOLE
S f t=f(tr,.. . t,) DEE

EE 11. Ht ICHN2ZH BB OB EKRES (size) 2L, DITFD X 5 IcH R

5



HNTEET %o
] = 1 t DEBD L &
L+30 ]l t=Ft1,... ty) ODEE

. BEGLSOHNTBOAZRTHE, LFDX5ITERT %,

4] = 0 t ERD L =
LY |l t=flt,... ty) DEE

EE 12. iIE (position) IZIEOBEFITH %, 225)% )L— FMIE (root position) &
M e TRT, (E p EAiE q DL pg TKRT, Ht IKHNIMEBEOES Pos(t) %
FD X5 CERT %,

(e} t DERDY F
(Y U{ip|1<i<n»DpePos(ts)) t=f(t,....t,) DL =

Pos(t) = {
EE 13. Ht IZBT BNE p DEFPIE (subterm) |, IRXDKTEX SN %,

f, = t p=ecDE X

P tilg t=f(t1,....tn) PO p=ig DL &E
¥/, WHHETHZZ % t, At DEIWCEKT, phe TRVGEE, <ORbhiz< %
W3,

T 14. H t SBT3 p OWSEEE o GBS TESNZER tju], TR,
EfEERE FOEY Th 5,

Hul, = u p=ec DL
P f(tl,...,ti[u]q,...,tn) t:f(tl,...,tn) ﬁ)Op:quDZ%
E&E 15. U ¢ F 2R EBGEEZED. Zhzr—Il (hole) R, ZDL X,
T(F, V) TEL. DR —A7i2—DHBT 2dDEXAR (context) &R, Xk C
CHEIIHL, Cl, =0 R 20MEp ZHWT Ct] = C[t], EED 5,

EFE 16. 5B o 1V - T(F,V) OERE Dom(c) WERTH 2L & o Z2HA
(substitution) PR, HL. Dom(c) & {z | o(z) # 2} TEFEIN %, Ht ~DRA
o O to ZRD XS5 ITHIRINTERS N,

to — o(t) t DEBODO L &
) flto, . tno) t=f(tr,. . t,) DEE

6



DD {x1 = t1,..., 2y >t} TRORA 0 ZRT DD T3 !

|z R OBE

EE L7 | PERTERVETH D, r TEENIZEHD L EEN2%FK (L,r) 28
B Z#RA (rewrite rule) EFEL | — r & RF, FMZAFAOEAZEERZIR (term
rewriting system, TRS) & FER,

EE 18. R xHEWZ R, s, t xHE T2, FHZHAI I - r e R &AL p € Pos(s).
KA o BIFELT 8|, =lo 22D t = s[ro], ZillilcT e & s —ort Lild. ZOBR —r
R OEHRZEFR (rewrite relation) £ &5,

EE 19. R REHEMIARE T D, to o t1 —2— - DX REHT 2 FWMZ DUV %
E#Z %) (rewrite sequence) ¥ IR,

E&E 20. - % T(F,V) Lo_HEKE 35,

o EEDXMRCITHLT, s =t 725X Cls] = Clt] BRILT 2 Z & ZXARICEAL T
W3 (closed under contexts) W9,

o EEDONRAcITHLT, s 2>t &b so — to BT 22 ZRAICEALTL
% (closed under substitutions) W95,

TIEHBBROAXRERADTHHFIZOWTH L TW2 &, 2B ZIEEFR (rewrite
relation) & FESS,

2.3 MEWIER
E&E 21. EMIBERTH % L 5 R ~»EHX)IERF (rewrite order) ¥ FEXR,
EFE 22. BighERZERF 2 BHIERF (reduction order) & PR,

EFE& 23. REZHFERE T3, A= THROWYIRC LTEEEOEt I LT Ct] Rt
WICH DI &, RIZERDIEM (subterm property) %D & IFEXR,

EIE 24. R ZHERZARE T2, H2WHIEF > PHEELTRC > LRI, R
PEIEEE RO Z 2 ZFETH 2,



EE 25. > 2P L T3, > OFERIE (lexicographic extension) > XD &K 5
WED Do (Siy--y8n) Slex (tiy- - ytm) DD ILDODIFLLFOWTNHOLDEDILDOE T T
Hb,

e nN>mMDS =1t1,...,5n =tms FIZ
. %Z)z(lgzgn) PIFFEL T, §1=11,...,8_-1="=1i—1,8 > 1;

EE 26. F LoEEF - 2l 5HE T(F,V) LOEFTH 2 FHEEKIETF (ex-
icographic path order) >0 ZUTD K IIKERT 5. s >ipo t DK D LDDIX
s=f(s1,-+.,8n) EBITT. UFOWTIUDDKD IO X TH S,

L ®%i(1<i<n)PMFELTs; >0
2. t=g(t1,...,tm)s [ g»DOEED j (1 <i<m)IZDWVT s > to
3ot = g(tr,.. st [~ g FEDF (1 <i < m)IiZDWVT s > t DD

(Si, . ,Sn) >:S)é (ti, ceey tm)o

2.4 KEXNFE

EE 27. BEGEEOHEA Dr C FIRIMUTO LS ITERSINS, Dr DERTERLS
(defined symbol) & FES,

Dr = {root(l) |l - r € R}
EH 28. R 2HEMZ R T2, EMZAHANOES DP(R) ZUTD XS ITERT %,
DP(R) = {lI* = t* |l = r € R.t <Qr D root(t) € Dr}

DP(R) O E#ZZ&TER (dependency pair) ¥FER, 72720, FIiXl = f(t1,...,t,) I
LTl=fity,...,ty) ZRTDIDTH 2, 22T, LI fERALTY T4 2Ho8H LW
BIEGLE 2 ERT 2,

& 29. > 2HLOMFRET., > 2HLEOEIEFE 55, UFNOFELZINTHZT L
. X (Z,>) 2R (reduction pair) &S,

o > DEEPORAHL TV,
o XOEBRAMBRTDH S,
« 2->C>FEE > 2 C> DML %,

8



FHE 30. FHRMAR R LML B C L L RO BRI to —5 6 —op)
to _>’>]k2_>DP(’R) o DEELRRWZ L IZFEETH 5,

EIE 31. R ZHEEFEMZA R T5, RC 25D DP(R) C > 2iililz 3K (=, >) 2377
£ 5L % RIFEEMEEZFO,

EE 32. 5I¥T 1 ILA2 VU >Y (argument filter, AF) I TXRTD fre Friec{l,...,n}
WKBITEBRTH 2, 517402V 7 hbB8BHINZEDLSHEADEBIZILITD XS
WWED BN,

t t DERDE =
m(t) = < w(t;) t=flty,... ty) O n(f)=i DL X
flr(tiy),...,m(ts,,)) t=f(t1,... tn) 22 w(f) =[i1,...,im] DEE

EE 33. > 2flMIEF. 7 2574 VRV 7T 5, R >T 2 ROLSITERT
55>t eBDE w(s) > 7w(t) BWDIIDOL ZTTH S,

8 34. (Z,>) 2. 7 2574 RV T TR E, (27, >T) N
5%,

E&E 35. HEEAV = DPR) tHEAE = {(s — t,u — v) € V? |
H5 0,0 DFELT to =% uo'} o683 HM7 57 (V,E) DI 2&FIT 57
(dependency graph) & I3,

—IRNCHAT 2 Z 7 O ¥ DTERENSADPFAES 2 IOV TEIRERNETH %, DI
DLLND &5 L7277 7 % Fiv %,

EE 36. HAKLSV =DP(R) b WHEE E = {(s = t,u — v) € V2 | root(t) =
root(u)} 226725 KM 777 (V,E) DZ & ZIL— MEBYKTES 57 (root approximate
dependency graph) & FES,

E& 37. (VE)ZHRZ 7725 %, CCVBHALTIL (cycle) THD WS DI,
FTARTDu,v €CIZTOVWTu—=Tovdr2C #£kMiiTETHs, DLAMIT T 7
(V,E) ZBWTCCC eR2IAI7NVEC BEFEELRVE E, C ZiREENST (strongly
connected component, SCC) ¥ M3,



E3IE

FHE VR RIERF DHLE

T ERERIERF 1 Kamin & Lévy[7] 12X o TEAINZENIEFTH D, (F1EHEFEH
REMCICHWONT WS, ZOEFIFEBEIETFZ 1 D17 X -2 LTt b, AET
. BRIEFEEBE 2 XD WKHREIT 5. 2D 74 7 73R D HEET H % BRI
NEFIZ & 2K17 27 7 7 OFRIICB VT Vs 5,

3.1 ZEHR

E#& 38. JZHET(F,V) LORRNEF M = (Z1,...,Zm) Z m EOBEIET? 572 %
HEe T2, 270, m=max{n| f™ ¢ F} +1TH %, TEHLIR (multiple extension)
IMERDESWTERT B0 s IMEPBIALT 2DEIUATOVT UMD LD L ET
b5

) iﬁﬁ{{b"c f ~10G,81 = t17~~~;5i—1 = ti—hf =i g~ if:¢i

. %5i(1<i<m
Si<m—1)DBHFELT f~r 9,81 =t1,...,f ~i 9,8 Jtio

2. H%i(l

E& 39. HEOMRTH2ZEERBLEIEFMHETHEARRIERF (LPO with multiple
precedences, LPOM) >jpom Z XD & S ICHIRINCERET %0 s = f(S1,--+,5n) >lpom t
MALT 2 DIELTDOWT DM D LD T TH 5,

1. t € Var(s) 2D s #t. £l
2. t=g(t1,... . ty) 2B B i (1 <i<n) BIFELT 8 >t T2
3.t =g(t1,. .. tm) 222 s >M 1 AEED § (1 <j<m) LT 8 >pom tjo

Ipom

& D ZEEIEFA &SRR SEIER & 72 252175, £33

10



WFEIEFTH 2 &V IFEHZIT S,
R 40. O BRFIET. M = (Z1,. .., om) EZEIRE T2, M IZIERFEE RO,

SRR, FJEICE o T s M s BRI LBEVWI L2 RT, s IMs EIRET S, 2D X2
DDBEITDONVWTEZ B,

o s M sHZEIIRD 1 OHDEMHIC I > THIIL TV E, %0 (1 <i<m)
WOWT f = f DD ILD, = IZRKHTH 2D TFE,

o s M s BZEMIRD 2OHDEHICE > THILLTWEEE, HB i (1 <i<
m—1) PFEELT s; O s DD LD, D ERKHHKTD 2D TFE,

[]
W 41, O BPBIERF. M= (21, .., om) 22EIREE T3, DM I3HEBEEEO,

BEER. TH s = f(s1,...,8n) 222t = g(t1,...,tm) u = h(ug,...,u) €3 %, k =
s+ [|t]] + [Ju]| T2V TOBERMNEICE > TRT, k=0DE E, s, t,ulFTNTE
MTH2, o TRERFIET %, LED>Ts Mu, k>0 &, s MU/ IR
D |||+ 1] + ||| < ko s DM, ¥ MW THB KD RIE S 0/ 1T LT
DALOEIREL. BLETTZITI,

o MADZEIIRD 1 OHOEKMICE>Ts Mt ot IMuBdEhIIoL & b
5i(1<i<m)iZOWT(f~1 9,8 =t1,...,8-1="ti—1,)f =i gD, D3
JA<LI<m)IZOWT (g~ bty =g, ... tjo1 =uj—1,)g =j h TH 2,

— =D& frig~ihysi=ti =, 81 =t =ui—, f =i g =i h
THb, Ko TEZHEMLED 1 DHOEMELD s M u A D 7D,

—i<JDEE fr~rg~rhysi1 =t =, .., 81 =ti1 =Uui—1, [ =i g~ h
TH3, FoTEZEMLIRD 1 2HDEEXD s M .

—1>JDEE fryg~rhysi =t =u1,...,81 =tj_1 =uj_1,f ~j 9>
hThHb, &oTZEIED 1 DHDEMAEXD s M u 23K D 7o,

o ZEIIRD 1 OHDEM LD s Mt 202 0HDOEMELID t oM uTH B & &,
H2i(1<i<m)IZOVT [~y 9,81 =t1,...,8-1=ti1,[f =i gH»P2OH5
JA<i<m—-1)&2WT g~y hti =ur,...,g~j h,t; Ju; TH2,
—i=JDEE f~rg~ihysi =t =u,... .81 =tic1 =ui—1, f =i g~ h

TH3, Lo TEZEMLIRD 1 2HDEEXD s M .
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—Ii<jOEE fr~y g~ hysy =t =Ur, .., 8 1 =ti1=ui_1,f =ig~ih
ThHb, Ko TEZEMLED 1 DHOEMELD s IMuTH 3,

—i>jDEE froygrihysi=ti=ug,...,f~jg~jhs;=t; Ju; TH
%, Lo TZEIED 2OHDEELD s M u,

OJ
WE 42, 0 RWBIET. M = (=1, ..., o) FEEIEEL T2, M BHRIEFTH 2,

FERA. fifE 41 & 42 X DhREN D, O
Rz, EZNEFTH S Z & ZilHT %,

B 43, >jpom IR L TV 2,

FERA. s >jpom t EIRET 5, XK C 12DV TOHERINIEIC K T C[s] >pom Clt] &
NS

e C=00DLE, s>pomt 87D HDIID,

o C = f(s1,...,C"....8p) DEZE, Cls] = f(s1,...,C"[s],...,80) D C[t] =
f(s1,...,C't], ... sn)o WWRRIEDIE L D C'[s] >ipom C'[t] DI D IZD, ZEHL
RO 2OHDRME D, s >0t BRD LD, LA o Ty >ipom D 3 DHDEL
& D C[s] >ipom Cto

flHiRE 44. >jpom ZRAIRBAT TV 2,

FERR. s >ipom t EARET %0 k = [|s]| + [|t]] €OV TDRMIEIC K T s0 >pom to &
R

e k=00 E 5t LDEKTHZ, £oT s Fpomt LD, Flh, L7cdoT
80 >1pom 106
e k>0DEE, 0 >pom t'o BMERED |||+ ||['|] < k TH 2 KSR 't/ 1Tht
LTHEDIIDEREL, 3DDEMFITOVTHEDTTEITS,
— 1 DHODEMT s >pom t DD IDE E t € Var(s) D s At TH b2, £o
Tto € Var(so) BN D, Lo T1IDHDEMHED s0 >pom too
— 2DOHDEMHT s >pom t DD EE 20 (1 < i <n) BFEEL

12



Ts =t F7E s >pomt TDHD, 5, =t DE X 5,0 =to FAHTD 2,
EoT2OHDEMED 50 >pom t00 Si >ipom t DL &, IRNEDOIRE & D
$i0 >ipom t0 MWIALT %, Ko T2DODHDEMN KD 50 >ipom to. MiJTDEHE
WZOWTEBIIHILT 2DT, LD oT s >ipom 0o
— 3DHDEMNT s >ipom t BN LD L E, t = g(t1, ..., L) 2D s > T
EEDj (1< JIX LT s >pom t; TH D, WMEDIRE XD,
FEED (1 < ) I LT 850 >ipom tjo TH D, s >t DER
b, 514 (1 i < n) BEFELT sy = t1,...,8.1 = t;1 FF
$1 =11,y 8i—1 = ti—1,8; >lpom ti TH Do HHDPIT s10 = t10 FD LD,
F7o. WEDIE XD s10 >ipom t10 DD D, FoTEBLLDHETH
so >|/;/ém to 13D LD, L7ehio T S0 >pom tos

<m
m

AN
<
<

W 45. >pom BTHRZBIGTH B,

SERR. WHRE 44 ¥ 4510 X DRSNB, 0
B, BB CH 3 £ V5 A ETS

W 46. >pom ISHRHTENEE O,

SRR, C 40 LIEL. C IcoWwT ORERIIEC & - TRT

e C=00r %, ZHNIREIIKTZDFE, Lo THDHEERD,

e C = f(uy,...,C' ..o uy) O EAEEOH ¢t WXL T CH] =
flu,....,C'[t],...,up) TH 2, WMHIEDIRE LD C'[t] >pom t TD 5,
EoT12HDEMELD Clt] >ipom t TH D EDEEZRD,

L]
SETOMBE LD IIEFETH S £V S A EETE 2,
T 47, >pom RIHIEFTH 5.
SERR. WS 43 ¥ 46, 47 XDREN 5, O

& 48, AlFMED 72O IR D & 5 ICEEBICIERN & R ENREIEF OEHBR 2 E o 5,

13



z BEILIERE S %,

di. s; >oom ¢ s >|F;)})m t Vj.8 >ipom t;
f(g) >lpom t §= f(g) >lpom g(f) =1
A
f>ig fNJg S>|pjomt
_ ; _ Pi
f(3) >hom 9(®) s = f(5) >jpom 9(t) =1
P+l
S5 >lpom tj sj=1; s >ngm t
_ Aj _ Aj
f(‘S) >Ipz)m g(ﬂ s = f(S) >Ipi)m g(ﬂ =1

Bl 49. XD X 5 RIEFEHLZ RITOVWTEZ b,
f(s(x),y) — gz, y) g(z,y) = s(f(z,y))

COHEWMZRIZUTD X 5122 DOBEIERF ZHWTHHRAZAESFIT 2 BN TES
7o, ZEIEEZFEHTE %,

zlingFS
22 g f

« f(s(2),y) = glz,9)
T >om T
s(z) >ipom @
frrg f(s(2),y) >fom 8(2,9) : :
f(s(x), y) >||Talom g(z,y) f(s(2),y) >pom ©  f(s(2),y) >pom Y
f(s(2), ) >pom &(2,y)

o g(z,y) = s(f(z,y))

g>of
r>pomt gla,y) >z f(z,y)
g~ f g(z,y) >hom f(2,9)
g>1s g(z,y) >hom fz,y)
g(x,y) >hon s(f(z,y)) g(,y) >ipom (2, )

g(%,y) >ipom s(f(z,v))

14



Bl 50. XD & 5 RIAFHLZ RITOVWTHEZ b,

gt( — false
gt(s(x),

gt(s(z),s(y)
odds(nil

odds(cons(z, nil)
)

merge(nil, ys

Y

o

~— — ' ' — — ' ' ~— ~— — —

— true

— gt(z,y)
— nil

/\\—/O

— cons(z, nil)
odds(cons(x, cons(y, zs))) — cons(xz, odds(zs))
— ys

merge(zs, nil) — xs

~—

merge(cons(z, xs), cons(y,ys — if(cons(z, zs), cons(y, ys), gt(z,y))

— nil

/\

ms(cons(x nil)) — cons(z, nil)

~— —

ms(cons(x, cons(y, zs))) — merge(ms(cons(z, odds(zs))), ms(odds(cons(y, zs))))

IHE~—YY— FOHEFMWZARTH S, 1k LPO TEIEMEZAAL L5 &5 23556,
merge(cons(z, xs), cons(y, ys)) — if(cons(x, zs), cons(y, ys), gt(x,y)) D3R 3 BILIET
RERT 27D ZAAT 2 Z e TER WY, LA L LPOM & Z Oy 22203 %
ZEMTED,

merge >3 if

cons(y, ys) = cons(y,ys) s >E:im t

: A2
merge ~g if § >igom t

cons(z, xs) = cons(x, xs) s >E§m t

merge ~ if s >|/:(1)m t

P1
s >Ipom t

s = merge(cons(x, zs), cons(y, ys)) >ipom if (cons(x, xs), cons(y, ys), It(x,y)) =t

3.2 3RER

ZOHITIE LPOM ZHWAEIEEY — L2 W EBEERICOWTHRN S, [EE
& TPDB 11.0 [1] 2w, FEBERSEE Y LT CPU X 11th Gen Intel Core i7-1185G7 @
3.00GHz, XEV 16GB ®_ LT, IR 60 B TEBREZIT- 72,

F3. HueYy —rizontiiNg, SEBTIERMEL 4 DOfEEF ZHWT, Zh
ZNDNEF CIEIEEDREHZ A S & WS HEEE(T - 72, AWVWLIEFIZZ 20 LPO,
LPOM, LPO with s.t., LPOM with s.t. T# %, ZZT. LPO with s.t. ¥ LPOM

15



with s.t. (& LPO & LPOM iZ ZzhZnFHE Db D IZ. X7 — & ABE (status
function) Z HWTHIBEOIEF 2 ANWEZ 5 2 L 2FF TR TH 5,

R, ROFAFICOWTENZ, Y=L DOHAERIIE LY — L DFHR term-
COMP O ZERALTED. ZNENDRAT — X XADEKRIEILLTDO@EY TH %,

YES

NO

MAYBE

TIMEOUT

ERROR

ZEIEM 2> 2 & ORI AL,
Z IR T2 7200 2 & ORI I,

GERAZSERT D Z W TE R - 12586, iR TE R WG
BbzhicegxEh s,

HIRRIF T H % 60 255,
V—VER» LT - X NG5

FNFNDOTRAIIBWT, EHFOHFEIFNEFND AT — X AT En-RIEROE
T, THOEFIRIFNSOMEICES LI-REOBETTH 5,
SERRERERIILLNCELNTWS,

https://www.jaist.ac.jp/~s2110044/experiments/tpdb/result.html

% 3.1 Termination analysis on TPDB 11.0.

status Ipo Ipom Ipo with s.t. Ipom with s.t.
YES 149 162 180 195
total time (sec) 3.00 3.05 7.02 7.53
NO 0 0 0 0
total time (sec) 0.00 0.00 0.00 0.00
MAYBE 1355 1342 1309 1294
total time (sec) 52.99  51.25 200.48 200.65
TIMEOUT 5) 3 19 20
total time (sec)  300.00 180.00 1140.00 1200.00
ERROR 2 4 3 2
total time (sec) 77.27  159.24 145.62 74.47
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HERA R E S REfRE D . EBAEFRIZB W T Ipo C Ipom, Ipo with s.t. C Ipom with s.t.
WS BARMBRAL U e, #7272 )lEFF LPOM & LPO X WiEFHT & % 7 5 A DI\ IE
FTHBZenbrs,
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EA4E

KTFX F A & SRR RIERE

Z DETIE. Borralleras & O HFEREKIER (4] & KENOBGREZIAL 22T %,
Dershowitz[5] [ ZEFERERIEF & /XN 2 EREERSIE R O dAE M7 O B E H %2
BiTE 2 e 2mL7, 72720, BERERIER (3 —RICHEIIERIC7R & 20, AEHi
TlE. ZORRZ B ERRERRIEF 1I2F 5 _EI1F 5, Dershowitz[5] 13 ZNDFIRETH 5 T
a3 TIRIERL TV, I TREe%AHEE5 X %,

4.1 EKZRRRIER
3. EHRBRRIERICED 3 EFRICOVWTHRRS,
EE 51l RZ_HHERYE T3, sRIUEDEDIODIT s* RtEDEDVIDOE X TH B,

E 52. — HNEREIEF (well-founded quasi-order) TH 2 W5 DIE, =\ 3 HIEERE
THBEFDIETHD, 2\ S &2 -TRIZILdHDHD,

EE 53. (0,20 PUTOME R3¢ &, Zhz2AMEHN (harmonious reduction

~) ~Y

pair) &L,

= WEMZNEFTH D 2 oFIHFTH 5,

o P DIEERUE EOREBHRIERFE TH D oA L TV 3,

o =EDPRAKREHAL TV,

o A (harmonious) THZ Z . 2% b, s -t B f(...,8,...) 2 f(..,t,...)
DI D LD,
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EE 54. (=, 20 2K $5, HEOBEBRTDH 2 BKRRIEF (semantic path

order) § >epo t DD ILDDIE s = f(S1,...,8,) EPTTUTOWTNLDED IO L
XTdh s,

L% i(1<i<n)FELTs; >, to

2. t=g(t1,...,tm) s =FtDOMEED j (1 <i <m) IZDWVT s >gp0 o

Bot=g(tr, . tm)s 8 ZHE (51,00, 80) > (t1, . ) DOEED § (1 <0 <m)
WZDOWT s >6p0 1

¥7-. H EOBRT H 2 BRAEKZEIERF (monotonic semantic path order) >mepo &KX
DEICERT D0 S Smspo t DD IDDIE s 75t DD 8 >epo t BRI T 2L FTH 5,

- 55 ([4]). BFARKBEBIERF > nepo FHHRINEFTH 2, Z 2T >mepo (ERATAMHIN
(2,27 » BRI - BREFRERIETTH 5 LT 2,

42 FERIHD S TR A DEIR

PUR 2D R IRAE RS NE PP CRUIATRE 7 Z & 2R g, 3 I RN 2 & B S RAE IS
N D35 X — 2T B % FAMEHRI 2 AT 2 TR E RS,

T 56. MO (2, >) PEROCEHREOTEHEHO LT > 25 > O strict part TH 5 =
LRV,

BIER > L3187 4 AR U > 2o % 3 R85 (37, >7) &8 A 2 HBREh 2
IR (24, >.4) BHRGCERME RS, BB SN2 EEAMHNEZ OWE %

o,

E&E H7. > ZHIEF. DCF23 7 xFvd 5, IHRZ2p ZRDEXIITERT %,
f(s1, 3 8n) 2D g(t1, .. tm) DI D LDDIFUATOWTNDPDEDILDOE X TH S

1. feD»Dg¢ D, £hiX
2. f,g €D D fﬁ(sl,...,sn) zgﬁ(tl,...,tm)o

PUR (Z,>) ZiWHAMEEZ RO & Ly 2 Offiiyxnt2: o M ~NHRTZ %
Cr%zmd, 1 HHOIEFIZEWTH 2 DT, 2 %HDDNAREH IR OME %7z 5
e ZitHd %,
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8 58. >p WHIEFTH %,
SEER. Mt BRI Z B 2 AZIURT,

o [AHE
root(s) € D TH 53 & EZ s > s* DD Z L 2mgid 57, 2 BRIEFTH
B7z8, s8> sPIED LD, Ko TEFELD s 2p so
o R
sZpt Ot Z2pu bIRET %, 220DFHEICOVTER S
—root(t) ¢ D THBHE. t Z2p u BEILE T, FE.
— root(t) € D THBHA. sF 2t ottt > uf TH 2, 2 I3HEBEEROD,
st >y Lo T s 2p e

fiRE 59. >p IR AKRBTL TV,
SEPA. s = f(s1,---y8n) 2D g(t1, ... ty) =1 CIRET 5, 2O0DGEHEITOWTEZR b,

e g¢DTHAIHE. so= f(s10,...,8,0) 2p g(t10,...,t,0) = to KD LD,
e gEDTHBIFA., EoTst = fl(sy,...,50) = gt (tr, ..., t,) = the > 1FRAI
U TW2 DT, sfo = fi(si0,...,5,0) 2 g*(ti0, ..., tn0) = tho, LTz o T

so Zp tos

CHLDGEBRD TODT, >p IFRAWEHLTTWS, m

~

8 60. >p IEMWTH B,
SEBR. R o REE5
UL >p U2 >p - >p Ui >p Uit1 >D

DHEETDIEIRET %0 EoT u; >p Uipr DRILT % 1 DERBICFET %,
root(u;) € D.root(uit1) € D THBHE. wiy1 >p Uipe DL EF. FhH., o T
root(u;), root(uit1) € D HIRILT % i BIERICTHFET 20 LA L ZDHE u; > uipr (358
BRICTFE L., > OBFEMICK T 2, L1z TZ D & 5 RIEERO REFNIFAE LRV, O

RICHITH 2 Z 2 ZIFHT %,
#HE61. s>t hoiEs>pt THD,
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BEFR. s 2t CIREL. HERITET %,

o root(t) ¢ D DA, EFRELD s Zp t DKL,
o root(t) € D DHE, st 2t BRI T B0, Ko TERELD s 2p t DL,

HE62. s>t blEs>pt THB,

FEBA. s >t AET B0 o Ts 2t Dt ZsThHb, MEACL LD, s Zpto LTdio
Tt 2p s 2B T TH 2, HHEZHWS, t Zp s EIREL. HETTET 5,

o root(t) ¢ D THEHE. t Zp s FLET, FJE,
o root(t) e D THEHE. t 2 s DML, THAUIMEIK T 279, FJE,

L7ehioTs>pt THD, O
Lo T, EHERTIENTE S,

EIE 63. (=,>) PV AIMEZEOfINTH 2T 5. (2, 2p) WFFAMEKINITR
D, DO >C>p & Z - ZD DAL T B,

FIERA. ffidE 58 705 6212k %, O

4.3 RTFXI DR
EF AP OEAEIRE NS,

T 64 ([2)). R ZHEMZRL T 5, RC 2 »2DP(R) C > Zifif 3 HiFIxt (2, >)
PIFIET 5 ¢ %, RIMEIE2 D,

Z ADSHTE O FFIE RN ORERIEIC & o T, HFAEKREEKIEF CHBFHZRDEILEZ
A CEX 22 2Rd, R ZHEMAR, DR ERLEDOEAL TS, HICTRC 20
2 DP(R) C > %iifi7e L, WBOWHIBMEZ RO (2, >) BEGRAbNe T 5, £
(2, Z2p) 2 HEH N2 BERERIET 2 >0 TR,

iR 65. | > r € R DuLr DEE, | >epo u DMILT 5,

SEEH. [ = f(5) L5 B |Ju]| @D WT DRI & - THAT 2.
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o ul| =0 D %, wlZZHTH B, EMAMADER LD, Var(r) C Var(l) TH
570, 54D 1 DHDOHANT XD 1 >4p0 u 23D LD,
o |ul| >0 E, u=g(ty,) €%, THRIDOVWT2DODHENEZHND,
—geDTHFE, f45) > g () &V I >puDWDHIID, F/=, IEMIEDK
EEDITRTOL < j <mITHUTI >qp0 ujo EF 54 D 2 DHDHHANT K
D | >gp0 u DD 3D,
—g¢DTHIEE, fEDDPDgED, EoTIl>pudKHiro, £z, i
MEDRE LD TRTD 1< j <m LTI >0 ujo EFHLD2DOHD
AN XD 1 >gp0 u DD LD,

OJ
& 66. R C >0 MHILT 5,
SEBA. fifE 65 IS X D EHICENIND, m

EIE 67. D 2 ERALEBDEAL TS, RC > 2D2DP(R)C > R 2% (2,>) A
52503 %, FFRICE > THRINE (2,2p) 22 5BIHE N >nepo & R C >mepo
75,

SERR. EHE 63 & 0. BHARIC & DARAIFHRIX (2, 2p) DMLT & 2, K7z, (€ & Ml 66
IV RC>po DO RCZTHB7D, TERDHL D >mgpo DEMFZTITZL. R C >mspo
Y%, O

EH 6712 X D B ERERIEF TR FEE BRI T E 2 Z e nd ik, KT, #
o BARHN 2 LIRS, 72720, v 720 Z N ZFHNDIEFDERICOWTLLNDE
HFRANC X 2 RFEEEA L THIRT 5,

& 68. UMD X5 ICEHBAIZED 5,

o HFE IR IE
T EERERE S %,

Ji.si et g VisSpet; f~g SSET Vs >ipet;

f(g) >po t S = f(§> >lpo g(f) f(g) >lpo f(ﬂ

e Bl a By T
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TRBIB A NRY) T B,

m(f(5)) > 7(g(t))
f(8) >7g(t)

° >D
Dr ZHFEHZR R ITBI 2 ERGLSOEEGL T 5,

f,9€Dr fH(5) > ¢4 (1) f€Dr g¢Dr
f(8) >p g() f(5) >p g()

o EPRRERRIER
(=, %) ZFAMERT L 35,

S; >s:po t s>t V7. s >spo S iﬂ t s >IsT)Xo t Vj. s >spo tj
f(§) >spo b Szf(g) >spo g(f)zt Szf(g) >spo g(f):t

o HIFHEBRAEERNE
(=, =8 MR e 35,

STt 8>t
s = f(5) >mspo t

B 69. R = {f(f(z)) — f(g(f(z)))} & FFHAEHTEE W CEHT 5, DP(R) =
(fi(f(2)) — Fi(g(f(x))), FE(f(z)) — fi(z)} L7125, BERIERFEE ff = f = g B84
ARV Y 7% w(g) = || L ¥ BRI (2], >1,) BB LICE D, R C 2 0
DP(R) C > A DB, (I AFEATE B0 7272 L. >ipo 3REERIET O KT
=

R: f-g f-g
f~f f(z) >pog f(f(x)) >ipo 8
f(f(z)) >1po f(g)
f(f(z)) >, f(g(f(2)))
DP(R) :

_frg  firg
ff v f(2) S g FHF(T) >ipo &
fA(f(z)) >1po F*(8)
fi(f(z)) >, FH(8(f()))
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T Zlpo T
T Zipo T f(z) >1po @
fP £ f(2) Spox FH(f(T)) >ipo @
fi(f () >ipo FH(@)
fi(f(x)) >ho fH(2)

K, HHEWERIETIC & > THET 5. 2070, 5 LY AU (37, >0,)
7 & PRI (ST, (>00)p) ZHRT 5. < ORI 2 B END > pepo %
W3 ELITND KD 22 IEEDREAN T X 5,
R :
: feDr g¢Dr f(z) >5, f()
f,g € D i (f(x)) >|po f(g(f(x)) f(f(z)) (>hpo)p 8(f(@)) f(f(x)) >epo f(a)
f(f(z)) (>po)p f(e(f(2))) f(f(x)) >epo g(f(x))

f(f(z)) 25 f(g(f(w))) f(f(z)) >sp0 F&(f(2)))
f(f(2)) >mspo f(g(f(2)))
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ES5E

K1ET = 7 DIEH

51 IJL— hEUKREFES 52
ZOHITIE, BIHE N 3177 5 710 & B IO TSR ERDE 5,

EE 70. HEEAV = DP(R) e BEA FE = {(s = t,u — v) € V? |
H5 o0 PIFELT to =% uw'} 6% 5HM7 77 (V.E) DI z2&kEIF7
(dependency graph) & MR,

—RENCHTFE S Z 7 D EDTELNGADTFEE T 22O VWTIXIRERRETH 5, 2D
HLIRD XS RIELRES 2 7 %2 v 3,

EE 7L HAKAV =DP(R) L @EAE E = {(s = t,u — v) € V2 | root(t) =
root(u)} 2o 5HM 757 (V,E) DZ & ZIL— MELKTFES 57 (root approximate
dependency graph; RDG) &R, F7z, HEMRZR R IZOWVWTONL— MELKFES Z
7% RDG(R) %7,

& 72. R 2HEEMZARE TS, FEBHEORER 2, Z RO XS ITEERT %, s 2 t
DI D LD DI root(s) —% root(t) DD EEFTH 2, Ty > = 2, \ S s
N =2 NS, Y B, L

—, = {(root(s), root(t)) | s* — t* € DP(R)}

TH2,
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B 73. LTOHEEMHZ R R BT S =, OflERT,

minus(z, 0
s(y)
quot(0,s(y)
quot(s(z),s(y)

minus(s(z), — mmus(:v Y)

) —
)
) —
) = S(quot(mmUS(-r y),s(y)))
HEWZ R R DS UTOERENDES DP(R) BEKREX N5,

minus®(s(z),s(y)) — minus®(z, y)

quotﬁ(s(x), s(y)) — quotﬁ(minus(x, v),s(y))
quotﬁ(s(:z;), s(y)) — minusﬁ(x, Y)

Z DHNZBWT —,.= {(minus, minus), (quot, quot), (quot, minus)} ¥ 72 %,

I 74 R AEEBARY T 5. L— MEMKEZ S 7 RDG(R) 12T 5 T~ T 0l
FEECT C I LT, R C Z¢ 52 DP(R) C >c¢ i/ 3R (2, >c) DIFET D &
%\ R bi{?ﬂ: Ii%*ﬂ‘oo

5.2 IJL— RMERUKTES S 7D 5 FAFMERITA DOEIER

N— MERURTE S Z 7 % BRI TRIBATRER 2 L 2R T, 3RO,
FIRERIAABIER S 2 /72 R T,

%{L

EE 75. HEOBR 27 ZROD XD IWCERT b, s 27 t B DILODIE s,t € T(F,V)
DEEXTH5b,

E&E 76. BRIEF Z 520N $ 5, FEBIELOBR 2¢ ZRD XS ITERT %,
s 2g t DD ILDDIZ root(s) 7 root(t) BKILT DL X TH B, F7o. >g =20\ ¢~
~g = 26N <o LT B,

IHED (Z7,2¢) PHRMERINTH 2 28 BRT, EUDIC 7 Ml T REW-EI
DWTCEEHT %,

8 77, 7 3HEIEF T 5,

FERR. At L #HEBEZ RO Z ¥ 22T IURT,
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o A
>r 3EEOBRTH 270, EEDHE LI LTt >t DD,

o HERME
FEEDOHE s, t,ullW L s 27t &t 2r u B D LD ERET %, s & u lFHICIH
THE720. LIh>T s 27 uo

8 78. > IXFEMRIEFTH B,
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s>Ft (1), 2D0HDEMFTHDILDOZ % s 2t (2) ¥ RET %, LIKRDOIFHTHW
e LT, £$TLUNZAAT %,

8 85. Efz FHlEF I I T TW 3,

FEBA. 21\ 20 ZERMABEF L IE L. 2 = 21 N 20 BPEWMABIEFTH 55%H%2 %

NNz d 2 Z2mR7,

o HHE
>0 8 2o SRR R OO T, EEDE I LTt 21t 22Dt 2o t 1AL
T35, £oTtIdt,

o HERME
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