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A Simple Concurrent Language LO:
Beyond Logic and Functional Programming
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NTT Basic Research Laboratories

By examining several notions possessed by conventional concurrent languages, such as GHC and Oz, we have
designed a simple yet powerful concurrent language LO. The features of L0 are moded logic variable, predicate
abstraction by A term, arbitrary variable scoping, declarative connectives for control and so forth. This paper

presents the syntax and operational semantics for L0, exhibits sample programs and discusses some issues regarding

descriptive power and a set of primitives.
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VAR, X D EBCcRR A S v T 3 v I EER RIS
L7, Hix htEET A OBE, FHEE, IEA Y
BERBIT WS [5] [6] [9] [7] [1]. ABFED B, X9
IR CHRMAWTESRER RG220, BMCER L%
SHROERERYRRT2cLThH D

CNETOWFEDOEL L, D h AR OKEEBLE
LI BEIR T DEWSEORF F B LTk, Ll
C OO AR O, FEAREEEEE A CRRER O
RWERERERASEADES I D, LS HATHL. H
%1% Moded FGHC [10] ®#— FRUFE= I v AL —
ZEHET, B R OB, 2GR, SHE, 5
BH-—bic X 2HEDONH, ALy FORDIAR L WS
BEZFioT\n3. A, HF— VEICHEBT 32—k =
ERT 4 EOENTREEEBE A >TWE. OF R
c, 1 DOBERLEHICEZ K OFRER BN X 5 219 %
WOTH5. | DOBKRERCREICITEMZ 1| Do
BEREI DM T ERRETH B,

L L—4T, BRER B LR L <8
EL AVBYCLIIERET 2. Bzl » FHEEIFFC
HHCHEZ LR ERP bR > T b 0T, EFWSEE
ALBHMATNS XS AF— 2 EECHERGE 2T
7 EECZ Yy a—FLTCEHRLAThEALARE W, o
T 7 #HHE% N — R CERCSEEE #HET BB, Ef7
LIDRONEEFEER L, Fie aERER (Fl 21X record,
A 1, if-then-else, ZHitEHIE ORIARIREE A &) %IBM
EXBRER [§]. CCCRHRORK L, TurT<
RS BN ER ORI EOE LSz 5t bTE 3

T R CTIRET HERCRRASEE L&, BT
ERX L ADEREROERSY 7 v 7 7 < ity 2 S5

TH Y, AFWICER K 215 2 £ it v~ {75
THCEEHBLTCWES.

ARFRSLOMERIZIRDIE Y . 5 2 Tk L0 0IERN A
B E AL, EFA A -V, 52 3. 53 TR
LO oEfTHRI BB XA 7 79 5 TH L, BWESIHD
bOFvINTar T skRL, B 4FETE L0 OFEBRD
Ter7IvrsE%E 3 0T E. B 5 EekIett:
®RHT 2 2D CEBAL Bl oA BT >
VTR, B 6 ETARL DO LD RFTS .

2 LO OERGRTHEA

2.1 HEER

T, L0 #HK T 2 EAafsE Bl 2

ABIZEBARZEDOWE [2]: w7 o %R E L TR
BTE 2 X5 ASHEE—MRCEZW LITFTh, mERSEE
PERONSEER CRARENTH B, L0 CIRIREEEFEAL
fe 3 OB, WiTHER HRCEKBCE b L &, iKY
[ED7eDDFBEFBCEL C LTk Y BMER T =+ 25
ERIBRTEZHLTHSE. Xbic L0 CRER T v
IV I RFTS DI, Bk A— VEiCE AL, X IHIC
X 2 IEAREECEINICERT 5 (58 3.5 ).

E— FAEREEHK [10]: BEEcRHEINE T aex
MR % S 2 ks & L, iR ucH T 2 5tnE &
kS F— 2 7 u—[Fs AT 2. 20oRIEED
T F% 7 0r 5 LPCRBICEET 2 ¢ 8¢, BRBERD
HBUSETC X & F, FIUKRBICF USRS Hic 2 5 C &8
TES (2.2 f). ®— FAEEREESAR (MGE)
&, ®— FAHEIREER Y B U E—LoEFIEF &, B
% S UEO%E M2 %32 (55 2.4 £i).



EFEOEHKARI—E S AhWTHEcXs7 w75
LOEBILEITS 2o}, BRORa—Y¥ v % T ar
IR ETCEATNEALA V. Z O CHEHFEISEEK
Ao, L0 CREFREO A2 — 7% 7 a7 LTl
CIEET 2 I L. BlziE Bk X HE RPN &in
BRI 2 ¢ LT, BREEORRMP € ¥ ~ — L IRRER
SEHCE S,

BRZLEEITHEZY £ 574 7 and, or, Sequence
Ak, #NF R and BT, or SBfT, BIREF 2 EEHL, 5l
B oOXOEME % 57 2 B A RBEA U 25 b, il
HBEIVESNCERT 2 C &3 CE % (55 3.3, 3.4 ).
a3y ARV —ZDRD YV IKEAL & or &, BHOR
R aE— LA\,

JEFREM: reactive ¥ X7 L %D T B I EIER
TP EHT 2 0E R D 5. et BT 355G
KAl <, EHETRHEZY 27 4 7oA & PEHhillfEc
X3EMZD 2 o5, L0 C°ik, BREROER 2%
L, 885 BECTHAT ML T — 27 7 e 2 %7 5 HhA
HIEFEF L, BRI Y I 7 4 T ofeEeIk
TR RT3,

2.2 E—FEREBLEEK

HERBERCT 7w 2T bW, B2 527 VIEZ5
A U720 T 286 % £ Fh out-moded, in-moded &
MR B35, L0 ok b, X iRl it 54 %
HE (out-moded), X (XfE % FeAH 3 HH (in-moded) %
£¥. Mb7awrs<i\ 2T EEHOE-FE
out I, ' BHTFAEVE in KAV, (= 1X t) ZEHL
HOBEEIHE—L, (= X t) GXEE—LE2ET. Trex
p 2 (= X t) ZHETTBHINC, BloTaex q8 (= X
t) BEFTLLS &5 &, q DFEE—{L suspend L,
Tutw Ao F— 4% 7 u—[FERfrhhs.

2.3 BNEETAA—Y

LO o™ 1 KoRT. FHIEE nu, and, or,
lambda, >, =, #tCTH 3. L0 o727 I 46k 1 20K
(Exp) TH® Y, X 1 #t 2K T EE HAvndhonih
PTHD. nu BEROES L 2Aa—Ev I, &C
OEFIINHT nu TESENS. and 1 Expy---Exp,, %
WTICEFTL, 3XCo Exp; 28 #t% K3 &, £® and
XEHF D #t%KT. or b Exp, - -Exp,, % WfTCEF
TER, End 1 >0 Exp; 28 #t% KT &, £D or &
EE 2 #t %3, —> (Sequence) &K i, £9 Exp; %3
fTL #t5K > T & & b, IRIK Exps #FEfF3%. LIFT
& Lam% )X THEWER, Appld A THICG [ BAEEH L2 D
TH5. Fie, 5Bk — NAFEGREZER (MVar) ©
H»FFEND. (V MVar;---MVar,) ® V ik, A IHZPHR
Mansc e ncns. BIBOE (Func) o5 [$ux
MVaror#FEhd. 4, L0 oE ek, M 1 g 3858
¢, MVar, Func, Lam, App D\n»w$NhrTH 5.

L0 ¢k, 1 203 (Exp) 852 b3 &, ZOHE
RO REERD 7 v 2R FIcEHZ T %
nNoEFED 7o+ 258 1 D0 Store #HAF L, Store ~
DF L WEROEA, BRA~OEOFHEE K &k HfTic

f79. Store Ik, (= V t) (t (IH) o% L LBEBIE—1k
& (= V Func) % L7%E)E—{L® conjunction ¢
H5. Store O HLE—LZIHFIE dHnF T LT
%, Oz OFETA A — VI [6].

2.4 E— FAxEBESEXIES

£ — Vi & EEEERHER (Moded Ground Equal-
ity Theory, MGE) &, LO ©oHORfEM:% 5 2 % [HiEH
Hiesz (M 2). EAMICE Clark 0% & FRE
W, FUBOEHBE LWL WS T LREXELTWE. Le
L MGE §&, #fECHF L TOREZE L WEHETE S C
BN AERBE—FHETHE LS HTHAST
w3, RRikoETHA (X 3) L#eET, MVarz S0 H
—{LDlEFEHEZHEEL T\ 3.

MGE k465 &, #1241 (= X Y) © X 5 AZE—{k
i, ZH X, Y OEIEEEILECH D Clark 0%
MOERCELWHEBIRIEL AL, 2Lz (= X X)
Th, X DERTECEHICHEMK LI hAnE, ik
ETERW HAIL offbDVICY (= X X) #HW3 &,
EH o SUHEBE O e TcE 2 Lo h s, ZHX
CBILT, HEEEAL 1X & B, Ex 1 EEC
FrEngd. HAT LD, B LR TERICK LT out-moded
OHEZ 2 WP D 2541 inconsistent A 5. L0 T
I ATHE App 2XEHE—LOTHE L TET A VDT,
T ICEREL 5, 6 20 RBIRT 5 (55 3.5 8.

3 ETHRAI
AT, Plotkin fiOBB LA 7 77 5Cht>T LO

DEFHAIZ S % (M3). 7vr o hoEfFREER (P,S) :

V ©=2%f (configuration) ¢EH &, P &3 (Exp),
S iR~ Store, V 1 S PICEEN I EROES
(single set) ¢® 3. P, § HICHET 225 L=— Ff}
EChY,V o CE—FEffvTnwhn FerJan
P OEfT (P#t) : {} 20t 2BBICHAL, — i

7%%%%%— if BBTIRET D B 7e D O%HF
DX SR E L ABBHACK Ty 7L v Exp
BEHZ DTV, RRTT w7740, (#8,8):V %
&¢r irreducible ZARBEIC & » TEIRT % 2, RAKIEE
DHEVOWTINGTHS. FpBINIcE, 3V S LA B.

LO T, #5>T T AVWE WS ERT, v Fay
2 & irreducible ZAsz@EHE—1L & HERA — 71X E—c b
h, BICHIET 5 2 27 LB #t3D 5 2%, BT 5
bR S Eumee F &, D conjunction S 2s0
MGE kit W E 25ifEE hd b vws k% EJ. L0 o
EFTHAICE 2 b TWw 5 Dk, Store 23 consistent %
HEE (M2 7,8 BILL TV 3) TOWRBENTH D,
Store 7% inconsistent ZE;OEWEZEZRTH 5.

3.1 E—FEmEZEROE—IL

3 ® Active Unification FHRICAKES &, FRTDREE
B — LIRS IC Store I Z I, £ iT #t %K



a5 = Exp

Exp == (oau (V1---Vy) Exp) | (and Expy---Expm) | (or Expi---Expp) |
(-> Exp; Exps) | App | AUnif| PUnif| #t

App == (Lam MVar,---MVar,) | (V MVar,---MVar,)

Lam = (lambda (MVar;---MVar,) Exp)

(= 'V W) | (= 'V e) | (= 'V Funce) | (= 'V Lam) | (= 'V App)

AUnif =

PUnif == (=V W) |(=V ¢ |(=V Func)
Func = (f MvVar, --- MVar,,)

Mvar = V | '

e, V, W BEBRES (KXTTHEL Y vARL), [ BEBEEE, c 32U v 7 e8H% &
UEHGLS (f, ¢ BPFEChE S “/3/71511/)’ m>1,n2>0.

1: LO o

XY) — (= 1% (f o, U1 - f, Up)) A (50T (F g, Vi oo o, Vi) A

/'lel ﬁlYl) AN (= /'mem ﬁmYm) — (=0 (£ /'lel /'mem)) A

(t & s RALEHE DAL
(Ht BEH X o8 &)

1 V(=
(=01 Vi) A A (5 Uy Vi)
2 V(XY — (=1Xc)A(=17¢)
3 V(=
4 Y(=Uc) — (=10 c)
5 V(=1X1t) — (= 1XY) A (= 'Y ¢t)
6 V(=st) — (=t s)
7 V- ((=1Xt) A (=X 8))
8 V- (=1Xt)

(=10 (£ 1Y - 1, ¥m))

CCT XY, UV EREIER, ¢ el £ BEEGEDS, s, t 3IH, pX & X (in-moded) & % Wik
X (out-moded). EX Ik pX tiiox— FolHHE*ET. m > 1.

2: = — FfHEEEEEEATER MGE

7 (#ticEEHLONS). THEHE—LIKDOWT, Pas
sive Unification (C) BANC S 3 X 5 i, Store HOREEIH
—A{t® conjunction S & b % OFEE—L DA HET
T BHFICRR Y #t %R T,

Sample Programs 3.1

1 (mu (X) (= 'X 17))
2 (mu (X Y) (and (= !'X a) (= 'Y X))
3 (nu (X) (and (= X 23) (= !X 23)))
4 (nu (X Y) (and

=X =Y

(nu X) (and (= 'X c) (= 'Y X)

EXaANN
FNFNORIL #t%3K L Store IIZRD X 5 A fediHE—
{EBHHIE S 1 (= 1X 17), 2 (= 1X a)A(= 'Y X)
(XY da)d(=1X23),4Nfllox %X TETL,
= 1X A= Y X)A(= X7 ¢).
WRo7TarZSnFnTnd #t#IKX A

Sample Programs 3.2

1 (mu (X) (= X 5))
2 (nu (X) (and (= X 23) (= 'X 31D

1 & X OBMHRIEBTA5Y 7 e DICZBE—{E 2 suspend
5.2 (= X 23) I& irreducible TtH 5.

3.2 [EE%IE

BEEOT B R E R0 H BT 5. MGE @ 8 &E
DA (2) X b EREEFF A v, Passive Unifica-
tion (F) HHAICRBIFHE DT BUBE: 1 0B EHETRL
7ed, 2 LEoSa b Ak ROAXT I d #t2iKd.
Sample Programs 3.3
I (mu XY) (=X (f ))

2 (ou (X AB) (and (= 'A a) (= 'X (£ A))

(=X (£ 'B)) (=B a)))
3 (nu (X AB) (and (= 'A 29) (= 'X (g A 'B))

(mu (€) (=X (g 'C O
2 DA EET L BD Store I, Passive Unification (F)
HAIZHWT (= 1X (£ ADA(= 4 a)A(= X (£ 'B))
LHhB. To Store DIRFER S LT B L, S ':MGE (=
'Ba). 2%Y Bl a THECLAHMEINE. 3
X5 WEBHO T IR CERBEHII B L <) 7w
7o=<HBIELK == VAT Tl inconsistent i
b, L (=X (g 'CC)) AR (= 'X (g 4 'B))
X D IRICEFFE N BB suspend 5.

Sample Programs 3.4

(nu (XY Z) (and (= !X (£ Y)) (=X (g 'Z)))



((nu (X) E),S):V
(E[Y/X],S) : VU {Y}

(AUnif,S) : vV
(#t, AUnifA S) 1 V
((=X1),8:V
(#t,8) -V
((= U (£ px)),8):V
(#5,(=U (£ pX))AS): VY

(G By By B),S) 2V if (£:,8) Y Concurrency
((k Ey--- Bl En), 8V (EL S )V
CCC kX and 50 or, 1 <i<m
(> G E),S):V . G,8):V .
<§_> = E)’S/>> 7 zfm Guard Reduction
((and #t F),8):V ((or #t F).S):V True
(E,8):V (#t,8):V

Y & fresh variable

if SEMee (=X Y)

if (=U £(uX))AS Euge (= GZ pX)

KL Z eV

<(=<#Ec ;)>’ S?} 14 if SEmge (= U <) Passive Unification (C)

<((X [[II))"? ]]j if SEMer (='W A) Lambda Dereference

{ 8) 77ZL A & Lam 7 App
(((lambda (uX) E) @u),S):V . e .

FT0/X.S) TV e R UKS I, RGBS« DT E L B Reduction

((=> #t £),8):V Sequence
.8V d

Fresh Variable

Active Unification

Passive Unification (G)

Passive Unification (F)

coC, B, G X (Exp), E[Y/X| i X EF HoTTo X oll* - FE2RFELAEE ¥ CEBL A

B 3: LO OEVENER % BT 2 BBHH|

COEEE, EoX s RIEFCEFTLTD Store i (=
X (f Y)) MB35, (= X (g 12)) 28 irreducible
BOT, Z BREXRDEE, AR #t2KE 2.

3.3 and & or

and b or &G FOXLTH fair IKEFTT 5. or
DB THBZRD T 1 DR #tiC i - B % b,
True HHIZ WO CHEFTCE E. 3 LEOETYHER
LR 756, #tiCh » DN OF BB L <X, SEfT
FHEILTORNLZOEEHTL T B\ (FEKST).
DF D, or XHMKR #tHIRI ¢ LLIANBRICHIEL Tw
B\, L or BENTD, BROFEEEY a8 —1
AV, ZDand % or L5 ETRS exch/3 w5l
IABEHE A BT, RN REWERIdRCcE 3. I
PEMEZREBET A0, 23 v FORb Y IC or #EA
L7z DAY » b Or-fairness EEEHTDH 5705, £
OREE LT T xlfHllokdd AND-OR KoEH
= 2 b deep % Committed Choice SEEFEE ICIIE L
RBEEBTREINS.

Sample Programs 3.5
(nu (X V) (and

=X (£ V) (=73
(or (nu (&) (and (= X (£ 4)) (= & 31)))

(nu (B) (and (= X (£ B)) (=B 37)))))
to7 w75 a0FEFE, Store 1Kk (= 1X (£ )IA(=
'Y 31)A(= X (£ 8)) BRI En 32 (= X (£ B))
PHIENDEE S Db LAL, AeRE L
T #t WA,

3.4 Sequence I

(> Expy Expy) twsABBNWEDL, Expy D
#HERH>TL 2O%FF->T Exp, OFEFTRHHGT 5. K
RO Y B Exps DR Y EICE L . Sequence Rk
BRMERREET 5. L0 O8%E, Sequence A FHWT Y
or #EIRTEY, R T Sequence A & or FERL .
HBRERTH 3.

Sample Programs 3.6

1 (mu (XY) (and (-> (and (=X c) (= 'Y 4))
(=Y d))
= 1X )
2 (nu (X Y) (or (= !X 3)

(> (=X3) (='Y5N)N
2T v s LAERBRO Y OFITERKETH B,



3.5 MIE

BEE s LTlkmE o A e FBC, 1518 EES R
OWE (BE#) #f79. 0 fECHEA T s8EL LT, 3
Reduction A2 52 bhTwd. XA HOES B BHE A~
WA S, A THEKREZER L EEHE—bC% 5 (BRI
ACE D)2, ZHE—LEZTE AR, DD, AIHES L
DEHNE (5 fRIICES < Flithe o FHiEE) OREFILT
.

Sample Programs 3.7

1 (nu (Y) (and ((lambda (X) (= 'X i)) 'Y)
(=Y i)
2 (nu (L Y)
(and (L Y) (= 'Y j)
(= 'L (lambda ('X)
(or =X j) XK
3 (nu (K L Mh Mhk H) (and
(= 'L (lambda(X Y)
(and (= 'X h) (=Y k))))
= IMh (L 'H)) (= 'Mhk (Mh K)) (= 'K k)
(Mhk)))

Eo 2 ok, LO CHBIECCREY EEXETIRDY
XN HEEBCRALT, (EEOBETCo BUICEAT %
5. ZOBRCBAWT L0 CRER T2 773 v 73]
BETH2LE25%. 3 0 4 7H, GEEE—Los [ HohL
BiIC App DEEIRE DI T WD R, c cildXnEfrsh
BEEITCH AW LO BvFv AL« Za—Evr 7 ThHh,
T DEL App DHlbh B SIR-C OZEHEREE % 5 MHnS
M2 70Cchs. BN b fTHD (k) 0 513
®» App OfEPTTC S Reduction HHIREfF &N 5. oF
O (Lam A1 A2 --- An) = (---((Lam A1) A2)---An)
TH5. OO H CES [BOMEE & ARG [$ D EE
BELLL AORE AR LR W, ¥k, 3 ® Lambda Deref-
erence $HI, 3 Reduction HHHNC I\, EHH DT [FUBEE
R0 BLR2HEOEHSRER L ABHOLLTHS S .

4 FRsZ3I ol

RKECE 3 >0 L0 v 75 Lf%# 7R3 Append 7
w725 (1 4), Member @BaEo flat ite deep fit
(4 5), VA2 +OBEROBFERDE T a7 F s (A 6).
LIF, &7 w79 siciBHring 3.

(nu (App LO L1 Ans) (and
(= 'App (lambda (!X 'Y Z)
(or (mu (H Xs Zs)
(-> (= X ['HI'Xs])
(and (= 'Z [H|Zs])
(App Xs Y 'Zs))))

(> =X [ (=12 1))
(= 'Lo [1,2,3]) (= 'L1 [4,50)
(App LO L1 'Ans)))

4: Append 7w 7 J 4

B4 4 T® Prolog Hit ¥ = FEE [1]1 1 (cons X Y) @
~7waThh, Fkc [1,2,3] d~27uwThsb. ®5H,

(nu (MemberFlat MemberDeep X YO Y1 Dum) (and
= 1X 4)
= 1Y0 [1,23,4,56,7,8])
(= 'v1 [Dum,1,23,4,56,7,8])
(= 'MemberFlat
(lambda (!X 'L) (or
(nu (E M)
(> (=L ['E|'M])
(or (-> (int_eq X E) #t)
(-> (int_neq X E)
(MemberFlat X M)))))

(> =L 1) (u A) ) IN

(= !'MemberDeep
(lambda ('X 'L)
(nu (E M) (and
(=L D'E|I'MD
(or (int_eq X E)
(MemberDeep X M))))))

(MemberFlat X YO)
(MemberDeep X Y1)))

5: Flat & Member & Deep & Member

(nu (8) (B) DWW, EZIEE WX (FlxE (nu
(4 B) (= AB))) Abficd OK TH3. int_eq/2,
int neq/2 i, BERE L v, HL L AW %¥ET 2
FARBEETTH 5. deep MiUZ flat RICHRTESH A
RIC A >TWS. M6 07 w7 s8I, RNNSEH

(nu (Def G List Res Zero) (and
= !Zero 0)
(= 'Def
(lambda (G R)
(nu (F) (and
= IF (lambda (!I !'L) (or
(nu (X T In)
(> (=1L [XI'TD
(and (add I X !In)
(F In T))))
(> EL D ETI RN
(= 'G (F Zero))))))
(= 'List [10,20,301)
(Def !G !'Res)
(G List)))

6: A ITHE RIBERIC X 52 2 — L REERRK

DA E X HEFHERICRATZC LT, EVa—n
HehE, RAERRAGE BB L T w2 5TH 5. add/3 FEEEDN
Ho e D DRAHHETFTH 5.

5 HHtHEIEIO 7= H DIARER T

reactive 7 A7 LEEHT 3 dICL, TN &
% L cioRVER % 7 — 4 L LCERTRERS . 10
TREDEDIC, e AfcHEINT L F— 2K
L Bl % 3 2 HUA SR Texch/3 8 AT 5. H
SNC L (exch E 1014 New) 33X (Exp) TH b, 20
PR AERE M7 KR L, Store HOTF— 2 »FEHiz %



((exch E '01d New), (= !'P t) AS)
(#t,(= P New) A (= 101d t) AS)

:.i) if (= 1'Pt)ASEpmge (= 'E t)
’ t [3EH, Func, Lam, App ®\w¥i s,

Exchange

T: exch/3 DOEVEHIER

BT%K 8 IWrd. (= P t) (t BEFLINOIE) 2305857

1014 New (= '01d t) New
P P
\ \
=
t New
TrIv7o
. A iE .
SEF TR Ltk

8: (exch P !01d New) DEjE

LTWwBERC, exch/3 #Ef 735 L, P %A LT
01d & ¥i—{kL ((= '01d t)), t % New CE%¥#12 3.
COFHMLTEERAL L VS —HOBELET P v 7
TH 5. EfTHiIC P BREAIL T TR WSS exch/3
IZ suspend 3 3. chid Oz @ cell DEEEICLIT W B [6].
C® exch/3 #FHWTC FGHC CEF 2L 5AX M) —4
~—VrREHTLCENTESL. XL, FGHC o=
MU —Ah=— Y % Tk Or-fairness 235K Y 314 AR\ DT
L,exch/3 Zflvik X+ J —&<— % Tk Or-fairness
DAY D, FERIC, FLFIo K ERICH LT exch/3 %&E
73 % excha/4 dEFT¥% % ((excha Arr Idx '01d
New) ® X 5 WKMFUAHF). excha/4 {9 &, #l2IXAL
Sl boBRYEREZ WML 74y 77— 2ERT 5
CEBTEZH, MAAX—20fHIE, LO KL d~—
SR s A v —rOTar I LEEETS

6 &hV(=

FL WS RETIER DT 4¥CcLidE A E
B 7ur o<ty 35y sl TS5 L0 &, 5
BeRKAGFRIEEFTAD 1 2% 7 ur <525
TeHRTER. L0 oFEicsne, RiFIwrs vy
LB 7T I v 7 ORGRER L Twiav. £, L0
EI L2 b 2 b ol WITSEEYHERT 5 0 EE
B HACEA L AR & B 22T TH Y,
TOEBEFBEL T L0 B¥FF s hik. coflmirbBiffo
WATSAE % AEIVEE D FFRICREITH 5.

R, B HEEEDEHICEIL <, L0 MR ER oS
B SEo TN T 5. 9, ZKiECBIL <
L0 Tk Sequence X TRIRT 2 28, fhd Z3ETIE, #— F
(GHC), then (Oz), “7 (7 51H) ¥ %M 5. &5
P B L€ LO TiX or & Sequence A DA THEHF
5. MOZIETH, H— FEaiy bFL—&, H—F
& then, and & “”, (parallel) cond % ExHw 3. gk
ERNAERWEHEIL T L0 Tldexcht and (H % W id or)
PHEGECEiiR T 5. hoFiECE, H—Fe a2y b

L3k [1] » CONCLUSION (p.227) —ZRiciEd 5.

Rt —Z,exch & and, VYV —20&AhErHW3E. X
pic, L0 ofREREHAGbE 5 ¢ LT, o ZSFE0
WERPEHT 2 L3 ARETH 5.

SBOBECOWCRRE. Fur I < SRmBEHo
E— F®BICIEET 5 T &, and, or, Sequence A &\ 9
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