138 JOYSLERET
haskell CTOT ST # R T A A EFZLUTDIEFTHRNALTWLEET,
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HADHE

Xy =ys —(FE D LR
x+(y+z) = (x+y)+z —(MEDHEE LR
x(y+z)  =xy+xz —(E D5 EdERD
(xty)z  =xztyx —(B D5 ESER])

ERRMEEZED EHa) D) ELVITHEDIRIXRD KIITEFATEET

(x+a)(x+b) @?ﬁ]

=(x+a)x+(x+a)b C(EDHBESERD)

=xx+ax+xb+ab (B D HESEED) [ @

=xx+ax+bx+ab Co(EREDOXZHEAD)

=x"2+ax+bx+ab (EH) =R
=x"2+(a+b)x+ab (B D HEGEED) VL BEELIE

F. INoDEEIFEROHEICKLTEELGERTHLFT
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cnbld, KBIZIFFELODIENELGY@QDALPNELNSLEYET,
x(y+2z) ——(a)

Xy+xz —(b)
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EEDFHIELTRDE S doubleZxEZF T,
double : : Int —> Int
double x = x + x ——(%)

TS LI L THEIET DREIE. RDOQ@QO)DEADEZRZ AHAIEETT,

QBEBDEREZEDNSHILDNERZ SH[ER]
HHTOUSLIZxEEALT double x % x +x ITBEEH#Z D,
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FXANEMEIEENEELLGY, FRAEER - FEAITDICEIEHIDEELGYFETS,

BIZ X, isZeroF D EZER (a)(b) TH D E.
isZero :: Int —> Bool

isZero 0 = True -—(a)
isZero n = False —(b)

@IEEITERATESH., OIEn=0UNDIEEDHBERTEET,

NF NI vTFETHDICENLIREICTYFNEAEINS-HTT,

(@), MZETRDIIETET EXVFIDIRBITRFLLENWNTI—EGYFET,
NZ[EVZR]IHAIVWK[ERGLIEEWNET,

isZero 0 = True —(a)
isZeron | n /=0 = False —(b’)

OYDESIZERZITNIE. H—Fn /= 0h@m=cnbEZITEST
isZero n [F False ITEZ=MAZ b, False [T isZero n ~NEMATRIREETRYE T,
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—— reverse B}

reverse :: [a] => [a]

reverse ] =[] —(A1)
reverse (x:xs) = reverse xs ++ [x] -—(A2)

— reverse D &H 514 & D LA
reverse [x] = [x] ——(13.3.5FB41)

reverse [x]
= reverse (x:[])

= reverse [] ++ [x] (" (A2)D1E )
=[] ++ [x] (. (A)DE )
= [x]

Ko T(133 AN RLII D,
QED.
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F1-B#reverseDBERANLELED 7 MEBEMIZLEDHZEMN D OT=,



FAHERIL BZEDTITERITESIIELEZLIDBYFET S
TIZHZERLET

— BEBEEFOER

not :: Bool —> Bool

not False = True ——(B1)
not True = False -—(B2)

— BEDBERELHETICRHEDIH

not (not b) = b -—(13.3.5FBH2)
b = False D&E

not (not False)

= not True (*."(B1))

= False (*."(B2))
b=True M&E

not (not True)

= not False (*."(B2))

= True (".*(B1))

EH>TU3.3.5EBA2) M REII D,
QED.
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[BIE I HEFHIRINE
1I0ETCTHTE-BRHMDHIREZEARALET,
— BAEEDEE

data Nat = Zero | Succ Nat

— BRBDEE

1:Zero

2:Succ Zero

3:Succ (Succ Zero)

4:Succ (Succ (Succ Zero))

o~

(to be continued ...)

f=f2L. R inf = Succ Inf TEZESNDHERITEYFHIL,
Ft= UROBRE THRYHDOEL,

[FTARTERGERSICH L THYT DIEEZFEBD %]

HFHGIBNEIZREZ 1L, TEB(1)2)DFIEEL%HB

(1)n = ZeroDEEIZHEE R YTZDOFEETRT S

2)n=x DEEFIZIEEHEYTZDEREL T, n = Suce x DEFIZHL TS
BRYTZDOEFTFRYT,



BRFIELTNatE 2T DR LEZEET AEHEHITET,
add :: Nat —> Nat —> Nat

add Zerom =m —(A1)

add (Succ n) m = Succ (add n m) ——(A2)

(ADIF. T RTHOBEREMIZ-LLT

add Zero m =m ARYIL D EXERLET,
EXFEEHRDEEZEL,

add n Zero = n —(13.4.5FBF1)
LI, nISx L CTHEFEMIGINEZELEEBAZITS,
K &R

n=7Zero DEE

add Zero Zero

= Zero (.(A1))
BIFE

n=x DEZIZRAMNEYIDERET S,

add x Zero = x —({RE1)
n = Succ x NE=

add (Succ x) Zero

=Succ (add x Zero) ("."(A2))
=Succ x URTE))

&2 T, (134G DA LY LD,
QED.



AOFELTERBMDOMEICK T HFEEERIZEAT 5,
add x (add y z) = add (add x y) z
Xy, zDO6, EQ BRI L THENIFMEEZAONIERODIEASH 2

(M #addlE. 1FBDSIBUKHLTNEI—2TyFERAVWTERIN TS IELITTEHT S,
(2)B8%addD 1FEH DB EL T xIF2[E], yIX1[E], z[XFEHNTULELY,
EFEMQDEAMND x [T THEMIRREZF>ONBATHD,

(13.4.3ERA2)DEEHA
x = Zero D&E=E
ppY)]

=add Zero (add y z)
—addy z

=gyl

=add (add Zero v) z
—addy z

("."(A1))

("."(A1))

—(13.4.5FBH2)

[ 5]

add :: Nat —> Nat —> Nat

add Zerom =m —(A1)
add (Succ n) m = Succ (add n m) —(A2)




x=nDEE REAMNHKYILDERET S,
add n (add y z) = add (add n y) z —(1k F2)

x = Succ n DEE

popV)]

=add (Succ n) (add y z)
=Succ (add n (add y z))
=Succ (add (add n y) z)
34

=add (add (Succ n) y) z
=add (Succ (add ny)) z
=Succ (add (add n y) z)
&2 T, (1345EBA2)A KLY II D,
QED.

(-.-
(l.-

"7 (A2)
“(URE2)

(A2))
(A2))

(8]
add :: Nat —> Nat —> Nat
add Zero m =m

add (Succ n) m = Succ (add n m)

—(A1)
——(A2)

add x (add y z) = add (add x y) z—(13.4.5[FBF2)




NFETLERILREE (Lhaske DA IAA B THAHABHMIZHL TERATES,
BHRMIZESE. HOAMEEMNOULDEHIT R TITHLTRYIDEFEHT B
TEMQZEREIEKLLY,

(MDn=0 DESZITHYILDEETT,

(2n =x DEZIZEYIDERELT . n=x+1 DEEFIZRYIDIEETT

LI, 5l&EL TreplicateZ A9 5,

replicate : : Int => a —> [a]

replicate 0 _ =0 —(B1)
replicate (n + 1) ¢ = c:replicate n ¢ —(B2)

(replicate £ T D) AFDRKEIHnTHAHZEDEE)

length (replicate n ¢) = n ——(13.4.5IFBH3)
n=0MNEE lengthMD R FMETEE
D replicate : : Int => a —> [a]
=length (replicate 0 c) length [] =0
=length [] (*."(B1)) length x:xs = cHength xs
=0 (lengthiiE FA)

SATSDEE

length = foldl (¥n _-> n+1) 0




n=x DEERAMNRKYILIDERET 5,

length (replicate x ¢) = x
n=x+1QND&E

popV)]

=length (replicate (x + 1) ¢)
=length (c:replicate x c)

=1 + length (replicate x c)
=1+ x

=x + 1

—(IRE3)

(.*(B2))
("."lengthD &)
. (R 7E3))

(. + DR HARE

2T, (134ZEBADNA Y ILD, [(F#5]

QED.

length (replicate n c) = n
——(13.4.5FBH3)

replicate : : Int > a —> [a]
replicate 0 _ =
replicate (n + 1) ¢ = c:replicate n ¢

—(B1)
—(B2)

lengthD R FMETEE
replicate :: Int —> a —> [a]
length [ =0

length x:xs = 1Hength xs




[V AN T B FRIIFMRIE]
HENRMEE. BRI TEL VAR LG O BIRR OFRIEICHLRATES,

(TRTOYRMZFLT, HAMEZATHHE)

MR EDRBIZHEZE. FTRMQDFIEELES,

MEFDOHEE S, ZYRMIZRLTREYIIDIEETRT .

QZFDHEED, VAIsITHRYIIDEREL T, YA xsI[TRHLTHERYIL D EETT,



FlELT. reverselZI=L\L TR DEEZXEEAT 5,
reverse (reverse xs) = xs ——(13.5.5iFB4)

—— reverseBA%K
reverse :: [a] —> [a]
reverse ] =[] —(C1)

reverse (x:xs) = reverse xs ++ [x] —(C2)

— (+)EHEF

(++) :: [a] => [a] => [a]

O+ys =ys —(X1)
(x:xs) ++ ys = x:(xs ++ ys) —(X2)

— reverse D ECEI

reverse (xs ++ ys) = reverse ys ++ reverse xs —(7"B2Al)
(CCTRELWELTHERIZERL., #THERZEAYT 5. )
((13.5.5EBA4) D EEER)

HIEH

xs =[] DE&E

reverse (reverse [])

=reverse [] (*."(C1))

=[] ("."(C1)



B
xs =ns DEE, RAMRYILDERTET 5.

reverse (I’GV@I’SG I’IS) = ns __(ﬂf/’_EHZ)

xs=n:ns D&EE

reverse (reverse n:ns)

=reverse (reverse ns ++ [n]) ("."(C2))

=reverse [n] ++ reverse (reverse ns) (. (> ECAI)

=reverse [n] ++ ns (".URTE2)

=[n] ++ ns (2l B4 5 RE] TR L f=reverse [x] = [x])
=(n:[]) ++ ns

=n:([] ++ ns) (*."(X2))

=n:ns ("1 (X1))

£oT. (135 EBANA YLD, (B8]
>—— reverseE 2

QED. Dreverse [1 =[] —(C1)
Dreverse (x:xs) = reverse xs ++ [x] ——(C2)
reverse (reverse xs) = xs >— reverse D 7 ECHI
——(13.5.51FBH4) Dreverse (xs ++ ys) = reverse ys ++ reverse xs
—(5"BcAl)

>—— (+H)EEF
> =ys
>(x:xs) ++ ys = x:(xs ++ ys) —(X2)




R

reverse (xs ++ ys) = reverse ys ++ reverse xs —(5'BCRY)

—— reverse B

reverse : : [a] = [a]

reverse ] =0 —(C1)
reverse (x:xs) = reverse xs ++ [x] -—(C2)

— (+H)EEF

(++) :: [a] -> [a] -> [a]

D ++ ys =ys __(X1)
(x:xs) ++ ys = x:(xs ++ ys) —(X2)

(5 BE2RIDEERA)

EHIKER

xs =[] DEE

yspV)]

=reverse ([] ++ ys)

=reverse ys ("."(X1))

Hi3

=reverse ys ++ reverse []

=reverse ys ++ [] (*.°(C1))

=reverse ys . BIZESDEE xs ++ [] = xs)



BIRd

xs =ns DEE, RAMRYILDERTET 5.

reverse (ns ++ ys) = reverse ys ++ reverse ns

Xxs =n:ns DE=

=gyl

=reverse ys ++ reverse (n:ns)
=reverse ys ++ (reverse ns ++ [n])

£ia

=reverse ((n:ns) ++ ys)

=reverse (n:(ns ++ ys))

=reverse (ns ++ ys) ++ [n]
=(reverse ys ++ reverse ns) ++ [n]
=reverse ys ++ (reverse ns ++ [n])

LEXY., (DEEADMEYIID,

QED.

—(lRE'1)

reverse (xs ++ ys) = reverse ys ++ reverse xs

(*.7(C2))

(*.*(X2))
(*.*(C2))
CoURFETD)
.

BIRESDTEE xs ++ (ys ++ zs) = (xs ++ ys) ++ zs

EFEEEFOEFED

~—~(%"ECRl)

Big

>—— reverseFE 2k

>reverse [1 =[]

>reverse (x:xs) = reverse xs ++ [x]
>—— (++)EEF

>U++ys =ys

>(x:xs) ++ ys = x:(xs ++ ys)

—(C1)
—(C2)

——(X1)
—(X2)




[4EEZERET D

Z<OBREBHBIE. VALDEFERF + ZEIEERGHTEERTED,

LML, COBEREFZIRTIHE RESRMNEL,

COETIE. HFNFREEFE ST ERER FEMYRE. BROMNERER LSELHEETT

BlELT reverseEA#ZERY LIT5,

— reverse B#

reverse = [a] —> [a]

reverse [ =[] —(A1)
reverse (x:xs) = reverse xs ++ [x] —(A2)
— (+H)EEF

(++) =z [a] > [a] -> [a]

O+ys =ys —(X1)
(x:xs) ++ ys = x:(xs ++ ys) —(X2)

B #reverse DN (L, ENBULNEAIM ?

I xs ++ys FEHI T DO DEHDEIEA., URE xs & ys BNEZIZFEHIN TS E
RETESHLELIE, (xs DRSS +1)EH S,

(K xs ++ ys ZFEFH T SF=HDEFHIDEIZAA., (xs DRSS +1)ELGHTEDFEREEREA)
RICxsDBERFENELTTRDKIITELILIZTS
[x(N)IDT(N)IMBTIVIZE R Z M TIENNRAFELDIERTY,

xs(n) = x(n) :x(n—=1): === :x(2):x(1):[]

RADEZTHZETHE

xs(n) = x(n): xs(n—1)



xs t+ ys
=x(n):xs(n—1) ++ ys

=x(n): (xs(n—1) ++ ys) ("."(X2))
=x(n) : (x(n—=1) : xs(n—2) ++ ys)
=x(n): (x(n—=1) : (xs(n=2) ++ ys)) ("."(X2))

=x(n): (x(n=1): (x(n=2): ( === x(2):(x(1):[] ++ ys))==+))
=x(n): (x(n=1) : (x(n=2): ( === x(2):(x(1): (0 ++ ys))==*)) (*."(X2))
=x(n): x(n=1):x(n=2): === x(2):x(1):ys (. (X1)

xs ++ys DERIEZIx()~x(NDEFWENDEFRIDEE DFY. (xs DRS +1)E% D,

ZDT1=. reverselTHWMAEH D EIEIZ 1 DASnH1ETOELHDF
FEHE (n+1)(n+2)/2TH 5,

RRT BL(n"2+3n+2)/2L 1550V Big
B #ireverseMENE (X GIHORI)D _FIZLLHITSH, |— FH)EEF
L, DEYTHENEL, O+tys =ys —(X1)

(x:xs) ++ ys = x:(xs ++ ys) —(X2)




[1MSnH1ETOEROFIDEREA]
1N ETHDEBDINZS(INn+1)EELZEIZT S

S(h+1) = 1 +2 +3 +  meees +(n-1) +n  +(n+1) —(Y1)
LTOXDEDDIEFIEFZHIZT D,

S(h+1) = (n+1) +n +(n—-1) + e +3 +2 +1 —(Y2)
Y1+Y2)ZETE T DL
2 X S(n+1) =  (n+t2) +Hn+2) +(n+2) +  meee +(n+2) +(n+2) +(n+2)
< 2XS(N) = (n+1)(n+2) . DDIENHIEH I D)

& S(n+1) = (n+1)(n+2)/2



HERRINEICU-FEZZRAONIL, BIE reverse DEENOEFEEE FEREL
MEHFR LESETLENTFERETH S,
ZTDFEIL, B reverse & ++ DIRABVWEFHAEHLE-NANGEAREEET S5ETHD,
BAMIZIE, ROFXZHT-TEE reverse DEERZTIHERT D,

reverse’ xs ys = reverse xs *++ ys

EHIKEB

reverse’ [] ys

=reverse [] ++ ys

:[] ++ ys

-ys

BIFE

reverse’ (x:xs) ys

= ++ ys
=(reverse xs ++ [x]) ++ ys
=reverse xs ++ ([x] ++ ys)
=reverse xs ++ (x:[] ++ ys)
=reverse xs ++ (x:([] ++ ys))
=reverse xs ++ (x:ys)
=reverse’ xs (xiys)

(-
(-
(-

—(Z1)

("."(z1))
("."(A1))
("7 (X1))

" (Z1)

DS D

(X2))
(X1))
(Z1)DFER)

B
—— reverse B

reverse ] =[]
= reverse xs ++ [x]

— (+)REF
O+ys =ys
(x:xs) ++ ys = xi(xs ++ ys)

—(A1)

—=(X1)
—(X2)

CDEEAMNS R TTITEEEL reverse D EEZHT-.

reverse’ : [a] —> [a] -> [a]

reverse' [J]ys =ys

—(E%&1)

reverse’ (x:xs) ys = reverse’ xs (xiys) —(E$%2)



(Z1)Tys&ENETHERAKZER D

reverse = [a] -> [a] B

reverse xs = reverse’ xs [] —(E$,3) |reverse’ xs ys = reverse xs ++ y«—(Z1)
RIZCDEHIBIZETRT, reverse' Jys =ys —(E&1)
reverse [1,2,3] reverse' (x:xs) ys = reverse' xs (x:ys)
=reverse’' [1,2,3] [] (FE&E3)Z1E A) —(RE2%2)
=reverse’ [2,3] (1:[]) (BFEDZER)

=reverse’ [3] (2:(1:[])) (BEEDZER)

=reverse’ [] (3:(2:(1:[1))) (BFEDZER)

=(3:(2:(1:1D) (E&ENZER)

FThEHE, ERNEBERICEZONENS) AN RERSND,
CDFLLY reverse DEEIEBZHTTDEEIY A HMYIZKVEAS,
LAL. hEABIMIZHR ELTLNS,
FLOVEZRZFE>TREESND) A REEENST=DIZH BRI DREIEIE
H(Zn+2[@ITHS,

Li=Hh>T. 5IBDRSICEHIT S,

F—5—
oin"2) = 0(n)



RIGEFEEEFEBRETHABELT, REEEITHL THEIRIEIZB-FEZXZANTH LD,
ZHARBEFDOKRE) AMNIERT HEHflattenTE X D,

data Tree = Leaf Int | Node Tree Tree

flatten :: Tree —> [Int]

flatten (Leaf n) = [n] ——(B1)

flatten (Node | r) = flatten | ++ faltten r —(B2)

EEEEFEZFRALTWAT=0H1Z, B flatten [IRIFTENELY,
9?‘)55;& flattenE+H+DIRDTF VT HA S HE BN E K latten DEERFTERT 5,
flatten’ t ns = flatten t ++ ns -—(Z2)

HAEENEEDKRIZHLTHRYIL DI EFIBAT A-0OZ(., FEMNIRNEDREBIZRA X
F9 . K Leaf n ISR LTHENRYIDIEFTRL, SHICK I Er ITHLTHEMNKYILID
ZEFETREIREKLY,

LU FEEEA

Bi5
EEED — (+H)REF
flatten’ (Leaf n) ns O++ys =ys —(X1)
=flatten (Leaf n) ++ ns ((Z2)D1E FA)|(x:xs) ++ ys = xi(xs ++ ys) —(X2)
=[n] ++ ns (*."(B1))
=n:[] ++ ns

=n:([] ++ ns) (*.*(X2))
=n:ns (*."(X1))



BlRE

flatten’ (Node | r) ns B

=flatten (Node | r) ++ ns ((Z2)DE ) flatten’ t ns = flatten t ++ ns —(Z2)
=(flatten | ++ flatten r) ++ ns  ("."(B2)) flatten :: Tree —> [Int]

=flatten | ++ (flatten r ++ ns)  (++DFESEI) flatten (Leaf n) = [n] —(B1)
=flatten | ++ (flatten’ r ns) (r[ZxfLT(Z2)MD 1% EFH) {flatten (Node | r) = flatten | ++ faltten r
=flatten’ | (flatten’ r ns)  (I1ZxfLT(Z2)D ¥ 5E ) —(B2)

LLE &Y., 85z HT=9 B flatten DEZNRD LOIZHNT=,
flatten’ (Leaf n) ns = n:ns
flatten’ (Node | r) ns = flatten’ | (flatten’ r ns)

(Z2)Tns=[&T 5B &
flatten' t [] = flatten t ++ []
&flatten t = flatten’ t [J

Ko TR flatten IR D LIITBEETES,
flatten :: Tree —> [Int]
flatten t = flatten’ t []

BELTDERINIIMIKWThEL EFFEEFEFORDYIZ, #ER%E
EZDWMMERZESET, BIMISHENR LELTNS,



[5]aV/"A4ZDIELE

10ETIE. BEREMENSLGLIHADEL
REEFEFTML TERIIE T BEMevarEELT -
—— eval T

data Expr = Val Int | Add Expr Expr

eval :: Expr => Int

eval (Valn) =n —(A1)
eval (Add x y) = eval x + eval y —(A2)

LEHKIT. RAXDELIIZRAYIZERINT
MERIZEEHM T S5 ETERT 5B TESD,
AAYIIEBHDYRNTHY . A—FIXPUSHE FLADDE S DY RN TH D,
type Stack = [Int]

type Code = [Op]

data Op = PUSH Int | ADD

EEEA—FDERIE, ENZEEITT DexecEABZERT H_ETEZLND,

— exeCE &

exec :: Code —> Stack —> Stack

exec [ s =s —(B1)
exec (PUSHn:c)s =execc(n:s) —(B2)

exec (ADD :c) (m:n:s) =exec ¢ (n+tm:s) —(B3)
DFEY ., PUSHERIZR AV D LIZFHLWVEBHEFES
ADDER I RZV I L D2 DDEHEFDITESTHRZ S,



RIZPUSHOADDD G S EFALTREZI—RIZEIER@V /81 )L)F BB % compZEEET 5.

—— compE &

comp :: Expr => Code

comp (Valn) =[PUSH n] —(C1)
comp (Add x y) = comp x ++ comp y ++ [ADD] —(C2)

DFEY . BHDIBSILIFDIELEPUSHT 2GS IZEIERL. MEDIE S

2D HxbyEETNFNENRL., HRELTEHIN-BH2DODEFRFYI LT
ADDRSITRELEHLE S,

EELLT, ADDGEHETINSEZIL, RAVID1BE LMY T2EBAXERYFET,

@ a—K y &0 @ a—F r & VW)
X »| X 2 > Yy
\Y ADD X
ADD
— =%
—— exeCTE &
ADD|| @ exec [] s =s —(B1)
=1 exec (PUSHn:c)s =execc (n:s) -—(B2)
exec (ADD :c) (m:n:s) =exec ¢ (ntm:s) —(B3)




LERTROXZHELTHS
(XDERK: e=(2+3)+4)
e = Add (Add (Val 2) (Val 3)) (Val 4)

>eval e

9

> comp e

[PUSH 2,PUSH 3,ADD,PUSH 4,ADD]
> exec (comp e) []

[9]

LEEASFZLERAVNAT—DELEOFARRIEIRDLIIZRBTETES,

exec (comp e) [] = [eval e]

Flabhb REFRL. BROI—FZEDRZYIEHRICEITT HE
A2y DEMREIL, XETML THRRZERSN1 OOV AMIEBLIZEDIZFLLY,

LERDZEDRAYINEEEDRAZYIsIZHREL T—HRIET 5 ERD K245,
exec (comp e) s = [eval e] ++ s
exec (comp e)s =evale : s ——(*001)



exec (comp e)s =evale : s

[(x001)DEEEA]
(1)e=Valn D&
(x001)D 44
=eval (Valn) : s
=n:s ("."(A1))
(x001)D £ 34

= exec (comp Val n) s

= exec [PUSH n] s ("."(C1))
= exec (PUSH n:[]) s
(*."(B2)

n:s

(2)e=Add xy DEE

-—(*001)

B
—— eval &
eval (Valn) =n
eval (Add x y) = eval x + eval y
—— compE
comp (Val n) =[PUSH n]
comp (Add x y) = comp x ++ comp y ++ [ADD]
—— execTE &
=s
exec (PUSH n:c)s =exec c(n:s)
exec (ADD :c) (m:n:s) = exec ¢ (n*m:s)

—(A1)
—(A2)

-—(C1)
—(C2)

——(B2)
-—(B3)

e=xBEBL e=y DESTEMNRILDENRTET S

exec (comp x)s =eval x : s
exec (compy)s =evaly : s

(x001)D AL
=eval (Add xvy) : s
=(eval x + evaly) : s

—(RIE1)
—(RIE2)

(."(A2))




— B

exec (c ++ d) s = exec d (exec c s) —(5'B2Al)
DN EAIXR TEERT %, B

exec (comp x)s =evalx :s —({RE1)
(*001)D A3 exec (compy)s=evaly : s —(RE2)
=exec (comp (Add x v)) s

=exec (comp x ++ comp y ++ [ADD]) s (."(C2))
=exec (comp x ++ (comp y ++ [ADD])) s (."(X2))
=exec (comp y ++ [ADD]) (exec (comp x) s) ("."(53E2EI]) d —>(comp vy ++ [ADD]))
=exec (comp y ++ [ADD]) (eval x : s) . URFET)
=exec [ADD] (exec (comp y) (eval x : s)) ("."(4>ECAI) d ->[ADD])
=exec [ADD] (eval y : (eval x : s)) (."UR5E2)
=exec ADD:[] (eval y : eval x : s) (E2I9)
=exec [] ((eval x + eval y) : s) (."(B3) c¢—>[] m—>eval y n—>eval x)
=(eval x + evaly ): s ("."(B1))
B
— (H)RHEF

L EXKY., x001)HMKILT B O+ys =ys

(x:xs) ++ ys = x:(xs ++ ys)

QED. — compE &

comp (Valn) =[PUSH n]

exec (comp e)s =evale : s |comp (Add x v) = comp x ++ comp y ++ [ADD]
—(*001) |— execTEHE

exec [] s =s

exec (PUSHn:c)s =execc(n:s)

exec (ADD :c) (m:n:s) = exec ¢ (ntm:s)

-—(X1)
—(X2)

-—(C1)
——-(C2)

—(B1)
—(B2)
—(B3)




— AR

exec (c ++ d) s = exec d (exec ¢ s)

[EEHR]

c=[] DEE

£Hil = exec d (exec [] s)

= execds (*.*(B1))
38 = exec ([] ++ d):s

=exec d:s (" (X1))

c=x D&EE
READNKILDERTET S

exec (x ++ d) s = exec d (exec x s)

[FE#CER1]

c=PUSHn:x D&ZE

=l

=exec d (exec (PUSH n:x) s)
=exec d (exec x (n:s)) (.
Y]

=exec (PUSH n:x) ++ d) s

=exec (PUSH n:(x ++ d)) s (.
=exec (x ++d) (n:s) (.
=exec d (exec x (n:s)) (.

—(EAl)

B

— execfﬁqeig

exec [ s =s —(B1)
exec (PUSH nic) s = exec ¢ (n:s) —(B2)
exec (ADD :c) (m:n:s) = exec ¢ (n+m:s) —(B3)
— (H)REF

[J++ys =ys —(X1)
(x:xs) ++ ys = x:(xs ++ ys) —(X2)

—({RE3)

"(B2))

(X2))

"(B2)
"(RTE3)




[FE#EfR2]

c=ADD:x D&E
(s=m:n:s’&ERTET B)
=yl

=exec d (exec (ADD:x) s)

=exec d (exec (ADD:x) (m:n:s’)) (.7

=exec d (exec x (n+m:s’))
i3

=exec ((ADD:x) ++ d) s
=exec (ADD:(x ++ d)) (m:n:s’)
=exec (x ++ d) (n+tm:s’)

=exec d (exec x (n+m:s’))
L&Y, (BRI T S
QED.

BEM2DRF2YI TORE
(s=mn:s)D2EFEH
DENTULELSEIE
ARYGT R —J0—L15B 0,

B
7€) — (+)REF

("."(B3)) J++ys =ys —(X1)
(x:xs) ++ ys = x:(xs ++ ys) —(X2)

(*."(X2))

("."(B3))

" (IRFE3))

B#E

—— execE &

exec [] s =s —(B1)

exec (PUSH nic) s = exec ¢ (n:s) —(B2)

exec (ADD :c) (m:n:s) = exec ¢ (n+m:s) —(B3)

exec (x ++ d) s = exec d (exec x s) —({R5E3)

ADDER T MRITSNARRIZIX. 2D DB HAHDH_EZA /345 —(comp) MRIET HD T
ToF—2I0—(FRELGN, COTA—TJ0—DEEENEZFERAT HEVSMRE,
EIEEEFERET DA ETHRIRTED,

RIZZEDFEERLFET



KIAVNAF—DELESDFEAKRE

exec (compe)s =evale : s

——(*001)
comp’e ¢c = comp e ++ ¢
—(compZETE)

e=Valn D&E

comp’ (Val n) ¢

=comp (Val n) ++ ¢ ("."(compZ %))
=[PUSH n] ++¢  ("."(C1))
=PUSH n:c

e=Addxy D&E

comp’ (Add xy) ¢

=comp (Add x y) ++ ¢

=comp x ++ comp y ++ [ADD] ++ ¢
=comp x ++ comp y ++ (ADD: ¢)
=comp x ++ (comp y ++ (ADD: ¢))
=comp x ++ (comp’ y (ADD: ¢))
=comp’ x (comp’ y (ADD: ¢))

UEXY XRXZED
comp’ :: Expr —> Code —> code
comp’ (Valn) c =PUSH n:c

comp’ (Add x y) ¢ = comp’ x (comp’ y (ADD:¢))

BB

—— eval T

eval (Valn) =n

eval (Add x y) = eval x + eval y

—— compE

comp (Val n) =[PUSH n]

comp (Add x y) = comp x ++ comp y ++ [ADD]
—— exec E &

exec [] s =s

exec (PUSH nic) s =exec ¢ (n:s)
exec (ADD :c) (m:n:s) = exec ¢ (n+m:s)

—(A1)
—(A2)

—(C1)
—(C2)

—(B1)
—(B2)
—(B3)

("."(C2))
((ADD]Z#ADD:CIZZZE#1 % 1-)
HEELHADTHIMEESTHRZ 1)
("."(compZH2))

("."(compZH2))

—(D1)
—(D2)




F1=. (compZER)T c =[] £ 5¢& B

comp’ e [] = comp e ++ [] comp’e ¢ =comp e ++ ¢ —(comp ZTE)
Y= exec [ s =s -—(B1)
comp e = comp’ e [] exec (PUSHnic)s =execc(ns) —(B2)
LEETESD

exec (comp e) [] = [eval e]

exec (comp’ e []) [ = (eval e:[])

exec (comp’ e [1) [] = exec [] (eval e:[1)
c s c s

EHXZE—HIE([I->c,[0->s)

exec (comp’ e ¢c) s = exec c (eval e:s)

[((FTa2 /1 5—REER) D EERA]
e=Valn D&E

=l

=exec ¢ ((eval Val n):s)

=exec ¢ (n:s)

i3

=exec (comp’ (Val n) c) s

=exec (PUSH n:c) s

=exec ¢ (n:s)

("."(A1))

(*."(D1))
(*.*(B2))

—(IB32 /"L S5—&REER)

(. (B1DE )

(—OEDRIE) ZOERSEFMELNALY ?

—(Fra>/ N S5—#REF )

B

— eval B

eval (Valn) =n

eval (Add x y) = eval x + eval y

—(A1)
—(A2)

—— conp’ &

comp’ :: Expr => Code —> code

comp’ (Valn) ¢ =PUSH n:c -—(D1)

comp’ (Add x y) ¢ = comp’ x (comp’ y (ADD:¢c))
——(D2)




e=Addxy D&E

e=xHBLUV e=y DEETEMARIDERET S B
exec (comp’ x ¢) s = exec c (eval x:s) —({RFE3) |- eval EE
exec (comp’y ¢) s = exec ¢ (eval y:s) —(1ZF4) |eval (Valn) =n —(A1)
eval (Add x y) = eval x + evaly —(A2)
=gl —— conp’ B
=exec ¢ ((eval Add x y):s) comp’ :: Expr —=> Code —> code
=exec ¢ ((eval x + eval y):s) ("."(A2)) comp’ (Valn) ¢ =PUSH n:c -(D1)
D comp’ (Add xy) ¢
=exec (comp’ (Add x y) c) s = comp’ x (comp’ vy (ADD:c)) —(D2)

=exec (comp’ x (comp’ y (ADD:c))) s ('.°(D2))

=exec (comp’ y (ADD:¢)) (eval x:s)  ("."UUR5E3) c—>(comp’ y (ADD:¢c)))
=exec (ADD:c) (eval y:eval x:s) ("."(UxE4) c—>(ADD:c) s—> (eval x:s))
=exec ¢ ((eval x + eval y):s) (*."(B3))

LEXKY, Frav\A45—R5)MNKILT 5 |EE
exec [ s =s —(B1)
QED. exec (PUSH nic)s =execc(nis) —-—(B2)
exec (ADD :c) (m:n:s) = exec ¢ (n+m:s) —(B3)

exec (comp’ e ¢) s = exec ¢ (eval e:s) —(Fra>/N1>—#EEF ()
comp e = comp’ e []



ALBAATE TRAYITUA—J0—DREN B ITONEDIZNZT
EREHEFESIO/IMF—IZF20DHENH D,

12(&. EREEEFEOLBRESNIEN KNI E,

2D B, ZOFRIFRIDFIRICLRTHESUTTTATNDIE,

B AIGREE TIEFTREIES—MIET SLEAHE DD THRIZGB LA LB B
HEL DEDLNTOTSLEZBBDBN/-ERGDTHS !
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