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Gears OS l3fikfiz X350 7 IV 55 CbC TRRBEhTWD, OS®7 7V r—va
Y OEHENEE B IR R L CWB e R R T AHENDH B, MR FIEEZET VIRE
FEHAD D B, T Z TIHEHEGIIA R Agda 2 W2, CbC SFEDFIASLEEHZ X5, CbC 1XHE
BIEOH LU Z AW goto XIZL VBB TS, itz HWERE 07502 LTRkT 5
ZEeNTES, TR Agda L TIRE >R OB L LTRT I LN TES, Gears OS
DEVa— VY AT LI, REL AP 20T 22 2 2AICLTWVWS, ZOEVa— LY ATA
% Agda ETRIRT 2 LA TEL, MHRIIATOMEZETHEETHRINDDT, MICEEER
fLFk%E Agda OFREARE LTHET I A TE S, MFHTIXMERRMIMC L BB Z PO 3 & & DRiH
%At (pre-condition) ZBINT 2 Z LW HEETH S, ZHIZE D, Hoare Logic INAFEH%Z Agda
THR U7z CbC ICEERHE 2 Z L BSAEEIC 2 5, Agda TRl E N7z CbC & EHIZAWVWS CbC
ZWATURIETEET S, 20, CbC DEVa—ILVYATATEHRINGZ T TS T L% LRI
Wiz Agda Tl Xz CbC BT EZ 2N TE S, ARMXTIE Agda ETD CbC Dtk F
k& %D ETOD Hoare Logic 7R FEHFIEIZDOWTHERT 5,

MaSATAKA HOKAMA 1 and SHmvjt KONO 12

AKX TlE CodeGear, DataGear T D itk %

1. TR Agda ZHV = GearsOS D
MREE

EdT 5V 7 bz T IdEWEEEEZROZ Y
FLW, ZTO7DITEY 7 by = 7RI NS EE
5L RGATEIHENDHD, T/, VI hUx
TSN EEER T 52 & 2EEET 572213
AEERITO MENDH 5,

MR TIIMEL D A & LT CodeGear, DataGear
EWVWHHMNEHWTY 7 MY =T 25T 5 FEE R
ZLTED, CodeGear . DataGear &\5 Hififi%
AWwT a7 3Iv 295557 LT Countinuation
based C [1] (BAF CbC) ZHFEL TW5, CbC X C
SRR R R DERETH B, £72. CodeGear,
DataGear % I\ TEENE & fERMEE X X L ROV THE
fE3 % GearsOS [2] % CbC THIFEL TW5,

ARHFZE TIIMGE 24T S 7= DG YRR S35 Agda
[3] Z2FEALTWS, Agda TIEBITHFAL 72\ iRl
ReHE, TORIZA-EEE2HRT 5 Z & T
kT A NTE S,
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Interdisciplinary Information Engineering, Graduate Sc
k533 hool of Engineering and Science, University of the
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Agda TRE U7z, £7z, GearsOS TEbNh TV
interface Mitik% Agda TREIL., ZODildZ@EL
THEEDMARRD TS U CiEHZ TR > 72, 61T,
Agda THkfEz W25l % U 7215 6 N7z KR %
MkHE & hoare logic % {#i > 72 5B DMGLED F % /RT,

2. CodeGear,

Gears OS TIE 7B I LT —XDHLE LT
CodeGear, DataGear ZH\ 5, Gear |Li515
TOHA, T—&240HE, Gear MOBHRFIZRD,
CodeGear 17027 LOWNHEZDH DT, 1T
RUTWS &S IHEEDOED Input DataGear % 24
U, MEP5ET T 5 LEREDOHD Output DataGear
IZEEAD,

CodeGear OB HE) T2 W TiThbh b, Hkf
WBEBIFOH L & 1382 0, IO L7212 ed a—
RIZER 53, IRD CodeGear k2175, g,
B 7075 I v I TIIRERBIFOH L2175 Z
CITHYT 5,

Gear TIFUH»> T — X #Eit) CodeGear, DataGear
WU TWa, L72h > T, DataGear (& Agda D7 —
A e (data & record) TRILTE 5, CodeGear I3
Agda @ CPS (Continuation Passing Style) TR
EUTRHTEIENTE S,

DataGear



Input Data Gear

Data Gear Output Data Gear

J;

\ Data Gear
G —>
-

1: CodeGear & DataGear O Hf%

CodeGear | Agda Tkt % AV 72 KEFOH
L2 5 Be LTERE NG, SEEREOM (t)
ZRSEFTEREINS, CodeGear EAREF U ¢ %
e 5, Bz, Stack ~®D push 2175
# pushStack AT D & 5 %2 RO,

pushStack : a -> (Stack a si > t) >t

Code 1: pushStack D

pushStack 2B A T, I0 v DHAIZRZ Gk
95, mADFIENUE Stack IZKEIMINEE a 2KD,
ZOHDBIHIIMBTH V. Stack a si(si &V
FAREFFD a 2T D Stack) ZZITHD REDR
t ZRTEBTH S, ZD CodeGear HIRIFAREDH
t 2R,

GearsOS T CodeGear DMEE % FEHH 9 5121,
Agda Tidifk 7z CodeGear & DataGear (ZXF U
TARGRE UTHEHZIT S, iFHTREMEIZ. &
EDOB Z R Ofkfc t ICFHIRT 2 N TES, HlR
¥, Stack IZH A x % push LT, pop §5& x’
PENTL %, Just x & Just x° IEFELWVBER
Hb, ZThiE Agda TIX (Just x = x° ) EElRX
N3, ZZT Just &iX Agda DU T DT —Xi#EET
»H5,

data Maybe {n : Level } (a : Set n) : Set n where
Nothing : Maybe a

Just : a -> Maybe a

Code 2: data ElDf|:Maybe

Z 13 DataGear IZfH2 L, Nothing & Just D
ZODREEHED, pop UL7RiIZ, Stack ZETH
U Nothing #3RU. £ 5 THRITFNIK Just DD
72RO %R,

ZOWE%E Agda THRT &, UTFD &S AREIZA
%, Agda TIFFFHT R EMBMNIETERIND,
T I E BT REME 2 e L TR TE 2,
Agda TIZZORIIKIGT 5 N THZE 5 2 % LFEHADSE
TLEZ &I,

push->pop : {1 : Level } {D : Set 1} (x : D) (s :
SingleLinkedStack D ) ->
pushStack ( stackInSomeState s ) x (\s ->
popStack s ( \s3 x1 -> (Just x

= x1)))

Code 3: push & pop

ZD &>z, CodeGear % Agda Ttk U, MR
IMZEEHST R EMEE % Agda TRdikd 5,

GearsOS TOftk X interface IZ& > TEY a—)b
bz, ZOEYa—{tH Agda 2L DEdiRT 5
RBENH B, CbC Tk TN/ZTED CodeGear &
Meta CodeGear 7% Agda IZZ D F FEMINE DI
TIXRWDS, BRAGER & S ISk E nd L ET 5,

AR OHiTlk, Agda OFRERIZOWTEE 2175,

3. Agda D&

Agda IZ1 VTV MIEWEREDD, EHA LRI
ZBRENRH D, F. AR—ADEEIIBHEIZTF o
r73NB,

Agda 2B B RIIEEIL - ZHWVWTIT S, HlxIX,
ZRxDELA 2RO, LWVWHZeaKRTITIEx : A
LERT B,

T2 KRBT —AET, TOEHRITIE
data ¥—7—FKZHH\5, data ¥—7— FD#KIZ
data DZHETE, B, where HZEZEEA VTV M 2H
UZE#HB oV A NI 22 ZTOMELZET S,
Maybe(Code 2) 1£Z @ data BLOFITH 2,

B DER L, B L B 2508 Uiz loAR
hE = DRIZERT D, BBORIZIE - £7i3->
EHWS,

B ZALF AR A TR D EHLTL B OBI#IL A > B
DESIZHFET B, £z, HEDIGIHEIS BB O
BMiZ A >A->BOLSHETE, ZOROEIE
A-> (4 ->B) DEIIZFEZRSLSND, BIfiICIETE
7z pushStack O (Code 1) 1T DHITH %, push-
Stack DD AL Code 4 D &S24 5,

pushStack d next = push (stackMethods ) (stack ) d
(\s1 -> next (record {stack = sl ;
stackMethods = stackMethods } ))

Code 4: pushStack DFAKEHE

ZIZTEPNTWVWS record & C IZHBIT5H
EARIZHYT 2L a—- R WS F— X &ML
THEH., record ¥F—7—FDOHED DAHIEIZ
fieldName = value DJE T ZFIZL TWL, EHE
DEZEHZET LT ; TRYZBELD S,

EHEEITOBIL record DF—7— NEIZL a—
R, B where D&IZ field ¥—7V— F%& AN,
T4 =V R{[HEBZ % EHZET D, record DEHERD
flE LT Stack D7 — X 2#/ET AT B TR L I —
R#ID T — & Element (Code 5) Zfl& ¥ 5,



Element [FH AM DY X MEEIZHR->TE D,
datum 2T BT — &, next IZIRDT — X &>
TWwW3,

record Element {1 : Level} (a : Set 1) : Set 1 where
inductive
constructor cons
field
datum : a -- ‘data‘ is reserved by Agda.

next : Maybe (Element a)

Code 5: Element DJEF

NE=Uy FOHW, — OEXE. HHPHADDHH,

testStack08 = pushSingleLinkedStack
emptySingleLinkedStack 1
$ \s -> pushSingleLinkedStack
$ \s -> pushSingleLinkedStack
$ \s -> pushSingleLinkedStack
$ \s -> pushSingleLinkedStack
$ \s -> top s

o W N

s
S
s
S

Code 6: test8

4. Agda T® Stack. Binary Tree D33

Z ZTlk Agda T®D Stack . Tree DFEHZE/RT,
Stack DEEEZUTFDOY —2a— K 7 TRY, £
I SingleLinkedStack ¥ WS ZRITEHESINT WS,
EHINTWD APLIZ—H2EH S, KD ITAKT 5,

record SingleLinkedStack {n : Level } (a : Set n) :
Set n where

field

top : Maybe (Element a)

open SingleLinkedStack

pushSingleLinkedStack : {n m : Level } {t : Set m } {
Data : Set n} -> SingleLinkedStack Data -> Data
-> (Code : SingleLinkedStack Data -> t) -> t
pushSingleLinkedStack stack datum next = next stackl
where
element = cons datum (top stack)
stackl = record {top = Just element}

-- Basic stack implementations are specifications of
a Stack

singleLinkedStackSpec : {n m : Level } {t : Set m } {
a : Set n} -> StackMethods {n} {m} a {t} (
SingleLinkedStack a)
singleLinkedStackSpec = record {
push = pushSingleLinkedStack
; pop = popSingleLinkedStack
; get = getSingleLinkedStack
}

createSingleLinkedStack : {n m : Level } {t :
{a : Set n} -> Stack {n} {m} a {t} (
SingleLinkedStack a)
createSingleLinkedStack = record {
stack = emptySingleLinkedStack

Set m }

tackMethods =
singleLinkedStackSpec
}

Code 7: Agda iZ81}% Stack OFELHED I

Element & SingleLinkedStack Tk 5 EHFED
EFZT, BIEDT— X datum IRDF— X % Maybe
BE WS EOGFEDXREIRGEOR TaAA, HET
HIRFIZEZ L TS, Maybe B TIXEDFIET 5
LA Just . BELRWEEIX  Nothing 23K,

SingleLinkedStack #{TiZ, Z® Element ® top
HrDAZEREL TV,

Stack 1243 % push #{ETIL stack & push T
% clement D datum Z3ZIFED . datum D next
WZBIIED top % A, stack D top % ITH -7
datum 281D X, FL W stack BT WS &S
REHEZLTVD,

Tree D5 (L FDY —Z 32— R 8) % RedBlack-
Tree LW HFTEHRINT VWD, EHRINTWVWDS
API 1% put BIEERKT 5, 5D O DERIIfTERIC
AN

record Node {n : Level } (a k : Set n) : Set n where
inductive
field

key : k

value : a

right : Maybe (Node a k)

left : Maybe (Node a k)

color : Color {n}

open Node

leafNode : {n :
Node a k
leafNode k1 value = record {
key = k1 ;
value = value ;
right = Nothing ;
left = Nothing ;
color = Red
}
open leafNode

Level } {a k : Set n} -> k -> a ->

record RedBlackTree {n m : Level } {t : Set m} (a k :
Set n) : Set (m Level.""e2°"8a""94 n) where
field
root : Maybe (Node a k)
nodeStack : SingleLinkedStack (Node a k)
compare : k -> k -> CompareResult {n}
open RedBlackTree

putRedBlackTree : {n m : Level } {a k : Set n} {t :
Set m} -> RedBlackTree {n} {m} {t} a k -> k ->
a -> (RedBlackTree {n} {m} {t} a k -> t) -> ¢
putRedBlackTree {n} {m} {a} {k} {t} tree k1 value
next with (root tree)
| Nothing = next (record tree {root = Just (
leafNode k1 value) })
| Just n2 = clearSingleLinkedStack (nodeStack
tree) (\ s -> findNode tree s (leafNode ki
value) n2 (\ treel s nl -> insertNode treel s
nl next))

Code 8: Agda lZHI1}% Tree D

Node 13 key & value ., Color & Node @ rihgt
. left OfE#HER > TW5, Tree 2T 5 KD
Node % leafNode B TEZ I N T W5,

RedBlackTree 1% root @ Node 1H# & Tree 12



B3 255 %23 5802, £ Z £TD Node DR
WEERFT 572D nodeStack & HIKT 572D
compare - T3,

Tree @ put BfETIL tree . put §28 ./ —RFDOF—
CfE (k1. value) 2518 & UTXZITHLY ., Tree D root
2 Node BMFEELTWABRE S MTHEAT LTV
%, Nothing 7%E > T &7z & &% RedBlackTree
D tree NIZEZR SN TS root IZZITHl->72F—&
EFH LW/ —NE UTEMNT %, Just DHR-TE
72 & X root BFEMET HD T, RKHFEHREHL 720
IZ nodeStack Z#IIL L., ZIFTH - 7-F — L THr
727 — RZ2MER U725, / — RDBSEBIE B REAL
BETF—DMHEEZILANTH LW Tree 2RI &5 K
DRI 5 TV D,

5. Agda IZ81F % Interface DEE

Agda T GearsOS DEY 2 — LD HEMATH S
interface &% U7z, interface &%, ke fik%
S BERTZ Z Tl Stack D&% SingleLinked-
Stack . Stack D{Lkk% Stack &9 5%, interface i%
record THIZEL, Y —A3—FK 9 D XS IZHH{IF 3
ZEMNTED, Agda T 2GS 2 06EN D572
& record WIZHZ R L TWB,

il LT Agda TFEZ U7z Stack ED interface
(V—=A2—F9) o—ffizR%, Stack DEHIZ Sin-
gleLinkedStack(Y —AJ— K??) & LTHLNTW
%, ThE Stack fllH*5 interface %@ L THEOH L
W5,

Z ZTO interface DL Stack D record NIZH
% pushStack % popStack 72 & T, EERIZffibh s
Stack D#/EIX StackMethods (24 % push * pop
TH5, ZD push ¥ pop & SingleLinkedStack T
FRINTWD,

data Maybe {n : Level } (a : Set n) : Set n where
Nothing : Maybe a

Just : a -> Maybe a

record StackMethods {n m : Level } (a : Set n ) {t :
Set m }(stackImpl : Set n ) : Set (m Level. "e2
""8a""94 n) where
field
push : stackImpl -> a -> (stackImpl -> t) -> t
pop : stackImpl -> (stackImpl -> Maybe a -> t) ->
t
get : stackImpl -> (stackImpl -> Maybe a -> t) ->
t
open StackMethods

Level } (a : Setn ) {t : Setm }
: Set (m Level.""e2""8a""94 n)

record Stack {n m :
(si : Set n )

where
field
stack : si
stackMethods : StackMethods {n} {m} a {t} si
pushStack : a -> (Stack a si -> t) -> t

pushStack d next = push (stackMethods ) (stack ) d
(\s1 -> next (record {stack = si ;

stackMethods = stackMethods } ))

popStack : (Stack a si -> Maybe a -> t) -> t

popStack next = pop (stackMethods ) (stack ) (\si
dl -> next (record {stack = sl ; stackMethods
= stackMethods }) di1 )

getStack : (Stack a si -> Maybe a -> t) -> t

getStack next = get (stackMethods ) (stack ) (\s1
dl -> next (record {stack = sl ; stackMethods
= stackMethods }) d1 )

open Stack

Code 9: Agda (2175 Interface DEHD—IB

interface Zi#3 Z & T, EBIZIX Stack D push
Tld stacklmpl &I SRDF—X a ZHD, stack
EEFEL, e RTHTH-72DH, pushStack T
TSRO TF—X a ZELD stack &2 5 U THkki %
RIFRNZE D> T\ 3,

F72. Tree T% interface #Ftik L7z,

Level } {a : Set n } {t :
Set n ) : Set (m Level.""e2

record TreeMethods {n m :
Set m } (treeImpl :
~"8a""94 n) where

field
putImpl : treeImpl -> a -> (treeImpl -> t) -> t
getImpl : treeImpl -> (treeImpl -> Maybe a -> t)

>t
open TreeMethods

record Tree {n m : Level } {a : Set n } {t : Set m }
(treeImpl : Set n ) : Set (m Level.""e27"8a""94
n) where
field
tree : treelmpl
treeMethods : TreeMethods {n} {m} {a} {t}
treeImpl
putTree : a -> (Tree treelmpl -> t) -> t

putTree d next = putImpl (treeMethods ) tree d (\ti1
-> next (record {tree = t1 ; treeMethods =

treeMethods} ))

getTree : (Tree treeImpl -> Maybe a -> t) -> t

getTree next = getImpl (treeMethods ) tree (\t1 d
-> next (record {tree = tl1 ; treeMethods =
treeMethods} ) d )

open Tree

record RedBlackTree {n m : Level } {t : Set m} (a k :
Set n) : Set (m Level.""e2°"8a""94 n) where
field
root : Maybe (Node a k)
nodeStack : SingleLinkedStack (Node a k)
compare : k -> k -> CompareResult {n}
open RedBlackTree

Code 10: Tree Interface DEFH

interface 2535 Z &i2&>T, F—4 % push
TEOBRIZTOWRE->TOVEHIBAEEMT 5 LN TE
7z. ¥7z. Agda T interface 7tk 95 Z & T CbC
MITCIEERR L TWih o 72808, B L X vz,

6. MiE%E{FEo7- Agda ICHF S Test , De-
bug

Agda TIETOZ S LD IV AL LD L B
HEHEDPENT NS Z L IIRFETE 25, 47 LB IR
U7-8ifE%R T 5 LIXR S\, D7D, AiFgEHIz



BN T T LANELWENEERZ LTV 2HERT
B 71-DIZFT2 o T2 FIEEHEDDIRT,

SENFFERBRAICY — A3 = R?2?2D & 578 Test %
W7z, Z® Test Tl Stack 22X —%7"v MZLTWT,
Stack IZ1, 2D=O>D N#MDF—%% push L7
. pop2 Interface % f# > T Stack IZA->TW53 1,
2 Stack DEZETH S First in Last out D& D (T
2, 1 DNETHLY HE 2 &R T 57 DIT/ER L 72,

£ Test Tl&, 02232 D2DF—%% push L. 03
T ZD2DFT—X% pop §5 pop2 2f7>oTC\W5, %
NoEFLOTHBLZSHDH 04 T 2 8] push U,
2 D0DF—X% pop TEHIMEMNEL L fTbhTwh
X 04 1 True 2L, 05 Cidd I /-BL@ D IZH
WIZEE UL 7225728 05 28 refl TI VR ILHEDS &
51275, SEI%. pop2 THMN/E%E MRS 5720
03 D12 031, 032 D_2DEK L 7z, 032 Tix 03
THo> TWAED Maybe TH 5728, 031 DX D%
W% 3 2N EDPERITFMEL T0E 2 L &R d
BETHD, 032 %8I LTO031 Tk 220D
D, PONBTHLZEIOPS, 031 TIEEERN
7l 2, 1 DIEHBFTA>TWELEMERALTWS,

ZD Test TTT—hWHA»ro7zZ &h5, Stack
21, 20=2DF—X% push $5&, push L7z
B2 Stack ED5iER 5 Z 27 < push U7ZZJHEIZ
W2 Z R ahs,

7z, iz HWTER T 5 Z & THED Test %
HLZ L THERFOT—RAAREF v T5I L
WTET/,

ZIZTO$IE 2FeHIPELET, $1AEIN
= —f7% TLLKBZLNTES,

V—A3—=F 11 O &5 ICEBARKICER L TTF—
£ %LU, C-c C-n (Compute normal form) TRI%X
EAHMET 5 LB TR TVWET— 22 RZZ LN
TE5, £z, BRPOFHRTRI LA EZLTL,
Return RHIZZDEE U7 BRAICEZ B Z LT, &
FRHDT— R DOh G %TERT 5 Z LB TE 5, FHf
FEHIEY — A= RNAIZa A Y b THlB L7z,

test31 = putTreel {_} {_} {""e27"84""95} {""e2

~"84°"95} (createEmptyRedBlackTree”"e2""84""95
~"e2°784°795 ) 1 1

$ \t -> putTreel t 2 2

$ \t -> putTreel t 3 3

$ \t -> putTreel t 4 4

$ \t -> getRedBlackTree t 4

$\t x > x

-- Just

-- (record

-- { key = 4

-- ; value = 4

-- ; right = Nothing
-- ; left = Nothing
-- ; color = Red

Code 11: Agda lZHIFBHT AL

S, ZOFEEHWDSZ L TEHBOBKZHAaE
bHH 7z findNode BIANIZBE R H B Z LD h o7z,

7. Agda IZ& % Interface DA EH7
Stack DERSHIZEERA

Stack * Tree @ Interface Zffi\ . Agda T In-
terface % MU 7ZAEHMNAIBETH B Z L Z2RT, Z
ZTOREA L 1E Stack DMILAFEE DVEE & K> Z
LERIETHZ L TH D,
Stack DMLEEE U THA aMEEDFAET 5, BIAIE
e Stack (Z push U7-fHIITFET 5
e Stack IZ push U7-fHIZIND IETZ L TES
e Stack iZ push U7zfli% pop L7-HF, Z DIk
Stack 2 5HZ 5

o XYDXSIIRAED Stack (Zffi% push L THHIZ
A2 TV T =R DIEFIZED 5780

o XYDLSHIRAED Stack TH. % push L7z
pop U7-fHEIXERTIZ AN fEE —5d 5

REDWENRD B,

ZIZT TED XS 2RAED Stack TH, ffi% push
L7-% pop U7-fHIZERTIC AN E 8T 5] &
WO MEZGET 5,

FTHOICAREIRED Stack 2EHET 5, V—A
I— K 12 @ stackInSomeState BIIFFH D73 H 5 7%
WIS Stack 2 /B L TWD, V—ZAI—F 12
DFEATIL Z D stackInSomeState (2% LT, push
% 2 [\4T\V, pop2 & L CHMNZF — &I push L7z
F=REFEUEDITHRD I L EAHT 5,

stackInSomeState : {1 m : Level } {D : Set 1} {t :
Set m } (s : SingleLinkedStack D ) -> Stack {1}
{m} D {t} ( SingleLinkedStack D )
stackInSomeState s = record { stack = s ;
stackMethods = singleLinkedStackSpec }

push->push->pop2 : {1 : Level } {D : Set 1} (x y : D
) (s : SingleLinkedStack D ) -> pushStack (
stackInSomeState s ) x ( \s1 -> pushStack sl y
( \s2 -> pop2Stack s2 ( \s3 y1 x1 -> (Just x =
x1) A (Justy= y1))))

push->push->pop2 {1} {D} x y s = record { pil = refl
; pi2 = refl }

Code 12:
47 Stack DE K & push— >push— >pop2 Dl
|

Z DR T stackInSomeState F1D s ANl A7
Stack T, £ZiZx. yD22DF—4X% push L
TWb, £72. pop2 THNAZT—XiEyl. x1 &
o TWTHi A Just TE-TL S92, x & x1

v ¥yl BENTNERTHS 2 &AL & LT
ZEMIMTW S,

ZDOBBAKRTES>TL BfEIFT =21 & y=yl

D78 record TE LT refl THEGRIESZ, I
Z& b, fig b U7z Stack i LT push . pop %



75& push LZEDLRAILCEDEZITENG Z & W
FAEHT E 72,

8. Hoare Logic

Hoare Logic [4] & I Tony Hoare (2 & > THHEX
N=7u 75 MELSZMFRT 2 FHETHL, M20
&2z, P Z#0RAE (Pre Condition) . C % ALHE
(Command) . Q %Z#4R%& (Post Condition) & U,
{P}C{Q} D&DItEALE, Ty T LD
% [ARRBZ W72 U7, W 2T W IREEDRIREEIC
ZAT D] LVWokETEZXLHNTES,

Pre-Condition Post-Condition
P} Q@

2: hoare logic Difiit

IorE, BREIoIMREEZfRT SN TE
NEZEDO TV 7T LFMANZIEL VB E 2352 &
RIS 222N TE S,

Z D Hoare Logic D ERAE, MH, #IRFEZ
CodeGear, input/output ® DataGear »3%& 3 D
EoIREZEEZTVS,

Pre-Condition Post-Condition
P} @

3: cbc & hoare logic

Input DataGear Output DataGear

ZOREEZYARETREL TS CodeGear,
DataGear D BANLTH X % & Pre Condition I
CodeGear IZAJ1& UTHZ 545 Input DataGear
& U T, Command [FUH DA TH 5 CodeGear,
Post Condition % Output DataGear & U T4 Tl
DEZELNTEBLLHEZ S,

Z ZTIX binary tree T® findNode. replaceN-
ode, getRedBlackTree DL %X 4 TRT,

S1%DOWFETIE CodeGear. DataGear. ffzDHE
2% Hoare Logic \Z¥4Tld& Agda 24T, %

DIPDEEZFEHL TV,
Z £ X ®
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