GearsOS D Agda T X %5k & #REE

S BT B B R

Gears OS I3t 2 L& 57025 I V755 CbC THbINTNWD, OS XTIV r—a
VOEHENEE B2 IR E - LTV E T e AR T 2B ENDH D, MERFEIIEE T VR L
AR B D, T I TIHEHEIALER Agda 2z, CbC SFEDRIMHAEEE X5, CbC IZH
BIPOH U2 WY goto XIZE VEM TS, INEikEZAVWZEE 075 A UTidlkd b
ZEWTED, ZOdilE Agda ETHIRE S EROBRE LTRT &N TES, Gears OS
DEYV 2=V AT LI, FEL API 20T 5 Z L 2AEEIILTWVWS, ZOEVaA—ILVYATA
% Agda ECTHBTEIENTEL, MHRIIAEOMERTEBTRIND DT, M IC EHEER
k% Agda OIFER L LTS I LN TE S, M ITERRIAMNZ L BIECE T O HI T & & DRI
M4 (pre-condition) ZEMT 5 Z L WH[RETH 5, ZHIZ XD, Hoare Logic H7FEHH % Agda
TRtk U7z CbC ICHEEHE S Z L W AREIC 725, Agda TRtk Nz CbC & FEEIZH WS CbC
BT L TIEET %5, D%D, CbC DEVa— LY AT ATRRINAE TT 5 A% K
Wz Agda TRidE N7z CbC BT 22 2 HTE D, AKX Tk Agda ETD CbC Otk F
k& %D ETOD Hoare Logic 7R FEHFIEIZ DOWTHEET 5,

MaSATAKA HOKAMA 1 and Suingt KONO 12

1. THELH% Agda Z AWz GearsOS D
MREE

ET 2V 7 bz T idEWMEEEEROZ Y
EFLW, ZD7ITIZY 7 MY = 7 AR WD E)E
95 RFATHIBELNH L, £/, VI hUx
TSN EEER T2 2 & 2EEET 5721213
AEERITO MENDH 5,

MR TIIMEED Az & LT CodeGear, DataGear
EWVWS BN EAWTY 7 MY 2T RFRT 5 FikE i
ZLTHD, CodeGear . DataGear &\\5 Hifii%
AWwT e 73 v 295557 LT Countinuation
based C [1] (BAF CbC) ZHFEL TW5, CbC X C
SRR R R DOSRETH D, £72. CodeGear,
DataGear % I\ TEENE & fERMEE X X L ROV THE
fE3 % GearsOS [2] % CbC THIFEL TW5,

AHFZE TIIMGE 24T S 7= DG YRR E5E Agda
[3] ZFEALTWS, Agda TIEEITIFAL 72\ iRl
REeHE, TOMIE-EHEEZHTRT 5 2 & THEHA
kT B NTE S,

11 BRERKZE KB T2 Se MG W T2 SR
Interdisciplinary Information Engineering, Graduate Sc
k533 hool of Engineering and Science, University of the
Ryukyus.

12 BRERKZE T2EH0 R 22 R

Information Engineering, University of the Ryukyus.

A Tl CodeGear., DataGear TOil % Agda
THRI Uz, 72, GearsOS TiHbN T\ 5 interface
DFtikZ Agda THRILL, TORMEEL TEED
HRED =T U Tt 21772 572, T 512, Agda
Tk & W23l % U 72 B3 R o 2 Re. fikii &
hoare logic % {f > 7= 52 DWMEED H 2 RT,

2. CodeGear,

Gears OS TR 7B I LT —XDHA L LT
CodeGear, DataGear ZH\ 5, Gear [Li515%E
TOHA, T—20H, Gear MOEHFIZR D,
CodeGear 17027 LOWNHEZDE DT, 1T
RUTWS &S IHEEDOED Input DataGear % 24
U, WHEP5ET T 5 LEREDOHD Output DataGear
IZEERAD,

CodeGear OB E MG 2 H W TiTb s, #kf
WBEBIF O L & 1382 0, IO L7212 td a—
RIZER 53, ¥RD CodeGear N 2175, Zid,
BRI 7075 I v I TIIRERBIFOH L2175 2
TS T 5,

Gear TIFUHX 7 — X i)’ CodeGear, DataGear
WU TW3, UL7z2¥5 T, DataGear 1% Agda O 7 —
K (data & record) TRHTE %, CodeGear I3
Agda @ CPS (Continuation Passing Style) TR
EUTRHHTEIENTE S,

DataGear



Input Data Gear

Data Gear Output Data Gear

J;

\ Data Gear
S —>
-

1: CodeGear & DataGear O Hf%

CodeGear 1% Agda TlidMkiez AW RKEFOCH L
EITOBBE UTREEI NG, MFRIIREDH (¢) %
BRI NS, CodeGear HEHR UM t %
IR 725, HlZIE, Stack ~® push 2175 #
# pushStack AT D & 5 %2 RO,

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

Code 1: pushStack D

pushStack B A T, a0 v DFHAIZR %G
95, mADOFIEIL Stack IZHEMI N B a 2FFD,
ZOHDOBEIEMAETH D, Stack a si (si &V
FAREFFD a 2T D Stack) ZZITHD REDR
t ZRTEAKTH S, TD CodeGear HIKIZARED
B 2B,

GearsOS T CodeGear DMWHE % FFEHT 512 1%,
Agda Tidifk 7z CodeGear & DataGear (ZXF U
TARGREE UTHEHEZIT S, FEIHTNESHEIE, &
EDOB Z R Ofkfc t ICFHIRT 2 N TES, HlR
X, Stack (ZHZ1fE x % push LT, pop §5& x’
PENTL %, Just x & Just x° IEHELWVBERN
Hd, ZHiF Agda TlE (Just x = x° ) LERS
N3, ZZT Just ik Agda DUTDT —Xi#EET
»H5,

data Maybe {n : Level } (a : Set n)
Nothing : Maybe a
Just : a -> Maybe a

: Set n where

Code 2: data ElDf|:Maybe

Z 13 DataGear IZfH2 L, Nothing & Just D
ZODREEHED, pop UL7RiIZ, Stack ZETH
TS Nothing Z3R L. £ 5 THRIFNIK Just DDV
72RO %R T,

ZOWE%E Agda THRT &, UTFD &S AEIZA
%, Agda TIHFFHTREMBANIBETRIND,
T I ERGEH T R EME 2B L U CRlk T E 5,
Agda TIZZDORIIKIGT 5 N IHZE 5 2 % LFEHADSE
TLEZEIZRS,

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 &SI, CodeGear % Agda Talik U, ks
IZEEHT R EMEE %2 Agda TRtibd 5,

GearsOS TOlib X interface IZ& > TEY a—
MeEhd, ZOEY a—kd Agda iz & vk
LRENH 5, CbC T I N/Z{EED CodeGear
¢ Meta CodeGear #* Agda IZZDF FEMIND
DI TRV, BHATRER LS il I n b L E
32,

UTOHiTIE, Agda DERIZOWTEE 21T,

3. Agda O Xk

Agda l31 7 v MIERER D2, EHALHIZ
BRENPH D, Fi. A— ADEWIBIRIZF v
rINnd,

Agda (B BTREIL : ZHVTIT S, HlIAIEK,
R x B A 2RO, LW ERTITEx ;A
LElikd B,

T —x2EF, KRBT — X EET, TOERITIE
data ¥F—7—KZ2H\5, data ¥—7— FDKIZ
data D&HTE, B, where MZEE A VTV N2E
AU7f, HIZaVA NI 7 REFOMEFZET S,
Maybe(Code 2) 1£Z @ data BLOFITH 5,

BIf D E R IL, BISA & Bl % Gk U 7= I B D &K
Kz = OBIHRT 5, BEHRORIZIE - £/2E->
EHWS,

BIAALF AT A TR D BT B OBIBUZ A > B
DESITHFET B, £z, HEDO5IHE IS FHBD
BiZA->A->B0DO&LS1tFEITS, ZORKROEIZ
A->(A->B) DEIIERLNS, HiffilciTE
7= pushStack O (Code 1) I Z DHITH %, push-
Stack DFIDARKIEL Code 4 D& 51275, Code 77
TIR\OEZLPHETWS, ZHid X R THDD push-
Stack TR L7z stack TH 5 sl 2%ITHLD ., IRDEHA
BANFELTWSE, Agda © X X TIE\DMIZ A THEL
TEHZLETES,

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

Code 4: pushStack DAKER

ZIZTEPNTWVWS record & C IZHBIT5H
EARIZHYT 2L a—-RBE WS T— X E2MHEL
THEYH, record ¥F—TV—FDOHED OHNIIZ
fieldName = value DJE TEZFIZEL TV, EHE
DEZEFETIEIT ; TRYZBELD S,



EEEITOBIE record DF—7— NEIZL a—
N#, B where D&IZ field ¥—V— F%& AN,
T4 =V RH[HEHE % ZHZET D, record DEHERD
& LT Stack D7 — X 2#/ET HBRIZ B TR L T —
R#D T — & Element (Code 5) Zfl& ¢ 5,

Element |ZHHAEIDOY A MEEIZZR>TH D, datun
RN 2R DEID T — &, next IZIXD Element
BMDF—R%ERK>TW5,

stackInSomeState s ) x ( \s1l -> popStack s1 ( \
s3 x1 -> (Just x =

x1)))
‘push—>pop {1} {D} x s = refl ‘

Code 7: push & pop %> 7zFEMA

SERH D BIBER DI C & 72 refl ZAEADEMNE L
WZlaRT r=x 2ERNTHHTHD, =2 %Zif
BIL72\WEEIZIE refl EELSHENTE S,

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 DEFH

BIBIIERATZIIEZ e TE, BRIV A
NI RERETDILTEDIVANT 7 ANEX
NERBOE#FHZ2EHETE S, ZNEAREX—VIvFL
XN, TV ADNT 2 XT case XETFRH>TWVWE X
SBEDTH5B, Hlk LT, popStack DFEETH 2
popSingleLinkedStack %{# 5,

popSingleLinkedStack Tl& stack, cs D 2 DD
IEZHLD . with F—7 — FDIZ Maybe HD top
TNE =3 vFLTWD, Maybe B nothing &
Just DEL LD EIERT, TDDH, WiADNRR—V
WY FLTWBRENRD D, NEX—r< v FOitih
TIFBIEA. 518 2B L TIDORIZ NX—v =
TEHE#ZELGAE., Code6 D XDz, ... | TH
B, I8 EBL TR — % =CEH)%2E HE
Wh b,

E7-. Agda TIRREDHBNOATHHATE 5H
% where M TRIMTE S, A 31— 7% where WM}
FAET DR DOATH 5720, KRR PTER X
52 HMEN, where MIFFHL - WBEIBOEKREIC
1 VF v MIET where ¥—7— K2R L, &f7
DA VT v M U CTEBNIR TR 2 5% €%
15,

popSingleLinkedStack stack cs with (top stack)
. | Nothing = cs stack Nothing
. | Just d = cs stackl (Just datal)
where
datal = datum d
stackl = record { top = (next d) }

Code 6: /XX —2< v FDH

pushStack & popStack % {# > 7zZFHHDAIE Code7
D&/ 5, T T, stack 12X U push 21772 -
72 EIZ pop 2175 LHIN DT — XL push L7z%
DEEUIZKR VI wHEAZRICEE, FEHZT

ot

push->pop : {1 : Level } {D : Set 1} (x :
SingleLinkedStack D ) -> pushStack (

D) (s :

data = __ {a} {A :
refl : x =x

Set a} (x : A) : A —Set a where

Code 8: reflection DEZH

7z, Code 9 D& STtz W TR T 25 Z &
THBOHTEHERPOT— XN EHRRT DI &N
TE7, ZITRARDIAMIADADISWo,
OZFELDIPEREXSEM>T VWD, $&LHICH
KZETHRAD T2 ) TKLKBIENTES.

Code 9 D &S ZFlik L, C-c C-n(Compute nomal
form) CTRIBUZ FHlIS 5 & HARIZIEL TW5 stack O
top ZMERT A Z LD TES, top DHEIE Coded D
Fuza Xy e LT L7,

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

o W N

S
S
S
s

-- Just (cons 5 (Just (cons 4 (Just (cons 3 (Just (
cons 2 (Just (cons 1 Nothing)))))))))

Code 9: fkftickdT A

4. Agda T® Stack. Binary Tree D%

Z ZTlk Agda T® Stack . Binary Tree D54
ZIRT .

Stack DFHELITD Code 10 TR, FEIL Sin-
gleLinkedStack &\ #Ri®D record TEHZINT
W3,

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 : Set m }

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

tackMethods =
singleLinkedStackSpec
Y

Code 10: Agda 2B % Stack DFEIED

SingleLinkedStack B Tl&. Z® Element O top
W DAEERL TWD,

Stack 1Zx§9 % push #/ETIL stack & push 95
element B4D datum %3 IJELD . datum D next {2
BED top & AL, stack D top %3ZIJHI- 7z datum
WZHID X, L \Wstack 2T & WD &5 5%
LTW3,

Tree DR (LLFD Code 11) & Tree &5
record TEZRINTWV 5,

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

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

field
putImpl : treeImpl -> a -> (treeImpl -> t) -> t
getImpl : treeImpl -> (treeImpl -> Maybe a -> t)
>t
record Tree {n m : Level } {a : Set n } {t : Set m }
(treeImpl : Set n ) : Set (m Level. "e2°"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 (\t1
-> next (record {tree = t1 ; treeMethods =
treeMethods} ))
getTree : (Tree treeImpl -> Maybe a -> t) -> t
getTree next = getImpl (treeMethods ) tree (\t1l d
-> next (record {tree = t1 ; treeMethods =
treeMethods} ) d )
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}

Code 11: Tree D%

Tree Z#%9 % Node OflE Node BITEZE I N
key, value, Color, rihgt, left 72 ¥ DIEHR %> T

W3, Tree # M3 %KD Node 1% leafNode %I
TEHINTND,

Tree FIDEEETIX root D Node 1EH#H & Tree 12
T HEMREZTBEIC, £ £TD Node DREFEIEHR %
BREFT 572D Stack 2F->TW\W3,

Tree @ put #/ETIX tree . put §56 ./ —RFDF—
A (k1. value) Z513& UTRZITHLD , Tree ® root
IZ Node BFAEL TV B E D P THEDIT L TH
%, Nothing 73K > T &7z & &% RedBlackTree
D tree MIZEZEIN TV root IZZITH-72F—&
BaEFHF LW/ — R UTGEMT %, Just MR- TE
7= E1% root BFEET HDT, RKHEHREZBE -0
Z nodeStack Z#MAL L. ZITH > 72F — LfETH
727 ) — REMER U725, / — RBEIME N EREA
BETHF—DMHEZHEARTHL Tree ZIBT & WS &
D MERITR ST WS,

5. Agda (25175 Interface DFEH

Agda T GearsOS OE Y 2 — )ULDIHATH 5
interface 5% U7z, interface &%, S & {LFk%
3 B 50T Z Z Tl Stack D5EEE% SingleLinked-
Stack . Stack DfLEk% Stack & U7z, interface 1
record THIZ L, Code 12 D & 5 1T} 5 Z & T
&%, Agda T AT 2 HED D 57280 record
WIZBZEE L TW5,

il LT Agda THEZEL 7 Stack LD interface
( Code 12) ®—#% R %, Stack DFE%IF Sin-
gleLinkedStack( Code ??) & L T&EMPNTWD, %
Nn% Stack filA2 S interface #i@ L TIEUH L TW5,

Z 2T interface DL Stack D record HNIZH
% pushStack * popStack 72 & T, EIZflibh s
Stack D#fElL StackMethods 124 % push * pop
TdHd, ZD push *® pop I& SingleLinkedStack T
FRINTWVD,

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
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 = si1 ;
stackMethods = stackMethods } ))

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

popStack next = pop (stackMethods ) (stack ) (\si
dl -> next (record {stack = sl ; stackMethods
= stackMethods }) d1 )




open Stack

Code 12: Agda 281} % Interface DEFHED I

interface Zi#3 Z & T, EEITIX Stack D push
Tl stackImpl TS DF—X a ZHD ., stack
BEHL, Mz KT TH - 7DD, pushStack T
ISR DT—& a ZHLY stack &2 H L THkfi%E
REBNZE D> T W5,

¥7-. Tree T% interface 27k L7z,

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

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

field
putImpl : treeImpl -> a -> (treelmpl -> 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. "e2""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 (\t1
-> next (record {tree = t1 ; treeMethods =
treeMethods} ))

getTree : (Tree treeImpl -> Maybe a -> t) -> t
getTree next = getImpl (treeMethods ) tree (\t1l 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 13: Tree Interface DEFH

interface 2t 352 & iZ&>T, F—4 % push
THRICTORE > TVEEIHEEKT HZ LN TE
7z. F7z. Agda T interface ik 45 Z & T CbC
MITIEERL T Wb o 280 IR LIz,

6. Agda IZ X% Interface % &H 7
Stack DB HY7REEH

Stack @ Interface Zff\>, Agda T Interface %
R U 7-GE 21778 5 72, & 2 COREA 2 1% Stack O
MR E DML 2O L 2R T 522 TH 5,

Stack DM & U Thk% IEEVGFET 5, HlIZIE,

e Stack (Z push U7-flIITFET 5

e Stack |Z push U72fEIZELD e Z & TE 5

e Stack (Z push U7zfli% pop L7zHf. Z DMl

Stack »*5HZ %
o XD X DHIRED Stack (Zffi% push L THHIZ

A2 TWB T —XDIEFIZED 57\
o YDXSMIREED Stack TH. & push L7=#
pop U7-fBIXERTNIZ ANTZHE —Ed 5

REDWEND B,

ZIZTITED &S AkRED Stack TH. fl#% push
U7zt pop U7ZfEIZERIICANZEE —T 5] &
WO MEEFEHT 5,

FTIRDITAEIRAED Stack ZEFHT 5., Code 14

@ stackInSomeState #F51# & L T SingleLinkedStack

D s Z2ZITWMOF LWL I—NERIEAKTH 5,
ZOMBIZE D HEDORD S RN Stack
ERILTWS, Y—Ra2—F 14 OFEMATIEHIOD
stackInSomeState (24 U T, push #fE% 2 [FIfT\>,
pop % 2 [477 > THN /T — XL push L7z7—X
CRILEDIZARD Z L EHHLTWS,

Z DFEHTIE stacklnSomeState D s AMHRI 7R
Stack T, £ZiZx., yD2DDF—4X% push L
TWwb, F72, pop2 THNZT—XRiFyl., x1 &
RO TWTH M Just TR TL 22D, x & x1
LY YL RENTNAEFATH D Z EAME L L TR
IZEHrN TN,

COBBAKRTR> T 2fid e =21 & y=yl

D728 record TE & DT refl THERAES, Zh
IZ& b, gt U7z Stack (28 LT push . pop %
75 & push L2 DLELUHDEZITENS Z LD
AEMHT E 72,

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 ( \sl -> pushStack sl y
( \s2 -> pop2Stack s2 ( \s3 y1 x1 -> (Just x =
x1) AQust y =y1) ) ))

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

Code 14:
7 Stack DEFH L push— >push— >pop2 Dl
U]

U U, [ARRDFEA%E Tree I TRk U7z, Agda
IcHELWZ 2B TEITHRVEH IR > TV
72728, S5HOFEHIE Hoare Logic 2 X—AIZ L7z
LDERMY ANTITEZNWEEZIT VWD,

7. Hoare Logic

Hoare Logic [4] & I Tony Hoare (2 & > THEX
Niz7ms I LAELE 2 #RT 5 FETHD, K20
51z, P %ZWADREE (Pre Condition) . C % LI
(Command) . Q %#&IR%E (Post Condition) & U,
{PYC{Q} &I zEZLE, THuT T LD
% [HRRAEZ 72 U7, JUER 247\ IREEDMRIRREIC



T D) LWVWo LB TEZLRENTE S,

Pre-Condition Post-Condition
P} @

2: hoare logic Dt

ZoLE, BRRENSHIREEHmT I LN TE
NEZDO 70T LFMAIZELVWEHE2T5Z L
BT A Z N TE S,

Z @ Hoare Logic DHiIRAE, ALH, LIRFE%
CodeGear, input/output @ DataGear »33K 3 D
EOEREBLEEZTWVS,

Pre-Condition Post-Condition
P} @

Input DataGear Code Gear Output DataGear

X 8: cbc & hoare logic

ZOREEYFAHAETREL TS CodeGear,
DataGear @ H A CT# Z % & PreCondition I
CodeGear IZAJ1& UTHZ 65015 Input DataGear
& U T, Command [FMHED N TH 25 CodeGear,
PostCondition % Output DataGear & U T4 Tl
DBEIENTEDEFXD,

Z Z TIX binary tree T® findNode. replaceN-
ode. getRedBlackTree DV X 4 TR,

Node(key1)
R findNode == =»{ nextCodeGear
pre-condition ' post-condition

Search Loop

’

Nothing Just 1

Not Find Case

4: binary tree T® hoare logic D% X A

Right Left

SHDOWZETIX CodeGear, DataGear. #kf O
2% Hoare Logic \IZ¥Tld®d Agda 24T, %
DPDFEEEIFHL TWL,
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