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. IKAFRLEERA 21772 5 Agda [4] % Coq [5] . ATS2 [6] 7 EDMFIET 5,

ETVRESRCIEATY 7 Y =2 7 2MGET 288, MEE%21778 5 S FERIHbNn S
SREVER L VWORELVDH S, SHEVPELNEEHTHUY 7 MY =7 2R T 2 0E
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RO HDHMN, BAFOEEITNT DHEEIXITR AR\, £ 2T, Y%= TIIMEE & 2207
[{]—DEFETIr172 2 % Continuation based C [7] SFEZMAFEL TV 5,

Continuation based C (CbC) 1 C ErEL P X 2 KD EFETH S, CbC TIFMLHED
BALIEBIETI372 < CodeSegment &\ 5 HALTI77mbi 5, CodeSegment (3HZ ATy
EUTEZITIMO K Z2778 5 W HEALTH D, CodeSegment % £ifi L TV 2 212K D
VI 87 2L TWL, CodeSegment DEEHLIEIZA XFHHE L U TEREINTSES
D, FEPERIZE>TUOBRZITRIILNTES, MILZITHRO A XGBEEZEET
%5Z2I2& D, CodeSegment DEHZMGLHIZEE TSI Y7 MY =7 DWGE%E
75 2 MWTE D,

AFSLTIE ChC DA REHEE UTHRAEFIRORE L CbC O Y AT ADEZEZITH
D, ETIVREMNLMGEEE U T, REBOKX LT 21T ERDE TFTIVIRE L (1RO T E
% CbC BE TS, £/, fEHMZRMREEE LT ChC BT MY AT Lafinile
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1.1 KRS DR

AREmLTIEF 92 2 3 T Continuation based C O %4775, CbC itk d 5 71
T IVITARAIVTHS CodeSegment & DataSegment D, A X FHHE L AIREZ KL
ZEFBAREET A7) akasha DG ZITR D, IICEITE TR AT LIZDWT
WO L5, B ATLDERL T LAXGFHE, BMAN & 5 LA XEHR LA OV TR
N5, BFBABETIXHHLZERTB S5 IV 755 Agda IZDWT O %1772 5, Agda
DRGSRV, Curry-Howard Isomorphism % Natural Deduction &\ 7zZERAIZBE 4
IR BT D, BHETIE, R MEHWT CbC D725 L% Agda Tt U, iF
BH%Z 17725, CodeSegment X DataSegment @ Agda ETDEEP, AXFEITED X
IILEHRINDDZMHT 5,
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Continuation based C (CbC) [FSMHRETHAEL TS T BT T I VI FFETHH. OS
PHARAAY 7 h T =T ORAFE ELRE L TWS, CbC 1 CEFED PO SFETH
D, BXUTIFIXCERBEALBOERDD, K0TV T IJITEWETTR Y I L%
k945, CbC i& CodeSegment &IFIXN 5 HA CUEEZEHRL. T o zMMAGLES
T2 TTuaT T LA RENKRT 5, T —XDHLLIE DataSegment & FFIXI 2 B TE
FZ L., TN 5 CodeSegment IZL>TEHL TW Z T I L0EfFE%%5, CbC
DIFERIZIE llvin/clang 1T & 5523 [8] & gee [9] 1T K BFEE LR EVNFHET 5,

2.1 CodeSegment £ DataSegment

AMBETIIMGEEZ TRV T WIS T LADHALE LT CodeSegment & DataSeg-
ment WS T5 7T IVIARANEREL TN D,

CodeSegment IJMID B TH B, ANZEZITID, TUTH U T ZITR > 7218
21247725, £72. CodeSegment 1ZfhdD CodeSegment & flAELE S Z & W AEE
TH b, H5 CodeSegment A % CodeSegment B I[Z##i L7256, A OHJ1IE B DA
hhenns,

DataSegment & CodeSegment 23> 7 — X DHEALTH O, WHIZBE LT — X D34
TA>TW53, CodeSegment D AJ] &7 % DataSegment (& Input DataSegment & FE(E
. 71 Output DataSegment L IFEIX# 5, CodeSegment A & CodeSegment B % #
5t U 72, A @ Output DataSegment I& B @ AJJ Input DataSegment & 725,

2.2 Continuation based C (Z& 1} % CodeSegment &

DataSegment

BRHHEARNL CbC DY —ZAT—RN%2 VA P211IZ, V—RAI—FPEFINSHNEH
2.1 1289, Continuation based C IZF 1} % CodeSegment 133K D fli % £ 7= 72 WEAE & L
TRIINSB, CodeSegment ZEHET 57-0121F, C SEDHEBZERT LM XDIKRD
EDOBIERFZ __code ¥ —7 — KZ4$5ET %, Input DataSegment (ZBHEDFIH & U TE

A XFHE % H W2 Continuation based C DMREETFIE 3



IS NS S SOOI R

o N O Utk W N

BRERRZF R FBe AL X (B 1) % 2% Continuation based C

F2IN5, D CodeSegment ~NUH %2 9 ERIZI1E goto F—7 — FDIZ CodeSegment
% & Input DataSegment Zf8ET 5, WHOBE 2 REMGE LTV, VA 2.1 AD
goto csl(a+b); MINIZH7=5, ZDKED (a+b) MIXD CodeSegment TdH 5 csl D
Input DataSegment & 725 cs0 @ Output DataSegment TdH %,

) A N 2.1: CodeSegment D&k

_code cs0(int a, int b){
goto csi(a+b);

}

_code cs1(int c){
goto cs2(c);

3

goto cs1(a+b) goto cs2(c)

2.1: CodeSegment D& ki

Scheme 72 £ D call/cc &\ o 7zfkfEiE by TV XU S BFEE TOMEZEREEE LT
RT3 5, BERECIXEBOIECHLUAZ Yy 2DRETH S, CbC OBERMGIZIFEO
U RE R 7z Wed, ARy 72 BRELURP SN ZHIT TNV, XoT, VA
21 D7BT T LTI csO D5 csl NEMEBEL 72RIZ cs0 NRB Z LI TER L,

H D UEMEL ChbC DY —Aa— N2 YA 12212, EFFINIHENER2.2I1TRT,
ZDY—Ad— NIBHOMELZRDS T 5 L ThHb, CodeSegment factorial) Tl
H 23 HE ORI ik 2 W TRERZFE L TW5, Bk I IEBEBIF O H L o
AR ZIFFHEL RV, EHEFOME% DataSegment THRfD Z & THIFEZ &LV — 7L
HETHRSZEeNTE S,

AN 2.2 BEEEZRD S CbC Uo7 A

__code print_factorial(int prod)
printf("factorial = %d\n", prod);
exit (0);

}

__code factorialO(int prod, int x)

{

A XFHE % H W2 Continuation based C DWREETFIE 4
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if (x >=1) {

goto factorialO(prod+*x, x-1);
} else {
goto print_factorial(prod);
}
__code factorial(int x)
{
goto factorialO(1, x);
int main(int argc, char **argv)

{
int i;
i = atoi(argv[1]);

goto factorial(i);

3

goto factorialO

goto factorial

goto factorialO

factorial

main
0

print_
factorial

B 2.2: fEgEZ KOS CbC 717 F L

goto print_factorial

2.3 MetaCodeSegment £ MetaDataSegment

TR 7 Leitid T HEE. ATV WEIREOMIZ B ELE U e I NiE e 5 Wi 3

HET %, ATV DOEHPX Y MU=, 77— R 2 I0MGNLELR ER TN

A R
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B0 REGFROVZVEHEEEAI L TAREELIER, T07 I L28ESE5720
IZAREHERSIEIBETH D VIEUIEAROMIL X b L EHER S,

CodeSegment Z W27 027 I I VT ARAINTIEHA L A XEHFEZ 0L Cilikd
%, HEEU-FREEBERE 2R, ARITRVWEZWLEEZ ) —< )b LN)Le L, A XE
BUREAZL NV UT/ =<V LRV EDE EOFEITAET 5, EHER A XS %
T4 77V O0SHPRMETEZ LT, 2—FE /) =NV VRNV OFEDEBIZEFT 2
ZEMNTED, £/, /=N LRLVOTAT T LIIHELRAREEEZEBINT S Z LT,
WHLELR 2y b7 — 7R X2 587005 MR TE S, 5612, /=<)L
IMSEFEA XL RVERHMEINT WSO, A XGFROELLYVFEZL I LHHHETDH
5, BIZIE, MFMELD A ZREFE W=7 07 5 L &2 ERT 5. CPU TS % 17
72D A REFHR L GPU T A X EHEZBREIZIG U TR T 5 Z A TE 5,

B, AREEETTLS CodeSegment X Meta CodeSegment & IFETY, A X FHEIZ &%
%i7% DataSegment 1 Meta DataSegment & FEZ, Meta CodeSegment (& CodeSegment
DHIERIZ A RFAEZHD Z & TEBE X, Meta DataSegment | DataSegment % & &k
ALD DataSegment & UTHBTE 5, Lo T, AXEREILEFEOEEZES £ 5 IZEHE
ZHRT 25D EZ NS (K2.3),

P e
< N

/, N\
/. MetaDS \

r o ‘

| \ |

CS | MetaCS :—?‘ I
| | \ /
L l S e

2.3: Meta CodeSegment & Meta DataSegment
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2.4 Continuation based C {251} 5 X XEHEDH: Gear-
sOS

CbhbC 1281 B A XEHRIFEEEMGE Z 1772 5 BRIZ Meta CodeSegment % #6d> Z & THEH
TE%, CbC ZHVWTAXGHEEZFEHR U Ml LT, GearsOS [10] BEET 5, GearsOS
LiE¥NVF a7 CPUX GPUBRKTOEEEZ MR E L7 OSTH Y. BEOS DiEF &
LB 7> DEIEN T b N T WD, GearsOS (215 A ZEHHEIE Monad 12 & > T A
fEENTW3 [11], BHAEFET DA XGHEE UTAEY) OMREEH D M T, WHICESIA
2 & AYA[HEAR Synchronized Queue, 7 — X DARIFIZ W B IEHER B KRD H 5,

GearsOS Tld CodeSegment & DataSegment 1&Z 1 Z#1 CodeGear & DataGear & I
XN TWb, ¥ILF 37 CPUEBRBETIX CodeGear & CodeSegment (Z[E—722%, GPU
BiCl% CodeGear 121 OpenCL/CUDA (281} % kernel &5, kernel &% GPU
TEITINZEBDOZ L THY, GPU EDORAEVIZHE S 2T — ZFEx LTSI
FITINEEDTH D, @FE GPU TT — XD 21725 BEIET — X DLk, Himikf&
T % A CHERR.  kernel FE1T. kernel DT Z A THER T 5., WO FIEHVPLETDH
%, CPU/GPU TOMHZ X XFHHETITRS Z&Ii2& D /=) LN TiE CodeGear
NEITEIND T /31 A% DataGear DALEZ Zill T 2 BEDR TN WI X v M23H B,

GearsOS 2B W TIZREMG O T LD H XA XEHHRE U TEBEINWTWS, HD
CodeGear 72> 5{XD CodeGear & fkfid B BT 1L, RIZEITEI NS CodeGear DT %
fRET 5, DA% Meta CodeGear DMER L. Mitd 5 CodeGear ~ & MLEEZ [ Z ¥
9, ZHUEHERD OS ® Dynamic Loading Libary % Command DOFEOH UIZAHY 3 5,
CodeGear & ZBIDM )G IE Meta DataGear IZHEM SN TH D, KD OS D Process *
Thread (ZFH249 5,

BARIJIZ 1E Meta DataGear (ZIZBA T D LS 2 E DWBMEMASI B,

e DataGear ORI[EH
e DataGear Z1&iN 9 5 A € OIFH
e CodeGear D4 i & CodeGear DR A1 > & L OXtInE

e CodeGear &8 T % DataGear ~DHRA V&

EBED GearsOS IZBIT A ARV EHEZEL A XFHEHD Meta DataGear D %€ ] %
A b 2312”7 9, Meta DataGear 1% Context & WD ZREIDOEEARTERINT WS,

AN 2.3: GearsOS IZ851F 5 Meta DataGear D %€

1 ‘/* Context definition */

2
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#define ALLOCATE_SIZE 1024

enum Code {

Codel,
Code?2,
Allocator,

};

enum UniqueData {
Allocate,
Tree,

};

struct Context {
int codeNum;
__code (**code) (struct Context *);
void* heap_start;
void* heap;
long dataSize;
int datalNum;
union Data **data;

};

union Data {
struct Tree {
union Datax* root;
union Data* current;
union Datax prev;
int result;
} tree;
struct Node {
int key;
int value;
enum Color {
Red,
Black,
} color;
union Datax left;
union Data* right;
} node;
struct Allocate {
long size;
enum Code next;
} allocate;

e DataGear OEI[EH

DataGear (ZM&EKZHAVWTERET 5 (Y A D 2.3 27-46 1),

Tree X Node,

Allo-

cate HEIER DY DataGear IZM24 T 5, A XEHEIIMEE D DataGear 5 72122 T
@D DataGear 2 A D5V ERDH 5, £TD DataGear DR ZEHRT 5 Z & T,
DataGear & —fRIZHRD T MW TES (VAN 2326-4717), AEV ZMEMRT 255
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X ZDRERN S 1 A2 RET 5,
DataGear Z 143 % X £ DIFH

AT EEBOEM X, FHENIZHEE AR L 2%, HEIZID U TEOMHEEZH D YT
5L TEBTSE, £TD7HIZ Context 1XE D Y THADMEIE heap &, D YT
7= DataGear O dataNum %D,

CodeGear D% & CodeGear DR A » X & OXFIngk

CodeGear D£4Hj & CodeGear DEHEHR A > X DX aid enum &A1 > XIZ
Lo TEBEINTWS, CodeGear DFHIE enum (U A b 2.3 5-917) TEREI N,
AV NRANVBIZITBEANEBEINSE, Tus 5 L2KTHHT % CodeGear X
code 74 =)V RIZHIHZINTHED, enum ZFHWVTT 7R AT 5, ZOX k% H)
MIZEE T L2k, FARICHEBL —F o R 288 T 52 LA HEIZR S,

CodeGear 2’289 5 DataGear ~ND KA VX

Meta CodeGear (& Context % B|HUZHL% CodeGear & UTEZEINTWS, TD
7%, Meta CodeGear A DataGear D % {5 5 2512 1% Context 7> 5 DataGear %
WO T nEZrds, WO T HEDNRD S DataGear 1 enum ZHWTEZEL (Y
A b 2.311-1417). CodeGear % F179 DB data 7 1+ —IL K HHUD Y,

B, ZD Context 7*o DataGear ZHUD 19 Meta CodeSegment % stub & FEI,

stub D%V A N 2412739, stub I& Context 73KFD DataGear DA > X data (ZXF
LT enum ZHAWTTZEALTWS, BIE, Z0 stub 12 TD CodeGear 12X L T
A—YW1 DT OERTIHEND L, ZOFERIFIEFITEMETH D, CodeGear DIEFE
POERTEAZ YT M eHWTERDBAMEZTR>TWEH, a2 FITOY

F—
Ci

MIA>TWARW, Z0D stub 2 EEHRD S BEIZEK T 5 729012 Continuation based

B AT LEERT DHEDVDH D,

YA b 2.4: GearsOS (ZH1F % stub Meta CodeSegment

__code put(struct Context* context,

{
b

struct Treex tree,
struct Nodex root,
struct Allocate* allocate)

/x ... %/

__code put_stub(struct Context* context)

goto put(context,
&context->data[Tree] ->tree,
context->datal[Tree] ->tree.root,

A XFHE % H W2 Continuation based C DWREETFIE 9
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14 | &context->data[Allocate]->allocate);

15‘}

2.5 GearsOS (2817 5 IEpERE R

BARD GearsOS IZFEEINTWBH X XEFHR L UT, IERERBERDVELT D, A XE
BYLUTEBETAILIZED, /= NU LU SIEARDONT v A% BB BEOFHA
R, HIRDMT R 5, REARCIEZABEBERO—FETHD, KDE/ — KR EED
thERi>T\W5, RICH U TERZDOFHFARHIBRZ T2 > 72, £DOHEZHWTRDONT »
A% R0,

THBRRDEMIZIUTTH B,

o LEDFLRDIEIZTHDIEEL D /HZ W
o HDFLHRDMEITHDEL D KE W

MAT, RERPFREOBENLZMEZUTOHLDOTH S,

o K/ — FIEARPERDBZR D,

o L—F/—FDOMIIRTH 5B,

o B/ —NOWIIETH S,

o R/ —KNIF2DODR/ —FaFL UTH? (XoTH/ —FAH< Z & I3HEW),

o L—"NOER I/ — FRANDORIKIZEFNIE ) — ORI EDHR FL/ —RTH
—ETH 5,

Bl A2 BRIZRORBEROHZK 241579, V—hF/—=REETHH, K/ — N
LTV, A TEE ML/ — FADREIZEENS R/ — FOEKIIET2TH 5,

INoDEMEED, RENLV—FP56->72BRIZERD EWRERITERS HOWREOE 4~ %
WZINE B,
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X 2.4: FREARDH]

GearsOS TEEINTVWARERIIFHZIEMIERERTH D, —EHEEL - REE I
WEXNIEEZT L ITH U WARREENER I NS, JERREE R B AR D 5 0 BLAR M) 72 B
X, ZEHLZW = RADIL— ) = K5 0RKRKE2E2THEBL, Z2HEZICH-2)L— b
J—=ReT5, ZOBICEEMTRONTOWARWEMIIEEIOARE AT 2 (X 2.5),
N —EREINZAEEIREI NV WS JEREOME 2 W A€ ) [ E
DOl TH 5,

fRER DAEIE REROAEIE

‘ #USABEZER L

/—R6zA& LTEM

4 2.5: FEMERIR BAR DK

CbC ZHWTHREARZEL T LROMEE UT, BBOIEOH L AR Y 7 B FEL R
W, BIBOERIFOHE UIZ & > TRAMUNGENWZ 03D 5, REEZIUD DITIE/ —
RIZBNDSRZ2F-E 20, A - HIBRRHCUW - 7288 2 AR T 2 BB H L, / — R
DN D S8R 7% K D IEMIEARES (T H@ I3 DILE DT R A 0720, - 7288 % Gl iR
TEHERMS, REEOREICIEAXR Yy 72 H\W, A& v 7% Meta DataSegment (&
Fxws,

IRBARZIEANT 5 DataSegment & Meta DataSegment DEFHK%Z Y A b 2.5 I1TRF, #£
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BRERRZF R FBe AL X (B 1) % 2% Continuation based C

FEDELRIZH WS AKX v 7 1% Meta DataSegment T# % Context D node_stack T
H 5, DataSegment £/ — NIHH % F#D Node FEi& AR &, HREARZIEINT B Tree M
IR, AR ECTEAER O~ AR Z &N T D Traverse LKL ENH 5,

YA~ 2.5 AREAKRD DataSegment & Meta DataSegment

// DataSegments for Red-Black Tree
union Data {
struct Comparable { // interface
enum Code compare;
union Data* data;
} compare;
struct Count {
enum Code next;
long i;
} count;
struct Tree {
enum Code next;
struct Nodex root;
struct Node* current;
struct Nodex deleted;
int result;
} tree;
struct Node {
// need to tree
enum Code next;
int key; // comparable data segment
int value;
struct Nodex left;
struct Nodex right;
// need to balancing
enum Color {
Red,
Black,
} color;
} node;
struct Allocate {
enum Code next;
long size;
} allocate;
};

// Meta DataSegment
struct Context {
enum Code next;
int codelNum;
__code (**code) (struct Contextx*);
void* heapStart;
void* heap;
long heapLimit;
int dataNum;
stack_ptr code_stack;
stack_ptr node_stack;

A XFHE % H W2 Continuation based C DWREETFIE 12
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union Data **data;

};

Meta DataSegment % #Ji#{t. 3% Meta CodeSegment initLLRBContext % U A k 2.6 1Z

RY, ZD Meta CodeSegment Tl X

TV S DOMER, CodeSegment % & CodeSegment

DERDMNIERDIEK 72 L2785, AR VHBIEITH T I LADOEHRIZ—EHDAEY
ZHECRL. B —7 & LT heap 7 4 — )V NIZERK T E 5, CodeSegment £ & CodeSegment
DERE DXL, enum TREFE X N7z CodeSegment & DIHRT N & CodeSegment D
BARA LV R2ERATEHZLIZEOED, HlZIE Put DFEMKIX put_stub TH S, fMHicH
DataSegment OFJEALL (V) A b 2.6 34-48) & A &% w7 OFIAL (V A b 2.6 50-51) 217725,

) AN 2.6: FREARD Meta DataSegment D#IHA{LZ 17725 Meta CodeSegment

© 00 N O Ut W NN

Lo W W W W LW W W N NDNNDNDNDNDNDLNFE 2 e e e e
0 ST R XBRR,O O OIS TR WNR OO WO UAE WN = O

__code initLLRBContext(struct Context* context, int num) {

context->heaplLimit
context->code
context->data
context->heapStart

context->codeNum Exit;
context->code [Codel]
context->code [Code?2]
context->code [Code3]
context->code [Code4]
context->code [Codeb]
context->code [Find]
context->code [Not_find]
context->code [Codefb]
context->code [Put]
context->code [Replace]
context->code[Insert]
context—->code [Rotatel]
context->code [RotateR]
context->code[InsertCasel]
context->code[InsertCase?2]
context->code[InsertCase3]
context->code [InsertCase4]
context->code[InsertCase4_1]
context->code[InsertCase4_2]
context->code [InsertCaseb]
context->code[StackClear]
context—->code [Exit]

sizeof (union Data)*ALLOCATE_SIZE;
malloc(sizeof (__codex)*ALLOCATE_SIZE);
malloc(sizeof (union Datax)*ALLOCATE_SIZE);
malloc(context->heapLimit) ;

codel_stub;
code2_stub;
code3_stub;

code4;

codeb;

find;

not_find;

codeb;

put_stub;
replaceNode_stub;
insertNode_stub;
rotatelLeft_stub;
rotateRight_stub;
insertl_stub;
insert2_stub;
insert3_stub;
insert4_stub;
insert4_1_stub;
insert4_2_stub;
insert5_stub;
stackClear_stub;
exit_code;

context->heap = context->heapStart;

context->datal[Allocatel

context->heap;

context->heap += sizeof (struct Allocate);

context->datal[Tree]

context->heap;

context->heap += sizeof (struct Tree);

A XFHE % H\W/z Continuation based
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BRERRZF R FBe AL X (B 1) % 2% Continuation based C

context->data[Node] = context->heap;
context->heap += sizeof(struct Node);

context->dataNum = Node;

struct Tree* tree = &context->data[Tree]->tree;
tree->root = 0;

tree->current
tree->deleted

0;
0;

stack_init(sizeof (struct Nodex), 100);
stack_init(sizeof (enum Code), 100);

context->node_stack
context—->code_stack

75 DataSegment % &9 5 MELIE stub IZ X > TR bNd (VY A b 2.7 14-16),

EEOFRBARDOEEIZH O S5NT WS Meta CodeSegment D —H#il& ) A b 2.712/7R7,
Meta CodeSegment insertCase2 (FEHRE %A L 725E IZIFIXN 5 Meta CodeSegment
D—D2ThHOH, B/ —NOBIZL-oTUHEZ2EZ 5, £9. AEHERT 57-DITREZ
FELUTWAR ARy 206 BOEREZID B, BOARRLZSIFUHEEZHLT L, XD
CodeSegment ~ & R EMiET 5 (V) A N 2.7 5-8), BLOBEIVRTHE25IXE 51T %E
%47 U C InsertCase3 N MG T 5, T 2T, REEREFHETEH72DIZAR Y I~
EEEHMRALThroBREMG 21T > TS, 728, Meta CodeSegment TH Context

DAL 2.7 RERDFEEIZHNSNT WS Meta CodeSegment 4l

3

3

_code insertCase2(struct Context* context, struct Node*x current) {

struct Node* parent;
stack_pop(context->node_stack, &parent);

if (parent->color == Black) {
stack_pop(context->code_stack, &context->next);
goto meta(context, context->next);

stack_push(context->node_stack, &parent);
goto meta(context, InsertCase3);

_code insert2_stub(struct Context* context) {
goto insertCase2(context, context->data[Tree]->tree.current);

A XFHE % H W2 Continuation based C DREETFIE
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2.6 AXHE T A7) akasha ZHW\WI=HRERKDEZLD
MG

GearsOS DFRERDODHARDEFE L ZDWEZRE % CbC TR > TWL, FRERIZIFLAT
DHENRRD NS,

o HALZZT—XRIIB|TESZ L

o HIRL =7 —RIIBIRTE AN &

o HZHH L -BRIFEHINMENSRINDEZ &
o BEZRITRSTZBDORIINT VALTVWEZ L

SENEINT VAT SHRE R T 5, BiFZHAICEREL., RIZED XS ZIHET
BREHFALTERBNT VAT HI L Z2HEET 5. MRELICITLARETHIEL TWD
ARFHE T A7) akasha %\ 5, akasha TIEERRIZEIZK D DR E CbC DS
RNE UTEZEINS, BARIIZIEL Meta CodeSegment 1ZE#E U 7z assert AMIRRIZFHY
%, fERDHIE LT, REV— Fhoillo 2B BV IR HORERO &% 245
ZINE S, EWVWISRBNT VAL TWABIZE D DR E2EHET S (Y A b 2.38),

DA DN 2.8 RO S IZE9 2 Rk

void verifySpecification(struct Context* context, struct Treex tree) {
assert (! (maxHeight (tree->root, 1) > 2*minHeight (tree->root, 1)));
return meta(context, Enumeratelnputs);

}

DADN28 TEHELUZMARDFEIZH D LD, RTOMANEFEZFE LR SR L T
W<, FFIEEE HMARAROEBMDEZEDIEOKZ EIFIZH U THIEL TWL, &)
WZAREE DX R & 70 2 R R & MREEIZ 27 DataSegment % &€ Meta DataSegment % &
#9795 (VAN 29), DataSegment 1& 7 — X O ANEZEZ LT 272012138 5 Bk Y
A b Iterator &% D% IterElem, MGEIZAE S (Filk% REFd 5 AkashaInfo, K% 722
Z HBXZ{# 5 AkashaNode 73®H 5,

YA 2.9 MEEZ1T72 5 728D Meta DataSegment

// Data Segment

union Data {
struct Tree { /* ... %/ } tree;
struct Node { /* ... */ } node;

/* for verification */

struct IterElem {
unsigned int val;

A XFHE % H W2 Continuation based C DWREETFIE 15
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struct IterElem* next;
} iterElem;
struct Iterator {
struct Treex tree;
struct Iterator* previousDepth;
struct IterElem* head;
struct IterElemx last;
unsigned int iteratedValue;
unsigned long iteratedPointDataNum;
voidx* iteratedPointHeap;
} iterator;
struct AkashaInfo {
unsigned int minHeight;
unsigned int maxHeight;
struct AkashaNodex akashaNode;
} akashalnfo;
struct AkashaNode {
unsigned int height;
struct Nodex node;
struct AkashaNode* nextAkashaNode;
} akashaNode;

};

fRANER OB A EIFITIZEBRY A N Z2HWAZEIBLRERE2 WS, BYIIHREET 5
HRE2RTROERY A MEZERLU. RICHAULEREZRES LV SERY A b2 EHL
TWL, BIRY A NP EIZR > 2P HAEDLEZ —DHE LKA T-RBL 25, 5%
UM Z 728, IO OERY A N E2FHBLTY A NOLFHZED S Z L TR IMAL
bR ZEAIET 5,

ERRIZIEIARDE I NEENDDT, mI Z2HfFT %5 Meta CodeSegment DA EH L 725,
DA 210 IZRDRBMMNREEDE T Z T3 % Meta CodeSegment % 7R3,

REWMBTZOD AR Y 7122 T % AkshaNode Z# W TR ZRFFL DD, &I 21
BLTWB, ARy IPRETHNIEETD /) — R2MHER L 72D TIRD CodeSegment &
REMGE 21T D, ZBTRITIESWUS>TWSE ) — KBRETH IR L. B o lXm X
ZEHUTIRD /) — 2R T 27 HGAN BT 5, ETRTNIEGS 2 1P
ULCTEADTZARY ZIZHEA, BHNEBEMWGEZITRD,

DA R 2.10: KOEEHEIPWREKOEX 2T % Meta CodeSegment

__code getMinHeight_stub(struct Context* context) {
goto getMinHeight (context, &context->datal[Allocate]->allocate, &
context->data[AkashaInfo]->akashalnfo);

}

__code getMinHeight(struct Context* context, struct Allocatex allocate,
struct AkashaInfo* akashaInfo) {
const struct AkashaNodex akashaNode = akashalnfo->akashaNode;

if (akashaNode == NULL) {
allocate->size = sizeof (struct AkashaNode);

A XFHE % H W2 Continuation based C DREETFIE 16
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allocator(context) ;
akashaInfo->akashaNode = (struct AkashaNode*)context->datal
context->dataNum] ;

1 .

akashalnfo->akashaNode->height ;
context->data[Tree]->tree.root;

akashaInfo->akashaNode->node =

goto getMaxHeight_stub(context);

const struct Node*x node = akashalnfo->akashaNode->node;
if (node->left == NULL && node->right == NULL) {
if (akashaInfo->minHeight > akashaNode->height) {
akashalInfo->minHeight = akashaNode->height;
akashaInfo->akashaNode = akashaNode->nextAkashaNode;
goto getMinHeight_stub(context);

}

akashaInfo->akashaNode = akashalnfo->akashaNode->nextAkashaNode;

if (node->left != NULL) {
allocate->size = sizeof (struct AkashaNode);
allocator(context) ;
struct AkashaNodex left = (struct AkashaNode*)context->datal
context->dataNum] ;

left->height akashaNode->height+1;

left->node = node->left;
left->nextAkashaNode = akashalInfo->akashalNode;
akashaInfo->akashaNode = left;

3

if (node->right != NULL) {
allocate->size = sizeof (struct AkashaNode);
allocator(context);
struct AkashaNodex right = (struct AkashaNodex)context->datal

context->datalNum] ;
right->height
right->node
right->nextAkashaNode
akashalInfo->akashalNode

akashaNode->height+1;
node->right;
akashaInfo->akashaNode;
right;

}

goto getMinHeight_stub(context) ;

FARRICERDEVWE I ZHEL, LR THZ Y AN 28D assert ZfEADEIZHEITT 5,
assert 1% CodeSegment DFEGHZIT/RD A XGHTH S meta Z LEFEEZTHI LITLD
ELB9 5, meta 1TV AN 2.7D insertCase2 D & 5 IZEW &G % 1778 5 BRIZ CodeSeg-
ment % & DataSegment Zf8ETHEDTH D, MIEZITHRDBRVEE D meta DFELE
1Z CodeSegment 47> 5 XIS 2 RHIRNDREE MG TH S (Y A b 2.11),
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DA 2.11: @D CodeSegment D&k

__code meta(struct Context* context, enum Code next) {
goto (context->code[next]) (context);

Iz, MEEZ17725 KD IZEE T 5 Z & T insertCase2 & Wo 72 REARKDELED
I—RZBETEHI ERMEEZITHRD 22 NTE S, MIEZITRVWARD SBENkKSET 5
meta (FVAPM212D XD ITEHR I NS, EEROMEL D13 PutAndGoToNextDepth D&
AT b7, BEFERINTOWARY, 20 neta D774 D DIFMEEHIZAETY O
BHTHL, WRBOKZA EITZ2TRSBICREEZ AT LD, sOREBIZE TN F7 72
LD, TOAREEEZHWIRGETIZ, ERE 138 X TOEZ DN THiEA DBk
M7= IN5 L 2R TE /2, 72, REAROUILPERIC KRR N T 280U 72 BRI
B %R U 7=,

U AN 212 MEEZ1772 5 CodeSegment OBkt

__code meta(struct Context* context, enum Code next) {
struct Iterator* iter = &context->datal[lter]->iterator;

switch (context->prev) {
case GoToPreviousDepth:
if (iter->iteratedPointDataNum == 0) break;
if (iter->iteratedPointHeap == NULL) break;

unsigned int diff =(unsigned long)context->heap - (unsigned
long)iter->iteratedPointHeap;
memset (iter->iteratedPointHeap, 0, diff);
context->dataNum = iter->iteratedPointDataNum;
context->heap = iter->iteratedPointHeap;
break;
default:
break;
}
switch (next) {
case PutAndGoToNextDepth: // with assert check

if (context->prev == GoToPreviousDepth) break;
if (iter->previousDepth == NULL) break;
iter->previousDepth->iteratedPointDataNum = context->dataNum;
iter->previousDepth->iteratedPointHeap = context->heap;
break;

default:
break;

b

context->prev = next,
goto (context->code[next]) (context);

A XFHE % H W2 Continuation based C DREETFIE 18
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2 Tl CbC DETFIVIREMMEEY 70 —F & LT, akasha Z W72 G RO EZ O
ARFDARRDMRGEZ 1T 272, UL, T HICE L OEEZMGEEL 720 ERRE O A %
MREES 2 1T IFIREBO G AL CbC MNZE 5T O 2 AR A 72 D GE-l 21772 5 2
N5, CbC IFEEEHG ZIEHT 2EENFELR Y, Tu7 T LAOMEZFAT 512
1% CbC DR EBELWBEL 75, 3FETIECbC DHDOEAWREHRZD—DE LT,
ER4 % W T CbC @ CodeSegment & DataSegment WEFRTEXHZ L Z/RLTWL,
7z, BMOATLOMORHAAEE U TaENRTRILTE 5 Curry-Howard Xt % F]
MU TZREDFAES 505, TR HIRIZ OV T4 ETRAND,

3.1 BIVATFLEIE

RIS ZATAed, ST A2 DT A2 2I2TT7a 75 A0D 2EOIREWZ 177520
RN ERREET DD R TH B [12] [13]. HAMOIREEV L IZ T 17 T A OFETA
ATREZR NP, SREE U CREBRRAREDNY TR E 5, HIAIX, gee X clang &\ o723
VS T BRI E S N2 E B DR O H URFOMEDRIDI AR B IR I
9, ZOZEIIEEDZIT DO 2HPIDADMHEE TO IR EL T L >G50
WAINCE, MAT, Bz ERT ML Z T 2EOHPHZ RE T & 2 720N
ER DAL % Bk LU 9\,

RIS AT LTITRADZCIZIZATD LS OWBEET 5,

o LT —DiH

XEHNEHRE AT O BRI A E L CLE 7720, TR DEAZMEZITCLE -
720, HHERGED T TERASZMEZ RETRE, T I3 OREREPHEOLESL
Lo CRIIZIERTE 5, ZOEMTE ML, MU AT DR 70
77 LDOWEIHFET 5, ZHET —ZEEEZHRS 70775 (V17D LD
RELFWUIT 7V 5 —2 3 VR 8) IFBUEF RO & S RO Bl R U fib
BN Ta T T AED ERMEERNSZITONLBENKE W, ZE, HEFED S
0275 M2 E > TFRIRESF DD DY — )V b5, BT — ZE2 L EH
LI, TOMEIZEET 2 Y — X3 — NE2RRERIZHAS LT3,
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o R/

RO KB 0 275 AOHSALDOBAIIZE 725, PIZIXRED T — ZEIzdd %
WEEEY 2=, X T =YV TN TED, TEVa—MLINhizT—
ARG IR EBINEZA VR —T 2 — A2 REALTHROHETZ it khb, 20
A VR =Tz —AFHHTAHANZE > TEFFOHE L OER & 220 FETHMIIzE -
TEHEY2—-1VOEH RS,

e RF¥aXy itk

Big7na s o LR8I EHTH S, BBPEY 2 - VOMZHERTSHZ
LIZED, EDOT—=RE2R/ELLUTVWEDONE WS ZERNPFIZAS, £z, B
IV IR INEDIREI NS D, A Y MDA XN L R
ROEIZIEL WERZ RS B,

o SiEDL M
ZEMDODERITIEFBIZL>TELRED, BT —2OMSbIz k> THEHEDZL
EMEBRTE S, flzI1E, Tas <Ry %2y — T 3EEDH - 254,
ZONTZRA DAY — b I, DT — XITIIHERHNZ L 2 F 27255,
UL, BKESFETIEIATY 2EERZ 5720, PRI NZUHEOHFHZEZ T
T—REWETZAHMELEH L, LDLEREETIEAEY 772 ABRMMRIL.
F—RAEWET AN E 70/ I < I LW WO SEIRE D B,

I ES

FEHFE, REFEIERBEICB T ARIOE Y A5 AlE Fortran 72 21281 53 XD X F
ThHoz, BHROBMRA L EHOBEMRZ XA U, BUEFIEORRILZ B 72D
BAXINEZDTH D, MOBAIZED, UL TET)IT 4 TRER L IZELR
LERB AW, Efra— R2ERT 2HHGEY) REMERE 2T R 5 X512k
7zo ESOEMRE DT VX1 I TIEE(LE 3 — FEKD 7 = — XI2B W TR A LS
DINET 2HERELSFAL TVW5,

By 27 LDOEFIZIZE K DEBIVFAET S, TMOREBENZ IZHHACHRFREL, 50
7 OEAE U, BB ORI 1 e 8 SR K o T DRIV AT LR RHT S
NI ZFEOXRMAFTT 5, HIZIE CERETIIBUE L (T % ZIHHA F + TINHETE %
A3, Haskell TIEIMNE TS Z R TER, Z1E Haskell 28 C EZE L D BRI 2
TFLAEBRHALTWANS5TH S, BARMIZIZ Haskell 1ZBEERA B L %22 x4, C B
FEIX SRR U TR OB A Z K> T\ 5,

B ZAF LB EHTHILRTOTIIVIEENED LS AR >DRdBE L
WCHEBNS,
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3.2 AU L AT

9. MIAT AR ZOMBEIZDOWTIHRREDIZTHI T IV I ZFEZTDOEDDER
R BEIZDOWTHRARNS, Tus T Lo L EkiR, #imiZDOWTHE R D7D HRE
T —IMEDATHER I N /NS R EFE 2R NBNOEET L, ZOSEIFFEOMEL
D270, THO BN E R GEH, Ffil. ETRT I —DETILERHIT LI LN
T&E 5,

ZDEFEIE T —IVER true & false . SR, BUEEE 0 . BATEE T suce & pred .
HIEBE T iszero DA SRS, BAAEAE S suce 135X S NTZBDIROEZE U, pred
X Z DRI ZIRT, HEHE T iszero XG5 ONZIHMN 0 725 true 23R UL, ZHDA
HME false RS, TNHEZXIRE LU TERTHEUTDOIARMI1IDLDITRSB,

)2 3.1 B0 IEE #E

true

false

if t then t else t
0

succ t

pred t

iszero t

COEHRTIFEMADEHt ZEHR L TVW5D, = [FHOELADEREZRTH Y., t 1FH
DEFDESBBDTHD, TNITH LS TRTOITE, HEXDOBRIKTH S, WX DER
AN AFAET 5505 t IMEREDIHZRATESLZ L Z2RFLTWVWE, 20D K S IZHRNIZ
EFHTHILITED, if (ifzero (succ 0)) then true else (pred (succ 0)) &
Wo 2IHE ZOEBIZEEND, BUIBWT, suce. pred. iszero \(ZHEEMWZTI%
ETHAIFFHARTEIDDIHEINITL K 5 TW5, fEHRDOERIFHEDERIZIFEATY
N, AU T BRI T A BN — AT B NERD HI56. BRI R PERT 5
P2 DIZHEIMDERIIBHATH S, UL, FHIZI S AT LIZE KT 5 72 DITBEIR 2R
EHHRIIZFEIR TR T 2 2 & THRR L. IR XDAZID RS Z & & d 5,

BAE, HEAXE WS HEEEIA—TH 5, RO LS RO GRIE 2 F O3 BEARRIZB W
TIEREH 5D BFEHDOM X 2 KT, HIFFHAE ORI L WS EIKRTH 5,

COFREIIBIETu T I L EROGETEZONZENOREHTH S, i
DFERIIFEIZ T —NVEBPERB DO ES SN 5, ZHSIEIIME L X, THO FHIE
FOEAMEIZBEWTKAABEL 25,

BB, TOHDERIZBEWTIE suce true LW ZELUWHOKEKZHFLTLE S,

EEE,. oD 7al s MIEERLSEDTHD, 2D XD REERZHERT 5720128
VAT LENHT S,

HDHEEOHENEERT DI, MORBDPNL ONFEHET S, TFEDERIZIRDIFN
PR EFTD 2D AV INT NgliETH 5,
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% 3.1 HORE LB TORMEZIGTERNDEAS T TH 5,

{true, false,0} C T
ty € T 72 51X {succ ty,pred ty,iszerot,} C T
theTH Dty cTHh Dty €THOIXif t then tyelsets C T

FT1ODDEMIE, TIZETS3DODREEITTNWSE, 220D 32DDEMIE. H
HEOEENERR T IZETHZ e 2YWT 570Dl ZRLTWSE, TED T/
EWOHEEX T HNID3DOFMIZL o TERINDAEZEUNDER 2R/ %

XLTW5S,

F7-, HOBWHRIFOKEEE LT, koA 2 WS ik H b, Z
NILRIEAR 2 HRBEEA XA N TERET S0 [fbNnd, HRERIC XD
27N TN DA, SENFIERHE L TEAT S,

EF 3.2 HOESIIMOHANZ - TEZEI NS,
true € T
false € T

0eT

tveT
succty €T

teT
predt; €T

teT
iszerot; €T

tyeT to €T ts €T
if ty then tyelsets €T

A D true, false, 0 D 3 DHANIFHIRNERD 1 DODFRMFLFE L TH B, TS
D 4DODHANIEHIBHEBED 2 DD L 3 DHDEMLFEIUTH S, TNTNOHMANL [H
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UARD EIZHZE U CRIRDSKNL T B2 D 61X, MO FOEmEEHTE 5] Hl, T H
NS DA Z 72 R/ANDEETH 5 FERIFIARMITER 5N\,
SEEDMHESIIERTE DT, WIKHENE S FLl X 5 2> DFEIRGRIZ DWW Tl T W
<. BB DOE AU X ER R R ZRE R, ANFAERR X 7 — A B &
5N, T TIHEENERRIZ DOV TR S, HIEREKRGR & X, 55E O %
EHRTDHZLICLD SHEORBNZHET 2, ZOMEEMARTHREIL, O mad
Taky YoMty PREDEANLEEDTRWI 2R LTWS, BfliRSEOMSE
BEMIZ B DIRFEIZH R 2IHTH O, BMOIRBEWIEBERTEEI NS, ZOBEKZ
BREBIZBWTHDOHMALA T Y T2 FET LU TIROREEZ 52 50, HEHE2ELSE5,
CZTH t DEKIZ. ¢ ZHHPRIEEL U CH S AD - HMAET 2 REIRETH B,
B, —ODSFEICEBOBENERRESEZ 525, HIZIE. TarIh Rk
S IEIZ L7 BEOIR e 2 B o Ik G DMz, I V81 S OWNMEBR A V2 7)) XD S =
K Z EHRT 5, ZNODIBEWLEIL T0 75 A2 ETLUEEIZMAL S OEKRTHN
W, FERELUTEDSHEOEEDIEL X 2HTAZ L ICENS,
FTET—NADOADEENE RN ZE EET 5,

5% 3.3 7 —IUH (B)

IH
to= TH
true EHE,
false E Uy
if tthentelset FfFR
fill
v = fill
true =
false s
FE

if true then ty elsety — to  (E-IFTRUE)
if false then ty elsety — t3 (E-IFFALSE)
t1 — tll

. — (E-IF)
of t1 then ty else t3 — if 1) thenty else ts
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FEAM D BALAERIZ IR D Z BIHTH BHEITER true & false DATH 5, FHHliDEFHIE
FHGRRDEBETH D, dHIiBR t -t X [t DAL ATy 7T IZFMiang] &b,
BN IR OIRIED ¢ 25 1E ¢ DTITAD L VWS EIKTH B,

PRI 3 DH DM, 2 DIFEHEZ Rz, 2 DDA Y 1 DDA S5,
1 2O DOHH] E-IFTRUE OEREIE, FHiIDOX 5§ & 722 5 HD KM ADE true TH BRFIZ,
then filcd 2 t, ZF LU TMOETOHEZETE L WS EKTH S, E-EIFFALSE % [H
BRIZEMERD false DI t3 DAZEFERT, 3 DHDOBHAI E-IF 13540 TH 5, &
Rt DY IZEI XN D B D72 5 1F then Hi & else fiz 2 X TIZSMED A% T 5,

FMDEZRPSDMNDZ DRI, if DFD then fi & else il SMHE0 & 0 12 FEM
INBNWZEDNDHD, £oT. ZDOFEBIFSFMRNDOFHMIZN USMAERA & FHEi ML X
% &\ D RIS 2 FF D 2 L A3 B,

EZ 3.4 HEmHAI D1 v A& v A L id, HAlOFE PRI L, —H
UTHUCHHIZE 2 ESHMA 21T o725 DTH S,

B 21X, if true then true else (if false then false else false) & E-IFTRUE O ¥
AR VATHY, E-IFTRUE D t, 2% true 72D, t3 B if false then false else false
DRFIZHY T 5,

E7% 3.5 1 AT TEHMIiEGR — 2k, 3 20O &5z, 1H
T A ER/NO ZIHBARTH B, (t, t') BT DBHRDITTH B,
[FHMRE RN t — ¢ IXEHARETH B ] 5D,

ZZT RN EWS BENRERNDE 2O, TGN ¢ — ¢ HEHATRETH 5 Kb
DFOFIZED., FOMEBRRIZHAN L > TESII NS, Tabb A MERAIZAH
E-IFTRUE #* E-IFFALSE . BIEDEK O L DD BE-IF DA VARV A5, GZoh
7= R ARV EH THETH B Z & ZFEHT 5121%, #EH E-IFTRUE % E-IFFALSE T
Ho. NI/ — FDIRUM EIF DA VARV ATHDEHARRENVZE W, FHl2IE
PAURDBEFLDIT if t then false then false — if u then false else false DEHATEEM: X
UFDOESIBREHRRIZL->TRES,

e s =1if true then false else false
o t =if sthen true else true

e u=1f false then true else true

——— E-IFTRUE
s — true
t—u E-IF

if t then false then false/ — if uthen false else false k-

IF
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1 A7y TEHMBIfRIE 5 2 S N BITH U THISRBEMOIRBER 2 €8T 5, Z DI,
B Z N LA Ty T2 D SN VR E NP ERETER & 72 5,

3 3.6 [EHIE

Ht DIEHRETH D L, ¢ > ¢ L7233 HFAIDEEL WD
ThsbH,

ZDEFEIIB VT true ® false IEIEHILTH 5, W23 X, HSCTIZIEL W if 23
WoNTWAHE XIS 2 2 & 23T HE72 72D IERE TldR v, Mgl 5 X2 D S8
BII22TOMEIZIERELRDOTHS, UL, MOFFEITE T 2 HIF— B ESRE TIE
B, KO IAH MEHTRWERPIRETRKT S —2R>TEND,

FEBRIZZOFEICHRBEZEAL, HTIEBENEREZHEREL TV L,

2% 3.7 TR BN (B OHIE) O

to= 15
true EHE
false RE Uy
if tthentelset A
0 R T
succ t CE [
pred t A i
iszerot e
E# 3.8 HAN BN OfE
v o= fiE
true =
false s
nu e
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EF 3.9 HAlT BN O&HE
nv = BhE
0 Yo
succnv B
7% 3.10 Bl BN OFFM (¢ — ¢)
if true then ty elsets — to (E-IFTRUE)
if false then ty elsets — t3 (E-IFFALSE)
/
1 — tl (E—IF)

if t1 then ty else ty — if t) thents else t3
pred 0 — 0 (E-PREDZERO)
pred (succ nvy) — nuy (E-PREDSUCC)
t1 — tll
pred ty — pred t)
iszero 0 — true (E-ISZEROZERO)
iszero (succ nvy) — false (E-ISZEROSUCC)
t1 — tll
iszerot; — iszero t}

(E-PRED)

(E-ISZERO)

SIEMEDE FITEHUME 2 RTHEXEZIENMEINT WS, L 02D 2EUEERE % #H
L= DD EL LN TH S, Ml E-PREDZERO., E-PREDSUCC. E-ISZEROZERO.
E-ISZEROSUCC (F{# % pred & iszero MWHBUZHEMAI N/ZRHIE S IRDEED a2 EFHRL
TW5%, E-SUCC., E-PRED. E-ISZERO O&FMBAIE E-IF O K 5 IZH3H 5 kI
AHilisT A Z L ERL TV,

BHEORECESR () X ZDERIT & > THELRZH 213729, #lZ2IX., E-PREDSUCC
BAIEH T E 3 HIIMER DI ¢ TR SHBIE nvy TH D, ZHUE pred (suce (pred 0))
% pred0 IZEHMIiCERWI L 2 EKRT 5, BERS pred 0 XEBUEIZE E N VW5 T
bH5,

ZZCEEDOEIENERRIZOVWTEZ LR, IRTOIHIZET AIREVEZERT S
WEDH B, TRXTDIHIZIE pred 0 ¥ succfalse DX D BRIHEEEND, L1, suce
% false \[ZHAT BEHHEIFERIIERZR I NTVWARWZD, suce false IXIEHRIETH B, Z
DEI7%, EHRETHEMMETRVIHIITEHEEVRETHS L WS, DX, EfTRT
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T— T EEE VREBOIHZIET, BEREWARHRE L TiE 70 T LR R
Ro7zZ &R U THEW, BEREFRRIIRITMEITR A RN & ZREMITTWEDTH
5, AT I VIEEIBWTCESKRIZI 3T AVyT—var 71—V N PRIERM
HIRENW ORDEDONREIT S5SNI, MUATLAZEZLBIZIIINSOT T —3T&
mEDREBE WS D &RTRT,

3.3 HiHfAY

HREE R L 2B pred false D & 57 2L EFHMi T & 2017 Z 55 % D IREN
TFAES %, HHZ2FEBITHHE S 2 i1 FHlAT S5 £ DWIRBITR 5\ 2 & 2 RFEL 7210,
ZD7HIZ, HARBUCFHMiS N DIHE 77— UEIZEHEi T W B HE 2 XJT 2 BELDH 5,
A DT 5720122 DD Nat & Bool 2%E#HT 5,

ZIT, Ht DB T KD, LS REAZMAWLIGE, ¢ 23l U 25100 S 52
YR DMEIC 5 Z L 2 EKT 5, BHONIZ, LW EKRIFHZFETT S L #H
PHZ DB L WO EKRTH B, BIZIXIH if true then false else true 1% Bool %
b, pred (suce (suce 0)) & Nat BzH>, UL, HOBODHIZRTFHTH D,
if true then 0 else false D & 5 7LIHIXFERRITIFIT EFEE D IR S BRVWHBRIZE TR,

BATRDO7ZD DR IFERIZ ¢ T e FS, HIZRZR D Y TorHwmMOESIZL -
TEHEIND, BARNARBUEE 77— VEIZET 2 H5RIZLAR TH 5,

EF% 3.11 NB(EATE) OF LWkEEA

T ::= i
Bool 7 — ) LHY
Nat Epay el
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EF 3.12 NB(HLAF &) ORI FHA]

true : Bool

false : Bool
t1 : Bool to: T ts: T
if t1 then ty elsety : T
0: Nat
t1 : Nat
succty : Nat
t1: Nat
pred ty : Nat
t; : Nat
iszero ty : Bool

T-TRUE
T-FALSE

T-1F
T-ZERO
T-SUCC

T-PRED

T-BOOL

T-TRUE & T-FALSE 1% 7 — VEXUZ Bool BlZH D YT T W5, T-IF X540
32 Bool %, A RUIZB LU TIERE U ZESR L TWa, ZHNIEFRUEE T %= A H

THILTHINZERL TV,

F7-. BUZBILU Tl T-ZERO & Nat #1 % 0 (12 h 4 TTW3, T-SUCC & T-PRED

& t; A Nat THARFIZRD Nat B 725, FERIZ,

IZ Bool 725,

T-ISZERO % t; % Nat T 5K

E7 3.13 B D DDA ITEEfR L X, NBIZEITAHA DT RT
DA VAR A%T-9, HEMO —IHERTH S, Ht ITFL
THHEMT PFELTL: T THAHE, t 3BT ARETH S (%

IFIEUSBRMNFEINTWS) W),

MM 2 21772 D W, succt; LW TEDMA S DM ZFD72 5 1XZE Nat BITH 5,
W ERETRS, BTG E SIS - fEE2Z EHRT 5 I & TR RO E A
TNT) ALEBEZDIENTES, B, WlEEIIAS T BROERIZE D EBIZK

URVASN
fitidd 3.3.1 BRI ITBAMRD iR
1. true: R 7% 51X R= Bool TH 5

2. false: R 725X R = Bool TH%

3. if tithentyelsets: R 72 61Xty : Bool D2 ty: R D t3: R TH D,

4. 0:R%5IX R= Nat TH?
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5. succt; : R7%51E R= Nat 7D t,: Nat TH 5
6. predt, : R 7251 R= Nat 7D t;: Nat TH5

7. iszeroty: R 72 51X R = Bool *2 t;: Nat TH %

WHEAIRE X BN T BB D - D DEFHEE N Z £ H 5, BRELRLIE GA6N
7RI R U T DREAR E D K S IZEB I NZr 2 RTHh6TH D,

R U BN R OFME L D K S5 IR IS EHAETH . TNEHADA VAR VA
DARTH 2, BNTERICEEND =DM (¢, T)I1:t: T 2L TR EHIC XD
E4fbx g, BIRIK if (iszero 0) then 0 else (pred 0) : Nat OFLAFIFHIWTOEH AT
H5,

0 Nat RO 0 Nat 4D
iszero 0 : Bool T-ISZERO 0: Nat T-ZERO pred 0 : Bool i_fFRED

if (iszero 0) then 0 else (pred 0): Nat

HZOMMIFTDERL D, MU AT LAPMTEFET DIRBIZAR SNV L 2RT, TOIE
BIXFE e & (RECHRIZ & - CAFH T %,

o 7L, IEUSBMIF EINAHITEHEEVRETIHNZLTHS

o [RAFEIF. FHUIATEZRIE U < BUAHT T2 HIFEHI S EL KBTI TnwDS Z
ETHD,

MY AT LRI NS OWEZFROIF, IELU BT I NI TEEEE DIREBIZARD X
AN

HEATEHLDFERI D 12 Bool B & Nat MO (T o DM 2R DIEL S BJIF S h
TfH) Z2R7,

fieE 3.3.2 fEHET
1. v H Bool LDl 51X v X true £721% false TH 5,
2. v D Nat BEOMEZSIE, 0 H UL I Nat 120U T suce ZHEALUMETH 5,

BEHETE DFERIZBI U TIMMEIC B 1T 2 EENRNEZ VWS, ZOSEFEICHBIT 5L 1T
true & false & 0 & succnv ODWVWITNRDIEE L TW5S, Bool BIZB L THHE L 72K,
true & false IZFEFHIZE > TIELW, 0 & suce nv IZB U TIEPHRMEKL D Nat % £F
D728, Bool Bl ZFFDHIX true & false DEBONL 7B, Nat IZDOWTHFEBKRTH 5,
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EH 3.3.1 #AT
t DIEULK BTSN EIRET B L, t IHMETH B0, 725D ¢ BFELTLt =t
N

AEFANE ¢ T OEHIZET 2R MIEIC L 5, T-TRUE, T-FALSE. T-ZERO O¥%&
FtAMETH B Z L X DERLT B,

T-IF O%G. WEDIREIZ LD t1 BMETH D0, t) PEMELT 6, — ) &z
Tty PMER S, EHERMHEEIZLD true 2 false TH Y., ZDHEIX E-IFTRUE
E-IFFALSE 2SEHAIRETH 2, —fi t) — 1) 2o IX E-IF 2NEHTE 5,

T-SUCC DHZE S RMMEDHREIZ LD t1 IMMETH D0, ) BFELT L — 1) T
T, 4 MMERSITEEEEHEIC I VBE TR NER ST, TOHA t EBMETH S 7-
DD LD, —F t = t) 251X E-SUCC @ TE 5,

T-SUCC DA S HERT. ¢, MMER S IXEERMEIC L VBETRITINER ST, £
D4 E-PREDZERO A E-PREDSUCC 2R 5, ¢, — t) 7251 E-PRED A%#fH T
&5,

T-ISZERO D& M4 5 ITHEHERMEIZ LD ¢, ZBMETH D, ¥Ho6DEETH
E-ISZEROZERO & E-ISZEROSUCC 2#HTZ %, t, — t) 72 51X E-ISZERO 235 H
TE5,

T 3.3.2 R1F
t:-Thotot ot T &5,

REEHSE ¢t T OEHIZHET ARNEIZ L > TEIF S, RINEDRRAT Y FI2BWT
ETOWREHIZE U THREDOHEMN K D 2D L AE L, BHOBREDHEANZDOWT DY
BV CREB 217785,

EBADRBZEDHANMN T-TRUE O5E. TOHRADIENS t I$EH true TRITHIXA
53, TIX Bool 725, ZLUTtIMETHZ7=DIZEDES% ¢ bIFEET., EHD
R/ ¥ N5, T-FALSE & T-ZERO OG&bHEETH 5,

HADERBDOKA T-IF DA, t 1D DB ty, ty ts WU T if tithentselsets £ NS
s, X512t :Bool & ty: T & ty: T LIRBWHEENHL, ZIZTif 2H>D
AR B NWT t — ¢ ZEHATE BHHIE E-IFTRUE & E-IFFALSE & E-IF O AT
Hb, TNTENDGEEIZDWTHZIZGEDITE L TEZ S,

e E-IFTRUE D4 (E-IFFALSE % [Alkk)

t —t' 73 E-IFTRUE Z{fio 728 51, ¢ & true THH., FEROEY 13ty &
b, ZTDIZL XD ty: T THEIIERDND0H,. M2,
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e E-IF 0G4

a2 T-IF DIRE LD ¢ : Bool Wi & 725, HAEHPFOND, IWAMIED
IRE 2B EHITEA LT ¢ : Bool £ U, ty:T & t3: T 2HbE 25 LHH] T-IF
DHEHATE S, T-IF AT L if t) thentyelsets 720 T DD LD,

T-SUCC DV EADHBZETHNILX, t -t 2EL72DIZ1X E-SUCC DATHH, ZDOF
Dot = DDN5B, t,: Nat THBIeERN5720, RINEDIKE LD t) : Nat ¥
Bonsd, ZOK T-SUCC BHEHATE 57280 succt; : Nat L7e>T t T DD LD,
T-PRED [ TH 5,

3.4 ML 7 LXEHE

SR, T2 idah, 2EMAZERT A LI TRLUTEZ, £z,

MEBATLHZLIZEDIFEFEEVREBLZEMI LI HRLAE, ZIZT, FRII IV

SR BITAEREEZERMIZERZEL TWL, Tus T I VT EEITEMED,. TOHE
13 B ARERRAAD S DIRELAE U TESMEATEETH 5 Z & % Peter Ladin /R U
7zo  Z DK Landin 23 o ZZAEK AL UTOREIER I LXFHATH 72, 7
L ZEHFEIE Alonzo Church 3B U 72 RMEKRD—DTH B, TLXEHHAETIXETO
FHENEBES L BEBGEHOREANLHEEIIREINS, FLX R X 053300
SEDOBSBEDMRRELIA X, FEERREI L EE, MU AT LDOMERIZEZ b TWnwb, ZDE
BARRDEELNIX, JLAXHENBCTHAN R TES T U S I7I VI EiETHD L
RIZ, ZNHEBIZDWTEIEZRGEAD A BE R BFHIRN R E U TARE L RITH B,

T LZFBEIINA WA R HIETHRTE 5, FHOMPLI—- N2 YIEILKEHEZD
HEDTHEMT A EDNTEED, Gk BLEIZR->TLE DS, T o DEEED7-H D BAR
IR RFIRME S 2 N A 5 Z L I EFEDOFHE DS THEFTH S, MIcHFEZHMI MRS
X VIR R BIAN & W o T MR E 2 RELT 5 2 & £ TE 50, WRLEWHZH
WRTNIXETIUETE RV, TNS6EFFEE U T A 72855812 ML % Haskell &\ o
72bDNH 5,

T ARG (F721F N EHE) LIk, BIBE R L BBGEH 2 MR e TRET 5, 4K
HAEIZBWTIEIRTHEBTH S, BIZ L > TEZIIMIF 251 8B TH D, B
RTFERE F-BETH B,

T ORXEHEDIEIIAR R EEAD STEEDOEN S0, U FNOGEIZEHN IS,
T x (FHTHO, Hty 2oZH v Z#HEL U7z Aoty DIHTH Y, H ity 2{MDIH ¢,
B Uz 4ty HIHTH 5,
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Azt
tt

T LRGFBIZBWTHEEBGEHIIEREG L T2, DFED. stuld (st)u &85,

E7 HRDORKITTEZRO GRANLIERT 2, FIZIE A\r. Ay, zyz iEAz.(A\y((zy) x))
L85,

I LRGN EBD AT =T PEIET 5, IR Mot ORIEK t OFIZE « ¥ 5
i, o QBRI EINTWHEFE S, FKIZ, A3t 22A3-7d5HETTH
HEED. BB, v 2HBHRIZL > THRMMEIN TR WGRO ¢ OHBIZEHTH S
EED, BlIZIE vy ® My 2y IZBF2 2 OHBUIEHZD, A\v.x ® Az v dy.a(y 2)
BT S r OHBIFFEMBINTWS, (Az.a) 2z IZBWTIE, & 2 OHBIZE# S
TW52, 2 OHOHBIIHETH 5,

T LREHRIZBWT, IR F5EICH T 2B OEHTH 5, HHEITH LU THEZ
L7256, fIROARMBITHET 2RI EAT 2 HEZRALZZDDTHEHA S,
AIZIE

()\.CC.t12>t2 — [l’ —> tz]tlg

CRBT D, ZIT [z ta)tiy &I 62 FOHMA v 28T t, TEML ZIHZ K
5, BlZIE, Qza)y Ty &0, H Qrara))(y 2) & yz (A\vx) £725,

BB, (Aztp)ty LW EOIHZ R (redex, reducible expression) & IEC, LD
R ORI 2 B 28 E 2 N — X LIPS, T A XEHRD 72 8 O RN (2 13450
SHDOHIED D 5,

o STRN—XfEH
EEOHNEL WO TEENI NS 5, DX VHOHLP S EDIEFTHNIL T
R,

o IERUIEFF fEi#Y
B 2 THRBIAMUD HEREI R EN TN D,

o AHIIFL
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EHNERF O TH MR DONEH TOMIMZ TSR\, ZAIFTOZERIE Algol-60 X
Haskell THHINT W5, 78, Haskell IZEWTIIHEIER & WD HE b X vz
ZlEZFMAEL TV,

o fEHFECN
T AEDEFEILZORIBEZH VT WS, HARMIZITED LD Z 2EHNT 5
D, HMIDBEICAE (BIEE T UL TE ST E RV U 2IH) 1272 5 TW A flify 5
DA% EHNT 5,

B OHRRE X BIE D B DA R TED NS 2T D & TR . Z I ER & IFEIEN
%, AHMTFU7% E OIEEM LI E [ BMED N 2 D AGHli S v, 2 IFEIEFHE & b
XN 5,

T LXEEIZBE T, EHRO51EE, BBEzRY EE UTORT @REBEHRE LTEERT
X5, Hs W D0OHMWHERK 2 £ y 280 THIE. M ys LELI LT D0DH]
Barf oz RBTES, ZNE 2 1T v BERXONZE, y 2%ITE&D, s OfA
WOHHZR ¢ & v [CES A0 2 &S 288 2R3, FlAX v y.s)vw i
Ay.[z = v]s)w RN, [y = w][z — v]s KRNI NDE, B, BHOGBEIS
B @RI AT 5 Z 213 A ) — b TN 5,

T L X E ORI R IHIZLA T LS ITERIN D,

E2%3.14 V 2LBLDONBES LT3, HOESIZUAT 235/
DELET TH5,

FEOzcVIZDWTzeT
treThDzinV il \eteT
theThDtaeTiolXt to €T

e, BANLZHEZBOEEZ 5 X 5,

7 3.15 Ht OHHAEAROESIX FV(#) L EFEE, LTFTDOXSITES
INs,

FV(x) = {x}
FV(t; ts) = FV(t;) U FV (L)
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g\ BESICNT S HERETFTHY, S\T:=zx€S:2¢T TH5d, 2£0. t
OHNMOEHEBDEEDS © ZIRVTZEETH S,

BRFBIZARAIZDOWTERT 5, RADOESEITEEIZILEIRTH 503, BEO R
BUAL TR RSBV, FIZAITHREANDRAZUTDO XS ITEET 5,

[z = s|(Ay.t1) = \y.[x — s]ty
DG, FEEHOARNZ K> TIFEBEPBHEL TLE S, HIZIEUATD LS 1245,

[z — y|(A\z.x) = Ax.y

ANEoTHMEINTVWBIETD 2 RNEELDL->TWVWDE, ZTNFAT—T2 LTIk 8-
TWRVWDT#H->T WS, ZOMBEIFEHt NOZH » OAHLHBT E JExn B %
XA UZrolztzDIZHB LU-i50 Th 5,

ZZ T, o ZRMETHHICH U CIXBERITRODRVWESITERZEZ 5,

[z — s](Ay.t1) = \y.ty

o y#£ux DGE
[z s|(Ay.t1) = \y.[x — s]ty

ZOGHEEBHRMINEHE LEES UV, HICEHEREZ RS 27 —A0RET
%, BAERRIZIZA T TH 5,

[z = z](A\z.2) = Az.2

H s MOEHBEERDE t ITRAINTEMINIEHRIIZBHE LTINS, Zh%
BT B 720121 t OFMEBDOLHTN s DHHEAROART & B b Z L 2Rl 5405
Db B, ZHEHEZ [ L 72 RABREISHERERA ZIEIENS, RAIZE T 54F10
B2z s 5 72DIZTHOREEROAF 2 —H U TEET 5 Z & TEBE % [0S
LZHELFET S, FEEHROART s B LU TEETLZI L2 TN T 7 ABEITFIENS,
ZIEBEBEHR I T A AT D RNV E WS EENR G HE DT, o ® My
EIREVE L CTIRACEBTHL L ARTHDTH S, FERNEED M2 BMNU 2R AD
ERIUATD LS REHL LB,

o ZHADRA

[+ slx =s

A XFHE % H W2 Continuation based C DMREETFIE 34



BRER KRB AL (B ) BI3® TLARFREEMY AT A

o FAELZRWAEBMADRA (y # x D)

[z sly=1y

o MBNDEHANDRA (y#£x Dy B s DHHEHTR)

[z — s](Ay.t1) = \y.[x — s]ty

o EHHANDRA

[z s](t1 ta) = (ti[z — s])([z — s]t)

ZDEHBFIDBELSEERADPTRONEBITIZEL S RABITRZS, 51T, R
DAL TWAEREZZATIRES T L UTHOABMURBEFAT S, 21 De
Brujin KRB EIFIXN, T VRS FNERZRETOHEERI L LTHW 6N,

AR TR L 5 A X HE N DIEHDOEE L 0 %N %2 RT,

7% 3.16 — (BUEL)

IH
o= I
.t AN &
tt RE %50
fiE
v = fiE
Azt AN il
A (¢ — 1)
/
b=t E-APP1
t1 tyg — tlltg
oty E-APP?2
vy tg — Ultl2
()\ZE.tu) Vy — [I — Ug]tlg E-APPABS
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IS A XS BEECEED 3 IZ E DRI NS, £/, 5 AXHSEIzST
BTH5, A TIMIZBEBOEM 24772 > E-APPABS #H5EAI &, BHOIEZ &S 1z
% E-APP1 & E-APP2 &RIFANZE D EEI NS,

ZDEEN OB M & FMIET 230 h 5, BEEEET 25 E-APPABS 13223
RTHY, AHIPMETH S vy DRI UDEH I e\, #1Z, I E-APPL @ ¢ 13T
DI Y FT 572D PMETHRVCERBEAIZHWS, — . E-APP2 I3/ 300ME
THDHEDIIHRBETIMIEI NN, Ko T, BEEBGEA ¢, t, OFMENEIX, F 3 E-APP1
ERWT ¢ DMEE 725 724812 E-APP2 2 FHWT ¢, 2l & U, %12 E-APPABS TR
A ETR D,

3.5 BRI E S LXEE

RIMEL 7 A XEHEICR U CHMALZEH T 2568, 70X HRDOIUIIDOVWTEZ B HH
WhHb, TLAXHRIIMEZE > THEZRT 2D, R LTEZRLIEETES, ALY
720 Bool BUIZ B I B DI Z \ot = CREET D, TOEBRBIZBEWNTIE \v.true 122
WTH Nz \yy DEOBRBEE—DHZFD, ZOZODIHIMEZFEHT 5 L %K
EWVWDIERTIEFE U TH B D, AiEIE true ZIB L., BEIX \yy 28T, THTIZEH%
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DWTEZ T, RKDBHE D HRKEWRTHNILHAS DL RIZIERZ E N TE L7280
R DB DRID S BRI 725, 3R D AEIZ DWW TR NR §RIAN 2 BT K
FRRZRST Z W TE S0, BEDORDED PRI 5,

HMORFETHE, B S — S OREBZMNOR T — T, PS5 XIRTHWS Z
DAY e AN IS D S

o BIBUTESINAHI BN Z DMLz L > THEN TR (T) <2 5))
o BBDNKTMEE XRIZ & > TREAN TR (S, <: )
EWVWSGEIZRS,

3.7 ¥inElE Continuation based C

843 % % FH\ T Conituation based C DM A7 LAZEZEL TV,

¥ 9. DataSegment O 5EHE L T <, DataSegment HIkIX C DFGERIZ & - TR
FBINTWVWEZH, LI— N UTEZDZENTES, FIZIEY A 291 LTY
7z DataSegment D —2DIZ{FEHT 5 (U A b 3.2),

) A b 3.2: akashaContext @ DataSegment Td % Akashalnfo

struct Akashalnfo {
unsigned int minHeight;
unsigned int maxHeight;
struct AkashaNode* akashalNode;
};

Z @ Akashalnfo (& {minHeight : unsigned int, mazxHeight : unsigned int, akashaN ode :
AkashaNodex} TH 5 & 7t %, CodeSegment I& DataSegment % BIEUZHN S 728,
DataSegment O# |3 CodeSegment MERK T 2 RAKRDHHIZ £ L DD L F R 5,

IRIZ Meta DataSegment (Z2WTH X %, Meta DataSegment (& 7127 F LZHBLIT 5
DataSegment OI:FIKTH 57z, TN % DataSegment DRGERIZZEE TS5, 25952
21Z& D, Meta DataSegment (& 7’025 LI HEL T % DataSegment % 4563 FFD 728,
Meta DataSegment ({T-E D DataSegment DR ELEL 725, & U < 1&% DataSegment D
BTDT7 14— IVRZEL LRI DOMERTHE R, & 5FITHES 5 Meta DataSegment
XZDLSIZEELTWVWS, 2B, GearsOS Tl DataSegment DILHKZ 71/ LT
WBEILBIZ IR OB IR > TV D,

HARH 72 CbC 2B 1T % Meta DataSegment Tdd 2 Context (U A b 3.3) iZ, DataSeg-
ment DEEZEE UTHER > TWA72DIZHH 5 M2 DataSegment & D % < DIE#HZ K-
TW5,
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YAk 3.3: CbC @ Meta DataSegment Td % Context

struct Data { /* data segments as types */
struct Tree { /* ... %/ } tree;
struct Node { /* ... */ } node;
struct IterElem { /* .. %/ } iterElem;
struct Iterator { /* ... *x/ } iterator;
struct AkashaInfo { /* ... %/} akashalnfo;
struct AkashaNode { /* ... %/} akashaNode;
};

struct Context { /* meta data segment as subtype */

VA T

struct Data **data;

};

WM UTERIDLROSUTNDEIBERL LD,

EF% 3.24 Meta DataSegment D E 3%

Meta DataSegment <: DataSegment!<Y S-MDS

B, NiZbsr7 a7 0IHETET X2 A Y NOARIDELETHL LT 5,
RIZ CodeSegment DILIZDWTHE Z B, CodeSegment I DataSegment % DataSeg-
ment N E B TEHI L T 5,

EF% 3.25 CodeSegment DiE

DataSegment — DataSegment T-CS

% LT Meta CodeSegment {& Meta DataSegment % Meta DataSegment & ¥ 9" B%
L85,

E 7% 3.26 Meta CodeSegment D JE

Meta DataSegment — Meta DataSegment T-MCS
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) AN 3.4: BRI CbC 2B 1) % CodeSegment

__code getMinHeight_stub(struct Context* context) {
goto getMinHeight (context, &context->datal[Allocate]->allocate, &
context->data[AkashaInfo] —>akashalInfo);

}

__code getMinHeight(struct Context* context, struct Allocatex allocate,
struct AkashaInfox akashaInfo) {
VAT V4
goto getMinHeight_stub(context) ;

CodeSegment getMinHeight % DataSegment Allocate & AkashaInfo % BIZUZH > T
Wa, BURIZ Context HMkHEDZDIZIL TWEM AL =NV LN 5IET 7L AT
ERVWEDIZBNOTWS 2T 5, TDHE, sEOIIX {allocate : Allocate, akashalnfo :
Akahsalnfo} &78%, 7o, RO EIFHEHNTIIFIEL TWARWAY, @BE&E#k T I E
& Context TH 5D, &> T getMinHeight OHIX {allocate : Allocate, akashalnfo :
Akahsalnfo} — Context £72%, Context DI Meta DataSegment 72D T, subtype
D S-ARROW X 0 Context ® EABINDEFENTE 5,

{allocat;: Allocate, akashalnfo : Akahsalnfo} % X & E\W\ T, getMinHeignt %
X =X LT B3BOEEARIIUTTH S,

S-MDS
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X — Context <: X —- X

WO AEE S 2R e UCTERT 5 Z LI2 & b BEMKLA LB THNIXE D Code-
Segment NEERB LU THRV, T0T T AL > TEXERLIIHEE L TWB7ZHIZH D
BNZ S 2 BRIV, AXFHEXTA T 7 R EDERLENPAE DG G IE—EHS R
EUTHERE L, ZDHIVNAIVEER T ¥ X1 LARIZEEBEGRD) 5 BRI 28 5 TR W,
BIZIE T VA IVRHZFRIR T NIE T 1 77 ) OFRNY) > J 5T 3 — NERD TR A, T
YRALRITHR S S A Y MY =2 2 RHT 5 T 0S5 L OEEALICAATE
5, BIZIE, 70 b aVDPN=D 3 Y RRDOGEIERED TSI ADBFALTWE T
O kI e HEMERD 2 DHE % Context &5 L DI TR THIE TZ 5,

F 7z, stub OAIZIEHT S &, stub X Context 75 BAKK7Z: DataSegment X Z HY D Hi
THEIEICHYE U, SSARROW OLEMIDFTHRD & 5 ik EVWE2 35, MA T, Bsikiid 2
BRIz X OFHEAER%Z Context IZHEH L TH S goto 3 543 % il Meta CodeSegment
EUTH#Ed 5. SSARROW OAHIDHTTRD & 5 mik#EV2f7725, TDXH12/ —
<L )LD CodeSegment DA E KEIZA XFRZEHTHZI LITL T/ —< L
L~V D CodeSegment D3ERIfFITTE 5, BUATITIZ DataSegment DA L L TD Meta
DataSegment 23T 5D, ZIIMEARE UTERATRER 720 3 VXA VIRFIZ A B
5 LT ChC AR Z ENTE S,
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B, AXFRIZHHT 5 Meta DataSegment & Meta DataSegment & [FEIRRIZERIAF 1S
TE5, ZZTHIRENDIZH DL )LD CodeSegment Z[H L )LD DataSegment 2
BWTHAAITFEINED, —D LOBEEN,PS RS &, FTORED DataSegment & U T—E
LTHFABZLIZH D, ZOXDITAXGEZBERE AT LIZLD, A RFHETHIES
NEFHBEIF U THMD A ZHENEBIZHEHATE 5,
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FNTHBEHIZDOWTHN D, KEFEH L WS B Z2 OGS ERSFE Agda 2 H\WTCEE
BT A B I BmRT,

4.1 Natural Deduction

E IO IZFEH % 177 5 72812 Natural Deduction( H SR T#E) 2 /R7,

AEHAIZ 1E natural deduction(H $R{E##E) Z %, natural deduction (% Gentzen IZ & -
TEonfwmile, TOIHY AT LATH S [14), EEEE 5 %2 W 725wl Cin it
ZRdk U, #EEmRAIIZ X 0 ER 5 2 L TRD DBz E <,

natural deduction (Z&HWT

(4.1)

CEWHE, BRRIICEEA ZFHLU - Z e 2 EET 5, SFIHIIAESE TR I,
DEITIRE L 75, KEIZI dead P alive D 2 DDIRENFEET S,
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BHE N2 BlX A DIREIZHEKFLTVWBEZ L2 EIKT 5,
TZTC, HERRANZ XS = 2B AT S,

[A]

B
A= B
=7 ZHHTAIETIRE Al dead 20, Hi7-em@@ A= B 28 2N TE
5, A LWHOIREITKRF LT B Z2ELGEAL S, TA PMFETIE B BMFET B &0
SR EN Il L 2D, TDESIT, RKED SIHD THRMENIZETDOREZ dead &
5T, REITHEKIFE VR VI 28T 5, 728, dead HREIFX [Al DELDIZ [1 T
FHATEL,
alive WINEZ dead IZT A ENTELDIE = T HAIOATH S, ThEHE X,
natural deduction (ZIZLAF D & 5 BRHHIDFIET 5,

=1

e Hypothesis
RE, FEIZHDBAMREL2D7-0, FHAA Z2IKETIHEITUTFTD LS IZEL,
A

e Introductions

B, GEHZE NGRS U TR S2EAT S I & THALIEHZE L,
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e Eliminations

PR, ® 2amHal s TR E N7zGEI D S I DFEHT 2 &5 <,

c VE
A  A=DB
B = £

ALE VA, = OEADREFANZ DWW T R72, natural deduction 21tz H V, 3, L
EWVWo R EEET BN T I T EIKT 5,
ZNENDOFHFIEUTO LD RERZRFD

e A conjunction, 2 DDMWENKDIDI L ERT, ANB &iikd56¢ A H2DB
EEZBIENTE S,

e V disjunction, 2 DDMED I HLEL SNMVKDILDI L ERT, AV B ik s
5 AFERIEBEEZABLILINTES,

e = implication, ZEMIDMBENEL D SO, AHIOMEN KD IO L 2RT, A= B
LR TEE ARSIEB EEZIDBILENTE S,

5l & U T, natural deduction CT=EEmikZiEHHT 5, b, ZEGaikL L TA X B T
HH, Bl CThHb, oTAIXZCTHB] LWolzXERT,
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(A= B)N(B=C)]
[A] o (A= B) (A= B)A (B =C)] 2
B (B=C)

AngL”

(A BAB=C) s (As0) @

¥4, ZEGmEEmEATET,

[AIZBTHYH, BIEICTHD, E>oTAIFCTHD] MiFHTIREMETH 5,
iT TAIXBTHY] o, ADRSHEBPEIFLZ LA NNSE, ZNHK A= B &

5, IZ, TBIECTHB] o, BroMECHEITILZ VNN, TN B=C
¥72%, TUTID2DEFAMZEY LD, &>T (A= B)A(B=C) BMREL RS,
ZDREDFK D SEDRHZ TAIX CTHhH B ZRBIXEV, IRELFAIUELSICTAIXCTH
5113, A= C 2EFB70, MHTEAZHARIT (A= B)A(B=C)) = (A= C)
EiRb,

AEHOFIEIXZ S TH D, FTEM(A=BA(B=>0C) L AD2DRINET S, 5t
ANLENE LD DRETH, AL A=B2»6B%, B B=C»6C%EL, Z
IT=TI1280 A= C 28L, ZOBRIZ dead 12T 3{REIFZ A THh 5B, BERE%
dead (29 BBRIE (1) DL S ITNIET 2 [1 D FICBUEZE T2, ZHTHKS alive 21K
EIXZ(A=>B)A(B=C) &R0, Zhhs A= C 2ELIENTELEDIZESIC
=7 2#HT 5, #EER EHITREREXN (A= B)A(B=C)= (A= C) »&EiJ7

WZREIIRR T & 7 B,

NLE

N2E

4.2 Curry-Howard Isomorphism

4.1 #iTlX natural deduction (23 1F 2 FEIAFIEIZ DWW TR 7z, natural deduction Z
BITBEHIXIFE A LRMNE NFHEO LS WEEZ L TW5, FERE, Curry-Howard Isomor-
phism (Z & » Natural Deduction & B} & \ FHEIIFIGL TV,

RIMEEE T — DOAIZEH U 72K

1. BAMH] (T-ABS) &, ZOROERNED LS ITFEONENEFLRT S
2. BREMA] (T-APP) &, TOMOERPED LS ITFondheididd 5

Bl ZIEME A DR DL D72DIZiF A L WO AR OELREFEET IRV, LALIZ D
mElE A 2V alive AN EIZHKIEL TW5, natural deduction Tl A DKE % dead
LT B0 > T2k = #8AT S, ZHhH A I L BHGAL (T-ABS) 125k L T
W5,
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xr: A
x: A= A

TUT T LIBEWT, B x IFNEHOMEIZ L D BPRESI NS, T, x DIENRET
HEIGEIFIREZBOLEHLE LTI —DHET S, LML, x ZH-> T x 2RI
EFRTHILIFTES, TN natural deduction D = T 12 X DRE % discharge 35
ZEIZHET 5,

F72, ARE A DD SEORICHEGR B 2195 Z ik, BIEGEA (T-APP) IZ/H4 L TW5,

A A— B

B T-APP

Z D& 512, natural deduction (ZHIFBFEHITZT D F £ B E )\ FHREICE#HRT H Z
EMTED,
ZTNTNDFEMR N INEEMET 20, £4.1 DL S BFIEHFEET 5,

’ H natural deduction ‘ BiffE )\ GFE ‘
hypothesis A BA 2RO x
conjunction ANB BA BRI B OERME 2ROZM x
disjunction AV B BA BB OEME 2RO x
implication A= B A ZHD R B OZE R STEEH £

# 4.1: natural deuction & BIff & )\ FHHE & DXL

4.3 KA Z RO IERSHE Agda

RIS AT L HWTHEIAZITR D 22N TE 5558 Agda BWEIET 5, Agda 13MKF
BENWS RN AT L e FioTnd, EMEBRLE—-RA TV b TLHRT
HY., BZEFIBUITHZ BB Z I > TR 2R TR, MO MR TE S, T Dfi
Tld Agda OSIERRHN 217725 [15],

F9 Agda DT T T LIEFETEY 2a—VORNFICEIREI N2, £FTIX by TR
WIZEY a—)VEERTILENR DS, by TUVRLVDEY a—)VIZT7 7 A IVHEH—&
7%, 21X AgdaBasics.agda DEY a—NVEZERIZV AN 41D L SITk B,
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AL PR S8 Agda 12 X SREHFIL

DA D 41 AgdaDEY 2 —IVDEHET S

1 ‘module AgdaBasics where

F72, Agda 1Z1 VTV MIEWRZROSFETH B0, 1 VTV MIEHALHIRAS
WENH B,

9 Agda B BT —XBIZOWTHIN T WL, Agda 2B AHEREIL : ZHNWT
7725, HlzZIE, ZExPA 2D, WO Ze2KTITIEx - A L@didhd 5,

7 — Z 1% Haskell ® ML IZITREMN LT —XBEDNRR =V FERFED Z &N
TE5T7T—XBOEHIL data F—7— K2 W3S, data F—"7 — RDEIZ where Al %
EBEEA VT U RNRBELLLUEE, HIZa VAN 2R ZOMENZET 5, HlZ1E Bool #l
EFEHFETDHEVANL42DEDI1I1 5,

UA N 4.2: Agda iZ81F 5T — X8 Bool DE

1 |data Bool : Set where
2 true : Bool
3 false : Bool

Bool 3V A MT Y & true »® false 22T — X TH B, Bool HEDHIIX Set
THOH, Tk Agda BHAAATED [HIDR | THD, Set IZEEMIEEFFSL, D
RIDORI %2 FEET 5121 Setl & FEL,

BEE D E £ 1 Haskell 1238\, BB &2 500 U 72 ICBABROAREE = ORBIZIEE
T 5, BEBOBITEMAEAE \FHAELERKRIZ - 2V, BB, — I/ U TIRBERE
X > HHBEINTWS, 5IBIZERLTZIIS 2 TE5D, BRI a VA NS 2
REBETDHIELTEDIVAN TV ANEINZROEH 2 EHTE S, TF X —
VR FLIEEIN, IVABNT AT case X&ITHR>TWBEISIREDTH S, HlxiX
Bool BLDfE% K #59 % not B ZEHS L VAN 43D LS ITR 5,

) AN 4.3: Agda 281 BB not DEFH

1 |not : Bool -> Bool
2 lnot true = false
3 |lnot false = true

NR=UIYFIEETDAVANIZRDNREA =2 2EGE R TIEROBRN, NEX—
VRYFIEENrST Yy FINTWL 720, BERIEMVPFAET S, ", AVANI IR %
WL ODRELZRICER TR S &, BEVRES S 2EIZEBELZI VA NI 7 XA
b, BIZIEY A D 44D not 1 x 1213 true ULAASZ EIFEN,

DA S 4.4: AgdalZBIFBNRNE—r< v F

1 |not : Bool -> Bool
2 lnot false true
3 |not X false
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BB, YV FUEEZRE UTHHLRWEGEIE - 2ZHWTHB TSI TE S,

MBI CHHUZEREE T — X B UTEHRTE S (VAL 45), HREDOI VA K
F7RE220H0, FAIZEARBEYE, FAIZEREZI > THEEHRZERTEDTH 5,
Bl Z X 3 1% suc (suc (suc zero)) &7 5,

DADN 4.5 Agda lZB1T 5 HRBDEE

data Nat : Set where
zero : Nat
suc : Nat -> Nat

HARBIZ S T 2B IS REHRE LTERTE S, HIAITEHAKE S LoNFEILIH
HEF+E LU TYVRAM46DEDITEIT B,

ZOTIHEBE CIXIEREIC P EBERTH 5, FIEPRE TERTE 20 %2 B4
_CLTHORAATEL Z T, BERZIERIFIZH - MEHETDO LS IR S,
F72, Agda IFBEBAMEILT 202 HETE S, ZOMEDO IEEEFIXAMA?E a2k
UCTIZAMNZEILRET S, A1 L EOROFEIFRIZIE suc n 2S5 nA~NEJF->TW5E 7=
O, HIRTHEIRUES T2 ThorEILT 5,

DA 4.6: Agda 12812 HIREDINE D RE

_+_ : Nat -> Nat -> Nat

Zero + m=m
sucn +m=suc (n + m)

RITHRAFTRNZ DWW TR TWL, IKFRTHRESEANLR L DIFEEETH 5, KFE%Z
AU 72 BEEIE5 BORITHG U CRI R ZIRETE 5,

Agda T (x : A) —> B e E S EHEIIR A 2F>ox 2%ZIFW0O, B%2iKRY, 22T
BOHTx 2F->THREW, FIXIZEZDORIIN T HEEEBIL) AN 47D XS I1E
5,

U AN AT A7 2 R OB D E

identity : (A : Set) -> A > A
identity A x = x

id-zero : Nat
id-zero = identity Nat zero

Z DOMEER identitiy IMEEORITHEHAGETH 5, FERIZ Nat ~EH U 7261728
id-zero TH %,

AR Z WS Z L CREEORIZHEH e R ZMHOESEEE 2 EE L7, LirLEZHH
RIIZIEEET & H zero Z2IESI NG EIIEEBEBORIZHIHIZ Nat -> Nat TH 5,
ZD%E, MEHwT 22 & TEBICHEHE LTEIRVWESIZTE S, I RN
518 (implicit arguments) & F\, fis {3 T K %,
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AL PR S8 Agda 12 X SREHFIL

Bl 2 \$HEE RO R A BN 25 BUZ T B2 U AN 48D KD 12% 5, Z OMHEHEREK
ZRMATARIIMZETZ I CRIAEEHNICHR I NS, Lo TEELZFAT S
id-true D XS IZFHARTE 5, BdH., EEOARIKTHEERN LRI HZFEL ZWEEIX
{variableName} THIET HI L £ TE D,

DA N 4.8: Agda (28 1) GBI 51 8% R DB

id : {A : Set} > A > A
id x = x

id-true : Bool
id-true = id true

Agda IZIFLa— FEEHET D, BEETE DRI record ¥F—7 — FORIZL a—
R4, B, where D&IZ field ¥ —V — F&Z AN/, 71—V FZHEMEHEHZET B,
BIZIEx &y DZDODOHARED S5 L I — K Point 2EHEIT DLV AN49D LS I1T%R
5, La—REHEETLEIL record F—7 — FRDED {} ODANERIZ fieldName = value
DL TEZFIZEL TWL, HEDEZFZET 5L ; TRYS,

DAR 4.9 AgdalZHB 5L a— FRIOER

record Point : Set where

field
x : Nat
y : Nat

makePoint : Nat -> Nat -> Point
makePoint a b = record { x =a ; y=b }

MR I NV I— R o2 IS 2 BRIZ 13 RecordName . fieldName &\ #4557 DRE%L
ZEATSE(VANAION21TH) . BB, LI—RNIZERX—Uy FHRHHATES (VA
M 410 N517H). 72 fEZFEHT 5B record oldRecord {field = value ; ... }
WIS X ZFMT %, Point DHOD x Dfi% 58X 9 BHEK xPluss &Y A+ 410D 7,8
THDO XS 12E T 5,

UM 4.10: Agda iI2B1F25 LV I—ROHFE, NX—r3vF, HOFEH

getX : Point -> Nat
getX p = Point.get p

getY : Point -> Nat
getY record { x =a ; y=b}=5>b

xPlusb : Point -> Point
xPlusb p = record p { x

(Point.x p) + 57}

Agda IZBIF 2D L 5 1ITHk5 8 S HEE L LU T Instance Arguments 23F1ET 5,
EHBT—XEN, HEBMEAF R OB ERHOI L 2 REET 5, T1iE Haskell 125
2T 5 AR Java IZBIF 51 VX —T7 = —AIZHYT 5, Agda 12812 EH 2RO
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AL PR S8 Agda 12 X SREHFIL

., BELRBEEEE L 72 record IZHE L, Ol % REET B 121EZ D record %
instance & UCTEIKT A Z L1245, HIZIX, AUBMEHETA2ZeRTES, 205K
HaRTEVADM4IIDOLDIZ25, BARMIZIZEHHH A BT 52HERK _==_ %
EETDHIEIZHYT 5,

U AN 4.11: Agda iz 81 % ER4 B

record Eq (A : Set) : Set where
field
==_: A -> A -> Bool

HBEMT N OG22 M- Z e 2RTICE, BT TCZOLI—RNE2ERTE
5Z %KL, TN% instance X TEEKT 5, T Nat 2 Eq D ENFITHB Z & %25
BRIV AN 4120DK512745,

DA N 4.12: Agda lZ8B 1 5 ER4 RIEAFRDFELS

_==Nat_ : Nat -> Nat -> Bool

Zero ==Nat zero = true
(suc n) ==Nat zero = false
zero ==Nat (suc m) = false

(suc n) ==Nat (suc m) n ==Nat m

instance
natHas== : Eq Nat
natHas== = record { _==_ = _==Nat_}

INTEq BERINGEEHIZH LT Nat 2SEATES L5125, FIZIXE A O
ZaFD List A PO EZZRELUTL b elem Z2E#KT b, WO A VAKX AT {{3}
WEBIZH AT & A TRlR 95, B, AR IIMBHETH S, RIZEHE LTI TH
FALZWEGSEIEX _ THBT RV, ol UTERL 7z record 1ZBEAIMKIZ B NT
{{variableName}} & WX TERKIZKETZ 3,

JA DN 4.13: Agda 28T 538 % 5 B D E #

ielem : {A : Set} {{eqA : Eq A}} — A — List A — Bool
‘elem {{eqA}} x (y :: xs) (Eq._==_ eqA x y) || (elem {{eqA}} x xs)
lelem x [ false

Z®D elem FAKUILY AN 414 DESIZHHTE S, Nat LOEZEZ DU X N DHER
WZADPEENEIDHERLTWS, 2D listHasd 1¥ true IZEHMliEI N5, H., -- O
FaAVNTH B,

) AN 4.14: H55 7 % KO B D

listHas4 : Bool
listHas4 = elem 4 (3 :: 2 :: 5 :: 4 :: [1) -- true
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AL PR S8 Agda 12 X SREHFIL

BRBIZEY 2 —IZD2WTidRS, EVa—)LFE AR/ E UTERT 5, 7
B, MERIOBRIZEY 2 —VD A1 Vik— MNIZITRbivs, EVa—)VEA ViKR—FT
AR import ¥F— 7 — RZ2$EET 5, 7z, 1 VR — M 272 S BRICHAHTZ B ICEH
THILHTE, FOBIT as F—T7—Fz2HWVS, EVa— L oREDOEBDAZA
YAR— T L5EF using ¥ -V — Nz, BEBOAATE2Z X S5 renaning ¥ —7 —
N%&, REEOBEBOA%2RTHEIE hiding F—7—F2HWS, &8, €YV a—)IfF
3 50%8% by 7LV THWSEEE open ¥—T7— N2> Z L CREATE %, €
Va—VEAVKR-FTEH%EY A 415127,

Y2 b 4.15: AgdalZBIFBEY 2 — DA VFE— b

import Data.Nat —-- import module

import Data.Bool as B —-- renamed module

import Data.List using (head) —-- import Data.head function

import Level renaming (suc to S) -- import module with rename suc to S
import Data.String hiding (_++_) -- import module without _++_

open import Data.list -- import and expand Data.List

¥z, EVaA—NVIZIMEZET Z L TE S, £D L S57%2EY 2 —)VIE Parameterized
Module EFEIEN, BEINAEIZFDOEY 2 — VNI T—EBELTIKZ S, HlZIFEEDOR
KT A CIHEHBE S 2o CHRB R 2T HEYa—)Sort 2525, TDEYa—
WTBIEUZ LA & ZIHEE T <20, V— NI 588 2RHLT 5, Sort EV2— L%
Nat & Bool THIFH UL 7=fI23Y) X b 4.16 ThH 5,

YA~ 4.16: Agda (251} % Parameterized Module

module Sort (A : Set) (. <_ : A -> A -> Bool) where
sort : List A -> List A
sort = ...

open import Sort Nat Nat._<_ as N
open import Sort Bool Bool._<_ as B

4.4 Reasoning

RIZ Agda 1281 HREMZ LR LT\ <, Bl E U T, HABRDIAD /LR 2 39,
AEHET RS DI ETIREARBEEET 5, SEHAVIHABOERIILUTO LS
BHDTH D,

o 0 IXHRETH D
o LD AR IZBEEIIZIET S
o 0 lTW\H 7B HARBDBGELTH
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Agda 1T X 5FFEHFIE

o HILDHRE S LOEHBITELSD (n#m — Sn# Sm)

o 03D MHE % i 7=

L. anbsrMHE %2~

X2 D% S(n) AR TH S

Z DEZFKL peano arithmetic 12

B SHABDEHRTH 5,

A@a?ﬁ%ﬁ@N%%ﬁ%T%tUxb4N@i5Kﬁ50

YA b 417 Agda I28 1T 5 HAREI Nat DE

module nat where

data Nat : Set where
0 : Nat
S : Nat -> Nat

EARE Nat 132200V A NS 7 RERD,
e O
SRRV VYA NI 7R, THA0ICHYT 5,
oS
Nat Z5[#UCHZ AV A NT 7 X, TNHPEGEICHYT 5,

FoT, BfED 31XS (S (S0) DL IZRHEEING, SDEEIPEEIZ LT S,
RIZINAEZEET S (Y A b 4.18),

U A D 4.18: Agda (2B 5 HRBAUZ AT 5B OEFH

open import nat
module nat_add where
-> Nat

+_ : Nat -> Nat

0 +m
(S n)

m
S (n +m)

MEIIHEREE _+_ & UTES

35, 2200 Nat ZHLD . Nat 23, BEE _+_ 133

R—=UyFIZLXOVWMEZEZ S, 012 LT m NET S

HlEdm THD,

n DR

WX LUT m & 55

AlEniZm ﬂﬂﬁbtaﬁ@’ﬁ%ﬁﬁ&j‘éo S DI O HEDE

N1 DT OHIFERI ijTbK EOWMATH 5,
BIZIX3+1 EWVoEHIX (S(S(SO)) + (SO) D& IciikEng, ZI T3+
1M 4EE LW EDIHFHZITR D,

HFADIEHIZIX agda @ standard library (Z231F % Relation.Binary.Core D€ # % F

W5,
J A b 4.19: Relation.Binary.Core {2 &K 5% X% /RTH =
data _=_ {a} {A : Set a} (x : A) : A — Set a where
refl X =X
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Agda IZBWVWTHENIZ, FRE2RTT 2B = CL O EHRINS, = [EFAUMAELBHE U
THIZFR I NARHZaA Y A N T 7 X refl THETE 5,
FBZ 3 + 1 =4 OFEMHIE refl TR TE % (U A b 4.20),

UA DN 4.20: Agda (2815 3+ 1 OFEERD 4 &FE L WEEH

open import Relation.Binary.PropositionalEquality
open import nat
open import nat_add

module three_plus_one where

3+1 : (S (8 (8 0)) + (S0)= (S G0N
3+1 = refl

3L WO EEREL, TDOME U TIEHITREAZ5A L, SEHZBEEOEEE L
TREHET D, atHlT25RT (S (S (8 0))) + (S0)=( (S (S (30D)))) THb, &
M _+_ BEIBOERIZED (S (S (S (8 0)))) KIS hd7dizarvA+I 74
refl D3 EEH & 72 5,

= IZX o CAEHT A, BT U I NG LIRS Wz, WL DL D#EE
7’ Relation.Binary. PropositionalEquality IZE€&E I LT\ 5,

eSYym:IT=Y S Y=2a
LEAMPHHTENEZTDERDOLL AU EKIEL THEHEL,

econg: fox=y— fr=fy
AEIH U 725 RUCR U2 5 A THFEAREI RN 5,
etrans: r=y >y=2—>r =2
2 0DNERICENZFAUIEZHWT220EAZ2EIF-ERTE LV,
TIEINH 5 nat DHFEDZZHIERIZFERI L T\ < (U A b 4.21),
U AN 4.21: Agda (2851 2 INED 2 #yER] D R

open import Relation.Binary.PropositionalEquality
open import nat

open import nat_add

open = -Reasoning

module nat_add_sym where

addSym : (nm : Nat) ->n+m = m+n

addSym O 0 refl

addSym 0 (S m)
addSym (S n) O
addSym (S n) (S m)

cong S (addSym 0O m)
cong S (addSym n 0)
{11}
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T ARE n+m=m+n THhHb, n & mlE Nat THE=2H, THEFENHRIT VA
NI 22 OMPSIZEOVERING, TDDIZNAXR—=2IF4EH 5,

en=0 m=0
+ DEHZRICED, O IZNINE 720D refl THEHATE 5,

en=0,m=Sm

O+ (Sm) = (Sm)+0 %#iHTEZLIHmE, ZOERNE + OEHRIZLY O+
(Sm)=Sm+0) LEETES, S(m+0) I Em+0IZS ZMAEDTHS7
®., cong % HAWVWTHIFHIZ addSym %179 5 Z & TitHHTZ 5%,
ZD2ODFHIEI DL E®KZFED, n D0 THELE, md 0 RSN &K
DERXDKLT S, n X0 THY, m B0 TRVEE, m IFEFHETHL, Lo
Tm» (Sx) EEPNDSR, x E m ORTOETH S, HIOMHEIZ K B ZHIEHI %2 H
WT 5 2 DFEROBHIE + ODERIZEIDEFELL,

ZZT. addSym ([ZJESIND m 1T 1 DEDFE-> TS, TEHIZIE n =0, m
=0 TH5 refl ICEXTHEHWSH, FAMRRFOoND,

en=Snm=0

(Sn)+ 0 =0+ (Sn) 23T 5, ZOFERIF + OERIZED S(n+ 0) = (Sn)
EERTES, IHETERTNESn+0)=S(0+n) £7%25, £-T addSym IZ
0D O &nZZEHUZEIZ cong TS ZMASZ L TIEANTE 5,

ZZT, O4n=nld+ DEHRBIZLIVEHHTH B, n+0=n 27D F FHEH
TERWI EIZERELTALY, + OEHFRITAEMOIENS S Z2AMOIEADBE S 7
T THD7-0, HRIOEANDEEIZL R\,

en=Snm=95Sm

3ODNRRX—VIFEFH U =2, ZONRX—2 32 EL A -0t s L
35,

3 ODNE—=TEWTIE refl X cong & W o 7 HMIRIATCIEIAZ TS 2 &R TE 72,
U UEWIEHIZZAR % & refl ® cong & W o 72A% trans TRKEIZEIT T BEMEDH
%, BRWIEHHZ 200 23 < Gk 95 72812 =-Reasoning ZH\ 5,

=-Reasoning CTIFERDLIL % begin DRIZEIR L, FXDER % = (expression) 12
TS Z e TR LTV, BiRINIZFERDLELZ B DIEANERPT 52 & TEHEAD
AEADME 5N B,

FARE D NIED AR #17E A % =-Reasoning 2 FWTRERH L 7261728 A~ 4.22 TH 5, i
Wn & mMW1LAETHBROGEFIZIERT 5,
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open import Relation.Binary.PropositionalEquality
open import nat

open import nat_add

open =-Reasoning

module nat_add_sym_reasoning where
addToRight : (n m : Nat) - S (n + m) =n + (S m)

addToRight O m refl
addToRight (S n) m = cong S (addToRight n m)

=
Y]
ct
~

— n+m=m+n
refl

cong S (addSym 0 m)
cong S (addSym n 0)

addSym : (n m :

addSym O 0
addSym 0 (S m)
addSym (S n) O

addSym (S n) (S m) = begin
(Sn) + (Sm) =( refl )
S (n+8Sm =( cong S (addSym n (S m)) )
S ((S m) + n) =( addToRight (S m) n )
S (m + S n) =( refl )
(Sm) + (Sn) N

F9 (Sn)+ S mliE+DEHRITEY S+ (Sm) WKHFELWL, oTrefl T
Bhrinbd, 7P, HEAWIZER L ECTRUEIZENI NS refl 12X > TRk 252
AR

RIZS (n+ (S m) IZHULT addSym ZHWTRHL, cong IZX->T S ZEHT
5Z2T S ((Sm) +n) Z#ED, T, BI3NX—=2IZBWT + OALOIEMN 1
UETH->TH EFLTHBHINEE TSI 2 UTHEZEFELTWS, Z0D&S
WZE BRI OHRTEH, B NX =V Tt TE D 2 HWTHNR X — > O Z1T72 >
e hb,

BRZIZS ((Sm) +n) 725 (Sm) + (Sn) 2Bl TEEsRy, LrEL, + DFE
BIZIFHELIZHLUT S 2BETHHELIGEENTOVARY, o TZOX ETIFIEHT S
ZeNTERY, ZTD7d, FX S(m+n)=m+(Sn) % addToRight & U TEHET 5,
addToRight DFEIHDMEFIFAEM T 5, addToRight ZHWAZ LTS ((Sm) + n) 5
(Sm) + (Sn)ZFoNlz, TNTEX (Sm)+(Sn) = (Sn)+ (Sm) DIEADSET U7z,

HAREIZ NS5 + DA A ZZXZRIZHDADZA VAN T 7 ROMAGHE 4R =
DVWTNPTERHEAIDOERDVEL D DI B Doz, ZTDLDIZ, Agda IZBIT 3
LROITFHIZ., EBEPERZ2HAVWCELE AL A2RCEIZERT S Tinbhb,
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based C D3R

5.1 CodeSegment D %

5.2 DataSegment DJEFH

5.3 J —<ILLUN)VEHROSELT

5.4 MetaCodeSegment D€ #

5.5 MetaDataSegment D€ #

5.6 A XL ~NVEEDEST

5.7 Agda %\ 7z Continuation based C DMt
5.8 ARy DEIELDMRGE
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AIFFEDELT. AL DIERIZ D720 HEICITH B S TR 72 2 (455 & %0z
200 UL MBHERIEBRRISODE D RGEHBL XY, TUT, T e T wEs i
SIBWEIE L Z® > TR TS NMSNEEIFEEDRTD A VN —IZEHEL £,
BRI, AREFZLREZ IO DU 2B T2 RS R CLEER ORI
T AT N FKIRIZHR  REEHEL £ 97,

2017 # 3 H
HEFEfER
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