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Verification method of programs using Continuation based C

YasuTaka HIGAD® SNy KONO?2:P)

Abstract: We propose a verification method for executable programs using Continuation based C language.
Our laboratory develops Continuation based C language which supports programming unit called Code Seg-
ment, Data Segment. Code segments are calculation units which have input/output data segments that data
unit. Programs are represented by connections among with code segments and code segments. The output
data segment of some code segment is converted to the input data segment of connected one. We introduce
meta computations which split main computations and complicated computations such as memory control,
error handling and more. Meta computations represented to meta code segment and meta data segment,
which saves main computations. In this paper, We define a meta computation which connects code segments

with verifications and verify properties of data structures such as Red-Black Tree.

Keywords: Programming Language, Verification, Red-Black Tree

1. Y7 MY TT7OWEE

VI MYz T7 ORBERKE L RBIZDN, NTEFEL
T RL, NIV TN TRHGINIEEL I
R LEEETHRIILTHE, /2, V7 vz T7OM
BEINDEEEZEZ L2 DIIARREITIEN, HREED
TR I NG, MELEEIX. VI MU TRED SN

bOBEBERRT KR B SARRSERL R e
Infomation Engineering Course Graduate School of Engi-
neering and Science University of the Ryukyus

2 OBRERRY
University of the Ryukyus

) atton@cr.ie.u-ryukyu.ac.jp

b)  kono@ie.u-ryukyu.ac.jp

RENIBWTHKENZT Z L2 RIETE2HDTH 5,
V7 bz 7 BRI T I R EGET SRR LT,
EHFHE ETNREND 5, THEIHIE 78 7T L h%
g NEMAREZREATCHAL, ZOXPFEIZETH S
ZERFHAT S, THEEHEZTR S SFEICIE Agdald] ®
Coq? R EDFET B, ETVIREZITIRD ET VIR
IZ1%. promela &IEEND SEETET NV ZGERT 5 spin?
PETNEREES R THL TS NuSMV? | C SiE% 3
BYATE S 2 L AT E B CBMC[3] 72 EAAET B, W]
PETINVRER CTHRIALET O, EBRICEFETZ23—N
THRLFFHAIZI - N2 HBSETLENH L0 L, FERD
TR DTN FAET B, Lo T MGEL BRI Tld R



y-n-(x): HRUEZLTOT 53V T

Data Data
Segment Code —»\_ Segment Code
Segment Segment
Data Data
Segment Segment
Code Code
Data Segment  —» Data Segment
Segment Segment

1 Code Segment & 5 L DflAaHHE

M7z TN TWTH, FHITNTDA D IAAMGENE % CREE
TERVWARMED D 5, AWIEIIEBRICEES S 7075
LOEHEMZRIES 5 Z L 2 HINE § 5,

2. Code Segment & Data Segment

BET 23— REMIEL P T WL D, RifFEETIE Code
Segment & Data Segment ZF\W5 70T I IV I AXA
NERELTWS, Code Segment & (ZMIELD AT TH b,
N—TEEEFRVEMBLEOAETRS, 70l T A
1% Code Segment ¥ 5 Lz #lAaGbE 5 Z L THFEI NS
(X 1), Code Segment (23 1) ZHD3Z1FE L 1Z1E, Data
Segment ¥ \\5 F— X DEMTITA S, B, BEfdhk
Code Segment (ZIFKIFBIRATEA T B 05, KIFEIRAE
W Code Segment 15125479 5 Z & B A[EETH 5,

Z ZC. Code Segment ¥ 5 U DEHMIIZ DWNWTH X
%, W% KT Code Segment & 5 L D H W TH
57-%, Code Segment TRITES, ZDL57%, #HE
EEET B0 EE2 A RGFRELIPEE, A XFHEET
725 Code Segment % Meta Code Segment & /.5, Meta
Code Segment (% Code Segment FIZ/FTET & A7 D LEL
EEZBIEHETES (K2),

/" MetaDS /" MetaDS

\ \

”””” 1 \
|

-
1 1 1 !
I I |
MetaCS — CS [ MetaCS —p| !
\\ / ! | I N /
’ 1 1 ~ ’

B 2 Meta Code Segment & Meta Data Segment

Fro, ARFBEICBHTER T — X Meta Data Segment

ISR L, EE DAL K EE7: Data Segment NS T 5,
a2l g LAOWEEWGET 2HREE A XEHR L U TR
52T, 2—¥»E Wz Code Segment #EFHT L &
<, ARFHEEBINT27ZTTEY T LDEHMES L
F3,

RE FREN YFmAJH

_—code addTen(int a) {
int b = a+10;
goto twice(b);

}

__code twice(int x) {
int y = 2x%x;
goto showValue(y);

}
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union Data {
struct Count {
int x;
} count;
struct Port {
unsigned int port;
} port;

};
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// Code Segment

_code addTen(union Datax ds, int a) {
int b = a+10;
goto twice_stub(ds);

}

// Meta Code Segment
__code twice_stub(union Datax ds) {
goto twice(ds—>count.x);

}

// Code Segment
__code twice(int x) {
int y = 2x%x;
goto showValue(y);

}

% 3 Data Segment %§%E 9 % Meta Code Segment

CbC 1281} b Meta Data Segment (& Data Segment %
NET BHERE LTERTE S (K 412H1F % Context),
F 7z, goto THBUZMLTES Meta Code Segment % &35
352 LT, Code Segment &5 LDEHidH X XEHHE L L
TEHTE D (X412H51)5 meta), meta ZYJDFHR L Z
& T Code Segment 25T 5 Z L7 A XFHHEDA %L
HEHIeNTED,

AREFEOH L LT, A€ EHOMIZ S FISLEE X
TRy NI =0T VR AREDVDH B, MEDFEE
RIET DL AXGEEZEHRT S LT, UL %
BUERICIRT 5 Z &M TE S [5],

4. CbC Tt L=FER

CbC TRIB I N/ T — XREEIZRERDVH 5, FEAK
CRAMEDT - XEETHY, K/ — Rk Ron%
HYT, ZOOEHAVWTRKOBBIDONT VAEES, 7
HARILER O - DERAL UTOREDOMIZEATDEM%
o,

o % —NIIRFEFLIIROBERD,

o L—bLDMIFETH 5,

o K/ —FIE2200H /) —NE2TLLTHRED (LoTHh

J =R Z i),

// Meta Data Segment
struct Context {
union Data xdata; // Data Segment
unsigned int a; /x A XFHRIZHEIRT — Xx/
};

// Meta Code Segment
__code meta(struct Context* context,
enum Code next) {

/x BEGRITAT 70 D A REHR & Gdidi« /
switch (next) {
case AddTen:
/x FEED Code ~D ARG Segment x/
goto addTen_stub(context);
case Twice:
goto twice_stub(context);

}

// Code Segment

_code addTen(struct Context* context, int a) {
x = x+10;
goto meta(context, Twice);

}

// Code Segment

__code twice(struct Context* context, int x) {
X = X*2;
goto meta(context, ShowValue);

}
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// Data Segment for Red— Black Tree
union Data {
struct Tree {
struct Nodex root;
} tree;
struct Traverse {
struct Nodex current;
int result;
} traverse;
struct Node {
int key;
union Datax value;
struct Nodex left;
struct Nodex right;
enum Color {
Red,
Black,
} color;
} node;

b

// Meta Data Segment

struct Context {
stack_ptr node_stack;
union Data *xdata;
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// Meta Code Segment
__code insertCase2(struct Context* context, struct
Nodex current) {
struct Nodex 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);

}

// Meta Meta Code Segment
__code insert2_stub(struct Context* context) {
goto insertCase2(context, context—>data]

Traverse]— >traverse.current);
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if (akashalnfo.maxHeight >
2xakashalnfo.minHeight) {
goto meta(context, ShowTrace);

}
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