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Verification method of programs using Continuation based C
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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.
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__code addTen(int a) {
int b = a+10;
goto twice(b);

}

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

}
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union Data {
struct Count {
int x;
} count;
struct Port {
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 = 2xx;
goto showValue(y);

}
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// Meta Data Segment

struct Context {
union Data xdata; // Data Segment
unsigned int gotoCount; // A XFHHEICHEL T — &
unsigned int stepOfAddTen;

};

// Meta Code Segment
__code meta(struct Context* context,
enum Code next) {
countext.gotoCount++;

J/x FERIREZAT 8 D A REMA A Gk« /
switch (next) {
case AddTen:
/) HED Code ~D A RFH Segment
context.stepOfAddTen++;
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 *xxdata;
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// Meta Code Segment
__code insertCase2(struct Context* context, struct Node
* 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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// Data Segment
union Data {
struct Tree { /* ...
struct Node { /* ...

x/ } tree;
*/ } node;

/* for verification */
struct IterElem {
unsigned int val;
struct IterElem* next;
} iterElem;
struct Iterator {
struct Treex tree;
struct Iterator* previousDepth;
struct IterElemx* head;
struct IterElemx last;
unsigned int iteratedValue;
unsigned long iteratedPointDataNum;
voidx iteratedPointHeap;
} iterator;
struct Akashalnfo {
unsigned int minHeight;
unsigned int maxHeight;
struct AkashaNodex akashaNode;
} akashalnfo;
struct AkashaNode {
unsigned int height;
struct Node* node;
struct AkashaNodex nextAkashaNode;
} akashaNode;
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__code getMinHeight(struct Context* context,
struct AkashaNodex left,
struct AkashaNodex right,
struct Akashalnfox ai) {
const struct AkashaNodex an = ai—>akashaNode;

if (an == NULL) {
ai—>akashaNode—>height = 1;
ai—>akashaNode—>node = context—>data[Tree
]—>tree.root;

goto getMaxHeight_stub(context);

}

const struct Nodex n = ai—>akashalNode—>node;
if (n—>left == NULL && n—>right == NULL) {
if (ai—>minHeight > an—>height) {
ai—>minHeight = an—>height;
ai—>akashaNode = an—>nextAkashaNode;
goto getMinHeight_stub(context);
}
}

ai—>akashaNode = ai—>akashaNode—>
nextAkashaNode;

if (n—>left != NULL) {
left—>height = an—>height+1;
left—>node = node—>left;
left— >nextAkashaNode = ai—>akashaNode;
ai—>akashaNode = left;

}

if (n—>right != NULL) {
right—>height = an—>height+1;
right—>node = node— >right;
right—>nextAkashaNode = ai—>akashaNode;
ai—>akashaNode = right;

}

goto getMinHeight_stub(context);
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void verifySpecification(struct Context* context,
struct Treex tree) {
assert(!(maxHeight(tree—>root, 1) >
2xminHeight(tree—>root, 1)));
return meta(context, Enumeratelnputs);

}
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void enumeratelnputs(struct Context* context,
struct Nodex node) {
if (context—>loopCount >
LIMIT_OF_VERIFICATION_SIZE) {
return meta(context, Exit);

}

node—>key = nondet_int();
node—>value = node—>key;
context—>next = VerifySpecification;
context—>loopCount++;

return meta(context, Put);
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