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Abstract: x.v6 is an operating system developed at MIT for educational purposes and has a basic Unix
structure. Continuation based C (CbC), developed by our laboratory, is a continuation-oriented language,
and we believe that using continuation will provide an appropriate programming unit and make it easier
to verify. By rewriting x.v6 with CbC, it is thought that the basic functions of the operating system can
be realized without stack. In addition, CbC provides a modularization called Interface, and this makes it
possible to implement, API, and The meta-calculation API can be separated. The current rewriting does not
change the basic structure of x.v6, and it is made to be compatible with the unconverted part. This paper

describes the current rewriting method and discusses its effectiveness and future rewriting policy.
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<<Interface>>
Stack

union Data * stack
union Data * data
union Data * data1
__code next
__code whenEmpty
__code clear
__code push
__code pop
__code pop2
__code isEmpty
__code get
__code get2

———————->

SingleLinkedStack

Stack createSingleLinkedStack
__code clearSingleLinkedStack
__code pushSingleLinkedStack
__code popSingleLinkedStack
__code pop2SingleLinkedStack
__code isEmptySingleLinkedStack
__code getSingleLinkedStack
__code get2SingleLinkedStack
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000000 1: pushSingleLinkedStack

__code stackTestl(struct Stack* stack) {
Node* node = new Node();
node->color = Red;
goto stack->push(node, stackTest2);
}

__code pushSingleLinkedStack_stub(struct
Context* context) {
SingleLinkedStack* stack = (
SingleLinkedStack#)context->data[D_Stack]->
Stack.stack->Stack.stack;

Data* data = context->data[D_Stack]->Stack.
data;

num Code next = context->datal[D_Stack]->
Stack.next;

goto pushSingleLinkedStack(context, stack,
data, next);

}

__code pushSingleLinkedStack(struct
SinglelLinkedStack* stack, union Data* data,
__code next(...)) {
Element* element = new Element();
element->next = stack->top;
element->data = data;
stack->top = element;
goto next(...);
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000000 2: Stack O Interface 19
typedef struct Stack<Impl>{ 20
union Data* stack; 21
union Data* data;
union Data* datal;
__code whenEmpty(...); 22
__code clear(Impl* stack,__code next(...)); |23
__code push(Impl* stack,union Data* data, 24
__code next(...)); 25
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__code pop(Impl* stack, __code next(union
Data*x, ...));
__code pop2(Impl* stack, __code next(union
Data*, union Data*, ...));
__code isEmpty(Impl* stack, __code next
(...), __code whenEmpty(...));
__code get(Impl* stack, __code next(union
Datax, ...));
__code get2(Impl* stack, __code next(union
Data*, union Data*, ...));
__code next(...);

} Stack;
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000000 3: SingleLinkedStack O O O

Stack* createSingleLinkedStack(struct Contextx*
context) {
struct Stack* stack = new Stack();
struct SinglelLinkedStack* singlelLinkedStack
= new SingleLinkedStack();
stack->stack = (union Datax)
singlelLinkedStack;
singleLinkedStack->top = NULL;
stack->push = C_pushSinglelLinkedStack;

stack->pop = C_popSinglelLinkedStack;
stack->pop2 = C_pop2SinglelLinkedStack;
stack->get = C_getSinglelLinkedStack;

stack->get2 = C_get2SinglelLinkedStack;
stack->isEmpty = C_isEmptySinglelLinkedStack
stack->clear =
return stack;

C_clearSinglelLinkedStack;
b

__code clearSingleLinkedStack(struct
SingleLinkedStack* stack,__code next(...))
{
stack->top = NULL;
goto next(...);

5 ——

}

_code pushSingleLinkedStack(struct
SinglelLinkedStack* stack,union Data* data,
__code next(...)) {
Element* element =
element->next = stack->top;
element->data = data;
stack->top = element;

new Element();
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goto next(...);

000000 4: SingleLinkedStack 000000

struct SingleLinkedStack {
struct Element* top;
} SingleLinkedStack;

struct Element {
union Data* data;
struct Element* next;
} Element;
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static int (*syscalls[]) (void) = {

[SYS_fork] =sys_fork,
[SYS_exit] =sys_exit,
[SYS_wait] =sys_wait,
[SYS_pipel =sys_pipe,
[SYS_read] =sys_read,
[SYS_kill] =sys_kill,
[SYS_exec] =sys_exec,
[SYS_fstat] =sys_fstat,
[SYS_chdirl] =sys_chdir,
[SYS_dup] =sys_dup,
[SYS_getpid] =sys_getpid,
[SYS_sbrk] =sys_sbrk,
[SYS_sleep]  =sys_sleep,
[SYS_uptime] =sys_uptime,
[SYS_open] =sys_open,
[SYS_writel =sys_write,
[SYS_mknod] =sys_mknod,
[SYS_unlink] =sys_unlink,
[SYS_link] =sys_link,
[SYS_mkdir] =sys_mkdir,
[SYS_close] =sys_close,

};
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goooogg 6: syscall()

void syscall(void)
{

int num;

int ret;

num = proc->tf->r0;

if ((num >= NELEM(syscalls)) && (num <=
NELEM(cbccodes)) && cbccodes[num]) {
proc->cbc_arg.cbc_console_arg.num = num

>

}

goto (cbccodes [num]) (cbc_ret);

if ((num > 0) && (num <= NELEM(syscalls)) &&
syscalls[num]) {
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ret = syscalls[num] Q);

// in ARM, parameters to main (argc,
argv) are passed in rO and ri

// do not set the return value if it is
SYS_exec (the user program

// anyway does not expect us to return
anything) .

if (num != SYS_exec) {

proc—>tf->r0 = ret;

}
} else {

cprintf ("%d %s: unknown sys call %d\n",
proc->pid, proc->name, num);

proc—>tf->r0 = -1;

}

000000 700read D000000O0OC0OCOOODO
o000 8O0 Ch¢cOOOOOOOOOODOOOChKCO C
cOooocoOoocbooocboooboobobooboooboooao
0000000000 O00000Code Gear OOODODOO
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000000 7: cbecread 0000000

_code cbc_read(__code (*next) (int ret)){
struct file *f;
int n;
char *p;

if(argfd(0, 0, &f) < 0 || argint(2, &n) < O
|| argptr(l, &p, n) < 0) {
goto next(-1);

}

goto cbc_fileread(f, p, n, next);
}

000000 8 read 0000000

int sys_read(void)
{

struct file *f;

int n;

char *p;

if (argfd(0, 0, &f) < 0 || argint(2, &n) < O

|l argptr(1, &p, n) < 0) {
return -1;

}

return fileread(f, p, n);
}
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OO0O0O0ODOO0ODO0 Code Gear OODOOOOODOO
ooooo0bOOoOooOoOoOooOoobooooooooooo
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__code cbc_filereadl (int r)
{
struct file *f = proc->cbc_arg.
cbc_console_arg.f;
__code (*next) (int ret) = cbc_ret;
if (r > 0)
f->o0ff += r;
iunlock(f->ip);
goto next(r);

}

__code cbc_fileread (struct file *f, char *addr
, int n, __code (*next) (int ret))
{
if (f->readable == 0) {
goto next(-1);
}

if (f->type == FD_PIPE) {

goto cbc_piperead(f->pipe, addr, n,
next) ;

goto next(-1);
+

if (f->type == FD_INODE) {
ilock(f->ip);
proc->cbc_arg.cbc_console_arg.f = f;
goto cbc_readi(f->ip, addr, f->off, n,

cbc_filereadl);

}

goto cbc_panic("fileread");

go0o0o0dOo 10: 000000 fileread

int fileread (struct file *f, char *addr, int n
)
{

int r;

if (f->readable == 0) {
return -1;
}

if (f->type == FD_PIPE) {
return piperead(f->pipe, addr, n);

}

if (f->type == FD_INODE) {
ilock(f->ip);

if ((r =
>0) {
f->o0ff += r;
}

readi(f->ip, addr, f->off, n))

iunlock (f->ip);

return r;

}

panic("fileread");

Ooooobo nnoobooboo0oo 1200000000
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0111100000 Code Gear 00000 OO cbe_devsw
0000000 130000000000 cbe_consoleread
oooooog

000000 1l:readid ChbCOOOOOO

__code cbc_readi (struct inode *ip, char #*dst,

uint off, uint n, __code (*next) (int ret))
{
uint tot, m;
struct buf *bp;
if (ip->type == T_DEV) {
if (ip—>major < 0 || ip->major >= NDEV
Il !'cbc_devswlip->major] .read) {
goto next(-1);
}
goto cbc_devsw[ip->major].read(ip, dst,
n, next);
}
if (off > ip->size || off + n < off) {
goto next(-1);
}
if (off + n > ip->size) {
n = ip—>size - off;
}
for (tot = 0; tot < n; tot += m, off += m,
dst +=m) {
bp = bread(ip->dev, bmap(ip, off /
BSIZE));
m = min(n - tot, BSIZE - off%BSIZE);
memmove (dst, bp->data + off Y BSIZE, m)
brelse(bp);
}
goto next(n);
¥

000000 122000000 readi

int readi (struct inode *ip, char *dst, uint
off, uint n)

uint tot, m;
struct buf *bp;

if (ip->type == T_DEV) {
if (ip—>major < O || ip->major >= NDEV

|l !'devswl[ip->major].read) {
return -1;
}
return devsw[ip->major].read(ip, dst, n
)
}

if (off > ip->size || off + n < off) {
return -1;

}

if (off + n > ip->size) {
n = ip—>size - off;
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}

for (tot = 0; tot < n; tot += m, off +=m,
dst +=m) {

bp = bread(ip->dev, bmap(ip, off /
BSIZE));

m = min(n - tot, BSIZE - offJ}BSIZE);
memmove (dst, bp->data + off Y% BSIZE, m)
brelse(bp);
}
return n;
}
000000 13: consoleinit
void consoleinit (void)
{
initlock(&cons.lock, "console");
initlock(&input.lock, "input");
devsw [CONSOLE] .write = consolewrite;
devsw[CONSOLE] .read = consoleread;
cbc_devsw[CONSOLE] .write = cbc_consolewrite
cbc_devsw[CONSOLE] .read = cbc_consoleread;
cons.locking = 1;
}

000000 14 0 cbe_consoleread OO OO O0O0OO

15000000000000000000 141105000
OO0 sleep0000D000O0OD0O0ODOODOODOO
O0D00Odsleep OO consoleread D0 OO0OOOODOO
ooo

000000 14: consoleread O ChbCOOOOOO

__code cbc_consoleread2 ()

{

}

struct inode *ip = proc->cbc_arg.
cbc_console_arg.ip;
__code(*next) (int ret) = proc->cbc_arg.
cbc_console_arg.next;
if (input.r == input.w) {
if (proc->killed) {
release(&input.lock);
ilock(ip);
goto next(-1);
}
goto cbc_sleep(&input.r, &input.lock,
cbc_consoleread?) ;
¥

goto cbc_consolereadl();

__code cbc_consolereadl ()

{

int cont = 1;

int n = proc->cbc_arg.cbc_console_arg.n;
int target = proc->cbc_arg.cbc_console_arg.
target;

char* dst = proc->cbc_arg.cbc_console_arg.
dst;

struct inode *ip = proc->cbc_arg.
cbc_console_arg.ip;
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__code(*next) (int ret) = proc->cbc_arg.
cbc_console_arg.next;
int ¢ = input.buf [input.r++ % INPUT_BUF];
if (¢ == Cc(’°D*)) { // ECOF
if (n < target) {

// Save "D for next time, to make
sure

// caller gets a O-byte result.

input.r--;

cont = 0;

}

*dst++ = c;
--n;

if (¢ ==
cont = 0;

}

if (cont == 1) {
if (@ > 0) {
proc—>cbc_arg.cbc_console_arg.n = n

proc—>cbc_arg.cbc_console_arg.

target = target;
proc->cbc_arg.cbc_console_arg.dst =
dst;
proc—>cbc_arg.cbc_console_arg.ip =
ip;
proc—>cbc_arg.cbc_console_arg.next
= next;

goto cbc_sleep(&input.r, &input.
lock, cbc_consoleread?2);
}
}

release(&input.lock);
ilock(ip);

goto next(target - n);
¥

__code cbc_consoleread (struct inode *ip, char

*dst, int n, __code(*next) (int ret))
{
uint target;
iunlock(ip);
target = n;
acquire (&input.lock) ;
if (n > 0) {
proc—>cbc_arg.cbc_console_arg.n = n;
proc—>cbc_arg.cbc_console_arg.target =
target;
proc—>cbc_arg.cbc_console_arg.dst = dst
proc->cbc_arg.cbc_console_arg.ip = ip;
proc—>cbc_arg.cbc_console_arg.next =
next;
goto cbc_consoleread2();
+
goto cbc_consolereadl();
}
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000000 15: 000000 consoleread
int consoleread (struct inode *ip, char xdst,
int n)
{
uint target;
int c;
iunlock(ip);
target = n;
acquire(&input.lock);
while (n > 0) {
while (input.r == input.w) {
if (proc->killed) {
release(&input.lock);
ilock(ip);
return -1;
}
sleep(&input.r, &input.lock);
}
¢ = input.buf [input.r++ % INPUT_BUF];
if (¢ == Cc(’°D’)) { // ECOF
if (n < target) {
// Save "D for next time, to
make sure
// caller gets a O-byte result.
input.r--;
}
break;
}
*dst++ = c;
--n;
if (¢ == ’\n’) {
break;
}
}
release(&input.lock);
ilock(ip);
return target - n;
}

cbhCOOOOOOOOOOODOOOOOOOODOOO0O0
ooooOoooboooooboocoooooooboooo
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