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struct {
struct spinlock lock;
struct run *freelist;
} kmem;
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pub struct KernelHeap(Spinlock<BuddySystem>);
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pub fn acquire(&self) -> SpinlockGuard<' ™ {

push_off();
if self.holding() {
panic!("acquire");

while self.Tlocked.swap(true, Ordering::Acquire){
// Now we signals the processor that it is inside a busy-wait spin-
Toop
spin_loop(Q);
}
fence(ordering: :SeqCst) ;
unsafe {
self.cpu_id.set(cpuid() as isize);

SpinlockGuard{spinlock: &self}

pub fn release(&self) {
if !self.holding() {
panic!("release");
}
self.cpu_id.set(-1);
fence(ordering: :SeqCst);
self.locked.store(false, Ordering::Release);

pop_off();

imp1<T> Deref for SpinlockGuard<'_, T>{
type Target = T;

fn deref(&self) -> &Self::Target {
unsafe{
&*self.spinlock.data.get()

imp1<T> DerefMut for SpinlockGuard<'_, T>{
fn deref_mut(&mut self) -> &mut Self::Target{
unsafe{
&mut *self.spinlock.data.get()



imp1<T> Drop for SpinlockGuard<'_, T>{
fn drop(&mut self){
self.spinlock.release()

}
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pub static mut KERNEL_PAGETABLE:PageTable = PageTable::empty();

impl PageTable{
pub const fn empty() -> Self{
Self{

entries:[PageTableEntry(0); PGSIZE/8]
}
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lazy_static! {
static ref RECEIVE_MBUF:Spi nlock<[MBuf; RECEIVE_RING_SIZE]> =
Spinlock: :new(array![_ => MBuf::new();RECEIVE_RING_SIZE], "receive_mbuf");
static ref TRANSMIT_MBUF:Spinlock<[MBuf;TRANSMIT_RING_SIZE]> =
Spinlock::new(array![_ => MBuf::new() ; TRANSMIT_RING_SIZE], "transmit_mbuf");

}
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pub fn alloc_proc(&mut self) -> Option<&mut Process> {
for p in self.proc.iter_mut() {
Tet mut guard = p.data.acquire(Q);
if guard.state == Procstate::UNUSED {

// An empty user page table



if let Some(page_table) = unsafe { extern_data.proc_pagetable()
P A

} else {
p.freeproc();
drop(guard);
return None

b

telse {

p.freeproc(Q);

drop(guard);

None
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pub fn alloc_proc(&mut self) -> Option<&mut Process> {
for p in self.proc.iter_mut() {
Tet mut guard = p.data.acquire();
if guard.state == Procstate::UNUSED {

// An empty user page table
unsafe{
extern_data.proc_pagetable();

3
}else {
drop(guard);
3
}
None
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// Per-process state
struct proc {
struct spinlock Tlock;

// p->lock must be held when using these:

enum procstate state; // Process state

void *chan; // If non-zero, sleeping on chan

int killed; // If non-zero, have been killed

int xstate; // Exit status to be returned to parent's wait
int pid; // Process ID

// proc_tree_lock must be held when using this:
struct proc *parent; // Parent process

// these are private to the process, so p->lock need not be held.

uint64 kstack; // Virtual address of kernel stack
uint64 sz; // Size of process memory (bytes)
pagetable_t pagetable; // User page table

struct trapframe *trapframe; // data page for trampoline.S
struct context context; // swtch() here to run process
struct file *ofile[NOFILE]; // Open files

struct inode *cwd; // Current directory

char name[16]; // Process name (debugging)
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pub struct Process {
pub data: Spinlock<Procbata>,
pub extern_data: UnsafeCell<ProcExtern>,

pub struct ProcData {
// p->lock must be held when using these
pub state:Procstate,
pub channel:usize, // If non-zero, sleeping on chan
pub killed:usize, // If non-zero, have been killed
pub xstate:usize, // Exit status to be returned to parent's wait
pub pid: usize, // Process ID

pub struct ProcExtern {
// these are private to the process, so p->lock need to be held
pub kstack:usize, // virtual address of kernel stack
pub size:usize, // size of process memory
pub pagetable: Option<Box<PageTable>>, // User page table



pub trapframe: *mut Trapframe, // data page for trampoline.S
pub context: Context, // swtch() here to run processs

pub name: &'static str, // Process name (debugging)

// proc_tree_lock must be held when using this:
pub parent: Option<NonNull<Process>>,

// ToDO: Open files and Current directory
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use bit_field::BitField;
use core::mem::size_of;

// Supervisor Trap Cause

#[inline]

pub unsafe fn read() -> usize {
let ret:usize;

Tlvm_asm! ("csrr $0, scause":"=r"(ret):::"volatile");
ret

}

#[inTine]

pub unsafe fn write(x:usize){
Tlvm_asm! ("csrw scause, $0"::"r"(x)::"volatile");

}

// scause register

#[derive(Clone, Copy)]

pub struct Scause{
bits: usize

// Trap Cause
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
pub enum Trap{
Interrupt(Interrupt),
Exception(Exception),

// Interrupt
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
pub enum Interrupt{

Usersoft,

Supervisorsoft,

UserTimer,

supervisorTimer,

UsereExternal,

Supervisorexternal,

Unknown



// Exception
#[derive(Copy, Clone, Debug, Eq, PartialEq)]
pub enum Exception {

InstructionMisaligned,
InstructionFault,
I1legalInstruction,
Breakpoint,
LoadFault,
StoreMisaligned,
StoreFault,
Userenvcall,
KernelEnvcall,
InstructionPageFault,
LoadPageFault,
StorePageFault,
Unknown

impT Interrupt{

pub fn from(nr: usize) -> self {
match nr{
0 => Interrupt::UsersSoft,

=> Interrupt::Supervisorsoft,

=> Interrupt::UserTimer,
Interrupt::SupervisorTimer,
=> Interrupt::UserExternal,
=> Interrupt::Supervisorgxternal,
=> Interrupt::Unknown
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impl Exception{

pub fn from(nr: usize) -> Self {
match nr {
0 => Exception::InstructionMisaligned,

1 => Exception::InstructionFault,

2 => Exception::IllegalInstruction,
3 => Exception::Breakpoint,

5 => Exception::LoadFault,

6 => Exception::StoreMisaligned,

7 => Exception::StoreFault,

8 => Exception::UserEnvCall,

9 => Exception::KernelEnvcCall,

12 => Exception::InstructionPageFault,
13 => Exception::LoadPageFault,

15 => Exception::StorePageFault,

_ => Exception: :Unknown

impTl Scause{

// new a Scause Object by usize
#[inline]



pub fn new(scause: usize) -> Self{
Self{
bits: scause

}
}
// Returns the contents of the register as raw bits
#[inline]
pub fn bits(&self) -> usize{
self.bits
}

// Returns the code field

pub fn code(&self) -> usize{
Tet bit = 1 << (size_of::<usize>() * 8 -1);
self.bits & !bit

// Trap Cause
#[inTine]
pub fn cause(&self) -> Trap{
if self.is_interrupt() {
Trap::Interrupt(Interrupt::from(self.code()))
}else{
Trap: :Exception(Exception::from(self.code()))

// Is trap cause an interrupt

#[inTine]

pub fn is_interrupt(&self) -> bool{
self.bits.get_bit(size_of::<usize>()*8 - 1)

// Is trap cause an exception

#[inline]

pub fn is_exception(&self) -> bool{
Iself.is_interrupt()
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# gemu -kernel starts at 0x1000. the instructions

# there seem to be provided by gemu, as if it
# were a ROM. the code at 0x1000 jumps to
# 0x80000000, the _entry function here,
# in machine mode. each CPU starts here.
.text
.glob1l _entry

_entry:
# set up a stack for Rust.
# stackO 1is declared below,
# with a 4096-byte stack per CPU.
# sp = stackO + (hartid * 4096)
la sp, stackO
1i a0, 1024*4
csrr al, mhartid
addi al, al, 1
mul a0, a0, al
add sp, sp, a0
# jump to start() in start.rs
call start

.section .data
.align 4
stackO:
.space 4096 * 8 # 8 is NCPU in param.rs
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