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creat() - Q& —2 X

open(), write(), close() - X XHE—NMdibuffer,FEHEM R HANsizer—1
data block, T i —RE (5 XHME SR LR B EEHE —1data block) &k
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link() — X3Cf6)—/MEFER: (hard link)
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vs stz 4l

superblock : mffjinode#{&, n[fdata block#i&
inode bitmap : inodefI4rfcE (ETFbitmap)
inodes : inodefyfEfE X 5

data bitmap : data block7rEcKE (ZETbitmap)
data : data blockf7eEfi# X 5

vs s 58 Hdn 4544 -
inodei&?&%*@:
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inode : @&34fields, A list Fr

file type: f —> ¥#H Xk regular file, d —> HFEfF: directory

data block addr of file content: -1 —> file is empty

reference count: file/directoryfi5|Hit#, FREdirectoryf sl HitEUe e e H &
Hiif inode 4k

VERE. tetm, WA — A2 inode:  [fa:-1r:1], —ANELINMEEER C1inode [f
a:10 r:2]

B He ] R 5 :

— M XHERNER RN AREERANT7RMlist, 5 —14data block, tktm['a'l,

['b'] .....

HRENERER: ZHMWIC4 (name, inode_number) Emifflist, tein, WH [(.,0)
(..,0)], EEFOET A" XHOREXIG,0) (..,0) (f,1)] .

EE: PNHEHFOHZIRAN R ERR. block.maxUsed = 32
ERE: data blockIMNEUEARM, N fs.numData
R inodefI M EUERARI, A fs.numInodes

TR RG] T

fs.ibitmap: inode bitmap 11110000

fs.inodes: [d a:0 r:5] [f a:1 r:1] [f a:-1 r:1] [d a:2 r:2] [] ...
fs.dbitmap: data bitmap 11100000

fs.data: [(.,0) (..,0) (y,1) (z,2) (x,3)] [ul [(.,3) (..,0)] [I ...

LK. RS H8 M 1inodeZ H, 84 data blocks. H, HREFOESANEFET, “.”7,
« 2 , «y” , “o7 , “x” o ﬁzﬁ «y» Eﬁ%}hj’ﬁ: ﬁﬁi/ﬁ:wg’ @/‘\—‘/\data b-LOCk’
I#W%‘d} “u” . “z27 RATHEICE. “x” R NEZEUE, £ HZR.

IR vs fsHIURIRE -

inode bitmap 10000000

inodes [d a:@ r:2] [1 [1 [1 [1 01 [1 01
data bitmap 10000000

data [(¢.,0) (..,0)1 [1 [1 [1 [1 111111

T 1A 12 T R (1 B0 IR S AL AL (16 B2 FH P 5 A 2 s 2

1) inode bitmap 11000000

inodes [d @:0 r:3] [d a:1 r:2] [1 [1 [1 [1 [1 [I

data bitmap 11000000

data [.,o) (..,0) (c,1)1 [(.,1) (..,@)1 [1 [1 [1 [1 [1 []

2) inode bitmap 11100000
inodes [d a:0 r:3] [d a:1 r:3] [f a:-1 r:1] [1 [1 [1 [1 I
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)

data bitmap 11000000
data [.,0) (..,0) (c,1)1 [(.,1) (..,0) (h,2)] [1 [1 [1 [1 [1 [J

3) inode bitmap 11100000

inodes [d a:0 r:3] [d a:1 r:4] [f a:-1 r:2] [1 [1 [1 [1 I

data bitmap 11000000

data [(.,0) (..,0) (c,1)] [(.,1) (..,0) (h,2) (p,2)] [1 [1 [1 [1 [1 []

4) 1inode bitmap 11100000

inodes [d a:@ r:3] [d a:1 r:3] [f a:-1 r:1] [1 [1 [1 [1 II

data bitmap 11000000

data [(.,e) (..,0) (c,1)1 [(.,1) (..,0) (p,2)] [1 [1 [1 [1 1 II

5) inode bitmap 11000000

inodes [d @a:0 r:3] [d a:1 r:2] [1 [1 [1 [1 [1 []

data bitmap 11000000

data [.,e) (..,0) (c,1)1 [(.,1) (..,@)1 [1 [1 [1 [1 [1 []

6> 1inode bitmap 11100000

inodes [d a:0 r:3] [d a:1 r:3] [f a:-1 r:1] [1 [1 [1 [1 I

data bitmap 11000000

data [.,e) (..,0) (c,1)1 [(.,1) (..,0) (f,2)1 [1 [1 [1 [1 [1 I[I

=. (16 43> £ ucore ' enum proc_state & A& LT VUM
PROC_UNINIT, PROC_SLEEPING, PROC_RUNNABLE, PROC_ZOMBIE.
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==== producer-consumer.cpp =====
#include <stdio.h>

#include <pthread.h>

#include <semaphore.h>

#include <cstring>

#include <unistd.h>

#include <string>

#include <cstdlib>

#include <new> // ::operator new[]
using namespace std;

#define BUFFER_SIZE 3
#define SLEEP_SPAN 5
#define WORK_SPAN 4

#define PRODUCER 0
#define CONSUMER 1

int iflag = 0;

int oflag = 0;

sem_t empty, full, mutex;
int empty_count, full_count;
int data_num = 0;

int num = 0;

int buffer[BUFFER_SIZE] = {};

int p_task_done = -1;

int c_task_done = -1;

struct arg_struct{

arg_struct(int _id, int _start, int _work, string _indent): id(_id), start(_start), work(_work),
indent(_indent){}

arg_struct(int _id): id(_id), start(@), work(®@), indent(string("")){}

int id;

int start;

int work;

string indent;
};

voidkx producer(voidx argv){
arg_struct arg = x(arg_structx)argv;

int id = arg.id;




const charx indent = arg.indent.c_str();

sleep(arg.start);

printf("%sSTART\n", indent);

sem_wait(&mutex);

printf("%saMUTEX\n", indent);

sem_wait(&empty);
printf("%saEMPTY\n", indent);

printf("%sENTER\n", indent);

int time = rand()%SLEEP_SPAN;

sleep(arg.work);

p_task_done++;

printf("%sProd %d\n", indent, p_task_done);

buffer[iflag]l = p_task_done;

if (empty_count == @) printf("Error: Produce while no empty\n");
iflag = (iflag + 1) % BUFFER_SIZE;

empty_count——;

full_count++;

printf("%sEXIT\n", indent);

sem_post(&mutex);
printf("%srMUTEX\n", indent);

sem_post(&full);
printf("%ssrFULL\n", indent);

return NULL;

void* consumer(void* argv){

arg_struct arg = x(arg_structx)argv;

int id = arg.id;

const charx indent = arg.indent.c_str();

sleep(arg.start);

printf("%sSTART\n", indent);




sem_wait(&full);
printf("%ssaFULL\n", indent);

sem_wait(&mutex);

printf("%saMUTEX\n", indent);

printf("%sENTER\n", indent);

sleep(arg.work);

++c_task_done;

if (full_count == @) printf("Error: Consume while no full\n");

int tmp = buffer[oflagl;

printf("%sCons %d\n", indent, tmp);

oflag = (oflag + 1) % BUFFER_SIZE;
if (c_task_done !'= tmp) printf("Error: Consume data wrong\n");

if (c_task_done > p_task_done) printf("Error: Over—consume!\n");

full_count——;

empty_count++;

printf("%sEXIT\n", indent);

sem_post(&mutex);
printf("%srMUTEX\n", indent);

sem_post(&empty);
printf("%srEMPTY\n", indent);

return NULL;

#define N 3
void testcase_producer_consumer(int ThreadNumber, int inst[2 * N][3]1){
pthread_t * p_consumer = new pthread_t[ThreadNumber];

pthread_t * p_producer = new pthread_t[ThreadNumber];

int c_count = @, p_count = 0;

printf("testcase_producer_consumer:\n");

/* For managed creation of 'ThreadNumber' threads */

int st_time = 0;




/* Print the first line %/
int tmp_c = 0, tmp_p = 0;
for (int i = @; i < ThreadNumber; i++){
if (inst[i][@] == PRODUCER){
printf("P%sd\t", tmp_p++);
} else if (inst[il[@] == CONSUMER){
printf("Csd\t", tmp_c++);

¥
printf("\n");

/* Create Producers and Consumers according to $instx*/
int rc;
string indent("");
for (int i = @; i < ThreadNumber; i++){
if (inst[i][@] == PRODUCER){
rc =pthread_create(p_producer + p_count, NULL, producer, newarg_struct(p_count, inst[i] [1],
inst[i] [2], indent));
if (rc) printf("ERROR\Nn");
p_count++;
} else if (inst[i]l[@] == CONSUMER){
rc =pthread_create(p_consumer + c_count, NULL, consumer, newarg_struct(c_count, inst[i] [1],
inst[i] [2], indent));
if (rc) printf("ERROR\n");
c_count++;
}

indent += '\t';

/* wait until every thread finishesx/
for (int i = 0; i < p_count; i++){
pthread_join(p_producer[il, NULL);
}
for (int 1 = 0; i < c_count; i++){
pthread_join(p_consumer[i]l, NULL);
}
delete[] p_producer;
delete[] p_consumer;
¥
int main(int argc, charxx argv) {

srand((unsigned)time(NULL));

memset(buffer, @, sizeof(int) *x BUFFER_SIZE);

sem_init(&mutex, 0, 1);

sem_init(&empty, @, BUFFER_SIZE);




sem_init(&full, 0, 0);

empty_count = BUFFER_SIZE;
full_count = 0;

/* For managed creation of 2 *x N threads */

int ThreadNumber = 2 % N ;

int st_time = 0;

int inst[2 * N][3] = {
/* { Consumer or Producer to be create?,
When does it start to work after being created?, st_stime += N means it starts N seconcds later

than the previous P/C

How long does it work after it enters critical zone? } %/
{CONSUMER, st_time += 0, 2},
{CONSUMER, st_time += 1, 2},
{CONSUMER, st_time += 2, 2},
{PRODUCER, st_time += 3, 2},
{PRODUCER, st_time += 4, 2},
{PRODUCER, st_time += 5, 2}

I

testcase_producer_consumer(ThreadNumber, inst);

st_time = 0;

int inst2[2 % N]1[3] = {

{PRODUCER, st_time += 0@, 2},
{PRODUCER, st_time += 1, 2},
{CONSUMER, st_time += 2, 2},
{CONSUMER, st_time += 3, 2},
{PRODUCER, st_time += 4, 2},
{CONSUMER, st_time += 5, 2}

+;
testcase_producer_consumer(ThreadNumber, inst2);

return 0;

I A5 B PAT i ) 45 2R
xyong@ubuntu-xyong:~/work$ gcc producer—consumer.cpp —lpthread -lstdc++
xyong@ubuntu-xyong:~/work$ ./a.out

testcase_producer_consumer:

co C1 c2 PO P1 P2
START
START
START
START
aMUTEX
aEMPTY




ENTER

Prod 0
EXIT
rMUTEX
rFULL
aFULL
aMUTEX
ENTER
START
Cons 0
EXIT
aMUTEX
aEMPTY
ENTER
rMUTEX
rEMPTY
Prod 1
EXIT
rMUTEX
rFULL
aFULL
aMUTEX
ENTER
Cons 1
EXIT
rMUTEX
reEMPTY
START
aMUTEX
aEMPTY
ENTER
Prod 2
EXIT
rMUTEX
rFULL
aFULL
aMUTEX
ENTER
Cons 2
EXIT
rMUTEX
rEMPTY
testcase_producer_consumer:
PO P1 co C1 P2 Cc2

START




aMUTEX
aEMPTY
ENTER
START
Prod 3
EXIT
rMUTEX
rFULL
aMUTEX
aEMPTY
ENTER
START
aFULL
Prod 4
EXIT
rMUTEX
rFULL
aMUTEX
ENTER
START
aFULL
Cons 3
EXIT
rMUTEX
rEMPTY
aMUTEX
ENTER
Cons 4
EXIT
rMUTEX
rEMPTY
START
aMUTEX
aEMPTY
ENTER
Prod 5
EXIT
rMUTEX
rFULL
START
aFULL
aMUTEX
ENTER
Cons 5
EXIT
rMUTEX
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rEMPTY
xXyong@ubuntu-xyong:~/work$

75y (16 43) THIZKT ucore P AR 2L i P AR B0 AXAD o 15 58 BT T 3E 23 A0 ACAG b 42
1) 7£ sh W4T BN "args 1" FHaH 1 args, W sh A _(1a)
QU FT IR _(1b)_ K args gz bk . (112 R G0 A A4 PR RIET)

2) % args M INE EE i load_icode 521k, iH4h4LL FACHY.
// load_icode - called by sys_exec——>do_execve

static int

load_icode(int fd, int argc, char sxkargv) {

/* LAB8:EXERCISE2 YOUR CODE HINT:how to load the file with handler fd in to process's memory? how

to setup argc/argv?

* MACROs or Functions:

* mm_create — create a mm

* setup_pgdir - setup pgdir in mm

* load_icode_read - read raw data content of program file

* mm_map - build new vma

* pgdir_alloc_page - allocate new memory for TEXT/DATA/BSS/stack parts
* ler3 - update Page Directory Addr Register —- CR3

*/

/* (1) create a new mm for current process
* (2) create a new PDT, and mm->pgdir= kernel virtual addr of PDT

* (3) copy TEXT/DATA/BSS parts in binary to memory space of process

* (3.1) read raw data content in file and resolve elfhdr

* (3.2) read raw data content in file and resolve proghdr based on info in elfhdr
* (3.3) call mm_map to build vma related to TEXT/DATA

* (3.4) callpgdir_alloc_page to allocate page for TEXT/DATA, read contents in file
* and copy them into the new allocated pages

* (3.5) callpgdir_alloc_page to allocate pages for BSS, memset zero in these pages
* (4) call mm_map to setup user stack, and put parameters into user stack

* (5) setup current process's mm, cr3, reset pgidr (using lcr3 MARCO)

* (6) setup uargc and uargv in user stacks

* (7) setup trapframe for user environment

*x (8) if up steps failed, you should cleanup the env.

*/

assert(argc >= 0 && argc <= EXEC_MAX_ARG_NUM);
if (current—>mm != NULL) {

panic("load_icode: current->mm must be empty.\n");

int ret = -E_NO_MEM;

struct mm_struct *xmm;

11 T/4 18 |




if ((mm = mm_create()) == NULL) {
goto bad_mm;

}

if (setup_pgdir(mm) !'= @) {

goto bad_pgdir_cleanup_mm;

struct Page xpage;

struct elfhdr __elf, *xelf = & elf;
if ((ret = load_icode_read(fd, elf, _(2a)_, 0)) !'= 0) {
goto bad_elf_cleanup_pgdir;

if (elf->e_magic !'= ELF_MAGIC) {
ret = —-E_INVAL_ELF;
goto bad_elf_cleanup_pgdir;

struct proghdr __ph, *ph = &_ph;
uint32_t vm_flags, perm, phnum;
for (phnum = @; phnum < elf->e_phnum; phnum ++) {
off_t phoff = elf->e_phoff + sizeof(struct proghdr) * phnum;
if ((ret = load_icode_read(fd, ph, sizeof(struct proghdr), phoff)) !=0) {

goto bad_cleanup_mmap;

}

if (ph->p_type !'= ELF_PT_LOAD) {
(2b)

}

if (ph->p_filesz > ph->p_memsz) {
ret = —E_INVAL_ELF;

goto bad_cleanup_mmap;

}

if (ph->p_filesz == 0) {
continue ;

}

vm_flags = @, perm = PTE_U;

if (ph—>p_flags & ELF_PF_X) vm_flags |= VM_EXEC;
if (ph—->p_flags & ELF_PF_W) vm_flags |= VM_WRITE;
if (ph->p_flags & ELF_PF_R) vm_flags |= VM_READ;
if (

if (

vm_flags & VM_WRITE) perm |= PTE_W;

(ret = mm_map(mm, ph->p_va, ph->p_memsz, vm_flags, NULL)) != 0) {
goto bad_cleanup_mmap;

}

off_t offset = ph->p_offset;

size_t off, size;
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uintptr_t start = ph—->p_va, end, la = ROUNDDOWN(start, PGSIZE);

ret = —E_NO_MEM;

end = ph->p_va + ph->p_filesz;
while (start < end) {
if ((page = pgdir_alloc_page(mm—>pgdir, la, perm)) == NULL) {
ret = —-E_NO_MEM;
goto bad_cleanup_mmap;
}
off = start - la, size = PGSIZE - off, la += PGSIZE;
if (end < la) {
size —= la - end;
}
if ((ret = load_icode_read(fd, page2kva(page) + off, size, offset)) != 0) {
goto bad_cleanup_mmap;
}
start += size, offset += size;

}

end = ph->p_va + ph->p_memsz;

if (start < la) {
/* ph—>p_memsz == ph->p_filesz */
if (start == end) {
continue ;
¥
off = start + PGSIZE - 1la, size = PGSIZE - off;
if (end < la) {
size —= la - end;
¥
memset (page2kva(page) + off, 0, size);
start += size;

assert((end < la & start == end) || (end >= la && start == 1a));
}

while (start < end) {

if ((page = pgdir_alloc_page(mm—>pgdir, la, perm)) == NULL) {
ret = —-E_NO_MEM;
goto bad_cleanup_mmap;

}

off = start - la, size = PGSIZE - off, la += PGSIZE;

if (end < la) {
size —= la - end;

}

memset (page2kva(page) + off, 0, size);

start += size;
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¥
sysfile_close(fd);

vm_flags = VM_READ | VM_WRITE | VM_STACK;
if ((ret = mm_map(mm, _(2c)_, USTACKSIZE, vm_flags, NULL)) !'= @) {

goto bad_cleanup_mmap;
}
assert(pgdir_alloc_page(mm—>pgdir, USTACKTOP-PGSIZE , PTE_USER) != NULL);
assert(pgdir_alloc_page(mm—>pgdir, USTACKTOP-2%PGSIZE , PTE_USER) != NULL);
assert(pgdir_alloc_page(mm—>pgdir, USTACKTOP-3%PGSIZE , PTE_USER) != NULL);
( (

assert(pgdir_alloc_page(mm—>pgdir, USTACKTOP-4xPGSIZE , PTE_USER) != NULL);

mm_count_inc(mm);

current—>mm = mm;

current->cr3 = PADDR(mm->pgdir);
1cr3(PADDR (mm->pgdir));

//setup argc, argv
uint32_t argv_size=0, 1i;
for (i = 0; i < argc; i ++) {

argv_size += strnlen(kargv[i],EXEC_MAX_ARG_LEN + 1)+1;

uintptr_t stacktop = USTACKTOP - (argv_size/sizeof(long)+1)*sizeof(long);

charsx uargv=(char xx)(stacktop - argc *x sizeof(char x));

argv_size = 0;
for (i = 0; 1 < argc; i ++) {
uargv[i] = strcpy((char %) (stacktop + argv_size ), kargvl[il);
(2d)

stacktop = (uintptr_t)uargv - sizeof(int);

*(int x)stacktop = _(2e)_;

struct trapframe *tf = current—>tf;
memset(tf, @, sizeof(struct trapframe));
tf->tf_cs = USER_CS;
tf—>tf_ds = tf—>tf_es = tf-—>tf_ss = USER_DS;
tf->tf_esp = stacktop;
tf->tf_eip = elf->e_entry;
tf->tf_eflags = FL_IF;
ret = 0;

out:
return ret;

bad_cleanup_mmap:
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exit_mmap(mm);
bad_elf_cleanup_pgdir:

put_pgdir(mm);
bad_pgdir_cleanup_mm:

mm_destroy(mm);
bad_mm:

goto out;

3) SERNEJE = MNARZERZIH A . EA e i AR R

(B R T NEB > BRI 8%, A A R o )
0xb000000

oxaffffff8 |61 72 67 73| // 'args'

Oxaffffffd | (3a)

Oxaffffffg_I____;;;;__
Oxafffffe;_I____;;;;__
Oxafffffe;_I____;;;;__

W A EREHAN main Bk, WEAPITL RS,

//////// user/libs/initcode.S //////////
text

.globl _start

_Start:

movl $0x0, %ebp

movl (%esp), %ebx

lea 0x4(%esp), %ecx
subl $0x20, %esp

pushl %ecx

pushl %ebx

call umain
1: jmp 1b
////////// user/libs/umain.c ////////////
#include <ulib.h>

#include <unistd.h>

it

A N

I\

i) IR

-

LIEH .
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#include <file.h>
#include <stat.h>

int main(int argc, char xargvl[]);

static int

initfd(int fd2, const char xpath, uint32_t open_flags) {
int fdl, ret;
if ((fdl = open(path, open_flags)) < 0) {

return fdl;

}
if (fdl !'= fd2) {
close(fd2);
ret = dup2(fdl, fd2);
close(fdl);
}
return ret;
}
void

umain(int argc, char xargv[]) {

int fd;

if ((fd = initfd(@, "stdin:", O_RDONLY)) < @) {
warn("open <stdin> failed: %e.\n", fd);

}

if ((fd = initfd(1, "stdout:", O_WRONLY)) < @) {
warn("open <stdout> failed: %e.\n", fd);

}

int ret = main(argc, argv);

exit(ret);

4) B main RKHLL "return ;" 4iW, HUEREFERN SIS, @i _(4a)
BANKE. 2% do_exit U4, HEESER T TR SO HR AT AR

BCE RN AR A . Mg S5 Ar b QR (A« _(4b)_. (while 7E¥#E7)
do_exit "izitie i WA IFRE &R, Flan _(4c)_. eNTRE _(4d)_ HHRIKL.

int
do_exit(int error_code) {
if (current == idleproc) {

panic("idleproc exit.\n");

}

if (current == initproc) {
panic("initproc exit.\n");

}

struct mm_struct *xmm = current—>mm;

if (mm != NULL) {
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lcr3(boot_cr3);
if (mm_count_dec(mm) == 0) {
exit_mmap (mm);
put_pgdir(mm);
mm_destroy(mm) ;
}
current->mm = NULL;
}
put_fs(current); //for LABS
current—>state = PROC_ZOMBIE;

current—>exit_code = error_code;

bool intr_flag;
struct proc_struct *xproc;
local_intr_save(intr_flag);
{
proc = current->parent;
if (proc—>wait_state == WT_CHILD) {
wakeup_proc(proc);
}
while (current—>cptr != NULL) {
proc = current->cptr;

current->cptr = proc—>optr;

proc—>yptr = NULL;

if ((proc->optr = initproc->cptr) != NULL) {
initproc—>cptr->yptr = proc;

¥

proc->parent = initproc;

initproc->cptr = proc;

if (proc->state == PROC_ZOMBIE) {
if (initproc—>wait_state == WT_CHILD) {

wakeup_proc(initproc);

b

local_intr_restore(intr_flag);

schedule();

panic("do_exit will not return!! %d.\n", current->pid);

. (159p) —WEELISIN B ek, WA A 3 HEEM — Gk, BAMER 1240 EIX . RAMITLIE
BERXO~IL, PEMEGELE S B X12~23, i W IHLIE 65 B X 24~25. R EFoR, aTDE
BRI AL EAE MWL IE ) B X6 1A B, B3 X 105 B X 64E—MiLIE L.
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Queue:

[10]
SE R R A s DX ) U )37 R B ) L 4
FIERE] (seek time)+)igi% A (rotational time) +{&%ilf A (transfer time) . i,
ucore K HVIRIERFHZIN['10" ], HEPHAE XX 105 MG K, TR AL 3% U5 735 3R i
EIE

REQUESTS ['10']
Block: 10 Seek: © Rotate:105 Transfer: 30 Total: 135
TOTALS Seek: @ Rotate:105 Transfer: 30 Total: 135

FRFTE [A] 0/ [B] FLAy,  Jie i I 8] /& 1@ AN [R] B A7, A i () 2 304 [R] B, S 3L ¥k
REVT IS SR (8] 5 135 . i, A AR Sk A 23— AN TE R I 8] 52 4@ I 8] B Az s B X 651 B [X 9,
JEEE T OO TN T TR, TEMEIX9~10M A EIF4E, M X 10~ 11 R4y & 45
Ao PTUATE E A edc 15, RIieH: 7105/, MAkieh LEAe s LA [ iz, Brilieds et 17105
AN IS [R) LA

1) # K FIFORGAL A RE Sems, VimigskFsa0'10, '12', '24', '1'], iH#&SATSE)E )0
T 50 5E BN G SR 1 S IE R E] (seek time), JiE#tEtE] (rotational time) , fL#imT
i (transfer time) .
]2)%%?@55FTEZ§§%§%E§, Vi sRFEA N[ 10, 12, '24', '1'], EEHRIUTIEEIR
T 50 5E BN G SR 1 S E R ] (seek time), JiE#EEtE] (rotational time) , fL#imT
i (transfer time) .
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