**  Shared Memory 초기화 과정  **

1. 공유 메모리 관련 자료구조 초기화

start_kernel()

 ↓

ipc_init(){


sem_init();


msg_init();


shm_init();

return;

}

shm_init


↓
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2. 공유 메모리를 위한 파일 시스템 초기화

start_kernel

 ↓
init

 ↓
do_initcalls

 ↓
init_shmem_fs

struct file_system_type {

        const char *name;

        int fs_flags;

        struct super_block *(*read_super) (struct super_block *, void *, int);

        struct module *owner;

        struct file_system_type * next;

        struct list_head fs_supers;

};
#define DECLARE_FSTYPE(var,type,read,flags) \

struct file_system_type var = { \

        name:           type, \

        read_super:     read, \

        fs_flags:       flags, \

        owner:          THIS_MODULE, \

}
static DECLARE_FSTYPE(tmpfs_fs_type, “tmpfs”, shmem_read_super, FS_LITTER |               

                                                                    FS_NOMOUNT)

static struct vfsmount *shm_mnt;

static int __init init_shmem_fs (void) {


struct vsfmount *res;


/* file_systems 광역 변수에 tmpfs_fs_type을 등록 */

    register_filesystem (&tmpfs_fs_type);    

.

.

.


res = kern_mount (&tmpfs_fs_type);

               do_kern_mount (type(name, 0, (char *)type(name, NULL);



                          /* type(name: tmpfs */

    shm_mnt = res;            

.

.

.


return 0;

}

module_init( init_shmem_fs)

do_kern_mount(const char *fstype, int flags, char *name, void *data)

{

        struct file_system_type *type = get_fs_type(fstype);

        struct super_block *sb = ERR_PTR(-ENOMEM);

        struct vfsmount *mnt;

        mnt = alloc_vfsmnt(name);  // tmpfs 파일 시스템을 위한 vfsmount 구조체 할당

        if (!mnt)

                goto out;

        if (type->fs_flags & FS_REQUIRES_DEV)

                sb = get_sb_bdev(type, flags, name, data);

        else if (type->fs_flags & FS_SINGLE)

                sb = get_sb_single(type, flags, name, data);

        else

                sb = get_sb_nodev(type, flags, name, data);
.

.

.

}
static struct super_block *get_sb_nodev(struct file_system_type *fs_type,

        int flags, char *dev_name, void *data)

{

        struct super_block *s = get_anon_super(fs_type, NULL, NULL);
.

.

.

        fs_type->read_super(s, data, flags & MS_VERBOSE ? 1 : 0);
        return s;
}

struct super_block *get_anon_super(struct file_system_type *type,

        int (*compare)(struct super_block *,void *), void *data)

{

        struct super_block *s = alloc_super();  // super_block 구조체 할당 및 초기화

        dev = find_first_zero_bit(unnamed_dev_in_use, Max_anon);

        set_bit(dev, unnamed_dev_in_use);

        s->s_dev = dev;

        insert_super(s, type);  // super_blocks 및 file_system_type chain 연결
        return s;

}
static void insert_super(struct super_block *s, struct file_system_type *type)

{

        s->s_type = type;

        list_add(&s->s_list, super_blocks.prev);

        list_add(&s->s_instances, &type->fs_supers);

        get_filesystem(type);

}
다시 정리하면

start_kernel ( init ( do_initcalls ( init_shmem_fs ( do_kern_mount ( get_sb_nodev ( …
static struct super_block *get_sb_nodev(struct file_system_type *fs_type,

        int flags, char *dev_name, void *data)

{

        struct super_block *s = get_anon_super(fs_type, NULL, NULL);
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        s->s_flags = flags;
                    /**  shmem_read_super(…) 호출 **/

        if (!fs_type->read_super(s, data, flags & MS_VERBOSE ? 1 : 0)) {

                deactivate_super(s);

                remove_super(s);

                return ERR_PTR(-EINVAL);

        }

        s->s_flags |= MS_ACTIVE;

        return s;

}
static struct super_block *shmem_read_super(struct super_block * sb, void * data, int silent)

{
.

.

.

        sb->s_magic = TMPFS_MAGIC;

        sb->s_op = &shmem_ops;

        inode = shmem_get_inode(sb, S_IFDIR | mode, 0);
.

.

.

}

struct inode *shmem_get_inode(struct super_block *sb, int mode, int dev)

{
       /* inode 할당 및 초기화,  inode(i_sb = sb;  inode_in_use chain 연결 … */

        inode = new_inode(sb);


        if (inode) {

                inode->i_mode = mode;

.

.

.

                inode->i_rdev = NODEV;

                inode->i_mapping->a_ops = &shmem_aops;

                switch (mode & S_IFMT) {

.

.

.

                case S_IFDIR:

                        inode->i_op = &shmem_dir_inode_operations;

                        inode->i_fop = &dcache_dir_ops;

                        break;

                }

        }

        return inode;

}
static struct super_block *shmem_read_super(struct super_block * sb, void * data, int silent)

{

         struct dentry * root;

.

.

.

         inode = shmem_get_inode(sb, S_IFDIR | mode, 0);
                 …
         inode->i_uid = uid;

         inode->i_gid = gid;

         root = d_alloc_root(inode);
         sb->s_root = root;

         return sb;

}
struct dentry * d_alloc_root(struct inode * root_inode)

{

        struct dentry *res = NULL;

        if (root_inode) {

                res = d_alloc(NULL, &(const struct qstr) { "/", 1, 0 });
                if (res) {

                        res->d_sb = root_inode->i_sb;

                        res->d_parent = res;

                        d_instantiate(res, root_inode);
                }

        }

        return res;

}
struct dentry * d_alloc(struct dentry * parent, const struct qstr *name)

{

        dentry = kmem_cache_alloc(dentry_cache, GFP_KERNEL); 

        dentry->d_inode = NULL;

        if (parent) {

                dentry->d_parent = dget(parent);

                dentry->d_sb = parent->d_sb;

                spin_lock(&dcache_lock);

                list_add(&dentry->d_child, &parent->d_subdirs);

                spin_unlock(&dcache_lock);

        } else

                INIT_LIST_HEAD(&dentry->d_child);

        return dentry;

}
void d_instantiate(struct dentry *entry, struct inode * inode)

{

        if (inode)

                list_add(&entry->d_alias, &inode->i_dentry);

        entry->d_inode = inode;

}
결국, static struct super_block * get_sb_nodev(…)를 호출하게 되면 fs_type(read_super(…)를 호출하여
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와 같이 된다.

다시 한번 정리하면

static int __init init_shmem_fs (void) {


struct vsfmount *res;


/* file_systems 광역 변수에 tmpfs_fs_type을 등록 */

    register_filesystem (&tmpfs_fs_type);    

.

.

.


res = kern_mount (&tmpfs_fs_type);

               do_kern_mount (type(name, 0, (char *)type(name, NULL);



                          /* type(name: tmpfs */

    shm_mnt = res;            

.

.

.


return 0;

}

module_init( init_shmem_fs)

여기서,

do_kern_mount(…) {

        struct file_system_type *type = get_fs_type(fstype);

        struct super_block *sb = ERR_PTR(-ENOMEM);

        struct vfsmount *mnt;

        mnt = alloc_vfsmnt(name);

        sb = get_sb_nodev(type, flags, name, data);

        if (type->fs_flags & FS_NOMOUNT)

                sb->s_flags |= MS_NOUSER;

        mnt->mnt_sb = sb;

        mnt->mnt_root = dget(sb->s_root);

        mnt->mnt_mountpoint = sb->s_root;

        mnt->mnt_parent = mnt;
        return mnt;

}
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                                    “75”
나중에 사용자가 shmid = shmget (IPC_PRIVATE, size, flag)하게 되면 

asmlinkage long sys_shmget (key_t key, size_t size, int shmflg) {


struct shmid_kernel * shp;


if(key == IPC_PRIVATE)


  err = newseg(key, shmflg, size);


.



.



.

}

static int newseg (key_t key, int shmflg, size_t size)

{

        struct shmid_kernel *shp;

        int numpages = (size + PAGE_SIZE -1) >> PAGE_SHIFT;

        struct file * file;

        shp = (struct shmid_kernel *) kmalloc (sizeof (*shp), GFP_USER);

        file = shmem_file_setup(name, size);
        id = shm_addid(shp);
( ipc_addid( &shm_ids, &shp(shm_perm, shm_ctlmni + 1);
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        shp->shm_perm.key = key;

        shp->shm_flags = (shmflg & S_IRWXUGO);

        shp->shm_segsz = size;

        shp->shm_nattch = 0;

        shp->id = shm_buildid(id,shp->shm_perm.seq);

        shp->shm_file = file;

        file->f_dentry->d_inode->i_ino = shp->id;

        file->f_op = &shm_file_operations;

        return shp->id;

}
struct file *shmem_file_setup(char * name, loff_t size)

{
   /**  tmpfs file system 내에서 “SYSV75”라는 공유 메모리용 file을 생성  **/

        struct file *file;

        struct inode * inode;

        struct dentry *dentry, *root;

        struct qstr this;

        this.name = name;

        this.len = strlen(name);

        this.hash = 0; /* will go */

        root = shm_mnt->mnt_root;

        dentry = d_alloc(root, &this);
                // 새로운 dentry를 할당하고 denty(d_iname = “SYSV75”
                // dentry(d_parent = dget (parent);

                // dentry(d_sb = parent(d_sb;

                // list_add (&dentry(d_child, &parent(d_subdirs);

        file = get_empty_filp();
                // 새로운 file{}을 free_list에서 받고 anon_list에 연결

        inode = shmem_get_inode(root->d_sb, S_IFREG | S_IRWXUGO, 0);
        if (!inode) 

                goto close_file;

        d_instantiate(dentry, inode);
// list_add(&dentry->d_alias, &inode->I_dentry);

// dentry->d_inode = inode;

        inode->i_size = size;

        inode->i_nlink = 0;     /* It is unlinked */

        file->f_vfsmnt = mntget(shm_mnt);

        file->f_dentry = dentry;

        file->f_op = &shmem_file_operations;

        file->f_mode = FMODE_WRITE | FMODE_READ;

        return (file);

}
struct inode *shmem_get_inode(struct super_block *sb, int mode, int dev)

{

        struct inode * inode;

        struct shmem_inode_info *info;

        struct shmem_sb_info *sbinfo = SHMEM_SB(sb);

        inode = new_inode(sb);

    inode(i_mapping(a_ops = &shmem_aops;

        info = SHMEM_I(inode);

        info->inode = inode;

        switch (mode & S_IFMT) {

                …
                case S_IFREG:

                        inode->i_op = &shmem_inode_operations;

                        inode->i_fop = &shmem_file_operations;

                        spin_lock (&shmem_ilock);

                        list_add_tail(&info->list, &shmem_inodes);

                        spin_unlock (&shmem_ilock);

                        break;

        }

        return inode;

}

결국, shmem_file_setup이 호출되면
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위 그림과 같은 자료구조가 완성된다.

이것은 tmpfs 파일 시스템내에 “SYSV75”라는 공유 메모리용 파일과 기타 관련 자료구조를 생성하게 되는 것이다.

또 다른 사용자가 나중에 shmid = shmget (75, size, flag)하게 되면

asmlinkage long sys_shmget (75, size, flag) {


struct shmid_kernel *shp;


int err, id = 0;

.

.

.


if(key == IPC_PRIVATE){



err = newseg (key, shmflg, size)


}


else if((id = ipc_findkey (&shm_ids, key)) == -1 ){

.

.

.


}


else { 



shp = shm_lock(id);


.


.


.



err = shm_buildid(id, shp(shm_perm.seg);


}


return err;

}
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결국같은 shmid_kernel{}에대한

ipc_id[] index를 return 한다.


사용자가 sys_shmget(…)을 호출하고 나서

실제 공유 메모리 영역에 대한 할당은

sys_shmat(…) 시스템 콜에서 할당하게 된다.
asmlinkage long sys_shmat (int shmid, char *shmaddr, int shmflg, ulong *raddr)

{

        struct shmid_kernel *shp;

        struct file * file;

        unsigned long flags;

        unsigned long prot;

        unsigned long o_flags;

        int acc_mode;

                flags = MAP_SHARED;

                prot = PROT_READ | PROT_WRITE;

                o_flags = O_RDWR;

                acc_mode = S_IRUGO | S_IWUGO;
        shp = shm_lock(shmid);

        err = shm_checkid(shp,shmid);

        file = shp->shm_file;

        size = file->f_dentry->d_inode->i_size;

        shp->shm_nattch++;


     “ NULL ”
        user_addr = (void*) do_mmap (file, addr, size, prot, flags, 0);
        shp->shm_nattch--;

        *raddr = (unsigned long) user_addr;

        err = 0;

        return err;

}
static inline unsigned long do_mmap(struct file *file, unsigned long addr,

        unsigned long len, unsigned long prot,

        unsigned long flag, unsigned long offset){

                ret = do_mmap_pgoff(file, addr, len, prot, flag, offset >> PAGE_SHIFT); 

}
unsigned long do_mmap_pgoff(struct file * file, unsigned long addr, unsigned long len,

        unsigned long prot, unsigned long flags, unsigned long pgoff)
{



struct mm_struct * mm = current->mm;

        struct vm_area_struct * vma, * prev;

        unsigned int vm_flags;

        int correct_wcount = 0;

        int error;

        rb_node_t ** rb_link, * rb_parent;
.

.

.



/**  프로세스 가상 메모리 영역에서 unmapped area를 찾는다.  **/

        addr = get_unmapped_area(file, addr, len, pgoff, flags );


        vm_flags = calc_vm_flags(prot, flags) | mm(def_flags | VM_MAYREAD |  

                   VM_MAYWRITE | VM_MAXEXEC;




.




.




.


vma=find_vma_prepare (mm, addr, &prev, &rb_link, &rb_parent);

.

.

.


    /* vm_area_struct 구조체 할당후 공유 메모리 세그먼트에 대한 상세 정보 기록 */

        vma=kmem_cache_alloc(vm_area_cachep, SLAB_KERNEL);



vma->vm_mm = mm;

        vma->vm_start = addr;

        vma->vm_end = addr + len;

        vma->vm_flags = vm_flags;

        vma->vm_page_prot = protection_map[vm_flags & 0x0f];

        vma->vm_ops = NULL;

        vma->vm_pgoff = pgoff;

        vma->vm_file = NULL;

        vma->vm_private_data = NULL;

        vma->vm_raend = 0;
        …


if (file) {

                vma->vm_file = file;

                get_file(file);

                error = file->f_op->mmap(file, vma);


        } else if (flags & MAP_SHARED) {

                error = shmem_zero_setup(vma);



}
.

.

.



vma_link (mm, vma, prev, rb_link, rb_parent);
.

.

.



return addr;

}
static inline void vma_link(struct mm_struct * mm, struct vm_area_struct * vma, struct vm_area_struct * prev, rb_node_t ** rb_link, rb_node_t * rb_parent)

{

        lock_vma_mappings(vma);

        spin_lock(&mm->page_table_lock);

        __vma_link(mm, vma, prev, rb_link, rb_parent);
        spin_unlock(&mm->page_table_lock);

        unlock_vma_mappings(vma);

        mm->map_count++;

        validate_mm(mm);

}
static void __vma_link(struct mm_struct * mm, struct vm_area_struct * vma,  struct vm_area_struct * prev, rb_node_t ** rb_link, rb_node_t * rb_parent)

{

        __vma_link_list(mm, vma, prev, rb_parent);
// vm_next에 연결

        __vma_link_rb(mm, vma, rb_link, rb_parent);
// red-black tree에 연결

        __vma_link_file(vma);
}
static inline void __vma_link_file(struct vm_area_struct * vma)

{

        file = vma->vm_file;

        if (file) {

                struct inode * inode = file->f_dentry->d_inode;

                struct address_space *mapping = inode->i_mapping;

                struct vm_area_struct **head;

                if (vma->vm_flags & VM_SHARED)

                        head = &mapping->i_mmap_shared;

                if((vma->vm_next_share = *head) != NULL)

                        (*head)->vm_pprev_share = &vma->vm_next_share;

                *head = vma;

                vma->vm_pprev_share = head;

        }

}
정리하면, sys_shmat(…) 시스템 콜은

공유 메모리 영역에 대한 상세 정보를 기록할 수 있도록 vm_area_struct 구조체를 할당하고 이 구조체의 vm_file = 공유 메모리용 파일(“SYSV75”)를 연결한다.
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실제 물리적인 page frame 반입은 사용자가 *y = *y + 1과 같이 공유 메모리 영역에 write할 경우 해당 공유 메모리 영역은 요구 페이징(demand paging) 된다.

즉, 페이지 폴트(page fault) exception이 발생하고

page_fault ( do_page_fault ( handle_mm_fault ( handle_pte_fault ( do_no_page ( shmem_nopage ( … (이후 과정 분석)

이러한 과정을 거쳐

실제 물리적인 프레임은 address_space{}.clean_pages(?) 에 page caching 된다.

arch_get_unmapped_area (file, addr, len, pgoff, flags);





addr = PAGE_ALIGN (TASK_UNMAPPED_BASE);	// TASK_SIZE/3


for (vma=find_vma (current(mm, addr); ; vma=vma(vm_next){


	if(TASK_SIZE – len < addr ) return –ENOMEM;


	if(!vma || addr + len <= vma(vm_start)


		return addr;


	addr = vma(vm_end;








shm_mmap(file, vma){


	vma(vm_ops=&shm_vm_ops;


	shm_inc (file(f_dentry(


		     d_inode(i_ino);





static inline void shm_inc (int id){


	struct shmid_kernel *shp;


	shp = shm_lock(id);


	shp(shm_atim = CURRENT_TIME;


	shp(shm_lprid = current(pid;


	shp(shm_nattach++;


	shm_unlock(id);


}
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