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3.3.1  Android Linux  

1 Linux Android Linux
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drivers/mmc/host/goldfish.c 

drivers/power/goldfish_battery.c 

drivers/leds/ledtrig-sleep.c 
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Linux
open() read()

ioctl() close() write()
/dev/  

proc Linux
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proc ps top proc

proc
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ioctl()
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# cat /sagafs/log 
 

VFS API
Linux 2.5 libfs

VFS  

Linux
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relay_write()  

Relay
 

�� Relay  
�� Relay  

 
�� Relay Relay  
�� Relay  

hello-mod.c  
 

#include <linux/module.h> 

#include <linux/relayfs_fs.h> 

static struct rchan *hello_rchan; 

int init_module(void) 

{ 

        const char *msg="Hello world\n"; 

        hello_rchan = relay_open("cpu", NULL, 8192, 2, NULL); 

        if(!hello_rchan){ 

                printk("relay_open() failed.\n"); 

                return -ENOMEM; 

        } 

        relay_write(hello_rchan, msg, strlen(msg)); 

        return 0; 

} 

void cleanup_module(void) 

{ 

        if(hello_rchan) { 

                relay_close(hello_rchan); 

                hello_rchan = NULL; 

        } 

        return; 

} 

MODULE_LICENSE ("GPL"); 

MODULE_DESCRIPTION ("Simple example of Relay"); 
 

 
relayfs umount umount /mnt/relay

CPU
umount Relay  

audience.c  
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#include <sys/types.h> 

#include <sys/stat.h> 

#include <sys/mount.h> 

#include <fcntl.h> 

#include <sched.h> 

#include <errno.h> 

#include <stdio.h> 

#define MAX_BUFLEN 256 

const char filename_base[]="/mnt/relay/cpu"; 

// implement your own get_cputotal() before compilation 

static int get_cputotal(void); 

int main(void) 

{ 

        char filename[128]={0}; 

        char buf[MAX_BUFLEN]; 

        int fd, c, i, bytesread, cputotal = 0; 

        if(mount("relayfs", "/mnt/relay", "relayfs", 0, NULL) 

                        && (errno != EBUSY)) { 

                printf("mount() failed: %s\n", strerror(errno)); 

                return 1; 

        } 

        cputotal = get_cputotal(); 

        if(cputotal <= 0) { 

                printf("invalid cputotal value: %d\n", cputotal); 

                return 1; 

        } 

        for(i=0; i<cputotal; i++) { 

                // open per-cpu file 

                sprintf(filename, "%s%d", filename_base, i); 

                fd = open(filename, O_RDONLY); 

                if (fd < 0) { 

                        printf("fopen() failed: %s\n", strerror(errno)); 

                        return 1; 

                } 

                // read per-cpu file 

                bytesread = read(fd, buf, MAX_BUFLEN); 

                while(bytesread > 0) { 

                        buf[bytesread] = '\0'; 

                        puts(buf); 

                        bytesread = read(fd, buf, MAX_BUFLEN); 

                }; 

                // close per-cpu file 

                if(fd > 0) { 

                        close(fd); 

                        fd = 0; 
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                } 

        } 

        if(umount("/mnt/relay") && (errno != EINVAL)) { 

                printf("umount() failed: %s\n", strerror(errno)); 

                return 1; 

        } 

        return 0; 

} 
 

Relay
Relay Relay
Relay  

Linux
 

3.5.1   

I/O
1 16

2 3-4  
 

cdev

Linux

dev_t
file_operations

read() write() ioctl() ...

 

 3-4  

Lniux i
i

 
�� static struct file_operations
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��  
��  

open close read write ioctl
Linux  

file_operations  
 

static struct file_operations myDriver_fops = { 

       owner: THIS_MODULE, 

       write: myDriver_write, 

       read:  myDriver_read, 

       ioctl: myDriver_ioctl, 

       open:  myDriver_open, 

       release: myDriver_release, 

}; 
 

 
�� write  
 

static ssize_t myDriver_write(struct file *filp, const char *buf, size_t count, loff_t 

*f_pos){ 

       size_t fill_size = count; 

       PRINTK("myDriver write called!\n"); 

       PRINTK("\tcount=%d, pos=%d\n", count, (int)*f_pos); 

       if(*f_pos >= sizeof(myDriver_Buffer)) 

       { 

              PRINTK("[myDriver write]Buffer Overlap\n"); 

              *f_pos = sizeof(myDriver_Buffer); 

              return 0; 

       } 

       if((count + *f_pos) > sizeof(myDriver_Buffer)) 

       { 

              PRINTK("count + f_pos > sizeof buffer\n"); 

              fill_size = sizeof(myDriver_Buffer) - *f_pos; 

       } 

       copy_from_user(&myDriver_Buffer[*f_pos], buf, fill_size); 

       *f_pos += fill_size; 

       return fill_size; 

} 
 

u_long copy_from_user(void *to, const void *from, u_long len)
 

�� read  
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static ssize_t myDriver_read(struct file *filp, char *buf, size_t count, loff_t 

*f_pos){ 

       size_t read_size = count; 

       PRINTK("myDriver read called!\n"); 

       PRINTK("\tcount=%d, pos=%d\n", count, (int)*f_pos); 

       if(*f_pos >= sizeof(myDriver_Buffer)) 

       { 

              PRINTK("[myDriver read]Buffer Overlap\n"); 

              *f_pos = sizeof(myDriver_Buffer); 

              return 0; 

       } 

       if((count + *f_pos) > sizeof(myDriver_Buffer)) 

       { 

              PRINTK("count + f_pos > sizeof buffer\n"); 

              read_size = sizeof(myDriver_Buffer) - *f_pos; 

       } 

       copy_to_user(buf, &myDriver_Buffer[*f_pos], read_size); 

       *f_pos += read_size; 

       return read_size; 

} 

u_long copy_to_user(void * to, const void *from, u_long len)
 

�� ioctl  
 

static int myDriver_ioctl(struct inode *inode, struct file *file, unsigned int cmd, 

unsigned long arg){ 

    PRINTK("myDriver ioctl called(%d)!\n", cmd); 

    if(_IOC_TYPE(cmd) != TSTDRV_MAGIC) 

    { 

        return -ENOTTY; 

    } 

    if(_IOC_NR(cmd) >= TSTDRV_MAXNR) 

    { 

        return -ENOTTY; 

    } 

    switch(cmd) 

    { 

       case MYDRV_IOCTL0: 

            PRINTK("IOCTRL 0 called(0x%lx)!\n", arg); 

            break; 

       case MYDRV_IOCTL1: 

            PRINTK("IOCTRL 1 called(0x%lx)!\n", arg); 

            break; 

       case MYDRV_IOCTL2: 

            PRINTK("IOCTRL 2 called(0x%lx)!\n", arg); 

            break; 
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       case MYDRV_IOCTL3: 

            PRINTK("IOCTRL 3 called(0x%lx)!\n", arg); 

            break; 

       } 

       return 0; 

} 
 
�� open  

MOD_INC_USE_COUNT
 

 
static int myDriver_open(struct inode *inode, struct file *filp){ 

       MOD_INC_USE_COUNT; 

       PRINTK("myDriver open called!\n"); 

       return 0; 

} 
 
�� release  

MOD_DEC_USE_COUNT
 

 
static int myDriver_release(struct inode *inode, struct file *filp){ 

       MOD_DEC_USE_COUNT; 

       PRINTK("myDriver release called!\n"); 

       return 0; 

} 
 
��  

Linux register_chrdev

file_operations  
 

#ifdef CONFIG_DEVFS_FS 

devfs_handle_t devfs_myDriver_dir; 

devfs_handle_t devfs_myDriver_raw; 

#endif 

static int __init myModule_init(void) 

{ 

       /* Module init code */ 

       PRINTK("myModule_init\n"); 

       /* Driver register */ 

       myDriver_Major = register_chrdev0,DRIVER_NAME,&myDriver_fops); 

       if(myDriver_Major < 0) 

       { 

              PRINTK("register char device fail!\n"); 

              return myDriver_Major; 
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       } 

       PRINTK("register myDriver OK! Major = %d\n", myDriver_Major); 

#ifdef CONFIG_DEVFS_FS 

       devfs_myDriver_dir = devfs_mk_dir(NULL, "myDriver", NULL); 

       devfs_myDriver_raw = devfs_register(devfs_myDriver_dir, "raw0", DEVFS_FL_DEFAULT, 

myDriver_Major, 0, S_IFCHR | S_IRUSR | S_IWUSR, &myDriver_fops, NULL); 

       PRINTK("add dev file to devfs OK!\n"); 

#endif 

       return 0; 

} 
 

module_init()  
��  

Linux unregister_chrdev

 
 

static void __exit myModule_exit(void){ 

       /* Module exit code */ 

       PRINTK("myModule_exit\n"); 

       /* Driver unregister */ 

       if(myDriver_Major > 0) 

       { 

          #ifdef CONFIG_DEVFS_FS 

          devfs_unregister(devfs_myDriver_raw); 

          devfs_unregister(devfs_myDriver_dir); 

          #endif 

          unregister_chrdev(myDriver_Major, DRIVER_NAME); 

       } 

       return; 

} 
 

module_exit()  
 

  

 file_operations
 

  
tst-driver.h

 
 

#ifndef __TST_DRIVER_H__ 

#define __TST_DRIVER_H__ 

#define TSTDRV_MAGIC                0xd0 

#define GPIO_IN                        0 
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#define GPIO_OUT                    1//_IO(TSTDRV_MAGIC, 1) 

#define GPIO_SET_BIT                2//_IO(TSTDRV_MAGIC, 2) 

#define GPIO_CLR_BIT                3//_IO(TSTDRV_MAGIC, 3) 

#define TSTDRV_MAXNR                4 

#endif    //#ifndef __TST_DRIVER_H__ 
 

tst-driver.c  
 

#ifndef __KERNEL__ 

#define __KERNEL__ 

#endif 

#ifndef MODULE 

    #define MODULE 

#endif 

#include <linux/config.h> 

#include <linux/module.h> 

#include <linux/kernel.h>  /* printk() */ 

#include <linux/init.h>    /* __init __exit */ 

#include <linux/types.h>   /* size_t */ 

#include <linux/fs.h>      /* file_operation */ 

//#include <linux/errno.h> /* Error number */ 

//#include <linux/delay.h> /* udelay */ 

#include <asm/uaccess.h>   /* copy_to_user, copy_from_user */ 

#include <asm/hardware.h> 

#include "tst-driver.h" 

#define DRIVER_NAME "myDriver" 

//#undef CONFIG_DEVFS_FS 

#ifdef DEBUG 

#define PRINTK(fmt, arg...) printk(KERN_NOTICE fmt, ##arg) 

#else 

#define PRINTK(fmt, arg...) 

#endif 
/*     KERN_EMERG ,  

       KERN_ALERT  

       KERN_CRIT ,  

       KERN_ERR  

       KERN_WARNING  

       KERN_NOTICE  

       KERN_INFO  

       KERN_DEBUG  

*/ 

static int myDriver_Major = 0; /* Driver Major Number */ 

/* Vitual Driver Buffer */ 

static unsigned char myDriver_Buffer[1024*1024]; 

/* Driver Operation Functions */ 

static int myDriver_open(struct inode *inode, struct file *filp) 

{ 
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// int Minor = MINOR(inode->i_rdev); 

// filp->private_data = 0; 

       MOD_INC_USE_COUNT; 

       PRINTK("myDriver open called!\n"); 

       return 0; 

} 

static int myDriver_release(struct inode *inode, struct file *filp) 

{ 

// int Minor = MINOR(inode->i_rdev); 

       MOD_DEC_USE_COUNT; 

       PRINTK("myDriver release called!\n"); 

       return 0; 

} 

static ssize_t myDriver_read(struct file *filp, char *buf, size_t count, loff_t *f_pos) 

{ 

       size_t read_size = count; 

       PRINTK("myDriver read called!\n"); 

       PRINTK("\tcount=%d, pos=%d\n", count, (int)*f_pos); 

       if(*f_pos >= sizeof(myDriver_Buffer)) 

       { 

              PRINTK("[myDriver read]Buffer Overlap\n"); 

              *f_pos = sizeof(myDriver_Buffer); 

              return 0; 

       } 

       if((count + *f_pos) > sizeof(myDriver_Buffer)) 

       { 

              PRINTK("count + f_pos > sizeof buffer\n"); 

              read_size = sizeof(myDriver_Buffer) - *f_pos; 

       } 

       copy_to_user(buf, &myDriver_Buffer[*f_pos], read_size); 

       *f_pos += read_size; 

       return read_size; 

} 

static ssize_t myDriver_write(struct file *filp, const char *buf, size_t count, loff_t 

*f_pos) 

{ 

       size_t fill_size = count; 

       PRINTK("myDriver write called!\n"); 

       PRINTK("\tcount=%d, pos=%d\n", count, (int)*f_pos); 

       if(*f_pos >= sizeof(myDriver_Buffer)) 

       { 

              PRINTK("[myDriver write]Buffer Overlap\n"); 

              *f_pos = sizeof(myDriver_Buffer); 

              return 0; 

       } 

       if((count + *f_pos) > sizeof(myDriver_Buffer)) 
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       { 

              PRINTK("count + f_pos > sizeof buffer\n"); 

              fill_size = sizeof(myDriver_Buffer) - *f_pos; 

       } 

       copy_from_user(&myDriver_Buffer[*f_pos], buf, fill_size); 

       *f_pos += fill_size; 

       return fill_size; 

} 

static int myDriver_ioctl(struct inode *inode, struct file *file, unsigned int cmd, 

unsigned long arg) 

{ 

    PRINTK("myDriver ioctl called(%d)!\n", cmd); 

    if(_IOC_TYPE(cmd) != TSTDRV_MAGIC) 

    { 

        return -ENOTTY; 

    } 

    if(_IOC_NR(cmd) >= TSTDRV_MAXNR) 

    { 

        return -ENOTTY; 

    } 

    switch(cmd) 

       { 

         case MYDRV_IOCTL0: 

              PRINTK("IOCTRL 0 called(0x%lx)!\n", arg); 

              break; 

         case MYDRV_IOCTL1: 

              PRINTK("IOCTRL 1 called(0x%lx)!\n", arg); 

              break; 

         case MYDRV_IOCTL2: 

              PRINTK("IOCTRL 2 called(0x%lx)!\n", arg); 

              break; 

         case MYDRV_IOCTL3: 

              PRINTK("IOCTRL 3 called(0x%lx)!\n", arg); 

              break; 

       } 

       return 0; 

} 

/*  */ 

static struct file_operations myDriver_fops = { 

       owner: THIS_MODULE, 

       write: myDriver_write, 

       read: myDriver_read, 

       ioctl: myDriver_ioctl, 

       open: myDriver_open, 

       release: myDriver_release, 

}; 
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#ifdef CONFIG_DEVFS_FS 

devfs_handle_t devfs_myDriver_dir; 

devfs_handle_t devfs_myDriver_raw; 

#endif 

static int __init myModule_init(void) 

{ 

       /* Module init code */ 

       PRINTK("myModule_init\n"); 

       /* Driver register */ 

       myDriver_Major = register_chrdev(0, DRIVER_NAME, &myDriver_fops); 

       if(myDriver_Major < 0) 

       { 

              PRINTK("register char device fail!\n"); 

              return myDriver_Major; 

       } 

       PRINTK("register myDriver OK! Major = %d\n", myDriver_Major); 

#ifdef CONFIG_DEVFS_FS 

       devfs_myDriver_dir = devfs_mk_dir(NULL, "myDriver", NULL); 

       devfs_myDriver_raw = devfs_register(devfs_myDriver_dir, "raw0", DEVFS_FL_DEFAULT, 

myDriver_Major, 0, S_IFCHR | S_IRUSR | S_IWUSR, &myDriver_fops, NULL); 

       PRINTK("add dev file to devfs OK!\n"); 

#endif 

       return 0; 

} 

static void __exit myModule_exit(void) 

{ 

       /* Module exit code */ 

       PRINTK("myModule_exit\n"); 

       /* Driver unregister */ 

       if(myDriver_Major > 0) 

       { 

#ifdef CONFIG_DEVFS_FS 

        devfs_unregister(devfs_myDriver_raw); 

        devfs_unregister(devfs_myDriver_dir); 

#endif 

        unregister_chrdev(myDriver_Major, DRIVER_NAME); 

       } 

       return; 

} 

MODULE_AUTHOR("SXZ"); 

MODULE_LICENSE("Dual BSD/GPL"); 

module_init(myModule_init); 

module_exit(myModule_exit); 



79 

3.5.2   

I/O  
�� Byte

 
�� I/O

 
��  

include/linux/fs.h block_device_operations
 

 
struct block_device_operations { 
        int (*open) (struct inode *, struct file *);/* */ 

        int (*release) (struct inode *, struct file *);/* */ 

        int (*ioctl) (struct inode *, struct file *, unsigned, unsigned long); 

        long (*unlocked_ioctl) (struct file *, unsigned, unsigned long); 

        long (*compat_ioctl) (struct file *, unsigned, unsigned long); 

        int (*direct_access) (struct block_device *, sector_t, unsigned long *); 
        int (*media_changed) (struct gendisk *);/* ?*/ 

        int (*revalidate_disk) (struct gendisk *);/* */  

        int (*getgeo)(struct block_device *, struct hd_geometry *);/* */ 

        struct module *owner;/* , THIS_MODULE*/ 

}; 

gendisk  
 

struct gendisk{ 
        /* , */ 
        int major;/* */ 
        int first_minor;/* */ 
        int minors;/* , , 1*/ 
        char disk_name[32]; 
        struct hd_struct** part;/* */ 
        struct block_device_operations* fops;/* ,block_device_operations*/ 
        struct request_queue* queue;/* , I/O */ 
        void* private_data;/* */ 
        sector_t capacity;/* ,512 1 , */ 
        //...... 
}; 

request request_queue Linux request
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I/O request_queue I/O
 

 
struct request{ 

        struct list_head queuelist; 

        unsigned long flags; 
        sector_t sector;/* */ 

        unsigned long nr_sectors;/* */ 

        unsigned int current_nr_sector;/* */ 

        sector_t hard_sector;/* */ 

        unsigned long hard_nr_sectors;/* */ 

        unsigned int hard_cur_sectors;/* */ 

        struct bio* bio;/* bio */ 

        struct bio* biotail;/* bio */ 

        /* * / 

        unsigned short nr_phys_segments; 

        unsigned short nr_hw_segments; 

        int tag; 
        char* buffer;/* , */ 

        int ref_count;/* */ 

        ... 

    }; 
 

I/O
I/O I/O

I/O I/O I/O /
I/O I/O

 
request_queue  

 
struct request_queue{ 

        … 

        /* , */ 

        spinlock_t __queue_lock; 

        spinlock_t* queue_lock; 

        struct kobject kobj;/* kobject*/ 

        /* */ 

        unsigned long nr_requests;/* */ 

        unsigned int  nr_congestion_on; 

        unsigned int  nr_congestion_off; 

        unsigned int  nr_batching; 

        unsigned short max_sectors;/* */ 

        unsigned short max_hw_sectors; 
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        unsigned short max_phys_sectors;/* */ 

        unsigned short max_hw_segments; 

        unsigned short hardsect_size;/* */ 

        unsigned int max_segment_size;/* */ 

        unsigned long seg_boundary_mask;/* */ 

        unsigned int dma_alignment;/*DMA */ 

        struct blk_queue_tag* queue_tags; 

        atomic_t refcnt;/* */ 

        unsigned int in_flight; 

        unsigned int sg_timeout; 

        unsigned int sg_reserved_size; 

        int node; 

        struct list_head drain_list; 

        struct request* flush_rq; 

        unsigned char ordered; 

}; 

 

Android /dev/block  
 

brw------- root     root     179,   2 2010-03-29 23:33 mmcblk0p2 

brw------- root     root     179,   1 2010-03-29 23:33 mmcblk0p1 

brw------- root     root     179,   0 2010-03-29 23:33 mmcblk0 

brw------- root     root      31,   6 2010-03-29 23:33 mtdblock6 

brw------- root     root      31,   5 2010-03-29 23:33 mtdblock5 

brw------- root     root      31,   4 2010-03-29 23:33 mtdblock4 

brw------- root     root      31,   3 2010-03-29 23:33 mtdblock3 

brw------- root     root      31,   2 2010-03-29 23:33 mtdblock2 

brw------- root     root      31,   1 2010-03-29 23:33 mtdblock1 

brw------- root     root      31,   0 2010-03-29 23:33 mtdblock0 

brw------- root     root       7,   7 2010-03-29 23:33 loop7 

brw------- root     root       7,   6 2010-03-29 23:33 loop6 

brw------- root     root       7,   5 2010-03-29 23:33 loop5 

brw------- root     root       7,   4 2010-03-29 23:33 loop4 

brw------- root     root       7,   3 2010-03-29 23:33 loop3 

brw------- root     root       7,   2 2010-03-29 23:33 loop2 

brw------- root     root       7,   1 2010-03-29 23:33 loop1 

brw------- root     root       7,   0 2010-03-29 23:33 loop0 

brw------- root     root       1,   0 2010-03-29 23:33 ram0 

brw------- root     root       1,   0 2010-03-29 23:33 ram1 
 

1 7
31 mtd mmcblk0 SD  

Android mount mount
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mount [-t vfstype] [-o options] device dir 
 

 
 -t vfstype mount 

6  
�� iso9660  
��DOS fat16 msdos  
��Windows 9x fat32 vfat  
��Windows NT ntfs ntfs  
��Mount Windows smbfs  
��UNIX(LINUX) nfs  

 -o options 4  
��loop  
��ro  
��rw  
��iocharset  

 device mount  
 dir mount point  
Android df df

 
 

df [options] 
 

options  
��-s Names  
��-a -s

-a Names  
��-k 1024  
��-x  
��-l  
��-i inode  
��-h 136KB 254MB 21GB  
��-P POSIX  
��-T  

3.5.3   

Linux 4
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Linux Net_device Net_device
Net_device

 
Linux  
�� initialize net_device  
�� open

open
open MOD_INC_USE_COUNT  

�� close close
MOD_DEC_USE_COUNT  

�� hard_start_xmit dev_queue_xmit
sk_buff

loopback dummy
hard_start_xmit sk_buff 0 1  

�� reception
 

sk_buff sk_buff
netif_rx()  

Android ifconfig
Wi-Fi  


