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Linux Device Drivers

~/Android/kernel/goldfish
----drivers
     ----freg
          ----freg.h
          ----freg.c
          ----Kconfig
          ----Makefile

freg.h
01 #ifndef _FAKE_REG_H_
02 #define _FAKE_REG_H_
03 
04 #include <linux/cdev.h>
05 #include <linux/semaphore.h>
06 
07 #define FREG_DEVICE_NODE_NAME  "freg"
08 #define FREG_DEVICE_FILE_NAME  "freg"
09 #define FREG_DEVICE_PROC_NAME  "freg"
10 #define FREG_DEVICE_CLASS_NAME "freg"
11 
12 struct fake_reg_dev {
13         int val;
14         struct semaphore sem;
15         struct cdev dev;
16 };
17 
18 #endif

----freg.h
----freg.c
----Kconfig
----Makefile
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freg.c

001 #include <linux/init.h>
002 #include <linux/module.h>
003 #include <linux/types.h>
004 #include <linux/fs.h>
005 #include <linux/proc_fs.h>
006 #include <linux/device.h>
007 #include <asm/uaccess.h>
008 
009 #include "freg.h"
010 
011 /* */
012 static int freg_major = 0;
013 static int freg_minor = 0;
014 
015 /* */
016 static struct class* freg_class = NULL;
017 static struct fake_reg_dev* freg_dev = NULL;
018 
019 /* */
020 static int freg_open(struct inode* inode, struct file* filp);
021 static int freg_release(struct inode* inode, struct file* filp);
022 static ssize_t freg_read(struct file* filp, char __user *buf, size_t count, loff_t* f_pos);
023 static ssize_t freg_write(struct file* filp, const char __user *buf, size_t count, loff_t* f_pos);
024 
025 /* */
026 static struct file_operations freg_fops = {
027         .owner = THIS_MODULE,
028         .open = freg_open,
029         .release = freg_release,
030         .read = freg_read,
031         .write = freg_write,
032 };
033 
034 /*devfs */
035 static ssize_t freg_val_show(struct device* dev, struct device_attribute* attr,  char* buf);
036 static ssize_t freg_val_store(struct device* dev, struct device_attribute* attr, const 
char* buf, size_t count);
037 
038 /*devfs */
039 static DEVICE_ATTR(val, S_IRUGO | S_IWUSR, freg_val_show, freg_val_store);

040 /* */
041 static int freg_open(struct inode* inode, struct file* filp) {
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042         struct fake_reg_dev* dev;
043 
044         /* */
045         dev = container_of(inode->i_cdev, struct fake_reg_dev, dev);
046         filp->private_data = dev;
047 
048         return 0;
049 }
050 
051 /* */
052 static int freg_release(struct inode* inode, struct file* filp) {
053         return 0;
054 }
055 
056 /* val */
057 static ssize_t freg_read(struct file* filp, char __user *buf, size_t count, loff_t* f_pos) {
058         ssize_t err = 0;
059         struct fake_reg_dev* dev = filp->private_data;
060 
061         /* */
062         if(down_interruptible(&(dev->sem))) {
063                 return -ERESTARTSYS;
064         }
065 
066         if(count < sizeof(dev->val)) {
067                 goto out;
068         }
069 
070         /* val */
071         if(copy_to_user(buf, &(dev->val), sizeof(dev->val))) {
072                 err = -EFAULT;
073                 goto out;
074         }
075 
076         err = sizeof(dev->val);
077 
078 out:
079         up(&(dev->sem));
080         return err;
081 }
082 
083 /* val */
084 static ssize_t freg_write(struct file* filp, const char __user *buf, size_t count, loff_t* f_pos) {
085         struct fake_reg_dev* dev = filp->private_data;
086         ssize_t err = 0;
087 
088         /* */
089         if(down_interruptible(&(dev->sem))) {
090                 return -ERESTARTSYS;
091         }
092 
093         if(count != sizeof(dev->val)) {
094                 goto out;
095         }
096 
097         /* */
098         if(copy_from_user(&(dev->val), buf, count)) {
099                 err = -EFAULT;
100                 goto out;
101         }
102 
103         err = sizeof(dev->val);
104 
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105 out:
106         up(&(dev->sem));
107         return err;
108 }

109 /* val buf */
110 static ssize_t __freg_get_val(struct fake_reg_dev* dev, char* buf) {
111         int val = 0;
112 
113         /* */
114         if(down_interruptible(&(dev->sem))) {
115                 return -ERESTARTSYS;
116         }
117 
118         val = dev->val;
119         up(&(dev->sem));
120 
121         return snprintf(buf, PAGE_SIZE, "%d\n", val);
122 }
123 
124 /* buf val */
125 static ssize_t __freg_set_val(struct fake_reg_dev* dev, const char* buf, size_t count) {
126         int val = 0;
127 
128         /* */
129         val = simple_strtol(buf, NULL, 10);
130 
131         /* */
132         if(down_interruptible(&(dev->sem))) {
133                 return -ERESTARTSYS;
134         }
135 
136         dev->val = val;
137         up(&(dev->sem));
138 
139         return count;
140 }
141 
142 /* val */
143 static ssize_t freg_val_show(struct device* dev, struct device_attribute* attr, char* buf) {
144         struct fake_reg_dev* hdev = (struct fake_reg_dev*)dev_get_drvdata(dev);
145 
146         return __freg_get_val(hdev, buf);
147 }
148 
149 /* val */
150 static ssize_t freg_val_store(struct device* dev, struct device_attribute* attr, const char* buf, size_t count) {
151          struct fake_reg_dev* hdev = (struct fake_reg_dev*)dev_get_drvdata(dev);
152 
153         return __freg_set_val(hdev, buf, count);
154 }
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155 /* val page */
156 static ssize_t freg_proc_read(char* page, char** start, off_t off, int count, int* eof, void* data) {
157         if(off > 0) {
158                 *eof = 1;
159                 return 0;
160         }
161 
162         return __freg_get_val(freg_dev, page);
163 }
164 
165 /* buff val */
166 static ssize_t freg_proc_write(struct file* filp, const char __user *buff, unsigned long len, void* data) {
167         int err = 0;
168         char* page = NULL;
169 
170         if(len > PAGE_SIZE) {
171                 printk(KERN_ALERT"The buff is too large: %lu.\n", len);
172                 return -EFAULT;
173         }
174 
175         page = (char*)__get_free_page(GFP_KERNEL);
176         if(!page) {
177                 printk(KERN_ALERT"Failed to alloc page.\n");
178                 return -ENOMEM;
179         }
180 
181         /* */
182         if(copy_from_user(page, buff, len)) {
183                 printk(KERN_ALERT"Failed to copy buff from user.\n");
184                 err = -EFAULT;
185                 goto out;
186         }
187 
188         err = __freg_set_val(freg_dev, page, len);
189 
190 out:
191         free_page((unsigned long)page);
192         return err;
193 }
194 
195 /* /proc/freg */
196 static void freg_create_proc(void) {
197         struct proc_dir_entry* entry;
198 
199         entry = create_proc_entry(FREG_DEVICE_PROC_NAME, 0, NULL);
200         if(entry) {
201                 entry->owner = THIS_MODULE;
202                 entry->read_proc = freg_proc_read;
203                 entry->write_proc = freg_proc_write;
204         }
205 }
206 
207 /* /proc/freg */
208 static void freg_remove_proc(void) {
209         remove_proc_entry(FREG_DEVICE_PROC_NAME, NULL);
210 }
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211 /* */
212 static int  __freg_setup_dev(struct fake_reg_dev* dev) {
213         int err;
214         dev_t devno = MKDEV(freg_major, freg_minor);
215 
216         memset(dev, 0, sizeof(struct fake_reg_dev));
217 
218         /* */
219         cdev_init(&(dev->dev), &freg_fops);
220         dev->dev.owner = THIS_MODULE;
221         dev->dev.ops = &freg_fops;
222 
223         /* */
224         err = cdev_add(&(dev->dev),devno, 1);
225         if(err) {
226                 return err;
227         }
228 
229         /* val */
230         init_MUTEX(&(dev->sem));
231         dev->val = 0;
232 
233         return 0;
234 }
235 
236 /* */
237 static int __init freg_init(void) {
238         int err = -1;
239         dev_t dev = 0;
240         struct device* temp = NULL;
241 
242         printk(KERN_ALERT"Initializing freg device.\n");
243 
244         /* */
245         err = alloc_chrdev_region(&dev, 0, 1, FREG_DEVICE_NODE_NAME);
246         if(err < 0) {
247                 printk(KERN_ALERT"Failed to alloc char dev region.\n");
248                 goto fail;
249         }
250 
251         freg_major = MAJOR(dev);
252         freg_minor = MINOR(dev);
253 
254         /* freg */
255         freg_dev = kmalloc(sizeof(struct fake_reg_dev), GFP_KERNEL);
256         if(!freg_dev) {
257                 err = -ENOMEM;
258                 printk(KERN_ALERT"Failed to alloc freg device.\n");
259                 goto unregister;
260         }
261 
262         /* */
263         err = __freg_setup_dev(freg_dev);
264         if(err) {
265                 printk(KERN_ALERT"Failed to setup freg device: %d.\n", err);
266                 goto cleanup;
267         }
268 
269         /* /sys/class/ freg*/
270         freg_class = class_create(THIS_MODULE, FREG_DEVICE_CLASS_NAME);
271         if(IS_ERR(freg_class)) {
272                 err = PTR_ERR(freg_class);
273                 printk(KERN_ALERT"Failed to create freg device class.\n");
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274                 goto destroy_cdev;
275         }
276 
277         /* /dev/ /sys/class/freg freg*/
278         temp = device_create(freg_class, NULL, dev, "%s", FREG_DEVICE_FILE_NAME);
279         if(IS_ERR(temp)) {
280                 err = PTR_ERR(temp);
281                 printk(KERN_ALERT"Failed to create freg device.\n");
282                 goto destroy_class;
283         }
284 
285         /* /sys/class/freg/freg val*/
286         err = device_create_file(temp, &dev_attr_val);
287         if(err < 0) {
288                 printk(KERN_ALERT"Failed to create attribute val of freg device.\n");
289                 goto destroy_device;
290         }
291 
292         dev_set_drvdata(temp, freg_dev);
293 
294         /* /proc/freg */
295         freg_create_proc();
296 
297         printk(KERN_ALERT"Succedded to initialize freg device.\n");
298 
299         return 0;
300 
301 destroy_device:
302         device_destroy(freg_class, dev);
303 destroy_class:
304         class_destroy(freg_class);
305 destroy_cdev:
306         cdev_del(&(freg_dev->dev));
307 cleanup:
308         kfree(freg_dev);
309 unregister:
310         unregister_chrdev_region(MKDEV(freg_major, freg_minor), 1);
311 fail:
312         return err;
313 }
314 
315 /* */
316 static void __exit freg_exit(void) {
317         dev_t devno = MKDEV(freg_major, freg_minor);
318 
319         printk(KERN_ALERT"Destroy freg device.\n");
320 
321         /* /proc/freg */
322         freg_remove_proc();
323 
324         /* */
325         if(freg_class) {
326                 device_destroy(freg_class, MKDEV(freg_major, freg_minor));
327                 class_destroy(freg_class);
328         }
329 
330         /* */
331         if(freg_dev) {
332                 cdev_del(&(freg_dev->dev));
333                 kfree(freg_dev);
334         }
335 
336         /* */
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337         unregister_chrdev_region(devno, 1);
338 }
339 
340 MODULE_LICENSE("GPL");
341 MODULE_DESCRIPTION("Fake Register Driver");
342 
343 module_init(freg_init);
344 module_exit(freg_exit);

Kconfig
1 config FREG
2         tristate "Fake Register Driver"
3         default n
4         help
5         This is the freg driver for android system.

Makefile
1 obj-$(CONFIG_FREG) += freg.o

menu "Device Drivers"

endmenu
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menu "Device Drivers"
source "drivers/freg/Kconfig"

endmenu

source "drivers/Kconfig"

obj-$(CONFIG_FREG)+= freg/

USER@MACHINE:~/Android/kernel/goldfish$ make menuconfig

       [*] Fake Register Driver                                          
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USER@MACHINE:~/Android/kernel/goldfish$ make

OBJCOPY arch/arm/boot/zImage
Kernel: arch/arm/boot/zImage is ready

USER@MACHINE: ~/Android$ emulator -kernel kernel/goldfish/arch/arm/boot/zImage &
USER@MACHINE: ~/Android$ adb shell
root@android:/ # cd dev
root@android:/dev # ls freg
freg

root@android:/proc # cat freg
0
root@android:/proc # echo '5' > freg
root@android:/proc # cat freg                                                  
5

root@android:/sys/class/freg/freg # cat val 
5
root@android:/sys/class/freg/freg # echo '0' > val
root@android:/sys/class/freg/freg # cat val                                    
0
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~/Android
----external
    ----freg
        ----freg.c
        ----Android.mk

freg.c
01 #include <stdio.h>
02 #include <stdlib.h>
03 #include <fcntl.h>
04 
05 #define FREG_DEVICE_NAME "/dev/freg"
06 
07 int main(int argc, char** argv) {
08         int fd = -1;
09         int val = 0;
10 
11         fd = open(FREG_DEVICE_NAME, O_RDWR);
12         if(fd == -1) {
13                 printf("Failed to open device %s.\n", FREG_DEVICE_NAME);
14                 return -1;
15         }
16 
17         printf("Read original value:\n");
18         read(fd, &val, sizeof(val));
19         printf("%d.\n\n", val);
20 
21         val = 5;
22         printf("Write value %d to %s.\n\n", val, FREG_DEVICE_NAME);
23         write(fd, &val, sizeof(val));

----freg.c
----Android.mk
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24 
25         printf("Read the value again:\n");
26         read(fd, &val, sizeof(val));
27         printf("%d.\n\n", val);
28 
29         close(fd);
30 
31         return 0;
32 }

Android.mk
1 LOCAL_PATH := $(call my-dir)
2 include $(CLEAR_VARS)
3 LOCAL_MODULE_TAGS := optional
4 LOCAL_MODULE := freg
5 LOCAL_SRC_FILES := $(call all-subdir-c-files)
6 include $(BUILD_EXECUTABLE)

USER@MACHINE:~/Android$ mmm ./external/freg/
USER@MACHINE:~/Android$ make snod

USER@MACHINE: ~/Android$ emulator -kernel kernel/goldfish/arch/arm/boot/zImage &
USER@MACHINE: ~/Android$ adb shell
root@android:/ # cd system/bin
root@android:/system/bin # ./freg
Read original value:
0.
Write value 5 to /dev/freg.
Read the value again:
5.
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2.3.1.1  

hardware/libhardware/hardware.c
01 /**
02  * There are a set of variant filename for modules. The form of the filename
03  * is "<MODULE_ID>.variant.so" so for the led module the Dream variants
04  * of base "ro.product.board", "ro.board.platform" and "ro.arch" would be:
05  *
06  * led.trout.so
07  * led.msm7k.so
08  * led.ARMV6.so
09  * led.default.so
10  */
11 
12 static const char *variant_keys[] = {
13     "ro.hardware",  /* This goes first so that it can pick up a different
14                        file on the emulator. */
15     "ro.product.board",
16     "ro.board.platform",
17     "ro.arch"
18 };
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2.3.1.2  

hw_module_t
hardware/libhardware/include/hardware/hardware.h
01 /*
02  * Value for the hw_module_t.tag field
03  */
04 
05 #define MAKE_TAG_CONSTANT(A,B,C,D) (((A) << 24) | ((B) << 16) | ((C) << 8) | (D))
06 #define HARDWARE_MODULE_TAG MAKE_TAG_CONSTANT('H', 'W', 'M', 'T')
07 
08 /**
09  * Name of the hal_module_info
10  */
11 #define HAL_MODULE_INFO_SYM         HMI
12 
13 /**
14  * Every hardware module must have a data structure named HAL_MODULE_INFO_SYM
15  * and the fields of this data structure must begin with hw_module_t
16  * followed by module specific information.
17  */
18 typedef struct hw_module_t {
19     /** tag must be initialized to HARDWARE_MODULE_TAG */
20     uint32_t tag;
21 
22     /** major version number for the module */
23     uint16_t version_major;
24 
25     /** minor version number of the module */
26     uint16_t version_minor;
27 
28     /** Identifier of module */
29     const char *id;
30 
31     /** Name of this module */
32     const char *name;
33 
34     /** Author/owner/implementor of the module */
35     const char *author;
36 
37     /** Modules methods */
38     struct hw_module_methods_t* methods;
39 
40     /** module's dso */
41     void* dso;
42 
43     /** padding to 128 bytes, reserved for future use */
44     uint32_t reserved[32-7];
45 
46 } hw_module_t;

hw_module_t
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hw_module_methods_t
hardware/libhardware/include/hardware/hardware.h
1 typedef struct hw_module_methods_t {
2     /** Open a specific device */
3     int (*open)(const struct hw_module_t* module, const char* id,
4             struct hw_device_t** device);
5 
6 } hw_module_methods_t;

hw_device_t
hardware/libhardware/include/hardware/hardware.h
01 #define HARDWARE_DEVICE_TAG MAKE_TAG_CONSTANT('H', 'W', 'D', 'T')
02 
03 /**
04  * Every device data structure must begin with hw_device_t
05  * followed by module specific public methods and attributes.
06  */
07 typedef struct hw_device_t {
08     /** tag must be initialized to HARDWARE_DEVICE_TAG */
09     uint32_t tag;
10 
11     /** version number for hw_device_t */
12     uint32_t version;
13 
14     /** reference to the module this device belongs to */
15     struct hw_module_t* module;
16 
17     /** padding reserved for future use */

hw_module_methods_t

hw_device_t
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18     uint32_t reserved[12];
19 
20     /** Close this device */
21     int (*close)(struct hw_device_t* device);
22 
23 } hw_device_t;

~/Android/hardware/libhardware
----include
     ----hardware
          ----freg.h
Modules
     ----freg
          ----freg.cpp
          ----Android.mk

freg.h
01 #ifndef ANDROID_FREG_INTERFACE_H
02 #define ANDROID_FREG_INTERFACE_H
03 
04 #include <hardware/hardware.h>
05 
06 __BEGIN_DECLS
07 
08 /* ID*/
09 #define FREG_HARDWARE_MODULE_ID "freg"
10 
11 /* ID*/
12 #define FREG_HARDWARE_DEVICE_ID "freg"

----freg.h

----freg.cpp
----Android.mk
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13 
14 /* */
15 struct freg_module_t {
16         struct hw_module_t common;
17 };
18 
19 /* */
20 struct freg_device_t {
21         struct hw_device_t common;
22         int fd;
23         int (*set_val)(struct freg_device_t* dev, int val);
24         int (*get_val)(struct freg_device_t* dev, int* val);
25 };
26 
27 __END_DECLS
28 
29 #endif

freg.cpp

01 #define LOG_TAG "FregHALStub"
02 
03 #include <hardware/hardware.h>
04 #include <hardware/freg.h>
05 
06 #include <fcntl.h>
07 #include <errno.h>
08 
09 #include <cutils/log.h>
10 #include <cutils/atomic.h>
11 
12 #define DEVICE_NAME "/dev/freg"
13 #define MODULE_NAME "Freg"
14 #define MODULE_AUTHOR "shyluo@gmail.com"
15 
16 /* */
17 static int freg_device_open(const struct hw_module_t* module, const char* id, struct hw_device_t** device);
18 static int freg_device_close(struct hw_device_t* device);
19 
20 /* */
21 static int freg_get_val(struct freg_device_t* dev, int* val);
22 static int freg_set_val(struct freg_device_t* dev, int val);
23 
24 /* */
25 static struct hw_module_methods_t freg_module_methods = {
26         open: freg_device_open
27 };
28 
29 /* */
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30 struct freg_module_t HAL_MODULE_INFO_SYM = {
31         common: {
32                 tag: HARDWARE_MODULE_TAG,
33                 version_major: 1,
34                 version_minor: 0,
35                 id: FREG_HARDWARE_MODULE_ID,
36                 name: MODULE_NAME,
37                 author: MODULE_AUTHOR,
38                 methods: &freg_module_methods,
39         }
40 };

41 static int freg_device_open(const struct hw_module_t* module, const char* id, struct hw_device_t** device) {
42         if(!strcmp(id, FREG_HARDWARE_DEVICE_ID)) {
43                 struct freg_device_t* dev;
44 
45                 dev = (struct freg_device_t*)malloc(sizeof(struct freg_device_t));
46                 if(!dev) {
47                         LOGE("Failed to alloc space for freg_device_t.");
48                         return -EFAULT;
49                 }
50 
51                 memset(dev, 0, sizeof(struct freg_device_t));
52 
53                 dev->common.tag = HARDWARE_DEVICE_TAG;
54                 dev->common.version = 0;
55                 dev->common.module = (hw_module_t*)module;
56                 dev->common.close = freg_device_close;
57                 dev->set_val = freg_set_val;
58                 dev->get_val = freg_get_val;
59 
60                 if((dev->fd = open(DEVICE_NAME, O_RDWR)) == -1) {
61                         LOGE("Failed to open device file /dev/freg -- %s.", strerror(errno));
62                         free(dev);
63                         return -EFAULT;
64                 }
65 
66                 *device = &(dev->common);
67 
68                 LOGI("Open device file /dev/freg successfully.");
69 
70                 return 0;
71         }
72 
73         return -EFAULT;
74 }
75 
76 static int freg_device_close(struct hw_device_t* device) {
77         struct freg_device_t* freg_device = (struct freg_device_t*)device;
78         if(freg_device) {
79                 close(freg_device->fd);
80                 free(freg_device);
81         }
82 
83         return 0;
84 
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85 static int freg_get_val(struct freg_device_t* dev, int* val) {
86         if(!dev) {
87                 LOGE("Null dev pointer.");
88                 return -EFAULT;
89         }
90 
91         if(!val) {
92                 LOGE("Null val pointer.");
93                 return -EFAULT;
94         }
95 
96         read(dev->fd, val, sizeof(*val));
97 
98         LOGI("Get value %d from device file /dev/freg.", *val);
99 
100         return 0;
101 }
102 
103 static int freg_set_val(struct freg_device_t* dev, int val) {
104         if(!dev) {
105                 LOGE("Null dev pointer.");
106                 return -EFAULT;
107         }
108 
109         LOGI("Set value %d to device file /dev/freg.", val);
110         write(dev->fd, &val, sizeof(val));
111 
112         return 0;
113 }

Android.mk
1 LOCAL_PATH := $(call my-dir)
2 include $(CLEAR_VARS)
3 LOCAL_MODULE_TAGS := optional
4 LOCAL_PRELINK_MODULE := false
5 LOCAL_MODULE_PATH := $(TARGET_OUT_SHARED_LIBRARIES)/hw
6 LOCAL_SHARED_LIBRARIES := liblog
7 LOCAL_SRC_FILES := freg.cpp
8 LOCAL_MODULE := freg.default
9 include $(BUILD_SHARED_LIBRARY)
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USER@MACHINE:~/Android$ mmm ./hardware/libhardware/freg/
USER@MACHINE:~/Android$ make snod

hardware/libhardware/include/hardware/hardware.h
1 /**
2  * Get the module info associated with a module by id.
3  * @return: 0 == success, <0 == error and *pHmi == NULL
4  */
5 int hw_get_module(const char *id, const struct hw_module_t **module);

hardware/libhardware/hardware.c
01 /** Base path of the hal modules */
02 #define HAL_LIBRARY_PATH1 "/system/lib/hw"
03 #define HAL_LIBRARY_PATH2 "/vendor/lib/hw"
04 
05 static const char *variant_keys[] = {
06     "ro.hardware",  /* This goes first so that it can pick up a different
07                        file on the emulator. */
08     "ro.product.board",
09     "ro.board.platform",
10     "ro.arch"
11 };
12 
13 static const int HAL_VARIANT_KEYS_COUNT =
14     (sizeof(variant_keys)/sizeof(variant_keys[0]));
15 
16 int hw_get_module(const char *id, const struct hw_module_t **module)
17 {
18     int status;
19     int i;
20     const struct hw_module_t *hmi = NULL;
21     char prop[PATH_MAX];
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22     char path[PATH_MAX];
23 
24     /*
25      * Here we rely on the fact that calling dlopen multiple times on
26      * the same .so will simply increment a refcount (and not load
27      * a new copy of the library).
28      * We also assume that dlopen() is thread-safe.
29      */
30 
31     /* Loop through the configuration variants looking for a module */
32     for (i=0 ; i<HAL_VARIANT_KEYS_COUNT+1 ; i++) {
33         if (i < HAL_VARIANT_KEYS_COUNT) {
34             if (property_get(variant_keys[i], prop, NULL) == 0) {
35                 continue;
36             }
37 
38             snprintf(path, sizeof(path), "%s/%s.%s.so",
39                     HAL_LIBRARY_PATH1, id, prop);
40             if (access(path, R_OK) == 0) break;
41 
42             snprintf(path, sizeof(path), "%s/%s.%s.so",
43                      HAL_LIBRARY_PATH2, id, prop);
44             if (access(path, R_OK) == 0) break;
45         } else {
46             snprintf(path, sizeof(path), "%s/%s.default.so",
47                      HAL_LIBRARY_PATH1, id);
48             if (access(path, R_OK) == 0) break;
49         }
50     }
51 
52     status = -ENOENT;
53     if (i < HAL_VARIANT_KEYS_COUNT+1) {
54         /* load the module, if this fails, we're doomed, and we should not try
55          * to load a different variant. */
56         status = load(id, path, module);
57     }
58 
59     return status;
60 }
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hardware/libhardware/hardware.c
01 static int load(const char *id,
02         const char *path,
03         const struct hw_module_t **pHmi)
04 {
05     int status;
06     void *handle;
07     struct hw_module_t *hmi;
08 
09     /*
10      * load the symbols resolving undefined symbols before
11      * dlopen returns. Since RTLD_GLOBAL is not or'd in with
12      * RTLD_NOW the external symbols will not be global
13      */
14     handle = dlopen(path, RTLD_NOW);
15     if (handle == NULL) {
16         char const *err_str = dlerror();
17         LOGE("load: module=%s\n%s", path, err_str?err_str:"unknown");
18         status = -EINVAL;
19         goto done;
20     }
21 
22     /* Get the address of the struct hal_module_info. */
23     const char *sym = HAL_MODULE_INFO_SYM_AS_STR;
24     hmi = (struct hw_module_t *)dlsym(handle, sym);
25     if (hmi == NULL) {
26         LOGE("load: couldn't find symbol %s", sym);
27         status = -EINVAL;
28         goto done;
29     }
30 
31     /* Check that the id matches */
32     if (strcmp(id, hmi->id) != 0) {
33         LOGE("load: id=%s != hmi->id=%s", id, hmi->id);
34         status = -EINVAL;
35         goto done;
36     }
37 
38     hmi->dso = handle;
39 
40     /* success */
41     status = 0;
42 
43     done:
44     if (status != 0) {
45         hmi = NULL;
46         if (handle != NULL) {
47             dlclose(handle);
48             handle = NULL;
49         }
50     } else {
51         LOGV("loaded HAL id=%s path=%s hmi=%p handle=%p",
52                 id, path, *pHmi, handle);
53     }
54 
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55     *pHmi = hmi;
56 
57     return status;
58 }

60 if((dev->fd = open(DEVICE_NAME, O_RDWR)) == -1) {
61       LOGE("Failed to open device file /dev/freg -- %s.", strerror(errno));
62       free(dev);
63       return -EFAULT;
64 }

Failed to open /dev/hello -- Permission denied./dev/hello
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/dev/freg                 0666   root       root

1. ramdisk.img

USER@MACHINE:~/Android$ mv ./out/target/product/generic/ramdisk.img ./ramdisk.img.gz
USER@MACHINE:~/Android$ gunzip ./ramdisk.img.gz

2. ramdisk.img

USER@MACHINE:~/Android $ mkdir ramdisk
USER@MACHINE:~/Android $ cd ./ramdisk/
USER@MACHINE:~/Android /ramdisk$ cpio -i -F ../ramdisk.img

3. ueventd.rc

/dev/freg                 0666   root       root

4. ramdisk.img

USER@MACHINE:~/Android/ramdisk$ rm -f ../ramdisk.img
USER@MACHINE:~/Android/ramdisk$ find . | cpio -o -H newc > ../ramdisk.img.unzip 
USER@MACHINE:~/Android/ramdisk$ cd ..
USER@MACHINE:~/Android$ gzip -c ./ramdisk.img.unzip > ./ramdisk.img.gz

/Android /
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USER@MACHINE:~/Android$ rm -f ./ramdisk.img.unzip 
USER@MACHINE:~/Android$ rm -R ./ramdisk
USER@MACHINE:~/Android$ mv ./ramdisk.img.gz ./out/target/product/generic/ramdisk.img

frameworks/base/core/java/android/os/IFregService.aidl
1 package android.os;
2 
3 interface IFregService {
4         void setVal(int val);
5         int getVal();
6 }
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LOCAL_SRC_FILES += \
   ......
   voip/java/android/net/sip/ISipService.aidl \
   core/java/android/os/IFregService.aidl

USER@MACHINE:~/Android$ mmm ./frameworks/base/

frameworks/base/services/java/com/android/server/FregService.java
01 package com.android.server;
02 
03 import android.content.Context;
04 import android.os.IFregService;
05 import android.util.Slog;
06 
07 public class FregService extends IFregService.Stub {
08         private static final String TAG = "FregService";
09 
10         private int mPtr = 0;
11 
12         FregService() {
13                 mPtr = init_native();
14 
15                 if(mPtr == 0) {
16                         Slog.e(TAG, "Failed to initialize freg service.");
17                 }
18         }
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19 
20         public void setVal(int val) {
21                 if(mPtr == 0) {
22                         Slog.e(TAG, "Freg service is not initialized.");
23                         return;
24                 }
25 
26                 setVal_native(mPtr, val);
27         }
28 
29         public int getVal() {
30                 if(mPtr == 0) {
31                         Slog.e(TAG, "Freg service is not initialized.");
32                         return 0;
33                 }
34 
35                 return getVal_native(mPtr);
36         }
37 
38         private static native int init_native();
39         private static native void setVal_native(int ptr, int val);
40         private static native int getVal_native(int ptr);
41 };

USER@MACHINE:~/Android$ mmm ./frameworks/base/services/java/

frameworks/base/services/jni/com_android_server_FregService.cpp
01 #define LOG_TAG "FregServiceJNI"
02 
03 #include "jni.h"
04 #include "JNIHelp.h"
05 #include "android_runtime/AndroidRuntime.h"
06 
07 #include <utils/misc.h>
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08 #include <utils/Log.h>
09 #include <hardware/hardware.h>
10 #include <hardware/freg.h>
11 
12 #include <stdio.h>
13 
14 namespace android
15 {
16         /* freg */
17         static void freg_setVal(JNIEnv* env, jobject clazz, jint ptr, jint value) {
18                 /* ptr freg_device_t */
19                 freg_device_t* device = (freg_device_t*)ptr;
20                 if(!device) {
21                         LOGE("Device freg is not open.");
22                         return;
23                 }
24 
25                 int val = value;
26 
27                 LOGI("Set value %d to device freg.", val);
28 
29                 device->set_val(device, val);
30         }
31 
32       /* freg */  
33         static jint freg_getVal(JNIEnv* env, jobject clazz, jint ptr) {
34                 /* ptr freg_device_t */
35                 freg_device_t* device = (freg_device_t*)ptr;
36                 if(!device) {
37                         LOGE("Device freg is not open.");
38                         return 0;
39                 }
40 
41                 int val = 0;
42 
43                 device->get_val(device, &val);
44 
45                 LOGI("Get value %d from device freg.", val);
46 
47                 return val;
48         }
49 
50       /* freg*/
51         static inline int freg_device_open(const hw_module_t* module, struct freg_device_t** device) {
52                 return module->methods->open(module, FREG_HARDWARE_DEVICE_ID, (struct hw_device_t**)device);
53         }
54 
55       /* freg*/
56         static jint freg_init(JNIEnv* env, jclass clazz) {
57                 freg_module_t* module;
58                 freg_device_t* device;
59 
60                 LOGI("Initializing HAL stub freg......");
61 
62                 /* freg*/
63        if(hw_get_module(FREG_HARDWARE_MODULE_ID, (const struct hw_module_t**)&module) == 0) {
64                         LOGI("Device freg found.");
65 
66                /* freg*/
67                if(freg_device_open(&(module->common), &device) == 0) {
68                                 LOGI("Device freg is open.");
69
70                                 /* freg_device_t */
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71                                 return (jint)device; 
72                         }
73 
74                         LOGE("Failed to open device freg.");
75                         return 0;
76                 }
77 
78                 LOGE("Failed to get HAL stub freg.");
79 
80                 return 0;
81         }
82 
83         /*Java */
84         static const JNINativeMethod method_table[] = {
85                 {"init_native", "()I", (void*)freg_init},
86                 {"setVal_native", "(II)V", (void*)freg_setVal},
87                 {"getVal_native", "(I)I", (void*)freg_getVal},
88         };
89 
90         /* Java */
91         int register_android_server_FregService(JNIEnv *env) {
92                 return jniRegisterNativeMethods(env, "com/android/server/FregService", 
method_table, NELEM(method_table));
93         }
94 };

frameworks/base/services/jni/onload.cpp
01 #include "JNIHelp.h"
02 #include "jni.h"
03 #include "utils/Log.h"
04 #include "utils/misc.h"
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05 
06 namespace android {
07 ......
08 
09 int register_android_server_FregService(JNIEnv* env);
10 };
11 
12 using namespace android;
13 
14 extern "C" jint JNI_OnLoad(JavaVM* vm, void* reserved)
15 {
16     ......
17 
18     register_android_server_FregService(env);
19 
20     return JNI_VERSION_1_4;
21 }

LOCAL_SRC_FILES += \
   ......
   com_android_server_FregService.cpp \
   onload.cpp

USER@MACHINE:~/Android$ mmm ./frameworks/base/services/jni/

01 class ServerThread extends Thread {
02       ......
03 
04       @Override
05      public void run() {
06         ......
07 
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08         if (factoryTest != SystemServer.FACTORY_TEST_LOW_LEVEL) {
09           ......
10 
11           try {
12                     Slog.i(TAG, "Freg Service");
13                      ServiceManager.addService("freg", new FregService());
14                } catch (Throwable e) {
15                      Slog.e(TAG, "Failure starting Freg Service", e);
16                }
17         }
18 
19         ......
20       }
21 
22       ......
23 }

USER@MACHINE:~/Android$ mmm ./frameworks/base/services/java/

USER@MACHINE:~/Android$ make snod

~/Android/packages/experimental/Freg
----AndroidManifest.xml
----Android.mk
----src
    ----shy/luo/freg
        ----Freg.java
----res
    ----layout
        ----main.xml

----Freg.java

----main.xml



45

    ----values 
        ----strings.xml 
    ----drawable
        ----icon.png

Freg.java
01 package shy.luo.freg;
02 
03 import android.app.Activity;
04 import android.os.ServiceManager;
05 import android.os.Bundle;
06 import android.os.IFregService;
07 import android.os.RemoteException;
08 import android.util.Log;
09 import android.view.View;
10 import android.view.View.OnClickListener;
11 import android.widget.Button;
12 import android.widget.EditText;
13 
14 public class Freg extends Activity implements OnClickListener {
15         private final static String LOG_TAG = "shy.luo.freg.FregActivity";
16 
17        private IFregService fregService = null;
18 
19        private EditText valueText = null;
20        private Button readButton = null;
21        private Button writeButton = null;
22        private Button clearButton = null;
23 
24        @Override
25        public void onCreate(Bundle savedInstanceState) {
26           super.onCreate(savedInstanceState);
27           setContentView(R.layout.main);
28 
29           fregService = IFregService.Stub.asInterface(
30               ServiceManager.getService("freg"));
31 
32           valueText = (EditText)findViewById(R.id.edit_value);
33           readButton = (Button)findViewById(R.id.button_read);
34           writeButton = (Button)findViewById(R.id.button_write);
35           clearButton = (Button)findViewById(R.id.button_clear);
36 
37           readButton.setOnClickListener(this);
38           writeButton.setOnClickListener(this);
39           clearButton.setOnClickListener(this);
40 
41           Log.i(LOG_TAG, "Freg Activity Created");
42        }
43 
44        @Override
45        public void onClick(View v) {
46           if(v.equals(readButton)) {
47               try {
48                            int val = fregService.getVal();
49                            String text = String.valueOf(val);
50                            valueText.setText(text);
51                        } catch (RemoteException e) {
52                            Log.e(LOG_TAG, "Remote Exception while reading value from freg service.");
53                }

try {

}

----strings.xml

----icon.png
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54           } else if(v.equals(writeButton)) {
55               try {
56                            String text = valueText.getText().toString();
57                            int val = Integer.parseInt(text);
58                            fregService.setVal(val);
59                        } catch (RemoteException e) {
60                            Log.e(LOG_TAG, "Remote Exception while writing value to freg service.");
61                        }
62           } else if(v.equals(clearButton)) {
63               String text = "";
64               valueText.setText(text);
65           }
66        }
67 }

main.xml
01 <?xml version="1.0" encoding="utf-8"?>
02 <LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
03     android:orientation="vertical"
04     android:layout_width="fill_parent"
05     android:layout_height="fill_parent"
06     >
07     <LinearLayout
08         android:layout_width="fill_parent"
09         android:layout_height="wrap_content"
10         android:orientation="vertical"
11         android:gravity="center">
12         <TextView
13                 android:layout_width="wrap_content"
14                 android:layout_height="wrap_content"
15                 android:text="@string/value">
16         </TextView>
17         <EditText
18                 android:layout_width="fill_parent"
19                 android:layout_height="wrap_content"
20                 android:id="@+id/edit_value"
21                 android:hint="@string/hint">
22         </EditText>
23     </LinearLayout>
24     <LinearLayout
25         android:layout_width="fill_parent"
26         android:layout_height="wrap_content"
27         android:orientation="horizontal"
28         android:gravity="center">
29         <Button
30                 android:id="@+id/button_read"
31                 android:layout_width="wrap_content"
32                 android:layout_height="wrap_content"

try {

String text = "";
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33                 android:text="@string/read">
34         </Button>
35         <Button
36                 android:id="@+id/button_write"
37                 android:layout_width="wrap_content"
38                 android:layout_height="wrap_content"
39                 android:text="@string/write">
40         </Button>
41         <Button
42                 android:id="@+id/button_clear"
43                 android:layout_width="wrap_content"
44                 android:layout_height="wrap_content"
45                 android:text="@string/clear">
46         </Button>
47     </LinearLayout>
48 </LinearLayout>

strings.xml
1 <?xml version="1.0" encoding="utf-8"?>
2 <resources>
3     <string name="app_name">Freg</string>
4     <string name="value">Value</string>
5     <string name="hint">Please input a value...</string>
6     <string name="read">Read</string>
7     <string name="write">Write</string>
8     <string name="clear">Clear</string>
9 </resources>

icon.png

AndroidManifest.xml
01 <?xml version="1.0" encoding="utf-8"?>
02 <manifest xmlns:android="http://schemas.android.com/apk/res/android"
03       package="shy.luo.freg"
04       android:versionCode="1"
05       android:versionName="1.0">
06       <application android:icon="@drawable/icon" android:label="@string/app_name">
07            <activity android:name=".Freg"
08                 android:label="@string/app_name">
09                 <intent-filter>
10                      <action android:name="android.intent.action.MAIN" />
11                      <category android:name="android.intent.category.LAUNCHER" />
12                 </intent-filter>
13            </activity>
14       </application>
15 </manifest>

Android.mk
1 LOCAL_PATH:= $(call my-dir)
2 include $(CLEAR_VARS)
3 LOCAL_MODULE_TAGS := optional
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4 LOCAL_SRC_FILES := $(call all-subdir-java-files)
5 LOCAL_PACKAGE_NAME := Freg
6 include $(BUILD_PACKAGE)

USER@MACHINE:~/Android$ mmm ./packages/experimental/Freg/
USER@MACHINE:~/Android$ make snod

USER@MACHINE:~/Android$ emulator -kernel kernel/goldfish/arch/arm/boot/zImage


