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#tdefine MYPIPE_BUFFER_SIZE 4096
#tdefine MYPIPE_DEVICE_NAME "wendy"

static dev_t dev_major = 0;

enum MyPipeMinors {
MYPIPE_MINOR_IN = 0,
MYPIPE_MINOR_OUT,
MYPIPE_MINOR_COUNT,
b

struct mypipe_data {
struct cdev cdev;
// Whether opened by some writer
bool is_active;
u8 buffer[MYPIPE_BUFFER_SIZE];
size_t write_pos;
size_t read_pos;
size_t data_len;

b

// This could be an array if we want multiple cdev
static struct mypipe_data pdata;

static struct class *mypipedev_class = NULL;

// Protects the buffer

static DEFINE_MUTEX(mypipe_lock);

// Protects the is_active value

static DEFINE_MUTEX(isactive_lock);

// These are two wait_queue_head_t for storing tasks that are waiting for
// writing/ reading

static DECLARE_WAIT_QUEUE_HEAD(read_queue);

static DECLARE_WAIT_QUEUE_HEAD(write_queue);

// END_LST_DEF

VERN— A & IRBIABTEL , AT M) i 32 I 5 2 P fitmodule_initMimodule_exit
P EIE R B FRATIIIX B FE P AR IX P M module_initHHIGAIL H &, [A1ERAE RS M IR
1B i e 2 DA Ry M 5 — > 55 L1 [m] 1) pR 2 &5 M) A mypipe_fops, [AIHf fEmodule_exitH
TR S ERAE o« BEERAI UG AL 5 40 SRR T T
// BEGIN_LST_INIT
static int __init mypipe_init(void) {

int ret;
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dev_t dev;

// Acquire a region of major, minor for us to use. The name appears in
// /proc/devices (and potentially /sys ?).
ret = alloc_chrdev_region(&dev, @, MYPIPE_MINOR_COUNT, MYPIPE_DEVICE_NAME)

?
if (ret) {
return ret;

dev_major = MAJOR(dev);

// Create the class in sysfs. The name appears in /sys/class/<name>
mypipedev_class = class_create(MYPIPE_DEVICE_NAME);
if (IS_ERR(mypipedev_class)) {
ret = PTR_ERR(mypipedev_class);
goto del_cdev;
}

mypipedev_class->dev_uevent = mypipe_uevent;

// Create a cdev in our pdata
cdev_init(&pdata.cdev, &mypipe_fops);
pdata.cdev.owner = THIS_MODULE;

// Register this newly created cdev to kernel. We only have one dev, so we
// can MKDEV(dev_major, 0).

// Also, we want to devices that one handles write and one read, so the
last
// arg is not 1, but 2 (In this case, MYPIPE_MINOR_COUNT)
ret = cdev_add(&pdata.cdev, MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
if (ret)
goto unregister;

// Create device node /dev/mypipe_in and /dev/mypipe_out

device_create(mypipedev_class, NULL, MKDEV(dev_major, MYPIPE_MINOR_IN),
NULL, "%s_in", MYPIPE_DEVICE_NAME);

device_create(mypipedev_class, NULL, MKDEV(dev_major, MYPIPE_MINOR_OUT),
NULL, "%s_out", MYPIPE_DEVICE_NAME);

pdata.is_active = false;

printk(KERN_INFO "%s: module loaded\n", MYPIPE_DEVICE_NAME);
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return 0;

del_cdev:
cdev_del(&pdata.cdev);

unregister:
unregister_chrdev_region(MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
return ret;

static void __exit mypipe_destroy(void) {
// This is basically the reverse operation of mypipe_init
device_destroy(mypipedev_class, MKDEV(dev_major, MYPIPE_MINOR_IN));
device_destroy(mypipedev_class, MKDEV(dev_major, MYPIPE_MINOR_OUT));
class_unregister(mypipedev_class);
class_destroy(mypipedev_class);
cdev_del(&pdata.cdev);
unregister_chrdev_region(MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
printk(KERN_INFO "%s: module unloaded", MYPIPE_DEVICE_NAME);

module_init(mypipe_init);
module_exit(mypipe_destroy);
// END_LST_INIT

fEmodule_initHHIRATEM 1 [ R EL 5 #f& cdev_init(6pdata.cdev, &mypipe_fops

); XA mypipe_fopsiE X A:
// BEGIN_LST_FOP
const struct file_operations mypipe_fops = {.owner = THIS_MODULE,

.open = mypipe_open,

.read = mypipe_read,

.write = mypipe_write,

.release = mypipe_release};
// END_LST_FOP
open, release, read, writen] LIS HUBEXS N T H P& R fopen, fclose, fread, furite
DO AR . FRATT TR ESL P VU (B R 2 A BE IR L 5E B H AR« X TopenSrelease, HT
AP 2 — DR, T SYWHENSEE, FrUAREIATR O ERIE: 7 IRIE
RE—MEFALIAEES N, RN RIEES AR W& TER F Bt n D45 N o
ZRM, TEAMpdata.is_activem KRR A& B AT IEE 5 EER S N .

Xt FreadSwriteri%, HeE A Wminor SR BILAC: HAIASVFAEND I Hread, A
FVFEH P Hwrite. ZJa ERAFRIMUUN, Pread iyl B2 uGRINGE M X B, W
RAFTHEIE Ty 0, IAE 22X M C 2 kM 7 EE N HIRATE 23 1 B 3
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// BEGIN_LST_READ_WRITE
static ssize_t mypipe_read(struct file *filep, char __user *buf, size_t size,
loff_t *offset) {
ssize_t ret = 0;

if (iminor(file_inode(filep)) = MYPIPE_MINOR_OUT) {
return -EINVAL;

// Acquire the lock. If not acquired and interrupted by signal, let kernel
// to try restart the syscall
if (mutex_lock_interruptible(&mypipe_lock)) {

return -ERESTARTSYS;

// We currently have no data, but we can wait for possible new to write in
while (pdata.data_len = 0) {
mutex_unlock(&mypipe_lock);

// Check if the writer is still active

if (mutex_lock_interruptible(&isactive_lock)) {
return -ERESTARTSYS;

}

bool writer_is_active = pdata.is_active;

mutex_unlock(&isactive_lock);

if ('writer_is_active) {
return 0; // No data left and the writer is gone -> EOF for reader

// There is still writer, wait for data

if (filep->f_flags & O_NONBLOCK) {
// The caller says no waiting, so we don't wait
return -EAGAIN;

}

if (wait_event_interruptible(read_queue, pdata.data_len > 0)) {
return -ERESTARTSYS;



120 }

121 // Woken, relock for checking the condition

122 if (mutex_lock_interruptible(&mypipe_lock)) {

123 return -ERESTARTSYS;

124 }

125 }

126

127 // data_len > 0

128 size_t to_read = min(size, pdata.data_len);

129 size_t until_end = min(to_read, MYPIPE_BUFFER_SIZE - pdata.read_pos);
130 if (copy_to_user(buf, pdata.buffer + pdata.read_pos, until_end)) {
131 ret = -EFAULT;

132 goto out;

133 }

134

135 if (to_read > until_end) {

136 if (copy_to_user(buf + until_end, pdata.buffer, to_read - until_end)) {
137 ret = -EFAULT;

138 goto out;

139 }

140 }

141 pdata.read_pos = (pdata.read_pos + to_read) % MYPIPE_BUFFER_SIZE;
142 pdata.data_len -= to_read;

143 ret = to_read;

144

145 wake_up_interruptible(&write_queue);

146

147 |out:

148 mutex_unlock(&mypipe_lock);

149 return ret;

150 |}

151

152 |static ssize_t mypipe_write(struct file *filep, const char __user *buf,
153 size_t size, loff_t *offset) {

154 // This is very similar to read(), just write instead of read

155

156 ssize_ t ret = 0;

157

158 if (iminor(file_inode(filep)) = MYPIPE_MINOR_IN) {

159 return -EINVAL;

160 }

161

162 if (mutex_lock_interruptible(&mypipe_lock)) {
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return -ERESTARTSYS;

while (pdata.data_len = MYPIPE_BUFFER_SIZE) {

mutex_unlock(&mypipe_lock);

if (filep->f_flags & O_NONBLOCK) {
return -EAGAIN;

}

if (wait_event_interruptible(write_queue,

pdata.data_len < MYPIPE_BUFFER_SIZE)) {

return -ERESTARTSYS;

}

if (mutex_lock_interruptible(&mypipe_lock)) {
return -ERESTARTSYS;

size_t space_left = MYPIPE_BUFFER_SIZE - pdata.data_len;
size_t to_write = min(size, space_left);
size_t until_end = min(to_write, MYPIPE_BUFFER_SIZE - pdata.write_pos);

if (copy_from_user(pdata.buffer + pdata.write_pos, buf, until_end)) {
ret = -EFAULT;
goto out;

if (to_write > until_end) {
if (copy_from_user(pdata.buffer, buf + until_end,
to_write - until_end)) {
ret = -EFAULT;
goto out;

pdata.write_pos = (pdata.write_pos + to_write) % MYPIPE_BUFFER_SIZE;
pdata.data_len += to_write;
ret = to_write;

wake_up_interruptible(&read_queue);

out:

mutex_unlock(&mypipe_lock);
return ret;
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208 |// END_LST_READ _WRITE

)
Reader received: Hello from the other side!
main

» [

CRURCEE SN

ZJa, A E B 2ot XA B EWE (Listings 4), HHUKZ1620 KB:

Writer started
Reader started
Writer ended
Reader read content: GNU 'make’
1 Overview of 'make'’
An Introduction to Makefiles
Writing Makefiles
Writing Rules
Writing Recipes in Rules

Conditional Parts of Makefiles
Functions for Transforming Text
How to Run 'make'

8 Using Implicit Rules

2
3
1
5
6 How to Use Variables
7
8
9
1
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(line
WEAVE : Implicit Variables.
(line
* wildcard: Wildcard Function. (line
wildcard <1>: File Name Functions.
(line
word: Text Functions. (line
wordlist: Text Functions. (line

words: Text Functions. (line

YACC: Implicit Variables.
(line

YFLAGS : Implicit Variables.
(line

Reader ended
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#include
#include
#include
#include

// Ref:

// https:

html

// https:

// BEGIN_

Listing 1: WZIXENHEHALHY

<linux/cdev.h>

<linux/fs.h>

<linux/init.h>

<linux/module.h>
//linux-kernel-labs.github.io/refs/heads/master/labs/device_drivers.

//olegkutkov.me/2018/03/14/simple-linux-character-device-driver/

LST_DEF

#define MYPIPE_BUFFER_SIZE 4096
#define MYPIPE_DEVICE_NAME "wendy"

static dev_t dev_major = 0;



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
A
45
46
47
48
49
50
51
52
53
54
55
56
57

enum MyPipeMinors {
MYPIPE_MINOR_IN = 0,
MYPIPE_MINOR_OUT,
MYPIPE_MINOR_COUNT,
b

struct mypipe_data {
struct cdev cdev;
// Whether opened by some writer
bool is_active;
u8 buffer[MYPIPE_BUFFER_SIZE];
size_t write_pos;
size_t read_pos;
size_t data_len;

b

// This could be an array if we want multiple cdev
static struct mypipe_data pdata;

static struct class *mypipedev_class = NULL;

// Protects the buffer

static DEFINE_MUTEX(mypipe_lock);

// Protects the is_active value

static DEFINE_MUTEX(isactive_lock);

// These are two wait_queue_head_t for storing tasks that are waiting for
// writing/ reading

static DECLARE_WAIT_QUEUE_HEAD(read_queue);

static DECLARE_WAIT_QUEUE_HEAD(write queue);

// END_LST_DEF

// BEGIN_LST_OPEN_RELASE
static int mypipe_open(struct inode *inode, struct file *file) {
int minor = iminor(inode);
printk(KERN_INFO "%s opened, minor = %d", MYPIPE_DEVICE_NAME, minor);

// If its opening the writing end, we limit it to only one writer
if (minor = MYPIPE_MINOR_IN) {
if (mutex_lock_interruptible(&isactive_lock)) {
return -ERESTARTSYS;

10



58 if (pdata.is_active) {

59 return -EBUSY;

60 }

61 pdata.is_active = true;

62 mutex_unlock(&isactive _lock);
63 }

64 return 0;

65 |}

66

67 |static int mypipe_release(struct inode *inode, struct file *file) {
68 int minor = iminor(inode);

69 printk(KERN_INFO "%s released, minor = %d", MYPIPE_DEVICE_NAME, minor);
70

71 if (minor = MYPIPE_MINOR_IN) {

72 mutex_lock(&isactive_lock);

73 pdata.is_active = false;

74 mutex_unlock(&isactive _lock);

75 wake_up_interruptible(&read_queue);
76

77 }

78 return 0;

79 |}

80

81 | // END_LST_OPEN_RELEASE

82

83 | // BEGIN_LST_READ_WRITE
84 |static ssize_t mypipe_read(struct file *filep, char __user *buf, size_t size,

85 loff_t *offset) {

86 ssize_ t ret = 0;

87

88 if (iminor(file_inode(filep)) % MYPIPE_MINOR_OUT) {

89 return -EINVAL;

90 }

91

92 // Acquire the lock. If not acquired and interrupted by signal, let kernel
93 // to try restart the syscall

94 if (mutex_lock_interruptible(&mypipe_lock)) {

95 return -ERESTARTSYS;

96 }

97

98 // We currently have no data, but we can wait for possible new to write in
99 while (pdata.data_len = 0) {

100 mutex_unlock(&mypipe_lock);

11



101

102 // Check if the writer is still active

103 if (mutex_lock_interruptible(&isactive_lock)) {

104 return -ERESTARTSYS;

105 }

106 bool writer_is_active = pdata.is_active;

107 mutex_unlock(&isactive_lock);

108

109 if (lwriter_is active) {

110 return 0; // No data left and the writer is gone -> EOF for reader
111 }

112

113 // There is still writer, wait for data

114 if (filep->f_flags & O_NONBLOCK) {

115 // The caller says no waiting, so we don't wait

116 return -EAGAIN;

117 }

118 if (wait_event_interruptible(read_queue, pdata.data_len > 0)) {
119 return -ERESTARTSYS;

120 }

121 // Woken, relock for checking the condition

122 if (mutex_lock_interruptible(&mypipe_lock)) {

123 return -ERESTARTSYS;

124 }

125 }

126

127 // data_len > 0

128 size_t to_read = min(size, pdata.data_len);

129 size_t until_end = min(to_read, MYPIPE_BUFFER_SIZE - pdata.read_pos);
130 if (copy_to_user(buf, pdata.buffer + pdata.read_pos, until_end)) {
131 ret = -EFAULT;

132 goto out;

133 }

134

135 if (to_read > until_end) {

136 if (copy_to_user(buf + until_end, pdata.buffer, to_read - until_end)) {
137 ret = -EFAULT;

138 goto out;

139 }

140 }

141 pdata.read_pos = (pdata.read_pos + to_read) % MYPIPE_BUFFER_SIZE;
142 pdata.data_len -= to_read;

143 ret = to_read;

12



144
145 wake_up_interruptible(&write_queue);

146

147 |out:

148 mutex_unlock(&mypipe_lock);

149 return ret;

150 |}

151

152 |static ssize_t mypipe_write(struct file *filep, const char __user xbuf,
153 size_t size, loff_t *offset) {

154 // This is very similar to read(), just write instead of read
155

156 ssize_ t ret = 0;

157

158 if (iminor(file_inode(filep)) = MYPIPE_MINOR_IN) {

159 return -EINVAL;

160 }

161

162 if (mutex_lock_interruptible(&mypipe_lock)) {

163 return -ERESTARTSYS;

164 }

165

166 while (pdata.data_len = MYPIPE_BUFFER_SIZE) {

167 mutex_unlock(&mypipe_lock);

168 if (filep->f_flags & O_NONBLOCK) {

169 return -EAGAIN;

170 }

171 if (wait_event_interruptible(write_queue,

172 pdata.data_len < MYPIPE_BUFFER_SIZE)) {
173 return -ERESTARTSYS;

174 }

175 if (mutex_lock_interruptible(&mypipe_lock)) {

176 return -ERESTARTSYS;

177 }

178 }

179

180 size_t space_left = MYPIPE_BUFFER_SIZE - pdata.data_len;

181 size_t to_write = min(size, space_left);

182 size_t until_end = min(to_write, MYPIPE_BUFFER_SIZE - pdata.write_pos);
183

184 if (copy_from_user(pdata.buffer + pdata.write_pos, buf, until_end)) {
185 ret = -EFAULT;

186 goto out;
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if (to_write > until_end) {
if (copy_from_user(pdata.buffer, buf + until_end,
to_write - until_end)) {
ret = -EFAULT;
goto out;

pdata.write_pos = (pdata.write_pos + to_write) % MYPIPE_BUFFER_SIZE;
pdata.data_len += to_write;
ret = to_write;

wake_up_interruptible(&read_queue);

out:
mutex_unlock(&mypipe_lock);
return ret;

// END_LST_READ_WRITE

// BEGIN_LST_FOP
const struct file_operations mypipe_fops = {.owner = THIS_MODULE,
.open = mypipe_open,
.read = mypipe_read,
.write = mypipe_write,
.release = mypipe_release};
// END_LST_FOP

// Used to set the permission to allow any user to r/w
static int mypipe_uevent(const struct device xdev,
struct kobj_uevent_env xenv) {
add_uevent_var(env, "DEVMODE=%#0", ©666);
return 0;

// BEGIN_LST_INIT

static int __init mypipe_init(void) {
int ret;
dev_t dev;

14
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// Acquire a region of major, minor for us to use. The name appears in
// /proc/devices (and potentially /sys ?).
ret = alloc_chrdev_region(&dev, @, MYPIPE_MINOR_COUNT, MYPIPE_DEVICE_NAME)

?
if (ret) {
return ret;

dev_major = MAJOR(dev);

// Create the class in sysfs. The name appears in /sys/class/<name>
mypipedev_class = class_create(MYPIPE_DEVICE_NAME);
if (IS_ERR(mypipedev_class)) {
ret = PTR_ERR(mypipedev_class);
goto del_cdev;
}

mypipedev_class->dev_uevent = mypipe_uevent;

// Create a cdev in our pdata
cdev_init(&pdata.cdev, &mypipe_fops);
pdata.cdev.owner = THIS_MODULE;

// Register this newly created cdev to kernel. We only have one dev, so we
// can MKDEV(dev_major, 0).

// Also, we want to devices that one handles write and one read, so the
last
// arg is not 1, but 2 (In this case, MYPIPE_MINOR_COUNT)
ret = cdev_add(&pdata.cdev, MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
if (ret)
goto unregister;

// Create device node /dev/mypipe_in and /dev/mypipe_out

device_create(mypipedev_class, NULL, MKDEV(dev_major, MYPIPE_MINOR_IN),
NULL, "%s_in", MYPIPE_DEVICE_NAME);

device_create(mypipedev_class, NULL, MKDEV(dev_major, MYPIPE_MINOR_OUT),
NULL, "%s_out", MYPIPE_DEVICE_NAME);

pdata.is_active = false;

printk(KERN_INFO "%s: module loaded\n", MYPIPE_DEVICE_NAME);
return 0;
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del _cdev:
cdev_del(&pdata.cdev);

unregister:
unregister_chrdev_region(MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
return ret;

static void __exit mypipe_destroy(void) {
// This is basically the reverse operation of mypipe_init
device_destroy(mypipedev_class, MKDEV(dev_major, MYPIPE_MINOR_IN));
device_destroy(mypipedev_class, MKDEV(dev_major, MYPIPE_MINOR_OUT));
class_unregister(mypipedev_class);
class_destroy(mypipedev_class);
cdev_del(&pdata.cdev);
unregister_chrdev_region(MKDEV(dev_major, @), MYPIPE_MINOR_COUNT);
printk(KERN_INFO "%s: module unloaded", MYPIPE_DEVICE_NAME);

module_init(mypipe_init);
module_exit(mypipe_destroy);
// END_LST_INIT

MODULE_LICENSE("GPL");

Listing 2: ] H.5 NF2 PG

#include <fcntl.h>
#include <stdio.h>
#include <string.h>
#include <unistd.h>

int main() {
int fd = open("/dev/wendy_in", O_WRONLY);

if (fd < 0) {
printf("Error open pipe");
return 1;
}
const char xmsg = "Hello from the other side!\n";

write(fd, msg, strlen(msg));

close(fd);
return 0;
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#tinclude
#tinclude
#tinclude

Listing 3: & #1352 A% 7 AQHS
<fcntl.h>

<stdio.h>
<unistd.h>

int main() {

int fd = open("/dev/wendy_out", O_RDONLY);
if (fd < 0) {

printf("Error open pipe");

return 1;
}

char buf[128];
ssize_t n = read(fd, buf, sizeof(buf) - 1);
if (n < 0) {

printf("Error read pipe");

return 1;

buf[n] = '\0';
printf("Reader received: %s", buf);

close(fd);
return 0;

#include
#include
#include
#include
#include

Listing 4: Wl A

<iostream>
<thread>
<fstream>
<chrono>
<syncstream>

void writer() {

std::osyncstream(std:: cout) << "Writer started" << std::endl;

std::ofstream pipe_write("/dev/wendy_in");
if (!pipe_write.is_open()) {
std::cerr << "Cannot open pipe in" << std::endl;

std::ifstream txt("./make.txt");
if (!'txt.is_open()) {
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std::cerr << "Canno open make.txt" << std::endl;
}
// pipe_write << "Hello from the other side\n";
pipe_write << txt.rdbuf();
std::osyncstream(std::cout) << "Writer ended" << std::endl;
}
void reader() {

<< pipe_read.rdbuf

std::osyncstream(std:: cout) << "Reader started" << std::endl;
std::ifstream pipe_read("/dev/wendy_out");
std::osyncstream(std:: cout) << "Reader read content:
OF
std::osyncstream(std:: cout) << "Reader ended" << std::endl;
}
int main() {

std:: thread writer_thread(writer);

std:: this_thread::sleep_for(std::chrono::milliseconds(100));

std:: thread reader_thread(reader);

if (reader_thread.joinable()) {
reader_thread.join();

}

if (writer_thread.joinable()) {
writer_thread.join();

}

return 0;
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