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Problem 1: Signal 
1. 会被父进程回收，因为父进程调用waitpid参数时pid是-1。


2. 有block bitmap，与pending bitmap做异或，于是接收时只处理未被block的信号。


3. 可能pause后无法收到信号，导致进程挂起无法继续执行。
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Problem 2: IO
1. fd_1: 	3                          		fd_2:	4
2. 	（图示参考书上Figure 10.12）



3. File content:	    bbbbccdd
4. 	（图示参考书上Figure 10.14）


5. File content:		bbccdddd
6. 不存在。子进程退出时，文件描述符表销毁，文件描述符关闭。当主进程关闭所有文件描述符时，文件表项的引入计数均变为0，也会销毁释放。


Problem 3: Network
1. [1]	DEFAULT_IP						[2]	(struct addr*)serveraddr		
[3] sizeof(serveraddr)				[4]	listen(listenfd, 1024);
[5]	handleConnection				[6]client_socket
2. detach的线程在终止时，其内存资源由系统自动释放。


3. 进程隔离性好，线程共享资源更便捷



[bookmark: _Hlk74665188]

Problem 4: Schedule
1.	
FIFO: First come, first serve.the job that enters the system first executes first
RR: Run a job for a time slice.Switch to the next job in the run queue.Repeat until the jobs are finished



2. (a).
 	[1]		5			[2]			2.5			[3]		3.75		[4]		5/4 or 1	
[5]		19/4		[6]			1.5
(b)	.
	Times(ms)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Mlfq-high
	A
	
	B
	C
	D
	
	
	
	
	

	Mlfq-low
	
	A
	
	
	
	A
	B
	B
	C
	B


(c).
average turn around time: 19/4ms
average response around time: 1ms

Problem 5: Lock
1.	[1]	ticket			[2]	myturn				[3]	lock->turn = lock->turn + 1;


2.  
No, because everyone has its own ticket

3.	
Spin wastes too much CPU times

4. 	
it will causes wrong “myturn” calculation


Problem1: Signal (13 points)
	1. #include “csapp.h”
2. volatile int count = 0;
3. void handler_usr1(int sig) { count += 1; }
4. int main(void)
5. {
6.     pid_t pid = 0;
7.     int status;
8.     sigset_t mask, prev;
9.     Signal(SIGUSR1, handler_usr1);
10.     Sigemptyset(&mask);
11.     Sigaddset(&mask, SIGUSR1);
12. 
13.     printf("1");
14.     Sigprocmask (SIG_BLOCK, &mask, &prev); /* Block SIGUSR1 */
15.     if ((pid = fork()) == 0) {
16.         Sigprocmask (SIG_SETMASK, &prev, NULL);
17.         printf("2");
18.         Kill(getppid(), SIGUSR1);
19.     } else {
20.         while (!count)
21.             sigsuspend(&prev);
22.         Sigprocmask(SIG_SETMASK, &prev, NULL);
23.         printf("3");
24.     }
25.     if (pid > 0) {
26.         while (Waitpid(-1, &status, 0) > 0) {
27.             if (!WIFEXITED(status))
28.                 printf("child terminated abnormally!\n");
29.         }
30.     }
31.     printf("Exit\n");
32. }


Consider the origin process is father process. The process created by the fork() is child process. 




Assumptions: 
· We assume OS may stop and resume the execution of each process arbitrarily.
· The kernel checks the pending bits when it switches from kernel to user (e.g., returning from system call). The signal handler will invoke "sigreturn" system call in the end.
· printf() function will not be interrupted by signals and immediately outputs the results.
1. Will the child process be reaped by it’s parent? Please briefly explain your answer. (3’)


1. Please explain how the kernel implements singal blocking. (3’)


1. If someone change the Line 23 “sigsuspend(&prev);” to “Sigprocmask(SIG_SETMASK, &prev, NULL); pause(); Sigprocmask (SIG_BLOCK, &mask, &prev);” What logic bug does this program may have? (A logic bug is one where the programmer misunderstood the way in which their program will execute and will produce unwanted behavior under certain input conditions) (3’)



1. Please give the output of the program. (4’)



Problem2: IO (22 points)
We have the following C files compiled to ./program1 and ./program2, respectively.

	1. /*
2.  * Program1
3.  */
4. #include <unistd.h>
5. #include <fcntl.h>
6. int main()
7. {
8.     int pid, fd_1, fd_2;
9.     char buf[4];
10.     fd_1 = open("file1.txt", O_RDONLY);
11.     fd_2 = open("file1.txt", O_WRONLY);
12.     read(fd_1, buf, 4);
13.     write(fd_2, buf + 2, 2);
14.     if ((pid = fork()) == 0)
15.     {
16.         dup2(fd_1, STDIN_FILENO);
17.         dup2(fd_2, STDOUT_FILENO);
18.         execl("program2", "program2", NULL);
19.     }
20.     wait(NULL);
21.     read(fd_1, buf, 2);
22.     write(fd_2, buf, 2);
23.     close(fd_1);
24.     close(fd_2);
25.     return 0;
26. }

	27. /*
28.  * Program2
29.  */
30. #include <unistd.h>
31. #include <fcntl.h>
32. int main()
33. {
34.     char buf[2];
35.     read(STDIN_FILENO, buf, 2);
36.     write(STDOUT_FILENO, buf, 2);
37.     return 0;
38. }



Assumptions:
· Initially, the file ./file1.txt contains “aabbccdd”. 
· No error occurs in the execution, and the read and write operations are atomic and not cached.
1. What are the values of fd_1 and fd_2 after the program executes to line 11? (4’)

1. Before the program executes to Line 14, draw the kernel data structures of open files (just like Figure 10.12 in our textbook). (4’)

1. What is the contents of file1.txt after ./program1 executes to line 13? (4’)

1. Before the child process executes to Line 18, draw the kernel data structures of open files for both parent and child processes (just like Figure 10.14 in our textbook). (4’)


1. What is the contents of file1.txt after ./program1 executes? (3’)


1. After the program executes to line 24, that is, the child process exited without calling close(), while the main process closes all file descriptors but does not exit, does the file table entries in the open file table corresponding to file1 still exist? Please contact reference count to explain the reason. (3’)


Problem3: Networking (22 points)
In this problem, we look at a concurrent echo server and its client. We first consider the client, then server program which contains a main function and a thread function. For simplicity, we assume the service runs on 10.131.251.142, port 11235 and the strings being spell-checked never exceed MAXBUF in length. We skip some error checking code for concision. 
Client main code: 
	1. #define SERVER_IP “10.131.251.142”
2. #define SERVER_PORT 11235
3. 
4. int main(int argc, char** argv)
5. {
6.    int fd, num;
7.    char buf[MAXBUF];
8.    struct sockaddr_in serverAddr;
9.    char *msg = argv[1];
10.    strncpy(buf, msg, MAXBUF);
11. 
12.    fd = socket(AF_INET, SOCK_STREAM, 0);
13.    serveraddr.sin_family = AF_INET;
14. 
15.    struct in_addr server_address;
16.    inet_aton(__[1]__, &server_address); 
17.    serverAddr.sin_addr.s_addr = htonl(server_address.s_addr);//Server IP     
18.    serverAddr.sin_port = htons(DEFAULT_PORT);  //Server PORT
19. 
20.    connect(fd, __[2]__, __[3]__);
21.    
22.    while (fgets(buf, MAXBUF, stdin) != NULL){
23.        rio_writen(fd, buf, strlen(buf));
24.        rio_readn(fd, buf, MAXBUF-1);
25.        buf[num] = 0;
26.        printf("%s", buf);
27.    }
28. 
29.    exit(0); 
30. }




Server code: 
	1. #define BUFF_SIZE 512
2. #define SERVER_PORT 11235
3. 
4. /*handle data on this socket*/
5. void *handleConnection(void *sock)
6. {
7.     char buffer[BUFF_SIZE];
8.     int socket = (int)sock;
9.     int recvSize;
10.     pthread_detach(pthread_self());
11.     do {
12.         recvSize = rio_readn(socket, buffer, BUFF_SIZE);
13.         rio_writen(socket, buffer, recvSize);
14.     } while (recvSize > 0);
15.     close(socket);
16.     pthread_exit(NULL);
17. }
18. 
19. int main()
20. {
21.     int server_sock;
22.     struct sockaddr_in serverAddr, clientAddr;
23.     pthread_t tid;
24.     socket(AF_INET, SOCK_STREAM, IPPROTO_TCP);    /*open server_socket */
25.     serverAddr.sin_addr.s_addr = htonl(INADDR_ANY);
26.     serverAddr.sin_port = htons(SERVER_PORT);
27.     serverAddr.sin_family = AF_INET;
28. 
29.     bind(server_sock, (struct sockaddr *)&serverAddr, sizeof(struct sockaddr));
30.     __[4]__(server_sock, 1024);
31.     while (1) {
32.         int client_socket;
33.         size_t clientLen = sizeof(struct sockaddr);
34.         client_socket = accept(server_sock, (struct sockaddr *)&clientAddr, &clientLen);
35.         pthread_create(&tid, NULL, __[5]__, __[6]__);
36.     }
37. }



Assumptions: 
· No error occurs in the execution.
1. Fill the above blanks with C code. (12’ )


2. Why we need “pthread_detach” in the handleConnection function? (4’)







3. This is a concurrent web server based on thread. Please list at least 1 advantage and 1 disadvantage of concurrent web server based on thread compared to concurrent web server based on process. (6’)
Hint: you can refer to the chapter 12.1 of CSAPP book.















Problem 4: Schedule (28 points)
1. Please describe FIFO policy and RR policy each briefly.(8’ ) 



2. Assume we have the following four jobs in the workload and no I/O issues are involved. (NOTE: Time 0 means the task running during [0ms,1ms]) 



	Job
	Arrival Time
	Length of Run-time

	A
	0ms
	3ms

	B
	2ms
	4ms

	C
	3ms
	2ms

	D
	4ms
	1ms





5. Please calculate the Average Turnaround Time, Average Response Time of with following policies. In RR policy, the new job will be added to the tail of the work queue. The RR time-slice is 2ms. (12’ )

	Policy
	Average Turnaround Time(ms)
	Average Response Time(ms)

	FIFO
	[1]
	[2]

	STCF
	[3]
	[4]

	RR
	[5]
	[6]





5. If we use MLFQ policy with 2 Round-Robin queues, the high-priority one has time-slice of 1ms, the low-priority one has time-slice of 2ms. Each jobs is given 1ms allotment in the high-priority queue. 
Assumptions:
· The job will be moved to low-priority queue if its time allotment is used up. 
· There is no priority boost.
· There is no preemption in MLFQ.
· Assuming a new task arrives and a RR scheduling occurs at the same time, 
the new task will be handled after the scheduling.
Fill in the blank of the execution of CPU:(4’)

	Times(ms)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Mlfq-high
	A
	
	
	
	
	
	
	
	
	

	Mlfq-low
	
	A
	
	
	
	
	
	
	
	




5. If we add priority boost every 2ms, what is the average turnaround time and the average response time in the problem 4.2.b (the previous question). (4’)
Assumptions:
·  If a new task arrives and a priority boost occurs at the same time, the new task will be scheduled after the priority boost.
· When doing priority boost, only low-priority jobs will be inserted at the end of the high-priority queue, and nothing else will be done.
			



Problem 5: Lock (15 points)
LanLan wants to implement a ticket-lock with FetchAndAdd instructions.
· FetchAndAdd and TestAndSet are atomic functions.
	1. int FetchAndAdd(int *ptr) {
2.    int old = *ptr;  
3.    *ptr = old + 1;  
4.    return old;      
5. }
6.  
7. int TestAndSet(int *old_ptr, int new) {
8.    int old = *old_ptr; 
9.    *old-ptr = new;      
10.    return old;          
11. }
12. 
13.  
14. typedef struct __lock_t { 
15.   int ticket;
16.   int turn;
17. } lock_t;
18.  
19. 
20. void init (lock_t *lock) {
21.    lock->ticket = 0;
22.    lock->turn   = 0;
23. }
24. 
25. void lock (lock_t *lock) {
26.    int myturn = FetchAndAdd(&lock->[1]);
27.    while (lock->turn != [2]) 
28.       ; 
29. } 
30.  
31. void unlock(lock_t *lock) { [3] }
 






1. Please fill in the blanks. (6’)




2. Will this lock cause starvation? Why? (3’)



3. What are the disadvantages of this lock? Please state at least one. (3’)



4. LanLan wants to implements the lock function with TestAndSet, and he(or she) changes the way of calculating “myturn” as below. What is the problem of his new implementation of lock? Please state at least one. (3’)
	1. [bookmark: _Hlk104213219]void lock (lock_t *lock) {
2.    ···
3.    int next_ticket = lock->ticket + 1;
4.    int myturn = TestAndSet(&lock->ticket, next_ticket);
5.    ···
6. } 
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