
SSE2030: INTRODUCTION TO COMPUTER SYSTEMS (Fall 2014) 

 

Programming Assignment #4 

Due: November 15, 11:59:59 PM 

1. Introduction 

 The goal of this programing assignment is to enable the student to get familiar with 

multi-thread programing. To accomplish this the student will have to implement an 

External Sort program that uses multiple threads to sort a given input as fast as 

possible. To accomplish this the student is expected to modify his multi-process 

implementation into a multi-threaded implementation. 

2. Overview 

 Generate sorted temporal partial files (similar to PA02) in multithreaded fashion. 

 Merge the temporal partial files into one final sorted output file. 

3. Specification 

 Please implement the following function in order to complete the assignment. 

 mt_sort.c is the source file where the function should be coded. 

 Arguments explanation 

 1 ~ 4 Arguments are similar to PA02. 

 buf_size can take any arbitrary value. 

 5 Argument int n: Is the number of threads to be created. 

 n is not strictly equal to the number of temporal files. 

 If (File size/buf_size) != n, any thread will have to process 2 or more 

int mt_sort(char* input_path, char* output_path, char* buffer, int buf_size, int n); 



parts of the input file. Or external sorting will have to be used by the 

threads to generate n balanced temporal files.  

 The server will test different values for n Ie. 2, 5, 10 etc. 

 

 Threads role 

 n number of threads will be created by the main thread.  

 -Temporal files should be created as previously done in PA02 by each thread in 

the following matter. 

1. Save the corresponding portion of the input file into a buffer using the 

read() system call. Each thread should make use of only (buf_size / n) 

fraction of the buffer. 

2. Sort the records in the buffer using the quicksort implementation done 

in PA01.  

3. Write the temporal files in a /tmp foler.  

4. Repeat 1-3 as many times as necessary to process the input file.   

 Since each thread will process a different portion of the input file you should 

use lseek() function to position in the right offset of the input file before 

performing the partial read. 

 Avoiding to call lseek() will cause each thread to process the same portion 

of the input file. 

 The temporal files should be stored in a /tmp folder. 

 Temporal files in /tmp folder must be erased before the programs ends 

execution. 

 Once a thread has finished its work, it should terminate using pthread_exit() 

function. 

 Main thread role 



 Creates the number of threads specified by n. 

 pthread_create() can be used to create the threads.   

 int pthread_create(pthread_t *thread, const pthread_attr_t *attr, void 

*(*start_routine) (void *), void *arg); 

 arg is passed as the sole argument of the start_routine(). 

 start_routine() is the function each thread will run upon creation. 

 Should wait for the threads to finish their job. . 

 Function pthread_join() can be used to suspend execution of calling 

thread until the specified thread terminates.   

 Make sure to join all the previously created threads before resuming main 

thread execution. 

 Once the threads have terminated, the remaining main thread should merge and 

write the final output using the temporal files. 

 Exception Handling 

 If during the program execution the following exceptions occur, The return value 

of mt_sort() (return from main thread) function should be implemented as 

follows:  

#define ERR_NO_FILE (-1) 

#define ERR_NOT_ALLOWED (-2) 

 ERR_NO_FILE 

 If the input or output file paths is NULL. 

 If the path is not NULL but doesn’t exists. 

 ERR_NOT_ALLOWED 

 If the file exist but the user has no access. 

 The return value should be displayed as an error message in the main function. 

 Program Execution 



 Execute by $ ./pa [input_path] [output_path] [number_of_threads]  

 For example in the case of 5 threads: 

 $ ./pa input.dat output.dat 5 

 buf_size will be passed ass a function argument in the provided skeleton 

code. 

 Input/Output paths are absolute.  

 Can be used directly in the open() function arguments. 

4. Background and Additional Information 

 Pthreads 

 Possible to consult documentation already included in Linux in the man pages. 

 Threads can be created with less OS overhead, and thread management requires 

less resources than process management.  

 Because threads use shared memory space there is no need for intermediate in-

memory data copy as with processes to communicate. 

 More documentation and examples: 

https://computing.llnl.gov/tutorials/pthreads/  

 Threads do not close files, so any files opened inside a thread will remain open 

after the thread is terminated.. 

5. Restriction 

 Development must be completed in Linux. 

 Code that doesn’t compile on the server will not be considered as submitted. 

 Evaluation of the assignment will include: compile / execution of the code and 

output file . 

 It is possible to add any required functions to mt_sort.c to complete the activity. 

 You can only modify mt_sort.c failure will prevent to grade your assignment. 

6. Skeleton Codes 

https://computing.llnl.gov/tutorials/pthreads/


 The following codes are provided for this assignment:  

 Makefile   GNU Makefile to build the source code.  

 SSE2030_P04.c  main() and call to mt_sort() function. 

 mt_sort.h          Required function and structures declarations. 

 mt_sort.c          mp_sort() implementation.  

 input.dat            input file 

 correct_output.dat    sorted input file to compare for debugging.  

 input.dat: http://sys.skku.edu/input.dat 

 correct_output.dat: http://sys.skku.edu/correct_output.dat 

※ Server tests can include different input file sizes. 

7. Hand in instruction 

 Include your name and student ID as a comment in the top part of your code. 

 Upload a report containing information regarding the implementation challenges 

faced. 

 Include in your report figures or diagrams of your program flow. 

 The report should be submitted in PDF format. (student#.pdf) 

 After executing $ make clean, execute $ make tar 2013123456 to create the 

compressed files 2013123456.tar.gz and submit. 

 All the documents should be submitted through the website: sys.skku.edu 

 The source code will be compiled and executed within the server for grading. 

 If there is an error during submission of the assignment to the server, please 

send your files to your TA via email. 

8. Logistics 

 Assignment files can be found at: http://csl.skku.edu/SSE2030F14/Assignments . 

 If the assignment is submitted within 24 hrs. after deadline there will be a 30% 

http://sys.skku.edu/input.dat
http://sys.skku.edu/correct_output.dat
http://csl.skku.edu/SSE2030F14/Assignments


penalty, within 48 hrs. 60%. No assignments will be accepted past 48 hrs. after the 

deadline.  

 It is possible to discuss with classmates about the activity but each one must submit 

a personal individual original implementation. 

 In the case students submit implementations or work that is not of their own 

creation, a 0 grade will be given. Getting caught more than once will end in 

getting an F grade for the subject. 


