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located inside the directoryPath. If there are N files inside the directoryPath, then the child process
will create NV + 1 threads: N worker threads and 1 sender thread. If the directoryPath includes any
sub-directories, then your program will skip these sub-directories without considering the files
located inside them. So, only the first-level files will be considered.

Each worker thread will be responsible for a different input file, it will scan the input file and for
every word encountered in the input file, it will create a <map item> that includes the word itself
and an integer 1 as follows:

<word:1>

You will use a C struct with the members word and count to create this map item. Each word in
a line will never exceed MAXWORDSIZE characters. Whenever an item is created, then the worker
thread will add this item to a memory buffer: a bounded buffer.

The second argument of your program (buf ferSize) specifies the size of the bounded buffer to
be used by the threads of a child process. Each child process will have a dedicated buffer, and each
worker thread of a child process will add the produced items into this bounded buffer. The buffer can
hold at most buf ferSize items. This bounded buffer can be implemented in one of two ways: 1) as
a linked list of items; or 2) as a circular array of pointers to items. You can choose either one of these
implementation options. A worker thread will add a new item to the end of the buffer. The buffer
has to be accessed by all worker threads. While trying to insert an item, if a worker thread finds the
buffer full, then the thread has to go into sleep (block) until there is space for one more item. Since
all worker threads will access the buffer concurrently, the access must be coordinated. Otherwise you
might end up with a corrupted buffer. You will use semaphores to protect the buffer and to synchronize
the threads so that they can sleep and wake-up when necessary. Check the sem-pc.c example in the
class website.

Beside the worker threads, the sender thread will also access the bounded buffer. The job of the
sender thread will be to retrieve the map items from the bounded buffer and send them to the reducer
program using message queues. While the items are added to the buffer by the worker threads, the
sender thread can work concurrently and try to retrieve the items from the buffer and send them to the
reducer program. The sender thread will try to retrieve one item from the bounded buffer at a time. If
the buffer is empty, the sender thread has to go into sleep until the buffer has at least one item. When
the sender thread is successful in retrieving an item from the buffer, it will send it to the reducer.

The mapper process should be started before the reducer process. The mapper will create a
message queue that will be used to send the map items to the reducer. A key will be necessary to create
this message queue. Actually, both mapper and reducer should use exactly the same key so that they
can refer to the same message queue. Therefore, the parameters used in the £tok function should be
the same for both mapper and reducer. However, only the mapper should use the IPC_CREAT option
inmsgget function to create the message queue. Reducer will not need to re-create a message queue,
it will only join this message queue that was previously created by the mapper. Check the System V
Message Queues examples and the tutorial provided in the class website for more information.
As an illustration, assume the content of a file to be mapped by a worker thread is as follows:

The last kind words I heared my daddy say
Lord, the last kind words I heared my daddy say

If I die, if I die in the German war
I want you to send my body, send it to my mother, lord
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If I get killed, if I get killed, please don’t bury my soul
I p’fer just leave me out, let the buzzards eat me whole

When you see me comin’ look ’cross the rich man’s field
If I don’t bring you flour I’ll bring you bolted meal

I went to the depot, I looked up at the sun
Cried, some train don’t come, there’ll be some walkin’ done

My mama told me, just before she died
Lord, precious daughter, don’t you be so wild

The Mississippi river, you know it’s deep and wide
I can stand right here, see my babe from the other side

What you do to me baby it never gets outta me
I may not see you after I cross the deep blue sea

Then, the worker thread responsible for this file will create the following map items (shown as sepa-

non

rated by a colon (":") here for clarity) and insert them into the bounded buffer:

The:1
last:1
kind:1
words:1
I:1
heared:1
my:1
daddy:1
say:1
Lord,:1
the:1
last:1
kind:1
words:1
I:1
heared:1
my:1
daddy:1
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say:1
If:1

I:1
die,:1
if:1

I:1

die:1
in:1
the:1
German:1
war:1
I:1
want: 1
you:1
to:1
send:1
my:1
body,:1
send:1
it:1

to:1
my:1
mother,:1
lord:1
If:1

I:1

get:1
killed,:1
if:1

I:1

get:1
killed,:1
please:1
don’t:1
bury:1
my:1
soul:1
I:1
p’fer:1
just:1
leave:1
me:1
out,:1
let:1
the:1
buzzards:1
eat:1
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me:1
whole:1
When:1
you:1
see:1
me:1
comin’:1
look:1
"cross: 1
the:1
rich:1
man’s:1
field:1
If:1

I:1
don’t:1
bring:1
you:1
flour:1
I'll:1
bring:1
you:1
bolted: 1
meal:1
I:1
went:1
to:1
the:1
depot,:1
I:1
looked:1
up:1
at:1
the:1
sun:1
Cried,:1
some:1
train:1
don’t:1
come,:1
there’ll:1
be:1
some: 1
walkin’:1
done:1
My:1
mama:1
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told:1
me,:1
just:1
before:1
she:1
died:1
Lord,:1
precious:1
daughter,:1
don’t:1
you:1
be:1
so:1
wild:1
The:1
Mississippi:1
river,:1
you:1
know:1
it’s:1
deep:1
and:1
wide:1
I:1
can:1
stand:1
right:1
here,:1
see:1
my:1
babe:1
from:1
the:1
other:1
side:1
What:1
you:1
do:1
to:1
me:1
baby:1
it:1
never:1
gets:1
outta:1
me:1
I:1
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may:1
not:1
see:1
you:1
after:1
I:1
cross:1
the:1
deep:1
blue:1
sea:1

You should not strip the punctuation marks, only the whitespace characters that can be either a
<SPACE>, or a <TAB>, or a <NEWLINE> should be stripped. While the map items are being
inserted to the bounded buffer by the worker thread(s), at the same time, the sender thread will extract
these items from the bounded buffer and send them to the reducer program one by one, using message
queues.

1.2 Reducer Program

The reducer will be invoked as follows:
./reducer outputFile minFrequency

The reducer process that is invoked with the outputFile and minFrequency command-line
arguments will first attach to the mapper’s message queue identified by a key derived from a file
pathname and a nonzero integer value. The reducer will use this message queue to receive the map
items from the children of the mapper process. Since you are the programmer of both the mapper and
the reducer, you will decide this pathname and the integer value that the £tok function expects to
uniquely identify a message queue. For instance, you can use the name of the mapper program and
the integer 1 in both mapper and reducer to create a key as follows:

ftok ("mapper.c", 1)

See the man page of the £tok for more details on obtaining a key. You can also check the
man page of the msgget function to learn more about how to get a message queue identifier using
the key returned by the £tok function. Some other useful functions include msgget, msgsnd,
msgrcv, msgctl. Again, check the System V Message Queues example and the tutorial link
provided in the class website for more information about message queues.

Several children of a mapper process will send the map items (received from their respective
bounded buffers) to a single reducer process using the same message queue. A special map item needs
to be sent to the reducer at the end of the entire mapping process, to indicate the end of mapping. When
the reducer receives this special map item (might be a specific keyword as the word and a negative
number as the integer), then it will deallocate the message queue.

The received map items will be aggregated by the reducer to find the total occurrence frequencies
of each word. Finally, the words with their total occurrence frequency values greater than or equal to
the minFrequency value will be printed into the outputFile in decreasing sorted order based
on the total frequency value. If multiple words have the same frequency, then tie-breaking will be
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done based on the word field in alphabetically (ascending) sorted order dictated by the st rcmp ()
function. You will need to use a linked-list for aggregation and sorting purposes. For the example

input file presented above, if the reducer is invoked as follows:
./reducer out.txt 1

then the content of the output file out . t xt should be as follows:

I:14
the:8
you:8
my:6
me:5
don’t:4
to:4

If:3
see:3
Lord,:2
The:2
be:2
bring:2
daddy:2
deep:2
get:2
heared:2
if:2

it:2
just:2
killed,:2
kind:2
last:2
say:2
send:2
some:2
words:2
"cross: 1
Cried,:1
German:1
I'l:1
Mississippi: 1
My:1
What:1
When:1
after:1
and:1
at:1
babe:1
baby:1
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before:1
blue:1
body,: 1
bolted: 1
bury:1
buzzards:1
can:1
come,:1
comin’:1
cross:1
daughter,:1
depot,:1
die:1
die,:1
died:1
do:1
done:1
eat:1
field:1
flour:1
from:1
gets:1
here,:1
in:1
it’s:1
know:1
leave:1
let:1
look:1
looked:1
lord:1
mama:1
man’s:1
may:1
me,:1
meal: 1
mother,:1
never:1
not:1
other:1
out,:1
outta:1
p’fer:1
please:1
precious:1
rich:1
right:1
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river,:
sea:l
she:1

1

side:1

so:1

soul:1
stand:1

sun:1
there’
told:1

11:1

train: 1

up:1

walkin’:1

want:
war: 1
went:

1

1

whole:1

wide:

1

wild: 1

If the

reducer is invoked as follows:

./reducer out.txt 5

then t

I:14
the:8
you:8
my:6
me:5

he content of the output file out . t xt should be as follows:

Pay attention to the following issues while developing your application:

In the output file, a word and its frequency should be separated by a colon (":").

For each line of the commandFile, a specific bounded buffer, a specific sender thread, and
bunch of worker threads (one for each file inside the given directory path) are created by the
child process that is assigned for that map request.

Your program will only map the words of the first level files in the given directory path.

All worker threads for a given map request do the same thing on different files and fill the same
bounded buffer.

Your mapper program passes each received map request to a child process and handles the
next map request immediately without waiting for the created child to complete its execution.
However, you should also make sure that your program does not terminate before sending all
the map items to the reducer. To achieve this, you can count the number of children created
by the parent mapper and after handling all the requests, the parent mapper can call wait ()
system call in a loop for count times.

Multiple child processes, each responsible for a single map request (a line of the command file),
will be sending their map items to the reducer using the same message queue, and the output file
created by the reducer will include the aggregated frequency result for all these map requests
for a given command file.
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* Although it is not required by this project, you can also perform an intermediate aggregation
in the sender threads before sending the map items to the reducer. In this case, sender threads
will act like intermediate reducers and this approach will speed up your application since the
workload of the reducer will be lighter this way.

In order to get a better idea, you can see the general structure of this project in Figure 1:
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Figure 1: System Structure

2 Constants and Tips

e MAXLINESIZE willbe 1024

e MAXWORDSIZE will be 256

* Remember to use thread-safe library functions inside your threads! (for instance st rtok_r ()
instead of strtok ()).

* While testing your application, remember to clean the previously created message queues be-
fore restarting your application. In order to clean these system resources manually, run the
clean_os.sh script provided in the class website.

* Some of the examples posted on the class website, especially the ones specifically men-
tioned above, will be very useful for this project.

3 Useful Clean-up Commands

* While testing your project, your server might create multiple child processes and terminate un-
expectedly due to a segmentation fault. At that point, you might have several zombie processes
existing in the system. In order to check current processes in the system including the "spks"
name in it, you can run the following command:
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— ps aux | grep spks
* If you want to kill a process by its name, you can run the following command:
— pkill —-f name
* If you want to kill a process by its process id (PID), you can run the following command:
- kill -9 PID
* If you want to remove all zombie processes by killing their parents, you can run the following
command:
— kill -HUP $(ps -A -ostat,ppid | awk '/[zZ]/{print $2}"'")
* You can check the currently existing message queues using the following command:
- ipcs —qg
If you want to clean this message queue manually, then run the provided clean_os. sh script.

4 Development

You will develop your program in a Unix environment using the C programming language. gcc
must be used as the compiler. You will be provided a Makefile and your program should compile
without any errors/warnings using this Makefile. Black-box testing will be applied and your program’s
output will be compared to the correct output. A sample black-box testing script will be provided
in BlackBoard, make sure that your program produces the success messages in that test. A more
complicated test (possibly more then one test) might be applied to grade your program. Submissions
not following the specified rules here will be penalized.

S Checking Memory Leaks

You will need to make dynamic memory allocation. If you do not deallocate the memory that you
allocated previously using free (), it means that your program has memory leaks. To receive full
credit, your program should be memory-leak free. You can use valgrind to check the memory-
leaks in your program. valgrind will output:

"All heap blocks were freed - no leaks are possible"

if your program is memory-leak free. Check man valgrind for more details on valgrind.

6 Submission

Submission will be done through Blackboard strictly following the instructions below. Your work will
be penalized 5 points out of 100 if the submission instructions are not followed. In addition, memory
leaks will be penalized with a total of 5 points without depending on the amount of the leak. Similarly,
compilation warnings will also be penalized with a total of 5 points. You can check the compilation
warnings using the -Wall flag of gcc.

6.1 What to Submit

1. mapper. c including the source code of the mapper.
2. reducer. c including the source code of the reducer.
3. README. txt including the following information:
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* Names and IDs of the group members.

* Did you fully implement the project as described? If not, which parts are not implemented
at all or not implemented as following the specified description? Note that for this project,
it is very easy to print out the required output to the screen without using any semaphores,
message queues, bounded buffers, forking, or multi-threading. Implementing the project
without following the specified description will be considered as plagiarism if not
properly mentioned in this README.txt file.

* Structure of your messages. What size did you use for your messages and why?

6.2 How to Submit

1.

98]

Create a directory and name it as the project number combined with your UofL ID number. For
example, if a student’s ID is 1234567, then the name of the directory will be Project3-1234567
for project 3. If it is a group project, then use only one of the group member’s ID and we will
get the other student’s ID from the README file.

Put all the files to be submitted (only the ones asked in the What to Submit section above) inside
this directory.

. Zip the directory. As a result, you will have the file Project3-1234567.zip.

Upload the file Project3-1234567.zip to Blackboard using the "Attach File" option. You do not
need to write anything to the "Submission" and "Comments" sections.

. Your project will be graded only once! If you make multiple attempts of submission before

the no-penalty deadline, then only your latest attempt will be graded. If your first submission
ends up being after the no-penalty deadline, then it will be graded immediately and you won’t
be allowed to make any other submissions!

7 Grading

Grading of your program will be done by an automated process. Your programs will also be passed
through a copy-checker program which will examine the source codes if they are original or copied.
We will also examine your source file(s) manually.

8 Changes

* No changes.
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