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For (i=0; i<n; i++)
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C[n] = A[n] + B[n];
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.III__>._@_> : C[0] = A[0] +B[0};
SH-9-E8 : C[1] = A[1] +B[1];

oKl : C[2] = Al2] +B[2];

%._@—9 : C[3] = A[3] +B[3];
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« &x}z{2| (Sequential processing)2} B23x{2| (Parallel processing) Gi|A|

n*Ta
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n/4*Ta
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< 5 6 — 4*10+5%7+6%2
[

1 3 2 | . . 1%10+3%7+2%2

3 x2

1¥1143*5+2%4 |

n/4

function matrix_multiply_sequential(A, B):
let C = new matrix[31[2]

for i from 1 to 3 do // AS| H
for j from 1 to 2 do // B2 &
Cl[i]l [j]1 =0

for k from 1 to 3 do // A° &1 BO| #
Cl[il[j] += A[i]l[k] * BIk][j]

return C

if CPU = "a" then
lower_limit 1
upper_limit round(d.length / 2)

else if CPU = "b" then

lower_1limit = round(d.length / 2) + 1

upper_limit = d.length

for i from lower_limit to upper_limit do
foo(d[il])
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« M|2oO| of7|E|= A|F
o BESHM (decomposability): §t T2 1803 of2{ 72 £t TQ
« 21Md (complexity): 8 du2|Fe| /iYL Ta

« T 2MM7F EAl (inter-processor communication): Z2XMME 7} Gjo|e] 28He Q|5H EAl T
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« SA|Xd (concurrency)

» CHY ZEMM(CPU)7L of 2 HZ o7 HA == A
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« 52/d (parallelism) Time Context .
Switching )
« 02 Alo| S A|of| Alalz|= 7] Core 1 Task1 | Task2 |-| Task1 || Task2 || Task2 || Task1
Concurrent
(o} Fo|E 7}A] 2 ol 5l HFIAI ,
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Corel Task 1
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- EgE2{2[of| gt H|TFY o| =
* Glosch’s law
« T 2AM|MQ| /d50l 71742] A|5oll HI[Sto] sotd Aoz oS
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» VLSI 7| &2 o= 27gh 717e] 4% T2 MM IHY 7t5

« VLSI: Very Large Scale Integration (2 1HE 4 3|2)
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« Minsky’s conjecture
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 Amdahl’s law (=He| B1zl)
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» TFY Z2MXM(CPU)E ol 85toq of2| Z2AM|AF RiZot7tn 2G4 LoliA7|= A
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o 2 M| A (Process)

« T MAS| APHA o0
. Z273Ho| AlgiE|of Sofrta Qe Al
. FHIE{o|A 0140 B AlGHE|] Ol E20| Ate|

o T2MAS| I
« OS7} H|22|/CPU & LTt 2t S " olflE WS
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Priority/ - ‘
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o AloliGt I 2 72Ho| A A T ETJ} machine codeZ ZAE| = A
« CPUZI 3t & M 22
e Data Y /
Process
o AATE LMoY ti4oh A HATL 2R G .
« oY e T2 AR A AS, 2250 B8 Al AE
Data
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Process Process

Code Code

Data Data
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Heap Heap
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2l7) of| 22| 9: Java code o|A|

Stack %§%: H|ALC T & ad Bi4H dl z|0f Hip 2R}

_ L L = (o]

Heap §<5: 4|2t vl 2{%4f

public class JavaMemoryExample {
static int staticNumber = 100; // Data &9
int instanceNumber; // Heap €9
public JavaMemoryExample() {
this.instanceNumber = 50;
¥

public void performCalculation(int a) {
int result = a x 10; // Stack ¥4
System.out.println(result);
+
public static void main(String[] args) {
JavaMemoryExample example = new JavaMemoryExample(); // Heap €<
+




(1) | 22| 9%3: Python code 94|

Code %%4: Aloigt m2 alo] A& %A

Data 93%3: CPython 32| Lt AlE

—

to
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Stack 93%3: Gk4 T2 mhad B4 ol 2|0 BiA 2Rt

Heap %34: 7HX|2} cl|o|&] & (list, tuple, ...)& *%F

class PythonMemoryExample:
class_variable = 100 # ZciA B, Heap ¥4

def __init__ (self):
self.instance_variable = 50 # ©I

>

HA B, Heap E9Y

def perform_calculation(self, a):
result = a x 10 # Stack EH(EZE= StackO|, &K K= HeapO| XNZE)
print(result)

def main():
example = PythonMemoryExample() # ZH4| M4, Heap ¥
if __name__ == "_main__
main()




AZ|E (Thread)

Process 1 Process 2

. AB|E0| A oja|

+ ZEHA Lolli SAtoHe of2f Alge] 5.8 thel
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Code Thread A Thread B Thread
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import threading

def print_numbers():
for i in range(10):
print(i)

if __name__ == '__main__
thread = threading.Thread(target=print_numbers)

thread.start()
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¢ A el 2l

« is_alivel(): A2|E7} 34 321 74F True, ofL|H FalseE Higt

import threading
import time

def print_numbers():
for i in range(5):
print(i)
time.sleep(1)
if __name__ == '__main__
thread = threading.Thread(target=print_numbers)
thread.start()

while thread.is_alive():
print("Thread is still running")
time.sleep(0.5)

print("Thread has finished")




ng
m

| A%} (Multithreading) . -
| Heap |

Code Thread A Thread B

Thread

Stack Stack

Stack

. 7I-7F9_| iE'"E% %EIZ—IQE Alﬁcl;|5||:|:| ;(|-Jk|9_| ;5||-o|=-l|%

if __name__ == '__main__
threadl = threading.Thread(target=print_numbers, args=("Thread-1",))
thread2 = threading.Thread(target=print_numbers, args=("Thread-2",))

threadl.start(

)
thread2.start()

threadl.join() -
thread2.join() € thread7f %E-Eplé 7||:|'%:|I (%7|E|')

print("Finished all threads")

23



HE| Az (Multithreading)

» Z2 80| FUTH ZEA|A LM of2] AHES FAlO| H¥H o+ UEE St 222

= O =2 02 AR ——
= =2 AlG (o) 049 AGHGF A O Hi2d 3
+ Zt7fo| AB|EL ERIZ0 2 AlSHE|n| RfAIO| 21QJS AGHGH & Qoo By
Code Thread A Thread B Thread
ZEMA Stack Stack Stack
Heap

if __name__ == '__main__"':

num_threads = 5
count = 5

threads = []

for i in range(num_threads):

thread = threading.Thread(target=print_numbers, args=("Thread-"+str(i+1),))
threads.append(thread)
thread.start()

for thread in threads:
thread.join()

print("Finished all threads")

24



HE| 22| o|A|

« Z o] APYER & T4 (print_numbers(), print_letters()) & Zt7t AlcH

import threading
import time

def print_numbers(thread_name):
for i in range(5):

print

(f"{thread_name}: {il}")

time.sleep(1)

def print_letters(thread_name):
for i in range(5):

print

(f"{thread_name}: {chr(i+65)}")

time.sleep(2)

if __name__ == '__main__"':

threadl
thread2

threadl.
thread2.

threadl
thread2

threading.Thread(target=print_numbers, args=("Thread-1",))
threading.Thread(target=print_letters, args=("Thread-2",))

start()
start()

.join()
.join()

print("Finished all threads")
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o« ZoiHiA “data”E 37HQ| AB|EojAM ZH AB|E Ofc ZHS 1M Z7pA|7|0q Al

- 1 =

data = 0

def adds(thread_name):
global data

for i in range(5):
new = data + 1
data = new
print(f"{thread_name}: updated number {datal}")
time.sleep(i)

if __name__ == '__main__"':
num_threads = 3
threads = [threading.Thread(target=adds, args=("Thread-"+str(i+1),)) for i in range(num_threads)]

for thread in threads:
thread.start()

for thread in threads:
thread.join()

print("Finished all threads")
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« &7|&} (Synchronization)

2
o

= FAI517| H5H At

2t vy 2

ol X &
N!l_ o =2

o CEpo| AYELF T 2M|AT} A}

- Ho[E{e] Y/dat FE/I & FAIBITM of2] AHE7|-FAl0l 2

1 (Critical section)

A
L

573t ol

oF5
| I

2 B35t 93 ct

A

2

E
Mutex

° ial

« Semaphore

» Spinlock
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HE| A3 571t

7424 Afel| (Race Condition)
o E| AT SHHOf|A CrAo| AB|EI} SAof ZtS o 2| oJodo|Lt ApSlof| MGt ol 7k A|Eo| AlgH &
Mof| mi2f A2t G2k & US

« ex) & AB|ET} FAlol Z

E% [ O = d_jlx_% E'I—_,|— _JI\_ o [ [
CHE A2 E7} i o2l 3t 280 BF 2> 25 B2t 2 =51R| Y= HAle s HAGE

H|E2} (Deadlock)

» &M oo AHETF MEO| AY|ET} ARTE RRE 7|CIE| = S (MEF MEF 7|CH)

o

- 52 ohi7| %ol 21yt 22 a&o] 2|
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HE| A3 571t

- TE[AEY F7IF Y

* Lock

+ TPy 71K §YIet £

- O

» 578 Aol TFotte] A EQto] B4 MAA(32[E|Z

e Mutex (Lock) Oj7{L|&

O ~ L=
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- HE|AHTY F7I3 Y
 Semaphore
* Locke| LHtTiEl HEY
+ BAlof of2] AB|EsHEX Atlof YT 4 U E 4G
. UEHO B FHQEIE GRIBto] SAlof RHUol| HRY 4 Ol AR ol 2o 51&
» A2|E7} SemaphoreE ST WO 7H2E{7F A
+ AB|E7} Semaphore® SAZ Tjotct 7H2E{7} 27}

o F}2E{7} 00| E|H, C}E A E7} 2}o|| M-15ta T wlf 7| AtEHZ 2%t
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HE| 23| 718t ol

 Mutex

data = 0

def adds(thread_name):
global data

with threading.Lock(): €= Gl thread?| 8= O} 7}X| C}& thread & AISHGIA| QS
for i in range(5):

new = data + 1

data = new

print(f"{thread_name}: updated number {datal}")

time.sleep(i)

if __name__ == '__main__

num_threads = 3
threads = [threading.Thread(target=adds, args=("Thread-"+str(i+1),)) for i in range(num_threads)]

for thread in threads:
thread.start()

for thread in threads:
thread.join()

print("Finished all threads")

31
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« Semaphore

semaphore = threading.Semaphore(2) €= 27H2| thread7Z[2F XL 5{&5)

def access_resource(thread_id):
print(f"Thread {thread_id} is attempting to access the resource...")
semaphore.acquire()

print(f"Thread {thread_id} has accessed the resource!")
time.sleep(2) # working processes

print(f"Thread {thread_id} is releasing the resource...")
semaphore.release()

I ’

if __name__ == '__main__"':

threads = [threading.Thread(target=access_resource, args=(i,)) for i in range(0, 10)]

for thread in threads:
thread.start()

for thread in threads:
thread.join()

print("All threads have finished")

32
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« Deadlock At&te| 15

lockl, lock2 = threading.Lock(), threading.Lock()

def threadl_routine():
while True:
with lockl:
print("Thread 1: lockl acquired")
time.sleep(1)

with lock2:
print("Thread 1: lock2 acquired")

print("Thread 1: lockl and lock2 released")
time.sleep(1)

def thread2_routine():
while True:
with lock2:
print("Thread 2: lock2 acquired")
time.sleep(1)

with lockl:
print("Thread 2: lockl acquired")

print("Thread 2: lock2 and lockl released")
time.sleep(1)

tl
t2

tl.
t2.

tl
t2

threading.Thread(target=threadl_routine)
threading.Thread(target=thread2_routine)
start()
start()

.join(timeout=2)
.join(timeout=2)

print("Deadlock might have occurred.")
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Multithreading=

k)

5+ b
St &

i
Y
L)

* Pythonol|X multithreading2 Z-&3%F {2

« =#|: 15E 10,000,0007[2|| g2 5= L2

il R HE R

QF (0,18 sec

def heavy_work():
result = 0

result += 1
print(result)

heavy_work()

if __name__ == '__main__

start = time.time()

print("Proc time:

for i in range(10000000):

end = time.time()

%f sec" % (end - start))

2 (T 49999995000000)
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Multithreading2 23t B

* Pythonol|X multithreading2 Z-&3%F {2

. 23|: 15E{ 10,000,0007}2|2] €& Fot= T2 I3 (T 49999995000000)

0.48 sec (vs. &2t*2| A| 2F 0.18 sec) € why?!

import queue
result_queue = queue.Queue()

def heavy_work(name, start, end):
global result_queue

result = 0
for i in range(start, end):
result += 1

result_queue.put(result)

print('%s done' % name)

if __name__ __main__
start = time.time()

threads = []

for i in range(10):
t = threading.Thread(target=heavy_work, args=(i, 1000000xi, 1000000x%(i+1)))
t.start()
threads.append(t)

for t in threads:
t.join()

end = time.time()
print("Proc time: %f sec" % (end - start))

total_sum = 0

while not result_queue.empty():
total_sum += result_queue.get()

print(total_sum)
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Python GIL

 Global Interpreter Lock (GIL)
* StLe| AB||EQF Python QIE{ZE|E{2] Ao} {2
* Python2| H| 22| 2|7} Az||Eo]ff QFHB}R| ©
* CPU H}-2 E 2iQjof|A HE|AZ||2| o] Y2 ATt

of2] AB|E7} CPUF AESHE 2% % —1‘—

=
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D
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o * CPUH}2.E 2}
. ex) WEE|Y HALS
+ *1/0 B} Q) L 2 T2o| A 50| Y&

* ex) txt IfY gol7| 5
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Python GIL

 Global Interpreter Lock (GIL)

e https://www.itworld.co.kr/news/302737

FHE X

ojo|MojlA GIL AA|EICE.. . “HHE X2|o] S41H TIH”

Serdar Yegulalp | Infoworld ~ (® 2023.08.09
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Summary - HE|AZ|S

« Concurrency

« 1/O-bound tasks
« particularly useful for I/O bound tasks
» because threads can perform non-CPU-intensive operations
 e.g., reading/writing files, making network requests, or waiting for user input

threads can yield control when waiting for I/O, allowing other threads to execute

» Resource sharing

» threads can share data and resources within the same process, making it easier to coordinate

work among different parts of your program



HE|Z 2 M|4] (Multiprocessing)

® VS né'EliE'Ill:h O:IE-I iE‘"EjI- Clol EEA-”& LHO‘"*-I %oali?_l- EI'||_E.|_E| _g_7l_% -;"—-f-l’-

CPU
I 2 M| A F{IE| Z}S
TENA o) HFE 2 (Core) Memory || Network
o CPU
o208 | T2MA ) HEE A (Core) Memory || Network
o CPU
TZ2MA ) HIEE (Core) Memory || Network




| 2 M4

* ‘multiprocessing’ &

» PythonollX ©E| Z2AM|JS Ar&Sto] BE*E[E +3517| 23t 25

 Cieo| T2 MAE A5t

I

. st Y

72t 2 2 M|AE E21Mo| 2198 SiCk HES (GIL ML X)

T e T

For (i=0; i<n; i++)

Cin] = Aln] + B[n];

: C[0] = A[0] +BI[0];

: C[1] = A[1] +B[1];
: C[2] = A[2] +B[2];
: C[3] = A[3] +B[3];
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| 2 M4

nn

* ‘'multiprocessing’ &

» A 7 7He| 2| AES Z}7) 22|ote 22 AMA 270 E A8/

import random
import time
import multiprocessing

def square(numbers):
time.sleep(10)
print([num*xx2 for num in numbers])

1 ’

if __name__ == '__main__"':

num_listl = [2, 4, 6, 8, 10]

num_list2 = [1, 3, 5, 7, 9]

pl = multiprocessing.Process(target=square, args=(num_1listl, ))

p2 = multiprocessing.Process(target=square, args=(num_1list2, ))

pl.start() , _ . o
(bj) (base) user@workstation:~/Lecture/lecture_hadoop/parallels$|ps -ef | grep python |

p2.start() root 726 1 0 4819 ? 00:00:00 /usr/bin/python3 /usr/bin/networkd-dispatc
her ——run-startup-triggers

. root 905 1 0 48197 00:00:00 /usr/bin/python3 /usr/share/unattended-upg
. rades/unattended-upgrade-shutdown —-wait-for-signa

pl.join() d ded de-shutd it—for-signal

p2 . J oin() user 495990 495663 7 11:48 ? 00:00:34 /home/user/.vscode-server/bin/0ee08dfocf4
527e40edc9aa28f4b5bd38bbff2b2/node /home/user/.vscode-server/extensions/ms—python.vscode-pyla
nce-2024.3.100/dist/server.bundle.js ——cancellationReceive=file:5d2dfad6aa579c¢1860055ddd13ef5

print("Completed") 264084€298cd9 --node-ipc —-clientProcessId=495663
user 496696 495717 © 11:55 pts/3 00:00:00 python exl12-multiproc-multiproc—intro.py
user 496697 496696 © 11:55 pts/3 00:00:00 python ex12-multiproc-multiproc-intro.py
user 496698 496696 0 11:55 pts/3 00:00:00 python ex12-multiproc-multiproc-intro.py
user 496784 496337 © 11:55 pts/6 00:00:00 grep ——color=auto python
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import random
import time

def func(numbers):
return [num*x2 for num in numbers]

if __name__ == '__main__"':
numbers = [random.randint(1, 100) for

start_time = time.time()
sequential_result = func(numbers)

sequential_time = time.time() - start

print(f"Proc time: {sequential_time:

_ in range(10000000) ]

_time

2T} sec")
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import multiprocessing if __name__ == '__main__"':
import random data = [random.randint(1, 100) for _ in range(10000000) ]

import time
processes = []
def square_numbers(data):

return [x*x*x2 for x in data] cpu_count = multiprocessing.cpu_count()
chunk_size = len(data) // cpu_count
def worker(input_data): chunks = [datal[i * chunk_size:(i + 1) % chunk_size] for i in range(cpu_count)]

square_numbers(input_data)
start_time = time.time()

for chunk in chunks:
process = multiprocessing.Process(target=worker, args=(chunk,))
processes.append(process)

_ process.start()

» Output 5527

for process in processes:
process.join()

print("Proc time:

, time.time() - start_time)
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import multiprocessing if _name__ == "'_main__'
import random data = [random.randint(1, 100) for _ in range(10000000) ]

import time

def square_numbers(data):
return [x*xx2 for x in datal

def worker(input_data, output_queue):
result = square_numbers(input_data)
output_queue.put(result)

+ Outpute] 417} HAE=7}?

processes = []
output_queue = multiprocessing.Queuel()
"''data split by # of CPU cores'’’

for chunk in chunks:
process = multiprocessing.Process(target=worker, args=(chunk, output_queue))
processes.append(process)
process.start()

results = []
for _ in range(cpu_count):
results.extend(output_queue.get())

for process in processes:
process.join()
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import multiprocessing if __name__ == '__main__"':
import random data = [random.randint(1, 100) for _ in range(10000000) ]

import time
processes = []

def square_numbers(data): output_queue = multiprocessing.Queuel()
return [x*xx2 for x in datal

split data by the number of CPU cores'''

def worker(input_data, output_queue): '''generate multiprocesses'"'
result = square_numbers(input_data)
output_queue.put(result) results = [None] * 4

for _ in range(4):
index, result = output_queue.get()
results[index] = result

\J
b
N

o)

. H@z{a] A|7bol

te| =717 for process in processes:
process.join()

o
n
I

final_results = []
for result in results:
final_results.extend(result)
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if _name__ == '_main__"':

data = [random.randint(1, 100) for _ in range(10000000)]

with multiprocessing.Pool(processes=multiprocessing.cpu_count()) as pool:
chunk_size = len(data) // multiprocessing.cpu_count()
chunks = [datali * chunk_size:(i + 1) * chunk_size] for i in range(multiprocessing.cpu_count())]
results = pool.map(square_numbers, chunks)

final_results = []

for result in results:
final_results.extend(result)
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import os
import pandas as pd
import multiprocessing

def read_csv_file(file_path):
return pd.read_csv(file_path)

if __name__ == '__main__
csv_files = [f for f in os.listdir('."') if f.endswith('.csv’)]

’ L]

with multiprocessing.Pool(processes=multiprocessing.cpu_count()) as pool:
dataframes = pool.map(read_csv_file, csv_files)

dataframe_dict = {file: df for file, df in zip(csv_files, dataframes)}




Multithreading vs. multiprocessing

« Complexity

* multiprocessing can be more complex to set up compared to multithreading because of dealing

with separate processes

* multithreading is often simpler to implement than multiprocessing

 Memory isolation

* in multiprocessing, since each process has its own memory space, there is no shared memory be

default

* in multithreading, since threads share the same memory space, they can easily share data by

accessing the same variables

* however, there are some issues about data races and synchronization, which must be

managed carefully
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Multithreading vs. multiprocessing

* Parallelism

* multiprocessing provides true parallelism, meaning that each process runs independently on a

separate CPU core
* this is suitable for CPU-bound tasks such as complex calculation

 in multithreading, threads can run concurrently, Python’s GIL restricts the execution of Python

bytecode to one thread at a time
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« Scalability
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Fault tolerance
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* Flexibility
« LCIoFSt |o|E] 8§35 %|¢
« Structured, semi-structure, unstructured data Z|¥
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Hadoop 4 core principles

Hadoop common library

 Hadoop FS Shell
Hadoop Distributed File System (HDFS)
MapReduce (MR)

Yet Another Resource Negotiator (YARN)
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Hadoop ecosystem
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Hadoop ecosystem

» Data storage
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Hadoop ecosystem

» Data processing
* Hive
« Hadoop 7|42 data warehousing solution
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Hadoop ecosystem

* Visualization
* Hue
 Hadoop User Experience
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Hadoop ecosystem

» Distribution management

« Zookeeper
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* Load scheduling
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