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Lata 90-te

My new computer’s got the clocks, it rocks,
but it was obsolete before | opened the box.
You say you've had your desktop for over a week?
Throw that junk away, man, it's an antique.
Your laptop is a month old? Well, that’s great.
If you could use a nice, heavy paperweight. ..
It's all about the Pentiums, Weird Al, 1999
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Prawo Moore-a in action
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Liczby rdzeni w procesorach
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Od rdzeni

Wspobtbieznose



Od rdzeni

Wspobtbieznose

... ale wspétbieznosé boli



... boli?



m Szukanie bugow (sagsw?)
m Wrzucanie kodu strukturalnego do funkcjonalnego

m Rozwiazywanie probleméw synchronizacji



Rzeczy ktoérych nie lubie

m Szukanie bugow (sagsw?)



Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw
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Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw



Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw

m Wrzucanie kodu strukturalnego do funkcjonalnego



Wrzucanie kodu strukturalnego do funkcjonalnego

class Elem:
def __init__(self, transaction, t, next):
self.transaction = transaction
selft=t
self.next = next

_head = None

def insert(transaction, t):
if _head is None:
_head = Elem(transaction, t, None)
return
elem = _head
while True:
if elem.t <=t:
temp = Elem(elem.transaction, elem.t, elem.next)
elem.transaction = transaction
elemt=t
elem.next = temp
return
else:
if elem.next:
elem = elem.next
else:
elem.next = Elem(transaction, t, None)
return



Wrzucanie kodu strukturalnego do funkcjonalnego

from threading import RLock, Condition

class Elem:
def __init__(self, transaction, t, next):
self.transaction = transaction
selft=t
self.next = next

_head = None

_global_lock = Condition()
_transaction_lock = RLock()

def insert(head, transaction, t):
elem = head
while True:
ifelemt<=t:
temp = Elem(elem.transaction, elem.t, elem.next)
elem.transaction = transaction
elemt=t
elem.next = temp
return
else:
if elem.next:
elem = elem.next
else:
elem.next = Elem(transaction, t, None)
return



Wrzucanie kodu strukturalnego do funkcjonalnego

from threading import RLock, Condition

class Elem:
def __init__(self, transaction, t, next):
self.transaction = transaction
selft=t
self.next = next

_head = None

_global_lock = Condition()
_transaction_lock = RLock()

def insert(head, transaction, t):
elem = head
while True:
ifelemt<=t:
temp = Elem(elem.transaction, elem.t, elem.next)
elem.transaction = transaction
elemt=t
elem.next = temp
return
else:
if elem.next:
elem = elem.next
else:
elem.next = Elem(transaction, t, None)
return

def lock(transaction, length):
_global_lock.acquire()
if _head is None:
acquired = _transaction_lock.acquire(blocking=False)
if acquired and _head is None:
_global_lock.release()
return
else:
if _head == null:
_head = Elem(T, t, null)
else:
insert(_head, T, t)
while True:
_global_lock.wait()
if_head.T=T:
_transaction_lock.acquire()
if _head is not None:
_head = _head.next
_global_lock.release()
return
else:
_global_lock.notify()

def unlock():
_global_lock.acquire()
_transaction_lock.release()
_global_lock.notify()
_global_lock.release()
return
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Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw
m Wrzucanie kodu strukturalnego do funkcjonalnego

m Rozwiazywanie probleméw synchronizagji



Rozwigzywanie probleméw synchronizacji

TowerD  Tower 1 Tower2 Towerd  Tower 1 Towrer2
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Disc 0
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Illegal moves: larger discs over a smaller disc
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Rozwiazywanie probleméw synchronizacji
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Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw
m Wrzucanie kodu strukturalnego do funkcjonalnego

m Rozwiazywanie probleméw synchronizagji



Rzeczy ktoérych nie lubie

m Szukanie Heisenbugéw
m Wrzucanie kodu strukturalnego do funkcjonalnego

m Rozwiazywanie 2 probleméw jednoczesnie



Rozwiazania ktérych szukam

m Szukanie Heisenbugéw
m Wrzucanie kodu strukturalnego do funkcjonalnego

m Rozwiazywanie 2 probleméw jednoczesnie



Rozwigzania ktérych szukam

m Szukanie Heisenbugéw

m Wrzucanie kodu strukturalnego do funkcjonalnego
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Rozwigzania ktérzych szukam

m Szukanie Heisenbugéw

- Leody steyl
Proste w implementacji

== Uniwersalne



Rozwigzania ktérych szukam

B SrokarteHetserboagén Bezbtedne

- Leody steyl
Proste w implementacji

== Uniwersalne



Rozwigzania ktérych szukam

B SzukanteHeiserbtgéw Bezbtedne

B Wirteaniekodistrkitralneso-do-funkeionatnese
Proste w implementacji

m <=+ Uniwersalne

m Wydajne



Rozwiagzania



Globalny zamek

from threading import Thread, Lock

_global_lock = Lock()
_shared_data = [0, 0, 0, 0]

class GLThread (Thread):
def __init__(self, data, index):
Thread.__init__ (self)
self.index = index
self.data = data

def run(self):
with _global_lock:
self.data[self.index] += 1
my_data = self.data[self.index]
print('set’, self.index, 'to’, my_data)

for i in range(0, 10):
GLThread(_shared_data, i % len(_shared_data)).start()



Globalny zamek

from threading import Thread, Lock

for i in range(0, 10):
GLThread(_shared_data, i % len(_shared_data)).start()



Watki funkcyjne



Duplikaty




Duplikaty

from hashlib import md5
hashes = [None] * len(files)

def make_hash(i):
source = open(files[i], rb’)
data = source.read()
source.close()
hashes[i] = md5(data).digest()

for i in range(0, len(files)):
make_hash(i)



Duplikaty

from hashlib import md5
from _thread import start_new_thread # python2: thread

hashes = [None] * len(files)

def make_hash(i):
source = open(files[i], rb’)
data = source.read()
source.close()
hashes[i] = md5(data).digest()

for i in range(0, len(files)):
start_new_thread(make_hash, (i,))



Duplikaty
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Duplikaty

from hashlib import md5
from _thread import start_new_thread # python2: thread

hashes = [None] * len(files)

def make_hash(i):
source = open(files[i], rb’)
data = source.read()
source.close()
hashes[i] = md5(data).digest()

for i in range(0, len(files)):
start_new_thread(make_hash, (i,))



Duplikaty

from hashlib import md5
from _thread import start_new_thread # pythonZ2: thread
from threading import Semaphore

hashes = [None] * len(files)
semaphore = Semaphore(4)

def make_hash(i):
with semaphore:
source = open(filesli], rb’)
data = source.read()
source.close()
hashes[i] = md5(data).digest()

for i in range(0, len(files)):
start_new_thread(make_hash, (i,))



Duplikaty

from hashlib import md5
from _thread import start_new_thread # python2: thread
from threading import Semaphore, Barrier

hashes = [None] * len(files)
semaphore, barrier = Semaphore(4), Barrier(len(files) + 1)

def make_hash(i):
with semaphore:
source = open(files[i], rb’)
data = source.read()
source.close()
hashes[i] = md5(data).digest()
barrier.wait()

foriin range(0, len(files)):
start_new_thread(make_hash, (i,))

barrier.wait()



Watki funkcyjne
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Watki funkcyjne

m Preferuja solipsyzm
m tylko odczyt
m bez konfliktéw
m Niski koszt
m ten sam schemat
m <10 lini kodu

m Znaczna poprawa efektywnosci



Watki funkcyjne (Java)

final List<String> hashes = new ArrayList<String>();
for (inti=0;i < files.length; i++) {
hashes.add(null);

}

Collections.fill(hashes, null);

final Semaphore semaphore = new Semaphore(4);

final CyclicBarrier barrier = new CyclicBarrier(files.length + 1);

for (inti = 0;i < files.length; i++) {
final int index = i;
new Thread() {
public void run() {
try {
semaphore.acquire();
hashes.set(index, createHash(files[index]));
semaphore.release();
barrier.await();
} catch (Exception e) {
e.printStackTrace();
}

}
}.start();

}

barrier.await();

private String createHash(String file) throws Exception {

InputStream fis = new FilelnputStream(file);
MessageDigest d = MessageDigest.getinstance("MD5");
byte[] buffer = new byte[1024];
for (intn=0;n!=-1;) {

n = fis.read(buffer);

if (n>0) {

d.update(buffer, 0, n);

}

}

fis.close();
return d.digest().toString();



Watki funkcyjne (Cf)

static void CreateHash(object arg)

sem.WaitOne();

sem.Release();

}
static void Main(string[] args)
foreach (var file in files)
var thread = new Thread(CreateHash);
threads.Add(thread);

thread.Start(file);
}

foreach (var thread in threads)

thread.Join();
}
}



Watki funkcyjne (Cf)

static void CreateHash(object arg) static void CreateHash(object arg)
{

}

static void Main(string][] args)

sem.WaitOne();

sem.Release();

} var p = new ParallelOptions {
MaxDegreeOfParallelism = 12;
static void Main(string[] args) I

foreach (var file in files) Parallel.ForEach(files, p, CreateHash);

var thread = new Thread(CreateHash);
threads.Add(thread);
thread.Start(file);

}

foreach (var thread in threads)

thread.Join();
}
}



Pamiec¢ transakcyjna
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Pamiec¢ transakcyjna
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Pamiec¢ transakcyjna

a = shared
shared =a + 1

a = shared 3~
shared =a +1




Pamiec¢ transakcyjna

a = shared !
shared =a + 1

a = shared 3~
shared =a +1




Pamiec¢ transakcyjna

a = shared !
shared =a + 1




Pamiec¢ transakcyjna
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Pamiec¢ transakcyjna

'a = shared ™"
lshared =a + 1

a = shared 3~
shared = a + 1-




Pamiec¢ transakcyjna




Pamiec¢ transakcyjna

a = shared 3~ a = shared

shared = a + 14

shared =a + 1




Pamie¢ transakcyjna

Python — Kamaelia/Axon (www.kamaelia.org)
Java — Deuce STM (www.deucestm. org)

— SXM (research.microsoft.com)

C/C++ — wbudowana w GCC

(gcc.gnu.org/wiki/TransactionalMemory)


www.kamaelia.org
www.deucestm.org
research.microsoft.com
gcc.gnu.org/wiki/TransactionalMemory

A_
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ACCOUNTS = 100
TRANSFERS = 10
accounts = {}



Bank

ACCOUNTS = 100
TRANSFERS = 10
accounts = {}

def total(ids):
total = sum(accounts.values())

def transfer(a, b, sum):
accounts[a] -= sum
accounts[b] += sum



Bank

ACCOUNTS = 100
TRANSFERS = 10
accounts = {}

def init(ids, sum):
foriinids:
accounts[i] = sum

def total(ids):
total = sum(accounts.values())

def transfer(a, b, sum):
accounts[a] -= sum
accounts[b] += sum

ids = list(range(0, ACCOUNTS))
init(ids, 200)



Bank

from random import choice, randint

ACCOUNTS = 100
TRANSFERS = 10
accounts = {}

def init(ids, sum):
foriinids:
accounts[i] = sum

def total(ids):
total = sum(accounts.values())

def transfer(a, b, sum):
accounts[a] -= sum
accounts[b] += sum

ids = list(range(0, ACCOUNTS))
init(ids, 200)

foriin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
transfer(a, b, s)

total(ids)



Bank

from random import choice, randint
from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
foriinids:
accountsfi] = sum

def total(ids):
total = sum(accounts.values())

def transfer(a, b, sum):
accounts[a] -= sum
accounts[b] += sum

ids = list(range(0, ACCOUNTS))
init(ids, 200)

foriin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
transfer(a, b, s)

total(ids)



Bank

from random import choice, randint
from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(*ids)
foriinids:
_accountsfi].set(sum)
_accounts.commit()

def total(ids):
total = sum(accounts.values())

def transfer(a, b, sum):
accounts[a] -= sum
accounts[b] += sum

ids = list(range(0, ACCOUNTS))
init(ids, 200)

for iin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = random.randint(5, 20)
transfer(a, b, s)

total(ids)



Bank

from random import choice, randint
from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(‘ids)
foriinids:
_accounts[i].set(sum)
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*“ids)
foriinids:
total += _accountsi].value
_accounts.commit()

def transfer(a, b, sum)
accounts[a] -= sum
accounts[b] += sum

ids = list(range(0, ACCOUNTS))
init(ids, 200)

foriin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
transfer(a, b, s)

total(ids)



Bank

from random import choice, randint foriin range(0, TRANSFERS):

from Axon.STM import Store # Kamaelia (Axon 1.7) a, b = choice(ids), choice(ids)
s = randint(5, 20)

ACCOUNTS = 100 transfer(a, b, s)

TRANSFERS = 10

accounts = Store() total(ids)

def init(ids, sum):
_accounts = accounts.using(*ids)
foriinids:
_accountsi].set(sum)
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*ids)
foriinids:
total += _accounts]i].value
_accounts.commit()

def transfer(a, b, sum)
_accounts = accounts.using(a, b)
_accounts[a].set(_accounts[a].value - sum)
_accounts[b].set(_accounts[b].value + sum)
_accounts.commit()

ids = list(range(0, ACCOUNTS))
init(ids, 200)



Bank

from random import choice, randint
from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(*ids)
foriinids:
_accountsi].set(sum)
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*ids)
foriinids:
total += _accounts]i].value
_accounts.commit()

def transfer(a, b, sum)
_accounts = accounts.using(a, b)
_accounts[a].set(_accounts[a].value - sum)
_accounts[b].set(_accounts[b].value + sum)
_accounts.commit()

ids = list(range(0, ACCOUNTS))
init(ids, 200)

from threading import Thread
from Axon.STM import BusyRetry, ConcurrentUpdate

class Transaction (Thread):
def __init__(self, f, a):
Thread.__init__(self)
self._f=f
self._a=a
def run(self):
while True:
try:
self._f(*self._a)
except ConcurrentUpdate:
continue
except BusyRetry:
continue
break

for iin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
transfer(a, b, s)

total(ids)



Bank

from random import choice, randint

from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(*ids)
foriinids:
_accountsi].set(sum)
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*ids)
foriinids:
total += _accounts]i].value
_accounts.commit()

def transfer(a, b, sum)
_accounts = accounts.using(a, b)
_accounts[a].set(_accounts[a].value - sum)
_accounts[b].set(_accounts[b].value + sum)
_accounts.commit()

ids = list(range(0, ACCOUNTS))
init(ids, 200)

from threading import Thread

from Axon.STM import BusyRetry, ConcurrentUpdate

class Transaction (Thread):
def __init__(self, f, a):
Thread.__init__(self)
self._f=f
self._a=a
def run(self):
while True:
try:
self._f(*self._a)
except ConcurrentUpdate:
continue
except BusyRetry:
continue
break

for iin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
t = Transaction(transfer, (a, b, s))
t.start()

t = Transaction(total, (ids,))
t.start()



Bank

from random import choice, randint
from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(ids)
foriinids:
_accounts|i].set(sum)
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*ids)
foriinids:
total += _accounts]i].value
_accounts.commit()

def transfer(a, b, sum)
_accounts = accounts.using(a, b)
_accounts[a].set(_accounts[a].value - sum)
_accounts[b].set(_accounts[b].value + sum)
_accounts.commit()

ids = list(range(0, ACCOUNTS))
init(ids, 200)

from threading import Thread
from Axon.STM import BusyRetry, ConcurrentUpdate

class Transaction (Thread):
def __init_(self, f, a):
Thread.__init__(self)
self._f=f
self._a=a
def run(self):
while True:
try:
self._f(*self._a)
except ConcurrentUpdate:
continue
except BusyRetry:
continue
break

transactions = []
foriin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
t = Transaction(transfer, (a, b, s))
t.start()
transactions.append(t)

t = Transaction(total, (ids,))
t.start()
transactions.append(t)



Bank

from random import choice, randint from threading import Thread
from Axon.STM import Store # Kamaelia (Axon 1.7) from Axon.STM import BusyRetry, ConcurrentUpdate
ACCOUNTS = 100 class Transaction (Thread):
TRANSFERS = 10 def __init__(self, f, a):
accounts = Store() Thread.__init__(self)
self_f=f
def init(ids, sum): self._a=a
_accounts = accounts.using(*ids) def run(self):
foriinids: while True:
_accountsli].set(sum) try:
_accounts.commit() self._f(*self._a)
except ConcurrentUpdate:
def total(ids): continue
_acccounts = accounts.using(*ids) except BusyRetry:
foriinids: continue
total += _accounts[i].value break

_accounts.commit() ) i i
ransactions =

def transfer(a, b, sum) for i in range(0, TRANSFERS):
_accounts = accounts.using(a, b) a, b = choice(ids), choice(ids)
_accounts[a].set(_accounts[a].value - sum) s = randint(5, 20)
_accounts[b].set(_accounts[b].value + sum) t = Transaction(transfer, (a, b, s))
_accounts.commit() t.start()

transactions.append(t)
ids = list(range(0, ACCOUNTS))
init(ids, 200) t = Transaction(total, (ids,))
t.start()
transactions.append(t)

for tin transactions:
t.join()



Bank

from random import choice, randint

from Axon.STM import Store # Kamaelia (Axon 1.7)

ACCOUNTS = 100
TRANSFERS = 10
accounts = Store()

def init(ids, sum):
_accounts = accounts.using(*ids)
[_accounts]i].set(sum) for i in ids]
_accounts.commit()

def total(ids):
_acccounts = accounts.using(*ids)
total = sum([_accountsi] for i in ids])
_accounts.commit()

def transfer(a, b, sum):
_accounts = accounts.using(a, b)
_accounts[a].set(_accounts[a].value - sum)
_accounts[b].set(_accounts[b].value + sum)
_accounts.commit()

ids = list(range(0, ACCOUNTS))
init(ids, 200)

from threading import Thread

from Axon.STM import BusyRetry, ConcurrentUpdate

class Transaction (Thread):
def __init_ (self, f, a):
Thread.__init__(self)
self._f=f
self._a=a
def run(self):
while True:
try:
self._f(*self._a)
except ConcurrentUpdate:
continue
except BusyRetry:
continue
break

transactions = []
foriin range(0, TRANSFERS):
a, b = choice(ids), choice(ids)
s = randint(5, 20)
t = Transaction(transfer, (a, b, s))
t.start()
transactions.append(t)

t = Transaction(total, (ids,))
t.start()
transactions.append(t)

[tjoin() for t in transactions]
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Pamie¢ transakcyjna

m Optymistyczna
m czynnosci s3 powtarzane jesli sa konflikty
m czuta na ilos¢ transakgcji
m Niski koszt
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Pamie¢ transakcyjna

Optymistyczna
m czynnosci s3 powtarzane jesli sa konflikty
m czuta na ilos¢ transakgcji

m Niski koszt

m ten sam schemat
m rozwigzuje wiekszo$¢ probleméw

Poprawa efektywnosci (jesli nie ma duzo konfliktéw)

Akcje musza dac¢ sie powtarzac



Bank

// Deuce STM public static void main(String[] args) {
// compile with -javaagent:bin/deuceAgent.jar final Random random = new Random();
public class Bank { final Bank bank = new Bank();
public static final int TRANSFERS = 10; List<Thread> transactions = new LinkedList<Thread>();

public static final int ACCOUNTS = 100;
for (inti = 0; i< Bank. TRANSFERS; i++) {
private final double[] accounts = new doublel/ACCOUNTS];  final int a = random.nextInt(Bank. ACCOUNTS);
final int b = random.nextInt(Bank. ACCOUNTS);

public Bank() { final double sum = 5d + random.nextDouble() % 15d;
for (inti = 0;i < accounts.length; i++) { Thread t = new Thread() {
accounts|i] = 200; public void run() {
bank.transfer(a, b, sum);
} }
b
@Atomic t.start(); transactions.add(t);
public void total() { }
double total = 0d;
for (inti=0;i < accounts.length; i++) { Thread t = new Thread() {
total += accountsi]; public void run() {
} bank.total();
} }
@Atomic t.start(); transactions.add(t);
public void transfer(int a, int b, double sum) {
accounts|[a] -= sum; for (Thread thread : transactions) {

accounts[b] += sum; thread.join();
} }
} }
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Posortowane zamki

from threading import Lock
accounts, locks = {}, {}

foriin range(0, ACCOUNTS):
accounts]i] = 200
locks]i] = Lock()

def transfer(a, b, sum):
_locks = [locksl[a], locks[b]]
_locks.sort(key = lambda x: str(x))

for lock in _locks:
lock.acquire()

accounts[a] -= sum
locks[a].release()

accounts[b] += sum
locks[b].release()



m Watki funcyjne
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