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Concurrent Programming Today

* Mutual exclusion locks (Java monitors,
pthread locks etc.) used for
concurrency control

— Coarse-grained locking limits concurrency

— Fine-grained locking is hard: composability,
possibility of deadlocks, etc.

* Transactional Memory (TM) offers an
alternative
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Desighing Map Structure

eOperations
get (Key k)
put (Key k, Value v)
remove (Key k)
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Desighing Map Structure
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Desighing Map Structure

eOperations
get (Key k) { seqGet(k); }
put (Key k, Value v) {seqPut(k, v); }
remove (Key k) { segRemove(k); }

eHow to make it thread-safe?
T1 - T3

—p m.get(k); = m.put(k,v); == m.remove(k);
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ConcurrentMap Class

synchronized synchronized
Value get(Key k) { void put(Key k, Value v) {
return seqGet(k); seqVal(k, v):
} )
synchronized

void remove(Key k) {
segRemove(k);
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ConcurrentMap Class

synchronized
Value get(Key k) {
return seqGet(k);

}

What if workload

mostly read-only?

synchronized
void put(Key k, Value v) {
seqgVal(k, v);
h

synchronized
void remove(Key k) {

segRemove(k);

}
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Refined ConcurrentMap Class

Value get(Key k) { void put(Key k, Value v) {
/l try unsynchronized synchronized(this) {
Value tmp = segGet(k); seqPut(k, v);

If (tmp != null) return tmp; }}
else synchronized(this) {
/l possible interference void remove(Key k) {
return seqGet(k); synchronized(this) {
}} segRemove(k);

}}
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Actual Code

public Object get(Object key) {
int hash = hash(key); Il Recheck under synch if key not there or interference

Il Try first without locking... Segment seg = segments[hash & SEGMENT_MASK];
Entry[] tab = table; synchronized(seg) {
int index = hash & (tab.length - 1); tab = table;
Entry first = tab[index]; index = hash & (tab.length - 1);
Entry e; Entry newFirst = tab[index];
If (e 1= null || first I= newFirst) {
for (e = first; e I= null; e = e.next) { for (e = newfFirst; e |= null; e = e.next) {
if (e.hash == hash && eq(key, e.key)) { if (e.hash == hash && eq(key, e.key))
Object value = e.value; return e.value;
if (value = null) }
return value; }
else return null;
break; }
1 1
}
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Actual Code

public Object get(Object key) {
int hash = hash(key); Il Recheck under synch if key not there or interference

Il Try first without locking... Segment seg = segments[hash & SEGMENT_MASK];
Entry[] tab = table synchronized(seg) {
int index =
Entry first DO YOU REALLY
Entry e;
_ WANT TO WRITE
for (e = first

bty THIS KIND OF CODE?

if (value = null) }
return value; }
else return null;
break; }
1 1
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Composition

eSimple concurrent accesses work

eConsider concurrent value deposit




Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

Int v1 = map.get(k);

Int v2 = map.get(k);
vl +=10

v2 +=20;
map.put(k, v1);

map.put(k, v2);




Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

- Nt v1 = map.get(k);
Int v2 = map.get(k);
vl +=10
v2 +=20;
map.put(k, v1);
map.put(k, v2);




Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

—=p Nt v1 = map.get(k); == 100
int v2 = map.get(k);
vl +=10
v2 +=20;
map.put(k, v1);
map.put(k, v2);




Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

—=p Nt v1 = map.get(k); == 100
= int v2 = map.get(k);
vl +=10
v2 +=20;
map.put(k, v1);
map.put(k, v2);
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eSimple concurrent accesses work
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Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

Int v1 = map.get(k); == 100
Int v2 = map.get(k), == 100
vl +=10 == 110
— V2 += 20 == 120
—p map.put(k, v1); == 110
map.put(k, v2);
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Composition

eSimple concurrent accesses work

eConsider concurrent value deposit
T1 map.get(k) == 100 T2

Int v1 = map.get(k); == 100
Int v2 = map.get(k), == 100
==110
v2 += 20 == 120
—p map.put(k, v1); == 110
- map.put(k, v2),
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Composition

eSimple concurrent accesses work

eConsider concurrent value deposit

T1 map.get(k) == 100 T2
synchronized(map) {
int v1 = map.get(k); synchronized(map) {
Int v2 = map.get(k);
vl +=10
v2 +=20;
map.put(k, v1);
} map.put(k, v2);

}
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Composition

eSimple concurrent accesses work

eConsider concurrent value deposit

T1 map.get(k) == 100 T2
synchronized(map) {
int v1 = map.get(k); synchronized(map) {
Int v2 = map.get(k);
vl +=10
v2 +=20;
map.put(k, v1);
} map.put(k, v2);

Back to coarse-grained locking

n e
Transactional Memory: From Semantics to Implementation In tel
PLDI 2008 Tutorial




TM Approach

get (Key k) { atomic { seqGet(k); }}
put (Key k, Value v) {atomic { seqPut(k, v); }}
remove (Key k) { atomic { segRemove(k); }}

atomic {
Int v = map.get(k);
v += amount;

map.put(k, v);
}
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TM Approach

get (Key k) { atomic { seqGet(k); }}
put (Key k, Value v) {atomic { seqPut(k, v); }}
remove (Key k) { atomic { segRemove(k); }}

atomic {
Int v = map.get(k);
v += amount;

map.put(k, v);
}

Let TM system take care of the rest
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Part 1: TM Overview (8:30am-9:30am)

by Adam Welc
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- TM Language Constructs and Semantics
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Atomic Blocks == Transactions

*Originally a database concept

eTransactional executions

— Atomic
— Consistent
— Isolated
— Durable
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Atomic Blocks == Transactions

*Originally a database concept

eTransactional executions

— Atomic
- _
— CLonsiswent

— Isolated

— DLigbi=

serial

serializable —>

Serializable — appearance of serial

n v
nsactional Memory: From Semantics to Implementation ( In tel )




Serial Execution

Nt x=0; inty =0;
T1 T2

—p atomic {
X =42;

y =42;
}

atomic {
Int tmp1 = Xx;

Int tmp2 =vy;
}
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Serial Execution

Nt x=0; inty =0;

T1 T2
atomic {
X =42;
y =42
—_— }
atomic {

Int tmp1 = Xx; == 42

Int tmp2 =vy; == 42
—_— }
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Serializable Execution

Nt x=0; inty =0;
T1 T2

=) atomic {

X =42; —p atomic {
Int tmp1 = Xx;
y =42
} inttmp2 = v:
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Serializable Execution

Nt x=0; inty =0;
T1 T2

atomic {
X =42; atomic {

Int tmp1 = Xx;

— Y =42;

} —p inttmp2 =v:

}
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Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
X =42; atomic {
Int tmp1 = x;
— Y =42;
} —p inttmp2 =y:
}
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
X =42;
y =42;
}
atomic {
Int tmp1 = Xx;
Int tmp2 =vy;
}
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Non-Serializable Execution

16

Nt x=0; inty =0;

T1 T2
atomic {
X =42; atomic {
Int tmp1 = Xx;
y =42;
} inttmp2 =y;
}
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
— X =42 atomic {
—p Nt tMp1 = X; == 42
int tmp2 =y;
= a2 p2 =y
} }
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Non-Serializable Execution

Nt x=0; inty =0;

1 T2
atomic {
— X =42; atomic {

Int tmp1 = Xx; == 42

y = 42: —p Nt tMpP2 = y;

' }
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
— X =42; atomic {
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
— X =42; atomic {
Int tmp1 = Xx;
Int tmp2 = v:
y =42; - P y
b }

TM’s role is to
“fix” serializability
violations
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
—) X = 42, atomic { ROLL BACK
Int tmp1 = Xx; \
Int tmp2 = v:
y =42; - P y
b }

TM’s role is to
“fix” serializability
violations
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Non-Serializable Execution

Nt x=0; inty =0;

T1 T2
atomic {
—) X = 42, —p atomic { ROLL BACK
Int tmp1 = Xx; \
Int tmp2 = v:
y =42; P y
b }

TM’s role is to
“fix” serializability
violations
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ompensating actions requirec

* Closed nesting — computation results
exposed only upon outermost
transaction commit
— Nested transaction can be “flattened”





















































































































































































































































































































































































































































































































































































































































































































































































































































































