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Terms Primitives
e Lock-free e Ltx
* Priority inversion e ST
* Convoying * Validate
* Serializability e Commit
e Atomicity
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How is it implemented?

What would you do if only a single cache?
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Coherence Let's try
Lw A
Name Access | Shared? | Modified? | [Name [Kind | Meaning | New access
INVALID none — — READ regular | read value shared LT A
VALID R Yes No RFO regular | read value exclusive
DIRTY R.W | No Yes WRITE | both write back exclusive LT A
RESERVED | R, W No No T-READ | trans read value shared
TRFO | trans read value exclusive
US traj refu h
Table 1: Cache line states Y m se access | unchanged ST A
[ - Table 3: Bus cycles comm |t
Name Meaning
EMPTY contains no data LT A
NORMAL | contains committed data try, it first searches for an EMPTY entry, then for a NORMAL
XCoMMIT | discard on commit entry, and finally for an XCOMMIT entry. If the XCOMMI1
XABORT | discard onabort entry is DIRTY, it must be written back. Notice that XCOM-
MIT entries are used only to enhance performance. Wher
. . a ST lentatively updates an entry, the old value must be
Table 2: Transactional tags retained in case the transaction aboris. If the old value i
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Code

typedef struct {
Word deqs;

Word engs; vald list_eng(entry™ newl |

Word items[QUEUE SIZE];
} gqueue;

unsigned queue_deq(queue *g) {
unsigned head, tail, result;
unsigned backoff = BACKOFF_MIN
unsigned wait;
while (1) {
result = QUEUE_EMPTY;
tail = LTX{&g->engs);
head = LTX{&g->degs):
/* eueue not empty? */
if (head != tail) {
result =
LT(&g->items(head % QUEUE_SIZE]);

entry *old tail;
unsigned backoff - BACKOFE MIN;
unsigred walt:

new->next = new->prev = NULL;

whils (TROE) |
old tail = (entry*) LTX(&Tail);
if {VALIDATE()) {
ST (snew->prev, old tail):
4f {old_tail == NOLL} {
BT [sHead, new);
b oelse {
ST{kcld_tall->next. new):

ST{&Tail, new):
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Results

g 8000
et 1
JPNSE S s
e TTSLock E
* MCS Lock
o Q0S8 g
- Trans. Mam, L
#» LL/SC Direct

R e P,

/% advance counter */ , Lf (COMMIT()} return; o & . [T 2000 JENSTUTSS S s cana
. ST(&g->deqgs, head + 1); wait = randem() ¥ {01 << backeff):
while (wait--): it i
Lf (COMMIT()) break;. Lf [backeff < BACKOFF_MAX) ad Tooo
/* abort => backoff */ backaffet;
walt — zandom() % (01 << backeff}; } , N . X
while (wailt--); 10 E) £ % ) a0
1f (backoff < BACKOFF_MAX) Concurency Concurrency
, backoffit; Figure 3: Pant of Doubly-Linked List Benchmark
return result; Figure 4; Counting Benchmark: Bus and Network
}
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Figure 2: Pant of Producer/Consumer Benchmark
g Moo g woor gumu— gm—
E g P * .
x n )
g § 24000 |
& 12000 |- HHH—Q—___, E" % 1200 - E o
& e £ — E TSty T
E e E 21000} E - E
3
3 10000 - g § 10000 g 20000 -
18000 1
a8 ”M,M
8000 16000
hatd 15000 |
*__E_ra_a.—-—W“’
6000 o TTS Lock 120 for 1o
= MCS Lock
s LL/SC Lock Ay
+ W ool L /’“’“\\___W
w000 - » Trans. Mem. \/f 4000 - : #TCSSLL;;‘* 8000
4 LU/SC Lok
so000 ) a QOSB
= Trans, Mem.
2000 - 2000 |- 4000 -
3000
] e v . o L 4 v °g m 2 30 ° 10 £ %
1 = o . E] 30 ey Concurrancy Concumancy
Figure 5: Producer/Consumer Benchmark: Bus and Network Figure 6: Doubly-Linked List Benchmark: Bus and Network
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How different than herliny TM?
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Figure 1: A sample 3-node TCC system.
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Ordering

cPUO cPU1 cPU2

Barrier =
Phase Transition

Sequential Code
Transactions

Figure 2: Timing illustration of how transactions (numbered
blocks) running on three different processors are forced to
commit by phase number sequence.

Lw A
LT A

LTA

Let’s try

LT A
STA
commit
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Figure 4: Speedups for varying numbers of processors with our manually parallelized benchmarks (a) and Java benchmarks
e effect of double buffering: o) o sample with automated parallelism (b) on a perfect TCC system with 1 IPC processors, no memory delays, and © commit bandwidth.
meling, b) double bulfering of all speculative
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cache, and d) pure single buffering.
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Figure 5: Distribution of execution time on the perfect TCC system’s processors between useful work, violated time (Failed
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Figure 6: State read by individual transactions with store
buffer granularity of 64-byte cache lines. We show state
required by the smallest 10%, 50%, and 90% of iterations.
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Write State in KB (with 64B lines)
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Figure 7: Same as Fig. 6, but for write state.
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Figure 8: Number of 64 byte cache line addresses broadcast per cycle in our Figure 9: Average bytes per cycle broadcast by a 1 IPC system with infinite bus
perfect system with 1 IPC, = bus bandwidth, and no cache misses. This indicates bandwidth, no cache misses, and TCC with an update protocol. 4 bytes of “address
essentially the maximum snoop rate per avg. processor IPC that could be expected. overhead” per 64-byte cache line are assumed.
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Figure 11: The effect of finite commit bus bandwidth (4, 8, 17, and 68 bytes per
cycle) on the speedup of 8 processor systems writing 68-byte (4B header + 64B
data) cache lines during commit (or 17,9, 4, or 1 cycle per committed line).
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