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[1] A. Lumsdaine et al. Challenges in Parallel Graph Processing. Parallel Processing Letters. 2007.
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No parallel execution
(low bandwidth) even if
there are no data deps

CAS Is the fastest for
some cases
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2

CONCLUSIONS
PERFORMANCE INSIGHTS

Unaligned atomics
should be avoided at all

COSts
The same latency of

different atomics in most
scenarios

No parallel execution
(low bandwidth) even if

there are no data deps

CAS Is the fastest for
some cases

Small operand sizes
give best performance
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Core i7-4770

LATENCY
HASWELL, EXCLUSIVE

Atomics Read

100 | Data owned by: Identical latency 100 | Data owned by: Latency lower
® another core (on chip) of CAS/FAA/SWP ® another core (on chip) /. than that of atomics
X local core X local core (by a constant factor)
due to the lack of
80 - ’ .;’?29' 80+L1 L2 L3 writestolocal L1
, ® < ‘
.X JO" 00
= & o0
€ 60 it 2. 60- St M
ey Accesses to L3 o - X
O expensive due to X 9) A to L3 X
= L1/L2 snhooping = CEESSES d° : &
2 i ) £ 40- expensive due to
3 a L1/L2 snooping ><><
SO060806000008008090006Y
oSocagps
20 - DIOKIOKIOIORKIRIKK 20 -
RO OOOONNHIRIONK
ikdads S TR
0qL1 L2 L3 RAM 01 RAM
1e+04 1e+05 1e+06 1e+07 1e+08 1e+04 1e+05 1e+06 1e+07 1e+08

Data set size [bytes] Data set size [bytes]
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LATENCY
HASWELL, MODIFIED

Atomics Read

100 Data owned by: Identical laltency 100 - D _
: ata owned by: Latency lower
X local core X local core (by a constant factor)
due to the lack of
80 - 80-L1 |2 L3 writes to local L1
X ....x W

E wi— pmein Zw s
= B NOoRINg ey P Core valid bits in L3
oS another core's L1/L2 ® > ore vall .
e X9 c prevent from snooping o
2 o) another core's L1/L2
ﬁ 40+ T 40

2000009,000000,, — X

M....".I
20 BOBOOOOOOOOOOONK | 20
S asaseesd Bo000OROOOORONK|
A DN
04L1 L2 L3 RAM & i g RAM
T T T T T T T T T T
1e+04 1e+05 1e+06 1e+07 1e+08 1e+04 1e+05 1e+06 1e+07 1e+08

Data set size [bytes] Data set size [bytes]
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LATENCY
IVY BRIDGE, EXCLUSIVE

CAS

200 | Data owned by:

® another socket
X another core (on chip)
A local core

1504L1 |L2 L3 Higgﬁg@teancy ““.“;.

die-to-die hop
NUMA

effects

muu./nmo sscecee| /
N posssseat

The latency jump from L1 to L2
makes CAS faster than FAA/SWP in L1
(a similar effect is visible for reads)

090g0g9000000

Latency [ns]
2

50 -
XK
- RAAMAAAAAAAAAAAAAALAAAA
0 - | RAM
1 1 1 ||
1e+05 1e+06 1e+07 1e+08

Data set size [bytes]
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L AT E N CY Xeon E5 Ivy Bridge socket Xeon E5 Ivy Bridge socket
VY BRIDGE, EXCLUSIVE

CAS

200 | Data owned by:

® another socket
X another core (on chip)
A local core

1504L1 |L2 L3 Higgﬁglt’a;)t%ncy "“.”7

die-to-die hop
NUMA

effects

mun./umo sscecee| /
N posssseat

The latency jump from L1 to L2
makes CAS faster than FAA/SWP in L1
(a similar effect is visible for reads)

090g0g9000000

Latency [ns]
2

50 -
XK
- RAAMAAAAAAAAAAAAAALAAA
0 - | RAM
1 1 1 ||
1e+05 1e+06 1e+07 1e+08

Data set size [bytes]
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ETHzirich SN B P YN Gsmct e
LATENCY Xeon P Cco C1 C29 C30
I
XEON PHI, MODIFIED / EXCLUSIVE ’ ’ !
:iﬁ g .. 5
CAS ol
Data owned by: é é é
; iamotlher core (on chip) § c61  C60 c32
ocal core ‘).<
30041 T2 R WM*
—_ <X
-
— ...m......
2200 - \
E Accesses to local
« and remote cachelines
100 - in L1/L2/RAM are similar
/ for atomics and reads
DK
04 RAM

1 1 1 | 1
1e+04 1e+05 1e+06 1e+07 1e+08
Data set size [bytes]
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LATENCY MODEL
EXCLUSIVE OR MODIFIED STATE

Core

Cache line Read for ownership R (.5)
= max(read latency, invalidation latency)

£(A)

= constant

Cache

Cache line

5(1/4, S) = Ro(S) + E(A)

Atomic Cache

coherence state
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LATENCY MODEL
SHARED STATE

Core

Cache line Read for ownership R (.5)
= max(read latency, invalidation latency)

£(A)

= constant

Cache

Cache line

5(1/4, S) = Ro(S) + E(A)

Atomic Cache

coherence state
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LATENCY MODEL
SHARED STATE

Core

Cache line Read for ownership R (.5)
= invalidation latency

£(A)

= constant

Cache

Cache line

5(1/4, S) = Ro(S) + E(A)

Atomic Cache

coherence state
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LATENCY
HASWELL, SHARED

Atomics Read

100 [ Data owned by: Identical latency 100 - [ Data owned by: Latency lower
e another core (on chip) of CAS/FAA/SWP ® another core (on chip) | than that of atomics
X local core X local core (by a constant factor)
due to the lack of
80 - ?Ie@of 804L1 L2 L3 writes to local L1
— 00
£, 604 Identical latencies of £, 60 o
> local and remote accesses o X>3<
e caused by invalidations c Accesses to L3 X
) 2 404 expensive due to X
3 40 4 / \ \ « L1/L2 snoiplng ><x
W l
20 Accesses to L3 20 ©0000000000000000000000000000009
expensive due to
L1/L2 snooping n PN
01L1 L2 L3 IRAM 0 2000004 00000 RAM
T T T T T T T T T T
1e+04 1e+05 1e+06 1e+07 1e+08 1e+04 1e+05 1e+06 1e+07 1e+08

Data set size [bytes] Data set size [bytes]
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How to force cache coherence state

= F(M): Write cache line (invalidates all copies)
= F(E): F(M) = flush - read

= F(S): F(E) 2 read by some other core

D. Hackenberg, D. Molka, W. Nagel. Comparing Cache Architectures and Coherency Protocols on x86-64
Multicore SMP Systems. MICRO’09



