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Abstract  Graph application is an important branch in the field of big data. Although graph analysis has more
significant performance advantages than traditional relational databases in displaying the relationship between entities,
the irregular memory access pattern caused by a large number of random accesses in graph processing destroys the
time and space locality of memory access, thus causing great performance pressure on the off-chip memory system.
Therefore, how to correctly measure the performance of graph application in memory system is crucial for efficient
graph application architecture optimization. As an extension of average memory access time (AMAT), concurrent
average memory access time (C-AMAT) takes into account the locality and concurrency of memory access, and can
more accurately evaluate and analyze the performance of modern processors in the storage system. However, the C-
AMAT model ignores the fact that the lower-level cache layer of the processor accesses serially, which will lead to the
inaccuracy of the calculation. At the same time, it is difficult to obtain the parameters required for the calculation due
to the “pure miss cycle” and other reasons, which also makes it difficult for C-AMAT to be applied in practice. In
order to match the computing model of C-AMAT with the memory access mode in modern computers, we propose
parallel C-AMAT (PC-AMAT) and serial C-AMAT (SC-AMAT) based on C-AMAT. PC-AMAT and SC-AMAT
respectively extend and characterize the computing model of C-AMAT from the parallel and serial access modes of
cache. On this basis, we design and implement a “pure miss cycle” extraction algorithm to avoid the huge hardware
overhead caused by direct measurement. The experimental results show that the correlation between PC-AMAT and
SC-AMAT, and IPC is stronger than that of C-AMAT in single-core and multi-core mode. Finally, PC-AMAT and SC-
AMAT are used to measure and analyze the memory performance of graph application, based on which the
optimization strategy of graph application access is proposed.
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FE Iz % JE 308 I o5 A A i 2k D R] AG ORL R A
E TR L e 2 Ty [ vy SR A% 1 i

B/ LGRS IR

B\ R U5 R K2 missAccess, 4 R 2% J] 19
curr_cycle.
for each curr_cycle in missAccess[i] do

curr_cycle 14k ;

end for

® e e

add first(missAccess[0]) into tempMiss array;
PR 1A I 7 R) Y i O AR AN B AE v ]
BB tempMiss H1*/

for each missAccess>1 in missAccess array do

© @

if missAccess[i].start>tempMiss[i—1].start
&& missAccess[i].start<tempMiss[i—1].end
then/*[&] 8 1% & 1%/
if missAccess[i].end<tempMiss[i—1].end
then
for each curr_cycle in missAccess[i] do
location=find( curr_cycle);

curr_cycle.countt+;

®©@eoee o

curr_cycle.parent.push_back(i);
AR I BRI U [R] I B
1R A ERIC T IR] B, A
2 T 41 1) JR P (R R A T TR/
end for
else
for each cycle in tempMiss[i—1] do
O~@; /* [l 8 15 2, A H T/

end for

®© 68 66 6 6

for each curr_cycle from tempMiss
[i—1]).end to missAccess[i].end do
B X FR Ay curr_cycle W1ER AL
SR T5 1R) 2 B R B A A B Bk K U
[m] 1 2
end for
end if

else

® ®

for each curr_cycle in missAccess[i] do
WAL curr_cycle; 1*[&] 8 15 3%/
tempMiss.push_back(missAccess[i]);
/I BRI 5] 1 ek AT A
IFERAE, BRTIIR 2 /E 8 — Ik
B IR BB 5] 1%/

SN SHONSRSNC)

end for
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MHT B B curr cycle, 433 Bk 2 & FF )5 W A
W Bt 041 hitPhase;
s 2 A IR T AR B A .
(D  for each curr_cycle in missCycle[i] do
if curr_cycle in hitPhase then
return false;
else
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i 24 {7 30 R 00 S5 S Y T e SR ik
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Table 1 Simulator Configuration

®1 RHISREE

R g ZHLE
Processor 03 CPU core, 4 GHz, 8-issue width

6 IntALU: 1 cycle;1 IntMul:3-cycle;
2 FPAdd: 2-cycle; 1 FPCmp: 2-cycle;
1 FPMul: 4-cycle; 1 FPDiv: 12-cycle;
1 FPCvt: 2-cycle
32 KB inst/ 32 KB data,8-way, 64 B line,
4-cycle tag latency inst/ 4-cycle data,

Function units

Private L1 caches 4-cycle data latency inst/ 4-cycle data,
ICache 4 MSHR entry,

DCache 4 MSHR entry

256 KB, 8-way, 64 B line, 7-cycle tag latency,

Private L2 cach
rivate Le cache 7-cycle data latency, 20 MSHR entry

8 MB, 16-way, 64 B line, 37-cycle tag latency,

Shared L3 cachq
are cache 38-cycle data latency, 20 MSHR entry

DRAM latency/width 240-cycle access latency/64 bit

Z P EEEEH CHE, T I k2 4R
HAR, TRATZ T LAk £ GAP 2 & 0] LLHE R AT fi]
55 HE B0 AH OC 09 M R T Y, MO B OE &k BRI LY AE AT
it 2% TP 00 R BB R ST, FRATT R B T Hh R AR R
BFS™, PR, BC™, CC™4 Fp 7L TAE gk AT
M, HARE A Gk 2 iR,
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livejournal® 4.85x10° 68.48x10° 597  LiveJournal 7EZk 4138 %%

orkut™” 3.0x10°  117x10° 941 A R4
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