wA2 % 11 T (= Hl ¥ Eid Vol. 42 No. 11
2019 4 11 A CHINESE JOURNAL OF COMPUTERS Nov. 2019

F & #% 43228 Cache i ) & 4 HF 3T

EF®R OBAX H M

CIE B B R 22 RPLE B Kb 410073)

H E AR LA (CMP) B AY A B R A BEAZ R 0 22, R T A B 817 (Cache) 16 25 5 F ik
FEOTEA TS MK, T REH2 A ORI A Cache BT, 3 — 3 Cache £ R 4545 (NUCA) 42 th 1 T 3 Fp i 258 11K
FER 1Y Cache L5, J3— 5T - iy EMZ (NoO B FHR& RIFM AT R FEF FZRAMENEE T LR
HBFERS FHIL T R LM AE— 3 Cache 7K R 4513 Wi BN R R KA & Cache (M W RGHM. 7EX
PR GEAA P B E — AR (LLO M H E W) 3 L4310 T8 A AL 81 4, X 28 Cache /7 1K (Bank) 7232 # I It
) 4 J— A~ 58 — ) L 52 Cache. 24 4b ¥ 4% K H Cache T ) 45 3R B, L7 [ B[R] 55 475 SR A A% 605 O [ 50408 T 78 1
Bank 55 5 19 BF 25 47 3¢, 224 FE 8 030 1), 7 I Bof [0 4 06 5 24 17 ) B 8 4 119 Bank B, U7 o) B )R B BG L M R SR
328 T 15 RIS 33 i 7 1] 8 3R 5 ) 4% P 8 R O 1) R P S AT AR AN [ A 2 AT 3 A B R 1 I AR 1 2 S Mk R T
K. FH B b P45 B I 3 K & 845 Cache 1 o) 28 33 7% 7 bl 9 46 B3R 32 5. 30 A8 3R 25 57 1k 45 51 7 I 4% i SCAE
BAS 45 () B, 520 Cache V7 AIRE IR Y 3E — Btk — 251 K R 3 B 2210 K IE IR Cache 17 7] 3 5 R il 20 R e 4
ARSI B B 5 i B 2 A% AL FRER 1Y Cache 15 0] 349 5 6 - $2 7 190 45 1 B 0 2 45 1 g B A AU B8 3. %3040 Mt
T 1 A Cache 15 i) 28 38 7R 34 465 119 J5U AL, 461 % 08 3R 1 T 4 Dfe U - TC i 2 A 3R A 38 4 3R L 4 4R T — BUE g o
SR — SR B AT T O Uk B AR — B R B FRATTAR B Cache 7 it 14 78 X 45 v 1% 0 3807 8 98 5 HA B
19 Cache WS LE 4], TG 2485 Cache 3 5K - 3495 7] B 4 5 50 1 5 BRI T HE — 8000 48 3% 20 A0, AT & S Bk g 1
B O i B 2 o L T B 3 ) T R o DA iRk R R T BRI BE I R SR . R RIS LSt R
& JITH 1] Cache 15 [0] X5 7 P 09 Fr b 22 8% 40 BRER BB 9% A (39 A Cache V5 [R) 3R L 32> KIEIR Cache 15 [8) 5 3K 1Y %L
BTS00 NUCA 254 B AT A B0 78 5 K B9 SE 868 MR (64 4%) T 7F 4B 3R 5 7 22 e K8 38 A SF- 4 4238 - 4
BT 19. 6% .12. 8% A1 6. 4% i KIFMK T 40.8%6.29. 9% A1 11. 9%. [F] B £ & 4o 1t fig 5 1A , 38 i PARSEC
N7 FH R e A 500 S 30 e W B R VTR AT 35 S B IPO 3 4T+ T 6. 7% R KR T T 14. 0%,

KW LA BRI R G B RS S G AT T )
HEESHES TP393 DOI S 10.11897/SP.J. 1016. 2019. 02403

Research on Cache Access Equalization in Chip Multi-Processor
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Abstract  Along with the scaling up for the size of chip multi-processor (CMP) and the increase
in the number of cores, the system has a higher demand for on-chip cache in terms of capacity and
speed. In order to effectively utilize cache resources, non-uniform cache architecture (NUCA) is
proposed to support cache organization with high-capacity and low-latency. On the other hand,
networks-on-chip (NoC) has significant advantages in terms of the interconnection of CMP due to
its good scalability. Therefore, NoC-based NUCA is gradually becoming the major architecture to
organize large cache. In such system architecture, last level cache (LLC) is distributed on every

network node, and all the cache banks logically constitute a unified shared cache. When a core
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issues a cache access request, the access time is determined by the network distance between the
core and the requested cache bank. When the cache bank is near the core, the access time is
short; when accessing a cache bank with a long distance, the access time is longer. Thus, when
the scale of system is gradually increased, the communication distance and latency gap between
different cores is also increased due to the feature of the access latency associated with the
network distance. In addition, the increase in the size of NoC will also make the cache access
latency gradually dominated by the network latency. Such latency gap can cause the network
latency imbalance problem, aggravate the degree of non-uniform for cache access latencies, and
lead to more cache accesses with overhigh latencies which become the bottleneck of system.
Hence, the research on cache access equalization in CMP has a positive meaning for the promotion
of network and system performance. This paper analyzes the reasons for the cache access imbalance,
and proposes design methods including non-uniform memory mapping scheme and non-uniform
link distribution which aim to balance the non-contention and contention latencies respectively. In
non-uniform memory mapping scheme, we adjust the proportion of cache block mapped from
memory to each cache bank according to the physical location of cache bank in network, which
achieves the goal of balancing the average distance of cache access. By reasonably designing
non-uniform link distribution, we allocate the number of physical channels on each link according
to its corresponding traffic load to alleviate the contention for those links with heavier traffic
load. We perform the evaluation of our design in a full-system simulator. The experimental
results show that our design can effectively balance the cache access latencies, and reduce the
number of cache accesses with overhigh latencies. Compared with the traditional NUCA, our
design can decrease latency standard deviation (LSD), maximum latency (ML) and average latency
(AL) by 19.6%, 12. 8% and 6. 4% on average, and the maximum decrease can be up to 40. 8% ,
29.9% and 11. 9%, under the largest chip scale (64 cores) in full-system experiments. At the
same time, in terms of system performance, the experimental results for simulation with
PARSEC benchmarks show that our design can improve instruction per cycle (IPC) by 6.7%,
and the maximum improvement can be up to 14. 0%.

Keywords chip multi-processor; non-uniform cache architecture; networks-on-chip; equalization;
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Background

Non-uniform cache architecture (NUCA) has proposed
to support chip multi-processor (CMP) with a large cache
capacity. However, along with the scaling up of network
size, the degree of non-uniform for cache access latencies will
be aggravated, because the distance and latency gap between
different cores are increasing. The consequence of more unbal-
anced cache access latencies is that the latency gap between
cache accesses becomes larger, and there will be more cache
accesses with overhigh latencies which become the bottleneck
of the system.
improve

Many previous research projects aim to

performance by exploiting the advantage of NUCA, and

rarely notice the disadvantage of NUCA. In contrast. our
approach pays attention to the inherent problem of NUCA,
and strive to over more uniform cache access latencies. In
this paper, we study the cache access equalization, and
analyze the sources of cache access imbalance. Finally, we
propose the design method for NUCA-based CMP with
considering the cache access equalization, and perform the
evaluation of our design in a full-system simulator.
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