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(An On-chip Cache and Main Memory Compression System Optimized
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Abstract Recently, an on-chip compressed cache system was presented to alleviate the
processor-memory performance gap by reducing on-chip cache miss rate and expanding memory
bandwidth. This research presents an extended on-chip compressed cache system which also
significantly expands main memory capacity. Several techniques are attempted to expand main
memory capacity, on-chip cache capacity, and memory bandwidth as well as reduce decompression
time and metadata size. To evaluate the performance of our proposed system over existing systems,
we use execution-driven simulation method by modifying a superscalar microprocessor simulator. Our
experimental methodology has higher accuracy than previous trace-driven simulation method. The
simulation results show that our proposed system reduces execution time by 4-23% compared with
conventional memory system without considering the benefits obtained from main memory expansion.
The expansion rates of data and code areas of main memory are 57-120% and 27-36%, respectively.
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SimpleScalar[13,1418 A3 A7k AJEH A&
Fg3c B =F9 A%5%7 3L ¢F HEHAx
He] 4%e Agri¢l AEHoAL FI AT Hx
o] Agolrk
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Zaygoz fAsla, o] FA SimpleScalar29] ¥¥
golxd waty 7HE A gt TRAAYE F
3 uvlwad £o)3tA SimpleScalar®] Alpha ISA}
PISA S dAgud=z HYAo] 71ad 77HA WA=tz &
e ® 37 Zth Codedt Data D=t ZZ 7Md=
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L( Tag ll Index 'X Offset )—address in from CPU—
T

|

Tag RAM
A

Data Bank 0
A

Data Bank 1 Data Bank N
A A

D|Tag0|Tagl [Tag2
Yes | Yes | No
Yes | No | Yes

~3| 00| o0 co| =

Yes | Yes | Yes

H
0
0
Yes | Yes | Yes [0
0
0
0

19p0dap
L= = e e B T B

AND

o Comparator
0 Decompressor

o Add one
(L )Left shifter (3bits) ™)
o Not zero

e Subtractor

% 5 HMCSS] WA L2 Holgl 7jxe] B2 tholojad (N = block size / CU)

¥ 3 g3 SPEC CINT2000 #Wix|ut=¢] 54

ID | Name (C}gg‘j 3?3 (‘}g{) Code CR | Data CR | IPC | IPB I‘fjisl Rﬁﬁ) Inst# | LD # | ST #
1 |bzip2 192]  143| 202,040| 87%72%| 56%37%| 076] 825| 29| 123] 100 M| 37 M| 12 M
2 |gec 1944|  209|  7628| 829%,70%| 40%33%| 057| 632] 115| 135| 100 M| 34 M| 11 M
3 |gzip 208| 393| 197252 871%71%| 71%60%| 089] 1056| 42| 102| 100 M| 37 M| 12 M
4 |mct 160 79| 194608 85%,69%| 60%29%| 077 608] 115| 60| 100 M| 49 M| 25 M
5 |parser | 312] 282| 9420| 86%72%| 53%38%| 082| 572| 45| 122 100 M| 35 M| 9M
6 |vortex | 800] 116] 25660| 88%70%| 51939%| 024| 628| 155| 149] 100 M| 20 M| 17 M
7 |vor 368| 68| 345 88%,73%| 48%29%| 022]| 808| 95| 194| 100 M| 22 M| 5M
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5. 4587}
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¥ 4 tlole} Wiz m= vmae] 3 ug
(CB: cache bucket size, MB: memory bucket size, CU: &&9$], AISA: Alpha ISA)

Area System CB MB CU AISA PISA
32B 228% 889%
Ideal /oo /oo - °
64B 257% 99%
3B 529% 31%

Data SCMS 12 12
& / / 64B 57% 32%
3B 111% 54%
HMCS 1/8 1/4 2 2
64B 120% 57%
Code Ideal X "1/o0 4KB 43% 86%
HMCS X 1/4 4KB 27% 36%
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