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Data Patterns: Examples 

0x00000000 

A[i][j]=0  

0x00000000 0x00000000 0x00000000 

0x333333FF 

A[i][j]=constant  

0x333333FF 0x333333FF 0x333333FF 

0x888888C0 

*ptr  

0x888888C8 0x888888D0 0x888888D8 

0x00000001 

Narrow values (small value in large data type)  

0x00000002 0x00000003 0x00000004 

4 Bytes 
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Base + Delta Encoding [PACT ‘12] 

32-byte Uncompressed Cache Line 

 

 

 

0xC04039C0 0xC04039C8 0xC04039D0 … 0xC04039F8 

4 bytes 

0xC04039C0 

Base 

 

 

 

 

0x00 

1 
byte 

0x08 

1 
byte 

0x10 

1 
byte 

… 0x38 
12-byte  
Compressed Cache 
Line 

20 bytes saved 

 Fast Decompression: vector 
addition 

 Simple Hardware:  
    arithmetic and 

comparison 
 Effective: good compression ratio 
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BDI: Decompressor 

Δ0 B0 Δ1 Δ2 Δ3 

Compressed Cache Line 

V0 V1 V2 V3 

+ + 

Uncompressed Cache Line 

+ + 

B0 Δ0 

B0 B0 B0 B0 

Δ1 Δ2 Δ3 

V0 
V1 V2 V3 

Vector addition 
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BDI: Compressor  

32-byte Uncompressed Cache Line 

8-byte B0 

1-byte Δ 
CU 

8-byte B0 

2-byte Δ 
CU 

8-byte B0 

4-byte Δ 
CU 

4-byte B0 

1-byte Δ 
CU 

4-byte B0 

2-byte Δ 
CU 

2-byte B0 

1-byte Δ 
CU 

Zero 
CU 

Rep. 
Values 

CU 

Compression Selection Logic (based on compr. size) 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

CFlag 
& 

CCL 

Compression Flag 
& Compressed 

Cache Line 

CFlag 
& 

CCL 

Compressed Cache Line 
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Conventional Cache Organization 

Tag0 Tag1 

… … 

… … 

Tag Storage: 

Set0 

Set1 

Way0 Way1 

Data0 

… 

… 

Set0 

Set1 

Way0 Way1 

… 

Data1 

… 

32 bytes Data Storage: 
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BDI Cache Organization 

Tag0 Tag1 

… … 

… … 

Tag Storage: 

Way0 Way1 Way2 Way3 

… … 

Tag2 Tag3 

… … 

Set0 

Set1 

Set0 

Set1 

… … … … … … … … 

S0 S0 S1 S2 S3 S4 S5 S6 S7 

… … … … … … … … 

8 bytes 

 
 

Twice as many tags 
Tags map to multiple adjacent segments 
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Compression  

B0 B0 

Fixed block 
size(64B) 

Compressed block size (< 64B)  
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Compaction 

Compacts multiple contiguous compressed blocks of similar 
compressibility 

B0 

DCC [MICRO ’13] and SCC [MICRO ’14] 

B1 B2 B3 

B0 B1 B2 B3 
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Compressed Cache Layout 

OFFSET SET INDEX TAG 

6 0 

OFFSET BLK-ID SET INDEX TAG 

6 8 0 

SET 0 B0 B1 B2 B3 SET 0 

SET 1 

SET 2 

SET 3 

B0 

B1 

B2 

B3 
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Compressed Cache Layout [YACC, TACO’16] 

TAG 0 0    -  ID0 

TAG 0 1   ID0 ID2 B2 B0 

B0 

Data array Tag array 

 -   -  

TAG 1 X   ID0 ID2 B3 B2 B1 B0 ID1 ID3 
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Observations 

Compression and compaction techniques:  oblivious  to each 
other 

B0 B1 

B0 B1 

B0 B1 

B0 B1 

Compression Compaction 

❷ ❶ Need for coordination 



Modern Memory Systems                                                             Biswabandan Panda, CSE@IITK                                                                                                                                  13 

DISH: Scheme-I [MICRO ‘16] 

A B A Z C A A D A E A G C H G H 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

A B Z C D E G H 
0 1 2 3 4 5 6 7 

0 1 0 2 3 0 0 4 0 5 0 6 3 7 6 7 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

16 3-BIT POINTERS FOR 16 
4B CHUNKS 

DICTIONARY OF 8 4B 
ENTRIES 

SHARED  
DICTIONARY B1’s PTRs B2’s PTRs B0’s PTRs B3’s PTRs 

4B Chunk 64B Block 

32B 

6B 
32B 

6B 6B 6B 

6B 

38B Compressed Block 
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Scheme-II 

0x00000021 0x00000030 0x…32 0x…12 

… 

0x…02 

0x0000002 0x…3 0x…1 0x…0 0 1 1 2 3 

1 2 3 0 

… 1 0 2 2 2 

15 1 2 3 0 15 

DICTIONARY OF 4 28-BIT  ENTRIES 16 2-BIT  
POINTERS 

16 4-BIT  
OFFSETS 

SHARED  
DICTIONARY 

B0’s PTRs & 
Offsets 

14B 

… 
1 2 3 0 15 

1 2 3 0 

64B Block 

B1’s PTRs & 
Offsets 

B2’s PTRs & 
Offsets 

B3’s PTRs & 
Offsets 

12B 12B 12B 12B 
62B  
Compressed  
Block 
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Decompression 

A B Z C D E G H 
0 1 2 3 4 5 6 7 

0 1 0 2 3 0 0 4 0 5 0 6 3 7 6 7 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

A B A Z C A A D A E A G C H G H 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

SHARED DICTIONARY B1’s PTRs B2’s PTRs B0’s PTRs B3’s PTRs 

6B 32B 6B 6B 6B 

… 
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DISH Layout 

TAG 0    -  ID0 

TAG 1   ID1 ID0 ID3 ID2 

One uncompressed block 

one or more than one compressed blocks within a block 

B3 B2 B1 B0 

B0 

Data array Tag array 

 -   -  

0   

Scheme-I/scheme-II 

No additional meta-data 
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DISH in Action: Decompression 

De 
compressor 

v 

L2 

 L3  

❶ 

B0 

❸ 

TAG ID1 ID0 ID3 ID2 

B1 

1 0  

B2 B3 

Hit 

Core 
❶ 

❹ 

❷ 

ID0 

B0 

⓿ 
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ALL THE BEST FOR QUIZ 1.0 

NEXT LECTURE: DRAM ORGANIZATION 


