
COOLPRESSION — A HYBRID SIGNIFICANCE COMPRESSION
TECHNIQUE FOR REDUCING ENERGY IN CACHES
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¿´;]À��%F-Ca��4 7�,M0���4<;/?�8:>-I�¾�4 79,�4"P

¿���À��%F-C¬�Y4 7�,M0���4<;/?�85>GI�ÅL>-4"P
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8:>-IS�"4J79,j4 P�,17�,/>G4"P"�=Ô�4r?G4 6�;M8:.G,/FG7�;MD-DG79,/;1*�+�8:>¬69+G4�0l,1.:.5,<�r85>GI
P�4"* 698:,1>U�

3. COOLPRESSION CACHET�+G4�@B,�,1.��¡794"P�P�85,/>�*<;M*J+G4#8:P�8:.:.5FGPQ6�7�;M694<?¨85>�Ã=8:I1FG794�\��ÊNO6
4"CEDG.5,<V�P%6O��,�*",1CEDG794"P�P�8:,/>#P�*J+G4"CE4"P�0 ½LV�>Y;1CE8:*'�"4J79,�* ,/C��
DG794 P�P�85,1>#69,�*<;1D�69FG794(69+-4'�"4 79,|��Vj694"P"W�;1>Y?�;�>G4 �Ê@B,�,/.�@B,/F->�6
694"*�+->G85�jFG4r69,'4J�GDG.:,/8R6�*",/CED�794"P�P�8:,/>|,1D-D�,M7�69F->-8R698:4"PB8:>|�G8R6��O.:4"�/4".
I17�;M>jF-.5;M798R6OV��¦TU,�4 ��D-.5;M85>¦,1FG7E;1DGDG79,];M*�+¦�B4��B,/F-.5?Á�-79PQ6�4 �j�
D-.5;M85>�4<;M*J+�,/>G4L85>-?G8:�j85?GFY;M.:.:V���4 0d,1794L�B4�?G4"CE,1>-PQ6�7�;M694H69+G4L+�Vj�
�G7985?�;MD-D�79,];1*�+U�

3.1 Dynamic Zero Compression (DZC)T�+G4A½�¾U@�8:>�° ¼M³HF-P�4 P�;1>¦4 �j6�7�;#�-8R6<WB�j>-,<�r>Ð;1P�69+G4�¾�4 79,
N�>-?G8:*<;�69,17'��8:6�¿§¾�NQ��ÀJW�0l,M7'4";1*�+�?G;M6�;|��V�694a8:>#69+G4¬*<;1*�+G4/�EÅL>
4"�/4 7�V¦?G;M6�;���798:6941W�8:6E8:P�*J+G4"*��]4<?��r+-4 69+G4 7�;1>�VÁ,10%69+-4�4"8:I/+�6
?-;�6�;��-8R69P���4"8:>GI���798R6�694">|;M794%;1.:.�[�Â P"Wj8:0�P�,GW�69+G4L¾�NQ�Á8:PB4">-;1�-.:4<?
;1>-?¬69+G4���798R694H0d,17�69+-4r4"8:I1+�6B�-8R69P�8:PB?G8:P9;1�G.:4<?��¡NO0�69+-4H?G;M6�;S�-8R69P
;M794a>-,M6�;1.:.3� 4 79,�4"PS69+G4">�69+G4�¾�NQ��8:PS* .54";M794<?�;M>Y?A69+-4a?-;�6�;�8:P
��798R6�694">Á69,A69+-4�*";1*�+-4�;MP¬>G,179C�;M.´�#ÅL>­;A*<;1*�+-4�794";/?�W38R0r69+-4
¾�NQ��0d,17';���V�694'8:P�4">-;1�G.54"?�W�69+-4a*",17�794 P�D�,/>Y?�8:>-I��-8R6��§.58:>G4"P�;M794
I];�694<?¦,M¯�;M>Y?¦;��"4 79,���Vj694|8:P�4"CE8R6�694<?�W369+G79,1F-I1+Ð;#�-;1>G��,10
��ÅLÆ�I/;M694"P"��N§0�69+-4|¾�N�� 8:Pa�"4 79,A0l,17�;A��Vj694�69+-4 >Á;A>-,179C�;M.
*<;M*J+G4S794<;/?�,/D�4 7�;�6985,1>�,�* *"FG79P"�

3.2 CoolCountÅLF�7BDG79,/D�,1P�4<?E694"*�+->G85�jFG4/W=� e<e/m � e1yjc-w Wj*",/FG>�69P�69+-4H>jF-Ca��4 7
,10r.:4<;1?G8:>-I�[�Â P',17|¤/Â P¬;M>Y?�794 F-P�4"P(69+-4ECE,1PQ6'P�8:I/>-8R�-*<;1>�6a��Vj694
69,�794"* ,17�?�69+-4�*",1F->�6<�rÅL>�;�*";1*�+-4���798R694(69+-4'@B,�,/.�@B,/F->�6L*"8R7��
*"FG8:6L*",/FG>�69P%69+-4'>jFGC¬��4 7H,10�.:4<;/?�85>GI�[jÂ PS,17¬¤/Â P"��N§0�69+G4a* ,/F->�6

���	��

���1/ � � ( (�2 * ���3!4!4�	(�� � ��576 �

CE == 1

Read data for bytes where
ZIB is not enabled and
make the other bytes

zero

Enable the least significant
(32−count) bitlines

ones
count leading zeroes or 

bitlines and append with
least significant  (32−count)

Read data from the 

Read in Count Enable (CE)
bit and first 6 bits of data

�8�9��
 �:�1;�� � �<���>=?�3.@�1'A��(�B � ��5:6
�<!

8:P(CE,1794a69+Y;M>�4 85I1+�6<W=8R6';1P�P�4 7�69P(69+G4�@B,1F->�6'2�>-;1�G.54A¿§@�2BÀL�-8R6
+G85I1+U��T�+-4ACE,/PQ6EP�85I1>-8R�Y*";1>�6|�-8R6�8:P�F-P�4<?­69,�PQ69,M794A�r+-4 69+G4 7
�B4¬* ,/F->�694"?�.54";/?�85>GI�[�Â PS,M7�¤1Â P"�(T�+G4a>-4 �j6LP�8R���-8R69P%0d79,1C 69+-4
CE,1PQ6¬P�8:I1>-8R�Y*";1>�6���Vj694�;M794|F-P�4<?�69,��]4"4 D�69+-4�*",1F->�6<�#X%.:,1>-I
�r8R69+E69+G85P"W�¿´È1±��=*",1F->�6JÀ¡.:4<;1PQ6�P�8:I/>G8:�-*<;1>�6B�-8R69.:85>G4"P�;�794%4">-;1�G.54"?
69,APQ69,M794E69+G4�;M* 69FY;M.B?-;�6�;��|NO0�69+G4E>jFGC¬��4J7�,10�.54";/?G8:>GI�[�Â P',17
¤1Â P�8:P�.:,<�B4 7�69+-;1>|4 85I1+�6<Wj69+-4H*<;1*�+-4%D�4J7�0l,179CEP�;(>-,179C�;M.-��798:6941�
T�+G4�*<;1*�+G4A794<;/?Ð85P�8:.:.5FGPQ6�7�;M694<?º8:>¨Ã=85I1FG794�Z���ÆH4<;/?�8:>-I�85P|;
6O��,aPQ694"D|�-F�6�D-8:D�4".:8:>-4<?�DG79,�*"4"P�P"�BÅL>�;'*";1*�+-4%794<;1?|8R0q69+G4�@�2
�G8:6�8:P(4">-;1�G.54"?�WU69+G4¬CE,/PQ6�P�8:I/>G8:�-*<;1>�6'È��-8R69P(;�794¬794<;/?#69,�I/4 6
69+G4%>jF-Ca��4 7B,M0q.54";/?G8:>GI�[jÂ P�,17S¤1Â P"���%4 �j6B69+G4%.:4<;1PQ6rP�8:I1>-8R�Y*<;M>�6
�G8:6��§.:8:>-4"P�;M794%4">-;1�-.:4<?�69,'I/4 6B69+-4%;1* 69F-;1.�?-;�6�;';1DGD�4 >Y?�4<?��r8R69+
69+G4E.54";/?�85>GI��-8R69P(69,A,/��6�;18:>�69+G4��Y>-;1.B?G;M6�;j�DC%,<��4"�/4 7a8R0�69+-4
@�2��-8R6�8:P��"4 79,�WU69+G4E@B,�,/.�@B,/F->�6(*<;1*�+G4���4"+-;��/4"PS4 �G;1*J69.:V�.:8:�]4
;¬>G,179C�;M.�*<;M*J+G4S0l,17%;a794<;1?��

3.3 Hybrid Compression SchemeÅLFG7H4"�1;1.:F-;M698:,/>�8:>Y?�8:*<;M694<?�69+Y;�6%��,M69+�694"*�+->G8���FG4"Pr*<;1>A.:4<;/?
;�P�8:I/>G8R�Y*<;M>�6'4">-4J79I1V#P9;<��8:>GI��r+G4">�,/D�4 7�;M694"?�85>-?G4 D�4 >Y?�4">�69.RV��
C%,<��4"�/4 7<W�69+G4 794�;M794�* 4 7�6�;18:>(*";1P�4"PU�r+G4 794369+-4�@B,�,1.�@�,/FG>�6=P�*�+-4"CE4
,1FG69D�4 7�0d,179CEP=69+G4B½(¾�@�;M>Y?'8:>aP�,/CE4B*";1P�4"P¡69+G4B½(¾U@�?G,�4"P¡��4 6��
694 7<�ÁÃ-,M7E8:>-PQ6�;M>-*"41W�@B,�,/.�@B,/F->�6E*<;1>­*<;1D�69FG794�4 >-4 79IMV­P9;<�j8:>-I
,1D-D�,17�69FG>-8R698:4"P�;�6¬�->-4J7¬I17�;M>jF-.5;M798R6OV��r+-8:.:4�½(¾U@Ê*<;M>­4 ��D-.:,/8R6
69+G4�+-85?-?�4">�,/D-D�,M7�69F->G8:698:4"P��r+G4 794E�"4 79,A��Vj694"P(;�794�4 C¬��4<?G?G4<?
8:>�69+G4aCE85?-?�.54',M0�;�?G;M6�;E��,M7�?��'�B;1P�4<?#,1>�69+-8:PS,1�-P�4J79�/;�698:,/>UW
�B4�D�79,/D�,1P�4A;�+�V���798�?�* ,/CEDG794 P�P�85,1>¦P�*�+-4"CE4E�r+-8:*�+¦4"CEDG.5,<V�P
��,169+�½(¾U@Ð;1>Y?�@B,�,1.d@B,/FG>�6H;1>Y?�4J�GDG.:,/8R69Pr;M.:.�D�,1P�P�85�G.:4S,/DGD�,17��
69FG>-8R698:4"Pr8:>�;¬?�V�>Y;MCE85*%C�;1>->G4 7<�

T�+-4',/D�4 7�;�6985,1>-PL,�*"*"F�7�7985>GI|8:>�69+G4¬@B,�,/.5�¡794"P�P98:,/>�*<;M*J+G4'0d,17
794<;1?GPL;1>-?���798:694 P�;�794'85.:.:F-PQ6�7�;�694<?���V�69+G4,EY,<���§*�+Y;M7�69P%8:>�Ã=85IM�
F�794¬Z|;M>Y?�Ã=8:I/F�794¬±G�(ÅL>�4";1*�+#*<;M*J+G4'��798:6941WU,1>-4a*"8R79* F-8R6S�r8:.:.
*",1F->�6(69+G4E.:4<;1?G8:>-I�[jÂ Pa,M7|¤/Â P"W=�r+-8:.:4|;1>G,169+-4J7a*"8R79* F-8R6a*",1F->�69P
+G,<�ÊC�;M>jVA��Vj694"PL,10�69+-4¬?G;M6�;�;�794�� 4 79,G�aT�+-4"P�4¬*"8R79*"F-8R69P(;M>Y?
69+G4"8R7%4">G4 79I1V�8:CED-;1* 6%;�794a?�4 6�;18:.:4<?A8:>�)�4"*J698:,/>�±���T�+-4�794 P�F-.R69P
;�794'* ,/CEDY;�794<?�69,E?G4J694 79CE8:>-4L�r+-8:*�+�P�*�+-4"CE4S85PH��4 6�694 7<�BN§0¡69+-4
@B,�,/.�@B,/FG>j6�8:PB��4 6�694 7<W]69+-4%@�2Á�G8R6B85P�69FG79>-4"?�,/>�W�;M.:.Y69+-4%¾�N��%Â P



leading zeroes or ones
Count number of 

Write encoded data to

ZIBs where necessary

data to cache and set

Set CE bit to 0 and write

cache

Set CE to one and enable
most significant 6 bitlines
and least significant 
(32−count) bitlines

> # of leading zeroes
# of zero bytes*8 

or ones

Check for bytes which are 
zero

�8�9��

�����%��� �:�9.@�1= ��.@�1. ( � ��5:6
�

;M794%*".:4";M794<?|;1>-?�69+-4L@B,�,/.�@B,/FG>j6�P�*�+G4"CE4H8:P�0l,/.:.:,<��4<?���NO0�½(¾�@
8:P'0d,/FG>Y?���4 6�694 7<Wq69+-4|@�2
�G8R6a8:P'*".:4<;M794<?�W¡69+-4E*",M7�794"P�D�,/>-?G8:>-I
¾�NQ�%Â PL;�794'4">-;1�-.:4<?A;1>Y?�69+-4�½(¾�@Ë85P%FGP�4<?��rÃG,17%794<;1?G8:>-I�?-;�6�;
0d79,1C¥69+G4E*<;1*�+-41W�;M0�694 7�;1?-?�794 P�P¬?�4"*",j?�85>GI�8:Pa* ,/CED-.:4 694"?�Wq69+-4
@�2Ë�G8:6<W�69+G4'CE,/PQ6LP�8:I/>G8:�-*<;1>�6�È��G8:69PL;1>Y?A69+G4¬¾�N��BPS;M794'794<;1?
8:>�69+-4��-79PQ6�*JVG* .54r,10�69+-4r*";1*�+-4�794<;/?���T�+G4%@�2��G8:6�4 >Y;1�G.:4"P�69+-4
@B,�,/.:*",/FG>�6�?�4"*",j?G4J7BP�+G,���>�8:>�Ã=8:I/F�794L¢%�r+-8:*�+�FGP�4"P�69+G4 s9e1yjc-w
�-8R69P¡69,LDG794"*�+Y;�79I/4�69+-4�.:4<;MPQ6�P�85I1>-8R�Y*";1>�6������ s�e1yjcGw �G8R69P3��4 0l,M794
69+-4HPQ6�;�7�6�,10�69+-4HP�4"* ,/>Y?E* V�*".:4/�3N§0�69+G4S@B2Á�-8R6�8:P�?G8:P9;1�G.:4<?�W�69+-4
¾�NQ�BP%;M794'FGP�4<?�69,ED�794"*�+Y;M79I14',/>G.RV�69+G4�794".:4"�1;M>�6
	�� fMwOn 	�.:8:>-4"P"�
T�+-4ED�794"*�+Y;�79I/4<?��-8R6'.:8:>-4"Pa;�794�794<;/?�8:>�;M0�694 7'69+-4�4">-?�,10�69+-4
P�4"*",1>Y?�* V�*".:4(;1>-?�D�79,/D�4 79.RV�;MD-D�4">-?G4<?��r8:69+A� 4 79,E,M7%,/>G4��-8R69P
69,¬0d,179C 69+-4L�Y>-;1.U?G;M6�;��

4. COOLPRESSION IMPLEMENTATIONÃ=8:I1FG794�¢#8:.5.:FGPQ6�7�;M694"PE69+-4�P�*�+-4"C�;�698:*A,M0�,1FG7�.:,/I18:*�* 8:79* F-8R69P
0l,M7�;1>�4 �E* 854 >�6B8:CEDG.54 CE4">�6�;M698:,/>a0d,17B* ,/F->�698:>GIS69+G4r.:4<;1?G8:>-I([�Â P
,17(¤/Â P"�BÃG,17H85.:.:F-PQ6�7�;�698:,/>�D-F�79D�,/P�4"P"WG69+G4S*"8R79*"F-8R6HP�+-,<�r>A8:>�Ã=8:I1�
FG794S¢j¿���À�8:P�;'PQ6�798:D-D�4<?j�O?G,<�r>|�/4 79P�8:,/>�FGP�8:>-I¬;'¼M�´69,1�OZM�§.:8:>-4LD�798R�
,1798R6OV�4">-* ,j?G4 7�0d,17�;M>|¼��§�-8R6�?G;M6�;SP�4 6<�3½L4"D�4">Y?�8:>-I�,1>�69+-4H?-;�6�;
P�8:�"4HP�FGD-D�,17�694"?¬��V'69+-4�6�;M79I14 694<?�N�)�X'WM0l,M7B4 �G;1CEDG.541W/69+G4%@B,�,1.:�
@B,/FG>�6�*"8R79*"FG8R6��r85.:.-+Y;<�]4�;�È1±M�´69,1�OÈM�§.:85>G4rDG798:,M798:6OV¬4">G*",j?G4 730l,17B;
È1±M�§�-8R6L?-;M6�;�P�4J6<� �L,M694�69+Y;�6L;1P%P�+G,<�r>�85>�69+-4�P�*�+-4"C�;�6985*1W-69+-4
;/?�«�;M*"4">�6��-8R69PB,10U69+G4L?G;M6�;';M794%ÄLÅLÆH4<?¬69,1I/4 69+G4 7r;1>-?E0d4<?�8:>�69,
69+-4�DG798:,1798R6�V¬4">-* ,�?�4 7<�3T�+-8:PB?G4"P�8:I/>E8:P�69,(?�4 694 79CE8:>-4��r+G4">�69+-4
?-;�6�;H�-79PQ6¡*J+-;1>GI/4"P¡0�79,/CÊ[H69,'¤�,M730�79,/C ¤B69,L[�W];1P¡�B4�P�*";1>a69+-4
�-8R69P�0�79,/C 69+G4SCE,1PQ6rP�8:I1>-8R�Y*<;M>�6H�G8:6<��T�+G4SD�,/P�8R698:,/>A,M0=69+G85P��G8R6
8:P3794"D�,M7�694<?¬��V(69+-4�D�7985,M798:6OVa4">-* ,�?�4 7<�3T�+G4r>jFGC¬��4J7¡,10�.:4<;1?G8:>GI
�"4 79,�4 P%,M7H,/>-4 PH8:Pr,/�G6�;M8:>-4<?���V|>-4 I];M698:>-I¬69+G4�;1��,��]4S794 P�F-.R6<�

Ã=8:I1FG794�¢�¿´;]ÀE8:.:.5FGPQ6�7�;M694 P�69+-4�?�4"*",j?G8:>GIÁ*"8R79*"F-8R69P|69,�4">Y;M�-.:4
,/>G.RVS69+-43794<��F-8R794<?S�-8R69.:85>G4"P=?G4"D�4">-?G8:>-I�,/>�69+-4�>jF-Ca��4 7U,M0-.:4<;1?��
8:>-I([�Â P�,17%¤1Â P"��T�+G4H* 8:79* F-8R6B8:.:.5FGPQ6�7�;M694<?E8:PB;MI];18:>E0l,M7�¼M�§�-8R6B?-;�6�;
,/>G.RV��#T�+-4�@B,�,1.d@B,/FG>�6E* 8:79* F-8R69Pa�r8:.:.���4�P�*<;1.:4<?�0l,M7E;�ÈM±#�G8R6
?-;�6�;�P�4 6<��T�+-4�,/F�69D-F�6(,M0�69+G4E?G4 *",j?G8:>-I�*"8R79*"FG8R6a;M794�F-P�4<?�69,
?G8:P9;M�-.:4�69+-4��B8R69.:85>G4��3794"*�+-;M79I/4AP�8:I/>-;1.HF-P�8:>GI�69+G4A�¡794"*�+Y;�79I/4
@B,/>�6�79,1.�T�7�;1>GP�8:PQ69,17�;1PqP�+-,<�r>'8:>�69+-4�Ã=85I1FG794�¢�¿´;/ÀJ�3T�+G8:P=CE4"*�+G�
;1>G8:P�CÒ;M.5.:,<�rP�,/>G.RV�69+-4E794<��F-8R794<?��G8R69.58:>G4"Pa0�79,/C DG794"*�+Y;�79I/8:>-I
�r+-4 >a794<;/?�85>GIS,173��798R698:>-IS*",/CED�794"P�P�4<?a.:8:>-4 P369,L69+G4�*<;1*�+G4/�=Ô�4
4 ��D-.5;M85>�69+G4E,M�/4 79+-4";/?GP(85>�694 79CEP�,10H?G4".5;"V�;M>Y?�4 �j6�7�;�D�,<��4J7
*",1>-P�F-CE4"?�0d,17¡69+-4�@B,�,1.5�3794"P�P�85,/>�*"8R79* F-8R638:>'69+-4�0l,/.:.:,<�r85>-ISP�FG�G�
P�4"* 698:,1>U�

4.1 Overheads= �32	��
������<�76
������! � TU,L*",/>GP�85?G4 7¡69+-4B4J¯�4"* 63,M0�?G4".5;"V',��]4 7��
+-4";/?GP��B4(>G,1694S69+-;M6�69+-4(?�4"*",j?�85>GI�*"8R79*"FG8:6%Ã=8:I/FG794'¢�¿´;/À�8:PH4 �j�
6�794"CE4".RVºP�8:CED-.:4/WL;�698:>�V¨,��]4J79+-4<;1?Ë*",1CEDY;M794"?º69,­69+G4#*";1*�+-4
;M7�7�;"V]W=;1>-?�69+G4E?�4".5;"V�;1P�P�,�*"85;M694"?��r8:69+�8R6(8:P(CE8:>G85C�;M.���)�8:>-* 4
794<;1?G8:>-I#8:PE;�6O��,#PQ6�;MI/4�D�79,j* 4"P�PE;1P¬P�+-,<�r>¦8:>ÐÃ=8:I1FG794�Z�W���4
;1P�P�FGCE4�69+Y;M6�;,�3¤r*<;1*�+-4�794";/?¬�B,/FG.5?¬6�;1�]4H\L* V�*".:4"P�8:>-PQ694<;1?�,10
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