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This report summarizes our research on implementing a
compressed memory in computer systems. The basic premise is 
that the throughput for applications whose working set size 
does not fit in main memory degrades significantly due to an 
increase in the number of page faults. Hence we propose 
compressing memory pages that need to be paged out and 
storing them in memory. This hides the large latencies 
associated with a disk access, since the page has to be merely 
uncompressed when a page fault occurs. Our implementation is 
in the form of a device driver for Linux. We first evaluate a
number of compression algorithms for use in the driver for 
Linux. We then show results with some applications from the 
SPEC 2000 CPU benchmark suite and a computing kernel.
It is seen that speed-ups ranging from 5% to 250% can be 
obtained, depending on the application behavior.  
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3JÂ ¼ @a_2I T Ý0h ¼7½2T @F1-8F/2Âs4Û8FÈ¥Q%8�1 ¾ E T KVK T \Ä1 T 1-8FEN9jE T%ö /23JE T \À4V8Ðf�35M T /Kn4 ½2T _ T KN4nE T KN/2I54VKn35K
@FI5KV8�K ½ 8 U Â�3JÂ�4 ½2T 4Z@F_I T hb��3Jf�/2E T oÀK ½ 8 U Kk4 ½2T 8PM T EV@FIJIóK ¾`TT \2/ ¾ 4 ½ @a4 U @FKA8�_4Z@a3JÂ T \ U 354 ½
T @aQ ½¹¾ EN8�f�EV@F1Hh ¼7½2TjT Ø T Q%/4b358�Â¹4V3J1 T 3JÂ�4 ½ 3JK�Q@FK T 3JK�Â28FEV1-@FIJ35Á T \H4b8Ä4 ½2TjT Ø T Q/4V3J8�ÂÖ4b351 T
8�Â^@�1-@FQ ½ 35Â T�U 354 ½ 4 ½2T Kb@a1 T 1 T 1�8�EN9ÄKN3JÁ T =?_2/4AÂ28À1 T 1�8�EÇ9ÄE T K T EÇM T \�Èv8�EDQ8�1 ¾ E T KVKN3J8�Âgh
á}4AQÉ@FÂ�_ T K TT Â�4 ½ @[4AÈv8�ED4 ½T K TÓ¾ EV8Ff�Eb@F1�K UnT f T 4AK ¾`TT \2/ ¾ K�EV@FÂ2f�35Â2fÅÈvEV8�1 d-â Èv8FEb{�wsiQ^�|
4b8 � d^â Èv8�EJpu^�jhi UD½2T ÂÌQ%8�1 ¾ @FE T \Í4b8�4 ½2T /2Â2Q8F1 ¾ E T KNK T \ÌQ@FK T h ¼7½2T 8 ¾ 4b351À@aI'ÈvEb@FQ>4b3J8FÂ
8FÈ ¾2½ 9OKV3JQ@FI�1 T 1�8�EN9�4 ½ @[4ÔK ½ 8�/IJ\Ö_ T E T K T ENM T \¹Èv8FE�Q8�1 ¾ E T KVKN3J8�ÂÖIJ3 T K,_ T 4 U¿TT Â c:eÆâ @aÂ2\
r e�â Èv8�E78F/2E7K T 4k8FÈ T Ø ¾`T EN3J1 T Âs4bK%h

.035Â2Q T 4 ½2T .LÑÜ�mûÝ eFe�e _ T Â2Q ½ 1-@FEVYÃK ½ @ÉM T @»ÊØ T \ô1 T 1�8�EÇ9 Èv8O8F4 ¾ EV3JÂs4= U¿T @FI5KV8»4 T KN4 T \
8�/2E�KÇ9OKN4 T 1 U 354 ½ @�KVQÉ@aI�@F_2I T Q8F1 ¾ /04Z@a4V3J8�Â<@aI�Y T EVÂ T I~=�.0/QQ T KVKN35M T ÕkM T EÓ6 T IJ@[Ø@a4b358�Âgh ¼7½ 35K
¾ EN8�f�Eb@a1 ¾`T EÇÈv8�EV1�KÅ@�Â T @FE T KN4jÂ T 3Jf ½ _`8�EÅ@ÉM T Eb@Ff�35Â2fÖ@FI5f�8�EV3l4 ½ 1×8FÂË@�E T Q>4Z@FÂf�/2I�@aE 1-@a4bEN3lØ
@FÂ2\Æ35Kn4X9 ¾ 3JQ@FIJIl9-/K T \ UD½ 35I T KN8�I5MO35Â2f ¾ @FEÇ4b3�@aI�\23lü T E T ÂÃ4V3�@FI Tö /<@a4V3J8�ÂKh ¼ 8ÅY TT%¾ 4 ½2T�T IJ@ ¾ K T \
4b351 T 4VEb@FQ>4Z@F_2I T =s4 ½T 1-@FQ ½ 35Â T KN3JÁ T"U @FKnE T \2/Q T \�4V8 úaqÅG/2¿9Ã4 T Kh ¼7½2T E T KV/2Il4bK¿@FE T K ½ 8 U ÂÄ35Â
��35f�/2E T c:e h ¼7½2T T Ø T Q%/4b358�Â^4b351 T Kk@aE T @afs@F3JÂ�Â28�EN1À@aIJ3JÁ T \Æ4b8�4 ½2T 4b3J1 TÔUD½2T Â�EN/2Â U 3l4 ½ 8�/04
1 T 1�8�EN9ÀQ8�1 ¾ E T KVKN3J8�Âgh ¼7½2T E T KN/2I54VKAQ%8�ÂÊ<EN1 4 ½ @[4"4 ½2T 8 ¾ 4b351À@aIÙÈvEb@FQ>4b358�ÂÆ8FÈ'1 T 1�8�EN9-4 ½ @[4
K ½ 8�/2IJ\�_ T Q%8�1 ¾ E T KVK T \�IJ3 T KD@FEN8�/2Â2\^Ý djâ h ¼7½2T Q8FÂ2KN4b@FÂs4k8:M T E ½2T @F\^8aÈ�@F_`8�/4 c q-G/2¿9Ã4 T K
ïx3 T hÓ@F_`8�/4ÓÝ eÆâ 8FÈÑ4 ½2T 1 T 1�8�EN9H3JÂ�4 ½ 3JK�1-@FQ ½ 35Â T ð"3J1 ¾ 8�K T \�_s9�Y T ENÂ T IÑ\<@a4b@�KN4VEV/2Q>4b/2E T K
QÉ@a/2K T KV8F1 T Â28FÂ0WX35ÂÃ4V/2354V35M T _ T½ @ÉMO3J8�E%hm�<8�E T Ø@F1 ¾ I T =s8FÂ2Q T � dÔâ 8FÈ?4 ½2T 1 T 1�8�EN9Ó3JK�E T K T ENM T \
Èv8�E¿Q8�1 ¾ E T KVKN3J8�Âg= T M T Â�@ ¾ EV8�fFEb@F1 4 ½ @[4ÛE T%ö /23JE T KD@FKÛI5354N4bI T @FKDÝ ejâ 8FÈ¥4 ½2T 1 T 1�8�EN9�3JÂQ/2ENK
@�M T EÇ9jI�@FENf T ÂÃ/21Ð_ T E�8FÈ ¾ @Ff T Èx@F/2Il4bK%h�mn8�Â2K Tö / T ÂÃ4VI59�4 ½ 35K�I T @F\2K�4b8Ó@FÂ�8PM T EV@FIJI<KNIJ8 U \28 U ÂÀ35Â
4 ½T @ ¾2¾ I53JQ@a4b358�ÂghA.03J1�3JIJ@FEVIl9�=2K ¾�T%T \2/ ¾ K	@FE T K TT Â UD½2T Â�4 ½2T E T%ö /23JE T \�KV35Á T 8aÈ�4 ½2TÓ¾ EV8�fFEb@F1
Tö /<@aIJK'4 ½T 4b8F4b@FI ¾2½ 9OKV35QÉ@FI1 T 1-8�EÇ9 8aÈ`4 ½2T 1-@FQ ½ 3JÂ T @FÂ2\júhªÝ d�â 4b8 dFeÔâ 8FÈ?4 ½2T 1 T 1�8�EN9	35K
Q8F1 ¾ E T KNK T \Ùh ¼7½2T Y T ENÂ T IÃ8:M T E ½2T @F\ÐQ@F/2K T K�4 ½2TÑ¾ EV8�fFEb@F1�4V8 ¾ @Ff T K T M T E T Il9 UD½T Â 3l4�E T%ö /3JE T K
úFqÓG/2¿9Ã4 T Kn35ÂÐ4 ½2T Â28�ÂQ8�1 ¾ E T KVK T \ÀQ@FK T h Ú´½2T Â�1 T 1�8�EN9 Q8�1 ¾ E T KVKN3J8�Âj3JKÑ35ÂÃ4VEV8O\2/2Q T \g=s4 ½T
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ikÂ T @FEVIl9 KÇ4b/2\09Ð8FÈ?/2KN3JÂ2f�Q%8�1 ¾ E T KVKV358�ÂÅ3JÂ 1À@F35Â 1 T 1�8�EN9Ô4b@FEVf T 4 T \Å1-8�_3JI T Q8F1 ¾ /04 T ENK U 354 ½
IJ351-3l4 T \H1 T 1�8�EN9H@FÂ\�Â T 4 U 8�EVY^_<@FÂ2\ U 35\4 ½ =¥@FK U¿T I5I'@FK�KN1À@FI5I�8�E,Â28ÄI580Q@FI�\3JKVYÃKjñ�Ý ò h ¼7½2T
Q8F1 ¾ E T KNKV3J8FÂ^KVQ ½T 1 TÓU @FKk351 ¾ I T 1 T Âs4 T \Æ_Ã9 T Ø04 T Â2\3JÂ2f�4 ½2T \9OÂ<@F1�3JQ�4bEV@F\23JÂf�8aÈ�1 T 1-8FEN9
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.O9OKN4 T 1�h ¼7½2T Q8�1 ¾ E T KVK T \Þ1 T 1-8�EÇ9¶E T f�3J8FÂ U @FK�3JÂs4bEN80\/2Q T \ @FK�@Ì4 ½ 35EV\ôQ8�Â2KN/21 T EÆ8FÈ
1 T 1�8�EN9Fh ¼7½2T E T KN/2I54VK UnT E TÅ¾ 808FEA\2/ T 4b8�I58 U Q8�1 ¾ E T KVKN3J8�Â�EV@a4b358�ïv/2KV35Â2fÀ4 ½T ]��g6 Ú c ñ�o ò
Q8F1 ¾ E T KNKV3J8FÂÀ@FI5f�8�EN354 ½ 1�ðó@FÂ2\�E T KÇ4bEN3JQ%4 T \�á5��ÕÐ= UD½ 3JQ ½ 8�Â2Il9Å@FI5IJ8 UnT \Å4bEb@aÂ2KNÈ T EVK�3JÂjq�YÅ_2I580QZYÃKh
¼7½ 8�/f ½ 4 ½2T KÇ9OKN4 T 1ø@FIJI58 U¿T \�\9OÂ<@F1�3JQ	@F\PBN/2KN4V1 T ÂÃ4"8FÈ�4 ½2T KV35Á T 8FÈ'Q%8�1 ¾ E T KVKV358�Â�1 T 1-8�EÇ9�=
KV8F1 T 8FÈ24 ½2T @ ¾2¾ IJ35QÉ@a4V3J8�Â U 3l4 ½ Q%8�1 ¾ E T KVKV358�Â EV@a4b358�K�I T KVK�4 ½ @FÂÅÝ �5c KN4V3JI5IsK ½ 8 U¿T \j@AKNIJ8 U WX\8 U ÂÙh
Õ,Â�4 ½2T 8F4 ½2T E ½ @FÂ2\g=�@ ¾¾ IJ35QÉ@a4V3J8�Â2K UD½ 35Q ½ Q%8�1 ¾ E T KNK T \Í@F_`8�/4�r �5c K ½ 8 UnT \Í351 ¾ EN8:M T 1 T Âs4VK
_s9^Èx@FQ>4b8�ENK c h�ú�}�Ý0h ¼7½T @F/4 ½ 8�E ¾ EV8 ¾ 8�K T \�4 ½ @a4Ô@�f�E T @a4 T E�\235K ¾ @FEN354X9�_ T 4 U¿TT Â ¾ EV8OQ T KVKN8�E
K ¾`TT \�@FÂ\À_<@FÂ\ U 3J\4 ½�U 8�/2I5\À_ T E Tö /235E T \-4b8	K ½ 8 U K ¾`TT \/ ¾ Kh¿Õ,/2EÑ3J1 ¾ I T 1 T Âs4Z@a4V3J8�Â \28 T K
Â28F4ÐE Tö /235E T 1�8O\235Ê<Q@a4b358�Â2KÔ4b8�4 ½2T 8 ¾`T EV@a4b35Â2f�KN9OKÇ4 T 1�h ÚÍT @aIJKV8^/2K T @HÊ0Ø T \ÏÈvEV@FQ%4V3J8�Â¹8FÈ
E T K T ENM T \�1 T 1�8�EN9 UD½ 3JQ ½ E T \2/2Q T K"4 ½2T Q8�1 ¾ I T Ø0354X9À8FÈ�4 ½2T 3J1 ¾ I T 1 T Âs4Z@a4V3J8�Âgh

iø1-8O\ T ID8FÈk1À@a3JÂÏ1 T 1-8�EÇ9 U 354 ½ \<@[4Z@¹Q%8�1 ¾ E T KVKV358�Â U @FK-\ T M T IJ8 ¾�T \ 3JÂ ñ�r ò hÞ.O4b@FÂ2\<@FEN\
1 T 1�8�EN9 ½ 3 T Eb@FENQ ½ 9Î1�80\ T IJ35Â2fÀ4 T Q ½ Â23 ö / T K U¿T E T-T ØO4 T Â\ T \»4V8H35Â2QI5/2\ T 4 ½T-T ü T Q%4Ó8FÈÛQ%8�1jW
¾ E T KVK T \H1 T 1-8�EÇ9�h ¼7½T 1�8O\ T I U @FK74 ½T Â T Ma@FI5/<@a4 T \ U 354 ½ 1 T 1�8�EN9�4bEV@FQ T K=?@FKNKV/21�3JÂfÅKV8FÈ®4ÇW
U @FE T = ½ @FEV\ U @FE T @FÂ2\�Â28ÆQ8F1 ¾ E T KNKV3J8FÂgh ¼7½T E T KN/2I54VK�K ½ 8 U¿T \Ö4 ½ @a4,KV8FÈ®4 U @FE T Q%8�1 ¾ E T KNKV358�Â
@FI58�Â T Q8�/2I5\Íf�3lM T @HKN9OKÇ4 T 1 3J1 ¾ EV8:M T 1 T Âs4 8aÈD@�Èx@FQ>4b8�EÓ8FÈÛ4 U 82= UD½ 35I T�½ @FEN\ U @aE T @aKVKV35KN4 T \
Q8F1 ¾ E T KNKV3J8FÂ»3J1 ¾ EV8:M T \ ¾`T EÇÈv8�EV1-@FÂ2Q T _s9Î/ ¾ 4V8�@FÂ»8�EN\ T E	8FÈD1-@Ff�Â23l4b/2\ T h S 8 U¿T M T E=�4 ½T
1�80\ T I�8 ¾ 4b351-35KN4b35QÉ@FI5I59À@FKVKN/21 T \Ö@�Q8FÂ2KN4b@FÂs4�Q8�1 ¾ E T KVKN3J8�Â^Eb@a4V3J8À8aÈ¿Ý �5c h ¼7½2T @F/4 ½ 8�ENKkÈv/2EÇW
4 ½T E¿@F\M�8OQÉ@[4 T 4 ½ @a4 ½ @aEV\ U @FE T 1 T 1�8�EN9ÅQ%8�1 ¾ E T KVKV358�Â-@FIJ8�Â T Q@FÂ ¾ EV8:MO3J\ T 4 ½T Q%8�1 ¾ E T KNKV358�Â
_<@FÂ\ U 3J\4 ½ Èv8FEA@aQEV8FKVKD4 ½2T _�8�@FEV\Æ3J1 ¾ EN8PM T 1 T Âs4bK"3JÂÄ4 ½2T KÇ9OKN4 T 1Hh ¼7½2T 9 ö /28F4 T @ÅÊ<f�/E T 8FÈ
c:e�e G/2�9O4 T K��aK�Èv8�E�@FÂ��'L Y iÏ_2@FK T \ 3J1 ¾ I T 1 T Âs4Z@a4V3J8�Âk8FÈ<@ ½ @FEN\ U @aE T Q8�1 ¾ E T KVKN8�EÛñ c:eaò h�Õ�/E
8 U Â-E T KN/2I54VK¿K ½ 8 U 4 ½ @[4 U 354 ½ 1�80\ T EVÂ ½ 35f ½j¾�T ENÈv8�EN1À@FÂQ T7¾ EN80Q T KVKN8�EVK%=KN3J1�3JI�@aE�Q%8�1 ¾ E T KNKV358�Â
@FÂ2\�\ T Q8�1 ¾ E T KVKN3J8�Â�K ¾`TT \2KAQ@FÂ�_ T 8�_4b@F3JÂ T \ ¾ /2E T I59À3JÂÆKV8aÈ®4 U @FE T h

ýA8:M T I?Q8�1 ¾ E T KVKN3J8�Â�@FI5f�8�EN354 ½ 1-KóKV/23l4 T \jÈv8FE�Q8�1 ¾ E T KVKN3JÂ2fÔ3JÂOWX1 T 1�8�EN9	\<@a4b@�E T¾ E T K T Âs4Z@[4b3J8FÂ2K
U¿T E T 3JÂs4bEN80\2/Q T \À3JÂ^ñ q ò h ¼7½2T K T 1�80\35Ê T \��Ù35MsWX] T 1 ¾`T I?@aIJf�8�EN354 ½ 1-K U¿T E T K ½ 8 U Â-4b8Ð_ T M T EÇ9
Èx@FKÇ4 @aÂ2\ÍKÇ901�1 T 4bEN3JQÅ35ÂÖ4 T EN1-K	8FÈ�4 ½2T 4b351 T 4b@FY T Â¹Èv8�EÔQ8F1 ¾ E T KNKV3J8FÂÍ@FÂ\¹\ T Q8�1 ¾ E T KVKN3J8�ÂÙh
¼7½2T 9 /2K T @ÍKV1-@FIJIAúFq»_s9Ã4 T \3JQ%4V3J8�Â2@FEN9Ï@FÂ\¶8 ¾�T Eb@a4 T 8�Â´rsÝÎ_2354 U 8�EN\2KÖïv/2Â2IJ35Y T 4X9 ¾ 35QÉ@FI
]�� Q8�1 ¾ E T KVKN8�EVKÐ4 ½ @a4 /2K T \235Q%4V3J8�Â<@aEV3 T KÓ8aÈD1À@FÂs9¹Yh2¿9Ã4 T K�@FÂ\»8 ¾`T Eb@[4 T 8�Â�6H_2354 _Ã9Ã4 T KZð�h
¼7½2T 9À@aIJKV8�4VEb@FQZY T \À4 ½2T E T Q T Âs4nQ%8�1 ¾ E T KVKV358�ÂÀ_ T½ @:MO358�EÑ8FÈ ¾ EN8�f�EV@F1-K'4V8Ó\090Â2@F1-35QÉ@FI5I59 @F\<@ ¾ 4
4 ½T @F1�8�/2Âs4Ð8FÈDQ%8�1 ¾ E T KVK T \Ë1 T 1-8�EÇ9�4b8�\35ü T E T Âs4 ¾2½ @FK T KÅ8FÈ74 ½2T�¾ EN8�f�EV@F1HhHßAÂIJ3JY T 4 ½T
]�6ÛßàKN9OKN4 T 1÷35ÂÍñ�Ý ò 4 ½2T 9�E T Q%8�EV\ T \ ½ 8 UÞUnT IJIÙ4 ½2T E T%¾ I�@FQ T 1 T Âs4 ¾ 8FIJ3JQ>9 U 8�ENY T \H_s9ÄIJ8O8�YÃ3JÂ2f
@a4 T MO35Q%4 T \ ¾ @af T K%h ¼7½2T KVQ ½2T 1 TÖU @FK T Ma@FIJ/<@[4 T \ô/2KN3JÂ2f @Ë4VEb@FQ T \2EV3lM T ÂÞKV351Ð/2I�@[4b8�EÄ@aÂ2\
K ½ 8 U¿T \H4 ½ @a4"Q%8�1 ¾ E T KNK T \�QÉ@FQ ½ 3JÂ2f�QÉ@FÂ T I53J1�3JÂ<@[4 T Ý e�â 4V8�6 eÀâ 8FÈó4 ½TÓ¾ @af�3JÂ2fjQ%8�KN4h Ú¹T
1-@FY T /2K T 8FÈg4 ½2T"Ú C�qaØ0qÓQ8�1 ¾ E T KVKN3J8�ÂÀ@FIJf�8FEV354 ½ 1 \ T M T IJ8 ¾`T \À_Ã9j4 ½2T K T @F/4 ½ 8�ENKÛ@FÂ2\-K ½ 8 U
¾`T ENÈv8FEV1-@FÂ2Q T 351 ¾ EV8:M T 1 T ÂÃ4VKD8�Â�@FÂ^@aQ%4b/2@FI¥KN9OKN4 T 1�h

i ½ @FEN\ U @FE T Q%8�1 ¾ E T KNK T \HEV@FÂ2\28�1ù@FQQ T KNK"1 T 1�8�EÇ9�ï�m�W{6Di�G�ð U @FK"@FÂ<@aI59OÁ T \Ä3JÂÎñ c�cò h ¼7½2T
@F/4 ½ 8�ENKÛQ8�ÂKV3J\ T E T \�4 ½2T 3J1 ¾ IJ35QÉ@a4V3J8�ÂK�8�ÂÀ4 ½T \23JE T Q>4b8�EÇ9-KÇ4bEN/2Q%4V/2E T @FÂ\�KN4V8�Eb@Ff T @FI5IJ8OQÉ@a4V3J8�Â
\ T KV3JfFÂ�E T%ö /3JE T \ÀÈv8�En@ ½ @FEN\ U @FE T 351 ¾ I T 1 T Âs4b@a4b358�Âgh ¼7½2T @ ¾2¾ EV8s@FQ ½ 3JKÑÈv/2EN4 ½2T EÛ35ÂsM T KÇ4b35fs@a4 T \
3JÂ¶ñ�ú ò UD½2T E T @FÂË@F\2\23l4b358�Â<@FIÑI T M T I7r^QÉ@aQ ½2T 3JK 35Âs4 T ENK ¾`T ENK T \Ï_ T 4 U¿TT Â @�Q8F1 ¾ I T 4 T I59ÎQ%8�1jW
¾ E T KVK T \�1-@F35Â�1 T 1�8�EÇ9Ä@FÂ2\Æ4 ½T I T M T I�ÝjQ@FQ ½2T h ¼7½2T Q%8�1 ¾ E T KVKV358�Â T Â2f�35Â T 3JKD1-@FÂ<@Ff T \Æ_Ã9

c q



4 ½T 1 T 1-8FEN9ÆQ8FÂÃ4VEV8�I5I T Ek3JÂ�4 ½ 35K,\ T KV3JfFÂgh,ikKk8�/4bI53JÂ T \^35ÂËñ c Ý ò =�8 ¾`T Eb@[4b3JÂfÀKN9OKÇ4 T 1 KV/ ¾2¾ 8�EÇ4
3JKnE Tö /235E T \Æ4V8Å1À@a3JÂs4Z@F35Â-KÇ9OKN4 T 1÷KN4b@F_23JI5354X9j35Â�4 ½2T Èx@FQ T 8FÈ ¾ 808�E¿Q8�1 ¾ E T KVKN3J8�ÂÄEV@a4b358�Kh�.08�1 T
8FÈ¥4 ½2T KV8FIJ/4V3J8�Â2K�3JÂQIJ/\ T Á T EV8F3JÂ2fÐ8F/4 ¾ @Ff T Kn4 ½ @a47@aE T Â28 IJ8�Â2f T En/K T \Ù=<@F\[BN/2KÇ4b35Â2f 4 ½T,¾ @FfaW
3JÂf�4 ½ E T K ½ 8�I5\Í_<@aK T \Ì8FÂ¹È TT \2_<@FQZY�ÈvEN8�1$4 ½2T Q8�1 ¾ E T KVKN3J8�Â T Â2fF3JÂ T ='@FÂ2\¹YÃ3JQZYÃ3JÂ2fH8Fü ½ 3Jf ½
¾ EN3J8�EN354X9�Y T EVÂ T I�4 ½ E T @F\K,4b8�KÇ4 T @aI'Q%9OQI T K,ÈvEN8�1ø4 ½2T @ ¾¾ IJ35QÉ@a4V3J8�Â ¾ EV8Ff�Eb@F1 UD½ 35Q ½ f�35M T K,4 ½T
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