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ÑWâ[Ï£ÝxâVÙ�ÔWÓ¾ÛBàg×+àgÒ`Ò[Î�Ï�ÔWÔ�ÔcÝxàgÛHÏgå��èÏ£ÎWÏ�ø7Í`ÓØÎWÏ)ÑWâ`à�Ñ�ÑWâ[Ï£Í[ÑWÓ¾×¾Ó{��à�ÑWÓØÜoÐµÜoÐ�ÑWâ[ÏyÔcÙ�ÔcÑcÏ�ÚþÓ¾Ô�ä9ÜoÍ`Ð`Ò[Ï�Ò&ä7Ù³ñ�ùo|a};öOã3ÜgÎ
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Multiple Choice

Limited Range

Bucket Window

Single, 64

Single, 128

Overflows (out of 4194304 possible blocks)

Utilization %

1e+00

2

5

1e+01

2

5

1e+02

2

5

1e+03

2

5

1e+04

2

5

1e+05

84.00 86.00 88.00 90.00 92.00
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Multiple Choice

Limited Range 30

Limited Range 4

Bucket Window 4

Single Choice

Overflows (out of 4194304 possible blocks)

Utilization %

1e+00

2

5

1e+01

2

5

1e+02

2

5

1e+03

2

5

1e+04

2

5

1e+05

90.00 92.00 94.00 96.00 98.00
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Range = 100

Range = 30

Range = 7

Range = 4

First-fit 100

First-fit 30

First-fit 7

First-fit 4

Overflows (out of 4194304 possible blocks)

Utilization %

1e+00

2

5

1e+01

2

5

1e+02

2

5

1e+03

2

5

1e+04

2

5

1e+05

85.00 90.00 95.00
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Window = 5

Window = 4

Window = 3

First-fit 5

First-fit 4

First-fit 3

Overflows (out of 4194304 possible blocks)

Utilization %

1e+00

2

5

1e+01

2

5

1e+02

2

5

1e+03

2

5

1e+04

2

5

1e+05

85.00 90.00 95.00

ò·ÓØáoÍ`ÎWÏ�97úµô�Í`Û�ÕgÏBÑÊæ¤Ó¾Ð`Ò[Ü5æ¤Ó¾Ð[á[ß·Ð[ÜgÎ�Úµàg×�ñ�>A@�ë¼>�9m´
Í`ÑWÓ¾×¾Ó���à�ÑWÓØÜoÐ+ö	àgÐ`ÒéÖxÎ�ÔcÑ�ë¡Ö`Ñ ñ�9[�ë¼>�Zm´ Í[ÑWÓ¾×¾Ó{��à�ÑWÓØÜoÐAö;ß
æ�ÓØÑWâ¹æ¤Ó¾Ð`Ò`Ü�æ¬ÔWÓ��BÏ�Ô�=7ß�[[ßO^

ùR[



òYu£º�uOÅ�uRÃÊÉ3u��
7�ùX;�»Êå�õ���à�Î�ß»õLå�¼·åRô�ÎWÜ7Ò`ÏBÎ�ß�õPåo�LåW½%à�Î�×êÓ¾ÐIßRàgÐ`Ò�¾lå�y�Ý`ã=àg×¨åîô�àg×¾àgÐ`ÛHÏ�Ò àg×¾×ØÜ�ÛBà�ÑWÓØÜoÐ`ÔBåÀ¿¨Á�ÂSÃÅÄYlBe?Æ°M(HAIlAM]ÇÈlAV�É�e�ìÂQJM\Tgß�Z�>[ñ�ù�ö;ú¾ù�9A@ËÊ\ZA@�@�ß»ó7ÏBÝ`ÑBå ù�>�>�>7åºõ Ý`ÎWÏ�×¾Ó¾ÚµÓ¾Ð`à�ÎWÙ¹çgÏBÎ�ÔWÓ¾ÜoÐèà�Ý`Ý9Ï�à�ÎWÏ�ÒèÓ¾Ð/ÌÍÆ�l±g°W°W5NAQSMUT�KÎl>ÏìSê�W-Ð¨ÑAìSê�Â	M$Mhe�HAI�Â)ÇsÃÒ¿�ëAV�É?lKXQDe�VÓlAMÔ�ê�WÕlBÆXë�l>Ï'ÇÈl�V-É�e�ìÂQSMUToßoÝxà�ágÏ�Ô�^�>�=�Ê\]A@1Z7ß�í©ÜoÐGÑcÎWÏ�àg×¨ß?Ö£Í[ÏBä9Ï�Û�ß

Ì�àgÐ`àgÒxà�ßOí�à�ÙÛZ�=�Ê\Z�^7ß«ù�>�>[[å9õ¤Ì¸í �OÎWÏ�ÔWÔ�ß$�¤ÏBæ¡»OÜgÎWÕAßO�×»Êå
7:Z¨;â�«åRô�ÏBÎWÏ�ÐGä`Î�Ó¾Ð[Õ+ß�õPå�Ìª��ÍxÚºà¨�Hß�õPå�ó7ÑcÏBágÏBÎ�ß»àgÐ`Ò ô)åLØ�ÙÜoÛ�Õ7Ó¾Ð`á[å ô�àg×¾àgÐ`ÛHÏ�Ò àg×ê×ØÜ7ÛBà�ÑWÓ¾ÜoÐ`ÔBú�ýlâ`Ï©â[Ï�à�ç�Ó¾×ØÙ

×ØÜoàgÒ[Ï�Ò
ÛBàgÔcÏgå ÿ Ð�ÌÍÆ�l±g°W°W5NAQSMUT�K�l>Ï�ìSê�WÎÚmÐ1MONdÂ	M�M�e�H�IzÂ)ÇsÃÛ¿$ëV�É?lAK°Q�e\VÜlAMÝÔ�ê�W�lBÆ°ël>Ï�ÇÈlAV�É�e�ìÂQSMUTgß
Ýxà�ágÏ�Ôp_¨[Ý^�Ê�_A^[[ßÊ�«ÜgÎWÑW×êàgÐ`ÒIß 6 �Lß$í�à�ÙPZ�ùÞÊ\Z�=7ß(ZA@�@�@�å9õ¤Ì¸í �OÎWÏ�ÔWÔ�ß��¤ÏBæÝ»OÜgÎWÕAßO�×»Êå

7:=¨;PõPå5ô�Î�Ó¾Ð[Õ�ÚºàgÐ`Ð8ßË½�å�ó[àg×��Bæ�Ï�Ò`Ï�×¨ß�àgÐxÒ®Ì)å�ó[Û�â[Ï�Ó¾Ò`Ï�×ØÏBÎ�åm¾��&ÛBÓØÏ�ÐVÑBßgÒ`ÓêÔcÑcÎ�ÓØäxÍ`ÑcÏ�Ò)Òxà�ÑWàlÝx×¾àgÛHÏ�ÚºÏ�ÐVÑ«ÔcÑcÎ�à�ÑcÏBáoÓØÏ�Ô
ã/ÜgÎÊÔWÑcÜgÎ�à�ágÏ©à�ÎWÏ�à	Ð[ÏBÑ�æ�ÜgÎWÕ�ÔBå ÿ Ð�ÌÍÆ�l±gXW�W5N�QJMUT�K�l>Ï�ìSê�WdßBÐÝìSê/Â	M�Mhe�HAI£Â)ÇsÃà¿�ëAV�É?lKXQDe�Vál�M�Ì£HBÆhHAISI�W�IÂ	I:T�lBÆXQÂìSêÝV~K~HAMON)ÂSÆ�gRêÝQÂì�WÕg�ìFe?ÆhWRK;ßxÝAà�ágÏ�ÔLùgù�>�ÊAù�Z�97ß/ZA@�@�@�å

7 [A;ÊÌ�Üo×ØÏgß�ò[Î�ÓØÏ��BÏgß£í³à�ágáoÔBß£í�Ó¾Ñh�BÏ�Ð`ÚºàgÛ�â`ÏBÎ�ßª��Ó¾Û�âxà�ß»ó�Ó¾ÑWà�Î�àgÚºàgÐIß�àgÐ`ÒBy¤Ýxã/àg×¨å 6 Ð�äxàg×ê×¾ÔÊàgÐ`ÒûäxÓ¾ÐxÔPæ�ÓØÑWâ
Ò[Ï�×ØÏBÑWÓ¾ÜoÐ`ÔBå ÿ Ð�ÌÍÆ�l±g°W°W5NAQSMUTAK)l>ÏCìSê�W�â-Â�ãSäUåWÃ	ß�Ýxà�ágÏ�ÔLùR[Ý^�ÊAù�^�97ß·ù�>�>�97å

7:^¨;~í
å�í�ÓØÑh�BÏ�ÐxÚºàgÛ�â[ÏBÎ�ß�õPå3�üå���Ó¾Û�âxà�ß�àgÐ`ÒB�LåOó[ÓØÑWà�Î�àgÚºàgÐIå ýlâ[Ï¹Ý9Ü�æ�ÏBÎ�Ügã�Ñ�æ�Ü
Î�àgÐ`Ò[ÜoÚ�Û;â[ÜoÓ¾ÛHÏ�ÔBú±õ
ÔWÍ[Î�çgÏBÙ&Ügã·ÑcÏ�Û�âxÐ`Ó¾ø7Í[Ï�ÔlàgÐ`Ò±Î�Ï�ÔWÍ`×ØÑWÔBå

7:]¨;~í
å\í³ÓØÑh�BÏ�Ð`ÚºàgÛ;â[ÏBÎ�àgÐxÒºô)å�Ø)ÙÜoÛWÕ�Ó¾Ð[á[å8ýlâ[ÏlàgÔWÙ7Ú�ÝxÑcÜgÑWÓ¾ÛBÔRÜgãIÔcÏ�×¾Ï�ÛHÑWÓ¾Ð[á%ÑWâ[Ï�ÔWâ[ÜgÎWÑcÏ�ÔcÑ�Ügã9Ñ�æ�Ü[ß�ÓêÚ�Ý`ÎWÜ5çgÏ�ÒIå
ÿ Ð�ÌÍÆ�l±g°W°W5NAQSMUT�K�l>Ï8ìSê�W�Úhæ�ìSêçÂ	ISI{WjÆRì�lAM¡ÇÈlAM±Ï�WjÆ5WRM�gXW�lAMÝÇÈlAVGV�e\M$QFg°H�ìÂQFl�MYèéÇÈlAM$ìFÆ�lAI<èCHAM(N�ÇÈlAV�É�e�ìÂQJM`ßy�ÎWäxàgÐ`à�ß ÿ ÷OßEù�>�>�>7å

7¥_�;~í
åÝ�¤àgà�ä�àgÐ`Ò�õLå�ó7ÑcÏBágÏBÎ�å�ícô�àg×ê×¾ÔOÓ¾ÐGÑcÜyäxÓ¾Ð`Ô�ð×ê à%ÔWÓ¾Ú�ÝA×ØÏ�àgÐxÒ�ÑWÓØáoâGÑRàgÐ`àg×ØÙ�ÔWÓ¾ÔBå ÿ Ð�í
åV÷EÍ`äGÙgß:ë`å1�lÜo×¾ÓêÚ±ß
àgÐ`ÒPí
åAó7ÏBÎ�Ðxà�ß[Ï�Ò`ÓØÑcÜgÎ�ÔBß�ÌHÆ>l�g°W�W�NAQSMUTAK�l�ÏCìSê�W'Ð1MON+Á°M$ì�WfÆ°M(H�ìÂQFl�MOHAI�ì�lBÆ�i¨K�ê¨líÉ�lAMdâ¸HAMONml�V~Qïî�H1ìÂQFlAM<HAMONÂÍÉmÉ�Æ�l±ð�QSV�H�ìÂQFl�MaÔOW�gRêÝM$QFñ±e�WRKzQJMòÇÈlAV�É�e�ì�WjÆ�¿�g�Q&WRM�gXWHß�÷EÏ�ÛHÑWÍ[ÎWÏP��ÜgÑcÏ�Ô�Ó¾ÐîÌ�ÜoÚ�ÝxÍ`ÑcÏBÎ&ó�ÛBÓØÏ�Ð`ÛHÏ�ù�^�ù�97ß
Ýxà�ágÏ�ÔPù�^�>�ÊAù�_@�ß9ô�à�Î�ÛHÏ�×¾ÜoÐ`à�ß+ó7ÝxàgÓêÐIß 6 ÛHÑcÜgä9ÏBÎ�9�ÊAù�@�ß«ù�>�>�97åIó7Ý`Î�ÓêÐ[ágÏBÎcë�Ø ÏBÎ�×¾à�á[ß`ô�ÏBÎ�×êÓ¾ÐIå

7:9¨;�ë[å��¤Ï�Ð`à�ÑcÜ[å 
 Ï�ÔWÓ¾áoÐ±Ügã·ÑWâ[ÏyÎ�ÓØÜ�ñ/Î�àgÐxÒ[ÜoÚºÓ��BÏ�Ò©Ó 4 ÜGö�ÔcÑcÜgÎ�à�ágÏPÔWÏBÎWçgÏBÎ�å
7:>¨;â�«å»ó[àgÐ`Ò[ÏBÎ�ÔBß¤ó+å�¾OáoÐ[ÏBÎ�ßlàgÐ`ÒPë`åL½yÜgÎ;ÔcÑBå ò`àgÔcÑ±ÛHÜoÐ`ÛBÍ`ÎWÎWÏ�ÐGÑ&àgÛBÛHÏ�ÔWÔ�ÑcÜ Ýxà�Î�àg×¾×ØÏ�×�Ò`Ó¾ÔcÕ�ÔBå ÿ Ð�ÌHÆ>l±gXW�W�NBóQSMUTAK�l�ÏâìSê�W)ß�ß�ìSê�Â	M�M�e�H�I�Â)ÇsÃó2¿¨Á�ÂSÃÜ¿$ëV�É?lAK°Q�e\Vôl�M�ä�QJKjg±ÆhW�ì�W�Â	I:T�lBÆXQÂìSêÝV~K;ß+Ýxà�ágÏ�Ô	9[Ý>�Ê\9�^�97ß½ó[àgÐ

ò[Î�àgÐxÛBÓ¾ÔWÛHÜ[ß+Ì�õPß�ëVàgÐGÍ`à�Î�Ùj>�ÊAùgù�ßÊZA@�@�@�åIó ÿ õpí�ß���â`Ó¾×¾àgÒ[Ï�×¾Ýxâ`Ó¾à�ß\�+õPå
7�ù�@;�ë[å?�%å«ó�àgÐGÑcÜoÔBß��%å?í³Í`ÐGÑh�gß«àgÐ`Ò
ô�å?�¤ÓØä9Ï�ÓØÎWÜ�ë���ÏBÑcÜ[å�Ì�ÜoÚºÝxà�Î�Ó¾Ð[á¹Î�àgÐxÒ[ÜoÚìÒ`à�ÑWà³àg×¾×ØÜ�ÛBà�ÑWÓØÜoÐèàgÐ`Ò
Òxà�ÑWà

ÔcÑcÎ�Ó¾ÝxÓ¾Ð[á²Ó¾Ð Ú®Í`×ØÑWÓêÚ�Ï�Ò`Ó¾à©ÔWÏBÎWçgÏBÎ�ÔBå ÿ Ð�ÃdW�HKÞe?Æ5WRV8WRM$ìâHAMON�Ã�l�NÝW�ILQSMUT�l>ÏÇÈl�V-É�e�ì�WfÆ�¿�ëKXì�W�VâK-ßRÝxà�ágÏ�Ô[�[|Ê\^�^7ß�ZA@�@�@�å
7�ùgùX;�Ì)åoó�Û�â`Ï�Ó¾Ò[Ï�×ØÏBÎ�åYÌÍÆ�lÝF5HUFRQSILQJKXìÂQ0g�ÃäW�ìSê¨l�NK8ÏjlBÆ'ÇÈl�lBÆ�N�QJMOH1ìÂQFlAMUÌHÆ>lUFRI{WRV~K;å�y)Ð`ÓØçgÏBÎ�ÔWÓ¾Ñ�ÙyÜgã$�·àgÒ[ÏBÎWä9ÜgÎ�Ð8ßAZA@�@�@�å
7�ù�Z¨;®ô)å?Ø�ÙÜoÛ�Õ7Ó¾Ð`á[å���Ü�æ¬àgÔcÙ�Ú�ÏBÑcÎWÙ�â[Ï�×ØÝxÔ�×ØÜoàgÒ�äxàg×¾àgÐxÛBÓ¾Ð[á[å ÿ ÐdÌÍÆ�l±g°W°W5NAQSMUTAK�l�ÏpìSê�W×õ�ö�ìSê+Á�÷L÷W÷�¿$ëV�É?lAK°Q�e\VlAM¬øslne\M(N1H�ìÂQ0lAM�Kçl>Ï�ÇÈl�V-É�e�ì�WfÆd¿�g�Q�W�M�g°WBß�Ýxà�ágÏ�Ô³ù�=�ùÞÊAùR[`ù�ß���ÏBæÓ»OÜgÎWÕîÌ�ÓØÑ�Ùgßª�-»Êß 6 ÛHÑcÜgä9ÏBÎ³ù�_±ÊAù�>7ß

ù�>�>�>7å ÿ ¾L¾W¾ Ì�ÜoÚºÝxÍ[ÑcÏBÎ)ó7Ü�ÛBÓØÏBÑ�Ùj�RÎWÏ�ÔWÔBß`÷EÜoÔlõ)×¾àgÚºÓØÑcÜoÔBßAÌ»õLå
7�ù�=¨;�ë[å� Ó¾×ØÕgÏ�ÔBßA�%å1î)Üo×¾Ò`ÓêÐ[á[ßgÌ£å�ó7ÑWà�Ï�×¾ÓêÐIß�àgÐxÒPýyågó�Í`×¾×êÓØç�àgÐ8åoýlâ[Ï�â`ÝPàgÍ[ÑcÜgÎ�àgÓêÒPâ`Ó¾ÏBÎ�à�Î�Û�âxÓ¾ÛBàg×VÔcÑcÜgÎ;à�ágÏ�ÔWÙ7ÔcÑcÏ�Ú©åÂ)ÇsÃùÔhÆ�HAM�KRHmg�ìÂQFlAM�K�lAM�ÇÈlAV�É�e�ì�WjÆ�¿�ëKXì�W�VâK-ßEù�ú¾ù�@19�ÊAù�=�]7ßOù�>�>�]7å

ù�^


