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Figure 1. A High-level View of the PHASER
Machine
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$16 reg init(1)

$35 movea($16)

$124 store($16,$20)

$36 or($34,$35)

$19 reg

$34 movea($19)

$47 reg /* s */

$60 storeif($47,$59,$36)

$59 xor($57,$58)

$48 reg /* c_out */

$70 storeif($48,$126,$36)

$126 bool4($127,$55,$56,$57,$58)

$51 reg /* c_in */

$58 movea($51)

$49 reg /* a0 */

$55 movea($49)

$57 xor($55,$56)

$50 reg /* b0 */

$56 movea($50)

Figure 3. Annotated graph for the behavioral 1-bit adder code of Figure 1
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Figure 2. Verilog source code for a 1-bit adder
module
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Figure 4. Graph for the behavioral 1-bit adder
code of Figure 1
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Figure 5. Partitioned graph with weights af-
ter send and receive instructions have been
added to partitions (infeasible partition)
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Figure 6. Final partitioned graph with weights
after send and receive instructions have been
added to partitions
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Figure 7. Graph for the behavioral 1-bit adder code with testbench
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4.1. Code Partitioning in Compilers
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4.2. Multi-level Partitioning
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Figure 8. Multi-Level K-way Partitioning
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õ
ãyÙ�Ú�Û�Ü�Û�ÜÏÝdÞQà�ñyà±ÜÏÞaß�ÙdÞ�Ù�åÏßdÝdÚ{Ü�Û�áaæ õMÞQÝ6ò¸Þ
Û{Ý)ãaÚ{Ý6é�ÜÏè�â¸ß;Ý�Ý�è
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞyà�ÝdÞ�Ùuà±æ¥Ù�åÏå�Þ�ñaæ�ä9â*Ú¨Ý�ç
ÞQÝ�èaâ�à�ì ��áaâ´ãQÙ�Ú�Û�Ü�ï
Û�ÜÏÝdÞaâLè�ß;Ú{Ùdãaá+$ ) Ü�à!Û�áaâ�Þ>ñaÞQê�ÝMÙ�Ú	à±â�Þaâ�èKóEÛ�áQÙ�Û!Ü�à�ó;ê�Ý;å�å�Ù�ãyà±âLè
ÞaÝ�è�â�à�ÙdÚ�â·ñaÞQê*ÝdåÏåÏÙdãQà�â�èsódÙdÞQè
Û�áaâ�ãQÙdÚ±Û{Ü|Û{Ü�Ý;Þaâ�è
ÜÏÞ�ç�ÝdÚ{æ¥Ù6Û�ÜÏÝdÞ
ÜÏà�ãQÚ�Ý;ãQÙ�ßMÙ6Û�âLè¥Û{Ý¥â�Ùdê	ámÝ�ç�Û�áaÝMà±â»ÞaÝ�è�âLà*ì �%ñaÚ{Ü�ÞQßBñQÞQê�ÝMÙ�Ú	àJï
â*ÞaÜÏÞaßyó�Û�áaâ�ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞmÜ�à�Ú{â �QÞaâLèsóaä�î�æ>Ý6é�Ü�ÞQß
ÞaÝ�è�âLà=Ùdê*Ú�ÝMà�à



ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQàmÜ�ç)Û�áaâ�Ü�Ú�ê�ñaÛ�à�â�Û � ê�Ù�Þfä9â¨ç�ñQÚ±Û{áaâ*Ú�æ>Ü�ÞQÜ�æ>ÜÏë*â�èKì
q%ÞQê�â¥ñaÞyê�Ý;ÙdÚ{à�â*ÞQÜ�Þaß�â�ÞQèaà�ó]Û{áaâ�ÜÏÞaÜ�Û�Ü�Ù�å�ß;Ú{Ùdãaá $'&�Ü�à�ç�ñaåÏå�î
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaâLèsì
t�ÙdÚ�î�ãaÜ�àoÙ�ÞQè t»ñQæ>ÙdÚ%Ú{â�ç�â�Ú+Û{ÝöÛ{áaâ*ÜÏÚ�Ù�åÏßdÝ;Ú�Ü�Û�áaæ�Ù;à=Û{áaâ

í �>t�Ø�Ù�åÏßdÝdÚ{Ü�Û�áaæ�óKÙmæ�ñaå�Û�Ü�ï4åÏâ*é;â*å!õMï4ò�ÙEîZãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß�Ù�å�ï
ßdÝdÚ{Ü�Û�áaæ�ì�ú«ÞöÛ{áaâ*ÜÏÚ¸ÞaÝ�Û	Ù6Û{Ü�Ý;ÞKó���à±Û{ÙdÞQèaà·ç�ÝdÚ·Û{áaâ»ÞMñQæ�ä9â*Ú�Ý�ç
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQà�ÞQâ*â�èaâ�èmÜ�ÞZÛ�áQâ)à±Ý;å�ñ�Û{Ü�Ý;ÞöÛ{Ý>Û�áaâ�ãQÚ�Ý;äaå�â�æ�ì

4.3. Multi-constraint Partitioning

ú«Þ´æ
ñaå|Û{Ü|ï«ê�Ý;ÞQà±Û�Ú	Ù�ÜÏÞ;Û�ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜÏÞaßQósÛ{áaâ*Ú{â�Ù�Ú{â>æ�ñaå�Û�ÜÏãaåÏâ
ê�ÝdÞyàJÛ{Ú{ÙdÜ�ÞMÛ{à�Û�áQÙ�Û�Þaâ*âLè´Û�Ý¨äyâZà±Ý;å�é;â�è´ÜÏÞcÝdÚ	è�â*Ú�Û{Ý¨Ý;ä�Û{ÙdÜ�Þ
ÙuãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞVì ��æ
ñaå|Û{Ü|ï«ê�Ý;ÞQà±Û�Ú	Ù�ÜÏÞ;Û­éEÙdÚ�Ü�Ù�ÞMÛ¨Ýdç t�Ù�Ú{î�ãaÜÏà �
í �>t�ØfÙdå�ß;ÝdÚ{Ü|Û{áaæ ÜÏàoè�â�à{ê�Ú{ÜÏäyâLè�Ü�Þ ü � �~ó\ò¸áaÜ�ê	á³ñQà�â�à%æ�ñaå�ï
Û�ÜÏãaå�â­ãaÚ{Ü�Ý;Ú�Ü�ÛJî 	Mñaâ�ñaâ�àöÛ�Ý^ßdñaÜ�è�â­äQÙ�å�Ù�ÞQê*Ü�ÞQßcç�ÝdÚZæ�ñaå�Û�ÜÏãaåÏâ
ê�ÝdÞyàJÛ{Ú{ÙdÜ�ÞMÛ{à�Ù;à�Ú�â �QÞaâ*æ>â�Þ;Û¸ãaÚ{Ýdß;Ú�âLà�à�â�à�ì
ú«Þ(ÝdñQÚZò·ÝdÚ{õ\ó=ò·â­ñQà�â�è(Ù,è�Ü|÷\â*Ú{â*ÞMÛ�æ�ñQå|Û{Ü|ï«ê�Ý;ÞQàJÛ{Ú{ÙdÜ�ÞMÛ

Ù�åÏßdÝdÚ{Ü�Û�áaæ Û�Ý´à�ÝdåÏédâmÛ�áaÜ�àBãaÚ�Ý;äaåÏâ*æ�ó�ÜÏÞXãQÙdÚ±ÛLó�ä9â�ê�Ù�ñQà�âmò·â
áQÙdè�áQÙdÚ{è ê*ÝdÞQà±Û�Ú	Ù�ÜÏÞMÛ{àGøhâdì ßQìÏó�Ú{â*ß;ÜÏà±Û�â�Ú{à³ÙdÞQè Ù�æ>Ý;ñaÞMÛ¨Ý�ç
å�Ý�ê*Ùdå�æBâ�æ>ÝdÚ{îGñQà�â�èQù�Û�áyÙ6Ûöê�Ý;ñaå�èXÞaÝdÛ¥äyâ�Ý6édâ�ÚA�yÝ6ò/âLècä�î
åÏÙ�Û�â*Ú=ê*Ý�è�â»ßdâ*ÞQâ*Ú	Ù6Û�ÜÏÝdÞZàJÛ	Ù�ß;â�à·Ü�ÞZÛ{áaâ)ê�Ý;æBãQÜ�åÏâ*ÚLì

4.4. Circuit Partitioning

ðoÚ	Ù�ãQáýãyÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß áQÙ;àcäyâ�â*Þ ñQà�â�è�ò¸Ü�è�â�å�î Ü�Þ�Û{áaâ

T����úBê*Ýdæ>æ�ñaÞQÜ|ÛJîcÛ{ÝGà±ãQå�Ü�Ûöê�ÜÏÚ{ê*ñaÜ�Û{à¥ÜÏÞMÛ�Ý´äyÝMÙ�Ú	èaà�ó·ê	áaÜÏãQà�ó
Ù�ÞQèGà�ñaä\ê�ÜÏÚ{ê*ñaÜ�Û{àZü|þN��ó/þN� �~ì � ÜÏÚ{ê*ñaÜ�Û
ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQß³Û�Ú{ÜÏâ�à�Û�Ý
à±áaÝ;Ú±Û{â*ÞBÛ�áQâ%ê�Ú{Ü�Û�Ü�ê*Ù�åyãQÙ6Û{áöÙ�ÞyèBÛ�Ý�ãQåÏÙ;ê�â=Ü�Û/ÜÏÞ¥Û�áQâ%à�æ>Ùdå�åÏâ�à±Û
ãyÝMà�à�Ü�äQå�â­ñaÞaÜ�Û�ó%Û�á�ñQàmæBÜÏÞaÜÏæ>Ü�ë�Ü�Þaß�ê�Ý;æ>æ�ñaÞaÜ�ê*Ù�Û�ÜÏÝdÞ2ê*Ý;à±Û{à�ì
q%Þaâ%ÝdçKÛ�áQâoÜÏæ>ãyÝ;Ú±Û	Ù�ÞMÛ�ßdÝ;ÙdåÏà�Ý�ç!ê�ÜÏÚ{ê*ñaÜ|Û�ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQß�Ü�à·Û�Ý
Ú�âLè�ñQê�âoÛ{áaâ)Ù�Ú{â�Ù
ñQà�â�èsì

��édÝ;å�ñ�Û{Ü�Ý;ÞQÙ�Ú{î�ê�Ý;æBãQñ�Û�ÜÏÞaß´ü|þ �4óVÙdÞQèÀà±ÜÏæ�ñaå�Ù6Û{â�è­Ù�ÞaÞaâLÙ�å�ï
Ü�ÞaßmÙ�ÞQè�Û	Ù�äañ­à±âLÙ�Ú	ê	á�áaâ*ñaÚ{Ü�àJÛ{ÜÏê�à�ü � �!áQÙEédâ�ÙdåÏà�Ý�ä9â*â�Þ³ñQà�â�è
Û�ÝmÙdÜÏè­ê�ÜÏÚ{ê*ñaÜ�Û%ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQßQì ��áaâBÚ�âLà±ñaå�Û{à%Ý�ç�Û{áaâ�à�âBò/Ý;Ú�õ�à
à±áaÝ6ò ä9â�Û�Û�â�Ú)ê�ñ�Û)à�â�Û{à%ç�Ý;Ú �öÝ;Ú%æ>ÝdÚ{âBãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQàoÜÏÞÀà�æ¥Ù�åÏå
Û�Ý¨æ>âLè�Ü�ñQæ
ï«à�Ü�ë�â�ècß;Ú{Ùdãaá2ø�Ü4ì âdìÏó�ßdÚ	Ù�ãaáyà)Ý�ç=ñQãGÛ�Ý^þLÿ��aó �����
ÞaÝ�è�â�à	ù#ì

4.5. Verilog Compilers

��áQâ¸Ü�ÞQèañQàJÛ{Ú�îBàJÛ	Ù6Û{â�ï~Ý�ç�ï4Û�áaâ*ï~ÙdÚ±Û�Û�Ý�Ýdå�à�ç�ÝdÚ/ê�Ýdæ>ãaÜÏåÏÜ�ÞaßoÛ{áaâ

�â*Ú{Ü�åÏÝdß»áQÙdÚ{è�ò�Ù�Ú{â�è�â�à{ê�Ú{Ü�ãaÛ�ÜÏÝdÞ>åÏÙdÞaßdñyÙ�ßdâ�Ù�Ú{â�Û�áQâ=à±Ýdç�ÛJò·ÙdÚ�â
à±ÜÏæ�ñaå�Ù6Û{ÝdÚ	à¥û � 
�â*Ú{ÜÏå�Ý;ßcäMî � Ùdèaâ*ÞQê*âGü|þN� �oÙdÞQè 
 � �,ä�î
��î�ÞaÝdãQà�Ü�à^ü�þ�E �~ì ��áaâLà±â�à�Ü�æ
ñaåÏÙ�Û�Ý;Ú{à¨Ú�ñaÞ ÝdÞ§Û�Ú	Ùdè�Ü�Û�ÜÏÝdÞQÙdå
ò/Ý;Ú�õ�à±Û{Ù6Û{Ü�Ý;ÞQà·Ù�ÞQèZè�Ý>ÞaÝ�Û¸Þaâ�â�èöÛ�Ý>ã9â*Ú�ç�ÝdÚ{æ ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQÜ�Þaßyì

�%Ù�Ú	è�ò�Ù�Ú{â»à�ÜÏæ�ñaå�Ù6Û{ÝdÚ	à�ò¸áaÜÏê	á�â*ô�â�ê�ñaÛ�â�ÝdÞ�ãyÙ�Ú	Ù�åÏå�â�åsæ>Ù�ï
ê	áaÜ�ÞQâ�à!ÝdÚ 
!Ø·ð��+à!ã9â*Ú�ç�ÝdÚ{æ ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQÜ�Þaßyì ��áQâ¸æBÝMàJÛ�ê*ÝdæBï
æBÝ;ÞaåÏîBñyà±âLè¥ÝdÞaâLà/ÙdÚ�â����%ú �¥ä�î 
�â*Ú{ÜÏà�Ü|ÛJî�øhÞaÝ6òuÜ�ÞMÛ{â*ßdÚ	Ù6Û{â�è
Ü�ÞMÛ�Ý ��ã9â��oà±ÜÏæ�ù>ü|þ&���4ó]Ø�Ù�åÏåÏÙ;è�Ü�ñQæ�äMî � Ùdè�â�ÞQê�â�ü|þ�� �~ó]í�â�Þ�ï
Û�ÝdÚ/ú!tbq��Zü1���~óMÙdÞQè ��áQÙdÚ{Ù;à���î�àJÛ{â*æ¥à � �%Ù�æ>æ>â*Ú%ü � �~ì���áaâ�à�â
� Z )!BN"5�4��"k01�#�]�4��"#+�8*,.+
3.�!�5=>$.+-�%�T/%�AR�+A:-��GK3N01�4)!+-,.,.�!)�"4�k"%$.�

?-/4��[.$XH

Û�Ý�Ýdå�à�ñQà�â�ãaÚ{ÝdãaÚ{Ü�â*Û{ÙdÚ�î�Ùdå�ß;ÝdÚ{Ü|Û{áaæ¥à·Û�áQÙ�Û+Ù�Ú{âoÞQÝ�Û=Ú{â*ã9ÝdÚ�Û�â�è
Ü�ÞZÛ{áaâ�å�Ü�Û�â�Ú{Ù�Û�ñaÚ{âdì

�+Ù�Ú	è�ò�Ù�Ú{â%à�Ü�æ
ñaå�Ù6Û�Ý;Ú{à�ÙdÚ�âoÝdÚ	è�â*Ú	à/Ý�ç]æ¥ÙdßdÞaÜ�Û�ñQèaâ+çhÙ;àJÛ{â*Ú
Û�áQÙdÞ à�Ý�ç�ÛJò�Ù�Ú{âXà�Ü�æ
ñaåÏÙ�Û�Ý;Ú{à�ó�áaÝ6ò·â*é;â*ÚLó�Û�áQâ*î§ÙdÚ�âGÞQÝ�ÛcÙdà
ò¸ÜÏèaâ*åÏî­ñQà�â�è´è�ñQâ¥Û�Ý�Û{áaâ�â*ô�ã9â*Þyà±â�Ýdç�Û�áaâ�áyÙ�Ú	è�ò·ÙdÚ�â
Û�áyÙ6Û
ÜÏà%Ú{â�	MñaÜÏÚ�âLèöÛ{ÝöÚ{ñaÞ�Û{áaâ
à�Ü�æ
ñaå�Ù6Û�ÜÏÝdÞ�Ý;ÞKó\Ù�ÞQè�Û{áaâ�ÞQâ*â�è�ç�ÝdÚ
à±æ¥Ùdå�å!ê	áQÙ�ÞQßdâ�à+Ü�Þ¨Û�áaâ 
�â*Ú{ÜÏå�Ý;ßmà�ÝdñaÚ	ê�â�ê*Ý�è�â)Û{ÝZà�ñaãaã9ÝdÚ�ÛoÙ
è�â�à�ÜÏßdÞKì

��Ñ f �!���a×«�a×±Ô Ó × ÓS{	� Ô�� � cDe fdh ��i5j�l mv��

� c × ÓSe

ú«Þ�Û�áaÜ�à=à�â�ê#Û{Ü�Ý;Þ�ò/â�â*ô�ãQåÏÙdÜ�ÞZÛ�áQâ)ÙdèaÙdã�Û{Ù�Û�ÜÏÝdÞQà�ò·â�æ¥Ùdè�â
Û�Ý%Û�áaâ�ê�å�Ùdà{à�ÜÏê�Ù�å;í
�>t�ØXü E �aÙdå�ß;ÝdÚ{Ü|Û{áaæ�Ü�Þ
ÝdÚ	è�â*ÚVÛ�Ý»à±ñaãQãyÝ;Ú±Û
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQÜ�ÞaßBç�Ý;Ú/Û{áaâ)Ø�� � ��� �(æ>Ù;ê	áaÜÏÞaâdó�ò¸áaÜ�ê	áZÚ�â�	;ñQÜ�Ú{â�à
à±ñQãaãyÝ;Ú±Û�ç�ÝdÚ!æ
ñaå|Û{Ü�ãQå�â�áQÙdÚ{è
ê�ÝdÞyàJÛ{Ú{ÙdÜ�ÞMÛ{à�ó�à�ñaãaã9ÝdÚ�Û]ç�Ý;Ú�å�Ù�Ú{ßdâ
èaÙ6Û	ÙaóaÙdÞQèmà�ñaãaã9ÝdÚ�Û¸ç�ÝdÚ¸ÜÏÚ{Ú�â�ßdñaå�Ù�Ú·ßdÚ	Ù�ãaáyà*ì

��áaâ´áaÜ�â�Ú{ÙdÚ{ê	áQÜÏê�Ù�å+ÞyÙ6Û�ñQÚ�âÀÝ�ç)Û{áaâcØ�� � ��� � æ¥Ùdê	áaÜÏÞaâ
å�âLÙdè�ñQàmÛ�Ý�ãQÙdÚ±Û{Ü|Û{Ü�Ý;Þ�Ú{â*ã9â�Ù�Û�â�èaå�îfÙ�Û�èaÜ|÷\â*Ú{â*ÞMÛ�å�â�édâ�åÏà�Ýdç
Ù�äQà±Û�Ú	Ùdê�Û�ÜÏÝdÞ J�ä9Ý;ÙdÚ{èsó�ê	áaÜÏãKó¸Ù�ÞQè,ãaÚ{Ý�ê�âLà�à�ÝdÚ>åÏâ*édâ�åÏà�ì ��áaÜ�à
à±ÜÏæ>ãaåÏÜ��QâLè¥ÝdÞQâ+ê�Ý;ÞQàJÛ{Ú{ÙdÜ�ÞMÛLódÛ{áaâ%ê*Ýdæ>æ�ñaÞQÜÏê�Ù6Û�ÜÏÝdÞ¥Ý6é;â*Ú{áaâ�Ù;è
Ù6Û­èaÜ|÷\â*Ú{â*ÞMÛ¨åÏâ*é;â*å�à�Ý�ç�Ù�äyàJÛ{Ú{Ù;ê#Û�ÜÏÝdÞVó)Ùdà³ä�î�ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß
ÝdÞaâBåÏâ*édâ�å�Ù6Û�ÙmÛ�ÜÏæBâ;óVÙ�åÏå�ÞaÝ�è�âLà%ÜÏÞ­Û�áQÙ�Û»åÏâ*é;â*å�áQÙEé;â�â�	;ñyÙ�å
ê�Ý;æBæ
ñaÞaÜ�ê*Ù�Û�ÜÏÝdÞ�ê�Ý;à±Û¸äyâ*ÛJò/â�â*Þ�Ùdè
�±Ù;ê�â�Þ;Û¸ÞaÝ�è�âLà*ì


]ÜÏßdñQÚ�â E¸èaâ�à{ê�Ú{Ü�ä9â�à\Û{áaâ�í � �Qt�Ø�Ùdå�ß;ÝdÚ{Ü|Û{áaæ�ó*ò¸áaÜ�ê	á�ãQÙdÚ±ï
Û�Ü�Û�ÜÏÝdÞQà�Ù�Þ´Ü�ÞQãañ�Ûmø 
�â*Ú{Ü�åÏÝdß�ùoÜ�ÞMÛ�â�Ú�æ>âLè�ÜÏÙ�Û�â>ç�Ý;Ú�æ Û�Ú{â*â>Ú�â�ã�ï
Ú�âLà±â�ÞMÛ{Ù6Û{Ü�Ý;ÞmÜÏÞMÛ�Ý�Ù¥Ø ��� � ����à±î�à±Û�â�æÎÝ�ç�� äyÝMÙ�Ú	èaà�ó�â�Ùdê	á
äyÝMÙ�Ú	è�Ý�ç(� �»ê	áaÜ�ãyà*ó�ÙdÞQè)âLÙdê	á
ê	áQÜ�ã
Ý�ç7���%ãaÚ{Ý�ê�âLà�à�ÝdÚ	à*ìO�VÜ�ÞQâ�à
Ü�ÞöäyÝ;åÏè�çhÙ;ê�âoÙ�Ú{â%ÙdèQè�Ü|Û{Ü�Ý;ÞQà�Ý;Ú/â*ô�Û�â*Þyà±ÜÏÝdÞQà�Û�Ý�Û�áaâ»àJÛ	Ù�ÞQèQÙ�Ú	è
í �>t�ØuÙdå�ß;ÝdÚ{Ü|Û{áaæ�ì ��áQâ�à�â)ê	áQÙ�Þaß;â�à=ÙdÚ�â�â*ô�ãaåÏÙdÜ�ÞQâ�èZÜ�Þ�Û{áaâ
Þaâ�ô�Û=à�ñaäQà�â�ê#Û{Ü�Ý;ÞQà�ì �Àâ»ÞaÝ�Û{âoÛ�áQÙ�Û·Û{áaâ»Ü�ÞQÜ|Û{ÜÏÙdåsãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß
Ú�â�	MñaÜ�Ú{â�àBÙ´è�Ü�÷9â�Ú�â�Þ;Û¥äQÙdåÏÙdÞQê�ÜÏÞaßÀÙ�åÏßdÝdÚ{Ü�Û�áaæÅÛ{Ý­Û{áQÙ6Û¥ñQà�â�è
Ü�ÞZÛ{áaâ�à±Û{Ù�ÞyèaÙ�Ú	èmí
�>t�ØuÙ�åÏßdÝ;Ú�Ü�Û�áQæZóaèañaâ»Û�Ý>Û{áaâ)æ�ñQå|Û{Ü�ãaåÏâ
ê�Ý;ÞQàJÛ{Ú{ÙdÜ�ÞMÛ	àBÛ�Ýcä9â³äQÙ�å�Ù�Þyê�â�è^ä�îGÛ{áQÙ6ÛöãyÙdà{à>Ý�ç»Û�áaâ³Ùdå�ß;Ý�ï
Ú�Ü�Û�áQæZì

5.1. Multiple Constraints

r=ÞaåÏÜ�õ;âfà±Ý;æ>â,ÝdçmÛ{áaâ�Û�Ú	ÙdèaÜ|Û{Ü�Ý;ÞQÙ�å>ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQß�Ùdå�ß;Ý�ï
Ú�Ü�Û�áQæ>à�ó6Û{áaâ¸í ���Qt�Ø­Ùdå�ß;ÝdÚ{Ü|Û{áaæ Þaâ*âLèaà�Û�Ý»à{Ù6Û�Ü�à±ç�î �Qédâ�ê�Ý;Þ�ï
àJÛ{Ú{ÙdÜ�ÞMÛ	à�Ùdà!Ü�Û�Û�Ú{Ü�âLà!Û�Ý»ãQÙdÚ±Û{Ü|Û{Ü�Ý;Þ>ÙdÞ
ÜÏÞaãañaÛ�ßdÚ	Ù�ãaá
ÝdÞMÛ�Ý�à�â*éMï
â*Ú	Ù�å\Û{áaÝdñQà{Ù�ÞyèöãaÚ{Ý�ê�âLà�à�ÝdÚ	à*ì ��áaâ)ê�Ý;ÞQà±Û�Ú	Ù�ÜÏÞ;Û	à�Ù�Ú{âIJ
� í�â�æBÝ;Ú�î�øhèQÙ6Û{Ù^Ù�ÞQèfÜ�ÞQà±Û�Ú{ñQê�Û�ÜÏÝdÞyù�Jcâ�Ùdê	á�Ø����������
ãaÚ{Ý�ê�â�à{à�ÝdÚ+ê�Ù�Þ¨Ù;ê*ê�Ý;æ>æBÝ�èaÙ�Û�â)ÜÏÞQà±Û�Ú{ñQê#Û{Ü�Ý;ÞQà+ê*ÝdÞQà�ñaæBï
ÜÏÞaß»ñaãBÛ�Ý]�bt]s´æBâ�æ>ÝdÚ{îdì���Ü�æ>ÜÏåÏÙdÚ�åÏîdó;Ùoê	áQÜ�ã>ê*ÙdÞ
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Figure 9. The ML
�
KP Algorithm
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5.2. Building a Graph for Partitioning and Estima-
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5.3. MLKP Algorithms and Default Values
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5.4. Partitioning of SRAM
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5.5. Balancing
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5.6. Partitioning in the Presence of Large Nodes
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Figure 10. Example of a Large Node


�ÜÏßdñaÚ{â�þ��ZÜ�à�Ù�Þ´â�ôaÙdæBãQå�â>Ý�ç¸Ù�å�Ù�Ú{ßdâBÞaÝ�è�âIJ�Ù�à�ãaåÏÜÏê*â�è
Ù�Ú{Ú{ÙEî´Û{áQÙ6Ûöæ¥ÙEî^äyâ­ãaåÏÙ;ê�âLè^ÜÏÞfÙcãaÚ{Ý�ê�âLà�à�ÝdÚLì � à�ãaåÏÜÏê*â�è

Ù�Ú{Ú{ÙEî¥Ü�à=ÙdÞ�ÙdÚ�Ú	ÙEîBÛ�áQÙ�Û+áQÙ;à¸äyâ�â*Þ�äaÚ{Ýdõ;â*ÞZñaã�Ü�ÞMÛ{Ý>à�â*é;â*Ú	Ù�å
à±æ¥Ùdå�åÏâ*Ú­ãQÙ�Ú�Û{à­Ý�çmà�ÜÏæBÜÏå�Ù�Ú­à�ÜÏë*âdó
Û�Ý�äyâ�Ù�äQå�â^Û�Ý �aÛÀÜÏÞMÛ�Ý
Ù,ãaÚ�Ý�ê*â�à{à±Ý;Ú�ì ��áaâGà�ãaåÏÜÏê*â�è�Ù�Ú{Ú{ÙEîuÚ{â�	MñaÜÏÚ{â�à´þQ�Qó �v� �^äaÜ|Û	à
ø%�aó ���v�)ä�îMÛ�âLà{ù�Ý�ç�àJÛ{ÝdÚ	Ù�ßdâ
ø�æ>â*æ>ÝdÚ{î¥ñQà�â�èöÜ�Þ�Ù)ãaÚ{Ý�ê�âLà�à�ÝdÚ#ù#ì
� Ú�â*ç�â*Ú{â*ÞQê*âXÜÏÞ;Û{Ý(Û�áQÙ�Û´à�ãaåÏÜÏê*â�èýÙ�Ú{Ú{ÙEî;ó�Ý�çZÙ�à±Û�Ý;Ú�â�Ù�ÞQè
å�ÝMÙdèsó>Ü�à´ßdÚ{Ýdñaã9â�è§ò¸Ü|Û{á§Û{áaâuà±ãQå�Ü�ê�âLè ÙdÚ�Ú	ÙEîdóBå�âLÙdè�ÜÏÞaß�Û�Ý
Ú�â�	MñaÜ�Ú{â*æ>â�Þ;Û	à�Ý�çK�aó �v���%æ>â*æ>ÝdÚ{î)ä�îMÛ�â�à�óaþN�+Ú{â*ß;ÜÏà±Û�â�Ú{à!Ù�Þyèöþ
äaÜ�Û±ï~Ú�â�ßdÜ�àJÛ{â*ÚLì ��áaâ%åÏÙdÚ�ß;â¸æ>â*æ>ÝdÚ{î
Ú{â�	MñaÜÏÚ{â*æ>â*ÞMÛ%ø4��ó �����)Ýdñ�Û
Ý�çoÛ�áaâ �Qó �IE���ô2�³ä�îMÛ�âLà�ÙEé6Ù�ÜÏåÏÙdäaå�â�ÜÏÞfÙ´ãaÚ{Ý�ê*â�à{à±Ý;Ú	ù
æ¥Ù�õ;â�à
Û�áaÜ�à¸ÞaÝ�è�â�Ù>å�Ù�Ú{ßdâoÞaÝ�è�âdì

�+ñaÚ{ÜÏÞaß�äaÜ�à±âLê#Û{Ü�Ý;ÞKóaå�Ù�Ú{ßdâ�ÞaÝ�è�âLà¸Þaâ*âLèZÛ�Ý¥ä9â�Û{Ùdõdâ�ÞZÜÏÞMÛ�Ý
Ùdê�ê�ÝdñQÞ;Û¥à�â*ãQÙdÚ{Ù�Û�â*åÏîcä9â�ê*ÙdñQà�âöÛ{áaâ*î,Ùdè�é;â*Ú	à±â�å�îcÙ6÷\â�ê�Û�Ù�Þ�î
äaÜ�à±âLê#Û�ÜÏÝdÞ´Ù�åÏßdÝ;Ú�Ü�Û�áQæ�ñQà±âLè³Û{Ý�äQÙ�å�Ù�ÞQê*â
åÏÜÏõdâ>ÞaÝ�è�â�à�èañaÚ�ÜÏÞaß
Û�áaâ�ÜÏÞaÜ�Û�Ü�Ù�å�ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜÏÞaßQì q%Þaâ,Ý�çöÛ{áaâuãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞQàÀò¸Ü�åÏå
Ý�ç�Û{â*Þ¨â�ÞQè­ñaã­ä9â*ÜÏÞaßmÛ�Ý�ÝZáaâ�ÙEé�îdì � ÝdÞQà�ÜÏèaâ*Ú%Û�áaâBç�ÝdåÏåÏÝ6ò¸Ü�Þaß
â�ôaÙ�æ>ãaåÏâdì��­â´Ù�Ú{â�Û{Ú�î�ÜÏÞaßGÛ{ÝXãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞuÛ�áaÚ{â*â­ÞaÝ�è�â�à �
ø ���aó �dÿaó ��ù#ó s ø%���aó�þ��aó �;ù­Ù�Þyè � ø6���Qó �dÿ�ó ��ù¨ÜÏÞMÛ�Ý
ÛJò/Ý´ãaÚ{Ý�ê�âLà�à�ÝdÚ	à�ò¸Ü�Û�á�Ú{â�à�ÝdñaÚ	ê�âZê�Ý;ÞQàJÛ{Ú{ÙdÜ�ÞMÛ	à
Ýdç>ø4�dÿ��aó#�X��ó
�;ù¨â�Ù;ê	áKì ��áaâuê�Ý;æ�äaÜÏÞaâ�è§ò/â�Ü�ß;áMÛÀÝdç�Û�áaâ,Û{áaÚ�â�â^ÞQÝ�èaâ�à
øJþN���aóK���Qó!þ �Mù �aÛ{àoò·â*åÏå]ò¸Ü�Û�áQÜ�Þ­Û�áaâ>ê�Ý;ÞQà±Û�Ú	Ù�ÜÏÞ;Û	à=Ýdç/Ù¥ÛJò·Ý�ï
ãaÚ{Ý�ê*â�à{à±Ý;Ú
à�Ü�ë�â�èXãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞ(ø?ÿ�þ.��óM���Qó=þN�;ù#ì ��áQâ*Ú{â�ç�ÝdÚ{âdó�Ü�Û
ò/Ý;ñaå�èuäyâ´é6Ù�åÏÜ�è�ç�ÝdÚ�â�ÙdÚ�åÏÜÏâ*Úmà±Û{ÙdßdâLàöÝdç�äaÜ�à±âLê#Û�ÜÏÝdÞfÛ�Ý,ãañ�Û
Û�áaâ�ævÛ�Ý;ßdâ*Û�áaâ�Ú�ì �=Ý6ò·â*é;â*ÚLó�â*é;â*Ú{îÀã9Ý;à{à�Ü�äaåÏâ�ê�Ýdæ
äaÜÏÞQÙ6Û{Ü�Ý;Þ
Ý�ç �)óbsÁÝdÚ � Ü�à¨ä9ÝdñQÞQè�Û�Ý2â�ôaê�â�â�è ê�Ý;ÞQà±Û�Ú	Ù�ÜÏÞ;Û	à�ÜÏÞ§Ù6Û
å�âLÙdà±ÛmÝ;Þaâ­Ýdç�Û�áaâÀãaÚ{Ý�ê�â�à{à�ÝdÚ	à*ì ��áaâ­äyÙ�å�Ù�ÞQê*Ü�Þaß,àJÛ{Ú{Ù�Û�â�ßdî
è�â�à{ê�Ú{ÜÏäyâLè�â�ÙdÚ�åÏÜÏâ*Ú�ò·ÝdÚ{õ�à �yÞaâ%ò¸áQâ*Þ�Û{áaâ»ÞaÝ�è�âoò/â�Ü�ß;á;Û	à/ÙdÚ�â
à±æ¥Ùdå�å¸ê�Ý;æ>ãQÙ�Ú{â�èÀÛ{Ý¨Û{áQÙ6Û¥Ý�çoÙ³ãaÚ{Ý�ê�â�à{à�ÝdÚLì �+Ý6ò/â�édâ*ÚLó�Ü�Û{à
â�	�ê*Ù;ê�î»äaÚ{â�Ùdõ�à]è�Ý6ò¸Þ�ò¸áaâ�Þ�ÞaÝ�è�â/ò/â�Ü�ß;á;Û	à]ÙdÚ�â�Ý�çQÙ+à�ÜÏæBÜÏå�Ù�Ú
æ¥Ù�ßdÞQÜ|Û{ñQè�â�Ùdà·Û{áQÙ6Û=Ýdç!ÙBãaÚ{Ý�ê�â�à{à�ÝdÚLì

��áaâ�ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQâ*Ú=ÙEédÝ;ÜÏèQà�Û{áaÜ�à¸ãaÚ{ÝdäaåÏâ*æ¢äMîöãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß
åÏÙdÚ�ß;â=ÞaÝ�è�âLà�ÜÏÞmÙ
à±â�ãQÙ�Ú	Ù6Û{â+ãQÙ;à�à�ãaÚ�ÜÏÝdÚ/Û�Ý�Û�áaâoÞaÝ;Ú�æ¥Ù�å9ãQÙdÚ±ï
Û�Ü�Û�ÜÏÝdÞaÜÏÞaßyì ��áQâ*îGÙ�Ú{âöè�Ü�à±Û�Ú{Ü�äañaÛ�â�è^Ùdê*Ú�ÝMà�à)Û�áaâZãaÚ{Ý�ê*â�à{à±Ý;Ú{à
ñQà�Ü�Þaß,ÙcÚ{ÝdñaÞQè�ï4Ú{ÝdäaÜÏÞuåÏÜÏà±Û�ó+à�ÝcÛ{áQÙ6ÛZÛ�áaâ�îuè�ÝXÞaÝdÛZê*Ú�âLÙ6Û�â
áaâ�ÙEé�îcãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞQà>Ù6Û>Û�áQâ�ãaÚ�Ý�ê*â�à{à±Ý;Ú
åÏâ*é;â*å4ì �VÙdÚ�ß;âmÞQÝ�èaâ�à
ßdâ*Û�ãQÚ�âLÙ�åÏå�Ý�ê*Ù�Û�âLèmÙ�Û=äyÝdÛ�áZÛ�áaâ)ê	áQÜ�ã�Ù�ÞyèmãQÚ�Ý�ê�âLà�à�ÝdÚ·åÏâ*édâ�åÏà�ì
Ø�Ú{â�Ùdå�åÏÝ�ê*Ù6Û{Ü�Ý;Þ+Ü�àsã9â*Ú�ç�ÝdÚ{æBâLè»à±Ý�Û{áQÙ6ÛVäQÜÏà�â�ê�Û�ÜÏÝdÞaÜÏÞaß=è�Ý�â�àKÞaÝ�Û
áQÙEédâ�Û{Ý�è�âLÙ�åQò¸Ü�Û�á�Û�áaâLà±â=å�Ù�Ú{ßdâ¸ÞQÝ�èaâ�à�ÙdÞQè>æ¥Ù�õ;â=Ù)ê	áaÜÏã�ÝdÚ
ãaÚ{Ý�ê*â�à{à±Ý;Ú%áQâ�ÙEé�î�äyâ�îdÝ;ÞQè­ê*ÝdÚ{Ú�âLê#Û{Ü�Ý;ÞKì �%à�ÙZßdâ*ÞQâ*Ú	Ù�å!Ú�ñQå�â
Ý�çKÛ{á�ñaæ�äKóaÙ�åÏÙdÚ�ß;â+ÞaÝ�è�âoÜ�à/Ý;Þaâoò¸áaâ*Ú{â%Ù�Û·åÏâ�Ù;àJÛ�ÝdÞaâ%Ý�çKÛ{áaâ
Ú�âLà±Ý;ñaÚ	ê�â�Ú{â�	MñaÜÏÚ{â*æ>â*ÞMÛ{à]Ü�àM� � � ÝdçQÛ{áaâ¸à±ÜÏë*â�Ý�çQÛ�áaâ¸Ùdè �JñQàJÛ{â�è
ÙEé6Ù�ÜÏåÏÙdäaå�âoãaÚ{Ý�ê�â�à{à�ÝdÚ�Ú�âLà±Ý;ñaÚ	ê�â�à�ì

5.7. Balancing Infeasible Partitions

�¸ç�Û�â�Ú�ñaÞyê�Ý;ÙdÚ{à�â*ÞQÜ�ÞaßoÛ{áaâ �QÞaâLàJÛ�ß;Ú{ÙdãaáKódÙdÞQèBãaÚ{Ü�Ý;Ú!Û�Ý)Ú{â�ï
�QÞaâ�æBâ�ÞMÛ�Ý�ç\Û�áyÙ6Û�ß;Ú{ÙdãaáKódÙdÞ¥â�ô�Û�Ú	Ù»ãQÙdà{à�Ý6é;â*Ú!Û�áQâ=ÞaÝ�è�â�à�Ü�Þ
Û�áaâoßdÚ	Ù�ãQá�Ù6Û±Û{â*æ>ã�Û	à�Û{Ý�äQÙdåÏÙdÞQê�âoê�Ý;ÞQàJÛ{Ú{ÙdÜ�ÞMÛ	à�Ý�ç]Ü�Þ�ç�âLÙdà�Ü�äQå�â
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞyà*ì¥ú«ÞÀÛ�áQÜÏà�ãyÙdà{à»ò/â¥Ý;Þaå�îÀê�Ý;ÞQà±Ü�è�â�ÚoÚ{â*ß;ÜÏà±Û�â�Ú)Ù�ÞQè
äaÜ�Û±ï~Ú�â�ßdÜ�àJÛ{â*Ú·Ú�âLà±Ý;ñaÚ{ê*â�à!Û{áQÙ6Û=ÙdÚ�â%åÏÙdÚ�ß;â*Ú�Û{áQÙ�ÞöÛ�áaâ»Ùdè �JñQàJÛ{â�è
ÙEé6Ù�ÜÏåÏÙdäaå�âoãaÚ{Ý�ê�â�à{à�ÝdÚ�Ú�âLà±Ý;ñaÚ	ê�â�à�ì

�­â%ÜÏè�â�ÞMÛ�Ü�ç�î�Û{áaâ=áaâLÙEéMÜÏâ�à±Û�ÞaÝ�è�â¸Ýdç9Û{áaâ=Ú{â�à�ÝdñaÚ	ê�â·Û{áQÙ6Û�Ü�à
æ>Ý;à±Û+Ü�æ
äQÙ�å�Ù�Þyê�â�è�ÜÏÞ¨Ù¥ß;Ü�é;â*Þ�ÜÏÞ�ç�â�Ù;à±ÜÏäaåÏâ�ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞKì ��áaâ*Þ
ò/â·Ù6Û�Û�â*æ>ã�Û�Û�Ýoà±ò�Ù�ã»Û{áaÜ�à]ÞQÝ�èaâ�ò¸Ü�Û�á
Ù=ÞaÝ�è�â�ç�Ú{Ýdæ ÙdÞaÝ�Û{áaâ*Ú



ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞcÛ{áQÙ6Û¥ê�Ý;ÞQà�ñaæ>â�à
å�âLà�à
Ú�âLà±Ý;ñaÚ	ê�â�à�Ùdà
å�Ý;Þaß­Ù;à)Û{áaâ
Û{Ù�Ú{ßdâ*Û=ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞ�Ú{â*æ¥ÙdÜ�ÞQà¸ç�â�Ùdà�ÜÏäaå�â
Ù�ÞQèZÛ{áaâ�ÜÏæ�äQÙdåÏÙdÞQê�â�ÜÏÞ
Û�áaâ´ÜÏÞ�ç�â�Ù;à±ÜÏäaåÏâÀãyÙ�Ú�Û�Ü�Û�ÜÏÝdÞ(ÜÏà�Ú{â�è�ñyê�â�èKì û+Ý�Û{â­Û{áQÙ6Û�æ>ÝdÚ{â
Û�áQÙdÞ¥ÝdÞaâ%ÞaÝ�è�â+æ¥ÙEîBÞaâ*âLè>Û�Ý)ä9â+æ>Ý6é;â�è>ÜÏÞ�ÝdÚ	è�â*Ú�Û�Ý)æ¥Ùdõdâ
Ù�ÞcÜÏÞ�ç�â�Ù;à±ÜÏäaåÏâ�ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞGç�â�Ùdà�ÜÏäaå�â;ì ��áaÜ�à�ãaÚ{Ý�ê�âLà�à�ÜÏÞ�édÝ;å�é;â�à
â�ô�áQÙ�ñyàJÛ{Ü�é;â>ê*Ýdæ>ãQÙdÚ�Ü�à±Ý;Þ¨Ýdç·ÞaÝ�è�âLà*ì �=Ý6ò·â*édâ�Ú�ó]à±ÜÏÞQê�â¥Ý;ÞaåÏî
Ù�ç�â*ò ãyÙ�Ú�Û�Ü�Û�ÜÏÝdÞQàBÙ�Ú{âöÜÏÞ�ç�â�Ù;à±ÜÏäaåÏâdó!ÛJî�ãaÜ�ê*Ùdå�åÏîcÙ�ä9Ýdñ�Û � � Ý�ç
Û�áaâ­Û�ÝdÛ{Ù�åoÞ�ñaæ�ä9â*Ú�Ýdç�ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞyà*ó¸Û{áaâ­Û�ÜÏæBâ´ê�ÝMàJÛ�Ü�àöÞaÝdÛ
ãaÚ�Ý;áaÜÏäaÜ|Û{Ü�é;âdì
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��áQâ)ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞQâ*Ú=Ü�à=ò¸Ú{Ü|Û�Û�â�Þ�Ü�Þ � � �
óyÙdà=Ü�à¸Û{áaâ)Ú{â�à±Û=Ý�ç
Û�áaâ)ê*Ýdæ>ãaÜÏå�â�Ú�ì�ú~Û	à=ÜÏÞaãañ�Û%ÜÏà=ÙdÞ�Ü�ÞMÛ�â�Ú�æ>âLè�ÜÏÙ�Û�â)ê*Ý�èaâ»Û�Ú{â*â»Ý�ç
ø�ú 
�ù)ÞQÝ�èaâ�àBÜ�æ>ãaåÏâ*æ>â�Þ;Û{â�è^ÙdàBÙ¨åÏÜ�ÞQõdâ�èXàJÛ{Ú�ñQê�Û�ñaÚ{âZÝdÞcÛ{áaâ
� � � áQâ�Ù�ãVì%ú~Û	à+Ý;ñ�Û�ãañaÛoÜ�à=Û{áaâ>à�ÙdæBâ
ßdÚ	Ù�ãaá³Ùdå�åÏÝ�ê*Ù�Û�â�è�Û�Ý
ãaÚ�Ý�ê*â�à{à±Ý;Ú{à�ó·ê	áQÜ�ãQà�ó+ÙdÞQè�äyÝMÙ�Ú	èaà�ì ��áaÝdñQßdáfà�ñQê	áfÙGáaâLÙ�ã
àJÛ{Ú�ñQê�Û�ñaÚ{â´ÜÏà¨ò/â�å�å
à±ñaÜ�Û�âLè�Û�Ý�Û�áQâGé6Ù�Ú{Ü�â*ÛJîfÝ�ç¥Ýdã9â*Ú	Ù6Û{Ü�Ý;ÞQà
Ú�â�	;ñQÜ�Ú{â�è�èañaÚ�ÜÏÞaß>ê�Ý�è�âoßdâ�Þaâ*Ú	Ù6Û{Ü�Ý;Þ�Ù�ÞQèmà�ê	áaâLè�ñaåÏÜ�ÞQßQó�Ü|Û¸áQÙ;à
Ù%Þ�ñaæ
äyâ�Ú�Ý�ç\è�ÜÏà{ÙdèaéEÙdÞMÛ{Ù�ß;â�à]ç�ÝdÚ!Û{áaâ¸ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQßoãQÚ�Ý�ê�âLà�à�J
� Û�áaâBÞaÝ�è�âLà%ê*ÝdÞMÛ{ÙdÜ�Þ³æ
ñQê	á¨èaÙ�Û{ÙöÞaÝ�Û»Þaâ*âLè�â�è�ç�ÝdÚ»ãQÙ�Ú�ï
Û�Ü�Û�ÜÏÝdÞaÜÏÞaßyó�Ü�ÞQê*Ú�âLÙdà�Ü�ÞQß
Û{áaâ�æ>â*æ>ÝdÚ{î¥ñQà{Ù�ß;âdó

� å�ÜÏÞaõ�ÜÏÞaß³ÞaÝ�è�âLà�Ù�Þyècê�Ú{â�Ù6Û{Ü�ÞQß³à±â*Û{à)ñyà±ÜÏÞaß³åÏÜ�ÞQõdâ�è´åÏÜ�àJÛ	à
ê�Ý;ÞQà±ñQæBâLà�æ>ÝdÚ{â%æ>â*æ>Ý;Ú�î¥Û{áQÙ�Þ�Ü�à�Þaâ�ê*â�à{à�ÙdÚ�î;ó

� Û�áaâ­ßdÚ	Ù�ãaáuÜ�à�ò¸Ü�è�â�å�îuà�ãaÚ�âLÙdè,Û{áaÚ�Ý;ñaßdáQÝdñ�Ûöæ>â�æBÝ;Ú�î;ó
ê*ÙdñQà±ÜÏÞaß^ãyÝ�ÝdÚZåÏÝ�ê�Ù�åÏÜ|ÛJî�ò¸áaâ�Þ�Ù;ê*ê�âLà�à�ÜÏÞaßXÞaÝ�è�âLà�Ù�ÞQè
â�è�ß;â�à�óaÙ�ÞQè

� ê�Ú{â�Ù�Û�ÜÏÞaß>ÞaÝ�è�â�à=ÙdÞQè�â�èaßdâ�à�Ü�à+Ù>Ú{â*å�Ù6Û{Ü�é;â*åÏî�â�ô�ã9â*ÞQà�ÜÏédâ
Ýdã9â*Ú	Ù6Û{Ü�Ý;ÞKó=Ú{â�	MñaÜÏÚ�ÜÏÞaßGÚ{â*ã9â�Ù�Û�â�è2áaâ�Ùdã�Ùdå�åÏÝ�ê*Ù6Û{Ü�Ý;ÞuÝ�ç
à±æ¥Ùdå�åKê*Ýdæ>ãyÝ;Þaâ*ÞMÛ	à*ì

ðoÚ	Ù�ãQáQà¸Ù�Ú{â�Ú�â�ãaÚ{â�à�â*ÞMÛ�âLè�ÜÏÞ³ÙBê*Ýdæ>ãQÙ;ê#Û¸ç�ÝdÚ{æ�óaÞQÙdæBâ�å�î;ó
ò¸Ü|Û{á>Ù»à�â�Û�Ú{â*ãaÚ{â�à�â*ÞMÛ�âLè)ä�î
ÙoÚ	Ù�Þaß;â/ÝdçyÜÏÞQè�Ü�ê�âLà�Ü�Þ>Ù�Þ¥ÙdÚ�Ú	ÙEîdì
�¢þ�J�þ>æ¥Ù�ãQãaÜ�ÞQßZÝdç·ÜÏÞQè�Ü�ê�âLà)Ù�Þyè¨ú 
fÛ�Ú{â*â>ÞaÝ�è�â¥Ü�è � à»õ;â*â�ãQà
Û�Ú	Ùdê	õ³Ýdç·Û{áaâöÞQÝ�èaâ�à�ì ��áaÜ�à)Ü�à�Ù¨ê�Ýdæ>æ>ÝdÞ´Ú{â*ãaÚ{â�à�â*ÞMÛ	Ù6Û�ÜÏÝdÞ
ñQà±âLè¨ä�î³ß;Ú{Ùdãaá­Ùdå�ß;ÝdÚ{Ü|Û{áaæ¥à*óKÙdÞQè­ÜÏà»æ
ñQê	á­æ>Ý;Ú�â¥à�ñaÜ|Û	Ù�äaåÏâ
ç�ÝdÚoâ�ôaÙ�æ>ÜÏÞaÜ�ÞQßöÛ{áaâ¥ê�ÝdÞQÞaâ�ê�Û�ÜÏÝdÞ³ãaÚ{Ýdã9â*Ú�Û�ÜÏâ�àoÝdç�Û�áaâ>ß;Ú{ÙdãaáKì
û=Ý�è�â�à]Ù�ÞQè)â�è�ß;â�àVÙdÚ�â/Ù�ÞaÞaÝdÛ{Ù�Û�â�è»ò¸Ü�Û�á
Ú�âLà±Ý;ñaÚ	ê�â�ê�Ý;ÞQà�ñaæ>ã�ï
Û�ÜÏÝdÞXÙdÞQèsó�â*é;â*ÞMÛ�ñyÙ�åÏå�î;ó�ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞGÜÏÞ�ç�Ý;Ú�æ¥Ù6Û{Ü�Ý;ÞKì � Ú{â�Ù�Û�ÜÏÞaß
à±ñQê	á´ÙZÚ�â�ãaÚ{â�à�â*ÞMÛ{Ù�Û�ÜÏÝdÞ¨Ü�à)à±Û�Ú	Ù�ÜÏßdáMÛ±ç�Ý;Ú�ò�Ù�Ú	è³ÙdÞQè¨ÜÏÞaâ*ô�ã9â*Þaï
à±ÜÏédâ;ó�äañ�Û+æ>Ý�è�Ü��yê*Ù�Û�ÜÏÝdÞQà�Û{Ý>Û�áaâ�ß;Ú{ÙdãaáKó�Ý;ÞQê�â)ê*Ú�âLÙ6Û�âLèsóaÙ�Ú{â
â�ô�ãyâ�ÞQà�Ü�é;âdì �Àâ³ÙEédÝ;ÜÏèXÛ�áaÜ�àöê*Ý;à±Û¥äMî,ê	áQÙ�ÞQßdÜÏÞaß´ÝdÞaåÏîGÛ{áaâ
Ù�ÞaÞaÝdÛ{Ù�Û�ÜÏÝdÞQà·ÝdÞyê�âoÛ�áaâ�ß;Ú{ÙdãaáZáQÙdà�ä9â*â�Þ�ê*Ú�âLÙ6Û{â�èsì

��à�ãQÙdê*â
Ý;ã�Û�ÜÏæ>Ü�ëLÙ6Û{Ü�Ý;Þ¨Ü�àoèaÝdÞaâ>è�ñaÚ{Ü�ÞQßZê*Ý;Ù�Ú	à�â*ÞaÜÏÞaßQì»ú~ç
Û�áaâ�ê	áQÙdÞaßdâZäyâ*ÛJò/â�â*Þ,ÛJò·Ý­åÏâ*é;â*å�à>Ý�çoê*Ý;ÙdÚ{à�â*ÞaÜÏÞaßÀÜÏà¥à�æ¥Ù�åÏå
ø6� � ù�ó�Û�áaâ)ê	áyÙ�Þaß;â�à�Ù�Ú{â�ê�Ýdæ
äaÜÏÞaâ�èsóaÙdÞQèmÛ�áaâ�ÜÏÞMÛ�â�Ú�æ>â�èaÜÏÙ�Û�â
ßdÚ	Ù�ãaáZÜÏà%è�Ü�à�ê�Ù�Ú	è�â�èsì ��áaÜ�à=Ú{â�è�ñQê*â�à=à±Û�Ý;Ú{Ùdßdâ»Ú{â�	MñaÜÏÚ�â�æBâ�ÞMÛ{à
ò¸Ü|Û{áaÝdñ�Û¥à�Ü�ß;ÞaÜ��9ê*Ù�ÞMÛ{å�î´Ú{â�è�ñQê*Ü�ÞQß­Ú{â �QÞQâ*æ>â*ÞMÛ>ãyÝMà�à�Ü�äQÜ�åÏÜ|Û{Ü�âLà
Ü�ÞmÛ�áaâ�ñQÞQê�ÝMÙ�Ú	à±â�ÞaÜ�ÞQß
ãaÚ{Ý�ê�âLà�à�ì

�+å�åVÛ�áaÚ{â�à�áaÝ;åÏèaà·ç�Ý;Ú=ãQÙdÚ±Û{Ü|Û{Ü�Ý;ÞaÜ�ÞQß�øhâdì ßQìÏó2� � ê�ÝMÙ�Ú	à±â�ÞaÜ�ÞQßQó
� � � åÏÙdÚ�ß;â�ÞaÝ�è�â�à�ó�â*Û{êdì ù»ò·â*Ú{â�è�â*Û�â*Ú{æ>Ü�ÞQâ�è»â*æ>ãaÜÏÚ{ÜÏê�Ù�åÏå�îoÙ�ÞQè
ê*Ù�Þ>ä9â+ê�Ý;ÞMÛ�Ú{ÝdåÏå�âLè
Ù�Û�Û�áaâ%ê�Ýdæ>æ¥Ù�Þyè�ï4åÏÜÏÞaâ¸Ý�ç\Û�áQâ+ê�Ý;æBãQÜ�åÏâ*ÚLì

��áaâ�ò/Ý;Ú�õ�Ú{â*ã9ÝdÚ�Û�âLè)áaâ�Ú�â�Ü�Þ
ò·Ù;àVÛ{áaâ�Ú�âLà±ñQå|Û�Ý�çK�+ã9â*Ú	à�ÝdÞ�ï
îdâLÙ�Ú	à*ì ��áaâ³Ù�ÜÏæ�Ýdç%Û{áaâ�ò/Ý;Ú�õcò�ÙdàBÛ{Ý´ãaÚ�Ý�è�ñyê�â�Ú�â�å�Ü�Ù�äQå�â
ãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞyàöÜÏÞ2Ù�Þ2Ü�ÞQèañQàJÛ{Ú�Ü�Ù�å�ï«àJÛ{Ú�â�Þaß�Û{á2ê�Ý;æBãQÜ�åÏâ*ÚLó+Ù�Þyè�Û�Ý
ãaÚ{Ý6éMÜ�è�âoßdÝ�Ý�èöæ¥ÙdÜ�ÞMÛ{ÙdÜ�ÞyÙ�äaåÏâoê*Ý�è�âdì��uáaÜÏå�àJÛ=æ¥Ù�ÜÏÞMÛ{ÙdÜ�ÞQÙdäaÜÏå|ï
Ü|ÛJî�Ýdç�Û�áaâ>ê�Ý�è�â
ÜÏà%ÞaÝdÛ»ÙdÞ³ÜÏà{à�ñaâ)ç�Ý;Ú+Û{áaÜÏàoãQÙdãyâ�Ú�ó9Ü�ÛoÜ�àoÜ�æBï
ãyÝ;Ú±Û	Ù�ÞMÛ=Û{ÝmÞaÝdÛ�â�Û�áQÙ�Ûoà�ñQê	á¨Ù�ß;Ý;ÙdåVò�Ùdà=Ý;ä�Û{ÙdÜ�ÞQâ�è�ÜÏÞGþLÿ�t
å�ÜÏÞaâLà�Ý�çsáaâLÙEéMÜÏåÏî;ï«ê�Ý;æ>æBâ�ÞMÛ�â�è � � �2ê�Ý�è�â�ø?Ù)ÿ �-J ÿ �oÚ	Ù6Û{Ü�Ý�Ýdç
ê�Ý;æBæ>â�Þ;Û	à·Û�Ý�ê*Ý�èaâLù#ì
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�­â­Ú�â�ãyÝ;Ú±Û�Ý;Þuâ�ô�ãyâ�Ú�ÜÏæ>â*ÞMÛ{Ùdå=Ú{â�à�ñaå|Û	à�Ý;ä�Û{ÙdÜ�ÞaâLè,ò¸áaâ*Þ
Ú�ñQÞaÞaÜÏÞaß³Û{áaâZØ ���������¢ê�Ýdæ>ãaÜÏåÏâ*ÚBÝdÞ^Ù¨Þaâ�ô�Û>ßdâ�Þaâ*Ú	Ù6Û{Ü�Ý;Þ
��Ø ��� � ãaÚ{Ý�ê�â�à{à�ÝdÚKè�âLà±ÜÏßdÞKó6ÙdÞQè)ê�Ý;æ>ãQÙ�Ú{â�ÝdñaÚVãQÙ�Ú�Û�Ü�Û�ÜÏÝdÞaÜÏÞaß
Ù�åÏßdÝ;Ú�Ü�Û�áaæ�Û{Ý>Û�áQÙ�Û=Ü�æ>ãaåÏâ*æ>â�Þ;Û{â�èZÜÏÞmÛ{áaâ�áQí�â*Û�Ü�à�Û�Ý�Ý;å?ì

7.1. Experiments with 1, 2 and 4 CPU designs

�]Ùdäaå�â»þ�à±áQÝ6ò=àKÛ{áaâ/Ú{â�à�ñaå�Û{à�ÝdäaÛ{Ù�ÜÏÞaâLè)ä�î)ê�Ý;æBãQÜ�åÏÜ�ÞQßoà�â*éMï
â*Ú	Ù�å �����³è�âLà±ÜÏßdÞyà!ç�ÝdÚ�Ù»ÞQâ�ô�Û�ßdâ�Þaâ*Ú	Ù6Û{Ü�Ý;Þ
ß;â*Þaâ�Ú{Ùdå�ãañaÚ{ãyÝMà±â
ãaÚ{Ý�ê*â�à{à±Ý;Ú�ì �=â�à�ñaå|Û	à)ç�Ý;Ú �Àè�â�à�Ü�ß;ÞQà)Ýdç+è�Ü�÷9â�Ú�â�Þ;Û>à±ÜÏë*âLà
ÙdÚ�â
à±áQÝ6ò¸Þ J!â�ô�ñKó�ÝdÞaâ»ÝdçVÛ�áQâoõ;â*î¥æ>Ý�è�ñaåÏâ�à·ÜÏÞQà±Ü�è�âoÛ�áQâ � Ø#r �sþ
� ØEr�ósÛ�áaâ�èaâ�à�Ü�ß;Þ¨ç�Ý;Ú»Û�áaâ � Ø#rýÜ|Û	à±â�å|ç!�M� � ØEr�óVÙ�æ�ñaå�Û�Ü�ï
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7.2. Performance comparison against hMetis
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�+âLà±ÜÏßdÞ �*q � �VÚ{â*â»ÞaÝ�è�âLà ðoÚ	Ù�ãaáZÞaÝ�è�âLà � Ýdæ>ãZÛ Ø�Ù�Ú�Û/Û � Ýdæ>ã�æBâ�æ Ø�Ù�Ú�Û·æ>â*æ ��ã9â*âLè
â�ô�ñ þEÿ9�Qó�þN�aþ �X�IEaó �aþdþ � �X�aó ���aþ ���X�6à �aþdì �;à ����þdì1��í s þQ�X��í s þ;þ �Bõ �+ë
þ � ØEr þdì �X��í ��ó^��þEÿ�ó �aþN� þdó �X� �aó ����� ÿ�ó �;ÿ��dà ���9�dà ÿ�ó^��E �dí s ÿ'EQþoí s ���dõ��=ë
� � ØEr �aì ÿ��dí ÿ�ó ���v�aó E;ÿ�� ��ó^��þN�aó �Mÿ � þ�EQó �����dà � �X��à þ;þdó ��� �dí s ��E��;í s �v��õ��=ë
� � ØEr �Qì E;í þ��aó ��� ��ó1�'Ev� �Qó E�� �aó1�9�;ÿ � �Qó �QþN��à þ;ó1�9���;à �dÿaó ��� �
í s þ;ó �����;í s ÿaì1�6õ��=ë

Table 1. Results
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þ;ó � ���
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Ú	Ù6Û{Ü�Ý ��ì � � �Qì �X� �Qì1�dÿ þ �Qì �v� �Qì �Qþ

Table 2. Comparison with hMetis
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�+ï � Ùdê	áaâ»Ú{â�Ùdè ��þdó ÿ����
í �aó �v� �Bí
�+ï � Ùdê	áaâ»Ú{â�Ùdèöæ>ÜÏà{à þdó � �yþoí þN���
í
æ>Ü�à�à-pEÚ{â�Ù;è � �Qì � � �Qì1� �
��ï � Ù;ê	áaâoÚ�â*ç �9�aó ÿ�þN�
í �aó �X� �Bí
��ï � Ù;ê	áaâoæBÜ�à{à±âLà ÿv�9�Bí ��þ�í
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í þdþ�í

Table 3. Cache behaviour comparison with
hMetis
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7.3. Experiments with different processor sizes
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