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Bypassing Protocol Stack in Socket Communication on Myrinet

Ryoichi Nakai, Shigeru Kusakabe, and Keijiro Araki

Graduate School Information Science and Electrical Engineering, Kyushu University

Recent performance improvement of hardwares makes software overheads more outstanding.

Although communication libraries for high performance networks with reduced software

overheads have been proposed, their interfaces are different from socket interface generally

used. Thus, existing applications using socket interface are unable to use these libraries

without rewriting by using interfaces specific to such libraries. In this paper, we propose a

socket communication mechanism for Myrinet, which has general socket interface and low

software overheads by bypassing the existing protocol stack.
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1 �������FtGJH
Myricom � [ Myrinet[1]

[	��
 �
�����fKM�Rt�ZËJ[q�Z�djZlZStP(UTVÌWkYdz����m~��Z�#a��a����	��
 aJ�T���f�É��[���
Ñ�O�t�tjtltSTPLUOVQWYd¡tH�� �b["!$#ZÒy��% &m�J�"'$(*),+$-Jsfu���.

{Rt�ZËZh ­ Ë0/�1ka"2y�y�3!$#ZÒ54t[XjJlya�687¤ e� {�/�qei�#��k»#�t�kz� �HX�J�ZjZlZStP(UTVÌWJYd��9 �J�m�
: �Z±Z°d[kStP(UTVÌWkYf[TÃtÅZ�Zef]d^y��;���<J�³r�/� § z\±\�f� § e=
?>Z�J±J¡f�qe��QjZl#��.=
nkaZ¡tHQg�PbhTzJjZl @�AkaT�Z�t�m�qjZl$B�C�D$4a�Ey¹f�XH g�PbhTz ! #ZÒ�[5FHG¬� § jZl$@y[�4t�IKJ ���ynZa�LNM#�XSfPCUdVTWJY v PJwyx:K�U § Hg�Pbhkat}b�d�XjJl�[Z� OJ[Tsduy��Ey¹#�Jnka�L5M�yorp:MQVÉWkY v PTwfx>KfU¥z�P Lt���k��Od±ZÂf�d�jZlZStP(UkVrWdYZ[X]d^m_O`yaN�5Q HkjZl R$Sb°[i�Ì[daN�Ì�qjZl B$C5D 4k¡�T�Um~Ta�V$WYX �/�Z��qe��#�T�k�kH�Zy��RbÇ�«BÇ\[6K^] _kg�PbhÌw/Ëd[
�N
¥��! #ZÒZSdP2UkVrWtYJ[T]J^�_O`yaN�r�t�qSJPUXVOWdY v Ptw\x6K\UT�`V�WYX �/�f�t�Xem�\�f�O[� OkHmoOp2M VÌWJY v Pdw\x6K\UQaN�O��B$C5D$4Xz|Z}m~ka�a���7���Q HtFJG�±J¡kjdl�a"2��y��b M ÊILKTR § �\�d�#�\�f�d�Te��f�°y�É±qHXo pLM�V{WqY v PTwJxmKkU{�O�k�k�y�T��Oa
ckP�d5egfTÊf�k�djkly�O�T�#�/�

(AM[2]
H

FM[3]
H

PM[4]
� h

)
z�i$j8X �mHlk�Pm) Ï ¤$n X � �f�d�y��k»#�XHb� �: HcfP dNe�fJÊ#�Z�JjJl��t�T�b�L��¡°É��oO�

API
_�[�Z ¯ /�pqRJËqzT¨y�J�T��2qQ H
r´m[

TCP/IP § ok¦mK M�� ¤ e�� sltuX����k«2Çv ��1k¡f°Z[\�d�t±J¡�w ¤ �m��� § z�³O´kµfH"xb�a�c#P�d�e�fdÊ��\�#j\li�J�d�i�<� ¤ [
API
� ¤ei�t«2Ç v ��1d�J·i��y#�Kz�{yzbÂ#�J�y�OÅ �|Q H«BÇ v ��Z#¡�xb�ta�cfP�d�e3fdÊ#�J�JjZlb�T�t�b�� ¤ a

API
��}�~m�J�"2i�XHy°f[

API
� ¤ em�X«Ç v ��1T�k·b��yJ�$z${ya��  ¥��H�a��J�Kk3P�ÈTËM ��{Z�i�b� § a\�y�\�¼Z½d¾ ±J¡ v�� eÌP�/�p ¯ v ­ Ë0/�1t[q«BÇmMÌÈÊ>ËkhJKrRO�Ìwy�XÍmË �b�#or¦fK�M jtldÒtÓ

[5]
aOÅe��kÔtÕ��Z�f�r[moq¦yK�M jZlZÒZÓy¡X�Z�ZjJlZSJPUJVOWfY

Myrinet
¤ [ od¦bK M jylyÒyÓi±��0r#´[

TCP/IP
a�2��b��oX¦mK M

API § Á ¸f]b[fÂ#�
API
�kÃfÅ �t°f[#�lOkH�oT¦�K M

API
� ¤ ei����y[�+ -�Yq« �¥¦�P ­6® ¯ ����� �b�ta
Myrinet

R�fËthr`y±XÏ .y±f�J�f� XT Oa
Myrinet

[�� �#��L

»#�t�"�${���oOp2M V�WdYXsZuy���J�J�m��� § ±iop2M VOWtY v Pkw#xBK#UÉ�T�Z���d�qem�\�T�t�kH��[�oO¦bKiM jJlZÒZÓy¡��$��[OjflZSJP:UkV�WJYJ���¤ ���q¿ZÀy±#["w ¤ ���$�m�t��2�Q H
Myrinet �$�[XjdlZSdP2UTV�WJYJ±�% &YX �/�
!�#ZÒ § [Ojflb[nk¡XjZÆb[ v�� eÌP�/�p ¯ v ­ Ë�/�1d[X«BÇ�MÌÈ�ÊËZhmKkRd� ¤ ei�kj\l���.�
Ì� § zi³X´��y� �N� H¼Z½d¾ Ak±Z¡i�O[�oT¦�K�M jdlZÒZÓy�k�J�/oq¦�K�MjflZÒfÓ §0��� �i�\�

2 Myrinet�É[0�\±t¡O�k�kjtlkSXP6UOV�WÌYT[Ì¢TÅf±JÂ�Qg� ¼
���Za32Te\�OjklkSXPBUOV�W�Y § �X� ¤ e\� Myrinet

H
2����

Myrinet
�"� �t���t� OJ[>UÉ�X�qwbaqÅde��

��� ���\�
2.1 Myrinet

Myrinet
¡k�kw ¯ U �fHk�$B$C��qÍ�¦iKmM¢¡Z¸$£

¤ [T�J]Z^ZjZlZStP(UkVrWdYd±fÂuQ H	¥r¢iRd�\Ëdh
¦ [�!�#ZÒ�¥3§���%$&t�m�J� OJ[qI/KmMrN�P�R § ���6�7 ¤ e/ �� �Te��f�

Myrinet
¡ZH

NIC(Network Interface Card)
H$;

¨�© [<� ¯ R H«ªbK�M�Ë�Ê\P�) ÊyP�/�p ¯ v ��.=
Ëk�>K
¬Z»i �Ó�t�X �B�f�
Myrinet-NIC

¡
NIC

¦ ak«LÇ\[2KH] § Ç{P�ªÌÊF^G �Ñ��­f¹d�32®Q Hk��[O«>Ç¯[iK°]fa"±�²É[tp�³ªP
1yVrWdYJ�TÏ .8X ´>�b� § a��r�t�"±8²�[�gyP�h�µ¶ £ ¤ �tÏ�·Z�i�b� § z�¸f^�±\Ây�\�

Myrinet
¡XH

heartbeat
a��Q�q�3;#�d[L� ¯ R0¹#[

!�#ZÒ#z J s��J�qe��k»f��º�&i~kaK¬ZWÉKTRZ�XH#pÇ P���� §^» �QP����Za5�{�Ì�	FqK¼[dP ½Z[3¾ ¶ § FK¢[dP$½Z[�¾ ¶�¿�À ��Á�Âk���J� �X�qH
Myrinet-NICz

CRC
¬JWQKORT�".m
ª[k±tl�ÃZ]/���87¥H

Myrinet� ¤ e��Ojfly±d¡kjZld|$��[�ÄZu Å�e0ftÊ �T±�ÆZÏaNF\K\[�Ç�½#��È������ § z Á�Â8Xª���Xem�y�
2.2 Myrinet É�Ê�Ë3Ì

Myrinet
U{�q� wy¡

Myrinet-NIC
�
���y�ÌH

Myrineta��O� gbP�h�µ ¶ ��.Í
 ��J�/oq¦�KmM jZlJÒJÓy±Z¡XjZl�Dka"P$LJ���Qg�Ph�È�ÎÌP�[	Ï��#���Z���d�Oem�\�r°Z[mÈ"Î�P�Ï��b[
�Z�y[Z�$OTH gyP�hk��ÐZld�m��ÑyalªrPJIkÊbzyÂb »lM�O gyPbh�ÐZl$Ò$Ó#��Ô$�t�m��� § zf±#�f�iU ��Owbz�z${y±fÂ#�k�Z[t±dH

Myrinet
¤ [/U �k�qw §
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�t�����$a�� a���� ­ Ë�/�1���	�
����b[$A
�y  z
k�Pi�J�

Myrinet
U��k�Twi��w ¤ �J�Tei�#��X[

Myrinet
UÌ�k�Tw>¡

Myrinet-NIC
a�±u²r[p�³�Çl1bVÌWZYJ�TÏ�.8X ´�H

Myrinet
aN�O�Ég�Ç\hjfl������J���\�

Myrinet
UÉ�q�Ow�z�F�� ¯ F\G � § Myrinet-NIC4k[ÉgNÇJh�È�Î�Çk��.m
¥nX¡TH

Myrinet-NIC
[mÇ3Ç

ª Ê�F`G8� `#aX�Z�J��� ¶ ÐZl$Ò�Ó��Zu � aN���d�FÌ� ¯ F`G8��[ ¶ l Ò$Ó § ÐZl Ò Ó������b�qHZ°d[Ò�Ó
�
	�a�ri�d�
DMA

µ ¶ ��.Í
ª�
Myrinet

UÉ�T�qwmaN�O�Ég�Pbh ¶ ÐJl�[��
�����
1
a��f�

.
�ÌµfH ¶ l��K!K#yÒb¡ ¶ ltg�P�hf[#YLU

eZËk�kH�ÐJl��$!$#JÒ�¡�ÐZl ¤ wLK�p«³r[ZY/U3eZË�
Myrinet-NIC

`b[ ¶ ÐJl$Ò�Ó��fu � a��
�d�i�\�°d[�� ¶ lOg#P�hT¡
DMA

µ ¶ a��	Q
Myrinet-NICa�µ ¶ X �mH

Myrinet
� ¯ RT�Tjm�d�"ÐZl
� !$#ZÒ[

Myrinet-NIC � § µ ¶ X �/�d�"Xq ra��Ì[Qg\Pbh¡�¹#a����YX �i��ÐJlTw KÉpK³ � DMA
µ ¶ X ���d�

CPU CPU

DMA  "!

 Myrinet-NIC Myrinet-NIC

DMA  "!

!$#&%"'"(*),+*- !$#&%,'"(*),+*-
.&/10,.&243 .&/10,.&243

5,6$7  "!
Myrinet
380&9!"%":4;,<"= #&%":4;,<"=>"? >"?

�
1: Myrinet

U��d�Owia��q� gbPmh ¶ Ðflb[��
�

3 @
A�r[��#±J¡ioq¦�K�M jZl#aN�O��oOpLM�VrWdY v Pw#PtxLK#UQ["{CBk� �  O»Zaf�XHT�Z�/oq¦�K�M jZlÒZÓy±TÏJÐ��d�moOp2M VÌWdY v Pkw#PtxLK#U�["�Z�
£
D�akÅZeb�tÔdÕ �\�
3.1 EGFIHKJML�NPO
Q�Ì�Q
RTS�ÉVU�WYX
3.1.1 Z
[�\�UG]G^¢f£i~ka ¤ e� {�>�Xei�

TCP/IP
a��O�Xjflb¡tHl$ÃZ]y[X�teZjfl @y±��{² ¤ X �B�y� § z��$�YX ��32®Q Hdo�pLMQVQWXY��\±ql�Ãt]\�q�lOZ�q� OqH_��`�Tsfu���.m�d�Tei�#�ba�Si~taZ¡��

•
¬fW KTR�]�1"!�#

•
p�Ç�PK�K�

• c ¶ ���

• d
e ���

§ em�J�����#z .�>r� �qei�gf
3.1.2 hgQji�k�lbQ

TCP/IP
±d¡ ¶ l��yYX« �¥¦ÌP ­L® ¯ [Ég#P�h ¶ly»�  ÐZl��yYX«¬��¦�P ­L® ¯ [�gbP�h�Ðflb�t±Ja

¶ l«Dta
2
ÏqH�ÐZl�DkaZ¡

3
Ït[�gyP�h�È�ÎÌP\z P

LZ�i�\�
alS/~fa#¡ ¶ l�Dfay¡nm cbPlduF
G �^ÒlÓm»  
ªqPZIdÊ®FgG � Ò$Ó �Yom§ �gm ªOPfIJÊ|F G4�?Ò$Ó»m 

NIC
[ wLK p	³ ��o [ 2

Ï	�¯ÐZl«Dtad¡pm
NIC[Xw:KOp�³q»> �ªXP\IZÊqF�G �¯ÒlÓ �Mo ��m ªqP#IÊuF\G8� Ò Óy»m foq¦�K�Mª[�ÐfltwLK�p�³ �qo �Pm o¦bKiM¥["ÐZlkwLK�p«³Ì»m HcfP d8F`G8� Ò Ó �Iob§e�


3
Ïd±\Â#�Pf«:Çg[(KH]�a8�T�Og�P>h>È$ÎTPi¡BÈ$ÎqP�D�4#[v Pkwfx6K\U?_8F`G¬� w ¯ U ��[Pr�s��$h«�_tZÆya�Z�y�XsZuy±fÂZ�J� OkH gyP�h�È�ÎÌPb[�Ï��fz oOpMÌVrWfY v Ptw#x2K�U^;$S�avu3Oy��w
x�¡�am�Oe>�

3.1.3 y�Q|É{z
|YO«8��¦ÌP ­L® ¯ z�oq¦�K�M � ¤ e��qjZly��.=
nq¡qH v�� eQP"/«p ¯ v ­ ËH/«1X[ÌÏ�.�GdPBU z�ckP
d�e0ftÊi»m �ªÌPJItÊYe�fJÊma�} Q�~«>|Q H	ªrPJIÊ ±y[tsbu�zG���X�/� §��q� ¡5ªkP\I#Ê�e�fyÊ>» HcJP$dNe0fJÊ ��§ }�Q�~	>y�f�J�O[�GdP<U�}�~y¡�$�b~O�Z���TsJu�±fÂ\�k�$OTHioOp6MÌVrWdY v Pkwx:K�UQ[�{YB § �y�d�Te��y�
3.2 EGFIHKJML�N�O�QKÌ
Q
RTS�ÉVU����
3.2.1 Z
[
\�U�]
^
�
��UG�G��J�/oq¦�K�M jZlZÒZÓy±Z¡kHXjZlZSdP2UkVrWdY §�t�

Myrinet
� ¤ e��rei�qzJH

Myrinet
[����#�T²¤ ����� § ±tHkl$Ãf]y��Á ÂJ�i�t��OZ[�oqp(M�VÌWYrstu#[Ì¢��Z���k�t���#� § z�¸t^f±dÂZ�t� Myrinet±Z¡ g�P�hk��ÆJÏyakjdlZ|$�y["ÄJu$Å��T±Z¡�È#�#�� § z#±\�Z�d[J±kH c ¶ �$�#��.=
 z${y¡��JeGf#����ÉSfP<UtVXWZYfa��T�

CRC
¬fW KkRt��.m�d�ke�t��O��Joqp2MÌVÌWfY��y±K¬ZW�KqR
]�1"!$#b��.Í


z${��\�ZeGfT�Z]Z^JjZlZSJP:UkVOWtYJ�TÃ��k�"!$#Òy¡tH�2 Á e\z5ª�KiM�Ë ÊfPkÊyP�/Yp ¯ v ��.Í
{Ë
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TCP/IP 7986:4;9<>=4? @4A6B9CED6F 2 ?4G4H 5 <4=>?

�
2:
oX¦mK MÑjfl�a�2����ÉgbP�h ¶ Ðflb[����

�iK3¬t�JI��d�LKfzy�k�qei�t� OJa d�e � 26�J q�ei� � `�[XuNMk»m �H ¼ � ��a"2y���r�Z��oq¦�K�MjflZÒfÓ�±Z¡ c ¶ ���fHl¬fW KXR�]�1�!�#\H d
e ���¡�.�>#�qe���J»��kH$!K#\Òm[ �PO ÒKÓ�¡��RQd±\¡��fem�lOdH|$�/oq¦bKiM [�ÐflkwLK�p«³Ì�TSq�qX ´i�qe8��
ªap�Ç�P��K�y¡�.Í
¢z�{#zyÂy�f�
3.2.2 hgQCi
kGlbQ
U��
�¼ �K��± ¤ e��

Myrinet
UÌ�d�tw>±\¡ZH

NIC
zgiP hf��Ðyl �\�bnfa ¶ Ðyl�ÒlÓq��u � a ri�J�g�Pbhd�RUO~t[rwLK�p	³ �B§ È�Î�PJ�i�5�N
ªaTV$!X � �qem�\�q°Z[J�$O5��Â� O»lM�Omoq¦bKiM¥["ÐZlwLKÌp	³ ¤ [
Ò�Ó�� ¶ ÐZl Ò Ó��Zu � a������d��27t� § ±5� g�P�h
Ðfl�[\nk[ m

NIC
»m �ªÌPdIdÊ8F

G8�¼Ò�Ó �Io [ÉgyP�hyÈ�Î�P#�".m
É� § ��7�� m NIC»m foq¦bKiM¥["ÐZlkwLKÌp�³ � oy§ g�Pbhd��È�ÎÌP� �>� § z�³k´/�y�r����>�ÄdH�Ð�l�[�nf[qgiP>hÈ�ÎOP��
TCP/IP

[ § �f[ 2/3
a��\�i�Z��� § a�#�f�¢$£fH
GfP2U �Z¸�[ v Pkw#Pdx6K\UQaPWd�d�J¡���J���b� § z\±\�J�Oei�`cfP dNe�fJÊ#�Z�Zjdl��T�

���B��±d¡�cJP$dNe0fdÊm±TjZldSJP2UTV�WdYJ�TX$s�m��� § a��Ì�d�3GfP2U^�Z¸y[ v Pkw#Pdx6K\UQ������t�qem�TzJHX�J��oq¦�K�M jJlJÒZÓy¡	ªÌPJIJÊ ¦±#[qs\u���.Í
 ��OZ±\Âf�y�jtÆ�[
TCP/IP

«�ÇmMÉÈ¥Ê ËkhfKÌRX� ¤ ey��Y�x
§ �d��oq¦�KmM jJlZÒZÓ#� ¤ e��ZY
xb[ g�P�h ¶ Ðly[����#�G�

2
aP�d����jdÆy[

TCP/IP
a�2#�#� ¶

ÐZl#±Z¡kH ¶ l�Dka ¨ � H"ÐZl�DkaT[ � [�gyP�hbÈÎÌPfz�P$LJ���#�T�k�kHKªrPdIdÊ]\�4k±Z¡T«BÇ�M�ÈÊ_^�`�[��v`T�qsJu#z�.	>r���f��¢$£fHt�Z��oq¦�KM jdlZÒJÓy±Z¡ ¶ l�DTa ¨ � [ gyPbh�È�ÎÌPfz�P$L�m��� § ¡��	>� q�qe#zJH�ÐJl�Dka�P$Ld�i��g�P�hÈ�Î Pb¡ ¨ � aTa�¹� ��>�qei�f�X�t�kHlªÌPJIJÊP\4t±�.�>r�B�qsfu6�g�f�YXª���Xei�y�
3.3 b
ZNcNdqH k6e�Ugfih	j]k�t��oO¦yKmM jZldÒJÓy±J¡

Myrinet
±LKfz#�T��!

#\Ò § ,
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