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(��/#��� !"��"�(��"� C�����!"
���$"�� (���/)����$" !"��"���, #/��� Open Fabrics Enterprise

Distribution (OFED) verbs�� InternetWideAreaRDMAProtocol (iWARP)'"0�RDMANetwork InterfaceController

(RNIC) fabrics ��"
��!@������$"AIX®
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RemoteDirectMemory Access

 !"��"�(��"� C�����!"
���$"���$�$"4	��'$������"$/�
(��/# (���/)��� !"��"���,#�)/RemoteDirectMemoryAccess

(RDMA)verbs ��
Open Fabrics EnterpriseDistribution (OFED) verbs ��"
��!@������$"AIX

(�0�����,�$"����������/�$,��!"
���H��$5	
����,�%$	)$�	
��(	/���	%$���, �$"("�/����,$�"
��"����/��/ "�!���T*�� ��


T*��5�(&Y

Open Fabrics Enterprise Distribution (OFED)

("�/�"��)�H�("���������,$�#�)/ !"��"���,Open Fabrics EnterpriseDistribution (OFED) verbs ��"
��!@������$"AIXOFED

verbs ��
`$��'���B55��(	���������,�$"�"�5
���, ��
()�$�q,��%$���	
����Y�
RemoteDirectMemoryAccess (RDMA)

#�
������$���OFED

(�(/�"� verb �%$'"��Open Fabrics EnterpriseDistribution (OFED) verbs (!-�	�$���)T!�%$'"%$� InfiniBand,RDMAover

ConvergedEthernet (RoCE), InternetWideAreaRDMAProtocol (iWARP)��
 verbs ��� �0���#�$��4$!z�/�""�

InfiniBand

���	��$��%��!�#
�!

"
��!@������$"AIX������
��
�#B!(��"� RDMAoverConvergedEthernet (RoCE)Z$"�#�)"����������
�RoCERDMA

��AIX4��("�/���#!(��"� PCIe210GbERoCE

���	��$���	
��
	��&�'�!#
�!

AIXOFEDVerbs ��,�$� 	�#OFED1.5 ��,OpenFabricsAlliance ��B55��(	��������� 32��� ��
64��� ��, 	�#OFED

T#�"���$"������
���"
��!@������$"AIX T��"$"� ���T!���4���%$��,5"�������$"��#���, RDMA:

v Librdmacm

v Libibverbs

Verbs API

��B55��(	���AIX�$�$"4�%$'�#verbsAPI���(!-�Open Fabrics EnterpriseDistribution (OFED) verbs'"0�AIX

InfiniBand (IB) verbs ������,�0���$"���!�$/�$,���(�$
�,

��)�/�$,���T!����� 	�#�%$��,�#�������5H���,	%$���, rdma_resolve_addr��"� ����#(#"�������,�$"(50��5��$"�$OFED

verbs ����$�$"4 ���T#�

 !"��"���,	0�	�$���T!���:

v 0-4�$�$"�0���$"���!�$/�$, �$�$"4��#�"�$,�3��T#� #/��� OFEDverbs

v error-4�$�$"�0���$"���!�$/�$, T���$�$"4��#�"�$,�3����$��
!�"�����������
�OFED����$"�0���$" �$�$"4��#�"�$,

�3�� #/����4$!z�/�""� InfiniBand
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/*The following check_ofed_verbs_support routine does:
/*- Call rdma_create_event_channel to open a channel event */
/*- Calls rdma_create_id() to get a cm_id */
/*- And then calls rdma_resolve_addr() */
/*- Get the communication event */
/*- Returns the event status: */
/* 0: OK */
/* error: NOK output device may be not a RNIC device */
/*- Calls rdma_destroy_id() to delete the cm_id created */
/*- Call rdma_destroy_event_channel to close a channel event */

int check_ofed_verbs_support (struct sockaddr *remoteaddr)
{
struct rdma_event channel *cm_channel;
struct rdma_cm_id *cm_id;
int ret=0;
cm_channel = rdma_create_event_channel();
if (!cm_channel) {

fprintf(stderr,"rdma_create_event_channel error\n");
return -1;
}
ret = rdma_create_id(cm_channel, &cm_id, NULL, RDMA_PS_TCP);
if (ret) {

fprintf(stderr,"rdma_create_id: %d\n", ret);
rdma_destroy_event_channel(cm_channel);
return(ret);

}
ret = rdma_resolve_addr(cm_id, NULL, remoteaddr, RESOLVE_TIMEOUT_MS);
if (ret) {

fprintf(stderr,"rdma_resolve_addr: %d\n", ret);
goto out;

}
ret = rdma_get_cm_event(cm_channel, &event);
if (ret) {

fprintf(stderr," rdma_get_cm_event() failed\n");
goto out;

}
ret = event->status;
rdma_ack_cm_event(event);

out:
rdma_destroy_id(cm_id);
rdma_destroy_event_channel(cm_channel);
return(ret);

}

*+����
 Libibverbs

T��"$"�Libibverbs (!+#���,$��"
�)��$" ��50�����������(50����� RemoteDirectMemoryAccess (RDMA)verbs

T��"$"�Libibverbs4���H��$/���������%$(5$
#�$��4$!z�/�""� InfiniBand��
�������%$(5$
 verbs ��, !" �	��

RDMA
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 '�#�
!�"������"
 /dev/rdma/uverbsN'�$/ '�#4�����(50���0���$""
')�$,T��"$"�Libibverbs��
(	�"�(��(�(/�"�

ib_uverbs�
��
�#B!(��"� RDMAnetwork interface controller (RNIC)��'�3�,�
!�"�����4��"����(��"� ���Open Fabrics

EnterpriseDistribution (OFED) core (��� �
!�"�� uverbs1��
 uverbs2 (�0�����,�$""�����
!�"�����('�$
�� T��"$"��


(��/�	%$���,���(���/)���, ��� verb

�����	
������������:

InfiniBand

RDMAprotocol verbs

*+����
 Librdmacm

T��"$"� librdmacm��#�'���*z,����� communicationmanager (CM)��
�
#���)T!��,���(��"�(*�RemoteDirectMemory

Access (RDMA)CM���"����(*�"����$,��� (��� InfiniBand (IB),RDMAoverConvergedEthernet (RoCE)'"0� Internet

WideAreaRDMAProtocol (iWARP)

 '�#�
!�"�� /dev/rdma/rdma_cm (#�/)4�����  #/50�����������(50���0���$"���(	�"�(�� T��)�$�
�� �%$�)��
�#B!(��"� '"0�

5�"��(��$�#��#,�/��

T��"$"� librdmacm4����� #/��B55��(	���������,"�����
!�"�� RDMA�#[

RDMAnetwork interface controller (RNIC)

�
�#B!(��"� I/O (	"0���$/'"0���)	)�	
����qz,��� InternetWideAreaRDMAProtocol (iWARP)��
*z,�����Verbs

��
,��	��	���-�����RDMA_CM

��)��#�$"�$"�0���$"RemoteDirectMemoryAccess (RDMA_CM) ���(50�����,	�$�$"(�0���������("5��(	�T#��%$'"���$"4�$/

 ��������

��)��#�$"�$"�0���$"����)���#���RDMA transport neutral �%$'"���$"�"�$,�$"(�0������API ��,�$�^B��(�B� ���4�� !"�����

�%$'"��^����������$�	��	�) (QP)�$"�0���$"�
��$��
!�"�� RDMA���(�$
�, ��
�$"4�$/ ���������
(!-�������	)$�

RDMACM���T��"$"� librdmacm (50��"
�
 �$"��#�$"�$"�0���$"(50�����,	�$ ��
 teardown�$"(�0������ ��,RDMAAPI

��)��#�$"�$"�0���$"�%$,$���� verbsAPI  #/���T��"$"� libibverbs�%$'"���$"4�$/ ��������

�
&��!�/
�,��	��4��"�� OFED verbs

��#,"$/�$""�^�"�������#�$" #/��� OFEDverbs

CompletionQueue (CQ):

	�) first-in-first-out (FIFO)����� Completion queues (CQ)CQ���5��H����	��	�) ^3�,���(50��"�� �$"���,(�0���$"�%$

�%$("B� ��
('�
�$"��

CompletionQueueEntry (CQE):

"$/�$"��CQ����H��$/������(���/)���Work request (WR)���(�"B�����"�� (����4$�
��
��$#
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EventChannel:

���(50��"$/,$�('�
�$"���$"�0���$" ����
���(��('�
�$"��4����B5��� descriptor T*�� Descriptor T*��������5��H�

����$�$"4��� ��
#%$(����$"(���(#�/)��� descriptor T*���0�� (50��(!���/��!�,���Y�
�$"�%$,$�	
��$�$"4�%$�'�

descriptor T*��#%$(����$"'�3�,����B	������T!���:

v T����B�� descriptor T*��

v  5� descriptor T*��

v (�0�� descriptor T*��

MemoryRegion (MR):

�
#��,��*(*�"�'��)/	)$��%$���"����(��"� #/�����H�J�$"(��$43, ���$"�����*(*�"�'��)/	)$��%$#�)/�
�#B!(��"�

(	"0���$/ ��)���,'��)/	)$��%$ ���,4��"����(��"�

ProtectionDomain (PD):

(!+#�'�T	�(�B���(�0��� /,���'�$/"�^�"�� (��� 	�� 	�) ��
��)�'��)/	)$��%$ �$/�� #(���$�����T	�(�B����'����H�J

�$"(��$43,(50����,'"0�"���������$/�� #(��������$"!�!��, ��� #(���0������/����RDMAfabric

Queue Pair (QP):

Queue pairs (QPs)��	�)�$"��,��
"��	�) ��,�
��,���	)$��$������"��,���$"#%$(����$"RDMA	�)"���
"�����

	)$��$(��$ '"0�������"
')�$,��$,

Scatter orGather Elements (SGE):

"$/�$"T!/�,5�/(��"�������T!/�,��B��'��)/	)$��%$���"����(��"� �	�� ���(�B�'"0��$,��)�����(����(�B���#(#"�

("��������,��B�� ��$#��
 lkey��������H�J���(���/)���,

Scatter orGatherArray:

�$"�("/���,����(���� scatter '"0� gather ������/����work request (WR)�$"�("/��%$,$��$� 	�##%$(����$"��� ")�")�

�������$�'�$/[��*(*�"� ��
��,(!-���"��(#�/)'"0������"��(#�/) ��
���,���������(!-�'�$/��*(*�"�

WorkQueue (WQ):

Work queue!"
���#�)/ SendQueue'"0�ReceiveQueueWork queue ���(50����,'"0�"�����	)$�

WorkQueueElement (WQE):

WorkQueueElement (!-�����(������work queue

WorkRequest (WR):

WorkRequest 	0��$""��,����� 5��� #/������T!/�,work queue

	���������	������	���-�����

��#,"$/�$"�$"#%$(����$"#�$��$"�0���$"������%$'"�� �
!�"�� RDMA

��� �	����������������
������������	��:

�$"#%$(����$"��,�
��,������T!/�,	�)�$""����,Queue Pair (QP) "� ��

(�0�����,�$""�������� ���"�����, 5���������T!/�, ��*(*�"�"�� �����,T�����$"	)�	
��#[ �������� ����/����"� �� Z���

	�$ 4 T���"
')�$,��$,�
4����, T!�����*(*�"������� 	�$"
')�$,��$,���4����#,��������� (50��(!-���)�'�3�,��,�$"���,�$"T#�

"�� ��
T�����/������*(*�"�������
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��������
������ :

�$"#%$(����$""��	0��$"#%$(����$"�����#	���,��� �$"#%$(����$"��,

 Z�������%$,$�"��T#�"�����,)�$T#�"����*(*�"������������ 	�$"
')�$,��$,������T��� ��B55��(	����$""���
(�B�"��Y$��*(*�"�

�$""�� ��
�������$" 5���

��������
����RDMAread:

�$"#%$(����$" RDMA read ��$�����)� '��)/	)$��%$�$�"� �� Z���

	
����,"
�
��#(#"�(��0��"� ����
��#(#"�'��)/	)$��%$  �	������������$"��$�4��	�#�������	
�"���$"#%$(����$"

RemoteDirectMemoryAccess (RDMA)"� �� Z������,"
�
 ���H�J���('�$
��(50��(��$43,'��)/	)$��%$ '��,�$����H�J 4�����,

	�$ �$"#%$(����$"RDMAread �
"�� #/T�����$"���,(�0�� T!/�,"� �� Z���

��������
����Atomic:

�$"#%$(����$"Atomic T��T#�"���$"������
� #/Z$"�#�)"� RemoteDirectMemoryAccess (RDMA)������%$'"��"
��

!@������$"AIX

RDMAwrite ��!�RDMAwrite 
������������
������������	��:

�$"#%$(����$"RDMAwrite 	��$/����$"#%$(����$"RDMAread����������
4��(��/�T!/�,"� �� Z���

�$"#%$(����$"RDMAwrite �
"�� #/T�����$"���,(�0��T!/�,"� ��  Z��� RDMAwrite ������$"#%$(����$""
')�$,��$,

�
���,"� �� Z��� �'��"$�(���/)���	�$"
')�$,��$,

4$ �	�����5�

 '�#�$"����,�"�$,�$"(�0�������%$'"��	�� 	�)

 '�#�$"����,���T!������T#�"���$"������
�

v Reliable connection (RC)

– ����
 queue pair (QP)������5��H����QP�0��

– ���	)$����4����, #/	�)�$"��,��,QP'�3�,��� (�0��40�T#�4���%$��,T!/�,	�)"����,���QP

– �5B�(�B����4����,�$��%$#��

– RC	��$/����$"(�0������ TCP

v Unreliable datagram (UD)

– �$"(�0���������T�����"�,4����#"�!���"
')�$,QP

–  '�#UD	��$/����$"(�0������UDP

	��
��#6����$���Open Fabrics enterprise Distribution (OFED)

T*��	��*+��("������,���/����T#("B���"� /etc/libibverbs.d/�%$'"���
��
�#B!(��"� RemoteDirectMemoryAccess

(RDMA)�����#���, ��"
��
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T*��	��*+��("���(!+#�'�T��"$"� libibverbs�$�$"4 ���T#"�()�"��%$'"���
!�"�� RDMA��)�/�$,(��� (�0�����,�$"����
�#B!

(��"� Mellanox ConnectX-2 RoCE T*�� mx2.driver���,�/����T#("B���"� /etc/libibverbs.d/ T*�� mx2.driver���,��

 	�#���T!���:

# cat /etc/libibverbs.d/mx2.driver
driver mx2

(�0�����,�$"���T#("B���"��0�� /�()��T#("B���"� /etc/libibverbs.d/ �����)�!"��$)
�)#���� IBV_CONFIG_DIR (�0��

���,�$"�"�$, �$"�0���$""
')�$,��, '�#�
�#B!(��"����,�� IPv4'"0� IPv6 addresses �%$'�#	��*+�

	�������	����-�� �5�4��"����
,��	��	���-����� (RDMA_CM)

��)��#�$"�$"�0���$"RemoteDirectMemoryAccess (RDMA) RDMA_CM���$"��#�$"�$"�0���$"���")��$"���,	�$ ��
 tear

down�$"(�0�������%$'"��RDMAapplication programming interface (API)

��)��#�$"�$"�0���$" RDMA_CM�%$,$���� verbsAPI����%$'�# #/T��"$"� libibverbs T��"$"� libibverbs�
�����(��"�(*�����%$

(!-��%$'"����,��
"��������

	���������	��*�+��7��!

("�/�"��(���/)����$5")���,�$"#%$(����$"50��]$��%$'"�� �$"�0���$"�����B	��*'"0�T	�(�B���

 *�)��$"(�0���������)T!(!-�#�,���:

rdma_create_event_channel

�"�$,���(��(50��"��('�
�$"��

rdma_create_id

��#�""��)��,��� rdma_cm_id��� #/'����$"���) 	��$/���^B��(�B�

rdma_resolve_addr

��#'$"�
!�"�� RemoteDirectmemoryAccess (RDMA)"� ��(50��T!43, "� ����#(#"�

rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_ADDR_RESOLVED

rdma_ack_cm_event

���"��('�
�$"�����T#�"��

rdma_create_qp

��#�"" queue pair (QP)�%$'"���$"�0���$"

rdma_resolve_route

5��$"�$(����$,T!/�,"� ����#(#"�

rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_ROUTE_RESOLVED

rdma_ack_cm_event

���"��('�
�$"�����T#�"��
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rdma_connect

(�0���������"� ��(^�"�*()�"�

rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_ESTABLISHED

rdma_ack_cm_event

���"��('�
�$"�����T#�"��

ibv_post_send()

#%$(�����$"4�$/ ����������$��$"(�0������

rdma_disconnect

���,��)��$"(�0������

rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_DISCONNECTED

rdma_ack_cm_event

�������('�
�$"��

rdma_destroy_qp

�%$�$/QP

rdma_destroy_id

"������)��,��� rdma_cm_id

rdma_destroy_event_channel

"�������(��('�
�$"��

��������: ����)�/�$, T	�(�B���("�������$"/�(����$"(�0������ �/�$,T"�B�$��"
�)��$"T	�(�B��� '"0�(^�"�*()�"��/�$,�#

�/�$,'�3�,�$�$"4("�������"
�)��$" /�(����$"(�0������

	���������	������&��!'�
��!

("�/�"��(���/)����$"#%$(����$"50��]$�����$�$"4"���%$'"�� �$"�0���$" passive'"0�(^�"�*()�"�

 *�)��$"(�0���������)T!(!-�#�,���:

rdma_create_event_channel

�"�$,���(��(50��"��('�
�$"��

rdma_create_id

��#�""��)��,��� rdma_cm_id��� #/'����$"���) 	��$/���^B��(�B�

rdma_bind_addr

���,	�$'�$/(��5�"�� �	��^3�,('�
�$"�� listens

rdma_listen

("����%$�$" listen �$""��,���$"(�0������
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rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_CONNECT_REQUEST�������)��,��� rdma_cm_id

rdma_create_qp

��#�"" queue pair (QP)�%$'"���$"�0���$"�����)��,��� rdma_cm_id �'��

rdma_accept

/��"���$""��,���$"(�0������

rdma_ack_cm_event

�������('�
�$"��

rdma_get_cm_event

"�,('�
�$"�� RDMA_CM_EVENT_ESTABLISHED

rdma_ack_cm_event

�������('�
�$"��

ibv_post_send()

#%$(����$"4�$/ ����������$��$"(�0������

rdma_get_cm_event

"�('�
�$"�� RDMA_CM_EVENT_DISCONNECTED

rdma_ack_cm_event

�������('�
�$"��

rdma_disconnect

���,��)��$"(�0������

rdma_destroy_qp

�%$�$/QP

rdma_destroy_id

"������)��,��� rdma_cm_id���(�0������

rdma_destroy_id

"������)��,��� rdma_cm_id����%$��, listen

rdma_destroy_event_channel

"�������(��('�
�$"��

��
��5����
,��	��	���-�����RDMA_CM

("�/�"��(���/)�����)�/�$,�����#,�
���Open Fabrics EnterpriseDistribution (OFED) "
')�$,�$"!"
�
� LinuxConf.Europe

2007

�����	
������������:

��)�/�$,����%$(������
���OFED
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��
��5�����#�7�/
'*�+��7��!

��)�/�$,��,�$"#%$(����$"�$"�0���$"���T	�(�B��� ��B	��*

/*
* build:
* cc -o client client.c -lrdmacm -libverbs
*
* usage:
* client <servername> <val1> <val2>
*
* connects to server, sends val1 via RDMA write and val2 via send,
* and receives val1+val2 back from the server.
*/
#include <stdio.h>
#include <stdlib.h>
#include <stdint.h>
#include <string.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netdb.h>
#include <arpa/inet.h>

#include <rdma/rdma cma.h>
enum {

RESOLVE TIMEOUT MS = 5000,
};
struct pdata {

uint64_t buf va;
uint32_t buf rkey;

};

int main(int argc, char *argv[ ])
{

struct pdata *server pdata;
struct rdma_event channel *cm_channel;
struct rdma_cm_id *cm_id;
struct rdma_cm_event *event;
struct rdma_conn_param conn_param = { };
struct ibv_pd *pd;
struct ibv_comp_channel *comp_chan;
struct ibv_cq *cq;
struct ibv_cq *evt_cq;
struct ibv_mr *mr;
struct ibv_qp_init_attr qp attr = { };
struct ibv_sge sge;
struct ibv_send_wr send_wr = { };
struct ibv_send_wr *bad send wr;
struct ibv_recv_wr recv wr = { };
struct ibv_recv_wr *bad recv wr;
struct ibv_wc wc;
void *cq context;
struct addrinfo *res, *t;
struct addrinfo hints = { .ai_family = AF INET,

.ai_socktype = SOCK STREAM
};
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int n;
uint32_t *buf;
int err;

/* Set up RDMA CM structures */
cm_channel = rdma_create_event_channel();
if (!cm_channel) return 1;
err = rdma_create_id(cm_channel, &cm_id, NULL, RDMA_PS_TCP);
if (err)

return err;
n = getaddrinfo(argv[1], "20079", &hints, &res);
if (n < 0)

return 1;

/* Resolve server address and route */
for (t = res; t; t = t->ai next) {

err = rdma_resolve_addr(cm_id, NULL, t->ai_addr, RESOLVE_TIMEOUT_MS);
if (!err)

break;
}
if (err)

return err;
err = rdma_get_cm_event(cm_channel, &event);
if (err)

return err;
if (event->event != RDMA_CM_EVENT_ADDR_RESOLVED)

return 1;
rdma_ack_cm_event(event);
err = rdma_resolve_route(cm_id, RESOLVE_TIMEOUT_MS);
if (err)

return err;
err = rdma_get_cm_event(cm_channel, &event);
if (err)

return err;
if (event->event != RDMA_CM_EVENT_ROUTE_RESOLVED)

return 1;
rdma_ack_cm_event(event);

/* Create verbs objects now that we know which device to use */
pd = ibv_alloc_pd(cm_id->verbs);
if (!pd)

return 1;
comp chan = ibv_create_comp_channel(cm_id->verbs);
if (!comp_chan)

return 1;
cq = ibv_create_cq(cm_id->verbs, 2,NULL, comp_chan, 0);
if (!cq)

return 1;
if (ibv_req_notify_cq(cq, 0))
return 1;
buf = calloc(2, sizeof (uint32_t));
if (!buf)

return 1;
mr = ibv_reg_mr(pd, buf,2 * sizeof(uint32_t), IBV_ACCESS_LOCAL_ WRITE);
if (!mr)
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return 1;
qp_attr.cap.max send_wr = 2;
qp_attr.cap.max send_sge = 1;
qp_attr.cap.max recv_wr = 1;
qp_attr.cap.max recv_sge = 1;
qp_attr.send_cq = cq;
qp_attr.recv_cq = cq;
qp_attr.qp_type = IBV_QPT_RC;
err = rdma_create_qp(cm_id, pd, &qp_attr);
if (err)

return err;
conn_param.initiator_depth = 1;
conn_param.retry_count = 7;

/* Connect to server */
err = rdma_connect(cm_id, &conn_param);
if (err)

return err;
err = rdma_get_cm_event(cm_channel,&event);
if (err)

return err;
if (event->event != RDMA_CM_EVENT_ESTABLISHED)

return 1;
memcpy(&server_pdata, event->param.conn.private_data, sizeof server_pdata);
rdma_ack_cm_event(event);

/* Prepost receive */
sge.addr = (uintptr_t) buf;
sge.length = sizeof (uint32_t);
sge.lkey = mr->lkey;
recv_wr.wr_id = 0;
recv_wr.sg_list = &sge;
recv_wr.num_sge = 1;

if (ibv_post_recv(cm_id->qp, &recv_wr, &bad_recv_wr))
return 1;

/* Write/send two integers to be added */
buf[0] = strtoul(argv[2], NULL, 0);
buf[1] = strtoul(argv[3], NULL, 0);
printf("%d + %d = ", buf[0], buf[1]);
buf[0] = htonl(buf[0]);
buf[1] = htonl(buf[1]);

sge.addr = (uintptr_t) buf;
sge.length = sizeof (uint32_t);
sge.lkey = mr->lkey;
send_wr.wr_id = 1;
sendwr.opcode = IBV_WR_RDMA_WRITE;
send _wr.sg_list = &sge;
send_wr.num_sge = 1;
send_wr.wr.rdma.rkey = ntohl(server_pdata.buf_rkey);
send_wr.wr.rdma.remote_addr = ntohll(server_pdata.buf_va);

if (ibv post send(cm id->qp, &send_wr, &bad_send_wr))
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return 1;
sge.addr = (uintptr_t) buf + sizeof (uint32_t);
sge.length = sizeof (uint32_t);
sge.lkey = mr->lkey;
send_wr.wr_id = 2;
send_wr.opcode = IBV_WR_SEND;
send_wr.send_flags = IBV_SEND_SIGNALED;
send_wr.sg_list =&sge;
send_wr.num_sge = 1;

if (ibv_post_send(cm_id->qp, &send_wr,&bad_send_wr))
return 1;

/* Wait for receive completion */
while (1) {

if (ibv_get_cq_event(comp_chan,&evt_cq, &cq_context))
return 1;

if (ibv_req_notify_cq(cq, 0))
return 1;

if (ibv_poll_cq(cq, 1, &wc) != 1)
return 1;

if (wc.status != IBV_WC_SUCCESS)
return 1;

if (wc.wr_id == 0) {
printf("%d\n", ntohl(buf[0]));
return 0;

}
}
return 0;

}

������� OFED

("�/�"��(���/)���	%$���, Open Fabrics EnterpriseDistribution (OFED) ")�43,���	)$����,��,T)/$�"�� 	%$�H��$/�*�B� ��


��)�/�$,�$"���,$�

������� ibv_devices

��#,"$/�$"�
!�"�� RemoteDirectMemoryAccess (RDMA)����� �%$'"�����,$��$�50�����������

������� ibv_devinfo

5��5�������(���/)����
!�"�� RDMAnetwork interface controller (RNIC)������'�����$�50�����������

*
��	�8!

ibv_devinfo [-v] { [-d <dev>] [-i <port>] } | [-l]

#'+7	
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������ "����
 ��

-d dev ����
!�"�� devRDMA #/#�*���� �
!�"���"����5��
4�����
-i port ���5�"�� port��,�
!�"�� RDMA #/#�*���� 5�"�����,'�#4�����
-l 5��5��0���
!�"�� RDMA (��$����
-v 5��5���B��"���)�����,'�#��,�
!�"�� RDMA

������� ofedctrl

 '�#��
(��� '�#��)��/$/(	�"�(�� ofed_core

*
��	�8!

ofedctrl { [-kKernextName] -l|u|q } | [-c | -pParameterName=Value] | -h

#'+7	

������ "����
 ��

-c "� '�#T*��	��*+��("���4�$T*�� 4�����T�
-h "
�
�$"���,$�
-kKernextName "
�
5$H��)��/$/(	�"�(��  #/#�*���� 5$H /usr/lib/drivers/ofed_core4�����
-l  '�#��)��/$/(	�"�(��
-pParameterName=Value ���,	�$��,5$"$��(��"� #/�",���""��#"��	%$���,

��������: 	�$������, #/����B�5��� -p�
T�� persistent. �B�5��� -p (!���/��!�,�$"�%$'�#	��*+�!z��
���(��$����
�
T����5(#�T*��	��*+��("��� �$"(!���/��!�,����%$ #/����B�5��� -p T�� �������'��,�$�"
��"���$"��

-q "
�
)�$��)��/$/(	�"�(��4�� '�#'"0�T��
-u /�(����$" '�#��)��/$/(	�"�(��

������� rping

�#����$"(�0��������,��)��#�$"�$"�0���$"RDMA(RDMA_CM)  #/����$"�#���RDMAping-pong

*
��	�8!

rping -s [-v] [-V] [-d] [-P] [-a address] [-p port] [-C message_count] [-S message_size]

rping -c [-v] [-V] [-d] -a address [-p port] [-C message_count] [-S message_size]

����:����

	%$���, rping�"�$,�$"(�0������RemoteDirectMemoryAccess (RDMA)�����$(�0��40� "
')�$,��, '�# #/���T��"$"�

librdmacm�$,(�0��	%$���, rping/�,#%$(����$"4�$/ ��RDMA"
')�$, '�#�$�����/�(����$"(�0������ 	%$���, rping���,	�$

�$"(�0������RDMA_CM��
#%$(����$"�#���RDMAping-pong�%$'"�� ������(���/)���	%$���, rping#���� Open Source

OpenFabricsAllianceOFED1.4��� http://www.openfabrics.org

#'+7	
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������ "����
 ��

-a address "
�
��#(#"�(	"0���$/(50�� /,�$"(�0��������(^�"�*()�"� ��
"
�
(^�"�*()�"���#(#"�(50��(�0���������T	�(�B���
-c "��(!-�T	�(�B���
-Cmessage_count "
�
�%$�)����	)$�(50��4�$/ ����$�����
�$"(�0������ 	�$#�*����	0�T���%$��#
-d ��#,�������$"#����
-p "
�
'�$/(��5�"���%$'"��(^�"�*()�"� ����%$��, listen
-P "��(^�"�*()�"��� '�#4$)"  '�#�����
`$� �'�'�$/T	�(�B��� rping (�0����������������^�(^�"�*()�"�(#�/) ��
(^�"�*()�"�"��

���"
���,(^�"�*()�"�4�������,
-v ��#,������ ping
-V �")����	)$�4�����,������ ping
-s "��(!-�(^�"�*()�"�
-Smessage_size "
�
��$#��,����
���	)$����4�$/ �� (!-�T��� 	�$#�*����	0� 100

�����	
������������:

Openfabrics

User-level Direct Access Programming Library (uDAPL)

UserDirect Access ProgrammingLibrary (uDAPL)	0�(*"�()�"�� �$"(��$43, #/�",���"�����$"����,���������
��$"(��$43,

������ #/�", (��� InfiniBand��
RDMAnetwork interface controller (RNIC)

DATCollaborative "
�
 uDAPL application programming interface (API) uDAPL codebase �$�Open Fabrics 4��5�"��T!

/�,"
��!@������$"AIX��
 T#�"���$"������
���GX++HCA��
4XDDRExpansion card (CFFh) InfiniBand adapters

�	�����
������������:

“uDAPLAPIs���������
���"
��!@������$"AIX” ��'��$ 15

UserDirect Access ProgrammingLibrary (uDAPL)APIs ���"
�
 #/DATCollaborative ���,'�#T��T#�"���$"������
�  #/

"
��!@������$"AIX

“��B��"���)�����"
�
(G5$
����$/�%$'"�� uDAPL” ��'��$ 16

("�/�"��(���/)�����B��"���)���������$/(�$
�,���T#�"���$" ������
� #/"
��!@������$"AIX  #/��B��"���)��

delayed_ack_supported, vendor_extension, vendor_ext_version, debug_query��
 debug_modify�
T#�"���$"

������
�

�����	
������������:

Datcollaborative

	��������� uDAPL

User-levelDirect Access ProgrammingLibrary (uDAPL) ()�"���� 2.0 T#�"���$"������
� #/"
��!@������$"AIX

���(���$"��#���, uDAPL4����,�$���5B�(�"��(!-� udapl.rte���(����,T*����)�'�)DAT^3�,�/����T#("B���"� /usr/
include/dat���(���$"��#���,/�,��,T��"$"� libdat.a��
 libdapl.a

��B55��(	�����T*����)�'�)DAT��
��,�������T��"$"� libdat.aDAT��T#("B���"� /usr/include/dat (�(/�"� DAT

�%$'�#T��"$"��$"����, #/(G5$
����%$'�#�/�$,('�$
��
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����'��"��$"AIXuDAPL"����(��"���(�,���"�����"� DAT  #/���"$/�$"T*�� dat.conf T*�� /etc/dat.conf4����,�$���

"$/�$�"#�*���� ��
T*����"$/�
(��/#(���/)���"�!�����,"$/�$"

T��"$"� uDAPL������
��$"��#�$�"
��AIX�%$'"���$"#���� ('�
�$"�� �$"��#�$�"
��uDAPL (�0������ ID����� 5C3

(�%$'"�� ('�
�$"�� DAPL), 5C4 (�%$'"��('�
�$"�������#5�$#DAPL), 5C7 (�%$'"��('�
�$"�� DAT)��
5C8(�%$'"��

('�
�$"�������#5�$#DAT) "
#���$"��#�$�("������4�����T�  #/�����)�!"��$)
�)#���� DAT_TRACE_LEVEL��


DAPL_TRACE_LEVEL��)�!"��$)
�)#����('��$���/��"��	�$����), 0-10�%$�)�('�
�$"�� ��
�%$�)������������#�$��


(5����3�� #�)/"
#���$"��#�$�'���#�,���:

TRC_LVL_ERROR = 1
TRC_LVL_NORMAL = 3
TRC_LVL_DETAIL = 7

	
����Y�
	)$��$�$"4���$"�'��"��$"AIX�$�"]$��0��[ (����B�������#5�$#AIX�
4�����(50��"
�
!z`'$(�0����#�$�

('�
�$"�� 	
����Y�
	)$��$�$"4���$"�'��"��$"��,(�(/�"��$"����,����%$'�# (���	%$���, ibstat��
�$"��#�$�	��

 5(���� InfiniBand /�,(!-�!"
 /����%$'"���$")�(	"$
'� !z`'$

DATAPIs ��,	0�� 	�#��,	0��$�"]$�����$�$"44�#"'��  #/���T*�� /usr/include/dat/dat_error.h	%$�H��$/ #/

�
(��/#(���/)��� 	�#��,	0����� �������%$(5$
 uDAPL�$�DATCollaborative

uDAPLAPIs/
�������<�"������=�����	��AIX

UserDirect Access ProgrammingLibrary (uDAPL)APIs ���"
�
 #/DATCollaborative ���,'�#T��T#�"���$"������
�  #/

"
��!@������$"AIX

APIs ���T!���T#�"���$"������
� #/�$"��� uDAPL�
��$'�""����)T!��
������
� #/"
��!@������$"AIX

APIs ���T!���T��T#�"���$"������
� #/�$"��� uDAPL�
��$'�""����)T!��
T��T#�"���$"������
� #/"
��!@������$"

AIX

API ����#$��

dat_cr_handoff // InDAT2.0
dat_ep_create_with_srq // InDAT2.0
dat_ep_recv_query // InDAT2.0
dat_ep_set_watermark // InDAT2.0
dat_srq_create // InDAT2.0
dat_srq_post_recv // InDAT2.0
dat_srq_resize // InDAT2.0
dat_srq_set_lw // InDAT2.0
dat_srq_free // InDAT2.0
dat_srq_query // InDAT2.0

APIs (5���(������T!������"
��!@������$"AIX T��������
�:

v dat_lmr_sync_rdma_read

v dat_lmr_sync_rdma_write

v dat_registry_add_provider

v dat_registry_add_provider
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�%$'"��APIs ���T��������
����,'�#"
��!@������$"AIX (!-�T!�$���T�(G5$
����H��$/���������%$(5$
DAT (50����,���

"$/�$"API���T��������
� ^3�,")�	�$��B��"���)�� max_srq���(!-�&��/� ��
 	�#��,	0� DAT_MODEL_NOT_SUPPORTED (G5$


(�$
�,���,����$��$"�%$T!������
��$'�""���
�������%$(5$
DAT  	�# DAT_NOT_IMPLEMENTED�$�$"44����,	0��%$'"��

*z,����� ^3�,T��T#�"���$"������
�

�$"������
��%$'"��API���(���/)��� remotememory region (RMR) (��� dat_rmr_create, dat_rmr_bind, dat_rmr_free��


dat_rmr_query�3���/�����	)$��$�$"4 host channel adapter (HCA)����%$'�#��
	)$��%$("B�'"0����('�)�
4��5��$"�$

 #/(*"�()�"�� InfiniBand����%$'�#��
����
�#B!(��"� GX++HCA��
4XDDRExpansion card (CFFh) InfiniBand T��

������
� �$"#%$(����$"RMR

�	�����
������������:
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UserDirect Access ProgrammingLibrary (uDAPL)	0�(*"�()�"�� �$"(��$43, #/�",���"�����$"����,���������
��$"(��$43,

������ #/�", (��� InfiniBand��
RDMAnetwork interface controller (RNIC)

“��B��"���)�����"
�
(G5$
����$/�%$'"�� uDAPL”

("�/�"��(���/)�����B��"���)���������$/(�$
�,���T#�"���$" ������
� #/"
��!@������$"AIX  #/��B��"���)��

delayed_ack_supported, vendor_extension, vendor_ext_version, debug_query��
 debug_modify�
T#�"���$"

������
�

�����	
������������:

uDAPL:UserDirect Access ProgrammingLibrary

#�7�/����
�!/
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