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e AM(UC Berkeley,1992)/FM(lllinois,1995)

e SHRIMP (Scalable High-performance Really
Inexpensive Multi-Processor,1994 Princeton)

e U-NET(Connell,1995)
o VIA
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e VI(Virtual Interface)
e CQ(Complete Queue)

e VI Provider

e VI Consumer
VI Provider
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o M 17HELVipOpenNic/ VipCloseNic
o VI 5 M VipCreateVil VipDestroyVi
o IEREH

- VipConnectWait VipConnectRequest
- VipConnectAccept/VipConnectReject
— VipDisconnect VipDisconnect

o NAFIRY ST/
- VipCreatePtag/VipDestroyPtag
- VipRegisterMem/VipDeregisterMem
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- VipPostSend VipSendDone/VipSendWait
- VipPostRecv VipRecvDone/VipRecvWait



#l¥

#include
#include
#include
#include
#include
#include

#include

#include

{stdio. h>
{stdlib. h>
{string. h>
{unistd. h>
{sys/time. h>
{unistd. h>

{assert. h>

<vipl. h>



#l¥

char * amalloc(int size, int align):
void fatal (char *):

double get seconds(void) {
struct timeval t;
gettimeofday (&t, NULL) ;

return
(double) t. tv sec+((double)t. tv usec/ (double) 1e6) ;



#l¥

char usagel] = “usage: vpingpong device r|s remote packets size\n\n”

7 device Device in /dev, such as via lo or via ethO\n”
7 rls Sender starts pingpong:; receiver relays.
Start receiver first)\n”
7 remote Name of remote machine, as in
/etc/vip hosts\n”
7 packets Number of packets to send (roundtrip) \n”

7

size Size (in bytes) of each packet\n”;



#l¥

int
main(int argc, char *argv[])
{
double tl1, t2;
char *deviceName, s*remoteName;
int packets;
int size;
int sending = O;

int 1:



#l¥

VIP_CONN_HANDLE connHand;

VIP NET ADDRESS *localAddr;
VIP NET ADDRESS *remoteAddr;

VIP NIC HANDLE nicHand;
VIP NIC ATTRIBUTES nicAttrs;

VIP VI HANDLE viHand;
VIP VI ATTRIBUTES  viAttrs;
VIP VI ATTRIBUTES remoteViAttrs;



#l¥

VIP_MEM ATTRIBUTES memAttrs;
VIP PROTECTION_HANDLE ptag;

VIP DESCRIPTOR *descp;
VIP DESCRIPTOR *kdesc;
char *puff;

VIP RETURN retval;

VIP MEM HANDLE descHand, buffHand;



#l¥

if(arge !'= 6) {
fatal (usage) :

}
switch(argv([2][0]) {

) b

case S :
sending = 1;
break:



#l¥

) b

case T
sending = 0;
break;

default:
fatal (usage) ;

)



#l¥

deviceName = argv|1];
remoteName = argv[3]:
packets = atoi(argv[4]) ;
size = atoi(argv[5]);
printf (“pid = %d\n”, getpid());

if (VipOpenNic (deviceName, &nicHand) !=
VIP SUCCESS) {

fatal ("VipOpenNic failed\n”):
}



#l¥

if (VipNSInit (nicHand, NULL) != VIP_SUCCESS) f{
fatal ("VipNSInit failed\n”):
J
if (VipQueryNic (nicHand, &nicAttrs) != VIP SUCCESS) {
fatal ("VipQueryNic failed\n”):
J

localAddr =
malloc (sizeof (VIP_NET ADDRESS)-+nicAttrs. NicAddressLen) :

localAddr—>HostAddresslLen = nicAttrs. NicAddresslen:



#l¥

localAddr—>DiscriminatorLen = O;
memcpy (localAddr—>HostAddress,

nicAttrs. LocalNicAddress,
nicAttrs. NicAddressLen) :

remoteAddr =
malloc (sizeof (VIP NET ADDRESS)-+nicAttrs.NicAddres
slen) ;

memset (remoteAddr, 0, sizeof (VIP NET ADDRESS)) :

remoteAddr—>HostAddresslLen =
nicAttrs. NicAddresslLen:

remoteAddr—>DiscriminatorLen = 0;



#l¥

if (VipNSGetHostByName (nicHand, remoteName,
remoteAddr, 0) != VIP SUCCESS) {

fatal ("VipNSGetHostByName failed\n”):

)

printf (“localAddr—>HostAddress:%d, remoteAddr-
>HostAddress:%d\n”, localAddr—>HostAddress|[0],
remoteAddr—>HostAddress[0]) :

desc = (VIP DESCRIPTOR *)
amal loc (2%sizeof (VIP DESCRIPTOR),

VIP DESCRIPTOR ALIGNMENT) ;
buff = amalloc (2%size, 32):



#l¥

if (VipCreatePtag(nicHand, &ptag) !=
VIP SUCCESS) {

fatal ("Failed to create ptag\n”):
J
memAttrs. Ptag = ptag;
memAttrs. EnableRdmaWrite = VIP FALSE;
memAttrs. EnableRdmaRead = VIP FALSE;




#l¥

if (VipRegisterMem(nicHand, desc,
2%sizeof (VIP DESCRIPTOR),

&memAttrs, &descHand) != VIP SUCCESS) {
fatal ("Failed to register descriptors\n”):
}
if (VipRegisterMem (nicHand, buff, (2%size)+l1,
&memAttrs, &buffHand) != VIP SUCCESS) {
fatal ("Failed to register buffers\n”):

j
viAttrs. ReliabilityLevel = VIP SERVICE UNRELIABLE;



#l¥

viAttrs. Ptag = ptag;
viAttrs. EnableRdmaWrite = VIP FALSE;
viAttrs. EnableRdmaRead = VIP FALSE;
viAttrs. QoS = 0;
viAttrs. MaxTransferSize = size;

if (VipCreateVi (nicHand, &viAttrs, NULL, NULL,
&viHand) != VIP SUCCESS) {

fatal ("Failed to create VI\n”):
}



#l¥

for (i=0; i<2; i++) {
descli].CS. Length = size;
descli].CS. Status = 0;

desc[i]. CS. Control = VIP CONTROL OP SENDRECV |
VIP CONTROL IMMEDIATE;

desc|i].CS. SegCount = 1;

descli].CS. ImmediateData = 0x1234;
descl[i].DS[0]. Local. Data. Address = &buff|i*size];
desc[i].DS[0]. Local. Handle = buffHand;
descli].DS[0]. Local. Length = size;




#l¥

if (sending) {

if (VipConnectRequest (viHand, localAddr,
remoteAddr, 50000, &remoteViAttrs) !=

VIP SUCCESS) ({

fatal ("VipConnectRequest failed\n”):

J

for(i=0; i < 5; i++) |
VipPostRecv (viHand,
VipPostSend (viHand,
VipSendWait (viHand,
VipRecvWait (viHand,

&desc[0], descHand) :
&desc[1], descHand) :
VIP INFINITE, &descp):
VIP INFINITE, &descp):



#l¥

tl = get seconds():

for(i=0; i < packets: i++) {
VipPostRecv (viHand, &desc[0], descHand) ;
VipPostSend (viHand, &desc[1], descHand) ;
VipSendWait (viHand, VIP INFINITE, &descp):
VipRecvWait (viHand, VIP INFINITE, &descp):

J

t2 = get seconds();



#l¥

printf ("RT: %f (us)\tLat: %f (us) BW: %f
(MB/s) \n”,

((t2-t1)*1e6) /packets, (((t2-tl1)*1e6)/packets)/2,
((packets*size)/(((t2-t1)*1e6)/2))):
| else {
VipPostRecv (viHand, &desc[0], descHand):
descp = &descl|1];
printf ("now waiting for connecting\n”):

if (VipConnectWait (nicHand, localAddr,
VIP INFINITE, remoteAddr, &remoteViAttrs,

&connHand) !'= VIP SUCCESS) {
fatal ("VipConnectWait failed\n”) :

}



#l¥

if (VipConnectAccept (connHand, viHand) !=
VIP SUCCESS) {

fatal ("VipConnectAccept failed\n”):

J

for (i=0; i < 5; i++) {
VipPostRecv (viHand, descp, descHand) :
VipRecvWait (viHand, VIP INFINITE, &descp):
VipPostSend (viHand, descp, descHand) :
VipSendWait (viHand, VIP INFINITE, &descp):



#l¥

for (i=0; i<packets; i++) {
VipPostRecv (viHand, descp, descHand) :
VipRecvWait (viHand, VIP INFINITE, &descp):
VipPostSend (viHand, descp, descHand) :
VipSendWait (viHand, VIP INFINITE, &descp):
b}
VipDeregisterMem(nicHand, buff, buffHand)
VipDeregisterMem(nicHand, desc, descHand);
VipDisconnect (viHand) ;
VipDestroyVi (viHand) :
exit (0)



#l¥

char
amalloc (int size, int align)
{
char s*ptr;
unsigned mask = align — 1;
ptr = malloc(size + align — 1)
if (ptr != NULL && ((unsigned)ptr & mask) != 0)

{
ptr = (char *) (((unsigned)ptr + mask) & mask) ;

)

return ptr;



#l¥

void fatal (char *msg)

{

fprintf (stderr, “%s\n”, msg);
exit(—1);
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e Myrinet/GM (FH &%)

e Infiniband/VAPI CTMVFRUE)
e Quadrics/Elanlib (ZH &%)
e Gigabit Ethernet (IEEE #5#E)

}luu‘




| I8 | E Y

"

| 53

| J8

"

.-
3
A

A



http://www.myri.com/Myri-10G/NIC/10G-PCIE-8A-R.html
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Myrinet-2000 User-level Performance

3.25 (D-card NICs)

MX or MPI latency 2.616 (E- or F-card NICs)

247 MBytes/s (one-port NICs)

MX or MPI unidirectional data rate 495 MBytes/s (two-port NICs)

TCP/IP data rate (MX ethernet 1.98 Gbits/s (one-port NICs)
emulation) 3.95 Ghits/s (two-port NICs)
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Rmax

Rank (Gflops) Site Name, if any Country/year Manufacturer

4 20530 Barcelona Supercomputer Center MareNostrum Spain/2004 IBM

10 9819 NCSA Tungsten United States/2003 Dell

13 8770 Army Research Laboratory John Von Neumann USA/2004 Linux Networx

17 8061 Shanghai Supercomputer Center Red Grid China/2004 Dawning

18 8051 Los Alamos National Laboratory Lightning United States/2003 Linux Networx

22 7215 NCSA Teragrid United States/2004 IBM

23 7185 Army Research Laboratory United States/2004 IBM

28 6155 Grid Technology Research Center, AIST ?ZIST Super Cluster P- Japan/2004 IBM

31 5510 University of Southern California HPC United States/2004 IBM, Sun, self-made

37 4298 Caltech/JPL Cosmos United States/2004 Dell

40 4152 Unlvers!ty of Texas / Texas Advanced Lonestar United States/2004 Dell-Cray
Computing Center

57 3379.5 Walt Disney Feature Animation The Hive United States/2004 HP

58 3337 Forecast Systems Laboratory - NOAA Jet United States/2002 Aspen/HPTi

60 3231 CINECA Italy/2004 IBM

61 3931 Nankai _Unlver5|ty/ Institute of Scientific Nankai Star China/2004 IBM
Computing

62 3152 UCSD/San Diego Supercomputer Center Teragrid United States/2004 IBM

64 3067 Korea Institute of Science and Technology Korea, South/2003 IBM

70 2880 Sandia National Laboratories Institutional Cluster United States/2004 HP

71 2880 Sandia National Laboratories Institutional Cluster United States/2004 HP

81 2223.15 Sandia National Laboratories United States/2004 IBM

82 2207 Louisiana State University SuperMike United States/2002 Atipa

83 2200 Sandia National Laboratories United States/2004 HP

84 2200 Sandia National Laboratories United States/2004 HP

97 2044 Oracle Corporation United States/2004 HP
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Middleware over GM

MPICH-GM
VI-GM
PVM-GM
Sockets-GM

DAPL-GM

— (Direct Access Provider Library to allow Myrinet networks to be
used for applications using the Direct Access Transport)

e Myrinet Protocol Module for Sun HPC ClusterTools
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Linux
Windows
Solaris
AlX

Mac OS X
True4
FreeBSD
VxWorks
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while (1) {
event=gm_recv(port);
switch(event->recv.type)
case :

break;
case:

break;
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e gm_blocking receive()
- HIH B R

e gm_blocking receive _no_spine()
— o vH B oL R
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e gm_dma_calloc()
e gm_provide receive_ buffer()




Arriving Packet

Recei\(\

Receive Buffer Pool
State
Machine ry N
LANai Memory
. b 4 User Virtual Memory
Receive Queue

gm provide receive buffer()

k_/—} gm receive()

Receiving
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e gm_send()
_ FBEMELGM LOW_PRIORITY
/IGM_HIGH_PRIORITY
e gm_send_ with callback()

_ FBEMELGM LOW _PRIORITY
/IGM_HIGH_PRIORITY



Sent Packet

*

Send
State ,
Machine

+

Send Queue

F 3 LANai Memory

‘ User Process Memory

Receive Event Queue

e
gm send with callback(..,ptr,size,..,callback, context);

Ty

event=gm receive();
switch(event->recv.type) {

default:
gm unknown (port,event) ;
l |

N\
Y v ¥ v

callback (port,context, status)

Behind the scenes in gm_unknown()

Sending
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o JIXHI W12 K iktoken
- gm_alloc_send_token (port, GM_LOW_PRIORITY)
o HWTHT B AR UE SR L f2 i token

— gm_provide_receive_buffer()



Send Queue

g num gend tokens () slots

Receive Buffer Pool
-
gm num receive tokeng () slots
LANgi Memory
1 ‘ User Virtual Memory
Receive Event Qﬁeua R Client
num raceive tokens{)+ Software

gt L
gn num gend tokens() slots

User Token Flow
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o
— ¥1tEgm_init() gm_open ()
- HiEDMA=ZS [A] 54 fflgm_dma_calloc ()
gm_alloc_send _token ()
gm_provide_receive buffer ()

o ik
- gm_send_with_callback ( )
- gm_receive ()
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o it
— tar zxvf gm-1.5 Linux.tar.gz

o HIIE

— cd gm;./configure
o it
- make
o ZRE KT
— cd binary;./GM_INSTALL

o [N 4% L Lt

- cd ~/gm/binary/sbin;./mapper active.args
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Data Rate {HBytes/sec}

aa8
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380

2840

184

GH=-2.1 Unidirectional Bandwidth on a 2,4Ghz P4 with Serverworks GC-LE chipset

Link Linit
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Data Rate {HBytes/sec}

GH=-2.1 Sumned Bidirectional Banduwidth on a 2.4Ghz P4 with Serverworks GC-LE chipset

1888

800

608

488

208

d B

18

Link Linit —

PCI Linit
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Hessape S5ize {bytes)
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One Hay Latency f{usecs)
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GH=-2,1 Latency on a 2.4Ghz P4 with Serverworks GC-LE chipset

LatencglFEIHE s
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256 Hosts, 80 SW16 Switches
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320 Hosts, 112 SW16 Switches
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