NOW 2

Remember the �Killer Micro� ?

PentiumR10000R2000R3000i8086i8080i80386i80286i40041,00010,000100,0001,000,00010,000,000100,000,00019701975198019851990199520002005Year

Transistors

Transistors on a Microprocessor

NOW 3

What happened at the high end?¥Technology change in all markets¥At many levels: Arch, Compiler, OS, Application

CM-2CM-5Paragon XP/S (6768)Cray T3DASCI redY-mpC90T90X-mp0.111010010001984198619881990199219941996Year

GFLOPS

MPPCray vector

Linpack Peak Performance

NOW 4

Another Tech. Revolution Brewing¥The �Killer Switch�—single chip building block for scalable networks—high bandwidth—low latency—very reliable¨if it�s not unplugged=> System Area Networks

NOW 5

One Example: Myrinet¥8 bidirectional ports of 160 MB/s each way¥< 500 ns routing delay¥No smarts - just move bits¥Detects connectivity and deadlock

Potential: Snap together large systems¥incremental scalability¥time / cost to market¥independent failure => availability

05 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 19861988199019921994Year

SpecInt

SpecFP

Opportunity: Rethink traditional systems design ¥Remote memory and processor are closer to you than your own disks!¥File system design ?¥Virtual Memory ?¥Communication Stacks ?

NOW 8

Example: Traditional File SystemClientsServer$$$GlobalSharedFile Cache

RAIDDisk StorageFast Channel (HPPI)

¥ Expensive¥ Complex¥ Non-Scalable¥ Single point of failure$

LocalPrivateFile Cache$

$�˚�˚�B̊ottleneck¥Server resources at a premium¥Client resources poorly utilized

NOW 9

xFS: Truly Distributed File System¥net VM: page to remote memory

FileCacheP

Scalable Low-Latency Communication Network

Log Structured File Stripe GroupG = Node Comm BW / Disk BW

LocalCache

Cooperative Caching

NOW 10

Problem: the last two inches

Killer Switch �˚�˚�

NetworkInterface Hardware

Comm..Software

Comm.Software

Killer Platformnsmsms

NOW 11

Opening: Intelligent Network Interfaces¥Dedicated Processing power and storage embedded in the Network Interface¥An I/O card today¥Tomorrow on chip?

$PMI/O bus (S-Bus)50 MB/sMryicomNetPSun Ultra 170MyricomNIC160 MB/sM$PMP$PM$P$PM

NOW 12

Our Attack: Active Messages¥Request / Reply small active messages (RPC)¥Bulk-Transfer (store & get)¥Highly optimized communication layer on a range of HWRequest

handler

handlerReply

Compare: Communication TimeOverhead+LatencyGap (1/BW)Microseconds for 8-word Active Message

024681 0 1 2 1 4 1 6

NOW SS20

NOW Ultra

Paragon

Meiko m s gLOrOs

NOW 14

NOW System Architecture

Net Inter. HW

UNIXWorkstation

Comm. SW

Global Layer UNIX Resource ManagementNetwork RAMDistributed FilesProcess Migration

Fast Commercial Switch (Myrinet)

UNIXWorkstationUNIXWorkstationUNIXWorkstationLarge Seq. AppsParallel Apps

Sockets, Split-C, MPI, HPF, vSM

Approach: Build Traditional APIs on a light-weight protocol¥Compiler-based shared memory¥Shared virtual memory¥MPI¥HPF¥Sockets¥...

NOW 16

MPI over AM: ping-pong bandwidth

01 0 2 0 3 0 4 0 5 0 6 0 7 0 1 0 1001000100001000001000000Message Size (bytes)

Bandwidth (MB/s)

SGI Challenge

Meiko CS2

NOWIBM SP2

Cray T3D

NOW 17

MPI over AM: start-up

01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0

SGIChallengeMeikoNOWIBM SP2Cray T3Dmicroseconds

NOW 18

NAS Parallel Banchmarks in MPI

0500100015002000250001 0 2 0 3 0 4 0 5 0 6 0 Processors

MFLOP/s

LU-NOW

LU-Enterprise

BT-NOW

NOW 19

What about sockets over AM?

02 0 0 4 0 0 6 0 0 8 0 0 1000120014001600180020000200040006000800010000Transfer Size

Time (ms)

TCP100BT TCP

Fast Sockets GAM