Network InterfaceCards ( NICs ) as

First-Clas s Citizens

Wu Feng * �

feng @ lanl . gov

Ronald G. Minnich * and Fabrizio Petrini *

* Los Alamos National Laboratory

Los Alamos, NM 87545

Purdue University

�

W. Lafayette, IN 47907

The ASCI Target (or ASCI Curves)

10 11

10 12

`96

`97

`00

`03

Year

10 13

10 14

Computing Speed (FLOPS)

0.05

0.5

5

50

Memory (TB)

0.13 1.3 13 130

Archival

Storage (PB)

Parallel I/O ( Gbps )

5

50

500

5000

0.13

1.3

13

130

Network Speed ( Gbps )

� a good star tbut ...

Recent Solutions Between

Proces sor & Network

¯ HiP P I -6400 NIC ( b eta prototype)

˘ NIC processor to free CPU from network operations.

˘ Hardware capabilities

¯ IP checksum

¯ Error detection and re-transmission

¯ Flow control

¯ Low-levelmessaging operations for OS-bypassprotocols.

¯ OS-Bypass P rotocol

˘ Orders-of-magnitude reduction in app-to-network latency.

¯ Problem

˘ Application-to-network (vice versa)still a bottleneck!

6400 Mb/s (6.4 Gb /s)

Current PC Technology

Compone nt "Late nc y" "B andwi dth"

CPU 1-2 n s 3.6 Gi p s

DRA M a c c e s s t ime 60-100 n s 6.4 Gb p s

Ne t wo rklin k 1 m s 6.4 Gb p s

M e mo ry b u s 10 n s 6.4 Gb p s

I/ Ob u s 15 n s 1.1 Gb p s

A p p l-t o -n e t wo rk(TCP/ IP) 100-150 m s 0.25-0.50 Gb p s

A p p l-t o -n e t wo rk(OSb y p ) 3 m s 0.60-0.99 Gb p s

Goal

¯ Alleviate app/network bottleneck.

(Example) Benefits

¯ Enable QoS in middleware .

¯ WWW

¹

World Wide Wait

¯ Remote Viz (FY01)

- 80 GB/s = 640 Gb /s.

¯ High-speed bulk data transfer.

Future for I/O Bus and Memory Bus , respectively ...

¯ PCI-X: 4.3 Gb /s (1Q00) & RAMBUS: 9.6 Gb /s, 28.8 Gb /s,86.4 Gb /s (^now~).

SGI XIO?

6.4 Gb /smax, 0.8 Gb /sdelivered.

Problems:

Directory-based cache coherency ( ccNUMA ) &10:1 CPU:NIC ratio.

NICs as First-Clas s Citizens

CPU

$

Main

Memory

Memory Bus

I/O Bus

I/O

Bridge

NIC

CPU

$

Main

Memory

I/O

Bridge

NIC

I/O Bus

Memory Bus

Network

Note: Each node could contain multipleCPUs.

¯ Move NIC to memory bus.

- What´s new?

¯ Integrate NIC into memory

subsystem.

¯ Treat NIC asa peer CPU.

$

Goals

¯ Alleviate application/network

bottleneck.

NIC Access

º

Memory Access

I/ OA c c e s s M e m o ry A c c e s s

D eviceon I/O bus M emory on memory bus

Indirect viaop erat ings y s t em(O S) D irect viap rot ect ed us er acces s

U ncached N IC registers Cached N IC registers

A d hocdat amovement Cacheblock t rans fers

Exp licit dat amovement viaA P I M emory -bas ed queue

N ot ificat ion viaint erru p t s N ot ificat ion viacacheinvalidat ion

Limit ed devicememory P lent ifulmemory

N o out -of-ordera c c e s s & s pec. O ut -of-ordera c c e s s & s pecula tion

Status

¯ Internal interface: Memoryaccess.

¯ External interface: Myrinet .

˘ Problems: Myrinet performance degrades under heavy load.

Nearly allother technologies are PCI I/O-based.

˘ Solution: HiPPI -6400 when commercially available.

Use Myrinet to prototype for now.

¯ Implementation of Intel x86-based simulatorunderway.

¯ Re-evaluation of FPGAs to implement our NIC processor:

SLAAC instead of RCA-2 & Pamette .

10/20/99 W. Feng, Adv . Network R&D 10

DOE NGI Program Structure

¯ More tightly-coupled collaboration across academia, government labs, and industry.

˘ Why?

¯ Advance research& developmentat a faster rate.

¯ Enhance visibility of the overall DOE NGI program.

¯ Ensure that our basic researchhas practical application.

˘ Examples

¯ HiPPI -6400 (LANL and SGI)

¯ NICs asFirst-ClassCitizens (LANL, Purdue , and Intel)