High Performance Commodity Processor s

Interfacing commodity processors:

Examples: DEC Alpha, P ower PC, or P entium Ver y good pr ice/perf ormance Flexibility through PCI bus based solution Platform: 200 MHz P entium Pr o running Linux

The Network Interface Bottleneck

Bac kgr ound

CERN is currently investigating the requirements and technology choice for the ATLAS level-2 trigger. This trigger should perform real-time data analysis at a rate of about 10 GBytes/s. Parallel systems are being investigated as a solution to this problem. Requirements are:

High comm unication perf ormance Low latenc y High thr oughput High computational po wer We investigate a solution that combines:

Switched 100MBaud IEEE 1355 DS links High perf ormance commodity pr ocessor s

Over view

This project investigates how the communication performance of switched 100 MBaud DS link networks as well as the computing power of high performance commodity processors can be maintained when this network is used to interconnect these processors.

The network interface is in such case often the system’s bottleneck. We focus on this problem, and show our approach to solve it.

Switched IEEE1355 DS Link Netw orks

DS Links:

100 MBaud bidir ectional point-to-point Flow contr ol, no data loss: highly r elia ble Effectiv e cr oss-sectional bandwidth: 18.4 Mb ytes/s C104 Packet Router Switch:

32 bidir ectional por ts Wormhole r outing: Non bloc king, not bus based 1μs switching latenc y Effectiv e cr oss-sectional bandwidth: 294 Mb ytes/s Measurements on a 1024 end-node IEEE 1355 DS Link switching network have demonstrated that:

Large switching netw orks can be built These switching netw orks scale v er y well These netw orks can cope with the high data r ates and traffic patter ns requir ed f or the A TLAS level-2 tr igger

The Project

December 1996 - April 1999 Part of the ARCHES project

M. Boosten^{1,2}, R.W. Dobinson^2, B. Martin^2

Contact person: Marcel Boosten (Marcel.Boosten@cern.ch) +41 22 767 8705

Stan Ackermans Institute^{(1)}

Eindhoven University of Technology P.O. Box 513 5600 MB Eindhoven The Netherlands

CERN^{(2)}

European Laboratory for Particle Physics ECP/ATD Division 1211 Geneva 23 Switzerland

The Bottlenec k

To exploit both the computation and communication performance, an efficient network interface is required. However, this network interface can easily be the bottleneck in the system. It can limit:

Latenc y b y

Too m uch buf fering Disa ppointing r esponse times An inef ficient comm unication pr otocol Throughput b y

A limited comm unication pr otocol Inefficient memor y access and data handling CPU perf ormance b y

A high interr upt fr equenc y High-frequent task switching Memor y copies CPU hosted CRC chec king

Step 1

Aim:

High thr oughput, and Low latenc y comm unication Approach:

De velopment of comm unication pr otocol

Allows buf fering of m ultiple pac kets Allows full bandwidth utilisation Investig ation of optim al pac ket size Pac ket comm unication f acilities b y DSNIC firmw ar e:

Separ ate paths f or ac kno wledge and data pac k- ets Separ ation of pac ket header fr om pac ket data DMA transf ers on per pac ket basis Contr ol in host pr ocessor , interr upt based

Allow latenc y hiding b y providing both synchr onous and asynchr onous comm unication Avoid task-switching b y allo wing both bloc king and non-bloc king comm unication

Step 2

Aim:

Maintain high perf ormance comm unication Add f ault-toler ance aspects Approach:

De velopment of f ault-toler ant comm unication pr otocol CRC chec ks Time-outs on ac kno wledges Resending of pac kets Ada pt DSNIC fir mw ar e and softw ar e:

Hardw ar e CRC chec king De velop Netw ork Contr ol Softw ar e

Detection of tr ansient link f ailures Restar ting of links

Step 3

Aim:

Maintain high perf ormance comm unication Maintain r elia bility Offload the host pr ocessor Approach:

Add a dedicated comm unication pr ocessor to the boar d to ena ble complete of f-host pr otocol handling Mak e a message le vel interf ace to the DSNIC boar d b y mo ving the complete pr otocol handling to the boar d Use boar d initiated DMA tr ansf ers Reduce the pr ocessor interr upt fr equenc y significantly

CERN

Limited thr oughput (Maxim al 1.9 Mb ytes/s) 100% CPU load

Throughput drops off easily when the packet transmission overhead increases.

Solution

In collaboration with INFN, CERN has developed a DS Network Interface Card (DSNIC) that:

Contains a lar ge Pr ogr amm a ble Logic De vice (PLD) f or:

High bandwidth oper ations ‘Intelligent’ contr ol oper ations Contains memor y to allo w:

Data buf fering Administr ation f or the ‘intelligent’ contr ol Interfaces betw een a PCI bus and a DS Link netw ork Allows har dw ar e extensions (e.g., adding a pr ocessor) To obtain the required performance a division of functionality must be made between:

Host pr ocessor Dedicated comm unications pr ocessor Logic in the PLD We use a three step approach.