Marc E. Fiuczynski 9/8/1998

                                                              An Operating System for

                                                        Intelligent Net work Adapt ers

                                         Marc E. Fiuczynski
                                            Brian N. Bershad
                                            Depart ment of CS&E
                                        Uni versit y of Washington

                                                http://www.cs.washington.edu/research/spine

                                                                                                         Richard P. Martin
                                                                                                            David E. Culler
                                                                                                         Depart ment of EE&CS
                                                                                               Uni versit y of C alifornia Berkeley

10/14/99 2

Observation

¯ Computer Systems are fancy communication devices

˘ Multi media clients

˘ IP forwarding/routing

˘ Firewalls

˘ Archi ve and R etrieval (file - , web - , multi media - servers)

¯ Unbalanced increase in system performance

˘ CPU, Li nk bandwidth, and disk capacit y steadil y increasing

˘ I/ O subsystem lags in scalability and performance increase

                                       10/14/99 3

                                          SPINE -- Intelligent I/O Processing

                                    ¯ Problem: I/O performance is not tracking

                                          workstation performance

                                    ¯ Implication: Need to sta y off the I/O bu s as much a s

                                          possible

                                    ¯ Opportunity: Ma ny I/O controllers come with their

                                          own CPUs

                                    ¯ Solution: Migrate application - specific processing

                                          directly on to the I/O card itself

                                    ¯ Strategy: Develop an extensible runtime system for

                                          I/O controllers

10/14/99 4

Techno logy trends argue for

smarter I/O devices

Myrinet
33Mhz Lanai IOP

Intel PRO/100
S mart Adapter
66Mhz i960 IOP

Alt eon ACEnic
Gi gabit Ethernet
2 100Mhz MIPS IOPs

I/O Bus

PCI

RAM

RAM
IOP

NET

~1Gbps

128KB - 16MB

CPU

                                       10/14/99 5

                                                                                     Strategy

                                    ¯ Migrate functionality to network adapter

                                            ˘ enable application to act on data closer to media

                                            ˘ reduce I/O related control & data transfers to host

                                    ¯ Techniques to improve performance

                                            ˘ Devi ce to devi ce transfers

                                            ˘ Host/De vi ce protocol partitioning

                                            ˘ Devi ce l evel me mory management

10/14/99 6

Three Key Questions

¯ What kind of system software support is necessary?

¯ Can we really partition applications?

¯ Are the slower I/O processors fast enou gh?

Marc E. Fiuczynski 9/8/1998

                                       10/14/99 7

                                                                      SPINE Properties

                                    ¯ Performa nce

                                            ˘ singl e address space de sign

                                            ˘ low overhead access to system services

                                            ˘ exchange data with peer dev ices w/o host support

                                    ¯ Run - time adaptation

                                            ˘ applications dynamically load extensions onto the
                                                intelligent adapter

                                    ¯ Safety and Fault Isolation

                                            ˘ type - safe language & defensi ve interface desi gn

10/14/99 8
user

kernel

host

I/O

Application

SPINE
OS Runti me

SPINE
Extension

VM

devices

SPINE
I/ O Runti me

Peer

M3 DMA

NET

Mem. IPC
Net work

Dynami call y load

extensions onto I/ O

device to a void

control and data

transfer across the

host I/O bus boundary

System Structure

                                       10/14/99 9

                                                              System Character istics

                                    ¯ Message Driven Scheduling

                                    ¯ Active Message Communication Layer

                                    ¯ ^Terminate with prejudice~ scheduling

                                    ¯ Reference counting GC

10/14/99 10

Do Applications Partitio n?

Remote Memory S ystems

¯ GMS & Net work R AM

¯ treadmarks, quarks (DS M)

Hi gh Perf. Net working
¯ Checksum offloading
¯ TCP/ IP offloading
¯ VIA

Management & Availabilit y

¯ SNMP - statistics/ confi guration

¯ Crash detection

Packet Manipulations

¯ Fire walls

¯ Filtering

¯ Accounting

Devi ce - to - Devi ce Transfers

¯ Video Client

¯ IP forwarding

¯ 3D distribut ed R T rendering

Operating S yst em Servi ces

¯ Qualit y of Ser vi ce

¯ Lazy Recei ve Processing

¯ Scout Paths

                                       10/14/99 11

                                                                                                        user
                                                                                                        kernel

host
I/O
                                                                                                                SPINE I/O RT

Myrinet

                                                                                                                   Graphics
                                                                                                                   Card

Frame
buffer

Video
Application

                                                                                                                  Windows NT

                                                                            SPINE Video

                                                                                                                       SPINE
                                                                                                                  OS Runtime

                                                            Video

                                                                                              Network

                              2. Video data arrives from Network
                                                                                                                     3
                              3. Dispatch to the Video Extension

4

                              4. DMA video image to frame buffer

                              5. Window events sent to extension

                                                                                                               Video Extension

                                                                                                   1

                              1. Download extension to I/O card

                                                                                                         2

5

10/14/99 12
user
kernel

host
I/O

Router Application

Windows NT

SPINE
Kernel Runtime

SPINE

Router
Extension

SPINE

Net work Stack

NET -1 NET -2

1

2

Router
Extension

4

3

2. IP packet arrives from NET - 1

3. Dispatch to the Router Extension
4. Transfer IP packet to peer device

1. Download extension to I/O card

5/6. Send IP packet out on NET - 2

SPINE IP Forwarding

5

5

SPINE Performance:

11,300 PPS + zero host CP U

Host base i mplementation:

12,000 PPS + 100% host CP U

                  Marc E. Fiuczynski 9/8/1998

                                                        10/14/99 13

                                                                      SPINE Event Processing for

                                                                            IP Forwarding Extension

                                                        DMA start header
                                                        DMA start body
                                                        DMA generic start
                                                        DMA start hand ler
                                                        Peer to peer start
                                                        EnQ IP pkt to peer
                                                        IP Router hand ler
                                                        EnQ IP Router
                                                        Rx check body
                                                        Rx check header
                                                        Peer ACK
                                                        Free buffer
                                                        Peer Queue 4
                                                        Peer Queue 3
                                                        Peer Queue 2
                                                        Peer Queue 1
                                                        Host Queue
                                                        Internal Queue
                                                        High Priority Queue

                                                                                                                Ti me in microseconds

Event Type

                                                                                  0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

                                                                                                   Route
                                                                                                   Packet 1

Route
Packet 2

Route
Packet 3

                                                                                     Receive
                                                                                     Packet 1

                                                                                                                        Receive
                                                                                                                        Packet 2

Receive
Packet 3

                                                                                            DMA
                                                                                            Packet 0

DMA
Packet 1

DMA
Packet 2

10/14/99 14

Hardware Enhancements

¯ What we had to u se: 33 MHz La nai Processor

˘ 1989 processor t echnology (think Sparc - 1)

˘ no I/D cache

˘ highl y cont ended shared memory resource

˘ soft ware emul ation of msg F IFOs &  DMA control

¯ What would help:

˘ hardware F IF Os

˘ chained & strided DMA

˘ recent Processor technology

˘ higher me mory bandwidth

                                                        10/14/99 15

                                                        DMA start header
                                                        DMA start body
                                                        DMA generic start
                                                        DMA start hand ler
                                                        Peer to peer start
                                                        EnQ IP pkt to peer
                                                        IP Router hand ler
                                                        EnQ IP Router
                                                        Rx check body
                                                        Rx check header
                                                        Peer ACK
                                                        Free buffer
                                                        Peer Queue 4
                                                        Peer Queue 3
                                                        Peer Queue 2
                                                        Peer Queue 1
                                                        Host Queue
                                                        Internal Queue
                                                        High Priority Queue

                                                                                                                Ti me in microseconds

                                                                                  0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
better

DMA

                                                                            SPINE Event Processing

                                                                with improved hardware support

                                                                                                           HW

                                                                                                          FIF O

                                                                                                       FAS TER

                                                                                                           CPU

10/14/99 16

Summar y

¯ Intelli gent Front - end I/ O devices are nothing new

˘ IBM Channel Controllers, Cray Y -MP, Auspex NFS server

¯ Processors used in most major system components

˘ Disks: NASDs , IDISK, Active Disks (Database Machines)

˘ Graphics: Phillips Trimedia , Equator VLIW, �

˘ NICs : Alteon Tigon2, 3COM X?X?, �

¯ SPINE is an OS for Intelli gent Net work Adapters

˘ example applications work even with slow I/O processors

˘ faster I/O processor and hardware structures enable other intere sting

applications

http://www.cs.washington.edu/research/spine

                                                        10/14/99 17

                                                                                               Performance

                                                      ¯ Video client supports up to 4 video streams at 40Mbps

                                                             ˘ 0% host processor utilization

                                                      ¯ Router handl es 11300 packets per second (PPS)

                                                             ˘ 0% processor utilization

                                                             ˘ Compare to ~12000 PPS for a host -centric router using the same

                                                                  hardware (100% CPU utilization for a 200 MHz Pentium)