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Topics

• Scope and Design Goals
• HyperTransport Defined

• Host  I nterface
• Connect ing Device to Host
• Connect ing Mult iple Devices to Host
• I nterconnect ing Mult iple Hosts

• AMD Cache Coherence Support
• Beyond Motherboards
• New  in HT3
• Beyond HT3
• Beyond Convent ional
• HyperTransport  Technology Consort ium
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Scope and Design Goals

• System Area Netw ork Support ing Cache- Coherent
Shared- Mem ory Mult iprocessors and I / O Devices
• High- Perform ance Replacem ent for Processor

Front  Side Bus ( Point - to- Point  Links vs. Bus)
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Scope and Design Goals ( cont .)

• System Area Netw ork Supports Cache- Coherent
Shared- Mem ory Mult iprocessors and I / O Devices
• High- Perform ance Replacem ent for Processor

Front  Side Bus ( Point - to- Point  Links vs. Bus)

• HyperTransport ’s Dist inct ion:  Processor- Nat ive
• I ntegrated in Processor Architectures
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Scope and Design Goals ( cont .)

• Low est - Latency, High Bandw idth, Cost - Effect ive, 
Reliable Motherboard- Level I nterconnect
• SMP Program m ing Model

• Unified I nterface For Local and Rem ote Mem ory

• Self- Configuring Topology and Link Speed

• HT3  Enhancem ents
• I ncreased Bandw idth and Reliability
• Link Split t ing
• Dynam ic Pow er Managem ent
• AC Mode
• Hot  Plugging
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Typical Server Architecture
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HyperTransport TM Defined
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Nine Years of Fine Tuning, Perfect ing, Polishing



Hot  Chips Sym posium  2009

Host  I nterface
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Host  I nterface ( cont .)

• Single I nterface for All Cores ( SRQ/ SRI )
• On- Chip Crossbar and Rout ing
• Host  Bridge for I / O Device Chain
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Northbridge Architecture
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Connect ing Device to Host

1 2

• Approach: High Speed Point - to- Point  Parallel Link
• Point - to- Point  Link Minim izes Parasit ic Capacitance
• Clock Forw arding Rem oves Clock Recovery Overhead
• Parallel Link Delivers High Bandw idth, Low Latency

• Control and Data Packets I nter leaved on Each Link
• CTL Signal Dist inguishes Betw een Control and Data
• Tw o Addit ional System Signals: PW ROK and RESET
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HT Physical Layer

• Low - Voltage Different ia l Signalling ( LVDS)

• Pre- Em phasis Supports Higher Clock Rates
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HT Physical Layer ( cont .)

• Clock Rate:  From 2 0 0  MHz to 3 .2  GHz
• Link W idth:  2 , 4 , 8 , 1 6 , 3 2 - Bit
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HT Physical Layer ( cont .)

• Support for Asym m etric and Mixed Link W idth
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HT Transact ion/ Data Link Layer
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DATA
4-64 Bytes

Header

8 or 12

Bytes
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HT Basic Read/ W rite Sequences
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HT Request Packet Form at
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HT Request Packet Form at ( cont .)
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HT Request Packet Form at ( cont .)
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HT Read Response Packet Form at
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Com m on HT Com m and Types
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Connect ing Mult iple Devices to Host
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HyperTransport I / O Device Configurat ions
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Rout ing to Target  Device
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Pipelining Mult iple Requests
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Com m unicat ion Betw een Tw o I / O Devices
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Com m unicat ion Betw een Tw o I / O Devices ( cont .)
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Transm ission Error Handling
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CPU
Peripheral A Peripheral B

2

CPU
Peripheral A Peripheral B

1

Data transfer 1 under way

PRI

Data transfer 2 initiates while data transfer 1 still under way

CPU
Peripheral A Peripheral B

3 Lowest Achievable Latency

While transfer 1 carries on…

Prior ity Request I nter leavingTM
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I nterconnect ing Mult iple Hosts

3 4

• Coherent vs. Non- Coherent HyperTransport
• cHT- Enabled Links Configurable at  Boot Tim e
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Cache Coherence Support
Proprietary Technology
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AMD cHT Basics

3 6

• On- Chip Support for Up to 8  CPUs
• Broadcast - Based 3 - Hop I nvalidat ion Cache 

Coherence Protocol

Copyright  HyperTransport  Consort ium , 2009 
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AMD cHT Read Request Exam ple
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT Read Request Exam ple ( cont .)
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AMD cHT HT- Assist ( Probe Filter)

• Old cHT Broadcast Protocol Broadcasts Probes to
I nvalidate Copies even if Mem ory Line is Clean
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AMD cHT HT- Assist ( Probe Filter)  ( cont .)

• Sparse Directory Cache Next to Mem ory
Controller

• Rule: I f a  Line is Cached, it has  an Entry in PF
• Replacem ent Policy Makes Room for New  Lines

• Enhanced behavior:
• No Probing for Uncached Lines
• Directed Probe to Request Copy of Cached Line

• Benefits:
• Significant ly Less Bandw idth Use
• Shorter Access Latency, Mainly for Uncached Lines

For More Details:
“Blade Com put ing w ith The AMD Magny- Cours Processor ”  

Presented by             - Pat  Conway, Hot  Chips 2009
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AMD cHT HT- Assist ( Probe Filter)  ( cont .)
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Beyond Motherboards
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HTX Connector

5 1

• Low  Latency CPU- to- High-
Perf. Subsystem   Direct  
Connect

• Rem oves Perform ance 
Bot t lenecks in Com pute-
I ntensive Data Processing 
and Accelerat ion Funct ions

• Com plem ents PCI - Class 
I nterconnects

• Link Split t ing                    
Capability

Copyright  HyperTransport  Consort ium , 2009 
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HTX Specificat ion Evolut ion
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New  in HyperTransport TM 3
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HT3
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HT3  - Link Split t ing
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1x 4-Bit  Æ 2x 2-Bit
1x 8-Bit  Æ 2x 4-Bit

1x 16-Bit  Æ 2x 8-Bit
1x 32-Bit  Æ 2x 16-Bit   

All Links or I ndividual Links



Hot  Chips Sym posium  2009

HT3  - Link Split t ing ( cont .)                                                

5 5

Extended SMP Topologies Enabled
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HT3  – Dynam ic Pow er Managem ent

5 6

• Part ia l Link Shutdow n
via Link Split t ing
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• Dynam ic Link W idth, Clock Rate and Voltage Scaling
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• 8 b/ 1 0 b Encoding
• Low er Bandw ith, Higher Latency than DC Mode

• DC/ AC Autoconfigurat ion
• TX Equalizat ion

HT3  – AC Mode ( Opt ional – Enabled if Needed)

5 7

I n-System Backplane
Chassis- to-Chassis

DC Mode AC Mode

Decoupling Caps

HT3 Spec
at  < = 12 I n

HT3 Spec
at  < =  3 Ft

Transm it  with Pre-
and Post-Cursor De-Em phasis
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HT3  - AC Mode +  Link Split t ing

5 8

Maxim ize Mult i- Processor Expansion Capability

HTX
Connector

To other
CPU subsystem s

To other CPU
subsystem s

Chassis 1

HTX
Connector

To other
CPU subsystem s

To other CPU
subsystem s

Chassis n

CPU

CPU

CPU

CPU CPU

CPUCPU

CPU

I / OI / O

8-Bit  DC HyperTransport  Links16-Bit  DC HyperTransport  Links 16-Bit  AC HyperTransport  Links
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• Add/ Rem ove Devices from HT Fabric W ithout
Disrupt ing Other Operat ions
• Defined Link Term inat ion Methods
• Transact ion Term inat ion Behaviors
• Sync Flood I solat ion
• Link Training Tim es

• Param eter Configurat ion Mechanism

HT3  – Hot  Plugging

5 9

High- Availability Applicat ions
Server and Storage Markets
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HT Specificat ions Evolut ion

6 0

2 0 0 1

HT 1 .0

HT 2 .0

2 0 0 2

2 0 0 4
2 0 0 3

2 0 0 6
2 0 0 5

HTX

HT 1 .1

1 7 .7 M HT- Based
System s Shipped

( Note 1 )

2 0 0 8

HT 3 .0

Note 1:  by end of 2003 – Source I nStat
Note 2:  by end of 2008 – Source I nStat
Note 3:  High Node Count  Specificat ion 1.0 - Accessible/ Useable by Promoter and Cont r ibutor Members Only

6 2 .7 M HT- Based
System s Shipped

( Note 2 )

HNC 1 .0
(Note 3)

2 0 0 9

HTX3

HT 3 .1
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HT Specificat ions Evolut ion ( cont .)
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Beyond HT3
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You are
Here
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High Node Count  ( HNC)  Specificat ion 
Com plem ents HT3

HyperTransport Link Specificat ions w ith
HNC Extended Addressing Features as Opt ions

6 3

«

100%  Backward Com pat ible
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HNC Model

6 4

• Physically Dist r ibuted, Logically Shared Mem ory 
System  ( PGAS)

• Cache Coherence Not  Mandatory, but  Mult iple 
Coherent  Dom ains Can be Part  of it

• Nest : Each HNC- Clustered Com ponent  
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HNC Model ( cont .)

• DestNest I dent ifier  Locat ion in Request  and 
Response Packets w as Carefully Designed to 
Minim ize Rout ing Tim e

• Opt im ized for Most Com m on Cases
• Minim al Extra Latency and Bandw idth Use

6 5

I / O

I / O

DestNest

DestNest

I nterconnect

SrcNest
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HNC Extensions

• I nterconnect ing Large Num bers of Hosts 
Requires:
• Addressing Schem e: Ability to Address Large 

Num ber of Devices. Affects Packet  Form at
• Netw ork Topology: Support  for  High Connect ivity 

Topologies that  Enable More Concurrent  
Transm issions

• Rout ing Mechanism s

6 6

Netw ork Topology and
Rout ing Mechanism s

Addressing Schem e
and Packet  Form at

To the 
Specificat ion

I m plem entat ion-
Dependent
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HNC Specificat ion Rem oves

6 7Copyright  HyperTransport  Consort ium , 2009   

Message-Passing
Latency Bot t leneck

10GE/ I B Network

10GE/ I B Network

HToE /  HToI B
Bypass Message-Passing SW

Latency Overhead of Message- Passing Protocols

Using System - W ide HNC Addressing Schem e

Through HyperTransport  Protocol Encapsulat ion
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HNC Specificat ion Enables

6 9

Flash /  SSD

N
od

e 
Z

N
od

e 
Y

N
od

e 
X

HD- DRAM

DRAM

Scalable Global Resource- Sharing &  Part it ioning

Localized Com pute, Mem ory and 
Peripheral Resources Serve the 

W hole Cluster
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HNC Specificat ion Delivers

7 0

Resource- Sharing &  Modularity Result ing in                 
Less Over- Provisioning

Best  Resource Ut ilizat ion
Maxim um  Energy Efficiency
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Beyond Convent ional
HT Everyw here
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HyperTransport  Em pow ers More Processor 
Architectures and Market  Segm ents                   
than its AMD Roots May Suggest
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I n Video Gam ing
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XBox

“ I f the HyperTransport  link in the Xbox was a pipe 
carrying water, and every bit  of inform at ion equalled

one gallon, the pipe would fill up the Pacific Ocean every 
second! ”

NVI DI A Web SI te



Hot  Chips Sym posium  2009

I n Com m unicat ions Processors
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RM11200 64-bit  MI PS Mult iprocessor

RM9150 64-bit  MI PS Processor

RM9220/ 9224 64-bit  MI PS Mult iprocessor

RM9200/ 9100 64-bit  MI PS Dual/ Single Processor

BCM1480 4-Core 64-bit  MI PS Processor

BCM 1480 x 4
16 Cores
Coherent  HT SoC Cluster

BCM1125H 64-bit  MI PS Processor
BCM 1250 64-bit  MI PS Processor
BCM 1280 64-bit  MI PS Processor
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I n Pow erPC Com put ing
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iMac G5

Xserve G5

Power Mac G5
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I n Pow erPC Em bedded System s
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I n Know ledge- Based Processors
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XLR 700 Fam ily
XLR 500 Fam ily
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I n Netw ork/ Media Processors
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Chesapeake 
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I n Reconfigurable Accelerators

7 9Copyright  HyperTransport  Consort ium , 2009 

RCHTX
Accelerator Board

HTX Slot  Connector

RPU 110
RPU 100

Opteron Socket  Plug- I n

XD 2000F
XD 1000

Opteron Socket  Plug- I n
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I n Rout ing Processors

8 0Copyright  HyperTransport  Consort ium , 2009 

HTXTM

Classification and action engine capable of 
consistent association between CPU cores and 
their data streams, resulting in efficient multi-
core system load balancing of network traffic 
processing and lower power consumption

Thunder
Processor

2x 10GbE
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I n State- of- The- Art  Supercom puters
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HyperTransport
6 .4  GB/ s 

Cray SeaStar2 + TM

3D Torus I nterconnect
9.6 GB/ s

XT5 XR1
Reconfigurable Blades

HyperTransport
6 .4  GB/ s 

FPGA FPGA 
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I n x8 6  Em ulat ion Processors
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PCI e PCI e

DMA Engine 
Supports  

Pre- Fetch and 
Matr ix

Shared L2  
Configurable

As I nternal RAM, 
DMA

To I nternal RAM 
Direct ly

( St ream  Processor)

8  Config. Address
W indow s of Each
Master Port  Allow
Pages Migrat ion

Across L2  and Mem ory

8 x8  AXI  Sw itch
ncHT1 .0 ncHT1 .0

• Petascale Perform ance Target
• 4-Core MI PS64-Based with 

200+  More I nst ruct ions for x86 
Translat ion and Accelerat ion

• 16 GFLOPS at  1GHz
• 10W of Power

Godson- 3
Processor
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Also in Com put ing Plat form s in w hich…                
One W ould Not Expect to Find HyperTransport !
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HyperTransport TM
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Vibrant Open Standard Consort ium
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• Founded 2 0 0 1
• Controls, Prom otes and Licenses HyperTransport  

Technology to Global I ndustry
• 6 0  Mem bers- Strong, I ncluding Technology Leaders
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Vast HT Products Ecosystem
Fosters Technology Strength
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From I P
to

Softw are
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From Technology Licensor
to Mem bers Business Partner
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Online Design, Sim ulat ion 
and Test  Support

• HT Enablem ent
• Product Validat ion

Services



Hot  Chips Sym posium  2009

All About HT on Consort ium W eb Portal
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Public W eb Portal

Mem bers General &  Extended
HT Technical Support  Database

w w w .hypert ransport .org
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New  HyperTransport  Book
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700-Page Must  Have HT 
Tutorial

Covers All HT Link and HTX 
Specificat ion Releases

Available Online from  MindShare 
in Paper and eBook Form ats

www.m indshare.com
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Addit ional I nform at ion

• HyperTransport™ I / O Link Specificat ion 3 .1 0 a
• HyperTransport HTX™ Slot  Connector Specificat ions
• HyperTransport™ High Node Count Specificat ion 1 .0
• W hite papers
• Hennessy &  Pat terson, “Com puter Architecture: A 

Quant itat ive Approach”, 4 th Edit ion, Appendix E
• Dally &  Tow les, “Principles and Pract ices of 

I nterconnect ion Netw orks”
• Duato, Yalam anchili &  Ni, “I nterconnect ion

Netw orks: An Engineering Approach”
• All three books published by Morgan Kauffm an
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Thank You!
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