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Owazreiew ofTalk

X Intel 80-core research prototype

X Support for Fine Grained Parallelism

X Partitioning, Isolation and QoS in Interconnects
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Teraflops Research Processor
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| Technology | 65nm, 1 poly, 8 metal (Cu)
Il Transistors | 100 Million (full-chip)
| 1.2 Million (tile)
Il
E

n:
)

21.72mm

W] Die Area 275mm? (full-chip)
3mm? (tile)
15| C4 bumps # | 8390

Goals:

Deliver Tera-scale performance

- Single precision TFLOP at desktop
power

- Frequency target 5GHz

Prototype two key technologies
- On -die interconnect fabric
- 3D stacked memory

Develop a scalable design
methodology

- Tiled design approach

- Mesochronous clocking
- Power -aware capability



Tiled Design & Mesh Network

Assemble & Validate
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Key Ingredients for Teraflops on a Chip

H

— MSINT High bandwidth
Core = éclgz)sustte)?r W latency router
Communication g
TeChnOIOgy High performance
CIOCklng Dual FPMACs
Power 0 “Brocessing Enaine (P
management
techniques ~oonm

eight metal

CMOS




Industry leading NoC

8x10 mesh

Router Architecture

Meso -chronous clocking

Bisection bandwidth of 320GB/s
40GB/s peak per node

4byte bidirectional links

6 port non -blocking crossbar ?
Crossbar/Switch double  -pumped to To 3D

reduce area SRAM

Source routed
Wormhole switching A’
2 virtual lanes ‘_/

On/off flow control

Synchronizers

Key enabler for tile based approach
Tile clock @ 5Ghz To neighbors

Phase-tolerant synchronizers at tile
interface

High bandwidth, Low - latency
fabric




Router Archltectu e
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Five port, 5 -stage, two lane, 16 -FLIT FIFO, 100GB/s
Shared crossbar architecture, two - stage arbitration




Double -pumped Crossbar Router

Stg 4 2:1 Mux

Stg 5 Work in ISSCC 2001
Scaled to 65nm
0.8m
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Router ISSCC @1 | This Work | Benefit
Transistors 284K 210K 26%
Area (mm?) 0.52 0.34 34%
Latency 6 5 16.6%
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Mesochronous Interface (MSINT)

4-deep FIFO
Tx_datao—r—F e~
38—
+ R sig1
G “deep )| — 1N
Circular FIFO, 4 deep D DO 383 Rx_data
Programmable strobe e 1 L1 Rx_clk
delay 2 :
Low -latency settin )
- Y 5 >
D.EIay write read
Line state state ¢ ¢
Tx_clk ‘ Dmachine machine
W fSync Synct
Rx_clk

:>Sync_hror_1izer<:




Low Power Clock Distribution
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Fine Grain Power Management

A Modular nature enables fine -
grained power management

21 sleep regions per tile (not all shown)

, : s/iData Memory ; FP
A New instructions to / iData Memory : Engﬁlﬂe 1
sleep/wake any core as ! 57% on sleep : Engine 1
applications demand eererereeeeeneernnens) :
------------------- 90%

A Chip Voltage & freq. contiok=-

— e el 0Ll 2NQ0-5.8GHE ] S Merior on slee
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| {.ongleep G ETTHESTHE
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| STANDBY I Router Endine 2

I AMemory retains data I Router 3

| A50% less powertftile | : 10% on sleep 90%

|  FULL SLEEP: | , I\, § (staysonto © on sleep

I_ Avemories fully off _| ' \ i  Ppasstraffic) S

0% less powerltile

1680 dynamic power gating regions on




