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To Get Things Going

o ODbjectives
— 10 years out
— ASCI Class System
— ASCI Level Cost
e Use SIA Study
e Some gee-whiz stuff
o Multi-Die, Multi-Computing
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PetaFlop in 10 years

 ASCI Standard
— 8192 nodes (what Is a node?)
— costs $100 million

* New wrinkle(s)

— Order the subsystems from the WEB
e Software Environment

— LINUX/NT

— Fortran “09 or JAVA 2009
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SIA Study

e Projects Semi-conductor technology over
the next 10 to 12 years.

e Exceptional study

e 1997 study

— http://notes.sematech.org
— new study In the works

s.J.wallach-petaflops2




WHAT WE GET

Table 3 Performance of Packaged Chips
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WHAT WE GET
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ARCH. - LONG TERM- 2009

« THE SIASTUDY TEACHES US:
— 64 gbits of dram - (8 gbytes)
— 8 gbits of sram

— 520 million MPU transistors

— 70 nm lithography, 2.54 cm on-a-side
— 6 ghz clock within vliw/risc core

— 2.5 ghz across die

— 2500 external signal pins




ARCH. - LONG TERM - 2009
DESIGN ASSUMPTIONS

9 million transistors - viiw/risc core with
first level cache.

2nd. Level cache - rule of thumb. 1/4 to

1/2 mbyte per 100 mflops peak.
96 mbyte 2nd. Level (6 Inst, 90 data)
170 watts

.6 t0.9 volts power supply




MAXIMUM PIN-USE
EXTERNAL SMP- 6/8 CPU’S

80 gbytes/sec 80 gbytes/sec
2.5 ghz 256 data pins 2.5 ghz 256 data pins

ond LEVEL cache  COMerence o 4 LEVEL CACHE

96 MBYTES 96 MBYTES

160 gbytes/sec 160 gbytes/sec

| 64 bytes wide 64 bytes wide

VLIW/RISC CORE VLIW/RISC CORE
24 GFLOPS 24 GFLOPS
6 ghz 6 ghz




INTEGRATED SMP -4 CPU

DRAM -4 GBYTES - HIGHLY INTERLEAVED

| |
CROSS BAR

| coherence |
ond LEVEL CACHE | 2nd LEVEL CACHE
96 MBYTES | 96 MBYTES

2.5 ghz
80 gbytes/sec
256 pins/bus

BUS 1

BUS N

| | 64 bytes wide | | 64 bytes wide

160 gbytes/sec

24 GFLOPS 24 GFLOPS

VLIW/RISC CORE VLIW/RISC CORE
6 ghz 6 ghz

160 gbytes/sec




Optics: The Preferred Interconnect
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Optics: The preferred interconnect technology for the higher
requency and longer distance applications [Feldman:88a]

[Tsang:90a] www.hpcc.gov/talks/petaflops-24june97



INTEGRATED SMP - WDM

DRAM -4 GBYTES - HIGHLY INTERLEAVED

MULTI-LAMBDA
AON

r o~ c—
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| coherence | 640 GBYTES/SEC
2nd LEVEL CACHE ’ 2nd LEVEL CACHE

96 MBYTES | 96 MBYTES

64 bytes wide 64 bytes wide
| | 160 gbytes/sec | | 160 gbytes/sec

24 GFLOPS 24 GFLOPS

VLIW/RISC CORE VLIW/RISC CORE
6 ghz 6 ghz




COTS PetaFlop System

8192 Dies (4 CPU/die-minimum)

Each Dieis 120 GFlops

1 PetaFlop Peak

Power 8192 x200 Watts = 1.6 MegaWatts

Extra Main Memory yields in excess of 3
MegaWatts (512 TBytes)
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COTS PetaFlop System

15.36 TFlops/Rack (128 die)

30 KWatts/Rack - thus 64 racks - 30 inch
Common System |/O

2 Level Main Memory

— local on chip

— off-chip within same rack

— same bandwidth/longer latency
— meets Byte/Flop metrics

— reduces external rack bandwidth by a factor of
10
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COTS PetaFlop System

Optical Interconnect

— OC768 Channels (40 GHz)

— 128 Channels per Die (DWDM)-5.12 THz
— ALL Optical Switching

Bisection Bandwidth of 50 TBytes/sec
— 15 TFlops/rack*.1bytes/flop/sec*32 racks

Rack Bandwidth - 15 TFlops*.1=12 THz

2-4 OPTICAL MT-RJ Connectors or
equivalent per rack
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COTS PetaFlop System
Memory Hierarchy

e Physical Memory

— Cache
— Local Memory (Max 2 levels)

— Global Memory

e 1/O

« Substantial Bandwidth (like a vector
system)

s.J.wallach-petaflops2




COTS PetaFlop System
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