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Clock Rate Flat Lined

e Clock rate flat lined a
couple years ago, as

vendors put excess 4

resources into multiple 10 GHz 4 GHy —

cores 2 GHz
e This is a historical fact and 1 GHz

evident to everybody, so
there is little reason to 100 MHz X
comment on the cause | | |

 However, it has profound 1990 2005 2010
architectural Year 2>
consequences (later slide)
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ITRS Process Integration Spreadsheet

* Big Spreadsheet
— Columns are years

— Rows are 100+
transistor parameters

— Manual entry of process
parameters by year

— Excel computes
operating parameters

— Extra degrees of
freedom go to making
Moore’s Law smooth —
not the best computers
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KT Limit Moderates
Optimism for Perpetual Exponential Growth

A

Energy (log scale) for
Technology created in
Government Fab
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| Industrys Plans
Internatio ' IV Roadmap

for Semiconductors

2008 ITRS Update ORTC
[ Konigswinter Germany ITRS ITWG Plenary]

A.Allan, Rev 2,
[notes on IRC/CTSG More Moore, More than Moore, Beyond CMOS 04/04/08]

aw

ITRS 2008 Update — April, Konigswinter, Germany



Industry’s Plans




The Architecture Game

* This is my diagram from a paper to illustrate
CMOS architecture in light of CMOS scaling limits

e [Discuss]
100% CPU Efficiency (can’t do better) — Next Moves:
100% inish 2 Switch to Vector Arch.
Power N~ :
effici- 20% 2 Switch to SIMD Arch,
. Next Comm 1 Add Coprocessor
ency  25% Moves ercial - 71 Scale Linewidth
12% - ~ = Increase Parallelism
6% \ Speed N Increase Cache
204 N Target N More Superscalar
\; N Raise VVdd and Clk
1980 1990 2000 2010

Year = log(throughput)
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Performance =

Special Architectures Go Mainstream

A Better Idea
but with a small
budget

Traditional uP
with big
budget

uP with big
budget but
clock rate and

power
handicap

e Conclusions

— Mainstream and
embedded technology
will become more
similar

 Power
» Parallelism

— Architectures will
become more special
purpose

 General systems may
be comprised of

multiple special
purpose sections
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EXOCHI: Architecture and @t/e-l
Programming Environment for

A
\Y

Heterogeneous Multi-core

ultithreaded System
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The following 5 Viewgraphs sent by

MOtlvatl on Jamison Collins with permission to post
Future mainstream microprocessors will likely

Integrate heterogeneous cores
* How will we program them? %

* Map computation to driver / OS I
abstraction API Thread Driver Stub
* Unfamiliar development / I _
debugging flow Process oriver AP
_ Dispatch
® (OS / driver overheads _
s My Device
e Accelerator in distinct Scheduler Driver

memory space

My IA CPU My Accelerator




CHI PrOg aalaa a¥a a alalaa¥Vala
#pragma omp parallel target(targetlSA) [clause[[,]clause]..]

structured-block

Compl Ier Where clause can be any of the following:
. firstprivate(variable-list)
* Modified front-e private(variable-list)
pragmas shared(variable-ptr-list)
— Fork/join descriptor(dgscriptor—ptr—lEst)
num_threads(integer-expression)
— Producer/cons master nowait

* Generates fat bi

e
CHI runtime '

CHI
runtime

* Multi-shredding: User-level threading

library

* Extensible to multiple types of
heterogeneous cores
— E.g. Intel GMA X3000

— E.g. A data streaming systolic array
accelerator for communication data

.code

<call to runtime>

.special_section
<accelerator-specific binary>

WIRT L intel)
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|A Look-n-Feel: Development and
Debugging

*% accelerator exoskeleton.c - Microsoft Yisual Studio |Z||E|E|

File  Edit

- Eclipse Platform
File Edit Mavigate Search Project Run  Window Help

[ix P-0-Qu- @4
%% Debug 52

shl.l.wvrl = i, 3

ld.8.dw [vrz..wvr3] = tlﬂd&&l::, vrel, 0)

ld.8.dw [vrl0..vrl7?] = (B_desc, wvrl, 0)
add.8.dw [vrlE..r25] = [vEE2..vr9]), [vrl0..vrl7]
st.B.dw (C_desc, vrl, 0) = [vrl8..vri5]

El console i3

GRF Req... GRF Req... | GRF Req... | Source O =5

Address | . [
Building workspace: (100%:) g <




|A Look-n-Feel: Compilation and
Execution

e | Visual Studio 2005 Command Prompt

C:\accelerator_exoskeletonslinearrcompile

C:\accelerator_exoskeletonslinear 1c1 fﬂupenmp fmGLﬂH _Use_nsasn EhvedLth 11h A1..sinclude linearfilter.c
Intel¢R) C++ Compiler for applicaledas - ki
Copyright (C) 1985-2886 Intel Copporation. A1l rights reserved.

Begin cumpiling #3088 assemhly
End compiling ¥300@ assembly
.008.5@8727.42

Copyright (C) Microsoft Corporation. A1l rights reserved.

—out:linearfilter.exe
—nodefaultlib:lihgquide_stats.lih
—nodefaultlib:libguidedB_stats.lih
—defaultlih:libhguide.lih
ShredLibR®.1ib

linearfilter.ohj

C:vaccelerator_exoskeletonslinearrun

C:naccelerator_exoskeletonslineagrlinearfilter.exe ..Ninputsholly.bmp out.bmp
Linearfilter processed!




Spaceborne Computing with
Emerging Technologies

* Motivation * Workshop
— Greater quantities of data: perform — Target date May 28-30, 2008
more ont_)oard compu_ting, reduce _ At Sandia. in and out
communications requirements ’
« Vision — Immediate target: Inventory

resources and set plans for

— Multiple computing technologies L
each used to best advantage Archival, coordination and standards
. Harness advances in semiconductors Maintainable, — Rad hard processing
and nanotech Source Code
— Need hardware interoperability
CPU Part
— Need software tools to support
GPU Part
heterogeneous hardware Verilog/
Fault-Tolerant High-Capability VHDL ] Spacecraft
Computational Subsystem Control Subsystem
\ 4 \ 4 \ 4
Memory: Mass CPU: Accelerator, FPGA RAD-
DRAM, Storage 1-core, GPU, SIMD, e 750, etc.
Nano multi-core or ASIC o)
| | | | | [ |
® ® ® ® ® % 8 ®
Q
=t
n ©
— — — — qh) m
Bus/Stream/Message Interconnect options E o
Standards
Sandia
National
Laboratories
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