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Motivation
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 _
C . My Device
e Accelerator in distinct Scheduler Driver

memory space

My Accelerator




Our Approach — EXOCHI

EXO: IA ISA extension for MIMD

* Heterogeneous engines as IA MIMD function units (exo-sequencer)

¢ Shared virtual memory multithreaded programming paradigm

CHI: IA programming environment for exo-seqguencers

e Familiar IA look-n-feel for application software development /
debugging flows

* OpenMP extension for shared memory heterogeneous multi-shredding



Outline

Overview

EXO: Heterogeneous MIMD ISA Extension to IA
CHI Programming Environment

Prototype

Conclusion
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MISP: MIMD ISA for Asymmetric|A Cores

Shreds User-level Threads

Single-Threaded
App

Uniprocessor

oS “MIMD Function Units”

MISP
“Uniprocessor”

MISP “MIMD” ISA
« SIGNAL (SID, <PC, SP>)

* Proxy Execution
e Shared Virtual Memory

1 r7@MISP: Multiple Instruction Stream Processor, ISCA'06, (intel')
P



MISP: MIMD ISA for AsymmetriclA Cores

- MIMD ISA Extension for IA

» Multiple IA Sequencers
» Shared memory
* Proxy execution

Driver API
My Device

Driver

Driver Stub

MISP ISA Extension

L

My IA CPU : : My Accelerator




Exoskeleton Sequencer — Extend MISP
to Heterogeneous Sequencers

OS-Managed
Sequencer

Exception
handlers

u0J3[%SOXT dSIN

Exception
handlers TLB

* KdfBErdiiassidrep thentdgppihog
— Glhpmiedrissapl@dsesSapisdaamrnesddteamcdrarchitectures
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— |EEE double precision floating point exceptions
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EXO: MIMD ISA for Heterogeneous CMP

« MIMD ISA for IA + Accelerator

» Exo-skeleton Sequencers
e Shared memory
» EXO-Proxy execution (ATR/CEH)

CHI Runtime
ShredLibX

I
L

My IA CPU




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>
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CHI Programming Example

int *A
int *B
int *C

malloc(n);
malloc(n);
malloc(n);

A desc chi_alloc_surface(A, X3000_ INPUT, n, 1);
B desc chi_alloc_surface(B, X3000 INPUT, n, 1);
C_desc chi_alloc _surface(C, X3000 OUTPUT, n, 1);
#pragma omp parallel target(x3000) shared(A,B,C)

descriptor(A_desc,B desc,C _desc) private(i)

©CoONOUILA~,WNEPE

for (1=0; 1I<n/8; 1++)

__asm

{
shl.1.w vrl = 1, 3
1d.8.dw [vr2..vr9] =
Id.8.dw [vrl0..vrl7]
add.8.dw [vrl8..r25]
st.8.dw (C, vri, 0)

(B, vri, 0)
[vr2..vr9], [vrlO..vrl7]

(A, vrl, 0)
= [vrl8..vr25]




Outline

e Motivation

« EXO: Heterogeneous MIMD ISA Extension to IA
e CHI Programming Environment

 Prototype

e Conclusion



EXOCHI Prototype

Intel Core 2 Duo Processor + Intel GMA X3000 Media
Accelerator
* JAcore( ) + 8 GMA X3000 cores ( )

Custom firmware to emulate EXO ISA extension
Intel C++ Compiler with CHI OpenMP runtime extensions

Execute production-quality media-processing kernels
* Highly parallel (up to 1000s of shreds)

* Measure wall-clock execution time

N4 12 (intel')



|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!




Speedup of GMA X3000 over CPU Alone




Impact of Shared Virtual Memory and Cache
Coherency
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summary

EXOCHI provides an |IA look-n-feel for
programming heterogeneous accelerators

e EXO MIMD ISA extension for shared virtual memory multithreaded
programming paradigm

®* CHI Programming environment for IA SW development look-n-feel
— Compiler, debugger, multi-shredding runtime
— Essential for productivity

Complete hardware and software prototype

* Significant performance improvements possible over IA sequencer

® (Cache coherency improves performance but less significant than shared
virtual memory
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Thank You!



Cooperative Multi-shredding Performance
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Shared Virtual Memory and Cache
Coherence

* Cache coherency a requirement for shared
virtual address space

e Use critical sections for mutual exclusion to shared
data

* Flush dirty cache lines back to memory prior to
releasing lock / mutex
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