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Why new programming environments? 7

ITRS Trend: PE Count

2x/10 Months

- [ITRS11] — Processing elements (PE)
- in portable consumer electronics

Evolution (log)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

Complex applications for complex architectures =» SW-productivity gap

Already difficult for heterogeneous multi-core (programmable) systems
More difficult for systems with hardware accelerators and reconfigurable HW

| B cyairFor
HEE N coMPILER

© J. Castrillon. HIPEAC CSW. qu 2015 CONSTRUCTION



EEEEEEEEE

Programming flows for heterogeneous MPSoCs

Code analysis,
optimization
and generation

Architecture I_Er;'yl I_I_CD_Ijl_VI rEdJ'Vl S Constraints, [Castrillon14]
model J{ < JZ [P ¥ [sdr, )7 pplications configuration
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Parallel programming flow: Overview ?

Constraints . :: Application
.é Profiling, tracing analysis
o
a
S . . oy
S Mapping (computation, communication) .
2 —7
% Code generation (src-to-src) Architecture
model
C files J ' High-level
debug-info
[SAMOS11] | -
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Parallel programming flow: Overview

LLLL
nnnnnnn

S @ _____ Well-defined MoC, e.g., Kahn
Constraints = Application | Process Networks (KPN)
S Profiling, tracing analysis Models: performance/power
S estimation
= A
S . . 0o
S Mapping (computation, communication)
O A Tracing to understand dynamics
% : N
% Code generation (src-to-src)
 High-performance, real-time,
- N
C files ' High-level low energy
. debug-info
0 00 Use target system’s APIs
[SAMOS11] C 13 ~
ma
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Application: Dataflow and process networks

O Graph representation of applications

J Process communicate only over FIFO buffers

0 Good model for streaming applications

O Good match for signal processing & multi-media

O Stereo digital audio filter

Allows control decision upon
incoming data

filter_r
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Analysis: Instrumentation, profiling and tracing

O Process white model: source code analysis and tracing to deal with control

for (;i < x;i++) {
write(&c2);

fl(...);} Cs Co Cy . C1 .C4

w w w r r

read(&cl); \ y T T
20.0; P Pt - t

read(&cl);

R B R S e
-------------- PRI DRNNEY
\ >
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Performance models: Sequential and parallel

A

+l+vv+ bv .

R O

MPSoC Compilation

Mapping (computation,
communication)

i
| |
|
|
1

Sequential performance estimation
O  Annotations & cost functions
0 Abstract operation cost models
O Processor models/simulators

O Measurements

Parallel performance estimation

0 Abstract cost models: OS, multi-
tasking APIs, interconnect & memories

O System simulators/emulators
0 Boards

| | CHAIRFOR
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Performance estimation: Computation
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ey
O Cost tables —
M . . m
O Equivalence: Low-level IR > Assembly instructions E—
O Coarse estimation of instruction-level parallelism ——
O Processor + compiler models o
Q Se’r of resources, operations, low-level APls ——
T
) ot
Conventions o - i
Prologue: l+2*><arg S A = _—
Epilogue: 4 —— —
Branch_,,,:3 __I ==
—*—
External library costs -
iz
malloc: 9+0.3*N,,. [SAMOS14] o
Esqrt: 235 Courtesy: J. Eusse N
~ n
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Performance estimation: Communication
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: H . . . MEM Communication
O Characterization of different communication APls || jpsystem |—amancp support
VLIW DSP
O Example: Tl Keystone |I DMAs, HW queues
sema- L1,1.2 Network
—<Platform> hores Processor
<Processors List="dsp0 dspl dsp2 dsp3 dsp4 dsp5 dsp6 dsp7"/> MU NoC
<Memories List="local mem dsp0 L2 local mem dspl L2 local mem dsp2 L2 local mem d Porohoral Packet DMA
3 L2 local smem dsp4 L2 local sm | eripherals I
Consumer P Toehuem dsp6 DDR local
6000 «PMA3 DDREDN—<CommPrimitive>
DDR — ' ' ] —<CPDMA Name="EDMA3 DDR">
Local L2 e <Description>EDMA over DDR</Description>
m/e -
Shared L2 ------- o <Costs> '
5500 r e 1 <Cost End="800" Function="11442.60163-0.15775*x"/>
. <Cost Start="801" Function="11204.94186+0.316143*x"/>
@ e </Costs>
£ | o . . <DMAs List="local mem dsp0 DDR local mem dspl DDR local
S 5000 o e 88" BaseAddress, </CPDMA>
o e i </CommPrimitive>
4500 t ) :‘J"‘:” ..r'! 1
, 7
T
et 3 R
4000 : : .
0 1000 2000 3000 4000 5000 [50C13]
Data [Bytes]
] ]
EEE B Combier
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Application mapping: Trace-based

A

+l+vv+ bv .

TATTA v1T““T ‘ Mapping (computation,
Al bt communication)
Phige b

Traces + timing information
from platform models

MPSoC Compilation

A

O Heuristics that work on a graph-representation of multiple-traces
O For buffer sizing
O For mapping and scheduling

O Often iterative for real-time [DATE10, DAC12, IEEE-TII13]
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Debugging: Layers and scripting for virtual platforms -~

O Interactive debugging GKG MPSI:C Eomdp"er
O Deterministic replay for bug exploration e

Application &
Mapping config KPN-level source
information
Highjlevel events sz'gﬁééaal . b‘ |
ebuggin
Events (T) E OS-descriptor » 9g9ing
layer

Oracle

1

1

Iterative i
Bug :
Exploration I
!

1

1

1

1

Exact replay

(B)

Control
Controller BeOtR(

-

Bug
provoke (B')

4
1
\

~

Virtual platform

[LASCAS10, DATE14]
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Parallel programming flow: Portable libraries

@ Portable libraries: How to add
Application support for specialized HW/

SW processes?

Q)
o
>
(%]
—r
-
Q
=2
—
w

Profiling, tracing analysis

.

Mapping (computation, communication)

r

Code generation (src-to-src) Architecture

model
' High-level
B | 4 debug-info
(| )
C 13
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Parallel programming flow: Portable libraries

- @ Portable libraries: How to add
Constraints Application support for specialized HW/

SW processes?

c N : :

2 Profiling, tracing analysis

o

o

£ . . . .

S Mapping (computation, communication) ‘

O

A

% Code generation (src-to-src) Architecture

o model
C files J ' ngh-let/el
debug-info
l H om CHAIRFOR
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Solution approach: Nucleus project (for SW-defined Radio) 7
Waveform 1 Waveform n
Nuclei Library r N lNpm IR = .. Ll —

CIE L]

|:| I:I I:I Transceiver
- Constraints
[] v L —
A\ =, s
(Possible nucleus mappings------- ) 2 N
Board support Fiy f--mm7" Fi3
. 1 —1
package: '
' Fs5;
I — [ | — | —
Platform model +
tlavor descriptors PE PE; PEs PEy
I I I I
\
[SDR10, ALOG11,Castrillon14]
. CHAIRFOR
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Nucleus programming flow: Inputs

O Extended application specification @

O Selected processes are algorithmic kernels with algorithmic parameters

O Extended platform model

0 SW/HW accelerated kernels and their implementation parameters

lavor name IIT_HOwW  Nuclieus rrl -2 |

‘parameter name="bitwidth"><value>32.0</value></parameter>
/:parameter name="points"><values List="32 64 128 256" /></par Types & pqrqmeters
‘property name="latency"><function>16*points+100</function></pro

‘input name="fft_in"><port>input</port>

<DataType representation="fixed_point" format="Q31" DataWI
FFT HW <Interface type="buffer_flag 1of2"> Lq-l-ency equqfions
<val name="size" val="8" /><val name="stride" /> <val name="c

ACC <val name="fsize" val="4" /></Interface>
<Interface type="buffer_flag 20f2">
<addr name="addr" pool="in" min="0x04100000" max="0x041F0000" d .
T T size="8" stride="fft_in__stride" cnt="64"/> In‘l‘erqu"’]g
<addr name="faddr" pool="in" min="0x04100000" max="0x041F0000"
Poin'rs DCﬂ'CI s1ze=tt%‘ﬁ' cnt=ff1"/></Intfff.:1ce]></1np1ﬂxt> - - B
format
..- = CHAIRFOR
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Nucleus programming flow: Mapping

O Extended mapping

CENTER FOR
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=

O Find matching HW /SW support: Algorithmic to implementation parameters

O Integrate into trace-based framework

<input
<Datz
<Inte
<val
<val

O RN\ UTH= WINF

18

Points

FFT HW
ACC

r 1

Data

<parameter name= bltwldth ><value>32 0
<parameter name="points"><values List
<property name= 1atency ><function>16*
"~ input</por

fixed_poin
ag_lof2">

{><val nam
/></Inter

format

-

O,

read read
Src SIc

A

;‘ A t’ lwrite lwritet
demap Ydemap

Configuration, g %tl finished
characterization €map ey lter- n iters. ter
read ||| read read ! | read read read .
ctrlyyy ffts ydecod :ydecod ctrlyyyffts
4 lwrite lwrite lvx'/rite t
decod Ydecod :* Ydecod
iter. : Atq: all iterations i
. . CHAIRFOR
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Nucleus programming flow: Code generation 7

O Bare-metal implementation

cpn-cc (target) Control+config Flavor confi <
C code £ (HW flavors) (SW ﬂavors% SW-Flavor
code 1or .
non-nuclei . | (unconfigured)
int main() { 0x0 def g8 0x0 def $STRIDE$
----------- £ft_cfg(...); —...
i 0x- MAC R1,R2,R3 = 0x- MAC R1,R2,R3
= S while (1) { —
C compiler 1 “ee Configured o
}} SW flavors :

) Control code

¢ Flavor library

u CHAIRFOR
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Case study (brief): Portable performance

O Application: MIMO OFDM receiver

O Hardware

1 Platform 1: Baseline software

Platform

Description
0 Platform 2: Optimized software VIWA W MW/
O Platform 3: Optimized SW + HW SW-PT xml

2 1,00E+06

2 1,00E+04

[

3 1,00E+02
1,00E+00

Achieved rate @ 100 MHz

128000
7680
1) 2)
bspl (sw, bsp2 (sw,
unoptimized) optimized)

1758241
Flavor
Librar
Platform
Description
| VLW FFT FFT Viterbi
3) —
bsp3 (hw
P3 () Matches manual design xml

A\
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Discussion towards library portability

O Programming flow extension to deal with HW /SW acceleration
O Desired library characterization (standards?)
2 For mapping
" Times, data-types, rates (and more complex behaviors — time diagrams?)

0 For debugging
" Debugging interfaces and true integration (so far: bare metal)
" Interfacing patterns to be proven by trace analysis

O For code generation (so far: bare metal)
" OS integration, interaction with resource manager

O Not addressed: Reconfiguration & synthesis
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