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« FPGA design is dealing with larger, more complex
Hardware and Software systems

. System Architects must perform rapid decision-
making on functions to be realized in HW or S\ to
meet specific application requirements

« H\W/ and SW engineers must refine for optimal H\X//S\X/
partitioning to fit system requirements in
Implementation.

« The last two points (namely HW//S\WW codesignh and
H\X//SW cosynthesis) are not well established in FPGA
design flow.
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Today’'s FPGA workflow may take many iterations
And many hours per iteration
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Problem (cont’d)

Today’'s FPGA workflow may take many iterations

And many days per iteration N
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« Rapid decisions at front end of design
process
- Electronic System Level (ESL)

- Create Large Complex Systems at Higher
Level - reduce complexity of details ...

- Co-design of Software AND Hardware -
together (Software content is /increasing)

According to Gary Smith EDA, Space Studlo tool suite can be
classified as part of the "architect’s workbench" category, one
of two “killer apps” for ESL and one of the most important.

EDPS 2013



. Level 1 - Algorithm/Functional Specification

. Level 2 — Architectural Design Exploration

Bus/Channel

Hardware

Processors

Software
OS

o Level 3 — Implementation Manager (IP Mapping,
HLS) Programmable right now — ASIC tbd



Our Solution (Cont’'d)
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1) Application (Algorithm)

. Multi-task application specification at a high
level of abstraction using C/C++ blocks

« Supported communication semantics
> FIFO-based message passing
> Shared memory

> Memory-mapped I/O




 Library of TLM-2.0 modeis for:

Processors

OS (BareMetal, uC, Linux, etc.), AMP, SMP
Busses and interconnects

Memories

I/O peripherals

. Extensions for third-party or user-defined IPs

EDPS 2013

User IP Import
« C/C++ model import w/SystemC + TLM-2.0

o IP-XACT description for parameters and

interfaces of the component
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« Drag and Drop Mechanism Supports Design Iteration

3% Project | T Architecture 2

% Project | B Architecture 52

I sc_clock: SysClock
4 Zﬂj AMBA_AXIBus: AMBA_AXIBusl
p@ KilinkBRAM: XilinxBRAML
FiE KilinxPIC: XilinxPIC1
FiE KilinePIC: KilinkPIC2
e VGA_CONTROLLER: VGA_CONTROLLERL
4 B armCortexAd: armCortexf1
4 | @ armCortexAd.corel;aemCartenAD] carall
makefile 4" Refresh
ZE| main_armCortes V| uC/OS
4 pug Import
= jpeg.h Unity
B DEMUX: DEMUX —
$W BU: LBUL | —
4 @ armCortexd.corel: armCortexfdl,
makefile
E main_armCortexf91_a
4 pug Import

Properties

= jpeg.h
Task s mcrpCen
& 1072 10721

% VLD: VLD1

I sc_clock: SysClock
4 :1:[; AMBA_AXIBu=s AMBA_AXIBusl
gt XilinxBRAM: XilinxBRAML
Coprocessor
PiE HilinPIC: KilinxPIC1
FiE HilinePIC: KilinxPIC2
ip VGA_CONTROLLER: VGA_CONTROLLERL
4 B armCortexdd: armCortexdl
4 @ armCortexdd.cored: armCortexA91.corel
makefile
g main_armCortexf1_arm.cpp
4 2y Import
= jpegh
a4 DEMUX: DEMUXL
a4 | IBL: LIBLL
4 @ armCortexd.corel: armCortexA91.corel
makefile
E main_armCortexA%1_arm.cpp
4 2y Import
= jpegh
&M I075 1074
a4 VLD: VLD1

15t Mapping
Configuration 1:
All SW

Iteration

Configuration 2:
All SWless IDCT '
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TLM
Virtual
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Software

HW/SW Co-

HW
Resource
Metrics

HW/SW Co-
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Activities*
Power
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Power
Metrics*

Simulation and
Co-Monitoring

Performance

g@? Architect Dashboard...

Please select the configurations for which you wish to compare metrics.

Simtek - all_SW

Simtek -

Simtek - [ Le 1 1DCT1
Simtek - [ Le 1 IDCTL 10771

Simtek - All_SW

Evaluation can be automated
through an Architect Dashboard
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armCortexA9 Global Stats : armCortexAS1

[+] General Info:
Simulation Length: 0182195356 (s)
Global Utilization Rate: 100.00 (%)

Bootstrap: 003%
Idle Time: 0.00% (0.0 s
All Tasks Time: 84.72% (0.154311485 5)

Number of software tasks: 3
DEMUX1: 14.68% (0026743895 5)
IDCT1: 17.03% (0.031014654 5)
1Q771: 13.61% (0024780176 <)
LIBUL: 18.53% (0033857987 s)
VLD1: 20.823% (0.037914773 5)
Estimated Context Switch Rate: 4.31%

Usage of armCortexA91

L

I
13.81%) VLD1
20.82%
~—{idie 0.00%]
IRQ 10.67%

Context
switch 4.31%)

1DET1

17.03%
DEMUX1

14.88%

1. All_SW

‘ DEMUX1 14.66% ®IDCT117.03% ©1QZZ1 13.61% © LIBU118.59% & VLD1

Idle 0.00% © IRQ 10.97% @ Context switch 4.31%

20.82%

[ cese |

armCortexA9 Global Stats : armCortexA91

{50 | orCortexAQ Global Stats | armCoriesio]

[+1 General Info:
Simulation Length: 0.108995056 (s)
Glabal Utilization Rate: 100.00 (%)

Bootstrap: 0.05% (0.000059324 s)
Idle Time: 0.00% (0.0

All Tasks Time: 92.48% (0100743524 5)

Number of software tasks: 4
DEMUX1:10.17% (0.011079133 5)
IDCTL: 28.46% (0.031005529 5)
1QZ71: 22.77% (0.024800723 5)

LIBU1: 31.08% (0.033858139 5)
Estimated Context Switch Rate: 1.90%

Usage of armCortexA91

2. Less VLD1

[+] General Info:

Global Utilization Rate: 10000 (%)
Bootstrap: 0.08%

(0.000058454 5) I D CT 1
Tdle Time: 0.00% (0.0 <]

All Tasks Time: 92.38% (0.069774329 5)

Number of software tasks: 3
DEMUXL: 14.67% (0.011079097 s}
1QZZ1: 32.92% (0024867853 5)
LIBUL: 44.79% (0033827379 5)
Estimated Context Switch Rate: 3.35%

Usage of armCortexA91

Ia

32.02%)

X7

Simulation LengmnnTssgou‘(z; 3 . Less VL D 1 &

Idle 0.00%)

iRa 4285

Context
swiiteh 3.35%

[CortexAd Global Stats : CartexA9l
armCorte obal < : armCorte)

|88 armCortexA9 Global Stats : armCortexA91

e 4. Less VLD,
IDCT1 &
10271

Bootstrap: 0.13% (0.000057554 5)
Idle Time: 0.00% (0.0 5)
Al Tasks Time: 96.04% (0.042003695 5)

MNumber of software tasks: 2
DEMUX1: 22.97% (0.010045126 5)
L1BU1: 73.07% (0.031958569 s)
Estimated Context Switch Rate: 1.93%

Usage of armCortexA91

Context
switch 1.03%

DEMUX1
2207%

DEMUX110.17% @ IDCT1 28.46%
IRQ 5.62% © Contexd switch 1.90%

IQZZ1 22.77% © LIBU1 31.08% @ Idle 0.00% ‘

DEMUX1 14.67% ® 10771 32.92% @ LIBU1 4475% © Idle 0.00%

Context switch 3.35%

IRQ 4.28%

DEMUX1 22.97% ® LIBU1 73.07% IRQ 2.03%

Context switch 1.83%

Idle 0.00%

[+] General Info:
Simulation Length: 0016572769 (s}
Global Utilization Rate: 61.53 (%)

5. Less VLD1,
IDCT1,
1QZZ1, LIBU1

Bootstrap: 0.34% (0.000056764 )
Idle Time: 38.47% (0.006354438 <)
All Tasks Time: 58.16% (0009605336 <)

Mumber of software tasks: 1
DEMUXL: 58.16% (0.009605336 5)
Estimated Context Switch Rate: 1.54%

Usage of armCortexA91

Idle 38.47%

Context
switch 1.54%

DEMUX IRQ 1.83% © Context switch 1.54%

58.16% @ ldle 38.47%

Close |

Close

Close
!

| Close |
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FPGA Estimation Results From Simulation ...

Device Resource Power Source | Voltage |Total(
Computer Aided Design (CADY Tools Family W (umptoshest) (W) (%) ] ool o
EDA: wilin: - EDK 14.1 Device #7045 CLOCK 0016 Vocaran 1000/ 0003
Package FBGE76 LOGIC 0.034 Vecauio
Speed Grade -2 BRAM 0.010 Vecaux
Temp Grade Inclustrial Core DSP 0.001 Veeo 3.3V
Board: Fwng_Z-7010 Process Typical Dynamic PLL 0.000 Veeo 2.5V
Voltage ID Used MMCM 0.000 Veeo 1.8V
Characterization Advance, v0.7, 2012-04-23 PHASER 0.000 Veco 1.5V
Farmily: Zyng PCIE 0.000 Veeo 1.38V
Environment [l[e] 10 0.000 Veeo 12V
I~ User Override Transceiver GTX 0.000 MGTVecam
Package: clg400 i 250 °C MGTAVG:
[~ User Override‘ PS Dynamic MGTAV
250 LM Static Veconr

hedium Profile FPGA Static Vecemux
0 of 100 bonded [0Bs ' M (1571

12t0 15 Junction Temperature o 0.000W

Yendaor: ilire

Device: xcfz010

Speed grade: -1

PlatForm Resource Usage

bonded I0Bs :

Slice LUTs : 9,223 of 17,600 Slice LUTs Total On-Chip Power . 0.000w

0.890W

6,029 af 35,200 Slice Reqgister Thermal Margin

Slice Registers : [
[ FPGA Implementation Effective ©JA Power supplied to off chip devices  0.000W

BUFG/BUFGCTRLS £ of 32 BUFG/EUFECTRLS

11 of &0 Black RAMJFIFG -
Messages
3 of B0 DSP4EE1Ls
|

KILINK Power Advantage (check for updates) File Support Regquest (WebCase XPower Estimator User Guide
Copyright ® 1994-2012 Xilinx, Inc. All Rights Reserved Whitepaper - 7 Steps for Worst Case Power Estimation

User Entry Calculated Value Summary Value User Override Warning . Error
Power estimates obtained through

Finsh__| [ Cancel Xilinx's XPower Estimator

Block RAMFIFC @

DSP43E]Ls @

EDPS 2013 L&




. Export RTL implementation of
Architecture
>  RTL platform IP’s, Glue Logic
- Embedded Firmware and Software

- Project for downstream tools (e.q., ISE,
Vivado, Quartus, Fusion, etc.)

- Support for High Level Synthesis flows for
HW accelerators

EDPS 2013 LS



&3 Project | T Architecture £3 P

I sc_clock: SysClock
4 :1:[; AMBA_AXIBus: AMBA_AXIBusl
XilinxBRAM: XilinxBRAML
W IDCT: IDCTL
w AlingPIC: XilinkPIC1
P XilinkPIC: XilinkPIC2
i VGA_CONTROLLER: VGA_CONTROLLER
4 B armCortexAd: armCortexidl

4 @ armCortexdd.corel: armCortexd91,corel

makefile
E main_armCortexA31_arm.cpp
- pay Import
M0 1044
VLD VLI

4 ® armCortexA9.corel: armCortexA91.corel

makefile
E main_armCortexA31_arm.cpp
- pay Import
AW DEMUX: DEMUKL
AW |1BU: LIBUL

I

Zyng | BusInterfagls | Ports | ruwceses |

/WT = B '|

+artormance s |

T 0 O8O 8 A T ¢ Y R e Y

NI

m

Mame Bus Name
AMEBA_AXIBus
armCortexA 9

XilinxBRAMI
axi_bram_ctrl3
DebugModulel RTL IP Adapters

XilinxPIC1 .
XiinPIC2 Automatically

axi_slave_adapterl
axi_slave_adapterl Generated
axi_slave_adapter?
axi_slave_adapterd
[ apterh

IS5Adapterl

IS5Adapter? \o
IS5Adapterl FIFO 0 6
IS5Adapterl FIFO 1 0
IS5Adapterl FIFD 2 @
IS5AdapterZ FIFO O

adop_slave IDCTI_AMBA_AXIBusl_Readinterfoce
adap_slave_ IDCTI_AMBA_AXIBusl Writelnterface
fifo_IDCT1 adap_slave IDCT1_ AMEBA_AXIBusl Readl...
fifo_IDCT1 adap_slave IDCT1 AMBA_AXIBusl Writel...
fifo_IDCT1 adap_slave IDCTL AMEBA_AXIBusl Writel...
signal_inverterd

(0 to DWIDIE-1):

"/
&
VGA_CONTROLLERT &0

PPPPPPPPPPPP

IP Type

mdm
axi_intc
axi_intc

i X4 ¢) 5 R Bd 83 A1)

& e

&% VGA_CONT...

iss_adapter
iss_adapter

axi_interco...
processing_.
bram_block

axi_bram_ctrl

axi_slave_a...
axi_slave_a...
axi_slave_a...
axi_slave_a...
axi_slave_a...

iss_adapter..
iss_adapter..
iss_adapter..
iss_adapter..
module_sla...
module_sla...
module_sla...
module_sla...
module_sla...
signal_inver..

IP Version

1.06.a
4.02.a
1.00.a
1.03.a
210.a
1.03.a
1.03.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a
2.00.a




In summary

rchitectural Design i
Exploration |
Loop

ESL Flow

No

Benefits

Extensive automation:

Iterations within minutes
for all mapping changes

e HWOHW, SWSW,
HW->SW, SW>HW
e OSasanlPblock

* Fully transparent non-
intrusive monitoring for
performance analysis

* No manual recoding to

RTL



Case Study: M-JPEG Video Decoder

gTable

MPSOC 2012 notman |
QoR Performance Area Power (W)
Constraint Set (RS)) (Largest Device)
1 24 Zynqg-7010 1.10
2 30 Zynqg-7020 0.75
3 60 Zynqg-7020 0.90




. Rapid spec. & evaluation of 26 different

architectures over 2.5 days
« 1 using 1 ARM Cortex-A9 core
« 5 using 2 ARM Cortex-A9 cores
« 7 using 2 ARM Cortex-A9 cores + 1 MicroBlaze soft-core
« 3 using 2 ARM Cortex-A9 cores + 2 MicroBlaze soft-cores
« 1 using 1 ARM Cortex-A9 core + HW accelerators
« 5 using 2 ARM Cortex-A9 cores + H\W accelerators

4 using mix of MicroBlaze soft-cores + H\X/ accelerators

« Architecture has significant impact on QoR

. Performance goes from 10 FPS to 200+ FPS
. Power goes from 1.15 WX to 1.75 W/
« Number of HW resources used goes from 1X to 6.3X

EDPS 2013 5



« Several architectures met FPS but used too much power

. Selected 3 architectures for power/perf. trade-off
1. LIBU - MicroBlaze, VLD - ARM core 1, others > ARM core 2
2. DEMUX, LIBU > ARM core 1, others > HW accelerators
3. DEMUX - ARM corel, LIBU > ARM core 2, others > HW

Arch. | FPGA Freq. | ARM Freq. Perf. | Power Area
(MHz) (MHz) (FPS) (W) (Smallest Device)
1 100 500 24 1.072 Zynqg-7010
2 50 333 54 0.727 Zynqg-7020
3 10) 333 72 0.861 Zyng-7020

« No. Cores, Mapping, HW//SW Part., Freq. Scal.<~> QoR
. Total manpower: 1 System Engineer over 25 hours

EDPS 2013 20



* From the B. Bailey's Blog:

“FPGA companies would be some of the first to
implement true ESL flows”

Xilinx Builds Vivado Into Full ESL Solution, 4/3/2013

 \We agree with this (e.qg., for HX//S\X/
Integration, HLS and IP’s), but a complete
HWX//SW Co-design flow is still missing

e As a design creation front end for Xilinx
Vivado, we have shown that SpaceStudio
fills this gap.

EDPS 2013 2]



