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Motivation




Motivation
< FPGAs are large enough to host scalable multiprocessor systems

> Soft processors, buses, system components and custom
accelerators

% Creating such architectures is purely engineering efforts

> Learn and operate from within CAD tools

> Almost everything fails when upgrading CAD tools and porting
to next generation platforms

i < Engineering efforts will delay if not prohibit scientific investigations
i for non-FPGA experts

. % Groups reinvent the wheel; no basis for fair comparisons

[ o Current CAD tools are not suitable for large MPSoC design

}

N age
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Motivation
. % FPGAs are large enough to host scalable multiprocessor architectures!

> Soft processors, buses, system components and custom
accelerators

R Creating such architectures is purely engineering efforts

> Learn and operate from within CAD tools

> Almost everything fails when upgrading CAD tools and porting
to next generation platforms

. % Current CAD tools are not specifically designed for MPSoCs

B Engineering efforts will delay if not prohibit scientific investigations
for non-FPGA experts

i < Groups reinvent the wheel; no basis for fair comparisons

& Reliable Automation is required!
- jt:.ti.‘t
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Background




Background

% Xilinx Platform Studio (XPS).

Ver5|on EDK P.20131013+0
ght@ 1995-2013 Xilinx, Inc.
I ghts reserved.
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Background

% Xilinx Platform Studio (XPS).

BEGIN microblaze
PARAMETER INSTANCE
PARAMETER HW VER
PARAMETER C DEBUG ENABLED
PARAMETER C USE ICACHE
END

microblaze 1
8.50.c

1
1

Processor Name
IP Version
Debug Enable
Enable IS

F= = FHe 2

Xilinx MHS file

mb plb

microblaze_0

=

S

vyvy vy s nannuan

Bt e Q= [ A

A




% Xilinx Platfo

Home
Build Your Own System
Select a Prebuilt You can create your own system by entering user parameters for the system you desire. You will be able to download the
MPSoPC design files and then import them into your version of the Xilinx tools.
Build Your Own MPSoPC Global Parameters
Project Name:
Comp-lgr\:fgur;:trveads Xilinx Tool Version: 1s B

Xilinx Platform: meos B

Hthreads Home Page Memory Configuration: s B
Number of Slave Processors: s B

&

UNIVERSITY OF

ARKANSAS
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Background

rm Studio (XPS).
> Archgen-Cloud

Hthreads in the

Number of Supported Mutexes: 6« &

Host Processor Parameters
©ODefault Customize

Slave Processor Parameters
©Default Customize

UART Parameters

Baud Rate: ss00 B

Data Bits: s B

Parity: QOff Even Odd
Suomit



Build Your Own System

You can create your own system by entering user parameters for the system you desire. You will be able to download the
design files and then import them into your version of the Xilinx tools.

Global Parameters
Project Name:

Xilinx Tool Version:

Xilinx Platform:

Memory Configuration:
Number of Slave Processors:

Number of Supported Mutexes:

Host Processor Parameters
©ODefault Customize

Slave Processor Parameters
©Default Customize

UART Parameters

Baud Rate: 9600

Data Bits: s &

Parity: OOff Even
Submit

| Cmputer Syste Desin Lab

Background

Xilinx Platform Studio (XPS).
> Archgen-Cloud

| System
¢ template.c

| config
fast_Im...script.ld

linkscript.ld
Jamfile
Jamrules

| design
¢ CoreTest.c

system.mhs
system.mss
| data

| etc

| my_sw

| pcores
Jamfile
system.xmp

| include
h config.h



Background

% Xilinx Vivado Block Design Flow.

VIVADO'

Productivity. Multiplied.

2015.3

XI LI NX Copyright 1986-2015 Xilinx, Inc.

ALL PROGRAMMABLE. All Rights Reserved
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Background

% Xilinx Vivado Block Design Flow.

create bd cell \ # TCL Command
-type ip \
-vlnv xilinx.com:ip:microblaze:9.5 \ # IP Version
microblaze 1 # Processor Name
set property \ # TCL Command
-dict [list CONFIG.C _USE ICACHE {1}] \ # Enable IS
[get _bd cells microblaze 1]

TCL-based Design Flow.

¢
- -‘~
N
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Background

J % Xilinx Vivado Block Design Flow. _,

Block Design  design_1 * x
& system x & design 1* x

e » | ieDiagram x 3 Adcress Editor x & X &
% +] A cesign_l »
8 o [@ Designer Assistance available. Fun Connecton Automation
HIS !
A
3 [“
c |l
| &
-
. 2 a o
i | - mikroblaze 0
|
Cls —I Im" v . owesfi
o . Micre3laze -+
O M _AXI DP4 ::
I
& MicroBlaze
@ |
® mdm 1 microblaze 0 local_memory
& = .
pey MBDEBUG 04 .l ,
Debug Y5, Rst rst_clk_wiz_ 1 100M .
, ) : - . owest sync_dk mb_resst
) MicroBlaze Debug Module (MDM)  reset_in bus_struct_reset{0:0]| '
clk_wiz 1 ) X _reset n peripheral reset{0:0]
% | debug sys rst Interconnect_aresetn{0:0]
& |||¢O.l(_ﬂl_0 (:;::;f _locked perpheral_aresetr{0.0]

- - Processor System Reset
Clocking Wizard )

. TCL Command

Tel Console -0 X
o startgrowp ~
- Create Od cell -type 1p -vinw xiline. Com:1p:microblaze: 9.5 microblaze O
o endgrowp

#oly bd_sutosation -rule xiline, com:bd_rule:microblaze -config {local © ecc “None® cache “None® debug_module “Debug Only*® axi_periph “Enabled” axi_inte “0° clk “New Clocking wWizard (100 Me}* }  [get

1l
n

L]

i Tcl Console © Messages W Log 3 Reports 9 Design Runs

’ < Cas J . X < 16 .
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Background
% Xilinx Vivado is not specially designed for
multiprocessor architectures.

> Memory Map Info (mmi) files are used to
describe BRAM layouts associated with
MicroBlazes.

> In most cases, BRAM layout information 1is
missing from mmi files within a complicated
multiprocessor system.

> This bug exists since Vivado begins to use mmi
files.

17
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Background
% Xilinx Vivado is not specially designed for

multiprocessor architectures.

> Partial Reconfiguration (PR) 1s widely used
for custom accelerators to improve
productivities within a multiprocessor system.

> Unstable situations when different PR
bitstream files are loaded.

18
Cmputer Syste Design Lab



PR Demonstration

Valid
Ready

PR —
Black Box Data FIFO

AXI-Stream Bus
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PR Demonstration

Valid
Ready

PR —
Black Box Data FIFO

AXI-Stream Bus

¢
»
-
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PR Demonstration

Valid
Ready

PR —
Black Box Data FIFO

AXI-Stream Bus

Incorrect data
fetched by FIFO



PR Demonstration

Decoupler
Valid
PR k ady FIFO
Black Box Data

AXI-Stream Bus

.'(‘

r 3 &
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PR Demonstration

Decoupler
Valid
PR k ady FIFO
Black Box Data

AXI-Stream Bus

> PR Controller is released as an official IP
coming with the newest Vivado tool.

Computer System DeS|gn Lab . | ‘




0O0Gen Framework



Why object-oriented?

Object-oriented Design Method for System Generation

Easy to add your custom IPs by inheriting

Easy and clear design flow
Compatible with third-party libraries

Cmputer System Design Lab



Why object-oriented?

Object-oriented Design Method for System Generation

Easy to add your custom IPs by inheriting

Easy and clear design flow
Compatible with third-party libraries

Extensibility matters!

Cmputer System Design Lab



O0OGen Class Hierarchies

System Bus Module
busCollection numMasters D
getBus() numSlaves 1sPR
T add() addrRange
getMasters() busCompatible
getSlaves() setPRdcpFiles()
TemplateSystem setConfig()
archType lr nen
numGroup
numPE Processor Memory
getGlobalBus () AXI AXI Stream memorysize size
getGroupBus() respTime isPToP iCacheSize
setProgram() burstMode isBlock dCacheSize
profile() [r
generate()
run() MicroBlaze ZyngARM BRAM DDR
numStream setPerip() numPorts version
System Bus Module
Hierarchy Hierarchy Hierarchy

Any OOP languages: Java,
python, C++ and so many

— - - -
Cmputer System Design Lab



0O0Gen Example (e.g. Java)

QSystem customSystem = new System();
Bus[] memoryBus = new Bus[4];
Processor[3][3] nodes = new Processor[3][3];

for (Bus singleMemoryBus : memoryBus) {
singleMemoryBus = new AXI();
customSystem.add(singleMemoryBus) ;
singleMemoryBus.add(new BRAM(4096));

}

for (int row = 0; row < 3; row++) {
for (int col = 0; col < 3; col++) {

enodes[row] [col] = new MicroBlaze (4096, 2);

Wvdd
Wvdd

if (col '= 0) {
Bus newConnL = new AXIS();
Bus newConnR = new AXIS();
newConnL.connect(nodes[row] [col - 1],
nodes[row] [col]);
newConnR.connect(nodes[row] [col],
nodes[row] [col - 1]);
BRAM e customSystem.add(newConnL) ;
customSystem.add (newConnR) ;
_ if (row !'= 0) {
if (row == 0) { Bus newConnU = new AXIS();
memoryBus[0] .add(nodes[row] [col]); Bus newConnD = new AXIS():
} newConnU.connect(nodes[row - 1][col],
olf (row == 2) { nodes[row] [col]);
}

memoryBus[1].add(nodes[row] [col]); newConnD.connect(nodes[row][col],
nodes[row - 1][col]);

if (col == 0) { customSystem.add (newConnU) ;
memoryBus[2] .add(nodes[row] [col]); customSystem.add (newConnD) ;

}

if (col == 2) { {
memoryBus[3].add(nodes[row] [col]); }

Cmputer System Design Lab



0O0OGen Design Flow

' 00Gen Framework — — :
|
|
, Stapdard :
: ¢ Libs >
S — "] |
! System Design Custom |
: L Programs Libs |
| — o :
| e 1 __________________________
; 00Gen TCL Generator !
| |
: Config Files :
| .
: l ’
|
: Archborne :
| Framework | — —
: l : Vendor IP
| TCL Scripts¥5=1 : Libs
Build Syst { e —
| o : Custom IP
"""""" r'"'""" Libs

Xilinx Vivado Tools 4—’

-




0O0OGen Design Flow

|

' 00Gen Framework — — |

|

! Standard |

S - |

Lib >

: ibs |

: System Design Custom :

: L Programs Libs :
| S —— I

|

I Vivado Project

: Folder

| Block Desigh—
| Files (.bd)
:

|

|

|

|

|

|

|

|

|

Project filé——

(.xpr) — —
" Constrain file=- vendor 1P
Lo Gte ) — —
: Custom IP
"""""" r'"'""" Libs

Xilinx Vivado Tools 4—’

Recent Update
| Cmputr SysteesignLab | R R 30



XML File Hacking

% Project information is packed by using XML
files (.bd and .xpr).

R/

* .bd as an example

> Tag <component> and <design>: IP instance
definitions and connections.

> Tag <component()>: information for memory
mappilng.

-,.

| Cmputer Syste esign Lab



Block Design XML File Hacking

<component>
<vendor>
<library> ' Component (IP,

. and hierarchy)
<name> - basic information
<version>
<businterfaces> | ..* e.g. AXI interfaces :
<model> o

. View info and

<views> . separate ports

- (e.g. clk, and rst)

<ports> s :

Cbmputer System Design Lab



Block Design XML File Hacking

<design>
<vendor>
<library> © Component (IP,

- and hierarchy) .
<hame> - basic information
<version>
<componentinstances>| .~ Hierarchy usage
<interconnections>

: Bus and ports
<adHocConnections> P

. connections

<hierConnections> e

Cmputer System Design Lab



Case Study: Application-specific
Architecture Generation

OpenCL programming model

DRAM Host fithread DMA Hthreads
s * Hw/Sw co-designed Microkernel
e Pthreads APIs abstraction
Group © Group 1 | ses | Group N * Key 0OS primitives migrated into
hardware
_______________________________________ * Thread Management, priority-
2o based Scheduler and
| Synchronization
ICache VHWTI
I . [Data ] * Supports Heterogeneous MPSoPC
HOpenCL DRAM Host jSrowp DMA s
Host Bus | ‘

OpenCL APIs abstraction

Supports Heterogeneous MPSoOPC
OpenCL kernel scheduling

| Cmputer Syste esign Lab

Group @ Group 1 oo o0 Group N
P -
! Group Bus

I I Group Item . !
Barrier | !
Software Hardware Memory Scheduler |

[—1 Kernel [—1 Kernel

P te Mem P te M




Case Study: Application-specific

Host Bus

Architecture Generation

Hthread chreads

*..| Private Mem

DRAM Host Cores DMA
con_HThread_Host(void *arg) {
htrhead_data_t *data = (htrhead_data_t *) arg;
hthread_t threads[data->numT];
hthread_attr_t attr[data->numT];
Group @ Group 1 oo Group N #pragma THREAD OPT
e L for (i = 0; i < data->numT; i++) {

#pragma MEMORY OPT

TEQEE@"""""""""""""""T hthread DMA(data->F, data->pmem[i], data->sizeF);

i i hthread create(&threads[i], &attr[i],

i | | (void *)con_ thread, data);

' ICache VHWTI E -

J B ; )

con_HOpenCL_Kernel (float* A, float* C, float* F, Host Bus

| Cmputer Syste esign Lab

HO pPen CL DRAM Host Group DMA

Scheduler

int sizeA, int sizeF) {

#pragma MEMORY_ OPT
simpleDMA (F,sizeF); Group @ Group 1 ceoe Group N

int ty = getGlobalID(0); LT Tl
float value = 0; T RRENE

for (int k = 0; k < sizeF; ++k) | Group Bus i
if (ty + k - sizeF / 2 >= 0 && | |
ty + k - sizeF / 2 < sized) ! I I i

! Group Item Barrier |1

value += A[tY] * F[ k] 7 ! Software Hardware Memory Scheduler !

'] Kernel | Kernel '

C [ tY] = Value; i ‘.| Private Mem ‘. | Private Mem i



Case Study: Application-specific
Architecture Generation

Hthread chreads

DRAM Host DMA
Cores

con_HThread_Host(void *arg) {
Host Bus htrhead_data_t *data = (htrhead_data_t *) arg;
hthread_t threads[data->numT];

hthread_attr_t attr[data->numT];
Group 0 Group 1 LA Group N #pragma THREAD OPT
e L for (i = 0; i < data->numT; i++) {
#pragma MEMORY OPT

_______________________________________

hthread DMA(data->F, data->pmem[i], data->sizeF);
hthread create(&threads[i], &attr[i],

| I VHWT i (void *)con_thread, data);
: ICache :

— Processor

*..| Private Mem

HOpenCL

con_HOpenCL_ Kernel(float* A, float* C, float~* F,
int sizeA, int sizeF) {
#pragma MEMORY_ OPT

simpleDMA (F,sizeF); System system = new TemplateSystem();

float value = 0; ”hOSt.C",
for (int k = 0; k < sizeF; ++k) ”kernel.c”);

if (ty + k - sizeF / 2 >= 0 &&
ty + k - sizeF / 2 < sized)
value += A[ty] * F[k];
C[ty] = value;
Cbmputer Syste Design Lab | . ‘ N | ‘ .

system.profile();
system.generate();



Experimental Results



Benchmarks

DNA Sequences Matching (DNA)
Array Arithmetic Operation (AAO)
Correlation (COR)

Matrix Multiplication (MM)

DES Encryption and Decryption (DES)

| Cmputer Syste Design Lab
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Benchmarks

DNA Sequences Matching (DNA)
Array Arithmetic Operation (AAO)
Correlation (COR)

Matrix Multiplication (MM)

DES Encryption and Decryption (DES)

System Configurations:
KC705, and Vivado 2015.3

| Cmputer Syste esign Lab
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Scalability of the Hthreads Platform

30__ ......... o DES et
o i A& DNA
-] i O- COR
8 1 |-=-AAO
8_ 20 - -0~ MM .....,.--.;.-. ...... D
) ] g
© ] Zeesee e
o) ]
N - .‘:..-0,'.-
© == e __
E 1 . e mm———— [1
= 0 e
z 1 AT - o=
O | | | | |
1 2 4 8 16 32
Number of Salve PEs
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Performance and Energy Efficiency for |
HOpenCL Platform

> ]
CC) 2.0 | X Energy Efficiency vS ARM [ b S e
& 1| () One ARM core Better than ARM@
2 15 1| @ 32 sPEs
ATRE : X
E, i
()] 1 O ettt 5aa T et sa b b e st e st s bbb AR At et b A e AR AR Aot et b R AR e b e R Ao s At e bbb e s e st st st es b b sanssesees s st en s st sas Breanstestes b st ssassasseestentestessassassasseessens et sseeseeseestestent st s s sanseeneestentan
2 X X
T ]

T I 2 1 3 OSSN o Y 22 2% SO, 399X ]
S
D 5 2.11x
8- O s [ 1.5X ............................................................................................................
(0p] 1X 1X 1X 1X 1X

O | | | | | |

DNA AAO COR MM DES
Benchmarks

* 32 sPEs are used in this experiments
* Results of ARM processor are from ZC706
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Conclusion
% Motivation

> Reliable automation are required
| % Background

> XPS, Vivado, and PR flow

. % 00Gen Framework

> Class hierarchies, design flow and
XML file structures

> Application-specific architecture generation
> Hthreads, and HOpenCL

** Experimental Results

42 :
Cmputer Syste Design Lab |
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Resource Utilization

Hthreads (%) HOpenCL (%)
Number of sPEs
LUTs BRAM LUTs BRAM

1 25,009 (16.0) 36.0 (7.0) - -

2 28,919 (19.0) 45.5 (8.8) - -

4 35.449 (23.4) 65.5 (12.8) - -

8 49,328 (32.6) 105.5 (20.4) - -

16 76,926 (50.6) 185.5 (39.0) - -
32 132,274 (87.2) 345.5 (67.1) 129,819 (85.5) 374 (72.6)

*KC705

o
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