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Transistores

m O numero de transistores em um circuito integrado dobra
a cada 18 meses. (Moore)

m Projetar sistemas cada vez mais complexos em uma mesma
pastilha (Ex: SoCs, MPSoCs)

m Propicia aplica¢des digitais agregar cada vez mais funcionalidade

em equipamentos de menor volume (Ex: 22nm)
10 ¢ 1 10000

| 1000

Micron nm

0.1 ¢ 0.7x every 4 100

2 years 45nm
32nm
2Z2nm

0.01 ‘ ‘ 10
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ERAD-SP / 2011 Fonte : Intel www.intel.com. 2011



Time to Market

Lucros

Concepcgao
do sistema
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Componentes de Poténcia

1 ouT

e Vdd
Illk!
pMOSi:
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—_— Gnd

CMOS Inverter

Fonte : Advanced Memory Optimization Techniques for Low-
Power Embedded Processors, Springer 2006.
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® Poyos =P +P

static

dynamic

m Componente dindmica

= Carga e descarga de capacitores (I,,I,)

m  Durante a transi¢do de baixo para alto uma energia
E=CV?;4 é drenadadeV,, através de I, uma parte
da qual é armazenada em C.

m Durante a transi¢do de alto para baixo, a capacitancia
de saida é descarregada através de I,.

= CLVddzf

chaveamento _ dindamico

m Corrente de curto circuito (I..)

m  Ex: Quando a entrada de um inversor CMOS chaveia
de um nivel 16gico para o oposto, havera um instante
em que ambos os transistores pMOS e nMOS estardo
ativados.

m  Durante este tempo uma corrente I, fluira de V4, para
Gnd-

P

curto—circuito

=KV, =2V, z.f



+
Componentes de Poténcia

® Pomos = Pstatic + P

static dynamic

s Vdd m Componente Estatica (I,

m [, = pMOS e nMOS néo sdo isoladores
pPMOS | perfeitos, com isso, ha sempre uma

: Y i ly corrente de leakage que flui de V4, para
IN_ ISCi |.._.._....._._.l ouT Gnd'
o o ! = Ela é inversamente proporcional a
v ',k . ‘.‘ YC caracteristica de tamanho e exponen-
nMOS; ! | cialmente a tensdo de threshold (V).
- |
Vy . m Ex:I, = 10-20pA/transis (130nm; 0,7V))
= Gnd — m Ex:I, = 10-20nA/transis (130nm; 0,3V))
CMOS Inverter m Leakage Power:

m 5% when (0,25pym = 25
Fonte : Advanced Memory Optimization Techniques for Low-
Power Embedded Processors, Springer 2006. = 20-25% (130nm)

Aumento Exponencial
na corrente de

bthresold (I
ERAD-SP / 2011 “l sold (Iy)




Reducao de Tensao

m Fontes de tensao V44
reduzidas para controlar a
poténcia dinamica.

VG =0V
Vp=12V — 2
° F, chaveamento _ dindmico ~— CLVdd f
[ & < Cate Oxide . ? m Isso fez com que reduzisse as
=" lsus S escalas de tensdo de threshold V,,
p para aumentar a capacidade de
é fornecimento de corrente.
V=0V ~
° m Reducdo deV,, — aumento da
corrente de subthreshold (Iy;p).
: W Yes—Vr
Ex: I, = 10-20pA/transis (130nm; Isyg = W Cox. V3. —.€ Ve
Ex: I, = 10-20nA/transis (130nm; L

V ;= Threshold Voltage
V g5 = Gate-source Voltage
ERAD-SP / 2011

V 14 = Thermal Voltage



Tamanho do Canal

gate ~ .. .
Fieakage m Reducdo de tecnologia implica
£ subthreshold leakage ~
P et em reducao de canal
# Junction BTBT . e e .

m Isso ndo foi feito sincronizado com as
redugdes deV e V,.
substrate m Espessura do 6xido reduzida Tox
bulk (aumento de campo elétrico)

Correntes de leakage majoritdrias.

Dynamic Power per cm? 1.4X
Static Power per cm? 1X 2.5X 6.5X
Total Power per cm? 1X 2X 4X

ERAD-SP /2011



==
Roadmap ITRS

chaveamento _dindmico

Table ORTC-1 IIRS Technology Trend Targets | [including PIDS 2011 Roadmap Flash and D Trend Driver Proposals]

Year of Production 00 210 | 201 y 03 | 20m 015 2018
2010 ORTC Flash % Pitch (nm) (un-contacted Pob)(§ 4 38 32 k}j‘ S 3 20 g 18 159
2010 PIDS Projection | p, . »: pivch um fun-conuced Pols)(f [B] NA 26 24 2 20 / 0 | Vs 16
based on survey data — - - - - - - -
2010 WAS DRAM % Pach (1) (comactad) [C] =2 a5 0 | _=® © 22 | 25 25
2010 PIDS Projection , 36“’ y”
DRAM % Pitch NA 42 3 2% 25 240 21.0
based on survey data () (coruaacd D] = = = = = £ == s
MPU/ASKC Maral 1 (M1) % Pach (m)[1,2] 54 S £ 2 z 24 21 180

Fonte : ITRS — 2010 EDITION - DESIGN
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Processador Processador
com 1 Nucleo com 2 NdGcleos

Core  Core. Integrated:Membry Conitroller <3 Ch DDR3

Cdre 0 Cdre 1 Coré 2 Coré 3

Shared L3 Cache
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Pesquisas

2007 2010 2013 2016 2019 2022
| 2008 2009 | 2011 2012 | 2014 2015 | 2017 2018 | 2020 2021 |

ngrnt:::Eiasbiliat;d timing accounting | | ' | \\\\\\\\\

Sceountng for varmbity ANAAAANANNAAAANAANAN

Macro/chip leakage analysis
Pow er management analysis : :
and logic insertion SOl SoC tools . _ ‘ .
- P i i P

Analog synthesis (circuit/layout) l : \\\\\\'\\

Non-static logic implementation
Cost-driven implementation flow

N Rossarch Required S Dewlopment Underway 0 Qualification/Pre-Production CSTXJ Continuous Improwement

This legend indicates the time during which research. development. and qualificatiorn/pre-production should be taking place for tha solution.
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Tendéncias Consumo Energia

Source: microprocessor power, Intel Caracteristicas

o = Explosdo no consumo de poténcia
200 M Leakage Power sera considerado um fator critico
= DynamicPboer para o futuro projeto de um SoC.
m Rapido crescimento do consumo
70

150

de energia resultara em fatores
criticos com encapsulamento e
refrigeracao do chip.

Power (Watts)

100
m Leakage power sera muito maior

i I I
0 T T T 1
250 180 130 90 que o valor calculado na figura,

Technology (nm) devido ao efeito da temperatura.

m Consumo de energia por PE
diminui de acordo com as

Source: tendéncias de tensao e constante

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2008 UPDATE dleletrlca.



Niveis de Abstracao

Least

Computing Resources

Abstraction Levels

Algorithm

Worst

N

System

==

Hardware Behaviour

Register Transfer

==

Logic

| |

N B

~.__~

Circuit

N

Most
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Device

Power Analysis Accuracy

Best

m Maior Nivel de Abstracao
m (+) Mais rapido
m (- ) Menor precisao

m (+) Menos recursos de
computagao para avaliar

m Menor Nivel de Abstracao
m (-) Projetos mais lentos
m (+) Maior precisao

m (- ) Mais recursos de
computagao para avaliar
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Arquitetura FPGA

e T den——5
o2 1l e IL _ﬁﬂ_-c :D---.- A0 Ou%rt
H |t il o
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o : gm%
x Bt

cell logic block (clb\

More than o e N

- 10 million gates %IIEFF %
available
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Ty 13 35
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* o (4
omponentes de Poténcia em \&

FPGA

Pre-Programmed Static (Quiescent) Device Power Consumption:
- Poténcia consumida pelo FPGA antes da programacao do dispositivo
Inrush Programming Current

- Corrente requerida quando programando um dispositivo até a
programacgao completa

Post-Programmed Static Power Consumption

- Poténcia que esta sendo consumida pelo dispositivo com frequéncia
0 MHz. Muito significante. Devido a grande quantidade de
transistores (8x a 10x comparado a ASIC sem considerar 1égica de
configuracao/multiplexacao.

Dynamic Power Consumption

- Poténcia incremental consumida pelo componente de frequéncia nao
nula (P = kcV?f). Depende do projeto

ERAD-SP /2011



Poténcia Dinamica

1
I)dynamic = ? f ZDD (t)VDDdt
0

ERAD-SP /2011

Vo ¢,
= % O ipp, (2)dt

= %[TfswCVDD ]

= CVDszsw

m Supondo um sistema com freq = {

m f = af, where o = atividade de sinal
mSeosinaléoclk,a=1

m Se o sinal chaveia uma vez por
ciclo de clock,a =12

m Potencia dinamica:

P =aCV, f

dynamic

VDD

0

i

<k



Poténcia Estatica

m FPGA utiliza mais transistores que os ASICs, devido a 1égica
de reconfiguragao consumindo muito mais potencia estatica
para uma mesma funcionalidade.

m A potencia estatica aumenta significativamente com a
temperatura

m Uma grande parte da poténcia consumida é devido a partes
nao usadas do FPGA.

T Typical Py pak
25°C 1.25pW /CLB
85°C 18.94W/CLB

Tech = 90nm

ERAD-SP /2011



+ ?'Tr' 18
Calor x Atividade Chaveamen

m Obter uma nova estratégia de
administracdo da temperatura de
um FPGA.

m Sugere-se chegar a uma redistribuicao
da poténcia por todo o dispositivo de
forma “balanceada” (através da
redistribui¢ao da atividade de
chaveamento)

m reduzindo o numero e a amplitude dos
picos de dissipacao de poténcia.

m0.0 mo.2 W04 mo.b 0.8 w10
-+ >
Low Switching Activity High Switching Activity

Fig. 2: Switching activity variation map of an FPGA

ERAD-SP /2011



m Reducao da temperatura nos
hotspots (33% aproximado)

m00 w02 m04 mOB a8 wmio

(@) Low Swichng Aciviy Hon swicnng ey () m Uso de algoritmo EX-VPR,
In: Siozios, et al., ““A Novel Methodology

B e A e T Y RS for Temperature-Aware Placement and
AT SO e — A Routing of FPGAs”, ISVLSI 2007.

Ay ! \  CREy T _-:
Y '_1. N . . . ) r .
e v S 3
R et "~ °_ .| m Redugdo de 15% no valor médio
D T2k den 2 ~ 0 "% | datemperatura

- . ' | ) : ‘ ‘ - - < "{

- ‘ AL o LN
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Comparacao Poténcia FPGAs

Relative Power (%)

Relative Power (%)

A
+10% }——  Spartan-3 FPGA
90 nm -
( ) Span&(x\nf;PGA === Static Power
0% \ mmmm  Dynamic Power
a0 \\
Spartan-6 FPGA
30% \\ (45 nm)
-40% \\
-50% \
-60%
T T T -
2004 2006 2009
WpP223_01_031909
Figure 1: Relatlve Power Consumption of Spartan-3A FPGAs
[
+20% Virtex-Il Pro FPGA
(130 nm) mm Static Power
0% msmmm  Dynamic Power
Virtex-4 FPGA
20% (90 nm) Virtex-5 FPGA
(65 nm)
Virtex-6 FPGA
-40% \W\m)
-60%
-80%

I I I Ll
2002 2004 2006 2009

WP228_0e_031800

Figure 2: Relatlve Power Consumption of Virtex FPGAs
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Figure 9: Power Consumption Comparlson of PCI Express Solutions

Power (W)

2.00 T
1.80
1.60 T
1.40 A
1.20
1.00
0.80
0.60
0.40
0.20
0.00 T T T T T T 1

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000
Available LEs

——f=20 MHz —=—f =70 MHz f=100 MHz

Source: WP298: Power Consumption at 40 and
45nm - 13 Abril 2009



Fluxo de Estimativa

m O fluxo para estimativa de energia pode ser resumido de
acordo com a figura abaixo.

m Foi usado como base o ambiente da Altera e PowerPlay

Vhdl Code — Quartus-Il / Ise 7.1i

Place & Route

Modelsim Place&Route Simulation

VCD Creation

Xilinx Xpower / Altera PowerPlay '

ERAD-SP /2011



Fluxo de Estimativa

- Deve-se criar a estrutura para estimular as entradas do
modulo que se deseja estimar o consumo de poténcia

- Gerador de estimulos
- Top que interliga o médulo ao gerador de estimulos

TOP

GERADOR
DE
ESTIMULOS

11

ERAD-SP /2011



Fluxo de Estimativa

- Maior Cobertura de Testes

- Testes Randémicos executados mais facilmente
- Maior automatiza¢ao no processo de testes

arquivo de saida

r——b Modelo de Referéncia —>

TXT

(S |
g.
, Testbench \\_’/ l
3 TXT
arquivo de entrada gerador de gerador checar S
estimulos de clock resultados
»
A
relatério do testbench
A\
Design Under Test
. (DUT)

ERAD-SP /2011




Fluxo de Estimativa

|Fi|e] Edit View Compile Simulate Add Library Tools Layout W

New Folder x ol gy B By J Help Ii
Open... Source P

Load... Project...

Close Library... th I
Import » [LBrary ODEL_TECH/.. /floatfixlib

Export » | Library SMODEL_TECH/..favm

Library $MODEL_TECH/..fovm-2.0.1

Save

i Library SMODEL_TECH/.. /pa_lib
vy SHocELyeCH o 3t
Change Directory... orary - Voolov_s

Library SMODEL_TECH/.. /vital2000

Use S
Use Source Library SMODEL_TECHY/.. fieee

e Library SMODEL_TECH/.. /modelsim_lib
Datasets... Library SMODEL_TECH/.. /std

Library SMODEL_TECH/.. /std_developerskit
Environment » | Lbrary  $MODEL_TECH/../synopsys
Page Setup. .. Library SMODEL_TECH/.. fverilog

=L

Model File — New — Project

Advanced Verification and Debugging




Fluxo de Estimativa

- Criando o projeto na ferramenta ModelSim

-
M Create Project u
LT
—Project Name
|Iutorial|
—Project Location
|I :/Integracao FPGA 1 2 3 Browse...
—Default Library Name
|work
—Copy Settings From
l/modeltech_G .5/modelsim.ini Browse...
{* Copy Library Mappings ¢ Reference Library Mappings

OK | Cancell

Model Configure nome e local do projeto

Advanced Verification and Debugging




Fluxo de Estimativa

. Adicionando IPs

rﬁ Add items to the Project g
—Click on the icon to add items of that type: Ad |On ar ao p rOJetO oS RT LS

il | B do projeto
Create New File Add Existing File
Moo

Create Simulation Create New Folder

Close |

Configurar Nome e Local

7~ —_—
T

— File Name

| Browse...

—Addfleastype—— [ Folder
Ide:’ault X] |Top Level !]

¢ Reference from current location " Copy to project directory
OK | Cancel I

Model

Advanced Verification and Debugging




Fluxo de Estimativa

- Compilar cédigos no ModelSim

Y ————

File Edit View |Compile| Simulate Add Library Tools Layout

[O-wmg comwe I
Compile Options...
‘ [#¥] Project - I:/Integ
H *|Name SystemC Link... Modified I
[ controlUnitl_: Compile All 06/30/11 10:38:42 AM
] fp_adder.v Compile Selected 06/10/1103:11:46 PM
] Reg_ValidDo! Compile Order... 06/10/1103:11:46 PM

|| Reg_V.sv 06/10/1103:11:46 PM
MultiplicaBore¢ - 06/10/1103:11:46 PM
e ) Compile Summary...
Normalizador. 06/10/1103:11:43 PM

Compile Report...

—_J o

|| rickerb_module_pa... *P  Verilog 80 06/10/1103:11:48 PM

|| PPF_FIFO.v *? Verilog 68 06/10/1103:11:48 PM

|| VEL_FIFO.v ? Verilog 88 06/10/1103:11:48 PM
B

rantrall Init1 fnna? \lerilnn 27  NA/?1/11 N&:5Q-1A PM

Compile — Compile All

Model

Advanced Verification and Debugging




Fluxo de Estimativa

- Simular o projeto

[ S —
i wecetsim s oL S

File Edit View Compile ISimulate| Add Project Tools Layout Wi

Design Optimization... i J Help

Runtime Options... E

L > 11:46PM
Break 11:46 PM
End Simulation 11:46 PM
Syst... 63  06/10/1103:11:48 PM

I || Reg_VvalidDone.sv ?
?
7
?
rickerb_module_pa... ? Verilog 80 06/10/1103:11:48 PM
?
?
?
?

Reg_V.sv

el

|| MultiplicaBorda.sv
NormalizadorArred...

=l
=l
] PPF_FIFO.v Verilog 68 06/10/1103:11:48 PM
] VEL_FIFO.v Verilog 88 06/10/1103:11:48 PM
|| controlunit1_fpga3... Verilog 27 06/21/1105:59:16 PM
|_| Driver2.vhd VHDL 3% 06/27/1104:20:52PM

Simulate — Start Simulation

Model

Advanced Verification and Debugging




Fluxo de Estimativa

- Na janela “Start Simulation”, selecione no package “work” o
arquivo Top Level comentado no inicio e pressione OK

, _

Design ] VHDL ] Verilog ] Libraries ] SDF ] Others ]

'1Name |Type IPaﬂ‘u

;ﬁ—‘l work Library I:/Integracao FPGA 1 2 3/work

—D ARCH2D_Step1_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

—D ARCH2D_Step1_...Module C:/Documents and Settings/agsm/Des...
[fj ARCH2D_Step1_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

—D ARCH2D_Step2_...Module C:/Documents and Settings/agsm/Des...

—D ARCH2D_Step2_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

—D ARCH2D_Step2_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

—D ARCH2D_Step3_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

—D ARCH2D_Step3_...Module I:/Integracao FPGA 1 2 3/ARCH2D_St...

< - )

rDesign Unit(s) (Resolution

[work.RRCH2D Stepl FPGA3 |defaulc

~Optimization

[” Enable optimization Optimization Options...

OK | Cancel |

Model

Advanced Verification and Debugging




Fluxo de Estimativa

[]ModelSim SE 6.6¢

File Edit View Compile Simulate Add Structure Tools Layout Window Help

J 1= Under%l—lﬂ@ B J Kﬁj&l

- Clique com o botao
direito no top de seu

prOJ eto e em Seg ulda Design unit - |Design unil
. M standard standard Package
selecione Add — To Wave |- s std Package
o . . i mailbox std S¥ParamCl
—_—> All ltems 1n deSIQ'n _T_y‘ process std SYClass
++ 4 semaphore std SVClass
W std_logic_1164 std_logic_1164 Package
W std_logic_arith std_logic_arith Package
W std_logic_textio std_logic_textio Package
M std_logic_unsigned std_logic_unsigned Package
M textio textio Package
® F top_driver FPGA_1 2 3 i Module
_T_y- i1_Driver View Declaration Architectu
+- [l i2_Driver view Instantiation Architectur

=
_T_y- i3_Driver
+ gl i_PlataformazD_FPGA1L

All items in region

To List »

. All items in region and below
e ol i_Plataforma2D_FPGAZ C.ODV el >
+- 4 i_PlataformazD_FpGa3  Find... To Schematic »
& #ALWAYS#498 Expand Selected To Dataflow » Process
& FALWAYSHS06 Collapse Selected TPERT 2 Process
& #INITIAL#494,502 Expand Al PGA_1 2.3 Process
|g #vsim_capacity# Collapse Al Foreign

Test Analysis 4

XML Import Hint

Reload sim

End Simulation

Model
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Fluxo de Estimativa

- Ajanela “Wave” serd aberta com os sinais adicionados no
passo anterior. No campo em destaque abaixo, coloque o
tempo de simulac¢ao e clique em “Run”.

o PN B J B & H J B = 4 4 | EF [77662796 3] EUEEEY X £ |
Run

Jtop_driver FPGA_1_2_3/r_clk
Jtop_driver_FPGA_1_2_3/r_clk_trans

Jtop_driver_FPGA_1_2_3jw_rst_FPGA1

Jtop_driver_FPGA_1_2_3jw_start_process_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_pulse_pos_line_FPGA1

Jtop_driver_FPGA_1_2_3/w_param_pulse_pos_slice_FPGA1
Jtop_driver_FPGA_1_2_3/w_param_pulse_pos_col_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_num_slices_FPGA1
Jtop_driver_FPGA_1_2_3jw_param_num_lines_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_num_cols_FPGA1

Jtop_driver_FPGA_1_2_3/w_param_num_time_steps_FPGA1
ftop_driver_FPGA_1_2_3/w_param_apf_start_addr_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_ppf_start_addr_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_vel_start_addr_FPGA1

Jtop_driver_FPGA_1_2_3jw_param_seismic_start_addr_FPGA1

driver FPGA 1 2 3jw data apf FPGA1

Model
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Fluxo de Estimativa

- Ajanela “Wave” serd aberta com os sinais adicionados no
passo anterior. No campo em destaque abaixo, coloque o
tempo de simulac¢ao e clique em “Run”.

°°°< 4;3 XA ::$ J \?’?

ftop_driver_FPGA_1_2_3/i_Plataforma2D_FPGA1/jclk

ftop_driver_FPGA_1_2_3fi_PlataformazD_FPGA1/clk_trans

ftop_driver_FPGA_1_2_3fi_PlataformazD_FPGA1jrst

ftop_driver_FPGA_1_2_3fi_PlataformazD_FPGA1/start_process

ftop_driver_FPGA_1_2_3fi_Plataforma2D_FPGA1/param_pulse_pos_line

ftop_driver_FPGA_1_2_3[i_PlataformazD_FPGA1/param_pulse_pos_slice

ftop_driver FPGA_1_2_3/i Plataforma2D_FPGA1/param_pulse_pos_col
ftop_driver_FPGA_1_2_3fi_PlataformazD_FPGA1/param_num_slices

ftop_driver FPGA_1_2_3fi_PlataformazD_FPGA1/param_num_lines

ftop_driver_FPGA_1_2_3fi_PlataformazD_FPGA1/param_num_cols

Model
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Fluxo de Estimativa

- Feche o projeto na janela “Transcript” com o comando:
“quit-sim”

. Crie o arquivo “.vcd” com o comando :
“wlf2vcd —o ‘nomedoarquivo’.ved vsim.wlf”’

- Transcript -

YSIM 5> run

# Updating mnsgviewer database...
YSIME> cquit -sim

ModelSim> wlf2vcd -o arquivo.wved vsim.wld

Project : Integracao

Model
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Fluxo de Estimativa

- Crie um novo projeto no Quartus II
File — New Project Wizard

(REE ===
| File | Edit vView Project Assignments Processing Tools Window Help
D New... Crl+N
& Open... ctrl+0 & X
Close Ctrl+F4 .Take a!‘
Online Trair
@ New Project Wizard... Class for Fi
@ OpenProject... Ctrl+]
Save Project
Close Project
EH sae Ctrl+S
Save As... 8 %

* |Isso ira abrir a janela “New Project Wizard” para adicionar
o nome, local do projeto e arquivos fonte
* O nome do projeto devera ser o top level do modulo

« Aqui NAO deve ser adicionado o gerador de entradas e o top que 0s
interliga




Fluxo de Estimativa

- Etapa de Sintese do Projeto :
Processing — Start Compilation

—
&Quauusn-cwsers/mﬁa jal - tutori

File Edit View Project Assignments ngooesmg | Tools Window Help
I 0O = n ﬁ % éﬁ E X7 @ Stop Processing Ctrl+Shift+C
e P Start Compilation Ctrl+L

Entity @ Analyze Current File

Cyclone IV GX: AUTO Start »

* ttorial &) Update Memory Initialization File

Compilation Report Ctrl+R

ﬂ PowerPlay Power Analyzer Tool
T SSN Analyzer Tool

Hierarchy Files ¢ Design Ui




Fluxo de Estimativa

- Inicie o PowerPlay Analyzer Tool

Eile Edit View Project Assignments |Processung | Tools Window Help

B ﬂ é c% e B R @ Stop Processing
e, P Start Compilation
Entity @ Analyze Current File
Cydlone IV GX: AUTO Start
* tutorial Update Memory Initialization File

@ Compilation Report
f,"-/t' PowerPlay Power Analyzer Tool
W SSN Analyzer Tool

Ctrl+Shift+C

Ctrl-+

Ctrl4+R

A AN

le rates and static prob

rinn nnwer analucic

Processing — PowerPlay Analyzer Tool



Fluxo de Estimativa

- Com o PowerPlay aberto, clique em:“Add Power Input File”.
Isso ira abrir a janela “Settings”

tutorial/tutorial - tutorial
Processing Tools Window Help

) 04 | tutorial Y @RS T W sH S0 A 0D
& x| PowerPlay Power Analyzer Tool 8 ‘
Input file

Use input fi o jnitialize toggle rates and static probabilities during power analysis

Add Power Input File(s). ..

Qutput file

[] write out signal activities used during power analysis

Qutput file name:

nits Default toggle rates for unspecified signals
8 x Default toggle rate used for input IO signals: 12.5

Default toggle rate used for remaining signals
3
,~

() Use default value: |12.5 % v

@ Use vectorless estimation

[ Cooling Solution and Temperature... ]

agramming files

sis miAN | 0%

N 00:00:00

»

I~ B | —— 1 — o




Fluxo de Estimativa

. Clique em “Add” para adicionar o arquivo ‘““.vcd”
que foi gerado no ModelSim.

- Configure os dados da Janela “Add Power Input File” que abrira

em seguida.

&

e
& Settings - tutorial

Category:

General

Files

Libraries

Operating Settings and Conditions
Voltage
Temperature

Compilation Process Settings
Early Timing Estimate
Incremental Compilation

a

a

PowerPlay Power Analyzer Settings

Select the power analyzer options.

Use input file(s) to initialize toggle rates and static probabilities during power analysis
Input File(s)

kart Time

Physical Synthesis Optimizations
EDA Tool Settings
Design Entry/Synthesis
Simulation
Timing Analysis
Formal Verification
Board-Level
Analysis & Synthesis Settings
VHDL Input
Verilog HDL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
| Assembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer

1

a

Add new power input file and set properties.

File name: arquivo.ved
Entity: tutorial
Simulation period
() Signal Activity File
@ VCD file
Limit VCD period

Start time: 0

End time: 1000

Default toggle rate used for input I/O signals: 12.5
Default toggle rate used for remaining signals
) Use default value: | 12.5 o v

(A N lmm cimmbaclans Anbinnabian

/CD End Time

Edit...

Remove




Fluxo de Estimativa

- Apds tudo configurado, inicie a simula¢ao do PowerPlay
clicando em “Start”

@ Quartus II - C:/Users/Juliano/Desktop/tutorial/tutorial - tutorial

File Edit View Project Assignments Processing Tools Window Help

DSEHE & % 2R © > |uona EY @RS T WD O
Project Navigator g X N PowerPlay Power Analyzer Tool a8 |
Entity Input file
Cydone IV GX: AUTO

Use input file(s) to initialize toggle rates and static probabilities during power analysis

Add Power Input File(s)...

- tutorial

a¢ 1ieed dirina nawer analveic

Qutput file
[T] write out signal activities used during power analysis

Output file name:

& Hierarchy | B Files | &P Design Units |

Tasks J X
Flow: [ Compiation - ] [ Customizens Default toggle rates for unspecified signals
- Default toggle rate used for input I/O signals:  12.5
Ta
Default toggle rate used for remaining signals
4 P Compile Design
> M Analysis & Synthesis (©) Use default value: | 12.5
> W Fitter (Place &Route) @ Use vectorless estimation
> W Assembler (Generate programming files)
> W TimeQuest Timing Analysis
> W EDA Netlist Writer [ Cooling Solution and Temps
@ Program Device (Open Programmer)
00:00:00
Wi J . N = %4 start ) © stop

x M=




Fluxo de Estimativa

. Clique em “Report” para ver o resultado da estimativa de

consumo de poténcia

== | Kata] — - -

YT ] W W UL W

R e B |

&7 PowerPlay Power Analyzer Tool

I @ Compilation Report - PowerPlay Power Analyz. .. I

r

1

&7 PowerPlay Power Analyzer Tool

=T==]

@ Compilation Report - PowerPlay Power Analyzer Summary

L=

- ¢SHEH Flow OS Summary
--&$B Flow Log

-&$ Analysis & Synthesis
é[j Fitter

m-¢&H] Assembler

é[j TimeQuest Timing Anal:
=1-&H=3 PowerPlay Power Analy:

BB Parallel Compilation
-EE Summary

BB Settings

- ¢HEH Indeterminate Toggl
B8 Simulation Files Reac
--¢HEE Operating Condition
B8 Thermal Power Dissi
- ¢HEH Thermal Power Dissi
B8 Thermal Power Dissi
--¢HEH Core Dynamic Thern

7-&$(] Current Drawn from

/STEmm - oo L A

~

m

PowerPlay Power Analyzer Summary

PowerPlay Power Analyzer Status
Quartus | Version

Revision Name

Topdevel Entity Name

Family

Device

Power Models

Total Thermal Power Dissipation

Core Dynamic Themal Power Dissipation
Core Static Thermal Power Dissipation
|/0 Themal Power Dissipation

Power Estimation Confidence

Successful - Mon Jul 25 12:14:10 2011

9.1 Build 304 01/25/2010 SP 1 SJ Full Version
fpaa2

fpaa2

Stratix |11

EP3SE260F1152C2

Final

9965.87 mW

5166.34 mW

1630.38 mW

3165.14 mW

Low: user provided insufficient toggle rate data
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‘gEstimado IMedido }

m Aplicagdes de Segurancga

—‘ m MD3, DES, DES3, AES

m 3 Placas Comerciais

m Precisao das placas
ainda bastante baixas

L—Cyclone-II— —VirtexII-Pro - L— Spartan-3 —

ERAD-SP /2011



m Diferentes planos de
poténcia

m Shunt para medir
poténcia na PCle

m Shunt para medir
poténcia na Fonte
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Reducao de Energia

Gated Clock

_ d Clock
R E/nergy is area under the curve
@ ¥ l Two approaches require the same Enerqy 1o
T A h 1
= . pproac Enable
L l Approach 2 Clock p
>.
time
Clock
T T Enable
E, = I P(r)dt = '[ V., *i(t)dt
0 0
. Gated Clock @UslngaFeedbackPath
m Figura l indicando que pode leva:
a clock glitches. D0
. . e ~ 0
m Figura 2 indicando solugéao Enable — )
sincrona para evitar glitches ok

m Enable=1, carrega novo dado

ERAD-SP /2011

b) Corresponding Timing Diagram

Clock =™ |71 |1
Enable | |
Clock ¢
Enable —W I ]
Output XX
X921

b) Corresponding Timing Diagram

Cock | | | || L
Enable [ |

Output X

Xo202
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Reducao de Energia

Energy is area under the curve

/ :
P 7 4 I Two approaches require the same Enerqy
T A h
= * pproach 1
! l Approach 2
>
time

T T
E, = [ P0dr = [ V=it
0

Vaa —
0

=  MSV (Multiple Supply Voltage)

m Distintas tensdes de alimentag¢ao

ERAD-SP /2011

MSV

2ns

Hijm

3ns

(20,49,29) W

(55,119,64)

—B)

0.3ns
LC Ins

(168,19.7

4ns

(15.5,19.7,42)

.29)

FF,

0.3ns

FF,

(168,19.7,29)

0.3ns

FF,

Teritico

Tui\o_cm'nco

Tui\o_csdnco
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Reducao de Energia

Energy is area under the curve

& /
@ ¥ ' Two approaches require the same Enerqy
©
z L Approach 1
L l Approach 2
b
time
T T
E, = I P()dt = '[ V., *i(t)dt
0 0

m Power Gating

Reduzir atividade de chaveamento | sigp_™L

sinais indesejaveis

ERAD-SP /2011

Power Gating

Before
sig |_|-L ™1 Consumption
A
After

( m}-ca\
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Reducao de Energia

E/nergy is area under the curve DVS

A
) Two approaches require the same Ener
% i =4 Regulador 1.0V {10m0 |- VCCINT
= L Approach 1
l ! Approach 2 5vDC Regulador 2.5V {10 mQ |— vecaux  FPGA
b
Eme Regulador 2.5V I10 mQ |- veeo
T T
—_— g = :*: o o~
E, = | P0Odt = [ V=it DFS
0 0 Power

= DVS (Dynamic Voltage Scaling)

m DFS (Dynamic Frequency Scaling) A A A A

m  DVFS (Dynamic Voltage Frequency Scaling) 20MHz 30MHz 10MHz 20MHz

ERAD-SP /2011
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Reducao de Energia

Substrate  QOperand

Biasing Isolation
Voltage & Undecided 194 49
frequency 4o, ’
scaling

5%

Gated clock
Power Shut Off 41%
(Power Gating)

17%

Multi VT .
20% Multi Supply

Voltage
9%

Low Power Workshop Attendees’ Survey, 2007

ERAD-SP /2011
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Aplicacao

receivers o—o—o—o—q—o—q—o—o—p—/ ) source

sea bottom

Figure 1: Seismic data acquisition

Fonte : PETROBRAS, “Computational Characteristics of
Production Seismic Migration and its Performance on Novel
Processor Architectures”, SBAC-PAD 2007.

ERAD-SP /2011

Aquisi¢ao de dados no mar.

O “source’” periodicamente
gera ondas que produzem
reflexdes na borda da
superficie que sao em seguida
coletados por “receivers’.

Processo de Migra¢ao Sismica
para produzir uma imagem do
subterraneo consistente com os
dados adquiridos.



T L
Aplicacao

host
m Ambiente Experimental
MEM = Host Intel Core 2 Quad
/ § E128bits / \\ m Placa Gidel DDR2, FPGA Altera
- Stratix III 260E
A | oe || e || pe || Pe = 512MB SDRAM, 2 SODIMM de
pcie[ | Multiport RN [ ] [ ] [ ] 8CB cada uma.
émz"t;’ | N I I =  Uso da PowerPlay Analyzer Tool
— \ Arch2D .

\ _-” FPGA Board N /

(Bi,j+z T8t Byt Bi—z,j) —K3*B;; }

ERAD-SP /2011
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Aplicacao

Start

\i
Verilog (Quartusll)

v
Place & Route

/ Definir Parametros (T,P,N) \

v
Driver Aplicagdo
v
Arch2D

v

K TimeSteps & end_process /

!
Criagdo de VCD

Altera PowerPlay

ERAD-SP /2011

Sintese

Simulagdo ModelSim

Avaliagdo de Energia

Metodologia

Profundidade (km)

1

2

3

Altera Quartus II
ModelSim

PowerPlay Analyzer Tool
Gidel PROCStar
Marmousi

Posicdo (km)
0 1 2 3 4 5 6 7 8

2300 x 748

(km/s)



+ L
Aplicacao

Tecnologia Plataforma Freqiiéncia Poteéncia
(GHz) Maxima
(Watts)
CPU Athon 64x2 6000 3.0GHz 125W
GPU Tesla T10 ¢1060 1.3GHz 160W
FPGA Stratix III 260E 125MHz I18W
Gidel ProcStar IIT
Tecnologia Tempo Desempenho Eficiéncia Eficiéncia
Processamento  (GSample/s) (MSample/Joule) (MSample/Joule)
(segundos) (Normalizado)
CPU 354.97974 0.07199011 0.5759 1
GPU 22.72672 1.12444871 7.0278 12,20
FPGA 13.61000 1.87766576 104.3148 181.13

ERAD-SP /2011
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Ask A
Question

"




Analise de Poténcia . .

Manoel Eusebio de Lima
Victor Medeiros

Abel Guilhermino Silva-Filho
(agsi@cin.ufpe.br)

Lo
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[1[~2

=

4‘

c

&
-H

‘ T 5 =12
fo""'t':’o'mé.tfci' \ A,

rn PETROBRAS
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