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ESTIMATION OF POWER CONSUMPTION DISTRIBUTION IN FPGA-PROJECTS

Abstract. Green-orientation of modern CAD systems based on Altera Quartus Il and build-in utility PowerPlay
Power Analyzer, allowing to optimize and to estimate FPGA-project by power consumption within the scope of signal
activity management is regarded in this paper. Set of experiments show the importance of optimizing FPGA-project with
its actual signals activity. Method for estimation of FPGA-project’s dynamic power consumption component distribution
between parts of its scheme is offered. Method determines contribution of separate parts of the scheme to project’s power
consumption by lowering signals activity, common for other parts of the scheme, for example, clock signals.
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OINEHKA PACHPEJAEJEHUSA DHEPI'OITIOTPEBJIEHUSA B FPGA ITPOEKTE

Annomayun. Paccmampusaemcs epun—opuenmayus coepemennvix CAIIP na npumepe Altera Quartus II u
scmpoennoli 6 nee ymunumol « PowerPlay Power Analyzer Tooly, nozsonaioweti onmumusuposams u oyenueams FPGA-
NpoeKmol NO IHEP2ONOMPEDIEHUIO C YHemOM AKMUBHOCIU CUcHAI08 cxembl. Ha cepuu sxcnepumenmog nokasvieaemcs
sadsicnocmo onmumusayuu FPGA-npoekma npu peanvhoii akmusnocmu cuenanos. Ilpeonazaemca memoo oyenku FPGA-
NpoeKma 8 pacnpeoeneHul OUHAMUYEeCKOU COCMAGIIoWell IHEePLONOmpPeOaeHus. MeNcoy uacmsamu e2o cxemol. Memoo
onpedensiem 6KIA0 OMOEIbHbIX yacmell cxemvl 6 snepeonompebnenue FPGA-npoekma nymem CHUINCEHUS AKMUBHOCU
CUSHATIO8, OOWUX OIsL OCMATILHBIX YACMell CXeMbl, Hanpumep, MaKmupylowux CUeHAI08.

Kniwouegvle cnoea: kxomnvlomepHvle cucmemvl, Yuppoeas cxema, pUH—MEXHOIOSUU,
ONMUMUZAYUA U OYEHKA IHEP2ONOMpeONieHUsl, AKMUBHOCMb CUSHANO08

FPGA-npoexm,

O. B. Ipo3a, 1-p TexH.HaYK,
C. 1. Mineiiko, B. B. Kaginiuenko, M.O. YibueHko

OIIHKA PO3IOAIVIEHHA EHEPI'OCIIO’KMBAHHSA B FPGA ITPOEKTI

Anomauin. Pozenadacmocs epun-opienmayis cyuacnux CAIIP na npuknaoi Altera Quartus 11 ma 66yooganoi do
nei yminimu «PowerPlay Power Analyzer Tool», wo Oossonse onmumisyeamu ma oyinumu FPGA-npoexmu no
EHeP2OCNONCUBANHIO 3 YPAXYBAHHAM AKmMueHocmi cuenanie cxemu. Cepiero ekchepumeHmis intocmpyemuscs aNCIUGICIb
onmumizayii FPGA-npoexmy npu peanvhii axmugnocmi cuenanis. Ilpononyemocs memoo oyinku FPGA-npoexmy y
PO3NOOINEeHH] OUHAMIYHOI CKAAO0B0I eHep2OCHONCUBAHHS MIdC dacmuHamu oo cxemu. Memoo eusnauae 6Hecox
OKpemux uacmun cxemu y emepzocnodicusanis FPGA-npoexmy winisixom 3HUMNCEHHS. AKMUBHOCMI CUSHANIG, 3A2ANbHUX
O/ THUWUX YACMUH CXeMU, HANPUKLAo, CUSHAIB MAKMY.

Knrouoei cnosa: xomn’romepui cucmemu, 3eieHi mexHon02ii, mooeni, Memoou, 3acoou, MampuyHui ma
KOHBEEPHUU NAPANENI3M, CUCTEMU KDUMUYHO20 3ACMOCYSANHS, AKMUBHICIb CUSHATIG

Introduction For work with wide-used CPLD of

Green hardware decisions occupy a special
place in development of computer systems and
their components, implementing a general
orientation towards energy saving as well as a
necessary condition of low power consumption
in improvement of autonomous and, in
particular, mobile systems [1 — 3].

Modern design of digital units is executed
with use of programmable logic devices in
form of FPGA-projects supported by green-
oriented CAD [4, 5].
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company Altera the CAD Quartus II [6, 7] is
used. This system has embedded utility
«PowerPlay Power Analyzer Tool», hereinafter
referred to as PowerPlay, which allows
developing and estimating an FPGA-project
taking into account power consumption
[8 —11].

The static and dynamic constituents of
power consumption are calculated for internal
elements and outputs of the scheme. Power
consumption is represented by current,
expressed in milliamps subject to constant
voltage. These indicators are integral for entire
FPGA-project, leaving unanswered the question
of distribution of power consumption inside the
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scheme solution that can be used for correction
of the most power intensive parts of the scheme.
First of all, this drawback relates to estimations
of the most significant dynamic constituents of
power consumption of FPGA-project, which
depend on scheme signal activity. The utility
PowerPlay supply a variety of modes of setting
the signal activity for optimization and
estimation of power consumption. It is proposed
a series of experiments, demonstrating the
importance of adaptation of FPGA-project to
real signal activity, and also the method of
estimation of FPGA-project by distribution of
power consumption between the separate parts
of its schemes.

Signal activity account on the stage of
project optimization

Optimization of FPGA-project allows
taking into consideration the scheme signal
activity. For this there is provided the creation
of a Signal Activity File (SAF), where for each
signal there is defined the pattern of toggles
using two parameters: toggle rate — the average
number of times that the signal changes value
per unit of time, and static probability — the
fraction of time that the signal is logic 1 during
the period of device operation that is being
analyzed.

In estimation of power consumption of
FPGA-project also can be considered the signal
activity using the same or another SAF.

The importance of adaptation of FPGA-
project to real signal activity is demonstrated by
the experiments, where the same and different
signal activity is the set for optimization and
estimation of power consumption.

The analyzed scheme writes three 64-bit
codewords A, B u C, into three 64-bit registers
[10]. At the output of the registers the sum
A+B is compared with codeword C. The
scheme is designed in system Quartus II
13.0.0.32-bit for device EP2C35F672C6.

For this project are created two SAF:

eSAF 1 contains the default values of
signals activity, (all input signals have toggle
rate 5*10” and static probability 0,5);

o The difference between SAF 2 and SAF 1
is, that toggle rate of the input codeword C
equals zero, and i.e. all signals of the codeword
C are constant.

The power consumption of the scheme is
measured in four experiments using the utility
Power Play.

Experiment 1: for optimization and esti-
mation of power consumption of the scheme is
used the same file SAF 1.

Experiment 2: for optimization is used SAF
1, for estimation — SAF 2 with less number of
toggles.

Experiment 3: for optimization is used SAF
2, for estimation — SAF 1 with bigger number of
toggles.

Experiment 4: for optimization and
estimation is used the same file SAF 2 with less
number of toggles in comparison with
experiment 1.

The results of these experiments are shown
in table 1.

1. The results of the experiments

No. Vee | Ip, mA I's, mA [, mA
1 INT 45,59 79,40 124,99
(0] 7,23 11,56 18,79

) INT 42,79 79,14 121,93
10 4,58 11,56 16,14

3 INT 50,52 79,19 129,71
10 6,97 11,56 18,53

4 INT 35,46 79,34 114,80
10 4,95 11,56 16,51

In columns left to right there are shown
the numbers of experiments 1 — 4, type of Vcc
power (internal scheme elements INT or the
outputs 10), currents I p, I's, I of dynamic and
static constituents and their sum.

According to the results of experiments,
the dynamic constituent of consumption is
lower in cases, when for estimation is used
SAF 2, setting the constant value to the bus C.

Comparison of results, obtained in the pairs
of experiments 1, 3 and 2, 4 shows, that using
the same file for optimization and power
estimation, reduces the dynamic constituent by
10 —20 %.

The benefit from power optimization
significantly depends on conformity between
the set signal activity and the real one during the
scheme operation.
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Fig. 1. Scheme designed for capacity n = 96

Accuracy of estimation of the dynamic
constituent of consumption in FPGA-project
increases when the data written in SAF is
approaching to the real signal activity.

Estimation of FPGA-project in
distribution of dynamic power consump-
tion component between parts of the
scheme

It is offered to estimate the contribution of
separate scheme parts to the FPGA-project
dynamic power consumption component by
maximally reducing its signals activity in
other:

— parts of the scheme. Such reducing is
further called as switching off. It can be done

by using;
— signals which are common for
functionality of that scheme parts (for

example clock or reset signals).

The task of FPGA-project estimation and
its solution is illustrated by the next
experiment, done with alteration of clock
signals.

Experiment’s initial conditions

In the capacity of researched scheme it
was chosen one containing 2 n-sized registers
RG A, RG B and comparator, taken from
Quartus II  default elements library.
Informational inputs of registers are
accordingly connected to inputs of scheme’s
n-sized binary codes A and B, and outputs — to
comparatop inputs, which output is scheme’s
output. Clock inputs of registers RG A and
RG B are connected accordingly to scheme’s

clock inputs CLK1 and CLK2, on which
“meander-like” clock signals of same
frequency of 400 MHz are given. On the clock
signals codes A and B are accepted into
registers and are compared on comparator,
forming signal-digit comparing result at the
scheme output.

The scheme is realized on 12 FPGA-
projects, differing from each other by capacity
n which accepts 12 different values: from n =
8 with the step of 8 to n = 96. The scheme is
designed in CAD Altera Quartus II 13.0 Web
Edition (64-bit version) on the chip
EP2C35F672C6.

In Fig. 1 the scheme designed for capacity
of n =96 is shown.

Process of the experiment

The activity of signals is regulated in
compiled and fitted on chip FPGA-project by
bringing into it the SAF, containing the
description of switching of clock signals
activity on scheme’s clock inputs CLK1 and
CLK2. The process of switching off part of
the scheme, clocked by CLK-signal, is made
by setting this signal into constant value with
zero toggle rates.

In experiment for each capacity n four
variants of scheme’s signals activity are
specified, providing switching off for each
part of the scheme: only register RG B, only
register RG A and scheme’s operation without
switching off. All these variants are shown in
Fig. 2 in pt. a — d accordingly.
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Fig. 2. The essence of the experiment:
a — switched off both registers; b — switched off
register RG B; ¢ — switched off register RG A;
d — scheme is working without switching off

The estimation results for dynamic current
strength on chip, taking on the value of 7z, I g,
I3 and [ g4 according to examined variants are

register RG A and register RG B, estimated by
current strengths / zg 4 and 1 zg p accordingly, by
using next equations:

Ig1 = 1o,

Igo =10+ 1IrGa,
Igs =10+ Iras, (1)

hence

Irga =Ig —1Ig,
IrgB =183 —1EI- (2)

In addition, full scheme’s power con-
sumption represented by current It and relative
estimation error of power consumption
distribution between parts of the scheme are
calculated:

It=1Iog+1Ircga +IrGs,
Al= | IE4—IT | /IE4. (3)

Results of calculations are shown in table 3.

3. Results of calculation

shown in table 2. 1 1 1 1
No. | n 05 RG As RG B> T
o ) mA mA mA mA
2. Estimation resslii‘[esnfgjg1 dynamic current " s 1.46 10.66 1073 | 22.85
2 16 3,54 17,81 11,23 | 32,58
Ter, | lm | Ies | g, 3 [ 24 | 340 | 1234 [ 1133 | 27,07
No-l g | mA | md | md 4 [ 32 ] 638 | 11,93 | 17,74 | 36,05
1 8 1,46 12,12 12,19 22,78 5 40 9,36 12,8 12,41 | 34,57
2 16 3,54 21,35 14,77 32,46 6 48 10,51 19,41 12,93 | 42,85
3 24 3,40 15,74 14,73 26,96 7 56 11,15 14,21 14 39,36
4 32 6,38 18,31 24,12 35,90 8 64 13,93 14,01 14,31 | 42,25
5 40 9,36 22,16 21,77 34,41 9 72 18,53 21,46 15,06 | 55,05
6 48 10,51 29,92 23,44 42,69 10 80 19,17 15,02 15,59 | 49,78
7 56 11,15 25,36 25,15 39,20 11 88 18,49 26,06 19,59 | 64,14
8 64 13,93 27,94 28,24 42,04 12 9 | 21,70 16,96 16,99 | 55,65
0 | 72| 1853 | 3999 | 3359 | 54,80 For each capacity the relative error lies
10 ] 80 | 1917 | 3419 | 3476 | 4954 | yithin the border 0,3 % — 0,5 %, which is below
11 | 88 | 1849 | 44,55 | 38,08 | 63,94 | than maximal relative error of PowerPlay utility
12 | 96 | 21,70 38,66 38,69 55,41 of 5 %.

Results of experiment show that there is a
stable persisting nonzero dynamic current
strength component /¢ = /g when all scheme’s
parts are switched off, increasing with the
growth of capacity n.

Obtained results allow to calculate the po-
wer consumption of two parts of the scheme:

It’s important to add that in spite of full
symmetry of the scheme, for some capacity
registers show different values of power con-
sumption, varying, as a rule, on 6 mA.

Conclusions

Experiments with signals activity mana-
gement show their considerable influence on
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FPGA-project power consumption optimization
and its adaptation to real signals activity. In
addition, signals activity management allows to
estimate separate scheme parts contribution to
power consumption of FPGA-project with high
precision.
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