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ABSTRACT

The development ol the wircless inlrastructure and the personal electronic devices
like video mobtle phones, mobile TV scts PDAs, ete., multimedia and DSP applications
have been adopted in wireless environments. However, advanced multimedia/DSP
applications such as H.264 CODECs induce much more algorithmic complexity, which
mereases  the power  consumption 1 real-ime  operation  besides the cost  in
mplementation. Therctore.  dedicated  low-power  techniques  arc important  for
multimedia/DSP VLS implementation. This project presents the design exploration and
applicattons of a spurious-power suppression technique {SPST) which can dramatically
reduce the power dissipation of combinational VLSI designs for multimedia/DSP
PUIPOSCS.

The proposed SPST separates the target designs into two parts, i.c.. the most
signilicant part and least signilicant part (MSP and LSP). and turns off the MSP when it
docs not afleet the computation results to save power, Two multimedia/DSP design
examples, e a multt transform design lor H.264 and a versatile muttimedia lunctional
unit (VMEUL s adopted to evaluate the proposed SPST. The design is implemented in
VHDL (Very high speed integrated circuits Hardware Description Language) and logic
sinulation is done using Modelsim XE 111 6.2¢ and synthesis is done using Xilinx ISE
9.21. The VMFU and ETD are implemented with SPST bascd arithmetic circuits and also
with conventional arithmetic units. Power comparison is made and it is [ound that SPST
based design resulted in less power consumption. The mult transform  design
mplemented with SPST saves power of about 41.6% and SPST equipped VMFU saves

power ol about 32.6%.
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CHAPTER 1
INTRODUCTION

There are dilTerent entitics that one would like to optimize when destgning a VLSI circuit.
These entities can often not be optimized simultancously, and it is possible to improve only one
entity at the expense of one or more others. The design of an efficient integrated circuit in terms
()l‘\pmvcr. arca. and speed simultancously, has become a very challenging problem. Power
dis.sipation is recognized as a eritical parameter in modern VLS design ficld. In Very Large
Scale Integration. Low power V9ISI design 1s necessary to meet MOORE'S law and to produce

consumer clectronics with more back up and less weight.

There are two major sources of power dissipation in digital CMOS circutts: dynamic
power and static power. Dynamic power is related 1o circult switching activities or the changing
events of logic states. including power dissipation duc to capacilance charging and discharging,
and dissipation duc to short circuit current. Dynamic power dissipation. which 1s major part of
power dissipation. is due to charging and discharging capacitance n the circuit. The static power
is primarily determined by labrication technology considerations, which are usually several
orders ol magnitude smaller than dynamic power. [n order to save significant power
consumption. 1t is a good direction to reduce dynamic power, which s the major part of power

consumption.

Owing to the vigorous development of the wircless infrastructure and the personal clectronic
devices Hke video mobile phones, mobile TV scts. PDAs. ete.. multimedia and DSP applications
have been adopted in wircless environments. H.264 becomes popular in wireless environments
duc 1o the signilicant compression ratio improvement and the network friendly design. as
compared to previous MPEG standards [1]. However. H.264 CODEC system also induces much
more algorithmic complexity [2]. which increases the cost in real-ume mplementing the H.264
video coding svstems. Besides. lowering down the power consumption of the circuit designs 1s
undoubtedly one of the design challenges when L2064 1s applicd on portable clectronics.
Therelore.  dedicated  low  power VLSI designs become  good chowes n the H.264

implementation considering both the real-time processing and the low-power requirements.



1.1 LITERATURE SURVEY

Various techniques have been developed for reducing the power consumption of VLSI
designs, including vollﬁage scabng, switched-capacitance reduction, clock gating, power-down
techniques, threshold-voltage controlling, multuple supply voltages. and dynamic voltage
[requencey scaling [3]-[6]. These low-power technigues have been proven to be efficient at
certain expense and are applicable to multimedia/DSP designs. Among these low-power
technigues, a proshising dircction for significantly reducing power consumption is reducing the
dynamic power which dominates total power dissipation. Consequently. this project work
develops a new low-power techmque which can reduce dyvnamic power. The proposed tow
power 1cchnique can be used with some of the atorementioned techniques without conflicts to
further reduce the power consumption of the multimedia/DSP designs. The existing works that
reduce the dynamic power consumption by minimizing the switched capacitance include the
designs in [7]-[12]. The design in [7] proposes a concept called partially guarded computation
(PGC). which divides the artthmetic units. e.g.. adders and multipliers. inte two parts and turns
off the unused part to minimize the power consumption. The reported results show that the PGC
can reduce power consumption by 10%—44% in an array multiplicr with 30% 36% arca
overheads in speech-related applications. However, the PGC technigue cannot gain any power
reduction when applicd on adders because of the overhead- augmented circuitry. The design in
[8] proposes a 32-bit 27s complement adder cquipping a twe-stage {master and slave stages) {lip-
flop at cach ol the two inputs, a dynamic-range determination (DRD) unit and o sign-extension
{(SE) umit. which tends 10 reduce the power dissipation of conventional adders for multimedia
applications. Additionally. the design in [9] presents a multiplier using the DRD unit to sclect the
input operand with a smaller effective dynamic range 1o yield the Booth codes. However, the
DRD unit induces additional delay and area overheads. Besides, the input data flows are also
frequently switched if the input operands with a smaller effective dynamic range often change
between operands A and B and vice versa. In such cases. the power dissipation ol the designs in
18] and [9] 1s increased rather than decrcased. The design in [10] incorporates a technique for
glitching power minimization by replacing some existing gates with functionally equivalent ones
that can be [rozen by asserting a control signal. This technique can be applied to replace layout-
Jevel deseniptions and guarantees predictable results. However, 1t can only achieve savings of

2



6.3% 1n total power dissipation, since it operates 1n the layout-level environment which is tightly
restricted. The design m [11] proposes a double-switch circuit-block switch scheme capable of
reducing power dissipation during downtime by shortening the settling time after reactivation.
The drawbacks of the scheme are the recessity for two independent virtual power rails and the
requirement for two additional transistors for switching cach cell. At last. the design in [12]
presents a DCT core exploiting an adaptive bandwidth approach and a method which trades off

power consumption and arithmetig precision.
1.2 OBJECTIVE

To implement a fow power VLSI techmique called Spurious Powcer Suppression
Technique (SPST)Y and its application for Efficient Multitransform Coding design (ETD) for
H.264 and a versatile multimedia [unctional unit (VMFU). The proposed SPST technique
separates the design of 16 bit adder/subtractor used in these two applications into two parts
namely most significant part (MSP) and lcast significant part (LSP). The MSP is turned off
whenever it does not atfect the computation result. Turning oft MSP avoids unnccessary signal
transttions and helps to save power. Thus dynamic power dissipated due to unwanted

computauons s reduced.
1.3 METHODOLOGY

s SPST basced 16 bit adder/subtractor unit is designed by exploring the five possible cases

of 16- bit additions.

e  SPST is applied en the ETD and power analysis is done with SPST and without SPST.
e The VMFU is umplemented with SPST circuits as well as with conventional arithmetic
circuits. Power analysis 1s done tor both the cases and the results are tabulated.

The modules are implemented using Xilinx and the power dissipation results are compared
1.4 ORGANISATION OF THE REPORT

The design of low power adderfsubtractor adopung SPST and the application of proposed
SPST on the ETD for H.264 as well as for VMFU 1s explored. The ETD can compute three
translorms, 1.e., the forward. mverse. and Hadamard transform, adopted 0 H.264 video encoding
inverse, and Hadamard transtorm. adopted 1n H.264 video encoding.

3



The report is arranged as tollows:

»~  Chapter 2 deals with the fundamentals of Spurious Power Suppression Technique.

~

Pl

Chapter 3 deals with the design of SPST based Adder/ Subtractor unit.

Chapter 4 deals with the design examples of SI;ST namely (1) Efficient Multitranstorm
Design (ETD) for H.264 and (2) Versatile Multimedia Functional unit {VMFU).

Chapter 5 discusses the implementation of the proposed SPST technique.

Chapter 6 deals with simulation results and discussions.

Chapter 7 deals with conclusion and future work.



CHAPTER 2
SPURIOUS POWER SUPPRESSION TECHNIQUE FUNDAMENTALS

2.1 SPURIOUS POWER SUPPRESSION TECHNIQUE °

Spurious power suppression technique is a low power VLSI technique to reduce unwanted
power. Spurious signal 1s an unwanted signal flowing through the circuit. Hence this technique is
used to suppress the unwanted power required by the circuit for Ms performance and operation.
The SPST uses a detection logic circuit to detect the effective data range of arithmetic units
namely adders and multipliers. When a portion of data docs not affect the final computing
results, the data controlling circuits of the SPST latch this portion to aveid useless data
transitions occurring inside the arithmetic units. Besides there 1s a data asserting control realized
by using registers to further filter out the useless spurious signals of the arithmetic umt every
time when the latched portion is turned on. The proposed SPST separates the target design into
two parts. i.c.. the most significant part (MSP) and the Ieast significant part {LSP), and tums off

the MSP when it does not affect the computation results to save power.
2.2 APPLECATIONS OF SPST

The SPST can dramatically reduce the power dissipation of combinational VLS1 designs
for mulumedia/DSP applications. The two main applications of SPST for multimedia/DSP
purposes are {1} Efficient Multi Translorm (ETD) Design for H.264 and (2) Versatile
Muhimedia Functional Unit {VMFEU). FL264/AVC 1s the current video standardization project of
the 1TU-T Video Coding Experts Group (VCEG) and the ISOYIEC Moving Picture Experts
Group (MPEG). The H.264 mulutransform requires more than two times higher data processing
performance than the individual transform. The ETD can compute thece transforms, e, the
forward. inverse, and Hadamard translorm. adopted in HL264 video encoding. The ETD can
achieve the real-time performance requirements of HD720. HD10RO, and digital cinema of the
H.264 encoding system when operated at 22, 50, and 106G MHz. respecuvely. The VMFU can
compute six commonly used arithmetic operations in multimedia/DSP processing. 1.e.. addition.
subtraction, multiplication, MAC. interpolation. and Sum-of-Absolute-Dilference (SAD). When

applving the SPST to these two designs, the realization issues highly differ from each other due



to the large hardwarc-conFigureuration differences. However, with an elaborate design
optimization, the proposed SPST reduces power dissipation by an average of 41.6% and 52.6%
(or the ETD and the VMFEU with 1.8-V supply voltage, respectively. Encapsulating the VMFEUSs,
as shown in Figure. 2.1, designers can increase the flexibility and scalability of multimedia/ DSP

Processors,

i Program Memory

h

Program Fetch

Instruction Dispatch | System
Instruction Decode Rcgisters
RV 3 ‘_, Control
] i =
V1 Logic
n : Interrupt

== 't Control

__________________ P

Peripherals: timers.,
serial ports, and etc.

Figure.2.1 Muliimedia/DSP processor cncapsulating VMFUs
2.3 ANALYSIS OF INPUT DATA FOR H.264 FORWARD TRANSFORM

The data of multimedia/DSP computations, such as transform coding tend 1o fluctuate
within a small range of bit width due to temporal and spatial redundancies existing in video
sionals. However, the corresponding hardware design still needs to provide the maximum data
bit width to avoid data accuracy loss. Figure.2.2 shows the input data pattern (1.¢.. X00 and X30)
ol adderisubractor in MPEG-I-0 when excecuting the H.264 forward transform. as shown in
Figure.4.1. From Figure.2.2 it is ¢lear that the data values fall  in the range between +2% and -2°.
This implies that the higher order byte data rarely affect the computational results. This creates
an opportunity to minimize the extra powcer dissipating due to unwanted computations using

SPST.



Drata analysis of input data
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Figure.2.2 Input Data ol Efficient Transform Design.

The addersisubtractors in the transform coding design are separated into two parts, i.c.,
the Most Significant Part (MSP) and the Least Significant Part (LSP), and the input data of the
MSP cireuits are latched whenever they do not influence the computation results. Besidcs,
detection-logic and SE units are introduced in the proposed SPST to determine the effective
ranges of the operands and compensate for the sign signals of the MSP, respectively. Although
this concept is similar to the PGC [3]. efhciently implementing the concept and manifesting its
citects on power saving in real circuits remains chatlenging. The basic reasons for the occurrence
of spurious power are studicd and a thorough analysis is made for efficiently implementing SPST

adders/subtractors.



CHAPTER 3
DESIGN OF LOW POWER ADDER/SUBTRACTOR USING SPST
3.1 THEORITICAL ANALYSIS AND LOGIC DERIVATION

A 16-bit value is added or subtracted from another 16-bit number. There are chances for
the oceurrence of unwanted spurious signals. The main objective 1s to avoid unnccessary
transitions 1o save power. The SPST technique adopts the design congept of scparating the
arithmetic units into Most Significant Part (MSP) and Lcast Significant Part {(L.SP). and then
freezing the MSP whenever this part of circuits does not affect the computation result. To
illustrate the influence of the spurnous signal transittons, five cases of a 16-bit addition are
explored as shown in Figure.3.1. The cases of exchanging the operands A and B in additions lcad

to the same spurious transitions.

Case (1}
(A A Ba) = (S 0 ) (Bys Buae By} = (00..0), Cr= S

F250000000010000000 : (=128 P11 E1GO00000
- 64 0000000001 000000 = 192 000008001 1 000000

192000600001 000000 . o4 0000000001 00000

Case (2): Case (3}

{Ags Agaigl = (11..1), {Aqs A Ag) = {11..1),

[:815 Bm...Bg} = {DG...D}, C'; = 0 {815 BN-..Bg) = {00...0), C?'_‘ 1
6l LITHIITI00001] = 196) TITTLTEIO0ITTi00

- 51 00000000001 10011 ~ 204  (00000000) 10011600
=100 LTREITRELINIONI0 § 600000000000 1900

Case (4} Case (5):

{Aﬁ A?-tha} = {11"1 )‘- {A15 Au...Ae) = (11..1}

(Bis Big...Beg) = (11..1), C-= 0 {Bis Bua..Bg) = (11...1}, 1= 4

60 LTI EI0000 1 (~196)  TTTITHEIO0NETI00

S 208 THTELETO0T 106 ~=32 HEITITTL11001100

(- 2600 FETETHIQTITEONI0 (-24%y  T111111163061000
;Y_;f

sign  carr-ctrl

Figure 3.1 Spurious transttions in Multimedia/DSP computations.



The Ist casc illustrates a transient state in which the spurious transitions of carry signals
oceur in the MSP though the [inal result of the MSP arc unchanged. Hence, there is probably no
other case beyond these five basced on this design. The lirst case illustrates a transient statc in
which spurious transitions of carry signals occur in the MSP, although the final result of the MSP
is unchanged. Mcanwhile, the second and third cases describe situations involving one negative
operand adding another positive operand without and with carry-in from the LSP. respectively.
Morcover, the fourth and (ilth casces demonstrate the addition of two negative operands without
and with carry-in [rom the LSP. respectively. In those cases, the results of MSP arc predictable;
therelore. the computations in MSP are useless and can be neglected. Eliminating those spurious
computations not only can save the power consumption inside the adder/subtractor in the current
stage but also can decrease the glitching noises which cause power wastage inside the arithmetic
cireuits in the next stage. The SPST separates the adder/subtractor into two parts and then latches
the input data ol the MSP whenever they do not affect the computation results. Thercfore the
MSP of the original adderfsubtractor is modified to include detection logic circuit, data
controlling circuits (The datz controlling circuits mainly consists of latch A and latch B), sign
extension circuit (SE). The SPST can be expanded to be a fine-grain scheme in which the
adder/subtractor 1s divided inte more than two parts. However, the hardware complexity of the
augmented circuits such as the detection-logic unit, the data latches, and the SE untt increases
dramatically. The Boolcan logical equations showed as follows express the behavioral principles
of the detection-logic unit:

Aopep s A5 ] Sl = H[1D 0]

(3.1)
At = AT A (3.2)
B =D05 o B = 2 6] o

P — (3.4)
P = BN = B = - B15] .

Aose =L b = s B — D (3.6)

Where A[m] and B[n] . respectively. denote the m™ bit of the operand A and the n" bit of
the operand B. Ayer and Byep. respectively. denote the MSP parts, i.e.. the 9th bit to the 16th bit.

of the operands A and B in the examples shown in Figure. 3.1. When the bits in Ayngp and/or
9



Buwp are all ones. the value of Ayhg and/or that of B,y . respectively, become one, while when

the bits in Axysp andior Bysp are all zeros, the value of Ayg, andfor that of By, respectively,
turn into onc. Being one of the three outputs of the detection-logic unit, close denotes whether
the MSP circuits can be neglected or not. When the two input operands is classified into one of
the tive cases shown in Figure, 3.1, the value of close becomes zero, which indicates that the
MSP circuits can be closed to save power dissipation. This design intends to close the MSP
ci\rcuils by lceding zero inputs into them. which may [receze the switching activities in the MSP
cireuits o avord dynamic power consumption. Accordingly. we derive the Karmaugh maps
shown in Figure 3.2 which lead to the Boolean logical cquations (3.7) and (3.8). From these

cquations the necessary cireutts for SPST adder/subtractor are designed and implemented.

F
‘ , v e Ao
¢ AT AT o)
: GO0 000 L 011 | 010§ oo | 18] f11 110
{JE) t} I} B 13 ) i} i} 1}
i 0l t} i} F I S AR ) T (NS DN B+ {}
o 11 i} 0 1 7 i) 0 (h ()
Ity 1} 11N t i {0 {h N
1]
AR P P
kN _'%:J.'
oot fool { o [oro Pon bt T | oito
M) 0 1 0 ¥ 0 0 0 0
e . (+] 0 t 0 1 0 0 {0 0
DY Oy
I} i} £ {) {} {) {t {) }
1 ) 1. i) 1 { i} 0 | L

Figure 3.2 Representation of {a) carr-ctrl signal and (b) sign signal in terms of KARNAUGH

maps
32DETECTION LOGEC UNIT

The detection logic unit produces three outputs as close. sign and carr-ctrl, which are
given to the asserting circunts 1o assert the eutput in the required manner. It makes use of the
karnaugh map in order to determine whether the input data should be latched or not. The output
signals ol the detection logic are obtained by deriving necessary equations from the karnaugh

maps. The block diagram of detection logic unit is shown in Figure 3.3,
10
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DETECTION
LOGIC

Al
Figure 3.3 Block diagram of detection logic unit

The Boolean logic equations governing the detection logic circuit 1s derived as follows.

corr—eind =0 e 5 ) Xy % By B
= Cymp % oban % cdor X Bnn.i K B

- C ‘LL"I’ s "I‘:L.H'.l b Al:m:' i ”.1;1-.] x B:u.lz

— Cmp 2 ® e W X H—]'
...@ s Im X Bl = Aol A m\]
e} -'l_u::-] s ]3.1:.-1 - -Lm'! X f}:;.l:- s —'1:1-0 » ‘B":"]
A W D b= Oy
Y l:, 1_.;;].] = ]}-lllil - - 1-“1‘1 = Tl'l)
i 'i.'::u] = f}’,;;:.[ - 'l,-m:l It B;Ju.»: - Il:1-..L: f-j-'!21'|

— _i-_;..;- L .B';,.;- :":(_‘],FI’ o -'l.l:u; ' ]}.lzui:' (3.7)

'."'I..r.}‘” :(’l_";f' KN ,i,.n.] x -1'_'-1,' » [}.I.lel » fr):‘u--: - -1.1:.:-|

<A X B I — s
:" -'l';.i:ll] ’\ i}_-l,,: I
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3.3 SIGN EXTENSION UNIT

Sign- ¢xiension circuits (denoted by SE) shown in Figure.3.4 can be intuitively implemented
by multiplexers to compensate the sign signals ol the MSP using OR gates. The input data of the

sign-gxtension circuits are pscudo summations (PS) from the MSP adder/subtractors. The SE
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circuits can afso be implemented with simple OR gates as shown in Figure 3.5 or using

complementary pass transistor logics.

‘ PSqs v oeoa PS1y PSs PSs
sign carr-ctrl
close
R
SUMJE . s = SUM1-’J SUMQ SUM5
Figure.3.4 Sign Lxtension circuit using multiplexers.
PSis et PS4g PSSy PS;
Close |

—T

— - carr-ctrl |
sign [
Bign-Ex |
oy

Y Y Y ¥ v ¥

SUM.; .. SUMya SUM: SUM;

-

Figurc 3.5 Sign extension circuit using simple OR gates.

b=

3.4 DATA LATCH CIRCUIT

Latches implemented with shmple AND gates are used to control the input data of the
MSP. The detection logic unit of the MSP decides whether the input data of the MSP should be
latched or not. Being one of the three outputs of the detection-logic unit. close denotes whether
the MSP circuits should be led or not. When the two input operands belongs 1o once of the five
cases shown in Figure. 3010 the value of close becomes zero, which indicates that the MSP
cirentts can be closed to save power dissipation. This design intends to close the MSP circuits by
feeding zero inputs into them. which may freeze the switching activitics in the MSP circuits to

avoid dynamic power consumption,
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=y 99008

Figure 3.6 Data latch circuit

3.5 REALIZATION ISSUES OF THE PRROPOSED SPST

1)

When the detection-fogic unit turns off the MSP: At this moment. the outputs of the MSP
arce directly compensated by the SE unit; therefore, the time saved from skipping the
computations in the MSP circuits shall cancel out the delay caused by the detection-logic

unit.

When the detection-logic unit turns on the MSP: The MSP circuits must wait for the
notilication of the detection-logic unit to turn on the data latches to let the data in. Hencee,
the delay caused by the detection-logic unit will contribute to the delay of the whole
combinational circuitry, 1.¢.. the 16-bit adder/subtractor in this design example.

When the detection-logic unit remains its decision: No matter whether the last decision is
wrning on or turning oll the MSP. the delay of the detection logic 15 negligible because
the path of the combinational circuitry (i.¢.. the 16-bit adderssubtractor in this design

example} remains the same.

3.6 SPST BASED LOW POWER ADDER/SUBTRACTOR

Figurc. 3.8 shows a 16-bit adder/subtractor design example adopting the proposed SPST.

o

In this example. the 16-bit adderdsubtractor 1s divided into MSP and LSP between the eighth and

the ninth bits. Latches implemented by simple AND gates are used to control the input data of

the MSP. When the MSP is necessary, the input data of MSP remain unchanged. However, when

the MSP is negligible. the input data of the MSP become zeros to avoid glitching power

consumption. The two operands of the MSP cnter the detection-logic umt, except the

adder/subtractor. so that the detection-logic unit can decide whether to turn off the MSP or not.

13



Based on the derived Boolean equations (3.1) 1o (3.8). the detection-logic unit of SPST is

shown in Figure. 3.7, which can determine whether the input data of MSP should be latched or

not.
AI[7:Q)
—D)— Reg [—*close
,_....._‘>
o S LD 1
i i — Y _
—-—-ﬂ — ..... }_ T %*/ ._..,.>Reg L carr-ctri
R =D ,
E LD Reg — Sign
Bif7.0] 1L ‘
C_LSP D‘:

close clk rst n

Figure 3.7 Crreuit tor detecton logic unit
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mmemem—we—— s e EateTe
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1 L [ :
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L i LM LSP
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Figure 3.8 Low power adderssubtractor adopting SPST
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CHAPTER 4
DESIGN EXAMPLES OF SPST

4.1 SPST BASED MULTI TRANSFOM DESIGN FOR H.264

The hirst design example using the proposed SPST is the ETD, which is shown in Figure,
4.1. The ETD possesses two types of PEs. From the algorithmic view point, the four PEs in the
left-hand side of Figure 4.1, denoted by MPE-Is, are used for computing the 1-D transform,
Meanwhile, the two Plis on the right-hand side of Figure 4.1 denoted by MPE-Ils, are used for
computing the 2-D transtform. The ETD posscsses a throughput of cight pixcels per cycle so that it
can perform 720p HDL [O8O1 HD. and digital ¢inema video formats at 22, 50, and 100 MHz.
respectively. Based on the previous data analysis. the 15-bit SPST anthmetic units of the MPE-Is
is divide into 8-bit MSP and 7-bit LSP and the 17-bit SPST arithmetic units of the MPE-1Is is
divided into 8-bit MSP and 9 bit LSP, respectively, as shown in the fraction values near the
SPST artthmetic units in Figure. 4.1 where the SPST arithmetic units are marked with dotted
shadows. The adderssubtractors located on the second and the fourth stages ol the ETD are kept
unchanged because most of the spurious signals existed in the data flowing out of the first and
the third stages have been filtered out by the SPST. Theretfore. 1t 1s useless to replace these

adder/subtractors located on the sccond and the fourth stages with the SPST onces.

Coormarehemnoeg: PN . : CSPST adder

.+ Conventional adder

UL (o S48 IR ]

S P R A )

HIT WY o0

1T ovan YAl vaAn

- P MPE-E-2 - 'l HKud Wik Y
- ! L }’
" — ! 7 x13 21 vo2
- . MPE-i-1
- A N wXEL ALE P YR
- - i
o : : s - N AL WBF YA YIS
o woimer ] | LR~y

Figure 4.1 ETD for H.264 based on SPST
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4.2 VERSATILE MULTIMEDIA FUNCTIONAL UNIT

The second design example using the proposed SPST is the VMFU, which is constructed
on the basis of 2 moedified Booth encoding multiplicr. The proposed VMFU can compute six
kinds ot arithmetic operations, 1.e., addition, subtraction, multiplication, MAC, interpolation, and
SAD, which arc [requently used in multimedia/DSP computations.

4.2.1 SUM OF ABSOLUTE DIFFERENCE

Sum of Absclute Differences (SAD) is a widely used. extremely simple video quality
metrie used tor block-matching in motion cstimation for video compression. It works by taking
the absolute  value ol the  difference between cach pixel in the original block and  the
corresponding pixel in the block betng used for comparison. These differences are summed to

create a simple metric of block. The circuit implemented for SAD (s shown in Figure 4.2,

AI__»_s;olute Dilference ‘ Absolute Difference

SPST Adder ‘ SPST Adder

b

- SPST Adder ‘

-

Fieure 4.2 Block diagram tor SAD crreuit implemented in VMFEU
422 MULTIPLY ACCUMULATE UNIT

Multiphy-accumulate 1s a common operation that computes the product of two numbers

and adds that product 10 an accumulator. A dedicated muluply-accumulate unit, or MAC untt.
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consists ol a multpher implemented in combinational logic followed by an adder and an
accumulator register which stores the result when clocked. Here SPST adder is used instead of
conventional adder as shown in the Figure.4.3. The output of the register is fed back to one input
of the adder. so that on cach clock the output of the multiplier is added to tht register.
Combinational multipliers require a large amount of logic, but can compute a product much

more quickly than the method of shifting and adding typical of earlier computers.

A B \
MNIuktiplicr

‘ SPST Adder J

‘ Aok or l

Figurc 4.3 Block diagram ol MAC using SPST
423 INTERPOLATION

The process of mierpolation is onc of the fundamental operations in image processing,
The tmage quality highly depends on the used interpolation technique. Interpolation is the
process ol determining the values of a function at positions lying between its samples. |t achieves
thts process by [itting a continuous function through the discrete input samples. This permits
mput values (0 be evaluated at arbitrary positions in the input, not just those defined at the
sample points. While sampling gencrates an infinitc bandwidth signal from one that is band
lmited. interpolation plays an opposite roler it reduces the bandwidth of signal by applying a
low-pass filter to the discrete signal. That is. interpolation reconstructs the signal lost in the
sampling  process by smoothing the data samples with an  interpolation function. The

mterpolation circuit implemented in VMTEU is shown in Figurc 4.4

17



Common interpolation algorithms can be grouped into two categories: adaptive and non-
adaptive.  Adaptive mcthods change depending on what they are interpolating (sharp edges vs
smooth wexture), whereas non-adaptive methods treat all pixels equally.

The interpolation techniques can also be classitied as deterministic and  statistical
interpolation techniques. The dillerence is that deterministic interpolation techniques assume
certain variability between the sample points. such as lincarity in case of linear interpolation.
Statistical interpolation methods approximate the signal by minimizing the estimation crror. This

approximation process may result in original sample values not being replicated.

R B

"

Slun ul In])ut 5

l by Al R \ddel I

Figure 4.4 Block diagram for Interpolation circuit implemented im VMEU
3 LOW POWER SPST EQUIPPED VMFU

signing the VMFLU arc histed,

=

There arc three distinguishing design considerations i des

Z2ACY 0o13107011001001
QO6A ) OODOOOOOO‘I 101010

..... I ST N S
+0+0+0+0*2-: -1-2
11010101001101110  FPC

1171010101001104% 11 [ST=R
10701010011011 FP2
00101010110010010 PR3
000000000000 00000 PP
00000000 O0ON0D0000 P
0G00000000GC000000 PPE
1000000000000 00C00 PP7

Q0CC0000000100011011011100111010(1 1B 734}

Figure 4.5 [lustravon of multiplication using moditicd Booth encoding,
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Applying the SPST 10 the Modilicd Booth Encoder: Figure. 4.5 shows a computation
example of Booth muliplving two numbers “2AC%, ~ and “006A,. . where the
shadow denotes that the numbers in this part ol Booth multiplication are all zeros so that
this part of the computations can be neglected. Saving those computations can

significantly reduce the power consumption caused by the transient signals.

B A

<> <>

Detection 109 PP Candidates Generator
Vo 5

closel close2
YYYYY YYYYY YYYYY YYYYY
ciose1 Latch Latch | [ Latch |« Latch «— close2

_________________ YIYYY YYVVY

gz; o Enc —.\MUM/ \MUX&é WUX'_ \MUX:Z@ s0e
Tt — {g {L {9 {L

PP7 PPE PPS PP4

Figure 4.6 SPST modified Booth encoder.

According to the analysis of the multiplication shown in Figurc. 4.5, the SPST
modified Booth encoder is destgned which includes a detection unit. as shown in Figure.
4.6. From one of the two operands. ¢.y., the operand A, the partial product (PP) candidate
generator generates live candidotes of the partial products, e, {-2A-A, 0. A, 2A).
which are then sclected according to the Booth encoding results of the other operand. i.c..
the operand B, Meanwhile. the detection unit has the sccond one of the two operands. i.c.,

the operand B in this case. as its input to decide whether the Booth encoder includes

redundant computations. As shown in Figure. 4.6, the latches can, respectively. freeze the

mpuis of MUX-4 10 MUX-7 or only thosc ol MUX-6 to MUX-7 when the PP4 10 PP7 or
only the PP6 to PP7 are zeros to reduce the transition power dissipation. Such cascs occur
Irequently i wireless multimedia-data coding like texture coding. orthogonal frequency-

division multiplexing, and [lilter designs.
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Figure 4.7 Proposed low-power SPST-cquipped VMEU

Applying the SPST to the Compression Tree: Figure. 4.7 shows the architecture diagram
lor the proposed VMFU in which the SPST meoedificd Booth cncoder has been
shown in Figure.4.6. The VMFU ¢an be roughly decomposed into three sections, 1.c.. the
Partial Product Generation. the Partial Product Reduction (PPR). and the Accumulation
(ACC) sections. When the operand besides the Booth encoded one has a small absolute
value. there are opportunities to reduce the spurious power dissipated in the compression
tree in the PPR section. According 1o the analysis ol the addition shown in Figures. 3.1
and 4.5, some ol the adders in the compression tree of the VMEU which add up the PPO
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to PP3. with the SPST-cquipped adders. Besides, the adder in the ACC scction is also
replaced with the SPST-cquipped adder. This adder is used to accumulate the
multiplication results in the MAC operation and compute the interpolation, SAD,
addition. and subfraction. These adders are marked with oblique lines as shown in
Figure. 4.7 with their bit widths of the MSP and LSP indicated, respectively, in the
numerator and the denominator of the nearing fraction values.
\

Freezing the Switching Activities ot the Unused Circuits: The data flows of the VMFU
arc controlled by the properly arranged multiplexcrs. By freezing the unused circuits in
response o the selection of a certain kind of funciionality, wasteful switching power
chssipation can be avoided. as shown in Figure. 4.7. Besides, the circuits induced by the
SPST can be frozen to turn off the SPST function of the VMFU. This option may be
useful when the input data do not possess advantageous features like the multimedia data
beeause the SPST may not contribute positive powcer saving when both the input data are

randon.

21



CHAPTER S
IMPLEMENTATION AND SOFTWARE TOOLS
5.1 SOFTWARE TOOLS

In this chapter the software tools that have been used for implementing SPST based
adder/subtractor, SPST based VMFU and SPST based ETD arc discussed. The following

sottware tools are used for implementing the project.

1. Modelsim 6.2¢

2. Xilinx 9.1

5.1.1 MODELSIM 6.2C

Modclsim 6.2¢ provides a comprehensive simulation and debug environment for complex
ASIC and FPGA designs. It supports multiple languages inchiding Verilog. System Verilog,
VEHDL snd SystemC. Here the design is coded in VHDL usng Modelsim6.2¢ and cach module is

synthesized in Xilinx and the results are obtained.

5.1.2 XILINX 9.1

[t is a synthesis tool that supports HDL Tanguages. Xilinx 9.1 devices. It can be used to create,
define. and compile your FPGA or CPLD design using the suite of 1SE tools available from the
project navigator. The codes stimulated in modelsim6.2¢ are synthesized and implemented using

this softwarce,

5.2 LANGUAGE USED

VHDL is the main source or the language used to implement the project. In the mid-
198075 the VLS. Department of Defense and the [EEE sponsored the development of this
hardware desceription language with the goal 10 develop very high-speed integrated circuit, 1t has

become now one ol industry’s standard languages used to deseribe digial systems. The other
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widcely used hardware desceription language 1s Venlog. Both are powerful languages that allow
deseribing and simulating comptex digital systems. A third HDL language is ABEL (Advanced
Boolean Equation Language} which was specifically designed lor Programmable Logic Devices
(PL1.D). ABEL is less powerful than the other two languages and is less popular in industry. This
proposcd work deals with VHDL, as described by the IEEE standard. A HDL program mimics
the behavior of a physical. uswally digital. system. [t also allows incorporation of timing
specilications (gate delays) as well as to describe 4 system as an interconnection of different

COmMpOoNCs.

VHDL allows onc o deseribe a digital system at the structural or the bechavioral level

The behavioral Tevel can be [urther divided mnto two kinds of styles: Data flow and Algorithmic.
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CHAPTER 6
RESULTS AND DISCUSSIONS

6.1 SIMULATION RESULT OF DETECTION LOGIC

ARRRARANI
e

i AERRRNAN

Cutserd BOE ns

Figure 6.1 Simulated result of Detection Jogic

=
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6.2 SIMULATION RESULT  OF SPST  BASED 16- BIT
ADDER/SUBTRACTOR

Figure 6.2 Simulated result of SPST adder/subtractor
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6.3 POWER ANALYSIS REPORT OF CONVENTIONAL

ADDER/SUBTRACTOR

Table.6.1 Power analysis report for conventional adder/subtractor

Power summary:- S (A
Total estimated power consumption:
Vecint 1.80V: 19 34
Veeo33 3.30V: 2 7
Inputs: I 2
Logic: 5
Outputs: _
Veeo33 0 0
Signals: 0 0
Quiescent Vecint 1.80V: 15 27
Quiescent Veco33 3.30V: 2 7

DEVICE UTILIZATION SUMMARY

Logic Uilizaton:

Number of Shice Flip Flops: 31 cutof 13.824 1%
Number of 4 input LUTs: 64 out of 13,824 1%
[Logic Distribution:

Numbcer of occupted Slices: 32 out of 6912 1%
Numbcer of Slices conmaining only related logic: 32outol 32 100%
Number of Shices contaming vnrelated logie: 0outof 32 0%
Total Number ol 4 input [LUTs: 04 out of 13,824 1%
Number of bonded [OBs: 9% out ol 510 19%
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(OB Flip Flops: 33

Number ol GCLKSs: Foutof 4 25%
Number ol GCLKIOBs: | outof 4 25%
Total cquivalent gate count tor design: 859
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L33

6.4 POWER ANALYSIS REPORT OF SPST BASED ADDER AND

SUBTRACTOR

Tablc.6.2 Power analysis report lor SPST based adder/subtractor

Power summary:
Total estimated power consumption:

Vecint 1.80V:
Veeo33 3.30V:

Inputs:
Logie:
Outputs:
Veco33
Signals:

Quiescent Vecint L8OV
Quiescent Veeo33 3.30V:

DEVICE UITILISATION SUMMARY

Logic Uhilizaton:

Number of 4 input LUTSs: 106 out ot 13,824

Logic Distribution:

Number of oceupicd Shices: 02 outof 6,912
Number ol Shees containing only refated logic: 62 outof 62
Number ol Slices containing unrelated logic: Ooutaf 62
Total Number of 4 input LUTs: 106 out of 13,824

28

I(mA)

0

15

1%

1%
100%
0%

1%

PmW)
41

34
7 .

27



Number of bonded 10Bs: 0% out of 310 199

OB Flip Flops: 33

Number of GCLKs: foutof 4 253%
Number of GCLKI1OBs: Foutol 4 25%
Total equivalent gate count for design: 903

From the power analysis report of SPST adder/ subtractor and conventional adder it is
found that SPST based adder/subtractor unit saves 43% of power compared to conventional

adder/subtractor unit with just an increasc in area ot about 3%,
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6.5 SIMULATION RESULT OF ETD WITH SP¢
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Figure 6.3 Simulated result of ETD without SPST.
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6.6 POWER ANALYSIS REPORT OF ETD WITHOUT SPST

Table.6.3 Power Analysis report ol ETD without SPST.

-.... . Power summary:.

Total estimated power consumption;:

b

Vecint 1.80V:
Veco33 3.30V:

Clocks:
Inputs:
Logic:
Outputs:
Veeo33
Signals:

Quiescent Vceint 1.80V:
Quiescent Veco33 3.30V:

DEVICE UTILIZATION SUMMARY
Logic Uhilization:

Number of Shee Flip Flops:

Number of 4 input LUTs:

Logic Dhstribution:

Numbecer ol occupiced Shices:

Number ol Shees containing only refated logic:

Nrumber of Slices containing unrclated logie:
Total Number 4 input LUTs:

Number used as logic:

31

T(mA)

86

71

15

146 out of 13.824

2.943 put of 13.824

1.328 out of 6,912
[.528 out of 1.528
U outof 1.528
2,979 out of 13.824

2.943

P(mW)
162
155
7
127
2
0
0
]
27
7
1%
21%
220,
1 00
0%
21%



Number used as a route-thru:
Number of bonded IOBs:
10B Flip Flops:

Number ol GCLKSs:

Number of GCLKIOBs:

Total equivalent gate count for design:

32

30

411 outof 510

.10
loutof 4
loutof 4

\ 20758

80%

25%

25%



6.7 POWER ANALYSIS REPORT OF ETD WITH SPST

Table.6.4 Power Analysis report of ETD with SPST

- Power summary:. oo

Total estimated power consumption:

Veeint 1.80V:
Veeo33 3.30V:

Clocks:

Inputs:

Logic:
Outputs:
Veeo33

Signals:

Quiescent Veeint 1.80V:
Quiescent Veco33 3.30V:

DEVICE UTILIZATION SUMMARY

Logic Utilization:

Number of Slice Flip Flops:

Number of 4 input LUTs:

Logic Distribution:

Number of occupied Slices:

Number of Slices containing only related logic:
Number of Slices containing unrelated logic:
Total Numtber of 4 input LUTs:

Number of bonded [0OBs:

IOB Flip Flops:
33

K 31
2

15

15

1.234 out 01 13,824 8%

1554 outof 13,824 11%

784 out of 6.912 11%
784 outof 784 100%
Qoutol” 784 0%
1.554 outof 13.824  11%
409 out o 510 80%

168

- KmA), -

P@mW)
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Number of GCLKs: loutol 4 25%
Number of GCLKIOBs: loutof 4 25%

Total cquivalent gate count tor design: 22540

From the power analysis reports of Efficient Transform Design (ETD) it is found that SPST
bascd ETD unit saves 41.6% of power compared to conventional ETD unit with just an increase

in arca of about 7.9%.
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6.8 SIMULATION REPORT OF SPST EQUIPPED VMFU

1049 rs

Figure 6.4 Simulation report of SPST equipped VMFU.
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6.9 POWER ANALYSIS REPORT OF VMFU WITHOUT SPST

Tablc.6.5 Power analysis report of VMFU without SPST

Powersummary:. - - ImA) . PmW)y
Total estimated power consumption: 112
: Vecint 1.80V: 58 105
Veeo33 3.30V: 2 7
Clocks: 42 76
Inputs: 1 2
Logic: 0 0
Outputs:
Vceo33 0 0
Stgnals: 0 0
Quicscent Vecint 1.80V: 15 27
Quiescent Veco33 3.30V: 2 7

DEVICE UTILIZATION SUMMARY
Logie Litilization:

Number of 4 input £.UTs: 026 outof 13.824 4%

o

Logie Distribution:

Number of vccupied Shees: 343 outol 6912 %
Number of Slices containing only related logic: 343 outof 343 100%
Number ol Shees containming unrelated logic: 0 outol 343 0%
Teotal Number 4 mput LUTs: 627 out of 13,824 4%,
Number used as logic: 6206
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Number used as a route-thru; 1

Number of bonded 1OBs: 64 outof 510 2%
10B Flip Flops: . 32

Number of GCLKx: loutol” 4 25%
Number of GCLKIOBs: loutof 4 25%
Total cquivalent gate count for design: 9251
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6.10 POWER ANALYSIS REPORT OF VMFU WITH SPST

Table.6.6 Power analysis report of VMFU with SPST

. Powersummary: .- . KmA)  PmW)
Total estimated power consumption: _ 53
Veeint 1.80V: © 19 34
Veeo33 3.30V: 2 7
Inputs: 1 2
Logic: 3 5
Outputs:
Veco33 0 0
Signals: 0 0
Quiescent Vecint 1.80V: 15 27
Quiescent Veco33 3.30V: 2 7

DEVICE UTILIZATION SUMMARY

Logic Utilivanon:

Number of Slice Flip Flops: 356 out 0f 13.824 4%
Number of 4 input LUTs: 341 outof 13.824 6%

Logic Distribution:

Number of occupied Shees: 615 out of 6.912 8%

Number of Slices containing only refated logic: GiSoutof o613 | [00%
Number of Slices containing unrclated logic: Qoutof 615 0%

Total Number 4 mput LUTs: 857 out 0of 13.824 6%

Number used as logie: S41

Number used as a route-thru: 16
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Number of bonded IOBs: 64 out of 310 12%

1013 Fhp Flops: 48

Number of GCLKs: L outof 4 25%
Number of GCLKIOBs: loutol 4 25%
Total equivalent gate count for design: 10118

From the power analysis reports of SPST equippeds VMFU it is found that SPST based
unit saves 52.6% of power compared to conventional VMFU unit with Just an increase in arca of
about 8.4%,.

39



CHAPTER 7
CONCLUSION AND FUTURE SCOPE

7.1 CONCLUSION

Thus an cfficient Spurious Power Suppression Technique (SPST) and its applications on
transform coding design for H.264 and Versatile Multimedia Functional Unit (VMFU) is
implemented. Using the proposed SPST technique, the spurious power odcurred in the 1.264
translorm coding got reduced. The simulations illustrate that the proposed SPST technigue can
save 47% power consumption on an average. The simulation results show that turning on the
SPST function can save 41.6% power dissipations with a slight increase in area of about 8.4%
when operated at 100MHz with 1.8V supply voltage. This indicates that the proposed SPST
technique effectively reduces the power dissipation in the transform coding designs for H.264.
which facilitates video coding applications on portable electrical devices. The SPST is further
apphed on the Versatile Multimedia Functional Unit {VMFU) which resulted in power reduction

of about 52.6%9% with just a slight increasce in arca of about 8.4% when operated at HH{IMEz.
7.2 FUTURE SCOPE

The SPST can be expanded to a fine-grain scheme in which the adderfsubtractor is
divided into more than two paris. However. the hardware complexity of the augmented circuits
such as the detection-logic unit. the data latches, and the SE unit may increasce dramatically.
Bascd on an adderssubtractor example, it 1s found that the arca cxpense caused by the augmented
circuits 1s very less than the power reduction in bipartitioned scheme. This may not be true in
case of tripartitioned scheme. By thoroughly analyzing the tripartitioned scheme. it may also be

possible to implement SPST in many other multimedia/DSP applications.
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- SelectRAM+™ hierarchical memory:
18 bits LUT distributed RAM
Configurable 4K-bit true dual-port bloch Rkl
Fastinterfaces to externat RAM
- Fully 3.3V PCI compliant to 84 bits at 66 MHz and
CardBus comptliant
- Low-poeer segmented routing architecture
Ful readback atulity for verification observataitity
- Dedicated carry logie for high-speed arithmetic
- Efficient mutogiier support
- Cascade chain for vide-input functions
- Abundant registers.latches with enable, set, reset
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‘engthy  develepment cyces. and  inheremt risk  of - Low cost packages available in all densities
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necessary Lmpossihe oth ASICs] L/DS and LYFPECL
- Upte 120 diferential 'O pairs that can be input.
Features autput, or brdirectional
+ Second generaion ASIC replacement technology - Zero hold tire simplifies system timing
- Densities as figh as 6.917 iagic ceils with up to + Fuly supported by povwerful Xilinxg ISE development
300 000 svstem aates Sysw
. Strearrlired features based on o rlex-E - Fuily autemmabe mapping. placement, and routing
architecture - Integrated with design entry and verification 1oals

- Urlimmited in-sy stem renroorarmatitity
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|
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General Overview

The Spartan-llE family of FPGAs have a reguiar. flexible,
programemable architecture of Configurabie Logiq Slocks
iCLBs). surounded by a perimeter of programmable
Input Qutput Elocks (IOEs). There are four Delay-Locked
Loops (OLLs1. one at each corner of the die. Two columns
of bhack RAM lie on opposite sides of the die, betoeen the
CLBs and the 0B columns. These functional elements are
nterconnected by a powerful hierarchy of versatie routing
channels isee =22 11 \

Spartan-llE FPGAS ara custorized by loading configura-
tion data into internal static memory cells. Unlimited repro-
gramming cycles are possibe with this approach. Stored
vaiues in these cells determine iogic functions ang intercon-
nections impiemented in the FPGA. Configuration data can
te read from an external serial PROK imaster serial mode:,
or written into *he FFGA in slave serial, slave paralle:. or
Boundary Scan modes. The Xiling XC1750304 PROM family
is recommended for serial configuration of Spartan-lIE
FPGAs. The XC18Y00 reprogrammable PROM family 1s
recommended for parallel or serial configuration.
Spartan-|lE FPGAs are tvpicalty used in high-voiume agpli-
cations where the versatiity of a {ast programmable solution
adds benefits. Spartan-llE FPGAs are ideal for shartening
praduct develapment cycles while offering a cost-effective
sofution for high velume procuction.

Figure 1.

Searan-lE FPGAs achieve high-performance, o.v-cost
speration through advanced architecture and semiconduc-
tor technoiogy. Spartan-liE devices provide svstern clock
rates beyond 200 MHz. Spartan-llE FPGAs offer the most
cost-effecive solution while maintaining leading edge per-
formance. In addition to the conventional benefits of
high-vgiume  programmable logic soiutions. Spartan-liE
FPGAs also offer on-chip synchronous singie-port and
dual-port RAM (biock and distributed formy. DLL ¢lock driv-
ars, pregrammatle set and reset on ail flig-flops, fast carry
‘ogi¢. and many viher features.

Spartan-llE Family Compared to Spartan-ll
Famrly
Higher density and miore 1O
Higher performanse
Unigue pinouts in cost-effective packages
Differertia; signalirg
- LYDS Bus LYOS. LYPECL
Veem = 1.8
Lower power
& tolerance with 10202 external resistor
- 3V iolerance directly
FCILLYTTL. and LyCRWOS2 input bufers po.ered by
Vi instead of Yy

Unique iarger bitstream

IH—

Basic Spartan-IE Family FPGA Block Diagram

-30C-285.7T
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Spartan-lIE Product Availability

Taz £ I shows the package and speed graces avallable for  user 'Os avanable on the device and the number of user
Spartan-IlE famiy devices. T3z 2 I shows the maxirum I:0s available for each device/package combination.
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._. T3 o T Yoy (T i
| xcasizeE ! R - BTN e ic.
_ S . o = — -
R A T T T N
_ 7 ! . ol | 1 {C;
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S T Y . Ci (c N
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i i Available User KO Accordmg to Package Type
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ThczsieE | a2 e w6 132 202
TXCIS1E0E |, 83 | T = i 283 |
Cxcasagee | . a0 oz am

casaooe se | - e Lm0 e |
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Ordering Information

Example: XC2S50E -6 PQ 2([)8 C
Device Type - : t | Termperature Range

) t— ——— Numrber of Pins
Speed Grage

e Package T-_\.'pe
Device Crdering Options
© Device - Speed Grade Package Type f Number of Pins | Temperature Range {T )
i NCIGRIE | 5 | Standare Ferformance TO144 ' 13d-pin Plastic Thin OF= i 'C = Commercial ¥Cto+85°C
- - L
: Il -7 | Higrer Parformance PQI0E " 20&-pin Plastic OFF | 1 =industria: =40 Cta #100°C
I IE&-ball Fine Piwch B854 i ' '
FGI3E 4SEtal Fne PrenBGA |
' P d
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