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Abstract— Runtime reconfiguration of mobile devices to opti- power by requesting low quality of service. The proposed well-
mize power according_to user experience is a si_gnificant resear_ch structured framework presents a practical approach for run-
Cha”enget: Thegagﬁrtmvestlg{ates anovzl tECh”'q“t_e of gener?tmgtime optimization for power in mobile devices. This frame-

ower-optimized bitstream to be used for runtime remote- - . . L
Eeconfigﬁration of mobile devices. A two fold static optimization work is expenmented.on bitwidth F’pt"T“Za“O” for MPEG_'Z
scheme followed by an efficient dynamic optimization statergy and results agreed with the practical importance of runtime
is proposed to allows the user to tradeoff between power and and remote optimization of bitwidth for power saving.
quality. Experimental results for MPEG2-Decoder show that the For optimization of multimedia algorithms during high-
ggﬁ}gogcshNE ?jzlger;?jart?c?nuciﬂSgr\:ver:igcr?enrsggvsg?nsg%n?s'Sfaoﬁ fgé level synthesis, several lossless static Bit-Width Optimization
achieved if user is willing to tolerate more quality degradation. (BV\_/O) techmqu_es have alr_eady b_een proposed. But the over_all
saving can be increased if Quality driven lossy approach is
adapted according to run-time requirements. Although the
application of lossy approaches results in a moderately de-
graded quality but with this acceptance one can save significant
amount of power. In lossy approach we reduce the bit width of
|. INTRODUCTION different variables of algorithms beyond the permissible limit
and achieve significant power saving.

Multimedia functionality on mobile devices is now must for aAg mobile devices provide a low computation capabilities
day-to-day activities. These function are Power hungry unifg,q |ittle power budget, above lengthy and compute intensive
and need battery with longer life. Battery research can not COftocesses cannot be executed on them. Present framework
up with the exponentially increasing demand of battery "f%rovides the support for runtime BWO at remote server
Alternative power saving techniques must be discovered to mgkyiting in power, time and resources saving of mobile device.

the future needs. e.g. adaptive computing. To fulfill the usehe overall process goal can be stated as “To generate an opti-
mum reconfiguration bitstream, in response to desired quality

Index Terms— Quality and Power Trade-off, Bitwidth Analy-
sis, Low-Power Optimizations, High-level Synthesis, Low Power
Design.

10 request from user, which can dynamically reconfigure the
- 5“‘ mobile device for improved power efficiency against quality
jo et /| 28 compromser
i G,E-% The contributions of this paper are therefore:
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2 Ej Service (RQoS) driven bitwidth analysis.
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that implements the proposed optimization procedures.
Fig. 1. Power Gap between Battery Research and Mulimedia Power8) AN evaluation of proposed technique for IDCT module
Requirement Growth of MPEG2, showing power saving upto 33.58% for the
penalty of 25% PSNR.
requirement of Quality of Services (Qo0S), designers reserveSection-ll deals with the related work, section-lll presents
extra resources that lead to an inefficient design in terms arf overview of present framework where as Section-IV em-
power. This penalty of power for getting better quality startsodies Video Quality in presepective of PSNR.Section-V
creating problem when the user is out of power.Therefore, theplains two concepts of Static BWO and Quality driven Dy-
system needs to have real time properties and must adapt itselfnic BWO. Section-V and Section-VI the elobrates process
with respect to changes in user requirement of QoS. WhehQuality Selection. The next section deals with the imple-
user feels that a device is running out-of-power, he can sawentation of our framework and experimental results. Section-
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VI presents the related work and Section-VIl concludes tlaproach also evolves a smart user-interface to immediately
work. select and transmit the quality parameters.

Il. RELATED WORK I1l. FRAMEWORK

Extensive research have been carried out on power 051ti_The framework presents a practical approach for run-time

mization in high-level synthesis for ASIC designs [3]-[7]. It |gh-le_vel oplt_|m|zla:1t|on of pEwer with user-_desw?d co_mpro-d
customary to note that the dynamic reconfigurability charat S€ In gua 'tY' ramewor supports_ Seres o _statlc an
of FPGA opens several new avenues for power optimiz ynamic optimizations like loop unrolling, dynamic voltage

tion.Dynamically reconfigurable FPGAs are presented in [Bacallng etc. and generates bitstream for partial reconfigura

[9]. It is noteworthy to record that such type of reconfiguratio on of.mob|le arghltecture. AS ,qL_'aI't,y requirement changes
involves cosiderably very small fraction of time. ynamically, quality related optimizations must be done dy-

A variety of work has been done on QoS with the appl{_1:;1mically while quality independent optimization must be

. ' " - lied statically. In this paper we focused on “Quality
cation of reconfigurability for energy efficiency. Padmanbh PP 2 S u .
Pillai et. al. [11] developed the energy aware framework.a’gdemndent Bitwidth Optimization” (QIBO) and *Quality

can manage real time tasks for given energy budget target pgndent Bitwidth th|m|zat|on (QDBO) gnd results are
energy saving. When experimented with DVS, the framewo |f_|ed for _th_e p_ractlcal |mportanc_e of runtime and remote
results into significant savings. itwidth optimization for power saving.

The technique described in [12], explores the acceptab!~
degradation in PSNR of MPEG compressed image for pow Reconfiguration Reconfiguration
savings. The authors shown the results for MPEG decoc Using Bitstream Bitstream
and overall approach was implemented using Dynamic Volta
Management(DVM). Clark N. Taylor and Sujit Dey [13] ® s
introduced bandwidth and energy consumption as major by
tlenecks of wireless multimedia communication. To overcon
these, authors approached for an adaptive image compres:
algorithm that can adapt itself for current communicatio
conditions and constraints. The experiments were realiz
on JPEG and minimized the energy in compression whi
respecting latency, bandwidth and quality constraints.?ln [
Lodewijk T. Smit et. al. described the need of runtime recol
figuration in changing mobile environment and minimization
of energy consumption in mobile systems for certain Qo0S. Fop- 2
the purpose of resource allocation, decision has been made
effective by studying trade-off between energy saving andThe network view of framework is shown in fig. 2 explains
reconfiguration cost(in terms of time and power). the overall approach. Client is the user of mobile device

Lossless bitwidth optimization exposed greatly but lossyhile remote server provides the reconfiguration support to
bitwidth optimization has not been exposed very well. The roaser. Whenever user feels that the device is running out-of-
cause behind this is that the lossy approach depends upon@gwer, and if one wishes to save power, initiates the process
plication. Emre Ozer et al. [14] applied dynamic bitwidth anaby selecting the required level of QoS. This is converted
ysis and reduced 35% bit width of overall program. Richardsaa technical specifications by client model of the frame-
[15] investigated the relationship between precision and ernwork and the parameters are sent to remote server through
for image compression and decompression. For different fixedmmunication network. Server calculates the new optimized
precision the DCT algorithm was executed and PSNR v/s Bilesign and extracts the reconfiguration bit-stream, which when
saving trade-off was recorded. Nikil Dutt et. al. [24] proposesent to the client, reconfigures the device for reduced power
an integrated power management approach for streaming videmsumption and compromised quality. For Virtex XCV1000,
applications on handheld devices. The approach consistsrefonfiguration takes 58.658 microsecoridst configuration
low level architectural optimizations (CPU, memory, registerpit-stream transmission requires 28.56 seconds on GSM with
OS power-saving mechanisms (DVS) and adaptive middlewaransfer rate 9.6 Kbps while synthesis process on a high
techniques (admission control, optimal transcoding, netwotkpacity server consumes few seconds only. Thus user can
traffic regulation). The approach resulted into energy gains ahieve reconfigured device in less than 1 minute.

57.5% for the CPU and memory while 70% of energy saving Fig. 3 explains the remote processing at high capacity
in the wireless network interface. server. Server has the results of QIBO process, which is done

Our approach differs from what is discussed above wnly once for a particular program code, as these properties
respect that we focus on QoS for reconfigurability of devicdo not change at runtime while QDBO is performed for every
rather than data streams. It empowers the user to selesér request. QDBO carefully reduces the accuracy of the
any desired quality, not restricting him to few quality levelsariables and at the same time observes the impact on quality
and even the automatic quality selection by the device. Thg executing the algorithm. The accuracy is reduced further

o Qos Selection

Synthesis of
Config. Stream

By User

Calculation of
RQo8S Parameters

RQoS
guided BWO

Mobile Device High Capacity Remote Server

Framework: Across Network
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transmission errors, lead to a drop in PSNR. It is possible to
obtain an approximate comparison of the quality of two video

sequences by comparing the PSNR of the frames in each
sequence, relative to the original video sequence. Calculation
of average PSNR of all the frames in a video sequence gives
a quality measure in dB.

Algorithmic Desciption

High-Level
Static Opimization

Dynamic

Optimization

V. BITWIDTH ANALYSIS

SR _ It has been proved that often the most efficient imple-
Base Statiq . . . . .
J mentation of an algorithm in the reconfigurable hardware is
01001001 one in which the bitwidth of each internal variable is fine-
tuned to the best precision [14], [16]-[18], [23]. The quality
observable at the mobile device is a function of the accuracy
Fig. 3. Processing at Remote Server and therefore depends upon bitwidths used in representation
of all intermediate variables in the algorithm.
We have proposed a two fold scheme of saving in the

till the limit of quality parameters is attained. Resultantly, thBitwidths of variables. First we find the bits in each variable,

quality is gracefully degraded with decrease in accuracy Which are not affecting the output quality. This normally

variables. includes the blank MSB bits (e.g. in an integer variable which
At the server, both QIBO and QDBO are done on equivalei§t @ssigned a value 4, the 29 MSB bits out of total reserved

SUIF-IR of program code, obtained using SUIF compiler. Thi32 bits are blank) and some LSB bits.

design is synthesized into reconfiguration bit-stream usingThis analysis can be done once, statically for an algorithm

SUIF2VHDL converters and standard synthesis tools. and is named as Quality Independent Bitwidth Optimization
(QIBO). The QIBO is lossless i.e. bitwidth saving in this phase

IV. MULTIMEDIA USER, VIDEO QUALITY AND PSNR does not introduce error and thus does not affect the output

As per the human nature, quality for a mobile user alwa)%uallty. Secondly bitwidths of all variables are gradually

. . . ecreased from LSB side till the degradation in quality up
means only fulfillment of hisll expectation. It never means . . . .
g . to acceptable level. For getting maximum saving with fewer
he wants highest resolution,

enalties on quality we have proposed a greedy approach. This

. Expgctation frgm MuItimeQia : Present the contents WitEhase is named as Quality Dependent Bitwidth Optimization
maximum achievable quality. (QDBO).

« Multimedia on Mobile : Present the contents in best -
feasible quality with least power consumption.
« Quality of Multimedia directly affects the Power conA- Quality Independent Bitwidth Optimization (QIBO):
sumption. Several systems with bitwidth optimization have been pro-
« Adaptive quality requirement of User in unstable mobilgosed in the recent past [14], [16]-[18], [23]. In most of
network (e.g. Band width, Battery power, Hand-off).  them concept of forward and backward propagation, based on
« Recent Major Development in Reconfigurable Devicegrithmetical operations are used. In a departure from previous
Ideal platform for adaptive computing. work, for static analysis we have used a pseudo-simulation
Conclusion : Quality is all about User Satisfaction. We cambethod, bitwidths are varied from MSB as well from LSB
ignore user when experimenting Adaptive Quality & Poweside till the MSE remains less than threshold {N_Err).
trade-off. MSE is calculated by adding difference i.e. error between all
The Peak Signal to Noise Ratio (PSNR) of an image ispaxels of original and new image.(Eq.- 2).
measure of distortion of an image related to a reference image. | nolnml ,
It can be used to measure the distortion of an image or frame MSE = — "(i5) — f(i. 4 2
due to one or the other errors as compared with the original 5 n? ; Jz:(:) AL AR @)
error-free image. PSNR is defined as:

Synthesis of Configuration

Design Bitstream Generation

R ) We have experimentally proved that much larger bit saving
PSNR(dB) = 10log1, (2" -1) 1) can be achieved by this method than the forward-backward
MSE propagation. The method is more time consuming but as it
where,n is the number of bits required to represent each pixil done once statically therefore not a bottleneck for real-
and M SE is the Mean Square Error between the distorte@ne requirements. The pseudo-code of the algorithm is shown
frame and the original frame. in fig. 4. The QIBO phase generates two vectlsis saving
PSNR is relatively easy to calculate(Eq.- 1) and providesxd mshsavingas shown in fig.5. The vectors are n-bit long.
a rough approximation to the visual quality of the vided@he i'" bit, in mshsaving vector represents the bit saving
frame. In general, a high PSNR indicates a high-qualiffom MSB side in thei’" variable. Similarlyi" bit in the
frame. Quality degradations due to high compression andisb_savingvector represents the bit saving from LSB side in
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Input: Min_Err Input : Req_.PSNR, lsb_saving
Output: msb_saving, lsb_saving Output : Isb_saving, Error

1: vector msb_saving (1 to n)«— 0 1: Req_MSE — 255 % 255/(10%ca-PSNE/10)

2: vector Isb_saving (1 to n)«— 0 2: vector variables [1 to n]

3: vector variables(1 to n) 3: var_sel «— 0

4. constant assigned_bit_width «— 32 4: while var_sel # —1 do

s: for all ¢ such thatd < i <n do 5 war_sel «— —1

6: for k =0 to assigned_bit_width do 6: Error «— Req.MSE

7 Isb_saving(i) < lsb_saving(i) + 1 7: for all 4 such thatd < i <n do

8: CalculateM SE with [sb_saving in bitwidth 8 Isb_saving(i) < Ilsb_saving(i) + 1

9: if (MSE < Min_Err) then 9 CalculateM SE with [sb_saving in bitwidth

10: continue 10: if (MSE < Error) then

11: else 11: Error — MSE

12: lsb_saving(i) < lsb_saving(i) - 1 12: var_sel «— i

13: break 13: end if

14 end if 14: Isb_saving(var_sel) «— Isb_saving(var_sel) - 1

15:  end for 15:  end for

16: for k = 0 to assigned_bit_width do 16: Incrementisb_saving(var_sel) by 1

17: msb_saving(i) < msb_saving(i) + 1 17:  Error = Calculate MSE with new bitwidths specified
18: CalculateM SE with msb_saving in bitwidth by Isb_saving

19: if (MSE < Min_Err) then 18: end while

20: continue

21: else Fig. 6. ' Algorithm of QDBO: No. of variabl_e in funct_ion 8. lsb_saving

X . . . are saving in variable from LSB sid&SN R is Peak Signal to Noise Ratio.
22: msb_saving(i) < msb_saving(i) - 1 MSE is New MSE each time bit-width changes. Line 6-14 identifies a
23: break variable whose LSB bits have least error impact on image(fig. 7). Line 15
24 end if increases the saving in selected variable by 1. At Est;or stores introduced
error bylsb_saving.

25:  end for

26: end for
Fig. 4. Algorithm of QIBO: No. of variable in function isn.

msb_saving and lsb_saving are saving in variable from MSB side and
LSB side respectively. Bitwidth initially assigned by programmer/compiler

threshold arror m an image. Line 6-15 identiies LS8 bits having error mpalg; CalCuIated for this quality-level. Precision of all the variables

on image less than threshold/in_Err). Simillarly line 16-25 identifies are again fine-tuned and the narrowest bitwidth of each vari-

MSB bits with the same property. able is determined that retains the requested quality level. The
multimedia algorithm, which resides in the mobile as hardware
is then reconfigured to provide the desired quality at lower

thei?” variable. The QIBO is done only once for any algorithnpower consumption. When the RQoS is high, less error can

and results are made available for the QDBO at remote serJeg.tolerated but for low quality levels larger amount of errors
are acceptable and therefore greater scope for bitwidth and
power saving.

Isb_savings

Quality parameter (PSNR) is calculated from the user
‘ 01012121313151618 U request made through quality selection interface on mobile
device. The QDBO phase (pseudo-code in fig. 6)initiated at
server every time after receiving the required PSNR and the

msb_savings acceptable MSE for the desired PSNR is calculated. The
|"'1 121121121141141141 B U QDBO useslsb_saving vector as starting point and further
6l1411z11211 11121 increase the bit saving at each position in the vector by one.

The corresponding error is each case is calculated and finally

Fig. 5. Two vectorsmsb_saving andlsb_saving generated by QIBO. In bit saving in the bit oflsb_saving vector which introduces

Isb_saving, 37¢ bit from left represents that 2 bit can be saved from variablgginimum error. is only considered. THsb_savingvector is

x2. While 374 bit in msb_saving represents that 12 bits are unused from .. IR o - ; .

MSB side. modified by making increment in the corresponding bit, all
other bits remain unchanged. At the same time the bitwidth
of the variable under consideration is reduced by one from

) o o LSB side, see fig. 7. The process is repeated till the error

B. Quality Dependent Bitwidth Optimization (QDBO): introduced remain lower then the MSE. The final bit saving

The key idea over here is that once the user selects thesach variable is reflected by the two vectorshsavingand

required quality at which he is comfortable the tolerable errtésb_saving
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Isb_savings MSE in image
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Fig. 8. Quality Selection Interface

E-u | L1011121313151618 Q @ - Display Image Update Required
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% 2 )

5

Many researchers like [24], have suggested to store different
Fig. 7. Selection of Target Variable During QDBO reconfiguration bitstreams of discrete video quality levels for
self-reconfiguration support. But some open questions are still
remain unanswered with the approach such as, How can
a small handheld accommodate significantly increased area
due to storage of bitstreams? e.g. A small reconfigurable
Future mobile communication systems have to be flexibigplication takes 50,000 bits. so each copy stores almost 48
while adapting to environmental conditions and user deman@®. Thus for each application with 8 quality levels, device will
These systems also have to be energy-efficient as they B#®e to store approximately 48*8=384 KB, merely supports
used in systems that have limited battery resources, mgsly a limited number of applications. Moreover, if the user
handle diverse data types, and must operate in environmegkts to compromise with certain features of application then
that are insecure, unplanned, and show different charactefisvould no be possible with discrete quality level approach.
tics over time. The technological challenges to establishingTo cop-up with future requirement, our framework is viable
this paradigm of personal mobile computing are essential;ider the user requirement of varied quality. This is possible
XXXXX]. due to proposed real-time remote reconfiguration support. The
The key issues in the design of portable multimedia syapproach promises the benefits at a low cost of network
tems is to find a good balance between flexibility and higitansmission, which can be further reduced using difference
processing power on one side, and area and energy efficiepaged partial reconfiguration schemes. The biggest advantage
of the implementation on the other side.To fulfill the demanid that network service provider can be a remote server and

of performance, cost and portability in traditionally mobile&an guide user’s device more precisely to save power.
devices many approaches or combination of these approaches

were applied time to time such as: - Some algorithms perform
operations best on bit-level while other perform best on word-
level. Four types of processing elements can be distinguishedror the validation of proposed methodology, here we are
presenting the experiments and results. The experiments were
solely based upon functionality of MPEG2decoder. C source
code of MPEG2decoder is downloaded from MPEG Software

The present framework suggests a user-friendly interfaB@mulation Group. The MPEG-2 core consists of several func-
for quality selection as shown in fig. 8. The interface is basein blocks such as IDCT, motion estimation blocks, variable
on random error generation. With the aid of inbuilt randorength encoding/decoding blocks and many more. IDCT is the
error generator the quality of image is slightly perturbed, tHesrnel part of Mpeg2decode for computation, it consists of
degraded PSNR of resulting image is observed. Therefore, thyee functions, which arelct(), idctrow() andidctcol(). What
doing this, an approximate quality variance is simulated at lowllows is the experiment ordctrow andidctcol, the core and
capacity handheld. compute-intensive functions of MPEG2decoder algorithm.

The selection of quality parameters from user point of view The functions contain 9 integer variables (xO to x8). We
are as follows: Firstly user changes the quality by using refine bitwidth of each of 9 variables firstly by applying QIBO
fine-tuning variable command which internally changes trend then QDBO. Thus each variable is fine-tuned to contribute
amount of error introduced by random error generator. Theaximum in power saving. We calculated these bit-widths for
corresponding effect on quality would be displayed on th&0 dB to 26 dB PSNR, which was calculated with reference to
screen. The moment a user finds it suitable to his purposiee image obtained using standard implementation of MPEG
he would confirm this decision to device. As soon as ttaecoder. The framework supports every positive PSNR but our
user confirms the quality, corresponding PSNR and algorithemperiments showed that the quality of image less than 26dB
specifications details are being forwarded to server for furthisrdegraded beyond the acceptable range, thus presenting only
optimization of Bit-Width. the saving between 40dB to 26dB PSNR (Table 1).

VI. CLIENT SIDE ARCHITECTURE

VIIl. EXPERIMENTS AND RESULT

VIl. QUALITY SELECTION INTERFACE
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TABLE |
POWER CONSUMPTION AND BITWIDTH SAVING WITHPSNR: HERE BIT SAVING DUE TO DYNAMIC ANALYSIS IS SHOWN. POWER IS REDUCING WITH
DECREASINGPSNR. AVERAGE POWER SAVING FORdctrowaND idctcol 1S 28.77%AND 23.26%.

idctrow idctcol
PSNR Dynamic Power Dynamic Power
Bit-Saving Consumption Bit Saving Consumption
40 16 20.62 23 19.84
38 27 19.33 36 18.66
36 43 17.46 46 17.77
34 51 16.53 57 16.78
32 58 15.71 64 16.16
30 79 13.26 64 16.16
28 80 13.14 82 14.55
26 87 12.32 83 14.46
.25
= idct-row : idct-col :
£ Static and Dynamic Bit Savings Static and Dynamic Bit Savings
‘= 20 A
]
-
£ 15
3
0
5
S 10+
§ [ Bits Remaining M Static Saving 1 Dynamic Saving [ Bits Remaining M Static Saving [J Dynamic Saving
°o 5+ —m7" " —————-
o
0 . (a) idctrow (b) idctcol
40 39 38 37 36 35 34 33 32 31 30 29 28 27 26
PSNR [dB] Fig. 11. Static and Dynamic Savings
Fig. 9. Experimental Results: Power consumption with quality specification
100
o [
£ & 7
= [
(%] L %‘
@ g0
5 [
7] [
5 i//
40

T

40 38 36 34 32 30 28 26
PSNR

PSNR 27dB Reference Image PSNR 34dB

\—-—idct—row =idct-col |

PSNR 28dB PSNR 30dB PSNR 32dB

: ) ) . _Fig. 12. Dynamic Bitwidth Saving
Fig. 10. Experimental Results : Visual Image quality results with decreasing

PSNR

IX. CONCLUSION

The power saving results were extracted using the toolRuntime reconfiguration of mobile devices not only play
Xpower of Xilinx Inc. The code ofidctrow and idctcol important role in after sales upgradation,remote bug fixing
was firstly converted into equivalent VHDL code and thegtc but also play an important role in optimization of power.
Synthesized using Xilinx Synthesis tools for Virtexll seriesrhe methods presented here shows the great potentia| of
FPGA. The synthesized design was used to estimate powgforporating user experience of quality in power optimization
consumption in the above functions using Xpower. The proceasan inherent dynamic environment of mobile systems. The
was repeated for each PSNR ranging between 40dB to 26g&imizations, when driven by RQoS, explore more wide scope
with the optimum bitwidth suggested by the present framewofér power saving at the expense of a small amount of quality.
(fig. VIlLfig. ViII). Further runtime dynamic optimizations are more effective if

Fig. 11 shows the static and dynamic bitwidth savings ratitollowed by rigorous static optimizations. The framework pre-
Dynamic saving is significant to contribute power savingented here explores the power saving capability of run-time
Bitwidth saving can be observed in fig. 12, 13. bitwidth optimization with acceptable compromise in quality
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Bit Saving
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40
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40 39 38 37 36 35 34

|+ idct-row —=— idci-col \

T
33 32 31

30 29 28 27 26
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Fig. 13.

Total Bitwidth Saving

of multimedia.The framework included two fold scheme of
static optimizations to minimize the runtime reconfiguration
pay loads.
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