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Abstract— Approximate computing can decrease the
design complexity with an increase in performance and
power efficiency for error resilient applications. This
brief deals with a new design approach for
approximation of multipliers. The partial products of
the multiplier are altered to introduce varying
probability terms. Rationale multifaceted nature of
estimation is differed for the amassing of modified
incomplete items in view of their likelihood. The
proposed estimation is used in two variations of 16-bit
multipliers. Combination comes about uncover that two
proposed multipliers accomplish control reserve funds
of 72% and 38%, individually, contrasted with a
correct multiplier. They have better exactness when
diverged from existing assessed multipliers. Mean
relative bungle figures are as low as 7.6% and 0.02%
for the proposed estimated multipliers, which are better
than the past works. Execution of the proposed
multipliers is evaluated with a photo taking care of use,
where one of the proposed models fulfills the most
surprising apex banner to bustle extent.

Keywords: Approximate computing, error analysis,
low error, low power, multipliers

LINTRODUCTION

Estimated or rough figuring has been
embraced as of late as a practical way to deal with
lessen control utilization and enhance the general
productivity of PCs. In estimated registering, circuits
are not actualized precisely as indicated by the
determination, but rather they are disentangled with a
specific end goal to lessen control utilization or
increment operation recurrence. It is expected that the
mistakes happening in disentangled circuits are
adequate, which is ordinary for blunder versatile
application areas, for example, sight and sound,
grouping and information mining.

Inexact figuring has risen as a potential
answer for the vitality
Applications, for
example, interactive media, acknowledgment and

outline of effective

computerized frameworks [1].

information mining are naturally blunder tolerant and
don't require an ideal exactness in calculation. For
these applications, inexact circuits may assume a vital
part as a promising option for diminishing range,
power and deferral in advanced frameworks that can
endure some loss of exactness, consequently
accomplishing better execution in vitality proficiency.
In [1], surmised full adders are proposed at transistor
level and they are used in computerized flag preparing
applications. Their proposed full adders are utilized as
a part of collection of halfway items in multipliers.

To diminish equipment unpredictability of
multipliers, truncation is broadly utilized in settled
width multiplier plans. At that point a consistent or
variable revision term is added to make up for the
quantization mistake presented by the truncated part
[2], [3]. Estimation strategies in multipliers concentrate
on collection of fractional items, which is critical as far
as power utilization. Softened exhibit multiplier is
executed up [5], where the minimum noteworthy bits
of data sources are truncated, while shaping incomplete
items to diminish equipment intricacy. The proposed
multiplier in [5] spares few snake circuits in
incomplete item amassing.

In [5], two plans of surmised 4-2 compressors
are displayed and utilized as a part of fractional item
diminishment tree of four variations of 8 x 8 Dadda
multiplier. The significant downside of the proposed
compressors in [5] is that they give nonzero yield for
zero esteemed data sources, which to a great extent
influences the mean relative blunder (MRE) as talked
about later. The rough outline proposed in this short
beats the current downside. This prompts better
accuracy.
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In static fragment multiplier (SSM) proposed
in [6], m-bit sections are gotten from n-bit operands in
view of driving 1 bit of the operands. At that point, m x
m increase is performed rather than n x n
augmentation, where m<n. Halfway item puncturing
(PPP) multiplier in [7] excludes k progressive
incomplete items beginning from jth position, where j
€ [0, n-1] and k € [1, min(n-j, n-1)] of a n-bit
multiplier. In [8], 2 x 2 estimated multiplier in view of
changing a section in the Karnaugh outline proposed
and utilized as a building piece to develop 4 x 4 and 8
x 8 multipliers. In [9], off base counter outline has
been proposed for use in control productive Wallace
tree multiplier. Another estimated snake is exhibited in
[10] which is used for fractional item amassing of the
multiplier. For 16-bit inexact multiplier in [10], 26% of
decrease in control is refined contrasted with correct
multiplier. Guess of 8-bit Wallace tree multiplier
because of voltage over-scaling (VOS) is talked about
in [11]. Bringing down supply voltage makes ways
neglecting to meet defer imperatives prompting
mistake.

Past chips away at rationale unpredictability
lessening center around clear utilization of inexact
adders and compressors to the halfway items. In this
short, the fractional items are changed to present terms
with various probabilities. Likelihood insights of the
adjusted incomplete items are dissected, which is
trailed by orderly guess. Streamlined number juggling
units (half-viper, full-snake, and 4-2 compressor) are
proposed for guess. The number juggling units are
decreased in intricacy, as well as taken that mistake
esteem is looked after low. While foundational guess
helps in accomplishing better exactness, diminished
rationale unpredictability of estimated number juggling
units devours less power and territory. The proposed
multipliers beats the current multiplier plans regarding
region, power, and mistake, and accomplishes better
pinnacle flag to clamor proportion (PSNR) values in
picture preparing application.

Blunder remove (ED) can be characterized as
the number juggling separation between a right yield
and rough yield for a given info. In [12], estimated
adders are assessed and standardized ED (NED) is
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proposed as about invariant metric autonomous of the
span of the inexact circuit. Likewise, customary
mistake examination, MRE is found for existing and
proposed multiplier outlines.

II. PROPOSED ARCHITECTURE

Usage of multiplier involves three stages: age
of halfway items, incomplete items lessening tree,
lastly, a vector consolidate expansion to create last item
from the aggregate and convey lines produced from the
decrease tree. Second step expends more power. In this
concise, estimate is connected in lessening tree arrange.

Inexact equipment circuits, in opposition to
programming  approximations, offer transistors
decrease, bring down unique and spillage control, bring
down circuit postponement, and open door for scaling
back. Inspired by the constrained research on surmised
multipliers, contrasted and the broad research on
inexact adders, and expressly the absence of estimated
strategies focusing on the incomplete item age, we
exclude the age of some fractional items, hence
diminishing the quantity of halfway items that must be
gathered, we diminish the range, power, and profundity
of the amassing tree.

An 8-bit unsigned multiplier is used for
illustration to describe the proposed method in
approximation of multipliers. Consider two 8-bit
unsigned input operands o = 27 m=0 02" and B = 27,,:0
B.2". The partial product a,,, = oy, B, in Fig. 1 is the
result of AND operation between the bits of a,, and 3.
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Fig. 1: Transformation of generated partial
products into altered partial products.

253

All Rights Reserved © 2017 IJARTET



Vol. 4, Issue 3, March 2017

From statistical point of view, the partial
product am,n has a probability of 1/4 of being 1. In the
columns containing more than three partial products,
the partial products a,,, and a,,, are combined to form
propogate and generate signals as given in (1). The
resulting propogate and generate signals form altered
partial products py,, and g,,. From column 3 with
weight 2° to column 11 with weight 2", the partial
products a;,, and a,,, are replaced by altered partial
products ppy, and g, The original and transformed
partial product matrices are shown in Fig. 1

Pm.n = Gmn T Gnm

Em.n = mn - Ap m- (D

The probability of the altered partial product
gmn being one is 1/16, which is significantly lower than
1/4 of a,,,. The probability of altered partial product
Pmn being one is 1/16 + 3/16 + 3/16 = 7/16, which is
higher than g, ,. These factors are considered, while
applying approximation to the altered partial product
matrix.

A. Approximation of Altered Partial Products g,,

In this paper, we focus on the outline of power—
mistake productive duplication circuits. We contrast
from the past works by investigating guess on the age
of the fractional items. The proposed technique can be
effectively connected in any multiplier engineering
without the requirement for an uncommon plan, rather
than related works.

The accumulation of generate signals is done
column wise. As each element has a probability of 1/16
of being one, two elements being 1 in the same column
even decreases. For example, in a column with 4
generate signals, probability of all numbers being 0 is
(1 — pr)*, only one element being one is 4pr(1 — pr)’,
the probability of two elements being one in the
column is 6pr’(1 — pr)*, three ones is 4pr’(1— pr) and
probability of all elements being 1 is pr4, where pr is
1/16. The probability statistics for a number of generate
elements m in each column is given in Table I.
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TABLE I
PROBABILITY STATISTICS OF GENERATE
SIGNALS
Probability of the generate elements being
m - 7 F err
| three 17
all zero | one | | two I's _
and more
2| 08789 | 0.1172 | 00039 - 0.00390
31 08240 | 0.1648 | 0.0110 | 0.00024 | 0.01124
4107725 1 0.2060 1 00206 [ 0.00093 1 0.02153

Based on Table I, using OR gate in the
accumulation of column wise generate elements in the
altered partial product matrix provides exact result in
most of the cases. The probability of error (Perr ) while
using OR gate for reduction of generate signals in each
column is also listed in Table I. As can be seen, the
probability of misprediction is very low. As the number
of generate signals increases, the error probability
increases linearly. However, the value of error also
rises. To prevent this, the maximum number of
generate signals to be grouped by OR gate is kept at 4.
For a column having m generate signals, [m/4] OR
gates are used.

B. Approximation of Other Partial Products

The accumulation of other partial products
with probability 1/4 for a,, and 7/16 for p,, uses
approximate circuits. Approximate half-adder, full-
adder, and 4-2 compressor are proposed for their
accumulation.

Convey and Sum are two yields of these rough
circuits. Since Carr y has higher weight of twofold
piece, blunder in Carr y bit will contribute more by
creating mistake contrast of two in the yield. Estimate
is taken care of such that the total distinction between
real yield and inexact yield is constantly kept up as
one. Thus Carr y yields are approximated just for the
cases, where Sum is approximated.
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TABLE 11
TRUTH TABLE OF APPROXIMATE HALF ADDER
. Exact Approximate ]
Inputs Outputs Outputs l;ﬁf’omre
xl | 22 | Carry | Sumn | Carry | Sum Hierence
0 0 [1] 0 0w 0v 0
] 1 1] 1 0 1v 0
1 0 0 1 0w v 0
1 1 | 0 1 v 1 X 1
TABLE III
TRUTH TABLE OF APPROXIMATE FULL ADDER
Exact Approximate
[nputs Outputs Outputs Sf;}mlm?
xl [ 22 [ 23 | Carry | Sum | Carry | Sum Herence
0 0 0 0 0 0 0 i}
0 0 1 0 1 0 1 v i}
0 1 0 0 1 0v 1 v 0
0 1 1 1 0 1 v 0V 0
1 0 0 [} 1 0V 1v 0
1 0 1 1 0 v 0V 0
1 1 0 1 0 0 X 1 X 1
1 1 1 1 1 1 v 0x 1

In adders and compressors, XOR gates tend to
contribute to high area and delay. For approximating
half-adder, XOR gate of Sum is replaced with OR gate
as given in (2). This results in one error in the Sum
computation as seen in the truth table of approximate
half-adder in Table II. A tick mark denotes that
approximate output matches with correct output and
cross mark denotes mismatch

Sum = x1 4+ x2
Carry = x1 - x2. (2)

In the approximation of full-adder, one of the
two XOR gates is replaced with OR gate in Sum
calculation. This results in error in last two cases out of
eight cases. Carr y is modified as in (3) introducing one
error. This provides more simplification,
maintaining the difference between original and
approximate value as one. The truth table of
approximate full-adder is given in Table III.

while

W = (x1 4+ x2)
Sum = W@ x3
Carry = W - x3. (3)

Two approximate 4-2 compressors in [5]
produce nonzero output even for the cases where all
inputs are zero. This results in high ED and high degree
of precision loss especially in cases of zeros in all bits
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or in most significant parts of the reduction tree. The
proposed 4-2 compressor overcomes this drawback. In
4-2 compressor, three bits are required for the output
only when all the four inputs are 1, which happens only
once out of 16 cases. [4] discussed about Improved
Particle Swarm Optimization. The fuzzy filter based on
particle swarm optimization is used to remove the high
density image impulse noise, which occur during the
transmission, data acquisition and processing. The
proposed system has a fuzzy filter which has the
parallel fuzzy inference mechanism, fuzzy mean
process, and a fuzzy composition process. In particular,
by using no-reference Q metric, the particle swarm
optimization- learning is sufficient to optimize the
parameter necessitated by the particle
optimization based fuzzy filter, therefore the proposed
fuzzy filter can cope with particle situation where the
assumption of existence of “ground-truth” reference
does not hold. The merging of the particle swarm
optimization with the fuzzy filter helps to build an auto
tuning mechanism for the fuzzy filter without any prior
knowledge regarding the noise and the true image.
Thus the reference measures are not need for removing
the noise and in restoring the image. The final output
image (Restored image) confirm that the fuzzy filter
based on particle swarm optimization attain the
excellent quality of restored images in term of peak
signal-to-noise ratio, mean absolute error and mean
square error even when the noise rate is above 0.5 and

Swarm

without having any reference measures.

A widely used structure for compression is the
4-2 compressor; a 4-2 compressor can be implemented
with a carry bit between adjacent slices (W=1). The
carry bit from the position to the right is denoted as c;,
while the carry bit into the higher position is denoted as
Cou- The two output bits in positions i and i + lare also
referred to as the sum and carry respectively.
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TABLE IV
TRUTH TABLE OF APPROXIMATE 4-2
COMPRESSOR
Inputs Appmx}m_ale Absolute
- outputs - Difference

zl | 22 | @3 | 4 | Carry | Sum

0 0 0 [i} 0v v 0
0 0 0 I 0v 1v 0
0 0 1 0 0 v 0
0 0 1 1 v 0 0
0 1 0 0 0v 1v 0
0 1 0 I 0X 1 X 1
0 1 1 0 0x 1 X 1
0 1 1 1 1 v v 0
1 0 0 [i} 0v 1v 0
1 0 0 1 0x 1 X 1
1 0 1 0 0X 1 X 1
1 0 1 1 I v 1v 0
1 1 0 0 I v 0v 0
| 1 0 1 1 v 1v 0
1 1 1 0 v v 0
1 1 1 1 1 X 1 X 1

This property is taken to eliminate one of the
three output bits in 4-2 compressor. To maintain
minimal error difference as one, the output “100" (the
value of 4) for four inputs being one has to be replaced
with outputs “11" (the value of 3). For Sum
computation, one out of three XOR gates is replaced
with OR gate. Also, to make the Sum corresponding to
the case where all inputs are ones as one, an additional
circuit x1 - x2 - x3 - x4 is added to the Sum expression.
This results in error in five out of 16 cases. Carr y is
simplified as in (4). The corresponding truth table is
given in Table IV

Wl =x1-x2
W2 =x3.-x4
Sum = (x1 G x2)+ (x3Hx4) + W1 - W2
Carry = W1+ W2, (4)

Fig. 2 shows the reduction of altered partial
product matrix of 8 x 8 approximate multiplier. It
requires two stages to produce sum and carry outputs
for vector merge addition step. Four 2-input OR gates,
four 3-input OR gates, and one 4-input OR gates are
required for the reduction of generate signals from
columns 3 to 11. The resultant signals of OR gates are
labeled as Gi corresponding to the column i with
weight 2i . For reducing other partial products, 3
approximate half-adders, 3 approximate full-adders,
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and 3 approximate compressors are required in the first
stage to produce Sum and Carr y signals, Si and Ci
corresponding to column i. The elements in the second
stage are reduced using 1 approximate half-adder and
11 approximate full-adders producing final two
operands xi and yi to be fed to ripple carry adder for
the final computation of the result.
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Fig. 2: Reduction of altered partial products.

C. Two Variants of Multipliers

Two variants of multipliers are proposed. In
the first case (Multiplierl), approximation is applied in
all columns of partial products of n-bit multiplier,
whereas in Multiplier2, approximate circuits are used
in n — 1 least significant columns.

III. RESULTS AND DISCUSSION

Each unpleasant multiplier are expected for n
= 16. The multipliers are realized in Verilog and
consolidated using Synopsys Design Compiler and a
TSMC 65 nm standard cell library at the consistent
strategy corner, with temperature 25 °C and supply
voltage 1 V. From the Synopsys dc reports, we get
area, delay, dynamic power and spillage control.
Multiplierl applies estimation in all fragments, while
in Multiplier2, figure is associated in 15 least vital
portions in the midst of partial thing diminish. For the
proposed multipliers, the changed fragmented things
are made and compacted using half-snake, full-snake,
and 4-2 compressor structures to outline last two lines
of fragmentary things. The profitability of the proposed
multipliers is differentiated and existing unpleasant
multipliers [5]- [8].

Off base compressor diagram 2 of [5] is used
to design compressor based multipliers ACM1, where
all portions are approximated and ACM2, where only
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15 least colossal areas are approximated. SSM [6] for
m = 12 and n = 16 is proposed for execution. PPP
design discussed in [7] for j = 2, k = 2 is delineated and
executed under Dadda tree structure. In [8], the
midway thing structure of 16-bit under arranged
multiplier (UDM) includes vague 2 x 2 fragmentary
things gathered together with revise pass on save
adders. Careful bungle examination of the induced
multipliers is done using MATLAB.

Rectify 16-bit multiplier is sketched out using
Dadda tree structure. Table V considers all blueprints
far as zone, delay, control, control defer thing (PDP),
and district control thing (APP). NED and MRE of the
estimated multipliers are recorded in Table VI. If high
estimation can be persisted for saving more power,
Multiplier] and ACMI1 are the contender to be
considered. It can be seen that Multiplier]l has better
APP, however ACMI1 has better PDP. In any case,
Multiplierl has 64% lower NED and three solicitations
of degree cut down MRE, appeared differently in
relation to ACMI1. It should be seen that high
estimations of MRE for ACMs are relied upon to
nonzero yield for commitments with each of the zeros.

TABLE V
SYNTHESIS RESULTS OF EXACT, EXISTING,

AND PROPOSED APPROXIMATE MULTIPLIERS

Multipler | Area | Delay | Power | PDP APP
Type | (um?) | (ms) | W) | (FD) | (um? - pW)i10%)
Exact 4859.28 | 0.68 | 177649 | 1208.01 §6.32
Multiplier] | 215856 | 047 | 50315 | 23648 10.86
Multiplier2 | 331920 | 0.66 | 1102.03 | 727.34 36.57
ACMI 3] | 287172 | 04 | 43531 | 17412 12,50
ACM2 [5] | 378216 | 063 | 1250.70 | 787.94 4730
SSM 6] | 395388 | 069 | 122529 | 84545 48.44
PPP[7] | 454752 | 0.64 | 1570.79 | 100531 7143
UDM [8] | 3938.00 | 0.67 | 131831 | 88340 3192

ERROR METRICS FOR 16-bit MULTIPLIER
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Mean Normalized
Multiplier Relative Error
Error Distance
Multiplier] | 7.63x10°% | 1.78x10~2
Multiplier2 | 2.44 x10~% | 7.10x 107"
ACMI1 [7] 16.6 4.96x10~2
ACM2 [7] | 2.30x1077 | 6.36x107°
SSM (8] | 6.34x10~% | 1.07x10~"
PPP [9] BO8x 10~ | 4581077
UDM [10] | 3.32x107% | 1.39x10~~

Multiplier2 offers 32% area savings and 38%
power savings, over the exact multiplier. ACM2
provides 22% and 30% area and power savings,
respectively. SSM has 19% area and 31% power
savings over accurate multiplier. Perforated multiplier
has 6% and 12% area and power savings, respectively.
UDM provides 19% and 26% area and power savings.
Multiplier2 has one order of lower MRE than ACM2,
two orders of lower MRE than UDM, 73% lower MRE
than PPP, and 62% lower MRE than SSM. NED of
Multiplier2 outperforms all approximate multipliers
except ACM2. ACM2 exhibits 10% lower NED than
Multiplier2.

Multiplier2 produces large ED relative to
ACM2. However, MRE indicates that
Multiplier2 has smaller relative error values. Table VII
gives a comprehensive comparison of approximate
multipliers to get an idea of tradeoff between design
metrics and error metrics.

lower
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TABLE VII
RANKING OF APPROXIMATE MULTIPLIERS IN
TERMS OF DESIGN AND ERROR METRICS

Approximate
Muliipkier | AFF | PPP ) \pp | MRE
Gain | Gain
Type

Multiplier] 1 2 O O
Multiplier2 3 3 2 1
ACMI [5] 2 | 7 7
ACM2 [3] 4 4 1 4
SSM [6] 3 5 i 2
PPF [7] 7 7 3 3
UDM [3] ] 6 3 5

Multiplierl  delivers the lowest APP;

Multiplier2 delivers the lowest MRE value. Overall,
Multiplier2 has better PDP, APP, and MRE over
ACM2, SSM, perforated multiplier, and UDM, with
lower NED in most cases as well. For applications
where high power savings are desired with more error
tolerance, Multiplierl can be used. For moderate power
savings with better performance, Multiplier2 is
suggested. MRE distribution of 16-bit versions of
Multiplier]l and Multiplier2 is shown in Fig. 3.

———
-_—
3
—
-
—
werage WAE (3

nnnnn ]

{a) ()
Fig. 3: MRE distribution of (a) Multiplier1 and (b)
Multiplier2.

All possible outputs ranging from 0 to 65535
are categorized into 255 intervals. MRE of Multiplier2
is significantly low at higher product values, as exact
units are used in most significant part of the multiplier.

IV. APPLICATION IN IMAGE PROCESSING

Geometric mean channel is broadly utilized as
a part of picture handling to diminish Gaussian clamor
[13]. The geometric mean channel is preferred at
saving edge includes over the number juggling mean
channel. Two 16-bits per pixel dark scale pictures with
Gaussian commotion are considered. 3 x 3 mean
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channel is utilized, where every pixel of boisterous
picture is supplanted with geometric mean of 3 x 3
piece of neighboring pixels revolved around it. The
calculations are coded and actualized in MATLAB.
Correct and estimated 16-bit multipliers are utilized to
perform duplication between 16-bit pixels. PSNR is
utilized as figure of legitimacy to evaluate the nature of
inexact multipliers. PSNR depends on mean-square
mistake found between coming about picture of correct
multiplier and the pictures created from rough
multipliers. Vitality required by correct and surmised
duplication process while performing geometric mean
sifting of the pictures is discovered utilizing Synopsys
Primetime. Further, correct multiplier is voltage scaled
from 1 to 0.85 V (VOS), and its effect on vitality
utilization and picture quality is registered. The loud
info picture and resultant picture in the wake of
denoising utilizing careful and rough multipliers, with
their individual PSNRs and vitality reserve funds in pJ
are appeared in Figs. 4 and 5, separately.

(b) (c) 37.7, 1.90 (d) 87.6, 1.04 (e) 16.1, 2.06

(f) 43.0, 0.96 (g) 81.3, 0.45 (h) 73.3, 0.50 (i) 38.8, 0.43 (j) 38.05, 0.76

Fig. 4: (a) Input image-1 with Gaussian noise.
Geometric mean filtered images and corresponding
PSNR and energy savings in pJ using (b) exact
multiplier, (c) Multiplier1, (d) Multiplier2, (e)
ACML1, (f) ACM2, (g) SSM, (h) PPP, (i) UDM, and
(j) VOS.

E E E i

(a) (b) (c) 36.6, 238 (d) 95.1, 1.21 (e) 23.0, 2.56

(f) 51.1, 110 (g) 79.7, 0.74 (h) 83.7, 0.58 (1) 37.5, 0.68 (j) 37.34, 0.94

Fig. 5: (a) Input image-2 with Gaussian noise.
Geometric mean filtered images and corresponding
PSNR and energy savings in pJ using (b) exact
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multiplier, (c) Multiplier1, (d) Multiplier2, (e)
ACML1, (f) ACM2, (g) SSM, (h) PPP, (i) UDM, and
(j) VOS.

Energy required for exact multiplication
process for image-1 and image-2 is 3.24 and 2.62 uJ ,
respectively. Although ACMI1 has better energy
savings compared to Multiplierl, Multiplierl has
significantly higher PSNR than ACMI1. Multiplier2
shows the best PSNR among all the approximate
designs. Multiplier2 has better energy savings,
compared to ACM2, PPP, SSM, UDM, and VOS. The
intensity of image-1 being mostly on the lower end of
the histogram causes poor performance of ACM
multipliers. As the switching activity impacts most
significant part of the design in VOS, PSNR values are
affected.

V. CONCLUSION

In this brief, to propose proficient inexact
multipliers, fractional results of the multiplier are
altered utilizing create and spread signs. Gauge is
associated using essential OR entryway for changed
make midway things. Estimated half-adder, full- adder,
and 4-2 compressor are proposed to reduce remaining
partial things. Two varieties of harsh multipliers are
proposed, where estimation is associated in all n bits in
Multiplier] and just in n — 1 smallest enormous part in
Multiplier2. Multiplier] and Multiplier2 = fulfill
essential diminishment in range and power use
differentiated and amend diagrams. With APP stores
being 87% and 58% for Multiplier] and Multiplier2 in
regards to unmistakable multipliers, they furthermore
outmaneuver MPEG Compression Scheme in APP in
examination with existing harsh plans. They are in like
manner found to have better exactness when stood out
from existing estimated multiplier plots. The proposed
multiplier designs can be used as a piece of
employments with insignificant disaster in yield quality
while saving critical impact and region.
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