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ABSTRACT

The novel Software Defined Radio (SDR) technology allows
taking the next step in the evolution of military tactical
communications. SDRs allow military radio operators to
change waveforms on-the-fly according to the mission needs.
On the one hand, new wideband networking waveforms will
offer new services like high data throughputs and MANET
capabilities. On the other hand, legacy waveforms will ensure
interoperability to legacy equipment in missions where both
types of radios are deployed at the same time.

In this paper, we analyze if an added value can be provided to
the operators at SDRs hosting an ‘enhanced’ legacy waveform.
This enhancement shall be introduced such that interoperabi-
lity to the legacy equipment is still guaranteed.

We show that higher error robustness can be realized if the
modern concepts of Hierarchical Modulations and Incremental
Redundancy are applied in the porting process of legacy
waveforms to SDRs. The modulation scheme of the legacy
waveform acts as the base-layer in the hierarchical modulation
scheme ensuring interoperability to legacy equipment, while
additional error protection information is transmitted between
SDRs on some extra enhancement-layers.

1. INTRODUCTION

The capabilities of military tactical communications will
considerably be enhanced by fielding the future modern
Software Defined Radio (SDR) technology. Besides many
other advantages of SDR technology, one key benefit is that
SDRs allow loading different types of waveforms as so-
called Waveform Applications (WFA) according to the
mission needs. Thanks to the extended computational
resources SDRs will allow hosting modern WFAs with, e.g.,
wideband networking capabilities. Such  Wideband
Networking Waveforms (WNW) will typically set the most
demanding constraints for the design of high capable
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heterogeneous SDR platforms. However, whenever legacy
WFAs with less computational demands are deployed on
SDRs, most of the computational capacities remain unused.
In this paper, we will discuss an approach to beneficially use
these spare resources by applying advanced signal
processing algorithms.

The key motivation for our analysis is that it can be
anticipated that SDR technology will not replace legacy
radios all at once. SDRs will most probably be introduced in
a step-by-step process to military forces. There will be a
significant period of time where legacy radios and modern
SDRs hosting the ported legacy WFA will be deployed at
the same time in the same mission. Porting in this context
means that the waveform functionality which is known from
the legacy radio is implemented as a piece of software which
runs on the SDR platform. This piece of software is called
Waveform Application (WFA). Usually, in order to
guarantee interoperability the known functionality of the
legacy radios is reproduced one-to-one as WFA for SDRs.

However, we have already proposed in [1] and [2], that it
might be beneficial to apply modern advancements in digital
signal processing in the WFA representation of the legacy
system. Of course, these new algorithms may not have any
adverse effect on the interoperability on the air interface.

In order to guarantee interoperability, in our analysis
presented in [1], we focused on modifications to the receiver
side only. With this, the key objective has been to offer the
operator at the receiving SDR an added value if compared to
the operator at the legacy radio thanks to the more
sophisticated receiver signal processing. Such a benefit
might be made available, e.g., in a reduced bit error rate or
an extended communication range. In [1], we have applied
the concept of Bit Interleaved Coded Modulation with
Iterative Decoding (BICM-ID) [3][4] to the receiver using
some MIL-STD188-110B-like waveform modes [5] as an
example. It has been shown that some gains are achievable,
but unfortunately that these gains have to be considered as
negligibly small if the concept of BICM-ID is directly
applied to the standardized configuration settings. It has also
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been shown that substantial gains can be realized if a change
of a single line of software code at the transmitter is
tolerable. Of course, this would violate the key requirement
to guarantee interoperability to legacy radios.

In [2], we have extended these considerations to a system
where changes in the transmitting end do not necessarily
result in a loss of interoperability. For this purpose, we have
analyzed the concept of Hierarchical Modulation [7] [8].
Using the known configuration settings from the legacy
waveform as a base-layer in the hierarchical modulation
scheme, allows ensuring interoperability between legacy
radios and SDRs. Thanks to some extra enhancement-layers
in the hierarchical modulation scheme additional data
becomes transferable within an SDR-to-SDR communi-
cation link. This additional data budget can either be used to
increase the data rate resp. throughput or to increase error
robustness (and with this communication range). In [2], we
have focused on the first case.

The present paper can be considered as a complementing
paper to [2]. We will analyze the second case in detail. As a
novelty, we will consider the concept of Incremental
Redundancy to increase error robustness [9]. Typically, this
concept is used in Hybrid Automatic Repeat Request
(HARQ) schemes. Whenever a retransmission of data
becomes necessary extra error protection information, which
is different from the original transmission, will be send. In
the present paper those (re)transmission shall happen
inherently by exploiting the enhancement-layers of the
hierarchical modulation scheme.

This paper is structured as follows. In Section 1l we will
review the idea of Hierarchical Modulation in the context of
legacy waveforms on SDRs [2]. In Section Il we will
describe the proposed simulation environment taking into
account both concepts, Hierarchical Modulation and
Incremental Redundancy. Some simulations results will be
presented in Section IV. In Section V, we will present a
convergence analysis using EXIT charts [12]. We will
finally conclude our findings in Section VI.

2. HIERACHICAL MODULATION IN THE
CONTEXT OF LEGACY WAVEFORMS ON SDRS

Hierarchical Modulation allows multiplexing and modu-
lating multiple streams of user data to a single stream of
modulation symbols. It is sometimes also referred to as
Layered Modulation because one of the input data streams
determines the base-layer symbols and the other input data
streams determine the extra enhancement-layer symbols.

One prominent practical implementation of Hierarchical
Modulation can be found in Digital Video Broadcasting
(DVB) [8] where the base-layer carries information of a
robust, but typically low-resolution video stream. Extra
enhancement-layers, which might only be decodable by
receivers under good channel conditions, allow to increase
the resolution and therewith the quality of the video.

As originally introduced in [2], our basic idea is to apply a
similar technique in the porting process of legacy waveforms
to modern software defined radios. In the ported counterpart
of the legacy waveform, the information of the legacy
waveform  represents the base-layer guaranteeing
interoperability. On top of that the operators at SDRs can
transmit additional data using the extra enhancement-layers.

In [2] we have exploited this extra bit budget to transmit
more user data and with this to increase the user’s data
throughput. In contrast, in the present paper we exploit it to
increase the error robustness (and with this to increase
communication range).

2.1 Example Base-Layer and Enhancement-Layers

To simplify matters, in the following we restrict our
considerations to a comprehensible example using an 8-PSK
signal constellation as base-layer. Such a digital modulation
scheme is widely used in a couple of present military tactical
communication schemes like in NATO STANAG 4285 [6]
or MIL-STD188-110B Appendix C [5]. The extension of
our considerations to other digital modulation schemes is
straightforward.
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Figure 1: Different Signal Constellation Sets [2] with exemplary symbol labels; left: 8-PSK base-layer,
center: 8-PSK base-layer plus 4-ASK enhancement layer (star); right: 8-PSK base-layer plus 4-QAM enhancement layer (diamonds)
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The left part of Figure 1 shows an 8-PSK signal
constellation set with a classic Gray labeling for the
individual symbols. This set shall serve as the base-layer for
our hierarchical modulation schemes. Note, in this simple
example, the base-layer carries information solely in its
phase.

In order to provide an add-on to the operators at SDRs we
are aiming for transmitting some additional data in so-called
enhancement-layers. Two examples (taken from [2]) are
shown in the center and in the right part of Figure 1.

In the first example, we apply a 4-ASK enhancement-layer
as an overlay to the 8-PSK base-layer. This results in an
overall 32-QAM scheme which would allow the operator at
the SDR to transmit two additional bits. Simply speaking,
the base-layer selects one of the eight sectors in the 1/Q-
plane (inphase/quadrature) while the enhancement-layer
selects one out of four magnitudes in each sector. Later on,
this scheme will also be referred to as “star-shaped” 32-
QAM scheme.

In the second example (shown on the right of Figure 1) we
again apply an enhancement-layer with 4 signal
constellation points to the 8-PSK base-layer. However,
inspired by [7] the slightly different placing of signal
constellation points allows exploiting the 1/Q-plane more
effectively. In the rest of this paper, this scheme will be
called “diamond-shaped” 32-QAM scheme.

2.2 Rules for Designing the Enhancement-Layers

The details for the optimal placing of signal constellation
points have been derived in [2] for both 32-QAM schemes.
The design rules for the enhancement-layer are:

e The mean energy Es required per modulation symbol
shall be the same for the original 8-PSK scheme and

the extended star- resp. diamond-shaped 32-QAM.

The Euclidean distance between any pair of signal
constellation points shall be such that not a single pair
exists which reveals a dedicated bottleneck with
respect to the Bit Error Rate (BER) performance.

The symbol labels shall be optimized in view of a
receiver using the concept of Bit-Interleaved Coded
Modulation with Iterative Decoding (BICM-ID) [3][4].

The first two design rules are related to the placing of signal
constellation points in the 1/Q-plane while the third design
rule is dedicated to the labeling. Both aspects had been
optimized separately from each other in [2].

2.3 Optimal Placing of Signal Constellation Points

We have shown in [2] that the optimal radii for the signal
constellation points fulfilling the first two design rules are

r;*=0.432499
r,*=0.763499
r;*=1.094499
r,*=1.425499

— with a* = 0.331 1)
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for the star-shaped 32-QAM scheme and

r,’=0.5098
r,'=r;’=1.0001
r,’=1.31878

— with o = 0.3902 (2)

for the diamond-shaped 32-QAM scheme. The terms o*
resp. o’ determine the minimum Euclidean distance between
any combination of two signal constellation points. Notice,
the minimum Euclidean distance o’ in the diamond-shaped
32-QAM scheme is slightly higher than a* for the star-
shaped 32-QAM scheme. This might offer a potential for a
higher performance as it will be discussed in more detail in
Section 1V. (Remark: o = 0.7654 for the 8-PSK scheme.)

2.4 Optimal Labels for Signal Constellation Points

The symbol labels for both 32-QAM schemes have been
chosen such that a receiver design based on the BICM-ID
concept is optimally supported.

The concept of BICM-ID was first described in [3] and is
based on a serial concatenation of a Forward Error
Correction (FEC) component, a bit-level interleaver and a
digital modulation scheme. On the receiving end, there is a
feedback loop between the BCJR-decoder [11] and the
demodulator. So-called Extrinsic Information generated by
the BCJR-decoder is interleaved and then fed back to the
demodulator as additional a priori information for the
received channel symbols.

It has already been shown in [4] that the BICM-ID concept
is optimally supported if a so-called Semi Set Partitioning
(SSP) symbol labeling is applied. For a given signal constel-
lation the SSP mapping ensures that the so-called Harmonic
Mean dy [4] is maximized. Table | shows the Harmonic
Means for all signal constellations under consideration in
this paper. The corresponding optimal symbol labelings can
be found in Figure 1.

TABLE 1. HARMONIC MEANS FOR DIFFERENT
SIGNAL CONSTELLATION SETS
. . Harmonic
Signal Constellation Set Mean i,
= 8-PSK (Gray) 0.809
[}
'é % Star-shaped 32-QAM 0.470
[5)
= Diamond-shaped 32 QAM 0.403
- 8-PSK (SSP) 2.877
<o
FE @ | Star-shaped 32-QAM 2.501
~ | Diamond-shaped 32 QAM 2.520

Notice, if we would have been totally free in designing the
symbol labeling the maximum achievable values are given in
the lower part of Table | (marked as free-running SSP). It
can be seen that, besides the better «’ > a* mentioned above,



Proceedings of SDR-WInnComm 2013, Copyright © 2013 Wireless Innovation Forum All Rights Reserved

Enhancement-Layer

1
| FECy, |

A 4

1
| FECy |

Multiplexer

Y

De-Multiplexer

Base-Layer

-1 o
5 Ter »
) I —
; o
= =l 43
.
bo-1 = 5 4258 ol =t 2
S = 7 — = o
—p z — = 2
I N R
AT1= BLT E
4 “JE = =
= B
a

Figure 2: Block diagram of simulation environment with base-layer and enhancement-layer signal processing

the diamond-shaped 32-QAM also offers a slightly higher
Harmonic Mean dy if compared to the star-shaped 32-
QAM. A comparison to the optimal dy for the 8-PSK
constellation with a free-running SSP is not fair because due
to the higher number of signal constellation points in the 32-
QAM schemes, the Euclidean distances (which are taken
into account by the Harmonic Mean) are typically smaller.

However, since we have to ensure interoperability to legacy
radios we are not totally free in the design of the symbol
labeling. We have to take into account the labeling of the
original 8-PSK scheme. For instance, in case of the 4.8 kbps
mode of MIL-STD188-110B Appendix C [5] the original
labeling is given by a Gray labeling (see left part of Fig. 1).

When designing the labels for the 32-QAM schemes we
have to make sure that the labels of the base-layer are part
of the overall labels. For the given example considered here
that means that the Gray labeling of the 8-PSK scheme
determines the three leftmost bits in the overall five bit long
labels for the 32-QAM schemes. Taking this restriction into
account yields the Harmonic Mean values mentioned in the
upper part of Table 1. Obviously, the restriction results in
significantly smaller Harmonic Mean dy values if compared
to the free-running optimization approach. Consequently, the
attainable performance gains will be significantly smaller.
Surprisingly, the restricted Harmonic Mean dy -0.470 for
the star-shaped 32-QAM scheme is higher than dy’-0.403
for the diamond-shaped 32-QAM scheme.

3. SIMULATION ENVIRONMENT

In the following, the pros and cons of considering the
concepts of Hierarchical Modulation and Incremental
Redundancy in the porting process of legacy waveforms to
SDRs shall be analyzed using a simulation example. For this
purpose we use a simulation environment as shown in Fig. 2.
The base-layer (i.e., the legacy system) shall resemble the
4.8 kbps mode of MIL-STD188-110B Appendix C [5].

3.1 Legacy Transmitter resp. Base-Layer only

In the 4.8 kbps mode of MIL-STD188-110B Appendix C [5]
the input data is at first encoded by a rate R=1/2, constraint
length L=7 convolutional mother code with generator
polynomial G={133,171}s . The codewords are punctured to

Ry=3/4 using the puncturing pattern (1,1; 1,0; 0,1).

The punctured codewords are block interleaved using one
out of several possible interleaver sizes. The interleaver size
is mainly determined by the maximum acceptable delay on
the communication link and it must be a multiple i of 768
bits (with i=1,3,9,18,36,72).

In contrast to the original 4.8 kbps mode of MIL-STD188-
110B Appendix C [5] in this paper we neglect aspects like
scrambling or synchronization. We focus on an interleaver
size of 6912 only, i.e. i=9. Instead of a full tail-biting
convolutional code we use a terminated convolutional code.
Anyhow, we assume that none of these modifications has a
major impact on the relevance of our findings for an
established real-world legacy system.

3.2 Combination of Base-Layer and Enhancement-Layer

Thanks to the hierarchical modulation scheme with the
signal constellation sets shown in the center and on the right
of Figure 1, the enhancement-layer allows transmitting 2
extra bits per symbol.

In contrast to [2], in the present paper this spare bit budget is
not utilized for transmitting extra user data (e.g. to improve
user’s data throughput), but it is used for extra error
protection information (reducing the bit error rate can
typically also be interpreted as extending communication
range). This extra error protection information shall be
chosen such that the constraints of Incremental Redundancy
are fulfilled [9] [10]. That means, parity check information
which is different from the one of the base-layer shall be
transmitted on the enhancement-layer.

The extra error protection information on the enhancement-
layer is interleaved separately from the base-layer by a so-
called S-random interleaver of size 4608 (which is 2/3 of the
interleaver size on the base-layer, i.e. 2/3 of 6912). This
extra error protection information results from a powerful
rate R=1/3, constraint length L=7 convolutional mother
code with generator polynomial G={133,171,165}s.

Notice, if we apply a puncturing pattern of (1,1,0; 1,0,0;
0,1,0) to the R=1/3 code we get the same R,=3/4 code as
given in the 4.8 kbps mode of MIL-STD188-110B
Appendix C. Thus, this puncturing pattern is applied for the
bit stream provided to the base-layer processing steps. In
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addition, we apply the puncturing pattern of (0,0,0; 0,1,0;
1,0,1; 0,0,0; 0,1,0; 1,0,0; 0,0,1; 0,1,0; 1,0,0) to the R=1/3
code to get some incremental redundancy to the base-layer
information which is transmitted on the enhancement-layer.
The overall forward error correction scheme has an effective
rate of R=9/20 which comes close to the original rate
R=1/2 mother code.

Remember, the error correction capabilities of convolutional
codes are determined by the minimum free distance dfe.
The minimum free distance of the original R=1/2 mother
code with G={133,171}g is dfe=10. Due to puncturing to
Ry=3/4 it had been decreased to die.=5. The rate R=1/3
code with G={133,171,165}3 has a dse=15. Note, with
respect to our design of the puncturing patterns, we can
expect that the effective R,z=9/20 code under consideration
in our hierarchical modulation scheme will offer a minimum
free distance of df¢>10, but smaller than dge.<15.

3.3 Transmission Channel and Receiver Processing

As transmission channel serves an Additive White Gaussian
Noise (AWGN) channel with known Eg/No where Eg
determines the energy per modulation symbol and Ng the
power spectral density of the AWGN. At the receiving end
of our simulation chain we apply the concept of BICM-ID
jointly to both, the base-layer and the enhancement-layer.
Note, the demodulation as well as the BCJR-decoding [11]
are illustrated as one block each in Figure 2. Only the
communication between both blocks is realized separately
due to the two interleavers. Of course, both interleavers of
sizes 6912 and 4608 can also be combined to a single
interleaver of effective size 11520.

The behavior of a legacy radio is inherently included by
decoding the base-layer without any BICM-ID iteration
(i.e., no feedback loop in Figure 2).

4. SIMULATION RESULTS

Figure 3 shows some exemplary simulation result where we
use the effective rate R.+=9/20 code in combination with
both the 32-QAM schemes. The performance of the legacy
system with the R=3/4 code and the 8-PSK signal
constellation set is shown in black as a reference.

The simulation results in Figure 3 show that thanks to the
stronger error protection scheme an added value in terms of
higher robustness (and with this, typically an extended
communication range) can be provided to the SDR operator.
A single iteration is sufficient to provide a gain if compared
to the legacy 8-PSK scheme. After 5 Iterations gains of more
than 3 dB in Es/Ng can be realized. The additional gains for
higher numbers of iterations become negligibly small.

Surprisingly, the performances for both 32-QAM schemes
are quite similar. The sharp bend in the BER curves at an
Es/No of approximately 7 dB is due to the bound given in
case of errorfree feedback (error floor). This error floor is
slightly better for the star-shaped 32-QAM scheme because
the restricted Harmonic Mean d. -0.470 was higher than
dy;’-0.403 for the diamond-shaped 32-QAM scheme.

Generally, a loss of up to 1.7 dB in Es/Ng has to be accepted
if no iterations are carried out. From that we can conclude
that the concepts of Hierarchical Modulation and
Incremental Redundancy can only be beneficially applied in
the porting process of legacy waveforms if at the same time
the BICM-ID concept is realized at the receiving end.

The simulation results shown in Figure 3 reveal that a gain
can be realized in SDR-to-SDR communication links.
However, as already analyzed in detail in [2], a loss has
generally to be tolerated in mixed scenarios, i.e. SDR-to-
Legacy- resp. Legacy-to-SDR communication links. The
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Figure 3: BER performance of robust SDR schemes transmitting extra error protection information on the enhancement-layer
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loss is roughly the same as the gain which we can achieve on
the SDR-to-SDR communication links.

Thus, realizing all the concepts proposed in this paper in the
porting process of legacy waveforms to SDRs becomes
relevant when SDRs take the majority of radios being
fielded in the same mission.

5. EXIT CHART ANALYSIS

In order to predict the convergence behavior of iterative
processes like BICM-1D, a powerful method called Extrinsic
Information Transfer (EXIT) chart has been proposed in
[10]. In an EXIT chart, each constituent decoder is
represented by a so-called EXIT curve. The subplots in
Figure 4 show the EXIT curves for the rate R,=3/4 resp.
Rp=9/20 convolutional codes as well as the modulation
schemes (as depicted in Figure 1) for an Es/No = 7 dB.
These curves specify bounds for a so-called Decoding
Trajectory which illustrates the stepwise gains in extrinsic
information achievable by the iterations.

It can be seen that only the new 32-QAM schemes offer the
potential for gains in extrinsic information by the iterations.
The decoding tunnel for the Decoding Trajectory is open for
an Es/No = 7 dB. No extra gains can be achieved for the
original legacy system with the rate R,=3/4 convolutional
code and the 8-PSK modulation scheme with Gray labeling.
Thus, the EXIT chart analysis confirms the BER behavior of
the different schemes shown in Figure 3.

6. CONCLUSIONS

In this paper, we have analyzed if an added value can be
provided to SDR operators in scenarios where
interoperability to legacy systems is a must. For this
purpose, we have applied the concepts of Hierarchical
Modulations and Incremental Redundancy in the porting
process of legacy waveforms to SDRs. The original legacy
waveform is represented as the base-layer and the
enhancement-layer carries some extra error protection
information. We have shown by simulation that a higher
error robustness (and with this, typically a longer
communication range) can be realized by iterations.

1 1

7. REFERENCES

[1] J. Leduc, M. Adrat, M. Antweiler, H. Elders-Boll ,,Legacy

Waveforms on Software Defined Radios: Benefits of

Advanced Digital Signal Processing*, in Proc. of NATO RTO

Information Systems Technology Panel Symposium (IST -

092 / RSY - 022), Breslau (Poland), Sept. 2010.

M. Adrat, T. Osten, J. Leduc, M. Antweiler, H. Elders-Boll

“Legacy Waveforms on Software Defined Radio: Can

Hierarchical Modulation offer an Added Value to SDR

Operators?” accepted for presentation at Military

Communications and Information Systems Conference 2012

(MCC, former NATO RCMCIS), Gdansk (Poland), Oct. 2012

X. Li and J.A. Ritcey, “Bit Interleaved Coded Modulation

with Iterative Decoding”, IEEE Communications Letters,

pages 169-171, May 1998.

X. Li, A. Chindapol and J.A. Ritcey, “Bit-Interleaved Coded

Modulation with Iterative Decoding and 8-PSK Signalling”,

IEEE Transactions on Communications, pp. 1250-1257,

August 2002.

US. DoD Interface Standard

“Interoperability and Performance Standards

Modems”, App. B, April 2000.

NATO Military Agency for Standardization (MAS),

“STANAG 4285: Characteristics of 1200/2400/3600 Bits Per

Second Single Tone Modulators/Demodulators for HF Radio

Links”.

A. Seeger, "A new Signal Constellation for the Hierarchical

Transmission of Two equally sized data streams™ in Proc.

IEEE ISIT, page 169, Ulm, Germany, June 1997.

H. Jiang and P. Wilford, "A Hierarchical Modulation for

Upgrading Digital Broadcast Systems" IEEE Transactions on

Broadcasting, VVol. 51, pp. 223-229, 2005

S. Kallel, “Complementary punctured convolutional (CPC)

codes and their applications,” IEEE Trans. Commun., vol. 43,

pp. 20052009, June 1995

[10] C.F. Ball, K. Ivanov, P. Stockl, C. Masseroni, S. Parolari, R.
Trivisonno, “Link quality control benefits from a combined
incremental redundancy and link adaptation in EDGE
networks”, in Proc. of IEEE 59th Vehicular Technology
Conference, Milan (ltaly), May 2004.

[11] L. Bahl, J. Cocke, F. Jelinek, and J. Raviv, “Optimal decoding
of linear codes for minimizing symbol error rate”, IEEE
Transactions on Information Theory, vol. 20, no. 2, pp. 284-
287, 1974.

[12] S. ten Brink, “Convergence Behavior of Iteratively Decoded
Parallel Concatenated Codes,” IEEE Trans. Commun., vol.
49, no. 10, pp. 1727-1737, Oct. 2001

(2]

(3]

(4]

MIL-STD-188-110B
for Data

(5]

(6]

(7]

(8]

(9]

1

0.0l Dec¢oding Trajectory 0.9 EXIT curveistar-shaped o oL EXIT curve diamond-shaped
o8k (red) 08 32:QAM Modulation 08 324QAM Modulation
' ' at £/N, = 7dB (blue) ' at £/N, = 7dB (blue)
0.7 0.7 . s°o 07 : 4%
= - 0.6p-ATA EXITcurve | = ., Decading \ % oe Dec.o ding \
R 05/ 3-PSK Modulation |  §8 | Trajectory — 1 £, | Trajectory S
5y at E/N, = 7dB s | (red) op |G =
vz 04 biue) S5 04 / 3504
o3 EXIT curve = / 0 /
0.0} £p =34 Cony. Cod¢ 0.2 EXIT curve 0.2 EXIT curve
o (black o1 R,=9/20 Conv. Code o1 R,=9/20 Canv. Cade
' ' (black) ’ (black)
% 0.2 0.4 0.6 0.8 % 0.2 0.4 0.6 0.8 % 0.2 04 0.6 0.8
aprt t apri -i
Tom 9D USH Tom 96
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