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Problem Formulation

..allocate bits and power over the subchannels

N
minimize: P Z
i=1

subject to : Zb =

target
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0<bh <bh
Pel"l"Ol" < Pel"l"Ol"

max

Optimum Discrete Solutions
< Greedy Bit-Filling or Bit-Removal
(Levin-Campello)

Sub-Optimum Non-Discrete

Solutions
< Direct or Look-Up Table methods

based on Langrange Multipliers
(Waterfilling)

------- System constraints
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New Approach
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Initial Bit-Allocation (1)
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Initial Bit-Allocation (2)

...loop’s characteristic bit profile: ...Initial bit profile:
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Intermediate & Final Bit-Allocation

( REMOVE )

Multiple bits removal: I
...approach target rate with Determine / = {i : b, >0} and

no more than a single bit calculate N* the population of /
difference per subchannel

\i
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Calculate @ =| ———=
N

/

b =b—-a,icl

Greedy
bit-removal for
at most N bits

/

Decrease by one the B— B, ,, most

N
Calculate B=> max{0,b,}

power expensive subchannels in / &

yes no

target

allocation steps |

Most computationally
expensive part of the
algorithm

{  Final bit i

C Terminate )
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Intermediate & Final Bit-Allocation

Multiple bits addition: C)ADD
v
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ADSL Test-loops

Crosstalk Disturbers
Test | Margin
estloops (dB) ADSL HDSL ISDN T1 (adj.)
FEXT NEXT NEXT NEXT
T1.601 #7 6 - - 24 -
T1.601 #13 6 - - 24 -
CSA #4 6 24 - 24 -
CSA #6 6 - 20 - -
CSA #7 6 10 - 10 -
mid-CSA 3 - - 24 10

ANSI T1.417-1995
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Numerical Results

Algorithm’s bit-allocation phases

ANSI T1.413-1995 | Target rate

ADSL test loops | (bits/symbol) Initial Intermediate Final

Total rate (bits/symbol) | Multiple allocations | Remaining bits

10% 151 3 6
CSA #6 50% 754 992 1 16
90% 1357 1 118
of loop’s T
maximum rate

ANSI T1.413-1995| Target rate Execution time (msec) Improvement factor
ADSL test loops | (bits/symbol)| pit-filling | bit-removal | NEW algorithm | bit-filling | bit-removal
151 24.84 132.82 18.07 1.37 7.35
CSA #6 754 80.12 82.88 20.47 3.91 4.05
4 1357 133.24 29.63 28.60 4.66 1.04

Loop: 9 kft, 26 AWG
Noise: 20 HDSL NEXT+AWGN
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Numerical Results

Algorithm’s bit-allocation phases
AANII?IS-II_-leélsl ?02)225 (;?Sr?seytr;iﬁ) Initial Intermediate Final
Total rate (bits/symbol) [ Multiple allocations Remaining bits
10% 45 3 5
T1.601 #7 50% 223 374 1 31
90% 401 0 27
59 2 28
T1.601 #13 297 526 1 83
534 0 8
171 1 65
CSA #4 856 786 0 70
1540 1 13
151 3 6
CSA #6 754 992 1 16
1357 1 118
178 2 118
CSA #7 889 1132 1 4
1600 1 221
185 2 38
mid-CSA 924 601 2 96
1662 2 7
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Numerical Results

ANSI T1.413-1995 | Target rate Execution time (msec) Improvement factor

ADSL test loops | (bits/symbol) | pit-filling | bit-removal | NEW algorithm | bit-filling | bit-removal

10% 45 12.75 39.76 14.24 0.90 2.80

T1.601 #7 50% 223 29.05 27.67 16.85 1.72 1.64

90% 401 43.14 14.33 15.72 2.74 0.91

59 14.58 51.84 16.17 0.90 3.20

T1.601 #13 297 36.34 35.13 21.28 1.71 1.65

534 55.53 16.63 15.20 3.65 1.09

171 25.60 151.78 29.10 0.91 5.21

CSA #4 856 89.41 94.54 25.11 3.56 3.76

1540 150.69 31.50 20.30 7.42 1.55

151 24.84 132.82 18.07 1.37 7.35

CSA #6 754 80.12 82.88 20.47 3.91 4.05

1357 133.24 29.63 28.60 4.66 1.04

178 27.27 154.48 25.08 1.08 6.16

CSA #7 889 92.55 98.94 20.06 4.61 4.93

1600 156.53 32.27 34.63 4.52 0.93

185 27.94 151.09 18.75 1.50 8.06

mid-CSA 924 95.83 95.72 24.96 3.84 3.84

1662 165.10 33.06 22.22 7.43 1.49
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Performance Improvement (1)

Improvement factor

Target-rate (Mbps)
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Performance Improvement (2)
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Performance Improvement ()
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Conclusions

A new computationally efficient bit-loading algorithm for the
margin maximization problem in DMT systems was presented.

Main features:

> Exploit the loop’s characteristic bit-profile based on the
subchannel gain-to-noise ratio values

> Straightforward calculation of initial bit-allocation

> Multiple bits removal or addition process that converges fast
to the final optimum bit distribution

> Greedy bit-filling or bit-removal steps for at most N bits
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