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Background

Q This commit request (4p9 3) is identical to the previous 4p8 9
request. That request was deferred so that people would have an
opportunity to test the code changes and verify the output results.
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Purpose

d Improve COM runtime in MMSE_FOM

Q Since MMSE_FOM is the inner most piece of the optimization loops,
any small improvement can have drastic impact on overall runtime

A Observed up to 25% runtime improvement with these changes
e Actual improvement depends on many factors, but the 2 most impactful are:

1. Length of pulse response
2. RxFFE Floating taps
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Commit request: 3 changes to speed up MMSE FOM

Q MMSE.m: Remove trailing zeros from H

* The size reduction makes the Toeplitz and many operations in MMSE_FOM
faster

Q MMSE_FOM.m: Compute w transpose once instead of 3 times

Q MMSE_FOM.m: Reduce runtime of wbl calculation by using linear
algebra simplifications
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MMSE.m: Remove trailing zeros from H

QA If h has length less than num__ui, trailing zeros are added that have
no effect on computations used for H

Q MMSE_FOM.m contains a multiplication of H * transpose(H).
Reducing the size of H significantly speeds up this operation

v [ sre/MMSE.m [3

hel=[ h  zeros(1,Nw-1) ];

hrl=[ h{1) zeros(1l,Mw-1)}];

H=toeplitz(hcl,hrl);

if length(samp_idx) < num_ui &% lengthi{h) > Llength(samp_idx)+Nw

H = toeplitz(h(1l:1length(samp_idx)+Nw-1) hrl);
else

H = toeplitz(hcl,hrl);
end
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MMSE FOM.m: Compute w transpose 1 time

Q w transpose is used 3 times in the calculation of sigma_e

a Save time by pre-computing once

A This seems trivial, but this can easily reduce the number of
transposes called by millions.

111 sigma_e=sqgrt(sigma_X2#(w'*R*w+1+b'*b-2%w'*hD'-2%w'*Hbh"'*h));

w_tr = w';
sigma_e=sgrt(sigma_X2*(w_tr*Rew+1+b'*b-2%w_tr+xh@'-2%w_tr*Hb'*b));
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MMSE FOM.m: Reduce whbl runtlme

wbl= [ R -Hb' -h®

D The nature Of the Wbl h:b z;b ZT\[ha-- zb' ;1];
CaICUIatlon aIIOWS for Some ?Deedup,,.\'b,calculation =

if speedup_wb_calculation

linear algebra manipulations
that reduces the size of the
matrix inversion needed

Q See explanation on
following slides

Q It is important to keep the
original form of wbl s et 12/
documented since the final o el wl

simplification bears little et
resemblance to the original. o B e
wbl= [ R -Hb' -h@';...
r.\gb zib Z?{Eho zhl Al
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Wbl Explanation

d Represent wbl as inverse(X)*Y

d Divide X into 4 blocks which are
themselves matrices

d Ais NxN square matrix

O Cis 1xN

Q B is the negative transpose of C
(Nx1)
QD=0

A The zeros highlighted in red can
be vectors of zeros. Doesn’t
change any of the calculations.

Wp = X_ly

X = _Hb I O

hy O 0

Divide X into Blocks
4= [ R -—H} ]
—H, I

C =lhy O]

A Bl _[A —CT]
X‘c D_[C 0
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Wbl Explanation

1 Use the 3|0Ck matrix inversion Block Matrix Inversion Formulas (when A is invertible)
formulas for the case where A is S = (D - CA'B)'= (CA-1CT)~
invertible A1+ A"1BSCA™! —A1BS
* https://en.wikipedia.org/wiki/Block X = A1 S ]
matrix#lnversion
* Sis the inverse of the Schur Replace with B with -CT
complement
) i _ A 1 —A71cTscA™1 A7ICTsS
O The final form of the inverse of X X7t = [ oA S ]
is shown

d Note that S involves the
multiplication of (1xN)(NxN)(Nx1),
so it is scalar
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https://en.wikipedia.org/wiki/Block_matrix#Inversion
https://en.wikipedia.org/wiki/Block_matrix#Inversion

Wbl Explanation

hT
= |o]-[]
QY can be represented in terms 1
of transpose of C Wy, = X1y = [A‘ — A71CTSCAT A‘lcTS] [cT]
. —SCA™
Q Simplify wbl from
inverse(X)*Y . [A 1cT — A71CTSCA™ICT + A—lcTsl
, _ b —SCA™CT + 5§
d The final form of wbl is i o
L ATICT(I — SCA™ICT + 5)
significantly faster to calculate Whi = [ S( — CA~CT) ]

than the original form
e Usually 10-20% faster

Substitute S and replace Identity matrix with 1 since S is scalar

S = (CA~1cT)1

S AT CT(1 =SS+ 9) [A 1cTs
bt S(1-5"Y

A~tcT
Wy = [ 1]5

1—=
S
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Impact on Output

A The changes to H and wbl both cause minor deviations in the output
structure. Usually on the order of 1e-14

A The change to wbl will change numerical values since a different
matrix inversion is used.

a The change in output due to removing trailing zeros from H is
surprising. Matlab appears to have some special operations for
runtime improvement when multiplying a matrix by its transpose.
The output of the transpose multiplication is different even though

removing zeros should not change anything
* This is tiny numerical differences on the order of 1e-18
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Impact on Output

Field "FOM" is different

d Screenshot of results Ditrerence = 276350012

Field "sigma N" is different

Com pa rison Difference = 5.81574e-17

Field "channel operating margin dB" is different

° Only Showing 3 Sma” part Difference = -4.4408%92-15

Field "awvailable =signal after eg mW" is different

Of the report Difference = 1.18661le-12

Field "steady state woltage weg mV" is different

Difference = 9.10%16e-12

Field "Peak IS5 XTEKE and Noise interference at BER mW" is different
Difference = T7.56728e-13

Field "peak IST XTE interference at BER mV" is different
Difference = 4.82281e-13

Field "peak IS5 interference at BEERE mV" is different

Difference = 4.82281e-13

Field "equivalent ICT sigma assuming PDF is Gaussian mV" is different
Difference = 1.36113e-13

Field "SHE ISI XTE normalized 1 sigma" is different

Difference = —-3.55271e-15

Field "SHR_IST est" is different

Difference = -2.41585e-13

Field "DFE taps" is different

Difference = 9.74776e-14
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Runtime Comparison Example

A Showing runtime of lines that are relevant to the code update.
Q Original on the left. Update on the Right.

Q Total runtime for this example was 160 seconds vs. 120 seconds
a

Note: this is for about 400K calls to MMSE_FOM. That number can grow much larger with more EQ loops.

o.11 3975073 56 if param.N hg ~= 0 0o.11 397593 46 if param.N bg ~= 0
45.70 397593 57 H=H| :,[l:Nfix idx+param.BxFFE cmx+l ]); 28.87 397583 57 H=H{ :, [1:Nfix idx+param.BxFFE cmx+l ]):
0.04 397593 58 end 0.0z 3597383 58 end
% HH and B %% HH and E
75,47 3097503 60 HH= H'*H: le.81 387593 60 HH= H'*H:
B 3.08 397583 91 A =[R -Hb': -Hb ib]:
le.44 397593 73 whl= [ B -Hb' -h0';:... _
- i 0.6z 397593 93 C = [hO =bkb]:
397593 74 -Hx ik zb': -
- o.19 3897593 93 Ctc = C';
397593 75 ho =zb 0] [hO'; k' ;1]: - .
- L= 397593 o4 Z = A\CE;
4,82 397583 111 sigmwa e=sqrtisigma X2¥ (w' *R¥w+l+4h' *h-I*y' *hO'-Z*w' *Ho' *h) | ; 0.23 397593 139 w tr = w';
3.50 397593 140 sigma e=sqrtisigma XIZ¥ (w_tr*Brw+l+h' Yp-I%w trth0'-I%w_tr*Hb'*h));
< 0.01 3366 93 if length(samp idx) < num ui && length(h) > length(samp idx)+Nw
11.03 33EE 93 H=toeplitzihecl,hrl):; - . - . - .
% If length of h is less than nuw ui, can save a lot of time
% by trimming off the zeros at the end.
£.64 33E6E 96 H = tosplitzihil:length(samp idx)+Hilw-1), hrl);
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Changes to config

Q Changes to config
* None

A Changes to output
* Tiny numerical differences

d Download beta test code
e Beta Test: MMSE Speedup
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https://opensource.ieee.org/802-com/com_code/-/raw/MMSE_Speedup/release/com_ieee8023_4p9p1_beta_MMSE_Speedup_01.m?ref_type=heads&inline=false

Thank You!
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