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n ‘ = === simulation ‘
P(le] = w) ~ (w)pt(l -p)" . 5800 6,000 6,200

error weight |e]

Seems conservative but not precise!
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* Consider a =u-7 = ¥ jcqupp(u) zt-r(x)
® b; = # ones added in i-th position

® q;,=b; mod 2

* Xibi=lul-|r|

Proposed Approximation

Assume by, ..., b,_1 indep. hypergeometric,
let a; = bl mod 2:

P(|u-7’|:w)NP(Ziai|Zibi:|u|~|r|).
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A Second Look at the Error TI.ITI
* Consider a =u-7 = ¥ jcqupp(u) zt-r(x)
-2
® b; = # ones added in i-th position 10
® q;,=b; mod 2
>
® Zz bl - |u| ' |T| E 1074 L |
[\y]
: ; 8 y
Proposed Approximation s ’,,» ropased model
1076 |- binomial model N
Assume by, ..., b,_1 indep. hypergeometric, — - — - simulation
— h. . |
let a; = b; mod 2: 5800 6,000 6,200
P(lu-r|=w)~P (Zl a; | ). bi=ul- Ir[). error weight |e|

Impact on DFR estimation?

Sebastian Bitzer (TUM)



Tensor Product Code in HQC

1. Encode outer RS code
2. Encode inner RM code
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Simple DFR analysis under independence assumption v/
But what about the proposed model?
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Notation:
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DFR Analysis

Notation:
® X = # of erroneous outer symbols
® 7 = correction capability outer code

=DFR=Y,P(X >7|w)P(le|=w)

Divide and Analyze

Spllt X = X1 +X2 and e = (81,62)
with |e1| = w1, |ez| = w — wy:

P(X |w) =) P(X1|w)*P(Xz | w-wy)-P(w | w)

w1
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DFR Comparison
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Using the Error Structure for Decoding

Remember: e = w17y + usry + 73
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Using the Error Structure for Decoding

Remember: e = u1ry + usry + 13

Proposed Decoder

1. Decode inner codewords
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Using the Error Structure for Decoding

Remember: e = u1ry + usry + 13

Proposed Decoder
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1. Decode inner codewords, get é.
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Using the Error Structure for Decoding

Remember: e = w17y + usry + 73

Proposed Decoder

1. Decode inner codewords, get é.
2. Estimate 71,75 using €, w1, us.
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Using the Error Structure for Decoding
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Using the Error Structure for Decoding

Remember: e = w17y + usry + 73

Proposed Decoder

1. Decode inner codewords, get é.

2. Estimate 71,75 using €, w1, us.

3. Estimate error e* = wy - P9 + uo - 71.

4. Decode t; +tous —€* =c+e—e*. €=
71 =
Po =
e =
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Using the Error Structure for Decoding

Remember: e = w17y + usry + 73

Proposed Decoder

1. Decode inner codewords, get é.
2. Estimate 71,75 using €, w1, us.
3. Estimate error e* = wy - P9 + uo - 71. R
4. Decode t; +tous —€* =c+e—e*. €=
’f‘l =
e—e* =(r;—71)us + (ro — Po)uy +7r3 fy =
= error weight reduced if 71 ~ r; and 75 » 75
e =
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Decoding Performance Results
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Decoding Performance Results M
1
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correction capability Tscu
—— binomial model proposed model
- - - sim classical decoder ----- sim proposed decoder

Considerable improvements conceivable v/
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Conclusion

The structure of the HQC error enables
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A Word about ML Decoding of First-Order RM Codes

¢ efficient ML decoding: L 0.5}
Fast Walsh-Hadamard transform
* bound on ML performance ,"
0 _____ \_____\___,I\ |
100 120 140 160 180

error weight
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How do we get 71,757

Approximate MDPC-like equation: é ~ w172 +usr;

Correlation Estimate

WLOG, consider ;. Score computation:

o= Y

jesupp(uz2)

Z(éj+i mod n)

Threshold decision:

1 ifo; >T,
T1,i = .
’ 0 otherwise,
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