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General UEP Codes 
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𝑬𝒃/𝑵𝟎 

Error Rate 

MSB 

LSB 

Non-UEP 
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Plotkin-Type Codes 

 

• Plotkin-type Code 
 

𝐶𝑝 = { 𝐮 𝐮 + 𝐯||𝐮 ∈ 𝐶1, 𝐯 ∈ 𝐶2} 
 

4 

𝐮 𝐰 = 𝐮 + 𝐯 Channel 𝑳𝒚′ 𝑳𝒚′′ 

𝐮 : Repeated 
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Plotkin-type UEP Codes 

• Kumar and Milenkovic, “On Unequal Error Protection LDPC Codes Based 
on Plotkin-Type Constructions,” IEEE Trans. on Comm., 2006 
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𝐮 

MSB 𝑪𝟏 LSB 𝑪𝟐 

Code Rate of 𝑪𝟏: 𝑹𝟏 Code Rate of 𝑪𝟐: 𝑹𝟐 

Overall Code Rate : 𝑹𝒑 = (𝑹𝟏+𝑹𝟐)/𝟐 

𝐰 = 𝐮 + 𝐯 

> 
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Channel 

Plotkin-type UEP Codes 

• Kumar and Milenkovic, “On Unequal Error Protection LDPC Codes Based 
on Plotkin-Type Constructions,” IEEE Trans. on Comm., 2006 

6 

𝐮 𝐰 = 𝐮 + 𝐯 

𝑳𝒖 ? 
 

𝑳𝒊
𝒖 = 𝑳𝒊

𝒚′ + (−𝟏)𝒗 𝒊𝑳𝒊
𝒚′′ 

𝑳𝒗 ? 
 

𝑳𝒊
𝒗 = 𝟐𝒕𝒂𝒏𝒉−𝟏 𝒕𝒂𝒏𝒉

𝑳𝒊
𝒚′

𝟐
𝒕𝒂𝒏𝒉

𝑳𝒊
𝒚′′

𝟐
 

Channel 

1 

2 

2 2 1 

𝑳𝒚′′ 𝑳𝒚′ 
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According to their paper (with arbitrary rate allocation I) 
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𝑹𝟏 = 𝟎. 𝟔𝟓     𝑹𝟐 = 𝟎. 𝟒𝟕     (𝑅𝑝 = 0.56) 

Plotkin-type 
UEP Code 

works  
MUCH WORSE 

than  
Non-UEP 

Code 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 

𝑪𝒂 
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According to their paper (with arbitrary rate allocation II) 
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𝑹𝟏 = 𝟎. 𝟒𝟕     𝑹𝟐 = 𝟎. 𝟔𝟓     (𝑅𝑝 = 0.56) 

Plotkin-type 
UEP Code 
works still 

WORSE than  
Non-UEP 

Code 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 

𝑪𝒂 
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According to their paper (with arbitrary rate allocation III) 
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𝑹𝟏 = 𝟎. 𝟖𝟕     𝑹𝟐 = 𝟎. 𝟐𝟓      (𝑅𝑝 = 0.56) 

Plotkin-type 
UEP code 
works as 
“UEP”, 

But  
MSB and LSB 
are switched!! 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 

𝑪𝒂 
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We Give the  
Reason & Method 

PROBLEM 

10 

Why? How? 
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• Ideal EEP code which Achieves the 
Channel Capacity 

  
• Code Rate 𝑹𝒂 = 𝑹𝒑 

 
• Threshold 𝝈𝒂,𝒕𝒉

𝟐 

Average Code 

11 

“(Ideal) Average EEP Code 𝑪𝒂”  
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Notations 

12 

“(Ideal) Average EEP 
Code 𝑪𝒂”  

“𝑪𝒊 (𝒇𝒐𝒓 𝒊 = 𝟏, 𝟐) Only” 
(EEP) 

“𝑪𝟏 in 𝑪𝒑” 

 
Threshold : 𝝈𝟏,𝒕𝒉

𝟐 

Channel Noise : 𝝈𝟏
𝟐 

“𝑪𝟐 in 𝑪𝒑” 

 
Threshold : 𝝈𝟐,𝒕𝒉

𝟐 

Channel Noise : 𝝈𝟐
𝟐 

“Plotkin-type UEP Code 𝑪𝒑” 
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Analysis Diagram 

13 

𝝈𝒂,𝒕𝒉
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

𝝈𝒄𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝒂,𝒕𝒉
𝟐 

put 

< Threshold > 

Compare 

Known Known 

For a Given 𝑹𝒂 = 𝑹𝒑 (i.e., 𝝈𝒂,𝒕𝒉
𝟐)  

𝑹𝒑 = (𝑹𝟏+𝑹𝟐)/𝟐 

𝝈𝟏,𝒕𝒉
𝟐 

By Monte Carlo Simulation 

< Equivalent Channel Noise > 
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Analysis Diagram 

14 

𝝈𝒂,𝒕𝒉
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

𝝈𝒄𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝒂,𝒕𝒉
𝟐 

put 

< Threshold > 

Known Known 

For a Given 𝑹𝒂 = 𝑹𝒑 (i.e., 𝝈𝒂,𝒕𝒉
𝟐)  

𝝈𝟏,𝒕𝒉
𝟐 

< Equivalent Channel Noise > 

Error Free 

> 

> 
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Design Example: 𝝈𝒂,𝒕𝒉
𝟐 = 𝟎. 𝟖 (i.e., 𝑹𝒂 = 𝟎. 𝟓𝟔𝟎𝟒) 

15 

𝝈𝟏,𝒕𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 
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Design Example: 𝝈𝒂,𝒕𝒉
𝟐 = 𝟎. 𝟖 (i.e., 𝑹𝒂 = 𝟎. 𝟓𝟔𝟎𝟒) 

16 

𝝈𝟏,𝒕𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

𝝈𝟏,𝒕𝒉
𝟐 < 𝝈𝟏

𝟐 

𝝈𝟐,𝒕𝒉
𝟐 > 𝝈𝟐

𝟐 

Choice-
Left 
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Design Example: 𝝈𝒂,𝒕𝒉
𝟐 = 𝟎. 𝟖 (i.e., 𝑹𝒂 = 𝟎. 𝟓𝟔𝟎𝟒) 

17 

𝝈𝟏,𝒕𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

𝝈𝟏,𝒕𝒉
𝟐 ≈ 𝝈𝟏

𝟐 

𝝈𝟐,𝒕𝒉
𝟐 ≈ 𝝈𝟐

𝟐 

Choice-
Middle 
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Design Example: 𝝈𝒂,𝒕𝒉
𝟐 = 𝟎. 𝟖 (i.e., 𝑹𝒂 = 𝟎. 𝟓𝟔𝟎𝟒) 

18 

𝝈𝟏,𝒕𝒉
𝟐 

𝝈𝟏
𝟐 

𝝈𝟐
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

𝝈𝟏,𝒕𝒉
𝟐 ?  𝝈𝟏

𝟐 

𝝈𝟐,𝒕𝒉
𝟐 < 𝝈𝟐

𝟐 

Choice-
Right 
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𝑪𝒉𝒐𝒊𝒄𝒆 − 𝑳𝒆𝒇𝒕 𝝈𝟏,𝒕𝒉
𝟐 = 𝟎. 𝟑 : 𝑹𝟏 = 𝟎. 𝟖𝟕, 𝑹𝟐 = 𝟎. 𝟐𝟓 

19 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 

𝑪𝟐 𝑪𝟏 

𝑪𝒂 
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𝑪𝒉𝒐𝒊𝒄𝒆 −𝑴𝒊𝒅𝒅𝒍𝒆 (𝝈𝟏,𝒕𝒉
𝟐 = 𝟎. 𝟒): 𝑹𝟏 = 𝟎. 𝟕𝟗, 𝑹𝟐 = 𝟎. 𝟑𝟑 

20 

𝑪𝟐 𝑪𝟏 

𝑪𝒂 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 
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𝑪𝒉𝒐𝒊𝒄𝒆 − 𝑹𝒊𝒈𝒉𝒕 (𝝈𝟏,𝒕𝒉
𝟐 = 𝟎. 𝟔𝟏𝟗): 𝑹𝟏 = 𝟎. 𝟔𝟓, 𝑹𝟐 = 𝟎. 𝟒𝟕 

21 

𝑪𝟏 𝑪𝟏 + 𝑪𝟐 

𝑪𝒂 𝑪𝟐 𝑪𝟏 
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Our Design Works as Expected 

• ‘Choice-Left’ Combination 
– UEP capability ↑  - Slightly Worse than 𝑪𝒂 

 

• ‘Choice-Middle’ Combination 
– UEP capability ↓   - Comparable to 𝑪𝒂  

 

• ‘Choice-Right’ Combination 
– UEP capability ?  - Much Worse than 𝑪𝒂 

22 
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Design Example: 𝝈𝒂,𝒕𝒉
𝟐 = 𝟐. 𝟎 (i.e., 𝑹𝒂 = 𝟎. 𝟐𝟗𝟎𝟓) 
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𝝈𝟏,𝒕𝒉
𝟐 

𝝈𝟐
𝟐 

𝝈𝟐,𝒕𝒉
𝟐 

No 
“Middle” 
Region 
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Conclusions 

 

 

• Guideline for the rate allocation for the component codes 
of Plotkin-type UEP codes. 

⇒ We can construct the Plotkin-type codes without brute 
force simulation of performance. 

– For a good overall performance, we should select the code rates near the 
“middle” region. 

– For a good UEP capability, we suggest that the code rates should be 
selected in the “left” region and use 𝑪𝟐 as MSB (instead of 𝑪𝟏). 
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