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Motivation  
ÅData storage  

 

 

ÅComputation vs. Data Transfer  
o Is compress -then -send worthwhile?  
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20 MB 100 MB 

Less transfer 
time 
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PCI-E vs. GPU bandwidth  
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Topics Covered 
ÅRelated Work  

ÅThree Algorithms in the Compression Pipeline  
1. Burrows-Wheeler Transform  

2. Move -to -Front Transform 

3. Huffman Coding  

ÅResults 

ÅFuture Work  
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Related Work 
ÅDomain -specific c ompression  

o Floating -point data compression  

o Texture c ompression  

ÅParallel bzip2 (pbzip2)  
o Uses pthread  library  

o bzip2 not data -parallel -friendly  
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Compression Pipeline 
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Burrows -Wheeler Transform  

Input Data : n characters 

Move -to-Front Transform  

Huffman Coding  

Output Data : compressed 

n characters 

n characters 

Many runs of repeated characters  

Low entropy Ą Lots of 0s, 1s, etc. 



Burrows -Wheeler Transform 
ÅTransforms a string and gives has many 

runs of repeated characters  

ÅSame characters get grouped  
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Input Data  

Output Data : 
compressed 



Burrows -Wheeler Transform 
ÅTransforms a string and gives has many 

runs of repeated characters  

ÅSame characters get grouped  
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Input Data  

Output Data : 
compressed 

ababacabac  ccbbbaaaaa 

Input  Output  



Burrows -Wheeler Transform 

a b a b a c a b a c   

c a b a b a c a b a  

a c a b a b a c a b  

b a c a b a b a c a  

a b a c a b a b a c  

c a b a c a b a b a  

a c a b a c a b a b  

b a c a b a c a b a  

a b a c a b a c a b  

b a b a c a b a c a  

BWT Input:  
ababacabac 

1) Cyclical Rotations 
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Input Data  

Output Data : 
compressed 



Burrows -Wheeler Transform 

a b a b a c a b a c   

c a b a b a c a b a  

a c a b a b a c a b  

b a c a b a b a c a  

a b a c a b a b a c  

c a b a c a b a b a  

a c a b a c a b a b  

b a c a b a c a b a  

a b a c a b a c a b  

b a b a c a b a c a  

a b a b a c a b a c  

a b a c a b a b a c  

a b a c a b a c a b  

a c a b a b a c a b  

a c a b a c a b a b  

b a b a c a b a c a  

b a c a b a b a c a  

b a c a b a c a b a  

c a b a b a c a b a  

c a b a c a b a b a  

BWT Input:  
ababacabac 

1) Cyclical Rotations 2) Sort 

10 

Input Data  

Output Data : 
compressed 



Burrows -Wheeler Transform 

a b a b a c a b a c 

a b a c a b a b a c 

a b a c a b a c a b 

a c a b a b a c a b 

a c a b a c a b a b 

b a b a c a b a c a 

b a c a b a b a c a 

b a c a b a c a b a 

c a b a b a c a b a 

c a b a c a b a b a 

Index: 0 
BWT: ccbbbaaaaa 
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Input Data  

Output Data : 
compressed 

Sorted Cyclical Rotations 



BWT with Merge Sort  
Å Sorting n strings Ą each n characters long  

o n = 1 million per block in our implementation  

Å Radix sort not a good fit  

Å Break ties on the fly  
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Input Data  

Output Data : 
compressed 



BWT with Merge Sort  
Å Sorting n strings Ą each n characters long  

o n = 1 million per block in our implementation  

Å Radix sort not a good fit  

Å Break ties on the fly  

Å String sorting on GPU  
o Non -uniform  
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Input Data  

Output Data : 
compressed 

a b a b a c a b a c  

a b a c a b a b a c  

a b a c a b a  c a b  

a c a b a b a c a b  

a c a b a c a b a b  

b a b a c a b a c a  

b a c a b a b a c a  

b a c a b a c a b a  

c a b a b a c a b a  

c a b a c a b a b a  

Pair 1: 7 ties 

Pair 2: 0 ties 

Pair 3: 4 ties 



BWT with Merge Sort  
Å Sorting n strings Ą each n characters long  

o n = 1 million per block in our implementation  

Å Radix sort not a good fit  

Å Break ties on the fly  

Å String sorting on GPU  
o Non -uniform  

o Parallelize BWT with string sorting algorithm based on merge sort  

o Currently fastest string sort on GPU  
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Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
ÅExploit clumpy characters from BWT  

o BWT: ababacabac  Ą ccbbbaaaaa  

Å Improves effectiveness of entropy 

encoding  
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Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
ÅEach symbol in the data is replaced by 

its index in the list  
o Initial list: éabcd é (ASCII) 

ÅRecently seen characters are kept at 

front of the list  
o Long sequences of identical symbols replaced by many zeros  
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Input Data  

Output Data : 
compressed ccbbbaaaaa  99,0,99,0,0,99,0,0,0,0  



Move-to-Front Transform  
Input MTF List Output 

ccbbbaaaaa  éabcé (ASCII) [ 99]  
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ÅȿcɀɯÖÊÊÜÙÚɯÈÛɯƝƝth index Ą .ÜÛ×ÜÛɯȿ99ɀ 

Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
Input MTF List Output 

ccbbbaaaaa  céabé (ASCII)  [ 99]  
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ÅȿÊɀɯÖÊÊÜÙÚɯÈÛɯƝƝth index Ą .ÜÛ×ÜÛɯɀƝƝɀ 
Å,ÖÝÌɯȿÊɀɯÛÖɯÍÙÖÕÛɯÖÍɯÛÏÌɯ,3%ɯÓÐÚÛ 
Å Shift all previous elements to the right  

Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
Input MTF List Output 

ccbbbaaaaa  éabcé (ASCII) [99]  

ccbbbaaaaa  céabé [99, 0]  
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ÅȿcɀɯÖÊÊÜÙÚɯÈÛɯ0th index Ą Output ɀ0ɀ 

Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
Input MTF List Output 

ccbbbaaaaa  éabcé (ASCII) [99]  

ccbbbaaaaa  céabé [99, 0]  
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ÅȿÊɀɯÖÊÊÜÙÚɯÈÛɯ0th index Ą Output ɀƔɀ 
ÅȿÊɀɯalready at front, no shifts  

Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
Input MTF List Output 

ccbbbaaaaa  éabcé (ASCII) [99]  

ccbbbaaaaa  céabé [99, 0]  
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ÅȿÊɀɯÖÊÊÜÙÚɯÈÛɯ0th index Ą Output ɀƔɀ 
ÅȿÊɀɯÈÓÙÌÈËàɯÈÛɯÍÙÖÕÛȮɯÕÖɯshifts 
Å Repeat for all elements 

Input Data  

Output Data : 
compressed 



Move-to-Front Transform  
Iteration MTF List Transformed String 

ccbbbaaaaa  éabcé (ASCII) [ 99]  

ccbbbaaaaa  céabé [99, 0]  

cc bbbaaaaa  céabé [99,0, 99]  

ccb bbaaaaa  bcéaé [99,0,99, 0]  

ccbb baaaaa  bcéaé [99,0,99,0, 0]  

ccbbb aaaaa  bcéaé [99,0,99,0,0, 99]  

ccbbba aaaa  abcé [99,0,99,0,0,99, 0]  

ccbbbaa aaa abcé [99,0,99,0,0,99,0, 0]  

ccbbbaaa aa abcé [99,0,99,0,0,99,0,0, 0]  

ccbbbaaaa a abcé [99,0,99,0,0,99,0,0,0, 0]  
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Input Data  

Output Data : 
compressed 



Parallel MTF 
ÅMTF appears to be highly serial  

o Character -by -character dependency  
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Input Data  

Output Data : 
compressed 



Parallel MTF 
ÅMTF appears to be highly serial  

o Character -by -character dependency  

ÅGoal: generate multiple MTF lists at 

different indices  
o Compute MTF output in parallel  
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Input Data  

Output Data : 
compressed 



Parallel MTF 
ÅMTF appears to be highly serial  

o Character -by -character dependency  

ÅGoal: generate multiple MTF lists at 

different indices  
o Compute MTF output in parallel  

ÅHow to parallelize?  
o Two key insights  

1. Generate partial MTF list of a substring s 

2. Combine two adjacent partial MTF lists (using 

òconcatenationó) 
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Input Data  

Output Data : 
compressed 



Example Parallel MTF 

B A D A D D D A C C C B B A A A 
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Input Data  

Output Data : 
compressed 


