LZ4 Compression Library



Agenda

* LZ4 on a CMS file
* LZ4 on dummy files
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e LZ4 on a CMS file



Distribution of Block Size

CMS file:
https://root.cern.ch/files/CMS_7250E9A5-682D-DF11-8701-002618943934.root
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Compression Ratio

Compression Ratio
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Compressing Time vs. Compression Factor(l)

Compression factor:

Compression Time (lower is better)
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e LZAHC-5 and LZ4HC-9
fall between Zlib-1
and Zlib-6(ROOT)

e |LZ4 has lower
compression factor
than others
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Decompression Time (Normalized to
compressed file size)
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 LZMA are slowest at all
compression levels

e LZ4 are fastest at all
compression levels
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Agenda

* LZ4 on dummy files



Test Setup

e Each dummy object contains multiple FPs
 Dummy object’s size is ranging from 40 B to 4 MB
* All tests contain equal amount of object data

e.g.

Each object size = 4 MB, # of object = 100

Each object size = 400 KB, # of object = 1,000
Each object size = 40 KB, # of object = 10,000
Each object size = 4 KB, # of object = 100,000
Each object size = 400 B, # of object = 1,000,000
Each object size = 40 B, # of object = 10,000,000




Distribution of Baskets
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* Most of data are stored in the branch of fDummy array, too
large or too small objects generate less baskets and thus
more storage efficient

* Smaller objects generate more baskets in other branches
(etc. fRefTable, fSize)
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Compression Factor
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Compression Time vs. Compression Factor

TDummy Benchmark

b6 » TDummy=4M
1.0 b1 & + TDummy=400K
» TDummy=40K
= « TDummy=4K
% TDummy=400B
o ¥ TDummy=40B
o 0.9 A
- ]
3 i2lib-1
[=l
2
6
£
N |
° 0.8
o _q
.OE'J lzahc-9 .lgflhc g
r—u L]
£
o 4hc-9
£ 0.7 1 o
[
2
J
&L
S Jzdhc-5
in Jzdhc-5
L 0.6
3
§ | e
21
0.5 A
T T T T T
0.0 0.5 1.0 1.5 2.0

Compression Time (normalized to zlib-6, lower is better)

* LZ4 and LZ4HC-5 have fast compression speed but low
compression ratio

e Zlib-1 are good on both compression speed and compression ratio



Decompressing Time

Decompressing Time(lower is better)

& ﬂ _* LZ4 outperforms
—==  ZLIB at all levels.
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Decompression Time vs. Compression Factor

TDummy Benchmark
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* LZ4 has better decompression speed but lower compression ratio



Decompressing Time(ZLIB)

Decompressing Time of ZLIB(lower is better)
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A majority of CPU cycles are spent on doing decompression

Still a significant portion are doing something else(etc.
deserialization)

As object size becomes tiny, more CPU cycles are consumed by
other stuff



Decompressing Time(LZ4)

Decompressing Time of LZ4 (lower is better)
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* Since LZ4 has faster decompressing speed, other
work (etc. deserialization) seems to contribute more



Conclusions

* Compression Time:

— LZ4-9 > ZLIB-6 > LZ4-5 > ZLIB-1 > LZ4-1
* Decompression Time:

— LZ4 outperforms ZLIB

* Compression Ratio:

— For large baskets, Zlib has higher compression
ratio than LZ4



Appendix: Basket Sizes

Object Size = 4M Object Size = 400K Object Size = 40K
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*Tree An example of a ROOT tree *Tree £ An example of a ROOT tre *Tree :T : An example of a ROOT tree
*Entries 108 : Total = 4pBB18327 bytes *#Entries : 1088 : Total = 4pBB62073 | *Entries : leeed : Total = 400530265 bytes F
* - : Tree compression factor = 3, * H : Tree compression factor * : : Tree compression factor = 3.@¢
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*Branch *Branch #Branch :dummy

*Entries : BranchElement (see below) *Entries BranchElement (see below *Entries : 18888 : BranchElement (see below)
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*Br '} UInt_t *Br i} UInt_t *Br B :fUniquelD UInt_t

*Entries : Total Size= 1283 bytes #Entries Total Size= 48B3 | *Entries : 1eee@e : Total Size= 4BBB3 bytes F
*Baskets Basket Size= 11771 bytes *Baskets Basket Size= 51200 | *Baskets : 5 : Basket Size= 51208 bytes
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*Br 1 :fBits : UInt_t *Br 1 :fBits : UInt_t *Br 1 :fBits : UInt_t

*Entries : 188 : Total Size= 1687 bytes #Entries : 1088 : Total Size= BBET | *Entries : 1eee@e : Total Size= BBOEB bytes F
*Baskets : 5 : Basket Size= 11771 bytes ¥Baskets : 5 : Basket Size= 51208 | *Baskets : 6 : Basket Size= 51208 bytes (
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*Br 2 : Int_t *Br 2 Int_t *Br 2 :fSize : Int_t

*Entries : 188 : Total Size= 1247 bytes *Entries Total Size= 4847 | *Entries : leeed : Total Size= 40B47 bytes F
*Baskets : 5 : Basket Size= 11771 bytes *Baskets Basket Size= 51208 | *Baskets : 5 : Basket Size= 51208 bytes (
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*Br 3 : fDummy : Float_t fDummy[fSize] *Br 3 :fDummy : Float_t fDummy[fSize] *Br 3 :fDummy : Float_t fDummy[fSize]

*Entries : 100 : Total GSize= 400011250 bytes *Entries : 1000 : Total Size= 400035876 | #*Entries : 10000 : Total Size= 400294572 bytes F
*Baskets : Basket Size= 40PBBB4 bytes *Baskets : 273 : Basket Size= 795959488 | *Baskets : 2381 : Basket Size= 7956416 bytes (
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*Br List of branch numbers with ri *Br 4 List of branch numbers w #Br 4 :TRefTable : List of branch numbers with refe
*Entries : 188 : Total Size= 1482 bytes *Entries 1888 : Total Size= BEAZ | *Entries : 10888 : Total Size= BBBST7 bytes F
#*Baskets : ] Basket Size= 32008 bytes *Baskets B : Basket Size= 32808 | *Baskets : 3 : Basket Size= 32008 bytes
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#Tree :T : An example of a ROOT tree *Tree :T : An example of a ROOT tree *Tree H : An example of a ROOT tree
+Entries : 1@ee8d : Total = 403661817 bytes File *Entries : 1000808 : Total = 420641913 bytes 124*Entries : 100800800 : Total = 691877948 bytes
#* B : Tree compression factor = 3.e3 * H : Tree compression factor = a * : : Tree compression factor = 3
Fok
+Branch :dummy *Branch :dummy *Branch :dummy
+Entries : 180000 : BranchElement (see below) +Entries : 1008888 : BranchElement (see below) *Entries : 10008820 : BranchElement (see below)
T Pessssssrrnnsssannnnssssssnnnssssasttssssssnnsinnal Jeekisssnsnnnssaaansisssernnsssasrrsonanrissscannnssa
*Br @ :fUniquelD : *Br @ :fUniqueID : UInt_t *Br @ :fUniqueID : UInt_t
+Entries : 100008 : 491599 bytes Fils *Entries : 1000808 : Total Size= 4810024 bytes 27+Entries : 1000000@ : Total 5Size= 40045620 bytes
+Baskets 51288 bytes Comj *Baskets : 98 : Basket Size= 74240 bytes 13 #Baskets : 446 : Basket Size= 463360 bytes
_______________________ Pressasssrsrnsssaannnssssssnnnssssariirsssssnninnsl T |
+Br 1: : UInt_t *Br 1 :fBits : UInt_t *Br 1 :fBits : UInt_t
+Entries : 180880 : Total Size= BO4340 bytes Fils *Entries : 1000080 : Total Size= BB23144 bytes 15B+Entries : 10008000 : Total GSize= 80124349 bytes
+Baskets : 3B : Basket Size= 512080 bytes Comj *Baskets : 222 : Basket S5ize= 149504 bytes 37 *Baskets : 1227 : Basket Size= 925280 bytes
e leokisssasnnnssasansisssernnsssasrrssnanrissscannnssa
+Br 2 :f5ize : Int_t *Br 2 :fSize : Int_t *Br 2 :fSize : Int_t
+Entries : 100008 : Total Size= 481531 bytes Filt *Entries : 1000008 : Total Size= 4085616 bytes 28%Entries : 10@0BAR0 : Total Sizes 40043820 bytes
+Baskets : 13 : Basket Size= 51208 bytes Comj *Baskets : BB : Basket Size= 74248 bytes 31 xBaskets : 446 : Basket Size= 463360 bytes
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+Br 3 :fDummy : Float_t fDummy[fSize] *Br 3 :fDummy : Float_t fDummy[fSize] *Br 3 :fDummy : Float_t fDummy[fSize
#Entries : 100000 : Total Size= 401289382 bytes Fil¢ #Entries : 1000000 : Total Size= 405573004 bytes 182+Entries : 10000008 : Total Size= 450504204 bytes
+Baskets : 7336 : Basket Siz 7952384 bytes Comj *Baskets : 5472 : Basket Size= 7553824 bytes 34 xBaskets : 4622 : Basket Size= 5218304 bytes
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+Br 4 :TRefTable : List of branch numbers with referer *Br 4 :TRefTable : List of branch numbers with *Br 4 :TRefTable : List of branch numbers with re
+Entries : 100000 : Total Size= 804527 bytes Filt *Entries : 1000088 : Total Size= BR43257 bytes 176+Entries : 10@@@AOQ : Total Size=  BO4B302Z7 bytes
+Baskets : 37 : Basket Siz 32000 bytes Comj *Baskets : 375 : Basket Size= 320080 bytes 1B xBaskets : 3757 : Basket Size= 32000 bytes
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Appendix: Compressing Time of ZLIB

Compressing Time of ZLIB(lower is better)
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Appendix: Compressing Time of LZ4

Compressing Time of LZ4(lower is better)
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Decompressing Time(l)

Decompression Time (Lower is better)
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