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Floating-Point Compression is Vital
 Explosion of Floating-Point Time Series Data in a Streaming Fashion

10k+ records/s 500GB data/flight 1T trajectories/day

 Efficient, Compact and Lossless Floating-Point Compression is Crucial
 Reduce bandwidth/storage cost, improve transmission/query efficiency

 Avoid information loss (e.g., small errors lead to big problems)

Network Transmission Data Management Scientific Calculation



Complex Floating-Point Layout

 Normal Numbers: ∃ i, j ∈ [1, 11], ei = 0 and ej = 1

IEEE 754 Double-Precision Floating-Point Layout

 Zero: ∀ i ∈ [1, 11], ei = 0 and ∀ j ∈ [1, 52], mj = 0

Normal Numbers

Subnormal Numbers

 Infinity: ∀ i ∈ [1, 11], ei = 1 and ∀ j ∈ [1, 52], mj = 0

 NaN: ∀ i ∈ [1, 11], ei = 1 and ∃ j ∈ [1, 52], mj = 1

 Subnormal Number: ∀ i ∈ [1, 11], ei = 0 and ∃ j ∈

[1, 52], mj = 1

Can be easily extended to these three Types

Focus on these 
two types



Shortcomings of Existing Solutions

 Existing Solutions
 General-purpose methods, e.g., Gzip, Zstd, Xz, Snappy

 Lossy floating-point methods, e.g., ZFP, MDZ

 Lossless floating-point methods, e.g., Gorilla, Chimp

Batched, Low Efficiency

Loss Some Information

Unsatisfactory Effects 

 Lossless XORing-Based Time Series Compression Method
 Compression: vt ⊕ vt-1 = xort, then encode xort (e.g., #lead + #trail + Center Bits)

 Decompression: decode xort, then xort ⊕ vt-1 = vt

 vt and vt-1 vary little, so #lead is large. But how about #trail?

14 2

(VLDB 2015) (VLDB 2022)



Shortcomings of Existing Solutions

 In Fact, Most xort Contain Very Few Trailing Zeros
 Gorilla&Chimp (xort = vt ⊕ vt-1): 95% less than 5 trailing zeros

 Chimp128 (xort = vt ⊕ vt-k, 0 < k ≤ 128): 60% less than 5 trailing zeros

 Few Trailing Zeros Lead to Unsatisfactory Compression Ratio

 Increasing Trailing Zeros Plays a Fundamental Role in Enhancing Performance



Intuition of Elf

 Erasing Last Few Bits (i.e., Setting Zeros) of Mantissa

 Restoring Mantissa with a Leave-Out Operation

 Streaming Framework Elf’sMagic
 Number of Trailing Zeros

 A broken mirror join together

2 44

(1) Decode Δ'; (2) Δ' 3.25 = 3.1640625; 
(3) v =  3.1640625 + δ, 0 < δ < 0.01, so v = 3.1640625 + 0.01 = 3.17

3.25: 0 10000000000 1010000000000000000000000000000000000000000000000000

3.17: 0 10000000000 1001010111000010100011110101110000101000111101011100

Δ'  : 0 00000000000 0011010100000000000000000000000000000000000000000000

 

=

: 0 10000000000 1001010100000000000000000000000000000000000000000000
3.164
0625

Erase the last 44 bits.
C

o
m

p
re

ss

Decompress

3.1640625=3.17-δ, 0<δ<0.01



Challenges

How to efficiently determine the erased bits?

How to compactly encode the erased data?

How to losslessly restore the original data?

Efficiency Requirement

Compactness Requirement

Lossless Requirement



Challenge 1: Determine Erased Bits

 Definition: Decimal Place Count α = DP(v)

 v = (±dh-1dh-2…d0.d-1…dl)10, then DP(v) = |l|

 Example: DP(3.17) = 2, DP(-0.0317) = 4, DP(317.0) = 1

 Definition: Mantissa Prefix Number MPN(v, n)

 v' = MPN(v, n): erasing (i.e., setting zeros) the bits after mn in v

0 10000000000 1001010111000010100011110101110000101000111101011100
3.17

0 10000000000 1001010100000000000000000000000000000000000000000000
MPN(3.17, 8) = 3.1640625

0 10000000000 1001000000000000000000000000000000000000000000000000
MPN(3.17, 4) = 3.125

0 10000000000 1001010111000010100011100000000000000000000000000000
MPN(3.17, 23) = 3.169999837875366

m1 m52m7 m13 m19 m25 m31 m37 m43 m49



Challenge 1: Determine Erased Bits

 To Ensure xort = vt⊕ vt-1 with Large #trail, Find v' = MPN(v, n) Satisfying:
 v' contains trailing zeros as many as possible

 0 < δ = v – v' < 10-α, so we can restore the original data

 Basic Method
 Enumerate n from 52 to 1, until δ = v – v' ≥ 10-α

 Shortcomings: time-consuming, O(52)

 Elf Solution
 Theorem: erase the bits after mg(α) directly, i.e., v' = MPN(v, g(α))

 α = DP(v), 𝑔(𝛼)=⌈𝛼×𝑙𝑜𝑔210⌉+⌊𝑙𝑜𝑔2|𝑣|⌋, O(1)

Since 𝑔(𝛼) =  2 × 𝑙𝑜𝑔210  +  log2|3.17|  = 8, Elf directly erases the bits after m8

0 10000000000 1001010111000010100011110101110000101000111101011100
3.17

0 10000000000 1001010100000000000000000000000000000000000000000000
3.1640625

Suppose 
v > 0



Challenge 2: Encode Erased Data
 Opt 1: Optimizing Leading Zeros

 #lead is severely unbalanced

 Approximate #lead using 8 steps
 Rule = (0, 8, 12, 16, 18, 22, 24), 3 bits

 E.g., if #lead = 13, we regard it as 12

 Opt 2: Optimizing Center Code

 Opt 3: Reassigning Flag Code

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

others

write

 '0' (1 bit)

center bits

write

 '1' (1 bit)

#lead (5 bits)

#center (6 bits)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

(a) Gorilla Compressor (b) Optimizing Leading Code (c) Optimizing Center Code

others

write

 '0' (1 bit)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '10' (2 bits)

#lead (3 bits)

#center (4 bits)

center bits

C2

write

 '0' (1 bit)

center bits

write

 '11' (2 bits)

#lead (3 bits)

#center (6 bits)

center bits

write

 '0' (1 bit)

#lead (3 bits)

#center (4 bits)

center bits

write

 '0' (1 bit)

center bits

write '1' (1 bit)

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

center 16

xort 0 and not C2

xort = v't v't-1

write '01' (2 bits)

xort = 0

write '0' (1 bit)

xort 0 and C2

C1: leadt leadt-1 

and trailt trailt-1

C1

C2: leadt = leadt-1 

and trailt trailt-1

C2

C3: not C2 and 

center 16

C3
others

C2: leadt = leadt-1 

and trailt trailt-1

(d) Reassigning Flag Code



Challenge 2: Encode Erased Data
 Opt 1: Optimizing Leading Zeros

 Opt 2: Optimizing Center Code
 xort has both many leading zeros and trailing zeros, so #center ≤ 16 in most cases

 If #center ≤ 16 , we use 4 bits + 1 flag bit for #center

 If #center > 16 , we use 6 bits + 1 flag bit for #center

 Considering the extra bit of flag, on average, we use less than 6 bits for #center

 Opt 3: Reassigning Flag Code

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

others

write

 '0' (1 bit)

center bits

write

 '1' (1 bit)

#lead (5 bits)

#center (6 bits)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

(a) Gorilla Compressor (b) Optimizing Leading Code (c) Optimizing Center Code

others

write

 '0' (1 bit)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '10' (2 bits)

#lead (3 bits)

#center (4 bits)

center bits

C2

write

 '0' (1 bit)

center bits

write

 '11' (2 bits)

#lead (3 bits)

#center (6 bits)

center bits

write

 '0' (1 bit)

#lead (3 bits)

#center (4 bits)

center bits

write

 '0' (1 bit)

center bits

write '1' (1 bit)

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

center 16

xort 0 and not C2

xort = v't v't-1

write '01' (2 bits)

xort = 0

write '0' (1 bit)

xort 0 and C2

C1: leadt leadt-1 

and trailt trailt-1

C1

C2: leadt = leadt-1 

and trailt trailt-1

C2

C3: not C2 and 

center 16

C3
others

C2: leadt = leadt-1 

and trailt trailt-1

(d) Reassigning Flag Code



Challenge 2: Encode Erased Data
 Opt 1: Optimizing Leading Zeros

 Opt 2: Optimizing Center Code

 Opt 3: Reassigning Flag Code
 Identical consecutive values (i.e., xort=0) is infrequent, but it takes only 1 flag bit

 Other cases are frequent, but they take 2 or 3 flag bits

 To reduce overall flag bits, we reassign flag code where each case takes 2 bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

others

write

 '0' (1 bit)

center bits

write

 '1' (1 bit)

#lead (5 bits)

#center (6 bits)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

(a) Gorilla Compressor (b) Optimizing Leading Code (c) Optimizing Center Code

others

write

 '0' (1 bit)

center bits

xort = v't v't-1

write '0' (1 bit) write '1' (1 bit)

xort = 0 xort   0

write

 '10' (2 bits)

#lead (3 bits)

#center (4 bits)

center bits

C2

write

 '0' (1 bit)

center bits

write

 '11' (2 bits)

#lead (3 bits)

#center (6 bits)

center bits

write

 '0' (1 bit)

#lead (3 bits)

#center (4 bits)

center bits

write

 '0' (1 bit)

center bits

write '1' (1 bit)

write

 '1' (1 bit)

#lead (3 bits)

#center (6 bits)

center bits

center 16

xort 0 and not C2

xort = v't v't-1

write '01' (2 bits)

xort = 0

write '0' (1 bit)

xort 0 and C2

C1: leadt leadt-1 

and trailt trailt-1

C1

C2: leadt = leadt-1 

and trailt trailt-1

C2

C3: not C2 and 

center 16

C3
others

C2: leadt = leadt-1 

and trailt trailt-1

(d) Reassigning Flag Code



Challenge 3: Restore Original Data

 Three Steps
 Step 1: Decode xort (an inverse process of encoding)

 Step 2: Recover v’t = xort ⊕ v’t-1

 Step 3: Restore vt from v’t, with a leave-out operation

 xort is decoded, and v’t-1 is already restored. How to obtain α = DP(vt)？

 Basic Method
 Since vmin ≈ 4.9 × 10−324, store α with ⌈log2αmax⌉ = ⌈log2324⌉ = 9 bits

 Elf Solution
 Store β (see next slide) instead of 𝛼 with 4 bits, since 𝛼 can be calculated by β

vt = RoundUp(v’t, α)



Challenge 3: Restore Original Data

 Definition: Decimal Significand Count β = DS(v)

 v = (±dh-1dh-2…d0.d-1…dl)10, if di = 0 for i ∈ (s+1, h-1) but ds≠0, then DS(v) = s - l + 1

 Example: DS(3.17) = 3, DS(-0.0317) = 3, DP(317.0) = 4, DP(0.0) = undefined

 Theorem: 51 – βlog210 < #Erased Bits < 53 – (β – 1)log210

 β ∈ {1, …, 17}, but we give up erasing if β ≥ 16 (i.e., #Erased Bits < 4), so stored β ∈ {1, …, 15}

 Definition: Start Decimal Significand Position SP(v)

 v = (±dh-1dh-2…d0.d-1…dl)10, if di = 0 for i ∈ (s+1, h-1) but ds≠0, then SP(v) = s

 Example: SP(3.17) = 0, SP(-0.0317) = -2, SP(317.0) = 2, SP(0.0) = undefined

 Calculate α by β and SP(v’)  Store β* ∈ {0, …, 15} with 4 bits

𝛽∗ = ቊ
0 𝑣 = 10−𝑖 , 𝑖 > 0
𝛽 𝑜𝑡ℎ𝑒𝑟𝑠



Corner Cases

v' = 0.0625, δ = v - v' = 0.0375v = 0.1, α = DP(v) = 1, g(α) = 0, β = DS(v) = 1

0 01111111011 1001100110011001100110011001100110011001100110011010 0 01111111011 0000000000000000000000000000000000000000000000000000

(a) Example of Erasing for v = 10-i, i > 0. Set β* = 0

v' = 3.1415926535897913, δ = v - v' = 0.0000000000000007v = 3.141592653589792, α = DP(v) = 15, g(α) = 51, β = DS(v) =16

0 10000000000 1001001000011111101101010100010001000010110100010101 0 10000000000 1001001000011111101101010100010001000010110100010100

(b) Example of Invalid Erasing When β   16. Do Not Perform Elf Erasing

v' = 0.75, δ = v - v' = 0v = 0.75, α = DP(v) = 2, g(α) = 6, β = DS(v) = 2

0 01111111110 1000000000000000000000000000000000000000000000000000 0 01111111110 1000000000000000000000000000000000000000000000000000

(c) Example of Invalid Erasing When δ = 0. Do Not Perform Elf Erasing

v' = 0.0v = 0.0

0 00000000000 0000000000000000000000000000000000000000000000000000 0 00000000000 0000000000000000000000000000000000000000000000000000

(d) v = 0. Do Not Perform Elf Erasing

v' =  v =  

0 11111111111 0000000000000000000000000000000000000000000000000000 0 11111111111 0000000000000000000000000000000000000000000000000000

(e) v =  . Do Not Perform Elf Erasing

v' = NaNnormv = NaN

0 11111111111 0000000000000000110000001110000000000000000000000000 0 11111111111 1000000000000000000000000000000000000000000000000000

(f) v = NaN. Set v' = NaNnorm



Overall Erasing Strategy

Given a double value v 

v is a normal or subnormal

write '0' (1 bit)

v is 0 or  

v' = v

write '0' (1 bit)

v is NaN

v' = NaNnorm(v)

XORcmp(v') XORcmp(v')

write

 '1' (1 bit)

bits of β* (4 bits)

v' = Erase(v, α)

XORcmp(v')

write '0' (1 bit)

v' = v

XORcmp(v')

Otherwise

α = DP(v), β* = DS*(v)

C

β
*
 = DS

*
(v) = 

DS(v),    otherwise

0,    if v=10-i, i > 0

C: β*<16 and δ 0 and 52-g(α)>4



Experiments

 12 Baselines
 4 lossless compression methods

 Gorilla (VLDB 2015), Chimp (VLDB 2022), Chimp128
(VLDB 2022), FPC (TC 2008)

 5 general compression methods
 Xz, Brotili, LZ4, Zstd, Snappy

 3 variants
 Gorilla + Eraser, Chimp + Eraser, Chimp128 + Eraser

 3 Metrics
 Compression Ratio

 Compressed Szie / Original Size

 Compression Time

 Decompression Time

 Programing Language
 Java 1.8

The Smaller, 
The Better

 22 Datasets
 14 Time Series

 8 Non Time Series



Experiments

 Overall Comparison with Baselines
 Compared with Chimp128 (best streaming competitor )

 Elf improves 12.4% compression ratio, while with similar time

 Compared with Xz (best general competitor)
 Elf has a competitive compression ratio, but only takes 4.84% compression time

Elf



Experiments

 Performance with Different β
 If β < 13, Elf always performs the best

 If β = 6, 36.6% over Chimp128

 If β = 6, 48.3% over Snappy

 Effectiveness of Erasing & Encoding
 Erasing 56.5%~62.2% on Gorilla

 Erasing 49.5%~51.6% on Chimp

 Encoding 8.7%~33.3% on variants



Discussion

Ruiyuan Li, Zheng Li, Yi Wu, Chao Chen, Yu Zheng. Elf: Erasing-based Lossless Floating-Point Compression. (VLDB 2023, Accepted)

 Complexity: Both O(1)
 Efficient bitwise operation

 Store previous value only

 A Possible Variant
 Elfk: 0 < δ = v – v' < k ×10-α

 Theorem: Elf1 is better than Elfk

 Performance in Transmission
 If bandwidth < 60M pbs, Elf is

better than Chimp128 (O(33K))

 Can We Improve Elf Further?



Optimization for Encoding β* (Elf+)

 Elf writes a β* (4 bits) for almost every value

Given a double value v 

v is a normal or subnormal

write '0' (1 bit)

v is 0 or  

v' = v

write '0' (1 bit)

v is NaN

v' = NaNnorm(v)

XORcmp(v') XORcmp(v')

write

 '1' (1 bit)

bits of β* (4 bits)

v' = Erase(v, α)

XORcmp(v')

write '0' (1 bit)

v' = v

XORcmp(v')

Otherwise

α = DP(v), β* = DS*(v)

C

β
*
 = DS

*
(v) = 

DS(v),    otherwise

0,    if v=10-i, i > 0

C: β*<16 and δ 0 and 52-g(α)>4



Optimization for Encoding β* (Elf+)

 Values in the same time series tend to have the same significand count β

 Make use of β*pre. In most cases it takes only 1 flag bit



Optimization for β Calculation (Elf+)

 Basic Method
 Converted into String. E.g., “3.17”

 Java BigDecimal

 Elf Solution
 Enumerate i from SP(v) to SP(v) + 17, until v ×

10i = ⌊v × 10i⌋

 SP(v) = ⌊log10|v|⌋, β = SP(v) + i + 1

 E.g., v = 3.17, SP(v) = 0, i* = 2, β = 0 + 2 + 1 = 3

 Elf+ Solution
 Since βt = βt-1 in most cases, Elf+ starts i at βpre –

SP(v) – 1

O(17)

O(1)

0.3

0.35

0.4

0.45

0.5

0.55

0.6

Time Series Non Time Series

Compression Ratio

Elf Elf+

45

50

55

60

65

Time Series Non Time Series

Compression Time (us)

Elf Elf+

7.6%

20.5%

Ruiyuan Li, et al. Erasing-based lossless compression method for streaming floating-point time series. (VLDBJ, Under Review)



Optimization for Encoding XORed Values (Elf*) 

 Shortages of Elf’s Encoding Strategies
 Fixed Approximation Rule for #lead

 ruleElf = (0, 8, 12, 16, 18, 20, 22, 24)

 5/7 bits for #center

 Including one flag bit

 Suboptimal Sharing Condition
 Saved bits my not offset approximation cost

 Improvement by Elf*
 Adaptive Approximation Rule for #lead

 Dynamic Programing with many pruning strategies

 Adaptively Encode #trail instead of #center

 #center = 64 - #lead - #trail

 Adaptive Sharing Condition
 Ensure a positive gain



Optimization for Encoding XORed Values (Elf*) 

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

Time Series Non Time Series

Compression Ratio

Elf Elf+ SElf* Elf* Xz

Ruiyuan Li, Zheng Li, Yi Wu, Chao Chen, Tong Liu, Yu Zheng. Adaptive Encoding Strategies for Erasing-Based 
Lossless Floating-Point Compression. (ICDE 2024, Under Review)

 Streaming Elf* vs Elf+
 Compression Ratio 9.2%; Similar Compression Time

 Elf* vs Xz
 Compression Ratio 10.1%; Takes Only 4.8% Compression Time

32

64

128

256

512

1,024

2,048

Time Series Non Time Series

Compression Time (us)

Elf Elf+ SElf* Elf* XZ



Thank You!

时空实验室公众号

重庆大学时空实验室
Chongqing University Start Lab

关注公众号，回复“Elf”，

下载海报、论文、PPT、源码等资料


