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Intuition

 Lossless Floating-Point Compression is Rather Vital

 XORing-Based Time Series Compression Method

 Few Trailing Zeros Lead to Unsatisfactory Effects
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Network Transmission Data Management Scientific Calculation

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

 Restoring the Mantissa with a Leave-Out Operation

Challenges

 How to quickly determine the erased mantissa bits?

 How to compactly encode the erased floating-point data?
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 How to losslessly restore the original floating-point data?

Streaming Framework

#Trailing Zeros

2       44

3.17 = 3.1640625 + δ =Δ' 3.25 + δ , 0<δ<0.01, so 3.1640625+0.01=3.17

3.25: 0 10000000000 1010000000000000000000000000000000000000000000000000

3.17: 0 10000000000 1001010111000010100011110101110000101000111101011100

Δ'  : 0 00000000000 0011010100000000000000000000000000000000000000000000
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Erase the last 44 bits.
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Decompress

3.1640625=3.17-δ, 0<δ<0.01

vt-1=3.25: 0 10000000000 1010000000000000000000000000000000000000000000000000

vt=3.17: 0 10000000000 1001010111000010100011110101110000101000111101011100

xort : 0 00000000000 0011010111000010100011110101110000101000111101011100
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Determine Erased Bits

 Mantissa Prefix Number MPN(v, n)

Elf 's Magic

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 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

C2: leadt = leadt-1 

and trailt trailt-1

Experiments (Datasets: 14 Time Series, 8 Non-Time Series. https://github.com/Spatio-Temporal-Lab/elf)

Compression Ratio Smaller β, Better Compression Ratio, Stable Time. Erasing Technique can Enhance Gorilla and Chimp.12.4% over Chimp128, Similar Time.

Encode Erased Data Restore Original Data

Competitive Compression Ratio to Xz, Only 4.86% Time. 51–βlog210 < #Erased Bits < 53–(β–1)log210. Smaller β, Greater Improvement.

 Find an MPN with Max #Trailing Zeros

 v' = MPN(v, n) satisfying δ = v–v'∈(0, 10-α)

 Basic Method: Enumerate n from 1 to 52. O(52)

 Elf : Erase the bits after mg(α) directly. O(1)

 Decimal Place Count α = DP(v)
 DP(3.17) = 2, DP(-0.0317) = 4, DP(317.0) = 1

 𝑔(𝛼) = ⌈𝛼 × 𝑙𝑜𝑔210⌉ + ⌊log2|v|⌋

  1001010111000010100011110101110000101000111101011100
3.17

  1001010100000000000000000000000000000000000000000000
MPN(3.17, 8) = 3.1640625

  1001000000000000000000000000000000000000000000000000
MPN(3.17, 4) = 3.125

  1001010111000010100011100000000000000000000000000000
MPN(3.17, 23) = 3.169999837875366

Mantissa

m1 m9 m17 m25 m33 m41 m49

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

  1001010111000010100011110101110000101000111101011100
3.17Mantissa

  1001010100000000000000000000000000000000000000000000
3.1640625

 xort has both many leading zeros and
    trailing zeros, so #center≤16 mostly 

 #lead is severely unbalanced 

 4 bits or 6 bits for #center

 3 bits for #lead, Chimp's idea (VLDB 2022)

 Approximation: (0, 8, 12, 16, 18, 20, 22, 24)

 Step 1: Decode xort

 Decimal Significand Count β = DS(v)
 DS(3.17) = 3, DP(-0.0317) = 3, DP(317.0) = 4

 Step 2: Recover v't = xort v't-1

 Step 3: Restore vt from v't
 vt  = dh-1dh-2...d0.d-1...d-αd-(α+1)...dl + 10-α

e.g., 3.17 = 3.1640625 + 10-2

 How to store α = DP(v)?

 Basic Method: αmax=324, ⌈log2αmax⌉ = 9 bits

 Elf: Store β instead of α with only 4 bits

 β∈{0,1,...,17}, but we give up erasing if β≥16

 Start Decimal Significand Pos SP(v)

 Calculate α with β and SP(v')

 SP(3.17) = 0, DP(-0.0317) = -2, DP(317.0) = 2

Reunite a
Broken Mirror
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