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B Floating-Point Compression is Vital

1 Explosion of Floating-Point Time Series Data in a Streaming Fashion

R
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- j%) - i@%«f
10k+ records/s SOOGB data/flight 1T trajectories/day

 Efficient, Compact and Lossless Floating-Point Compression is Crucial
0 Reduce bandwidth/storage cost, improve transmission/query efficiency
O Avoid information loss (e.g., small errors lead to blg problems)
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B Complex Floating-Point Layout

Sggn (1 bit) Mantissa (52 bits)

S|1ér|€|é€3 cee |€11|My My (N3 Ny ms;
Focus on these . v B Sy ———— =
two types Exponent (11 bits) More Significant Less Significant

IEEE 754 Double-Precision Floating-Point Layout

1 1
I 0= (-1)° x 9€—1023 o (1.mimy...ms52)2

]

]

]

I 1

1 | 52
]

]

]

Zero: Vi€ [1,11],e;=0and v j € [1, 52], m, = 0 C 1) X2 (14 Y 2y
_____________________________________________________________ | i P I
Infinity: Vi € [1,11], ¢,=1and v j € [1,52], m =0 : Normal Numbers

NaN: vVie[l,11],e,=1and3j€[1,52], m=1

EU — (_1)3 x 271022 5 (0.mimy...ms2)2 i

|

|

|

|

|
] 1!
1o 32
|

|

|

|

|

1

Subnormal Number: Vi€ [1,11],e,=0and 3 ] € C(C1)S x 271022 Z X 2

=1

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

b Can be easily extended to these three Types Subnormal Numbers




B Shortcomings of Existing Solutions

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

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

d Lossless floating-point methods, e.g., Gorilla, Chimp
(VLDB 2015) (VLDB 2022)

4 Lossless XORing-Based Time Series Compression Method
d Compression: v, @ v, ; = xor,, then encode xor, (e.g., #lead + #trail + Center Bits)

‘ Batched, Low Efficiency  (:3)
- Loss Some Information ()
‘ Unsatisfactory Effects (%)

d Decompression: decode xor;, then xor, @ v, ; =V,
Q v,and vy, vary little, so #lead is large. But how about #trail?
Mantissa (52 bits)

Sign (1 blt),? Exponent (11 b1ts)
v~=3.17: O 10000000000 1001010111000010100011 110101 110000101000111101011 100

@
Ve 1—3 25: 0 10000000000 1010000000000000000000000000000000000000000000000000

0i OOOOOOOOOOO 001 1010111000010100011110101110000101000111101011 100

Leadmg Zeros Center Bits Trailing Zeros J
2

14

xor,




B Shortcomings of Existing Solutions

4 In Fact, Most xor, Contain Very Few Trailing Zeros
d  Gorilla&Chimp (xor, = v, @ V,,): 95% less than 5 trailing zeros Gl
d Chimpy,g (Xor, =V, @ V., 0 <k <128): 60% less than 5 trailing zeros b)

05 F — | | | | | | | | | | | | |
04 | Gornlla&Chimp 22 _
203 F [ Chimp128 _
E 0.2 = Eﬂ * ~
Ol B - i
of H MM M e e e — A2 B = ~

O 1 2 3 4 5 6 7-42 43 44~47 48 49 50~63 64
Number of Trailing Zeros

1 Few Trailing Zeros Lead to Unsatisfactory Compression Ratio
d Increasing Trailing Zeros Plays a Fundamental Role in Enhancing Performance



B Intuition of EIf

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

1 Restoring Mantissa with a Leave-Out Operation
3.17: 0 10000000000 10010101 1+00662610061+1101611100002040004:+101031160

Erase the last 44 bits. @ 3.1640625=3.17-5, 0<6<0.01

3.164
06@%5: 0 10000000000 1001010100000000000000000000000000000000000000000000
3.25: 0 10000000000 1010000000000000000000000000000000000000000000000000

1l
A" : 000000000000 0011010100000000000000000000000000000000000000000000

(1) Decode A'; (2) A'©3.25 = 3.1640625;
Decompress | (3)y = 31640625 + 5, 0 < 5 < 0.01, S0V = 3.1648625 + 0.01 = 3.17

Compress

 Elf's Magic % <o A 1 Streaming Framework
< /

O Number of Trailing Zeros

Elf Compressor Elf Decompressor
y Comp __ P [ IEraser

2 44 N / L] XORcmp

A broken mirror join together
oI 1oJ 856 XOR .y
%0 Restorer

Q=0




B Challenges

J How to efficiently determine the erased bits?

Efficiency Requirement

J How to compactly encode the erased data?

Compactness Requirement
J How to losslessly restore the original data?

Lossless Requirement



B Challenge 1: Determine Erased Bits

d Definition: Decimal Place Count a = DP(v)
d v=(xd, ,d,...dy.d;...d});o then DP(v) = |l
QO FExample: DP(3.17) = 2, DP(-0.0317) = 4, DP(317.0) = 1

d Definition: Mantissa Prefix Number MPN(v, n)
d  v'=MPN(v, n): erasing (i.e., setting zeros) the bits after m_in v

3.17
0:10000000000:1001010111000010100011110101110000101000111101011100
' ' MPN(3.17, 23) = 3.169999837875366
0: 10000000000 1001010111000010100011100000 00000000000000000000000

MPN(3.17, 8) = 3.1640625
0: 10000000000 1001010 100000000000000000000000000000000000006000000

MPN(3.17,4) =3.125
0: 10000000000 100lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 00000000000

My M7 Mi3 M1g Mys M3; Mgy M43 Ma9 M5



B Challenge 1: Determine Erased Bits

d To Ensure xor,= Vv, @ v, with Large #trail, Find v' = MPN(v, n) Satisfying:
O V' contains trailing zeros as many as possible
d 0<d=v-Vv'<10% so we can restore the original data v>0

4 Basic Method

O Enumerate n from 52 to 1, until 0 =v—v'> 10 |

0 Shortcomings: time-consuming, O(52) N

 EIf Solution
O Theorem: erase the bits after my, directly, i.e., v' = MPN(v, g(a))
O a=DP(v) g(a)=[axlog,10]+|log2|v|], O(1) &

| 3.17
0:10000000000;1001010111000010100011110101110000101000111101011100

! ! 3.1640625
0:10000000000:1001010100000000000000000000000000000000000000000000

Since g(a) =[2 %<1og,10] + |log,|3.17|| = 8, Elf directly erases the bits after mg



B Challenge 2: Encode Erased Data

d Opt 1: Optimizing Leading Zeros T L e T T e T e o s
: AS = BP e+ CT 4 IR &+ SB = WS e |
O #lead is severely unbalanced Rl - PMIO es  SDE

O Approximate #lead using 8 steps
Q  Rule=(0,8, 12, 16, 18, 22, 24), 3 bits
O Eg,if #lead = 13, we regard it as 12

SUK

©

23 31 >35

Number of Leading Zeros

(b) Optimizing Leading Code

XOry = Vi ®V'yq XOry = Vi@ V' . XOry = Vi@ V' XOry = Vi@ V'
= xor =0 xor, # 0 xor; = 0 xor, # 0 xor; = 0 xor, # 0 xor0 and C,— xor{ = 0 ~xer:z0 and not C,
write '0' (1 bit) | |write '1' (1 bit) write '0' (1 bit) | (write 1" (1 bit) : write '0' (1 bit) write '1' (1 bit) write '0' (1 bit)| |write '01' (2 bits)| |write '1' (1 bit)
: C,__— | others C, | others C, ————2, others | center<16 — |
write write i> write write write write write i> write write write
'0' (1 bit) '1' (1 bit) '0' (1 bit) '1' (1 bit) '0' (1 bit) '10' (2 bits) '11' (2 bits) ‘0" (1 bit) '0" (1 bit) '1' (1 bit)
center bits #lead (5 bits) center bits #lead (3 bits) center bits | | #lead (3 bits) | | #lead (3 bits) center bits #lead (3 bits) | | #lead (3 bits)
o oadotend. 3 | #oenter (6 bits) o loa = Toad, | | Heenter (6 bits) G ot Cyand #center (4 bits) | | #center (6 bits) o tonh = Toad | | oenter (4 bits) | | #center (6 bits)
+ and trail,>trail,, § center bits andtranetralltl center bits Poce nter516 center bits center bits andtralltZtralltl center bits center bits

(d) Reassigning Flag Code



B Challenge 2: Encode Erased Data
d Opt 1: Optimizing Leading Zeros

d Opt 2: Optimizing Center Code

Iy Oy W

Xor, 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 @’

XOr; =V ®V'y

Xory = Vi@ V'

xor;=0 xor; Z 0 xor;=0 xor; = 0
write '0' (1 bit) | |write '1' (1 bit) = write ‘0’ (1 bit)| (write 1" (1 bit)
C,_— | others C, | others
write write write write
'0' (1 bit) '1' (1 bit) '0' (1 bit) '1' (1 bit)
center bits #lead (5 bits) center bits #lead (3 bits)

........................

v | #center (6 bits)

center bits

(@) Gorilla Compressor

: iCy lead; = lead,;
: §and trailtrail,; §

= | ——

(b) Optimizing Leading Code

#center (6 bits)

center bits

X0or; = Vi@V,

X0or; =V'i® V',

xor; =0 xor; 7= 0 xor0 and C,— xor{ = 0 ~xer:z0 and not C,
write '0' (1 bit) write '1' (1 bit) : |write '0' (1 bit)| |write '01' (2 bits)| |write '1' (1 bit)
C, ———=2 others i | center<16 — |
write write write g> write write write
'0' (1 bit) '10' (2 bits) 11" (2 bits) | = ‘0" (1 bit) '0' (1 bit) '1' (1 bit)
center bits | | #lead (3 bits) | | #lead (3 bits) center bits #lead (3 bits) | | #lead (3 bits)

i C3: not C, and

#center (4 bits) | | #center (6 bits)

i ocenter<16 i

.....................

center bits center bits

i Cy: lead; = lead., |
i and trail;traily.; :

| ——

#center (4 bits)

#center (6 bits)

center bits

center bits




B Challenge 2: Encode Erased Data

d Opt 1: Optimizing Leading Zeros
d Opt 2: Optimizing Center Code
d Opt 3: Reassigning Flag Code
O Identical consecutive values (i.e., xor=0) is infrequent, but it takes only 1 flag bit w

L Other cases are frequent, but they take 2 or 3 flag bits @
O To reduce overall flag bits, we reassign flag code where each case takes 2 bits @a

X0l = Vi ®V'yy X0l = Vi ®V'yy X0r = Vi ®V'yy X0l = Vi ®V'yy :
xor, =0 xor; 7 0 xor; =0 xor; Z 0 xor, =0 xor; Z 0 xor0 and C,— xor{ = 0 ~xer:z0 and not C,
write '0' (1 bit) | |write '1' (1 bit) write '0' (1 bit) | (write 1" (1 bit) write '0' (1 bit) write '1' (1 bit) write '0' (1 bit)| |write '01' (2 bits)| |write '1' (1 bit)
C,__— | others C, [others ~ : C, ————2, others | center<16 — | :
write write i> write write i} write write write i> write write write

'0' (1 bit) '1' (1 bit) '0' (1 bit) '1' (1 bit) - | '0'(1bit) '10' (2 bits) "11' (2 bits) ‘0" (1 bit) '0' (1 bit) '1"(1bit) |=
center bits #lead (5 bits) center bits #lead (3 bits) : | center bits #lead (3 bits) | | #lead (3 bits) center bits #lead (3 bits) | | #lead (3 bits)
o oadotend. 3 | #oenter (6 bits) o loa = Toad, | | Heenter Bbits) | & f T Cand | | eenter (4bits) | | #center (6 bits) o Tonci— load,. | | Proenter (4 bits) | | #center (6 bits)

l_a}[l_tv_l_t_r_fflj[tit_r_a}_il_t_.}_g center bits andtralltZtralltl center bits : center316 center bits center bits andtralltZtralltl center bits center bits

(@) Gorilla Compressor

(b) Optimizing Leading Code




B Challenge 3: Restore Original Data

1 Three Steps
O Step 1: Decode xor, (an inverse process of encoding)
O Step 2: Recover vi=xor, P v,
O Step 3: Restore v, from v}, with a leave-out operation

:d d d d da(/l pra (/t —I—lO_ai ’
Vi = dpdpo...do.d.. (1) ] Vv, = RoundUp(v{, @)

d xor, is decoded, and v’ is already restored. How to obtain a« = DP(v,)?
 Basic Method

O Since Vi, = 4.9 x 107324, store a with [100,¢a] = [100,324] = 9 bits ()
O EIf Solution

L Store f (see next slide) instead of a with 4 bits, since a can be calculated by S @



B Challenge 3: Restore Original Data

d Definition: Decimal Significand Count # = DS(V)
d v=(xd,,d,,...d;.d;...d)),, If d; =0 for i € (s+1, h-1) but d#0, then DS(v) =s-1+1
O Example: DS(3.17) = 3, DS(-0.0317) = 3, DP(317.0) = 4, DP(0.0) = undefined
d  Theorem: 51 — Slog,10 < #Erased Bits < 53 — (5 — 1)log,10
a pe{l, ..., 17} but we give up erasing if §> 16 (i.e., #Erased Bits < 4), so stored p € {1, ..., 15}

1 Definition: Start Decimal Significand Position SP(v)
d v=(xd,,0d,,...d;.d;...d)),, If d; =0 for i € (s+1, h-1) but d#0, then SP(v) = s
O Example: SP(3.17) = 0, SP(-0.0317) = -2, SP(317.0) = 2, SP(0.0) = undefined

Q Calculate a by g and SP(v’) QO Store p* € {0, ..., 15} with 4 bits &

— ')+ 1 U¢10_.,i>0 « )0 v=10"%i >
[ B=(sP@)+1) , ﬁ_{ 071,i > 0
| B-(SP(W')+2) 0v=10"4i>0 B others



Corner Cases

v=0.1,a=DP(\V) =1, g(e) =0, f=DS(V) = 1

v'=0.0625, 0 =V - Vv'=0.0375

001111111011

=

001111111011 0000000000000000000000000000000000000000000000000000

(a) Example of Erasing

forv=10"i>0.Setf =0

v = 3.141592653589792, o = DP(v) = 15, g(a) = 51, f = DS(v) =16

v' = 3.1415926535897913, 6 = v - v' = 0.0000000000000007

0 10000000000 100100100001111110110101010001000100001011010001010%+

=

0 10000000000 1001001000011111101101010100010001000010110100010100

(b) Example of Invalid Erasing When g > 16. Do Not Perform EIf Erasing

v=0.75,a = DP(v) = 2, g(a) = 6, § = DS(v) = 2

vV'=0.750=Vv-v =0

001111111110 100000

=

001111111110 1000000000000000000000000000000000000000000000000000

(c) Example of Invalid Erasing When ¢ = 0. Do Not Perform EIf Erasing

v=0.0 v'=0.0
0 00000000000 0000000000000000000000000000000000000000000000000000 = 0 00000000000 0000000000000000000000000000000000000000000000000000
(d) v=0. Do Not Perform EIf Erasing
= oo V' = oo
=

011111111111 0000000000000000000000000000000000000000000000000000

011111111111 0000000000000000000000000000000000000000000000000000

(e) v===. Do Not Perform EIf Erasing

v =NaN

V' = NaNpom

011111111111 0000000000000000110000001110000000000000000000000000

=

011111111111 1000000000000000000000000000000000000000000000000000

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



Overall Erasing Strategy

Given a double value v

Vv is a normal or s a Vis oo is NaN

o= DP(v), = DS (V) write '0" (1 bit) write ‘0" (1 bit)
C Otherwise
write write '0' (1 bit) V=V V' = NaNorm(V)
'1' (1 bit)
bits of 5~ (4 bits) V=V XOR¢mp(V') XOR¢mp(V')

V' =Erase(v, @) | | XORump(V) ﬂ DS(V) ;"6,"}%;;'163,'{;_'6 )
i DS(v), otherwise !
XORmp(V') E_C: [ <16 and 070 and 52-g(a)>4 i




B Experiments

d 22 Datasets
O 14 Time Series

d 8 Non Time Series

Dataset | #Records l B ‘ Time Span
City-temp (CT) 2,905,887 | 3 | 25years
Small § IR-bio-temp (IR) 380,817,839 | 3 7 years
Wind-speed (WS) |199,570,396 | 2 6 years
PM10-dust (PM10) 222,911 3 5 years
" Stocks-UK (SUK) | 115,146,731 | 5 1 year
2 Stocks-USA (SUSA) |374,428,996 | 4 1 year
3 Stocks-DE (SDE) | 45,403,710 | 6 | 1 year
Y | Medium | Dewpoint-temp (DT) | 5,413,914 | 4 3 years
é B Air-pressure (AP) | 137,721,453 | 7 6 years
Basel-wind (BW) 124,079 | 8 14 years
Basel-temp (BT) 124,079 | 9 | 14 years
Bitcoin-price (BP) 2,741 9 | 1month
Bird-migration (BM) 17,964 7 1 year
Large Air-sensor (AS) 8,664 17 1 hour
Food-price (FP) 2,050,638 | 3
g| Small/ Vehicle—lc)harge vC) | 3395 |3
GE Blockchain-tr (BTR) 231,031 5
v | Medium SD-bench (SB) 8,927 4
E ), City-lat (CLat) 41,001 | 6
o City-lon (CLon) 41,001 7
S POI-lat (PLat) 424,205 |16
%\ Large f | bolon (PLon) 424205 |16

J 12 Baselines

4 lossless compression methods

Q  Gorilla (VLDB 2015), Chimp (VLDB 2022), Chimp;,g
(VLDB 2022), FPC (TC 2008)

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

d 3variants
Q  Gorilla + Eraser, Chimp + Eraser, Chimp128 + Eraser

d 3 Metrics

d  Compression Ratio
O  Compressed Szie / Original Size

d  Compression Time

The Smaller,

The Better

O  Decompression Time
4 Programing Language
d Java 1.8



B Experiments

 Overall Comparison with Baselines
d Compared with Chimp;,g (best streaming competitor )

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

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

Gorilla &3 Chimp,q =3 Elf 3 Brotli Zstd =3
Chimp &= FPC Xz LZ4 3 Snappy =
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B Experiments

 Performance with Different f  Effectiveness of Erasing & Encoding
Q If f < 13, EIf always performs the best Q  Erasing §56.5%~62.2% on Gorilla
a fp= 6,' 36.6% over Chimpl128 O  Erasing t49.5%~51.6% on Chimp
Q If g =6,1 48.3% over Snappy Q Encoding ¥ 8.7%~33.3% on variants

L L L L L L D L L L L L L L L L L L L L L ] l T T T ]_ T T T
o 1y / o 1t MM == Native [EXXXH Native I
S 0.8 S 03 f ) -E 08 t Native + Eraser 1] 208t ative + Eraser .
i " e o ] BIf —— | & EIf ——
2 0.6 2 0.6 | £06 §§§ £06 -
5 i | 2 _ % oo 2
S 0.2 Chimpypg —— | 302 F Chimp,,g —— - = oot £
3 128 S 128 202 F (5 © 02t i

0 . L 1 | L L L 1 Sln?ppyl L L L L 0 1 L L 1 L L L Sln-?'pp}{l L L L 1 U ) :::::: U )
1 4 8 12 16 1 4 8 12 16 0 o o I 0 K
B B G‘Oﬂllﬁ Chlmp Chlﬂlp 128 G‘OI‘ll].a C]l].ﬂlp Chlmpl23
(a) Compression Ratio in AS. (b) Compression Ratio in PLon. (a) Time Series with Small f3. (b) Non Time Series with Small /.
~ [T T T T T T T T T T e L B B S B B B S S B B 1 . T . 12 r r
2250 1 __Elf 1 2250 L . Blf —— ] Native [XXZXX Native XXXx3
2200 | Chimpypg ——e— | 2 Chimp,5g e 208 | Native + Eraser B | = 1| Native + Eraser EZEzE
S5 . Smappy — 5200 1 , Snappy g EIf £ g |
E 150 | e N £150 [/ T N S s g 06 r 5
Z & ' Z % 0.6 -
5100 T 1 3100 p » %04t :
E. En W‘M o 204 -
8 0 ||||||||||||||| 6 0 ||||||||||||||| U ) U 02 i _
1 -4 8 12 16 1 -+ 8 12 16 0 : B 0
B B Chimp Chimp,¢ Gorilla Chimp Chimp,,g

(c) Compression Time in AS. (d) Compression Time in PLon. (c) Time Series with Medium f. (d) Non Time Series with Medium f£.



' DiSCUSSion From: | Microsoft CMT > Details
d Complexity: Both O(1)

O Efficient bitwise operation

PVLDB **Reproducibility** submission #1280 -

Review Complete

O Store previous value only
2023-07-19 04:47:55

The reproducibility process for your submission #1280 entitled “Elf:

D A POSSible Variant Erasing-based Lossless Floating-Point Compression(Reproducibility)” is

now complete.

O Elf;0<5=V—V <KX10® fommemmmemm e

|The Reproducibility Committee was able to reproduce your submission. Your

i

1

O Theorem: Eh‘1 IS better than E/;?( |paper will be highlighted on the VLDB Reproducibility Site and will be |
| considered for the VLDB 2022 "Most Reproducible Paper" award. |

1

Thank you for participating in the VLDB reproducibility process. Your

D PerformanCE'in TransmiSSion efforts help to ensure that the VLDB community remains sustainable,

vibrant, and trustworthy.

Q If bandwidth < 60M pbs, Elf is

Below are comments from the review process:
better than Ch|mp128 (O(33K)) The findings and experimental procedures presented in the study can be

reproduced and validated using the methods described above and by
utilizing the provided datasets and algorithms.

I : : . H
1 Among the three metrics, the compression ratio matched the paper 1
D Can We |mpr0ve Elf Further? | perfectly, while the trends in compression time and decompression time |
1
1
1

were consistent with those described in the paper.

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




B Optimization for Encoding B* (Elf+)

 EIf writes a B* (4 bits) for almost every value

Given a double value v

Vv is a normal or s a YATS oo

is NaN

o = DP(v), = DS (v)

write '0' (1 bit)

write '0' (1 bit)

write i write '0' (1 bit)
1 (Lbit) ||
bits of " (4 bits) | 1| V' =v
v' = Erase(v, a) XORmp(V')

VA=Y, V' = NaNorm(V)
XORcmp(\/ ) XORcmp(\/ )
« « if v=1 >0 !
- DS'(v) = 0, ifv=10",i O



B Optimization for Encoding B* (Elf+)

 Values in the same time series tend to have the same significand count 8

1 | I ! | I I I | | I | ! I | | I I I | | I I
NotEqual E—=X
0.8 |- Equal B2 —

S b A da

CT IR WS PMIOSUKSUSASDE DT AP BW BT BP BM AS FP VC BTR SB CLatCLon PLat PLon
Datasets

Jd Make use of .. In most cases it takes only 1 flag bit

__________ -q= DP(v), B'= DS (v)
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write write '0' (1 bit) write '10" (2 bits) | | write '0" (1 bit) write write '0' (1 bit) | | write '10" (2 bits) write
'"1' (1 bit) I E> | | '11' (2 bits) [';{I?' | i I "11' (2 bits)
bits of #~ (4 bits) vi=y v'=Erase(v, a) v'i=vy bits of f” (4 bits)] 1 | V'= Erase(v, a) vi=vy bits of #” (4 bits)
] ____________________________ ] \‘—_==_—_—_—_—_—_—_==_’ ............... l
v'= Erase(v, a) C, <16 and 60 and 52-g(a)>4 1 | v'= Erase(v, a) ' C: <16 and 670 and 52-g(a)>4 u v'= Erase(v, a)

(b) Making Use of ", (c) Reassigning Flag Code

(a) Eraser in Algorithm 1



B Optimization for B Calculation (EIf+)
d Basic Method

Compression Ratio

O Converted into String. E.g., “3.17” 06
O Java BigDecimal p
Q EIf Solution v
O Enumerate i from SP(v) to SP(v) + 17, until v x mclf s
10" = |v x 10] 0(17)
O SP(v) =|logl0Jv|], f=SP(v) +i+1 Compression Time (us)

Q Eg.,v=3.17,SP(v)=0,i*=2,=0+2+1=3 |~

60

55

O EIf+ Solution 50
Q Since §, = B, in most cases, EIf+ starts i at S, — | meser
SP(V) -1 O(l) WEIf mEIf+

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




B Optimization for Encoding XORed Values (EIf*)

[ [ I L [ [ I I I L [ [ [ I | I L [ [ [ I [ [ I [ I
xor', =v,@v',

AP H—H BM CLng H4H FP PLng =<4 SUSA
xor'70land not C  xor',# O)Land not C ') AS BP e CT IR +H&H SB ¥ WS e
= and C 0.4
xori=0 and CBJW’?SM and cegter,>16 ' BT ++ BTR +e+ DT ~v— PMI0 -8~  SDE r&

write '01' (2 bits) | | write '10' (2 bits) write '11' (2 bits) | | write '00' (2 bits) VC o+ Plat —=—  SUK +#- 1

___________ I I | '
{ prosomeressenens ;! write write write ' ' i
1} Cilead, = lead,, || meme=r=csasagee===== === .
: i and trail,2trail, i ([ _le_ag’_@ l_)lﬁsl - _®_ - l_ec_ué £3_b_1t_s)_ . center bits
e coner, (L)@ center, (61

center bits center bits

>35

Number of Leading Zeros

d Shortages of Elf’s Encoding Strategies 1 Improvement by Elfx

d  Fixed Approximation Rule for #lead
O  ruleg = (0, 8,12, 16, 18, 20, 22, 24)
d 5/7 bits for #center

d Adaptive Approximation Rule for #lead
O Dynamic Programing with many pruning strategies

d  Adaptively Encode #trail instead of #center
O Including one flag bit O #center = 64 - #lead - #trail

d  Suboptimal Sharing Condition d Adaptive Sharing Condition

O  Saved bits my not offset approximation cost QO  Ensure a positive gain



B Optimization for Encoding XORed Values (EIf*)

Compression Ratio Compression Time (us)
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HEIf mEIf+ mSEIf* mEf* mXz HEIf mEIf+ mSEIf* mEIf* mXZ

 Streaming Elf* vs EIf+
d Compression Ratio ‘t 9.2%; Similar Compression Time

d Elf*x vs Xz
d Compression Ratio ‘t 10.1%; Takes Only 4.8% Compression Time

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)
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