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Survey on Floating-point Time Series Data Compression
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*(JD Intelligent Cities Research, Beijing 100176, China)

Abstract: Advances of IoT (Internet of Thing) generate a sheer volume of floating-point time series data, which poses great challenges in
storing and transmitting these data. To this end, floating-point time series data compression is extremely crucial. It can be classified into
lossy and lossless compression based on data reversibility. Lossy compression methods achieve a better compression ratio by discarding
some data information and are suitable for applications with lower precision requirements. Lossless compression methods, while reducing
data size, retain all data information, which is essential for applications that require maintaining data integrity and accuracy. In addition, to

meet the requirements of real-time monitoring on edge devices, streaming compression algorithms emerge. Current review studies on time
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series compression encounter issues such as incomplete sorting, unclear line of thought, single classification standards, and lack of
inclusion of relatively new and representative algorithms. Time series compression algorithms over the years are divided into lossy
compression and lossless compression. Then, different algorithm frameworks are further distinguished, including those based on data
representation, prediction, machine learning, and transformation. Meanwhile, the compression characteristics of streaming and batch
processing are summarized. Then, the design ideas of various compression algorithms are deeply analyzed, and the development context
diagrams of these algorithms are presented. Next, the advantages and disadvantages of various algorithms are compared with experiments.
Finally, common application scenarios are summarized. Future research is envisioned.

Key words: lossless compression; lossy compression; floating-point time series compression; data compression

UEAE SR, W 25 4B B A 1 42 VY7 At 3 0 (TR IR . S Rk 0 B, S SC TSk I R 459 19 7 £
RUI B0 A R R B RUBOA B 1 BT BT R A BIACE. 4, 7E—4 60 73 F LRI Rk i & LA, it —
JIAR S, RERD AT LLRE A R DA 0 S i S M A R B i AT R T AR AR A 150 2K e, A
RACFRHHAE B RIA 70 TB™Y, 57K 60000 A% 5345 K 7T A=A 1 TB 9 GPS ic3% 5 . S K UL I 5 %540 1)
TPt AR AR A SRR H T BRI TR, RIS B0 7 RRIR R ANRE LR A, A, H ATHOE 2 1E
AHERE 1) R, I E TR B E, Z e 12 T 3 MU K RN v T R R B 1 T 3 MU Kk g U, 7
T T PR A [ ) 2 S0 A P 37 55, 5 1 oA PR o) 2= 500 P A FH s ™). DR e, 4R A 2 e s
592 A TR R R AR AR W YRR Y P S ) A

TERF I 3 250 e 46 ok, 2 0 R0 ) P JE T AR D SR 0 2 i v BV T 4 P R 1 O 9, 3 W
DK F % S 7 T SRR R 10 84 U P ) A et 3G ol 0 B0 T LR R T A A B s P K BT R, AT SR
B R . TR, ER TR AR I R RO AR N, R X R AT DA 5 () ) 3k, ki vk D BT A7 fi s .
AHXF % G i PR AR B, 3% 28 7 VATE KL BT 5 B 5 25008 B B 0% 55 2 b R P B 50 (6 e 1 BT AR 4,
T FE FE A8 2R S 248 st ) e S 24 B i) 2 i) B0 B 4 00~ 2. AL (0 SF P 45000 s A4 R P 24 2 25 0k N B
AL A, BRAK 1O TR, SRR s 280 A v A 2R, G 75 AR AT DU A A5 BTN AR T 2R T
ZR, LA FH 250 7 0 a5 AR R P 45 R o8 B AR e g D B AR LA, DLRCR F BT U R A B AR i R
ATt B o 1 2 A O S o R R 4.

T THI 6 EF P 400 R 48 1) S [ S FH 3 eI, FRATT R AR 75 R 28 JE 458 A 5 R 48 U7 vk, A6t P i 1) 50 B0 T
Pesz S, AR EE R4 U W AR SRR A VAR R SR JC B R A Y, TR R B A LR AR A 46 A AR
23 1 e B T X O A P R SR AR (K 0, 5 1 4 SR B % LA — 5 [ RS 15 AR AR, 3%
PE AR R B AR e b, 2 R B S F R S 23 AT 3 o R A 00 R e A e, TR R 4R L R A
g E U2 S5 R S e S A A R B AT BN A B, RN R D T A A B IR 7 SR, I RE A R B AL A A
TEAE B R 1 A, 3R R SR NGE . SAEG0H . DAL AL B AR QAT 1038 IR0 SR B, BT AR i o A i 5
Kl i 4 S OB T O L X T AR SR ) Rk R A b R, B 2 (R I O Pt Ak B 4 B
PR 44 A R A T R T 4 SR A AR R O T

R GE TR 4 AT A AR S M R e Sk B B, R B R R AT 1), EF — ok T S R R 4
(F12538 S0 % . Jayasankar % A UM 4 A IS [ 99 26 A BEN T, ARAR 4R 3 5. AADHEZR . Hicdim 2R AL A0 B G
B2 A 4R 7 B R 4 i, VEAREA T 48 S P R 4 B3, B0 Huffman, RLE. LZ R4 U505 IR 2 4%
TR S A% DA S At R 2 0 FH AU 0 B8 1R 4 S020E AT 1 AT BF. Chiarot 25 A\ U7 A 5 40408 16 45 54
TR AR T AR ST, W I SR RO P IR 4 SR A9 4 FPAL: SEF . BMEOEL. B ShmAg AR 5
Bk, FREE T AR EIARE, WG EE R XEARIESE. BEAh, (E B TRRTE T AS IR 7 R 40 SR AE S 506
BRI R 45 R A HEf . De Oliveira 25 N USilit — R B AR e T 40 535 T 10T AT 0 5 16 45 5095,
TSR T I R 48 FILES 2 ST IR R, RIRHER B0 T AR VR I R ka5 . AR . 1 K R A 3 2 1] R G
R, A T LR B KOBRFES . SHRERTRRR.

T AR SRR SO BN &1 . BREEANTEW . AR — . RIAGER AR FIREA L.
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5 B8 B R 7 I 4 S BB V) R 3R, AR SO i U P £ RORT T AR REAT TR AN, S8 iz R AN e K
AR, APt th 5 AW T0 v BEAR SR IR SO, CLEEAT PRAAZRA AN 73 4. AT 2 oTikin T

(1) X DIAE R (K97 r I e s P 4 S0 0 AT S 25 00 28, BARTE BB A AN A B 4, I HLX i e 4 5 vk 1 2 22
ARREAT AR L 172K, S T HR R R ST T, B THLa ] T A

() ACHIN T PG K RS, RS T FEE M4 i SR B BOR R, i s s 46 457
AREEHET 15 FHERIBER.

(3) A SCHRGE I Py I 48 S A% O JBABAR L 1 VA (X ok 2% P, 2 A A A LA ) B o N et

(4) ARSI e S A S0 AT T R GUIK S B, B R e T A A BER I, JFOT IR T S AR UL L
PRk, BLANEEERI R 1003 2 P BdiE SE 56, it e e A BEATUS K BT 72 SR AT B I 255

(5) ARSI KIS P 5080 s 408 S04 IR A B R A T KSE P 37 AT 00 1, B 1) 32 A 2 i 5

(6) ASCIE R T 37 RS 7 B R 4 (0 AR SRR FE T 1a), B AR 2 YR P B R . AR A SR . R
PRt VLSRR IR i BB e 4 4 A SRR TS, 5 AR 35 s I 4 BOR X BT A e 8082

AT 1A R A B AR K AR R EIR. 58 2 AR 05 5 3. 4 1R I AR TE R A R 4
JRGRSER 7326, 55 5 TR TACRYE SR A SR IKES . 56 6 TSR xt tuar i T ARRIE R R A6 553, 55 7 WA 4
N PP e 4 SRR IO NE . 2 8 P el s 246 02 (R AR R TE 5 IR EAT 8. s A B 420

1 HXE=R

1.1 EEFYIHE

i) 303 (time series, T1S) A& Hi4% s 4% i 1805 F2 326 48 1 5 9 e 93P 90 U0, AR 0 55000 448 2 R [+, B e 8
B N P HUE (univariate time series, UTS) F1 2 i 7 $#i (multivariate time series, MTS).

BRI R H R — 2R, AN 2 — T R TR IR ZE i MR SRl — AR ) T A . 2 I R v i S )
YR, A E 2 AINAR i, X AR AR I ] R AR DG, 85 B R — ARG AR B, B 1 & HIER 5
T (AFETFRLN . B St B SIS ) W LA MTS. i8] 77 51 i 8 % :00h:

TS = [(t1, 1), .., (t, %,)], X €R" 1
Horr, x; RRERNN m YEF A BARE, ¢ R BEEAE x, IREUS I B, n R 20E A IECE, m 2 MTS EdE4ERE,
B m=10 TS N UTS. 458 i € [1, n], W TS[i] FonmF 1874 TS 5 i N (@, x)).

— J_/llj""“"ﬂﬁ+
=

sl

AR U B 500 10 SRR 15 [ 7 1S, AR 08 e 6 B 1) 880 R A2 A [ 1, ki I A7 5 — A Ml
(¥ IS TR, 5 458 e TR LA L Sy M 0 A B T 20, (e o 450 22 S TR 38, b 2 (10 I TR B 5 A7 4
— LRI R LI R (BN 1R BEGE SR Delta 4 551 Delta-of-Delta 4% " HEAT H4H, 71 1518k 8 FR LN 1
LT T LA B BT I R4 % LA Delta-of-Delta 4t Ay 51, Bt )8R 1) HL A A it FE 40 F

(1) B PR AFAE AR AR TRV 2y, o X552 1 B R RS 1 (B3 2 h B9 IRI 2 1, D 2y W] RO 5SS EMERT 2 h

K1 BEHKZ
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(2) 58 1 ANAFTAVER ) 7E BB 1o AIXET £y OB & Delta, Bl 1y —r_, , ZHEIEHNT 4 h, WA LAA
14 RRFR, Bl 2" = 16384 7] LU TE 4 h FTRER NI 14400 s;

(3) JEBE AR 1, A H I BRI D = (1, — f,_)) — (ot — o) » ARYE D FINS IR BE B, BAREAL flag A1 D SkE
N, R 1 FR.

2 1 Delta-of-Delta Zwhd 1| %

DRI flag DT EERIALEL JEX A3
0 1 ¥
[-63, 64] 10 7 9
[-255, 256] 110 9 12
[-2047, 2048] 1110 12 16
HAth 1111 32 36

I LR )T Sk — 5 U B Delta-of-Delta F Delta (IR TSI 2. Wik 2 fros, RCURmT (HE ) M1 64 frf7fi
JRAGME, THEEE 1 ANEREE ¢ AR T ey BRI EIRH 14 AL T 7R6E. 58 2 R E ¢, MW RN E D =
(11— 1) — (tg—1_1) = —1799900 , R _E IR A gm LI, —1 799900 FITE I £E [-2047, 2048] 2 4b, K ILTE flag fir
“ULLI7AT D Frag it 32 47, 3£ 36 47, B 5 AR ¢, 5 ¢, 4ifiBid 2 —FE. 438 Delta-of-Delta Zf5 Jm, I 8] 8% 75
TEREEN: 64+ 14 +36+ 1+ 1+9+9 =134 £, MLRLEKR/N (RELE 1)): 64 x 6 =384 i, FR4i3% g 134 + 384 =
0.35. 403K 2 55 2 B Fiw, #57K F Delta 4 1) 75 58, BN 608 1) 385 58 BT 75 22 19 LLAFEIUNT log, Max(delta) 1, Hop
Max(delta) 37 R BB . A 88 FE I MNMog, 18000001 = 21 AN bk F IR, B, I )R B 75 77 2517 9
64 +21 x 6 =190 fi, JE4EZHRN 190 + 384 ~ 0.49, L4 % IR & I %

22 Delta-of-Delta 1 Delta 2% 745

fil [E] ke, W DeltaZi fith Bt 75 1z £ HE R 3 R4 5 AL
t_1 = 1709870400000 - 64 - 64
to = 1709872200000 1800000 21 — 14
t; = 1709872200010 10 21 —1799900 36
t, = 1709872200020 10 21 0 1
t; = 1709872200030 10 21 0 1
ty = 1709872200045 15 21 5 9
ts = 1709872200050 5 21 -10 9

T [ B Delta-of-Delta FH Delta FE 4 /772 CL 400 BIRLT R4 28, 4 ATHT 7t = B4R FR 7RV U R B4
THEZE T, WA S T BRI s R A B (A (W R 48 2EAT 118
1.2 FRBIELE
TR 4 IEEE 754 FRif, — UK B F 0580 v [ 64 A HE Sk A2, HHaE 1 MRS 0n s, H1E 11
MERRTRIRHALL =< ey, es,...,01 >, RIGH] 52 MUFFRIRBEALL i =< my,my, ... ,ms, >, W 2 FiR.
5001 bit) %%%Mx‘z(n bits) J%%Mﬁ(fz bits)

L B K AY
[Telelel_— [lmlmln] ]

B2 U B s % o

v NIEHN, s =0, 0 s = 1. W45 & A (KB, XORS P2 w8 v mT DAy 2070 2 B AR A2 77 20
7 R, Horh T 37 R ORI 8] 5 91 b e LR O, 6 RO A2

52
v= (=1 X271 X (Lmymy ...msy), = (=1)" X 2771 x (1 + ) mix 2-f) ©)

i=1
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11

Hh, e e tHlE, Bl e = Zeixz“"' - SN BEVE ST PR 32 A kAL SR A, 500 B SN [V,
HIBAL N 8 A Luts, BN 23 A FORE. S5 SC AR AN TGRS U6, ¥ RORR AR SOURE P T AL
1.3 sI%E. EEENdOL

W 3 Firzs o —ABURE BEVE s 8 TEEE 754 JE R, HaT 32 8 bR i | 2 a4 v E2 75, RS
NEARDL 1 ZJG4220 0 BRI, O a5 25 R BE 5 2 111 LUARR 067 T 4H BT T 91

\0000005)00000091\10101110000101000111VlOlOll10000101000111}00000000
g% iz %
B3 RieZE. R EREE

1.4 E=21ER
N T AR SRR E VR RUR, B S 3 AN E R 48R R/ R 48 N TR RUR S
o [E4A% (compression ratio, CR). IX ™5 *TTQIEf@E%&E’Jﬁ)& T, B8 E N

R—— 3)
s

For, SR RGE S BRI RN, s R RAEEAR /N, R4EER R — Mol /N r. (AR H /T LA, A 1 —L
SCHR, GnSCiER [21] 208 R 1BIEL, RO R A6 80 KN 5 IR 48 5 AR R/ 2 LG, VB Fs 48 H R ps il i 4 B R P e,
SEI 438 /R JUIER AR GT. S JoARe ok 150 B, 7S ST I 1) s 4 38 /N R 7 R 4 SRR 288

o JE4E/f 45 5] (compression time/decompression time). HFRAESELEIR (compression latency) 5 f# & 45 1E
iR (decompression latency), 73 71|27 M UG afE A2 1l Fs 4 250378 BT % (R0 ISS T L D F 4 33030 7k 52 381 0 ) 50308 i 5 1) I
5], 5 P IP A R4 P e, BT B e i A o R R

o it (throughput). A [F) T- Fe 4 /M B 48 2405 S W 408 /A i 4 it A5 mh o 35 (R IR ), 70 ek e 48 B A7 IS [ P 4k
R (YRR 77, AL SR MB/s. (H P9 % DIAHOE, %T Rl — 40, o8 R 0 T 8] w] LA 58 R 22 404 1) s 4
SRR AE, AT P A ik i i R 2 CPU AERAE ). ZRFEH. SVARCR A R P 5 .

o A% 18 (accuracy) F T/ 45 R 4fi iy 122 55 A4 IF [ J B AT T SR AR B T 7 210 0 0% B0 B, IR B R 400 1 S 2. 7] A
NGk S0 Weh %

(1) ZE FHiRZ (pointwise error), S WA 7 s 4 E 0 — Fise (81 #2105 =X, o WHOA 46 %0 1% % (absolute error) Fll
AEXFiRZ (relative error), THHE AU T:

absolute_error; = |x; — X}

“)

X —X;

relative_error; =

X;
Horp, x; FoRFIAEARE D F IS § NEEEERE, 5 FoR x WEMBIRE. REA TE BUE4 Fydd fie X
B A E SR E —MRZER > 0, TEEAI AR PR SR ZE /N T TRZR ¢ DOk SR ZK.

(2) JEFERZE (range error), 7E AT — MRS D FIva ) (B foRE M R/MEZ 2) BT, 7T DL xR E 7
Wik, AKX R

range_error; = m (&)
Herh, max(D) M1 min(D) 2 HHEEE D 1A e/ ME. ¥ B R 228 A T DR Sl B AR S5 A 137
(3) $JJ71#% 7 (mean squared error, MSE), H & R IG KR 5 48 50 < 18] 22 5 (0P 35 F 5, [Pk TR Z 1)
BARICE. FRARE RN n, HEARKUT:

Zi] (- %)
SE= S 6)

(4) TR iR ZE (root mean squared error, RMSE), MSE [ J5 i), #& 4t 5 JF e ]RZ — 3 n0 iR 2 V946, A8 L
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MSE BER ML T2 RN, tHR AKX
RMSE = VMSE )
(5) U&E {5 Lk (peak signal to noise ratio, PSNR) & SNR [ — A5 4k, w5 FH T & 50 T i i &, & T
MSE, 5 [& T BE AR T, TR AR

D 2
PSNR = 10log,, AangetD)I

®)
MSE
HH, range(D) FoR IR EHHESE D BIBUETE ], B oAl S5 i MEZ 22, 2 AR R AL, @ F HUE 1 8¢ 1/2. 1875 PSNR
R R R R 4 T SRR
(6) K& P25 (accuracy gain) H1 Lindstrom™ g 1, F T4 & R 45 308, HHE AR T

(o
azlogzm -R (9)

Horb, o R FIREHE IR EZ, R IEA6%. 24 R Al RMSE #4735 22 50, a AT DA RO B IR 4 R 2 o 500
I, RWTIE B 1 A A S e R, IV SE /D (0 RS B on Bdis (9 TR SN AR 22 58 /D8
XA R (A 0 2 S0, TR 6 B VR A T REAN R, B AR B 2 B T LA W s R, T ASS &
PSNR U o RAE RIS B R AR RCR. 7R 3 From, MR VPAL 5 RIEFE & RS BEIR bR, A7 B T4 1 MR 4 CR.
R3O AWEGE RS R AR

K EETE AR AL R K K H AR S
J& 1% (pointwise error) Him AL 2 7. LFzip™
Tl 7 (range error) R AR o A 2 sz3%, sz_ADT™
$175 1% % (MSE) BARIEZEKOF CHik[26]
Py HRAR % (RMSE) BARREZEARTE NUMARCK®"
IEfE (=B L (PSNR) AR R4 R R ZFPPY. NUMARCK™, MGARD+>”
HEJEER 3 (o) LRt IR ATACR ZFP™, SPERR™

1.5 BREREE

TEHCHE R 453038, 38 R 48 S5 — bz N AR, I B B0 o 145 LB R, BB Ab P& AP S T 11
B, T SEI XS R B i QA SO 4 A DXV S i P B8 ) e 448 S0, 3 FH PR 448 501 1) 3 AR i
TR SRR A AR, B ST i R AR R (ER, — L R 48 R A i () SV AT RETE R A B 7R BB 2 i 5
PO, S EUE ARG I R AR A (R, 1 Ah, K 2 H08 P R 45 502 7 R A G As BT T 25 B4 S i =B
5 545

R E T D MR ERR A S RURSE. W IR E R A AT A (bit-packing). F 11T (byte-
packing). JFFE4MHY (run length encode, RLE). 2% Z%4ifiY (frame of reference, FOR) . %§%ifi5 (entropy encode,
I Huffman 2w f%. SEEIS P, R FREUT £ 46 (asymmetric number system, ANS)™). B E 47 (dictionary
compression, %1 LZ77", LZ78"%), Snappy"*%%. 1925 T ALK LU 24 AR IR ER, BESESEE AT
V7 s R4 S DLt — D i R 4 2.

EREL AT A E T 2R R TEIE, R SCUE R A RS8R, 40 Deflate™ i Jeff H LZ77 HLHT 5
W 45, SR 5T 45 5448 F Huffman a5 i — 5 K 45; GZip™ MI3E T Deflate #E47 45, RN AL S T S0k SCIFR.
KGRSO HARE B IR, 1958 T gl 3E0 87 R AR R &, Fel & A BRIRZS S (finite state entropy,
FSE)Uy 37, 38 F T 45 8RS 7 E Rt i Zstd®7. Brotli®, LZ4P4% 75 31 IR 45 1k G W AR T GZip %
TR 75, R E WA N — S To i U4 S RN b

2 EFE
FEAAT o, JRATHEA I I 3 V52 50 A0 0 1 B 428, LA 1) TE 5 R A 450 45 599 ) S A B AN e A
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FRASAEAE S 2.1 F1 2.2 A5 iRAT B 45
PATIN 3 AN FE I SRk T 0 35 (1) W (BRI R 45 AE RSN, (2) BiEESE G THE R R
FETTHI . JE TR T 2 ) 545, (3) VR AL FHRAE. BRARMEEIE NS5 Kl 4 Fow.

— k] —— Gorilla (). Chimp (Jit). EIf (i)
— S EERAOR —
L it —— PDE (i), ALP (k)
x — A —— FPZip ({it)
— B mTEw -
4i — FAEM —— FPC R
— ETFHLARF] Bk 3] —— AMMMO_ ML ({it)
— HETHEE LR ik —— Buff (#it). Real Information (4lt)
| . L[Sz (). SZ1.4 (#). SZ2.0 (fit).
5 REEZTADE Szauto (fik). Machete (4it)
=
i Swing (#t). Slide (HIt). Mixed
oL — BTN ——  SBRE&ME —— PLA k). MOST (). Sim-
;ﬁ Picce (). HIRE (itt)
ik L GBSl —— SZ3 (). QoZ (k). SZ ADT (i)
ﬁ — IRJE ) —— LFZip (#it). STBFC (itt)
bR
4i )
— EETHLER ] —— K-means —— NUMARCK ()
L Al 2 —— RlI4tsc (flt)
— 1EAE A ff —— ZFP ({tt). DE-ZFP ({tt). ZFP-X (itt)
—  ETAM —— mERESM —— TTHRESH ()
L N [ SSEM (fit). MGARD+ ({it).

SPERR ({it)
Bl4 5 R AR R R K

BAVIH R RIS (BI85 (R (R85 B A 18 4F, e — AN EE B 10 JC IR 47 S0 mT LUB 3 51 2006 4.
JESCEL S DR BRI R R T SR8 ST R R BRI 1A 3R AL A 3. M 5(a) AT DA H, 3T 9 AN AT e
(V7 RN P 4 S ARG ey, IR 51 35 F 903 IR =, R B OO0 (907 s R 0, — B V7 R AR A0
(k. I TUAR SR, BT AU R R FIHLAR 2 5] 1037 s i e PR 4R VA AR 508 T S ek e, H3R75 1 38 2 5CTE.
B 5(b) FEE S(c) 43 BN A 5/ TE B i Atk =/ 2 FR 45 R At (] B4 34, AT DAFE HA V7 ol B 2 LR 400 A0 50 22 33 B
AR LE. BEAh, JOE 465 U R 48 I B 7] 3 BAT — s BB, MJE SC AR R AT DUR IR, 4R SR G0
JE4E S AT T R R B
2.1 AEM

TE RT3 R 40 b, 40 A0 A R 28 2 F 2 58 A P, A4 S 3C80E 25 0%, R an 25cdis vl DUIB A 1 4 1 Bl 5 31
JE 25 50 AR [ (R A, T3 R B R O IR 45, 8 T IS LA R 25 AT AR 15 400 R OB, S SO St B8l P S
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P4k,

AT RGN T A5 Bk, M4 5 (9 R B A 58 455 A T IR an e XM IR 4 77 VA Il 2 5 B — 284
K552 R HE SO AR B DL ST R, RO A 8RS, A US40 F T30 & USRS, Horp
— RIS BB AT AR 1.

14 14

12 | ATl T Ydhsr mm 12 | H e i e - fitsle=a i e
g 10 | H T TS e g 10 |- u g
= 8| =R % i ;
=S E 6 % - y
M4 —% Ho4rE 5 % —% g K3
i it AAH " 3 il:l:
0 %mm@ o LE %mm@@ ped @mm@@ g
27 2015 2016 2017 2018 2019 2020 2021 2022 2 ) Z A 2015 2016 2017 2018 2019 2020 2021 2022 2 )5 22 A 2015 2016 2017 2018 2019 2020 2021 2022 2 )5

Fr O A
(a) A FVEHESE (b) A T/t 4 (c) =i 2 L 4

K5 R PR 5 e [l 9

2.2 BUAIER

SR HE SR A 2 [X 53 AN () e 4 S92 R — A OB A B2 A L e vt 3L, A [ 0 SR HE 22 R 8 76 1 A2 AH B 75 SR 1)
RI4R N, SERUAS R I R4 2 AL R, SRBL T30 A R 46 TR B T2 W) LZ RAVE, 3007 U P R4 A g 5 T
X EAH, a1 TRISTANY"URI CORAD™Y, {5 H 17 i () N A7 FF RS R VA 2 P s LB A/ A B A F) i
AE RS AN R 375 5 ) R, T AV s I3 PR 4 SR AR A U FRTE .

221 ETHEEFRIR

V7 B 23 o e R R TE At R R T 2, b n3RATIAT BGR 1Y) 3.14 fETHENLH DL 1IEEE 754 A% %
7~: 0100000000001001000111101011100001010001111010111000010100011111. M _EIRFIFAL A H &, AT Lo A
BT e R AR R AR T R AR Rk, HLE T e s 4 b

T T I R A4 B TR AL I S A ) 22 R 2 LRI/, TR SCHR [20] Hh 1R IR TR R
BY (exclusive OR, XOR) iz B3 TV s /3 2008 F 4 1 77 323, e i S Ak 3 79 30 1 45 SR AR T B 4R i e 3L
B S IR AP, NI $2 R T 5 48 Huffman SR 05 I R 46808 . 7808 SR LTT s 7 85008 IR 46 7 TR I T 2
ETE 7. Bl BRI, TV 2 P80 R, SR B ZE — AR D, AP AL B T R B B, W
SPEERZ NS E (AL RRZMEME) . @i $ . PO RA %, YLK SERE I O AL, AT LS
TARES.

SRT, LIRIE SR AT T AR RE I 7 VL RS T — e g s, B3 ) EE I RO A, 2 SR TR
JRZE RN E R ZE R, fln, 3.1415 5 3.141 6 £ 3G ZTXAHZE 0.000 1, {HEA1# H I IEEE 754 4% 10\
327 P AE R I 4 8, W 6 B, RENGE RACH 3 AR BE S AT DU — L Ak B R4 SR I N R R 1
KR, WS ARIER LS 2 R H i ™, R AT B BN 47 S AR 4 3R

3.1415: 0100000000001001001000011100101011000000100000110001001001101111
53]

3.1416: 0100000000001001001000011111111100101110010010001110100010100111
I
A :0000000000000000000000000011010111101110110010111111101011001000

Bl6 3.1415 5 3.1416 FERH

BET T ] ) F 4 0, S S AR R U BOR LA 10 1) n ORI B (n WK TAE T 0 KD, 9,
W77 AT AL 3,14 e I 107 13 2R H 314, SRJ5 6 A B OE R AR SVE RS 2 (R 10 1 2 W07) 1 314 3047 4w A
KRG RCR. (HA2, T 1EEE 754 % KR, JEAZ T i 8GR RE RS I R0R, fE i siE MR ikiz n, 14
BRI AR 25 R T] e 5 RGBSR, Tk SEBL oA R 4. (R, 32 T B ] i M 4 S5 75 0 S W 00 (B TG
TR R KIBUE) AT AL P
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222 FTHN

I o0 A B BE AR B o 2 R B 5 1 s R R B 1A A B i, P s i s =X, an R AR A
A EE HAE, A W] RRTE R SR S L. I A A R R G R AT A4, T DR AR SR T A SR P B A
NI S BT B 478 PG 28 4.

T S B B 0 FROI 368 5 ) FH G v A A BSR4 I s B AT T, R L A AR B AR, 2Tk
B, A, B — 505 5I N T Lorenzo TR &% MY, b 10 B 45 1 55, H Ai 25 7T A0 356 - 000 (00 337 o 45 50
R BB A, BRI L4y N B2 Wil & (piecewise polynomial approximation, PPA) 143 B2k M4l &
(piecewise linear approximation, PLA).

BRI HCUL A Y 32 BB, (58 A BR ORI B s ) 8] 2 471, 38 AN 2 I, T B HUR M B R 2 e, K
FA— A BRBUR AU A HEAN B 18] 5 470 S AR X TR ¥ 1, R bt 7 B B ) S 6 AT 20 B, A BUR B — AN S & i&
PR PPA [ ZAMEBY 2 T, W R4, — KRR KR, SRIVE AR RBS 543 BE. PLA M FH 25 14
RHGHATING, BAr BB /D R 46 8 T . BAR s B0 & A5 R 48 A 3L, (R R AR TR, A% Tl 4R
W B, BRI B0 B0 IR 2 RIS A SRS 43 B A 7 VR AR T3 T3 s 4 ) T B B 8 1 A 2% 1 L e o 7 2
T AR AT B s B R B, AT R AR SR A T — AR A T R AL T, SR SRR
F =R 2 TR T % B4 m, & A B BOR BB 4
223 FETHLA

WAk, B VH MU S B B IR, MU S I EESAS T2 MR, 78 s R 48 Skt 32 3K B
A S SRR R T L PR I O B B 1 B LR, R A2 AR S A B, TT DA SR O R A R RO WL
SRR ] DAAR HE B8 140455 22 P A 75 SR 1 T N b 1 R R A SR, R A P BRI AL I 4 AR T .

FE TSR ) T SN P IR AR R 45 A T BB 2] IR s ) AR ) A BB 2
FRTE A AR S EERTE S I 00 T X BT A 2R 5 1 2 21 i AR, 2 Q3 T A B v 1 P9 7 45 44 A DR T
W TR SO TR A R — L SRS 5 1, W K-means, 7T DL IAECHE Hh ) 32 A5 QAN 2 20 A 18] A5 P 5080 2
i, B J5 i B — N EE R R 2R 51 2 E .

TRBE 2 SR —FPRR BRI HLES 2% 21 70, e 8 T IR 2 (R 4 20 I 28 &6 g ol 23 20 008 1) s e R 38w il 2% 21 =2
FE R HEAR (agent) 11T 535 (environment) FRIAE HL K% > QAR FEARF E IG5 F M SR I AR, B R4 2] — N 3RnE,
{F 158 Be A KA P RIS B R 2. Bt SR S 456, Wil T — N BA BG5S DIRe A 48 N 45 2548, aniR
¥ Q M4 (DQN) %, I LA A B 24, RIRHER T E4E B R SCh A v A AR I ZREEA [ () 3.

224 BT

TEAZ T AL IR, [ G5 5 PRIAE AR a5 B30 5 A E i P AR S M, e A 4t m) DU 3 2 vy B A O i 5 e 4
A—H LR BE MR ERRRER, S5 T 2 R T 50T D 206, X 656 B T30 i &
4. N, r2 BAME S (nE . BUREE) R4 R Lt Re AR R, e B S A8 4 (discrete Fourier
transform, DFT) J&, KA /D30 (A5 RECE BB, 1K & 1) R E0RT DAt 2008 50T 5 A [ ELRRBCR R X R 8
HEAT Yt 2 A e P T IR 48 R AZ o, TG HE 408 1) S B 5 R B AL R 4

BT AR A SRR AR bR AR, K i GG R e B 5 — 3, R — 2R R R A ()
KT K ENFRIR. BHUNEH (discrete wavelet transform, DWT) & F T A 5038 46, 4 —HRR /N
T RO I 8] 7 B HEAT AR 3, FEAI AL Haar /N3, 45 28 T BURBIVHE & 2 AU O R A 38O, L E k2 B T
EERE T R GG A 5. S — L SCHR R CDF 9/7 XUIA) 1R A8 /N A8 46 1, 4 FH A Ak (00 B 20 S N e ) B
¥ (SPECK) 5% 25 1k, R Hdt AT i, i a7 718 208 (higher order singular value decomposition, HOSVD) 14172
N T 408 R 46, vT DAEEE 5 o 2 AN R LI IEAS sy, K s (5 B R R I H Bl L. @i AE X
WA BORBCE I Y, 7T LA 1 05 S B A8s 4) F 4
2.3 Rk

BEE VB 5G 43R IR TR IHUR J, S I B0 VR G A% o 2 S5 AN T 7= A R B A, 3 e i I 7 A R B Ak
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BRI AT SRS P H M8 Hh BRI — AL BOR, R AR B AL S 7 St AR R Ha ) [RIIE, lp )xe ST i 4
PEAUEAT RE 30T BUAT O BOHE IR 4 Sk Bt 1 S v R e/t s i Bl I 4 500l 8 Bt sk 2L 4
38 5 RIZHEAEAR G 3 HE S LA, W 7 . A5 S SR R B O R 2 S B AL FR R A (n SZPM AT
T, PR A); A S S AT R AL B A R 5 20 B0l S R (i BIFe AT REUERR, SR 59T 7 8uE 5);
A B R AR, BB AT 00 RAZIE (1 Gorilla" B BT S B0 D). (B FTAT BI04 5 M dm A o L.
K FiAE BANEE 5 R Y20 AN T _E R BVEAR 1) 53— Fh R, J5 (8 )5 SR A g .

T g : p R .
(s | [ | [wtorsons | | IEIREEE
— | = - — - \
| | Rt || semeeriom g | | [“Huttoan | [ G007 |
> | >
00000 I @ | [rse | [ mE |
KR : .
([ [ ][ ]~ ).
\ ! FOR
N BEIR e Wy T / N J

K7t/ s 4 SR HE S

FESGE I R 4 Fk 2 e AL 3, Gl A T A 38 OK AR SR R 28, X Se i i — e I g F R4, PT LAE 4 i
PR AR TR AR . R SRS 0 SRS HE, BRI TR 25 5 SO, (R TG St ab 337 57, T 75 B4 45 2 08 (1 300
TR G A AT AT A Ab 21, 5 350t =X 4 S0 v e 5 T8 1 N o 0B 1 1) . 610 4n, 43K 72 A2 R 4t (global positioning
system, GPS) £ /BB H 4F 1-10 s 5 — YA B W, i RARE K 1000 25id St 3 4% bty IR 2k B A
) 16-167 min, iX 5 SAANH & SEIT R 42 B ZEoR . RS W 25 4% R als 55 — oL AR R 81X 1) 1000 Hz HSRAFAEE,
TN 1 s PEAR B AT 2R 40, 2247 00K T V7 VR e SR 2 /0 TR 2 8 KB (W47 25 A1, X X A7 it =5 [l o R
a3t 250 KB fII0 2 e e v 45 1 5 1, MR T R A i £ 3.

MRS B E G T s R 3 5, Wlanis ¥ R4 LRt a2 555, HACFE R, 2EBAK, T ISR L5
IR PR B 3 BT R e 8 SR, 0 ST I U 4 v T DA S IR B A B (1 B S AR B, BB SR — N AL B — A
H B S AE =37 5 AT RE 25 FE TR 40 AR AN S PR PRSP, BRIk ORI QR 40 SR . 4 At AR 2 (mini-batch
processing) (1177 20, TEFF & LB BRI RTEE T, XF /Nt A0d E AT 45 A Ab 2.

A SO AR AR M VA HEAT IR S A5 I RN, 28 P83 T Bk R 5 SCRpB SCR AU 4 (1R 1%, DX J5 28
T LARIR B R 2%

3 kinlE4s

TCARTTE r B 7 R 4 B0 70 A 3 RS B 3 8 ) bl o B oC B A L, JC R AE M BRI AL 3% Se S5 408, T8
WUEAR FIE RS AE AT RATAE S AT, 535 0300 50l 9 £ i 2 () R A b T R0 A [ F S L i 2, T v
SR AR S R W LA 3 2 T HIR RN 7 vE . BT T 7 VAR T HLER 2% S (R T k.

T AR e ) PR A7 5 VR TG0 4 A s g 2 I, 3 T (R A oA R 45 B SR A Re e Ak 52 A B, DRI b 2R
BT S 5 1 R A, LGRS R EE T RN A EE R, S EEE T T 48 MOR I &, [, 47
AR BE T BE 22 5| B A R 4 38 25, B R 4 Ab 3 s MBS 1 45088 00476 2 ). e Ak, AR o F o (2 Rk IZ BT
Ae 2 AR BUOC RS IR R AU, 12X 5 B0 R 25 SR A e 2 B LK.

3.1 ETHERE
3.1.1 Gorilla
Pelkonen 25 A PR 1 7 5T N 2 KN T 3088 2 Gorilla, HEB-B 4 7 Facebook. Gorilla %1% 2% & I 5 £ 45 %
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B SRR A AT PR m BOHEAT AL B AR L 50 5 3, I P A vh A SR E 2 R R A 2 KR I,
Gorilla P\, $ R ES BT — MEMAT R B0 IEE R SR B Z IR STMEREE, 85X 7 80as R AT s,
AT/ ) LU B AT 17 £

41K 8 (a) iz, Gorilla BARGRAS 5 5 09: (1) 25 1 MEAREAT He4i; (2) A 2 ME TR, W R sfE Dy 0, B
HIE-S5 3T —MEA S, R DMREAL07; 3) WERFBUEAN 0, 55N —AMRELLT, 2 PIAE DL
R 7 B AT T AR R TR A K T AT AN R EUE I AT S TR TR, A MeEco”, SRa
AR A7 BB R O . AR T A SR B — AN S A (0 AT S AN R RE TR, TS e A . W, e e i —
PREALT, F4r 0 5 HURFRT 6 HURFRIC ST S TR O R, BB AE e B o A, i T R EiE fA S
E— ARG R, BRI Gorilla W] DAAR A Hly ST Q0 e 4.

xor,=v; v, xor, = v, v, xor=v,® v

xor=0 Xor#0 xor #0 && IFE C, or,|=0 xor; 20 && C, xor#0 && C,4 xor, #0 && EC,

xor, |:0
| 5071 bit) | | 51 (1 bit) | | 5171 bit) | | 540072 bits) | | 507(1 bit) | | 5071 bit) | | 50172 bits) | | H17(1 bit) |
C, oAt Cs £ e | | center<16 |center>l6
BA BA B5A BA BA BA BA BA

“0”(1 bit) “17(1 bit) “0”(1 bit) “17(1 bit) “17(1 bit) “0”(1 bit) “0”(1 bit) “17(1 bit)

center bits #lead (5 bits) non-lead bits #lead (3 bits) #lead (3 bits) center bits #lead (3 bits) #lead (3 bits)
———————— K P ~ . . i ————— R R
: . lead, > lead, ) #center (6 bits) | Cy: trail > 6 : non-lead bits #center (6 bits) \Cy: lead=lead, : #center (4 bits) #center (6 bits)
| && trail, Ztrail,-y| center bits : Cs: lead, = lead, | center bits :&& trail, Ztrail, || center bits center bits
_______________ 4 | SR R P U |

(a) Gorilla (b) Chimp (c) EIf

Bl 8  Gorilla. Chimp Al EIf # [ E45mi% 7 5

3.1.2  Chimp

Liakos 25 A\ % K B BB ST Gt 0 bT, 4Rt 7 IR 40 2R 5 47 A B 537 s R 4 B9 Chimp. 5 Gorilla
AHALL, Chimp 22T 4 fi (A 5 26 A (B 09 B ok 5, [FIRE AT DS R xR 4 A0 . {12 Chimp 52 2 MR 7 Rk
JE &5 BT R R EREE A RE, BK S50 T HIR R E S R B R, i S RHERT 7, RHEEHERD.
FIFHIX —HFAE, 40l 8 (b) Frzw, Chimp B T bS5 &, ZIE T R MR, 3 Bl S ECRAH T — Moz el
ST, BRI 3 A EeRERiE LR m i & 40, HUHE A [0, 8, 12, 16, 18, 20, 22, 24]. 49, 175 Z 4045l
6. 8. 15, 48 FH _E IR e 77 vE T DUE ] 000—(0). 001—(8). 010—(12) T3 T3, 20 BRI S 0. 8. 12 M A&
R, FIRWHT S AL oL AT A . K2 7 B 42 10 e 5Ls R AT 9 F 80 KT 7, Bk Chimp (U 3
A LRk 34 AT 5 B AT DRI S AT (R 46 .

N T IRECE 2 ()R EE, Chimpog 1ENAERYES T — DI X AR 128 M, L& —AD KA 21
B, KR v, g5 i IO AR v, & (2"-1) LB, DME S SR R4 v, POl SR B A58 v, & (2-1) ML
BT, FNEM X I HE T R aiE 8, X R DRIE R4 R 2 0H 14 MERZE.

% FE 3] Chimp B 1O R ], VEFE S T JLA84A Patas®™, Fil FH 81— LR (BIAREA A0 M1 L) 2k
AT YmAG, (A1 SR F 2% 55 (0 7 2, ARG R 4 3 AR B At T T R 10 A P 48

HH . Gorilla, Chimp == 2@ X 4t 7 & HEAT TABEL, BT LAEIRE AT AR S 1 S RE I xUE0E FR 48, Chimp g X 24 HIF
RS S HT 128 AMEAHDE, B AT AR 2RSS, (H2 HX A2 NE T 3 k.

3.1.3 EIf

Li 25 N UL H B BIF & — Al TR M A7 S R g 5. N TR B 4 R A 2 R, U
PEORIE R A2, BIF 32 T — AN T I TR BR R B 191 s R 20 5508 1 R B i A 5o B (B I s i /s,
TEREMR S R R B AE H 15 0 TR AT R dhols 58 22 (1 R AR AT BB A . EIf 32 4 T IBEE 754 #%53X F mefRigpR i B
(R B, AT T IE RPN e PRI . R
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g(a) =52-[axlog,10] - (e—1023) (10)
o, o N-HEE N UL, e N T HERIFE B AOME. g(o) BV AR IR R AL, 396 2 1) 7T LGsI ) b BURE 7 %
KT RUEHER; 2) W R RTR A T R R Hm % . Wk 9 Bs, i v 5T DS 2 3.17 SR RN 08 44, 1
FERUA Rk 3.17 B RBEE AN 2 738 55 44 7. o] DU B8R AL B S5 58RI F U A8 e A3kl N 2
o FHR, FEIF (A 551 1 e 7 o BRAREUIN, TRAIE T 5 R 5 IO B0 3R 4T 2 BUER AR, R RE Z RIAE 5 .

3.17: 0100000000001001010111000010100011110101110000101000111101011100
g()=52-[2x10g,10]-(1024-1023)= 44 @ PERR G 444 EURE
3.1640625:0100000000001001010100000000000000000000000000000000000000000000

Kl 9 EIf #ERRE

EIf £F %48 6 )5 93048, S Chimp FIgmig Bl FkAT 704k, 1 8 (o) B, FESGHZX L T R 2 1%
B, FEARIE Gt B PR AR AL B R AR HERR S BRI TR A 1Tt ) /NEIORS B2 45 B B TR A SR 080 . 451
U 3.17 BERRJE I IAE Y 3.164 062 5, - HEHI/NECRE Dy 2, RFREEXT 3.164062 5 ] b HUEE L7 B 3 6/ gt vl
AR R 8. 1 R 2 BL+CUrh 2 SUE I LA AU A B s, SR T R R 4R

EIf X $038 AOHERR 2 A X $id A B (4B, 1M H 55 Gorilla A Chimp ML, EIf #F— 58 T iS5 &, HR£
HAR R G E—ANEEEH O, R EIf o] DU T 20 R 48, T B N AR I 2 128K,
3.1.4 PDE

Kuschewski 25 A\ P4 H ) PDE J& — Rl 3 T3k ) (0 5 B 446 7 8, AT LA S B BRUsE f1 g s 4 A 2 70 0 45
. T IEEE 754 #% 30 N WURS FEVF f R AR 22 W] LURS W 8 s 130E 1 50UME 107, PDE 4048 $ist 38 1 I A 4 A $ i
B REAG B R i) TR EUE, SR 5 Sad SRk Al N3RS B4 B 4. sl 10 Foow, 54T 0.989. ... 3.25 F
—6.425, F AR RN R EUE 3000 24 24 3, ARG TR % B XTI 10 (%, FH AT &N, /53] 99, 325 Al
~6425. FIRHUA KT 22 WITGIERE AN, BAIRAEGE 0 F i (8. I RO A3 2R 0 IS, 1 A A R 4 5
IEEAT B R4, W FastFOR™. RLE %5. PDE AR N — AN A E, A LA 2t A0 317 5 1 4. (FL 2,
F PDE SikA G I AN B SRR A5 Thae, JB % 5 F B AU g e . DRk, 24 S92 5 BE 0% s IR = Ak
R T TR EE R AL B RE ).

BN AU LT R A

) SIMD-FastPFOR
0.989... 99, 325, -6 425
EizE 4
> = =\ 0 =
2,2,3,

~6.425 - e —
FEHEAR XU P 7 e
556-42 5.56-42 'ﬁ> A AT L

Bl 10 PDE 21 K45 5 B2

3.1.5 ALP

N T AR R, Afroozeh 25 A\ "7E PDE (3R 34T 70K, #R3E T PDE (038 SR EOHE T R, Bl
FT a8, 4l —NRR IR e FEAT R B, I8 FFORP IS $ 4 A Bk AT 9w Ag. AR 5 K (R 5 e 7T LA
PRI A IS BI77 S B AR BE S R B R, (R BB B T it 3 TR IR SRR S g I &, Imi g 7
JEARRCR. I ALP 5INT 53— MEE RS S, LAk BB R 2. 5T TovR I B 8UE, W F8 (kAT 5
MAENE. WK 4 PR, ESEXT (e, f) = (14, 10) [, 8.060 5 AL 5 45 5l 80605, T LLEEZSE Nk B kR GA1H,
T 1.234 56789 Toidk Ik B R JEAE AL A 57 8. ALP 383 158 i B b Ak S50 0 2 (R 4 8 K B SR e AL 10 3
HHE.
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£ 4 ALP BHALTRE
JRUETT A % e = 14555040 KERIRH =10 R R/ NFEE

8.0605 80605000000 80605 8.0605 i
1.23456789 12345678900 12345 1.2345 2

ALP [k S A48, (T Lua® P Pud i A g R B R G i N 1E. BARIE B E SR B TR, He
A f A SBILE 253 FiL O T3REUR A A2 S EECOC M  BE, Bk ALP 5] N T X EIBSTREE, 381 2
AN B 23 A IR AL & MEIEH A, 55 2 BEIEEEN k NMHAE FAEA M REIE R R e fAE.

& RKEREERIEIE, 07 R4 000 5, SR A 7 MR E R T BR AR 7. T RIAEE TN
2 H AT ZUCRFERIE S84, At Ly s frm (g .

32 ETFHm
3.2.1 FPZip

Lindstrom 25 A\ 1 2006 4F 42 H 13X — P RIS TF 05 R 45 HE. FPZip AR IR 4525 R ] LA e i - B4k
gt 1X 5 JE TR 2 B8 3 1) R AR 22 T 0000 04 6 408 BV R P A 22K ) /N &

FETRIF B, FPZip ] T Lorenzo Tl & ™, @ik n_E Bk 25 483 0 5 S A8 kAt v 4. S AuBi BEay it
R ZE T 2 8 B BB TR RV s BORN TR 7 s 50347 RE ok mT B8-S BOHOHE 1) 3 1, VR SE B HR K 52, FPZip
Vg SR 6 (RO T 25 i S B TE 755 R . B X A B R E R R R R 7 &, RIARIE T S 2 8Efie 4
5 AN P A B DR R R R 25 /I — BRI FE . 2 S AR A I B E AT Y. S AL B, TR
Schindler 7 25 24 7 f) 705 [ g R o OV TR 4 0k 22 . S B 2 % R i 22 20 B SR, FF AN W 45/ 6 7 ik B8 3% 2 I 51
(Y DX TA), gt e 4 IX 1) AT i — B R 22 17 41 (R .

FPZip W LR B0 i 04T A B, (2 75 B0 IA 31— & B S T ik 22 HEAT 4w, JGVE AR IR XU . 7EA
S FAG b
322 FPC

N T ARAIEAE LA 354 0 00 S 46 26 110 [ 6 2 v s 4 09 O 45 B, Burrtscher 28 A\ PTUSE T E S E S TR
W2, SR T k. FPC TINEE R A 17 FCM ([ 52 1 F SCBEED PRI DFCM (%43 [ & bR OR8240
4, AEfE i Hash RPN A 41 i F —AME. FCM 1 DFCM % B A= A R B FIIAEL, FPC M A i 4 55 S B
TH AT SR E T R 2 5T S T MME, I 1 AARICAL pred, 103% N TS A T 25

ot T NG AN S PR 0 S B A5 S, B SE 16 3 B AL cne, SREER 0-7 DNFITHIET T8, 5 5% 22 037 0 B 4
W3RN residual,. FRAEE5 R Y, Wil 11 Fios, A9 REE — AN PSSR IEZR TN 07 80 H 807 Sk
ERH K. RS 2 4 ARG EY, B pred, 1 cnt,. FPC T A 535 b0, K& S A 4 HRR 9w g 4T (31— A
AT IEH 4 LR R AL AR 2 A7 4 T R, T ARESER. MR T DA AR N 4E B R, AR R 48 B i T
B RIEEY RN TR 64 11, ARVENL pred, 5T 253047 5 B ME 7T LA R &2 R 4R

v v v v
Bl pred, cnty |pred, cnt;| residualy residual,
- 0o 2 1 4 0x7129889b0e5d 0x0c77b510
"~ " v v
1bit 3 bits 1 bit 3 bits 8—cnty=6 T-I1 8—cnt, =4 F1

Bl 11 FPC JE&itig ="

FPC 7 e 4 K I 0000 8 0 2 B (3R 47 5 B Ab B, AT DASRFIRT S CAL B, AR 1 IR A s R0 vl AR FH 04
Byt 20T 48 i OBt SR AT AT S J
3.3 ETHHEFS

Yu 25N OB T IR PR R 45 T Rk R BT AMMMO (adaptive multi-model middle-out). AR5 A< )
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B s A SR, K R AR I AR AR R AN 2 2 S AL AN B TR, AMMIMO Wi T 6 PR TE: BB (vi—viy)
JRIAIBE R (v — )~ ER vy xor v )~ PRI R (v, —vie) — (Vi — Vi) ~ AR E (Vi) —vie) — (Vi = Viet)) ~
B (v —vis) xor (Vi) — Vi) , M 3 P E RAL JRAE: (e MRS, BREZ, LUK 9 Azl s, B et a
331776 ] BEMIZEHI S A G RLEFHEM SO E ML FLERMER, T H S51EE MR IERTH, 7 DUER
By .

PIRIEAETT Rb, 5 1 Bt — IR oy Brk £ 07 7500, A3 2 M E46 77 &, v ERE 5 2 g0
SN RN B AR R AR T R, AT T EZ NS HAS, FE I Tk 2] SE 22, 17
7 AMMMO_ML, i1l 25 >3] & Fh s B0k B sh T B S B 24 b, M MG YR PIRES, Ak
RIS EBUE e, FES B E T, TREIE B4 A v S 8t, DASZ BT AR 4 k) 45,

AMMMO_ML 40 2 347 He 4 77 S 1L £, 75 S0 Bl 43S AR 5 4 7T LAREAT R4, AL 0k SRR
HE 4.

34 B %

To R R A SR BT AR IR A RFAE, RO 4l B v] LB AR B4R 12, 36 5 % Bk o S a8 Skadk AT 1

SEE, IR SCRRRAC IR . SCREANI R B IR A 1 VA4

RS THUBAEFIERFAL LR

HE4L Hik Ehy AL AR )
Gorilla" 2015 v -
Chimp'*! 2022 N _
Chimp ,5'*"! —
T H p1122]8 2022 v
EIf 2023 v
PDE"™ 2023 Y —
ALP™ 2023 — N
FPZip"” 2006 — —
ST
FL T FpCi7 2007 \/ .
HEF L AMMMO_ML™ 2020 — —

4 BiRELE

T X K OV s B 1 PP B B0, 7 TR 48 SRR Al 1 — Fh-T 1 3 oo B M R AR 2R 1 7 vk 5 AR 46 AN,
ARG Fo Ve R4 R P 5 303015 8., DASHERCE i F) 4 S0 R O R 1) AR B 00 A 40007 U PR 46 SR
4 AN ETT A T HARFROR I 575 ST A 5% T LA S ST I ik A T AR 45 (4 )5 .

41 ETHFHRT
4.1.1 Buff

Liu 25 A\ U5 H ) Buff 25 B /NS A 5, AR B R 00 75 10 LU R 5. Buff 76 A5 RIoRS B 2R R AT Se a0 56
I, LTS B/INECER 43 1) B K T 7 LA, 0P 12 B, (ELR R S0 B0 I O 45 SR AT REAS R e tE 5 6, BB il 45 3%
MR e 2. H Buff 5 B seBUCIRUESR, 75 B8 A8 f A\ S8 10 5 oOR B

Buff [ FEARERAE FEZA3 WA 2 U 1) HE T8 58 WO 1 4 70 3B 3000E; 2) BREUREBORT/INEGHS oy, A FH 7 o
T SR 43 I EAT P48, B 13 TR N 23,1415 IR SR FE 77 ks oK, 27 e AR PR BUE AN 4 A1/ N 3, SRR 2 pr
HE) 4 SLREEGH 23 A 15 AL/ NEGE A, AR 5 5 (0 5008 V00 BB, 4 R 0 43Uk 233 BB e /M. 20, BARE— 25 FR 46 0 ]
25 8] SR 5 KBBR8 Delta 4t URIALFT R GR ARG, Xb/NECHR /318 T AT SKs 1 g 1), 5 FLR R B 58 K g iy
(175 2, DASZ I 43 25 1A
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ANgiE |12 (3451678910
gl 5 [ 8 | [15]18 21 [25]28]31[35

12 Buff HRLAE K s T 7 R

sagis:[offofoJofofo]1] IEIIE[%I [ Iﬁlﬁl I%&I LT oo o 1]
N T () FERCREHL, NS
AR 8 B T T

0 @) R, 6 (20, 30)

Lofoifufofolfofofrfofofofofifififofo]

B 13 Buff & 45740 ©)

BT T XN B AT SR 46, Buff NG T8 5 1 R i AE. B P AR IR pta A\ B0E 1 i
K AT RENE B, Buff T KBS M L 3HAT ST, SR BEAK.
4.1.2 Real information

Klower 25 N\ A BB HIRLA & X7 Bodh AL 245 2. (bitwise real information, RT). RT N RI#& AL A — ik
IR, A8 MRS 55 1) A5 B (mutual information) Vg UNZBAI 925 R, HHE AR T:

1 1
M(r,s>=Zanlog2(p e ) (1

=0 s=0
B r=rrer Bl s =5 5p...5 NEHRRIR, p,o, B po, RRIDGMEER, p,o /& 1 =1 F s, = s [FIBS RO AR

AHAB IS S RTTHSEL AN 14 Fios. D3R (1) B S50 i Bohis 4B R o, 0 B HP B A AR T 2 78 A%
HHIARAT; P (2) I AN R BUTER I IBEE 754 483 SDIR (3) ¥ 2 B0 P s 2R Ak B LR AL B AR TR 1
BUN R T F, 56 1 ANFERE B AR AR A% s e B TS AL, 28 2 AN R el AE AR S ST 2R AR 1 AN eEfr 4
A, CARSEHE; SPIR (4) FIPER (5) THE IS S M, B RL DI (6) REGELE 99% RI ¥ EURFAL, AR BLARAL U 48 N\
9.0, LAME T J5 41 1 o4 45

°N (1 (2 X=123.=0 011111111
3) Totofofo DREE
0fojofo 010 1]1
olololol — Tolol1]1
°E 0(0]0f0 010]10]1
AR S TRE
(1) PR HedE ) [3=0 bit M~1 bit
() 3 A R FT A LR 1R) 0— & HO0FH2L;
OFN AT AR 45
(3) bR B AR
L
@) il M ®) 1an I :
I=RM I
(5) BALFIAE R ol A
1
(6) TREEII%ELAZE (6) X=1.23..=0 011111111 1000000000000

B 14 FHAT IR A5 R A 1S RT3 1)

VB WLEE B 0 o B BT AL & 11 RL DT 7 467, JF BT I 2 AR DG M LA m] R4 . RI BVE TR I O B
KB EAAF R, GG LR H I, R E AR 1 46 BUR.

P T~ R 4 5 LA 5 AL FEAH AT A (R0, DRI TGRS e U 1R AT H 4.
42 EFHm
42.1 SZ R5

N T AR AR 2 24 BRI v P R SRR 1 R4 R, Di 28 N BB T N R SZ. SZ R A T AR HE- T -
-G i (I RE 2. 1 skt 22 4 F DR R 50 TR 47 2 TR A A 3, SR T 22 24 B AL 1A 1) PO A7 410K ) 2 — 4k R s . SR
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3 Pl A B, R AT AT LA . Rtk i 2R FULA R R S A, B TR T SR I S, 3B AU B R 2 B
R REAT NG . W& 15 P, Sl B A 3R AT B B v, 77 R B3R TS v, 19 3 S TRINME, #B5 thil
A () ESE B B 15 A 2 BN S S B E RO ZE R R R E R ZE IR, HiR 2=
& 3 AR e R /N, A PR K B TR X 24 i R AR v, AT T

.—0

= — O :\ R . o A
el Sow TR | ETANEA
-7 N E | T CRaA
s " o MM
o o U
| I 1 1 o FE
-3 i—2 i—1 i
K15 Sz LA ont) Y
St T 2R A R TE v E T I B, RIS N HE, SZ G AN E E (5 BT 8 0%. bt iritE 7 —1k,

¥ BITAT JC 1% TO00U 0 5000 ek 2 e AT A0 R S, TS BN (Y B AR S e 4 RS 1 50 9 FRLRT R P AR S R T SR
ZERR KA 52 75 R BE BOVF o B AL, AN B R R B B k. W T SHE AT AT R R, AR S TR A E
LI, Sl 2 T ER N

RS R SVE R — AN R W e T BT R AR, AL R AR e S M 2R L A B RS L TN A B
WA, DA SR BE IR I il 2R 0L TO0 ) B s o R 2 i T SO 1, S A S 1 i 2 UL A B A Sk AT R Yo
FA AT A, FRAE AT S RO S A A T S

AR TR SZ MITRALEE S . TRIAS . iSRG A HAT T2 ik, FREE 7 GPU BRI
TR T SO RRA. SZ1.4A SR 2 BT, FIKEH 7 HE PR R &R K g, SCRE A e e K
BALIX (8 EE, HE 2K I B RBGHEAT Huffman 4565, 7T LLANERAR (b I 20 (8. SZ2.0° 14— Lorenzo i
28 AR B, B2 T PR Lorenzo THUWl 25 F1ZE M [E] U= F000 2% LA 23 il 2 e 2 4 3R SR 50 A 38 50y A Kl
T35 5 RAE R 3 Bk B R HE TR 2% SZ (hybrid)* 454 7 SZ Al ZFP Wikl 45 511k, A4t it f 4 RFE 2 R,
Gt PP P —, IEXT SZ Ltk A1 SR HOR ZFP A8 5 i B O R 48 Y HEAT T 4K, SZauto!”#E— Ik Lorenzo fl1—
R [F1 A A At b, SR T 4K Lorenzo Al IRZEHE A, IR ELE T 12 DS H, CFF L 5ELN T
ek, SZ3CVHG H LR M [ VA T A A 2 - 5 22 BRI/, RECFAIE K, I3 H T Lorenzo TR %8RI8 WU 2% (1) 138
JSE3GE R SR . A 1 TN 5% T DA AR T M A, R TP RO A, TR, SR AL T SR MR S
ZURFESATAE N 2 20 2 YA EL 1 1 36 S 6 3. QoZIMFE SZ3 JEfll b, 4R T Sk 2 A A T 2, 1) FH 0 A 4l s
SR T AR T SO0 T AS AR il B, I3 38 50 KA 5 SO PRI AR IR S A S IR £ ). SZ_ADT™
{#F FSE fmfi %8k 0% SZ (9 Huffman il 88, FH41XE LA 40 A 2L IR FHREH T HE M gD, KNk 4 2
R 4 e vk I e 7 5 A5 RN 2 A, [RIFH T — R TR LRAE (14 FE 48 26 T ML, 1 1% /e AL
P wT LLSEHL 91% FOTRINAER 2R, Machete! ™ fRiL 7 70028, R AT ARTMN, 4 fis 5 I8 4 7 Huffman FIAEK &
14 (VLQ), H " VLQ K H T DP 38, 3544 Huffman AOLAAIMTER, B Huffman EASE A Zstd BAIIE RS,
%4 GPU Bt cuSZ™, FIFH GPU MIFFATALFRRE /), BESER 1 SZ BIRHI R . Foh 1 S0 Bkt
WEBALHESL, B T RAW HHA L [RI 36T CUDA FF KR T —E 531 GPU 4k Huffman 4wt 5ensE, 3t—1
Ak T GPU A7 56 F .

3R SZ RHNEVE T AT R A A BT, FE EOR AR W gm PS5 A 3 57, WO SRR IR U 4.
4.2.2 Swing 5 Slide

Swing!"A Stide 412 3 T IR 2 20 B P& PLA B3k, &l 16 Fow, JRSWEN (4, vy), TN (6,
V) KRR &= — AN, A DR (1, v) 5 (b, vy + € (6, vy — €) B LRI a,, FITFRIZR g, TERL. 1X
ANMFBEEARE TIERZE IR € YO AT REUT LT IX 0 AU BT A B2, T — AR (43, va) FEES EARMERI R R T
€. R, TEFRINIX — p B 75 Bk /N1 B, BT IR ER a,p T as PPN (65, vy + O B (85, v3 — ). TS5, TR (14, v4)
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B A B — U B, DA (2, v) BES AR MR IR €. DRI, JE 82 (11, v) 1 (£, vy + © HIRIE 0, H2 1R
JUET B, T ap BEES (14, vy) DT €, UK TR Z TR NRIZL. B 16 B X0y i 25k 26, 55 24k
Wi 51Z X I FE B €, T 4R 6 B I 2R B

Bl 16 %:T 5k PLAY

Swing R 7L BT, BIAT— D0 B4 st a2 5 — A4 BUriE /L T Slide 242 U IEH I 4R BL,
UG A E— B AE Slide 77329, ANIERE 28 B BAA BRI/ 73 B B AR s IR 4 2, (R AT R S B =1 1)
TSR AL, Slide ZEIR T 2R B2 pi i e, DASH AR BOEHE 2R B, B 75 BEARAE fe /N8 7 iR 22 I 2K,
ERF— A0 B BRRERER, Kt Swing 5 Slide Toik 2 R BE itt=0UE 46
4.2.3 Mixed PLA

s F& B BRSP4 B AN 3 4 B 1 5 0 T R TR SE I A IR 45 2%, Luo S5 N VPR 7 iR 5 A%
BEHIRA T &, Mixed PLA 5|\ T B LT, £ X PLA 2 AT RERIMRZS 7], FHim L iR MR Z= R, [FINHSHE
T n] WL X IR A R, T OLIX S A B 2 TR RN B O R, WS PLA AT REER AR AT RE 16 2k 11
T SNBSS, P DRIR T L X IA BE R 28 DB, R AR A& 0. X 3 AL g L m 2% T
Mixed PLA [FJ#% 0y, (515 R 40 505 REMEAE P2 1) 1R 22 PR T R 4a 44 .

4.2.4 Sim-Piece

Kitsios 25 A\ il i 4y B VU e 4R S/ 0 BO A B, 30— 0 3 7 PLA IR 46 %6 1K 45 73 & Sim-Piece 7
Swing HI&Al T RAL, IR EEL BN 7 vE. H R4 R (1) 7 BULEE. 8 S &40 Bt s s
BARAE v 9 b, BN b = Lv/edxe, (32 NAR BT AL ZF— AN 2A0E b FE5T MM PLA 52, DlEE
b AEN T hRAIE R (interval), K b X R4 BE UL =J04 (a,, a;, ) BITERBINBIAIRG +; (2) B &IF. F—ANA
W BT e B, BIEATMARRIX A B A, Wi 17 () Fros. 3B A F 1) 5 & X 3T 4240 L /Mb
YRR, AT LU SR v R 4 6. Sim-Piece f# 1 A1 & (interval graph), 21F 17 (b) B, #5450 Bt 5 N TS v, W9
T Z [ RN A BRE S, Tt /IMb 43 55 ) LG AN SR A e /D 58 4% 7 RIS R B 00 BE & R B B
SEAEREAR A BULES 2 b, Rl Sim-Piece A& A%

A

.0

a;

(a) (b)
B 17 Sim-Piece 4Bt & IEn B!
425 MOST
Yang £ A\ PI7E PLA JERf BN 7 B BHE AR, DABE— 508 /0 70 B R, MOST aJ LA LAStt 2R it o7 2082 I 78
mABIET, EES 32 (1) BEHMER IR SC (shrinking cone, 50T Swing B3 T M PLA), 2T X FhES
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ARSI 5 32 A S0 e 4 A0 B8 35 v T2k T L B R AL DN, ek, Sk A e v H SR8 K i 2 1 L7 I
A ML BRI (2) 70 Bt B BetsR T SC, 26T M FEAE AN ER 1970 B (3) b B, RS EAE i 2tk
WAL, SRJE K Ho A ZigZag "R, BT HEAT AR K G A0, JLARL R AR 43 7568 ) BFloat 16! VRIS i 7 R X
ik, JF AT R U r LS 46

PAESAT R AL AT IR SC, B30 1 T JT 4, MOST X #EAT 14Uk, ilid A AT — Ik SC 58 1 7%
AR AN BN, T MOST 5 20 B R B AT M B AN A K i, D8] e TG vk S B 56 4 (R i AR B, THD AR
I SALRER I it 2 77 2CHEAT 4.
42.6 HIRE

Barbarioli 25 A V% T e I F AR e 2 IR R, B T i 2 0 R PR A i, - AR T e 2
T, I8 2 J R EL (ko 2) BNSRAWTHEIL S E . i 18(a) B2 — M 4, aTeLH 3 AN F B L BORRG
M AL (1 18(a) B s 2R BY). L AME AN R R 2 81 2 [ — MR ZE P81 (K 18(b) SKERE). IXAMRZE P 41 Al LLIE L 73
—A> 6 Bl B BORIE TR (K 18(b) 75 Mk BY). B — UKL Al &R 2 HT OB ZE L ABL 51 20, 40 18(c) 77
RERBUITR, SAREE 2 YOEOUERGR R G 5. R ZE G R GE PR & S 25 2 (RN 7 Bek), RIAREF
B PRI FEE At 2 /0N, SECAUEL 1 A 2 BB 30 i A 1.

0.80 _ 0.15 _ 0.80 _
R — s — J 4 —
0.75 PN A 0.10 | /AN N 0.75 EAN ey
ol e I Y AN RIS
i 0.65 a | - | moest /\/ X
B 0.60 - = 2= 0.60|
Foss5| # 005 #osst
0.50 | S =0.10 / 0.50 S
045 | -0.15 045}
T A S S S — 020l T A S S S ——
0123456728910l 0123456728 091011 0123 45678091011
fi5f [i] | ]
() JR GRS 0] 5 371 5 55 1 UG AL 51 (b) 5 ZE 7 51| 5% ZE 1A 41 (c) EAE L
K18 HIRE 4y)2 5k & i 5] U
T R AR, BN [RDRE B R B NS, ISR S5 2% R R B HAT — RS, SR AR R R R R I A N

JE AT F]. HIRE 2T o0 770k T X450, 1B 2 G g — AN AT ik . B2 1, |
B3 R 5 AL AR R R AR 30, it Ak I B v i AR b, S 52 R E 1 5 VR AL AT R i T
HIRE 5 JORS FER AR B8, #0875 B3 7 56 BE 10 ik 22 1 1), TR0 G 12 =t b 362
43 ETHREFES

B T L8 27 20 ) B0 5 WS — S OB AT I A R A9 B0 (1 TR 4 2%, IR AR Rt =R 40 1) V2R A T
AR, TR AR 5 AT SV IR LA B AT B A 168
43.1 LFZip

LFZip™ & —Fhi5 2 20 1038 F T 2 I 7P 10 B0 U SR 5005, 250 T SZ, B2 T T - A4 -J0 4w A HEE 242
LFZip T 2% 3 B0 F 1 2 P ASE 2R R ot 28 o 238 ASE Y. 000 i B R A SR FH U — A e /N33 7 iR 22 Tl 2%, R L 5 80
A RTE BTG, HAAT R Nk — B IR R R4, LFZip 7R T 56 T 90 22 X 4% 1 T 28, 4 fak Fi 434 4%
W25, SeREAT B8 RN SR, FELER N KO sl N 35050 40 A (0 7 DL S i 22 BRI K, HR 4 2 o iT AYE 26 BE B 5
K. TG, 2R B S0 kr R Ak, (] 16 Ldsk3EaR 65535 ANMEALAITE F, I 26k 5 0. B AE g b B
W Ak I (s 18] 21 A0 3 3o 308 FH e 45 4 2 BSCU ik — 25 TR 4.

fE LFZip [3EAE I, STBFCT RN 56 T 1R B 2 5T O TN 2% 347 7 A4k, SRFH CNN SR HUR R . BME
AP (AR, 4 R [ VA 2 P ASE 20 SR 38 SR A Y (1 45 A 2
432 NUMARCK

Chen 25 A P73E T4 B8 (ML 8% 2% 21 77 0E 3 T NUMARCK, 3 A FEAE R 38 Jf 412 Bk ) 28 4 e 27 =) B0 4 7K
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IEARJE W o A0, A& I A 2 A, EORIEIZ fUR 22 VSl A AT H2 T S8R 48. NUMARCK F 245 % 5 (1) 1HE A
WARMWA AD; ;= (D; j=D; 1 )/ Diy jy S5, Dy ; A1.Dyy ;73 RS j ANEOE ROAESS § UCRES i1 JOEA T M. @it
THEAEXS ARG AR, W] LR BN PR AR D I B SR B, R O R AG E J3 L s ), TR G 23 SR R R A 2
(2) I8 FF4T K-means 2% > E3E 113 A1 LUE T F 6503 . K-means 20— AN LE R IR A, W96 TS8O Sk £
T IE B 2 AR OR Hh 2 e S ) M Re AN 4 RN B . D T S IRiX — R BR, NUMARCK ) HH 45 56 B 7 B 1) S 56 il ok

433 RLAtsc

Jiang 2 A VP H ) RL4tsc {1 FH 56T 5 2 ST 502 ST DQN SRSz i e $0dis (1 40 R 45

2 £ B[] — B Y5 A B e B 2 1) AR SR A AR ALLYE, B 19 HF A 101100001, A1 111100011, ‘BEA1HLE 7
ANECARE. BRI, AT RASEAS [R50 Hh i 6 [5]358 4 S B H R 4 Base, JRHT 2251 BaselD, % %4 H F Base #Mr)H Ath
FB1E N Rest, 5o 771t /9 BaselDO || Restl || Rest7”#% XA E i e, Horh, Base & ME—1E. b n] DLSZELR LT (1
% ¥R H 5y Base #343 Fll Rest #5453, F4 T Base #54 BMAEAE, 1% 77 15 BE 0% 76 At JE BN HOHE e (1 175
LR B AR R AT A

Restl Rest7

o N
Hdfil: 17041 1.0 0 00,1 —>
000

Base0|1w11000ﬁ1|
|
Hgm: n1 1

HeffiS | BaseIDO | Restl || Rest7 |

K 19 RL4tsc 17 #E =7

SIS B ) P45 2, A R BRSO B 2 DX 58 A& 1 Base. 1 T4t b id OV ZRRE A ), RL4tse SR
SRAL 2, DI PO I R AR R, K e 4 i) AU AL 09 TR B £ Base RODLAL AL RE. B3] 20 B, JetR4E AR B
(TR UL ek e et ) 2 D 1 A L PR AR, PSR A R Bases RIRFAE I 52 A AL 7 &, 28)5 /] DQN 32
P2 S 64T Base b4, 1547 it 2 (VRO DAL TH 532050 S 151, DASEAN T SE B A 7

i A $K15Base .
WA [ K ARest [ 71

44 ETTH

BT AR A TR AR BRI R T M EPAT I, 2 8tln) e 802, BRI AT AN oot ig it kb 2.
44.1 ZFP

Lindstrom™$& H 7 [ 52 FE 46 5 14 FE 45 5595 ZFP, [ S RF DL dxdxd [RERL BT 3 4877 5 B4l dt AT B ML 5
Pila). ZFP EEBIEN: (1) B4k, Ferb 1037 s B o 8 U8 0 [-8, +8) Y 3B v LA Q3.6 (R 3 bk
NEEBER Y, 6 HURFR N /NG o) T8 e I AME I SRR, SR I R BON SRR A — 1k B (-1, 1) YR, B
WA T R B AR, MR ORELE SR AE; (2) IEACHAR I, R S — TR B IR AR RE, 8 ST AT B B S R
M, A% 3 e Zigzag FHEF, AT AR FE A m I SR FHHEZL B0, SRR RF 5 AR . SHUE SN R BB
SRR SRHEAT UL (3) RN USRS, 21 HLAF P T (bit plane). 201 21 Fias, EUAEF T A2 A28 4 22 50 R BB BE P [F]
—FIHI LR A A 4 4R (group testing) PAE LA AL (B 1), 35 NAHR ELEFR A . b4, ZFP i8R H T 3K
PR AE I WS, (R AT HR P 8 H B8 SR AT B 05, DA R R4 K.

B BIAHE TAER ZFP MR A gt 5 20 T M SSTR%E, 35T FPGA AR se BN, DE-ZFPM 23T
FPGA 1] ZFP 3RS, {4 T 1 4mil B 48 ZFP JR UG I BN SR ID, 18 CR 15 5 7 ik 5 14 [ B K s 408 2R 45 2
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PILE JEIR ZFP S 4%—13% 2 A, LAIRKALRE P PERE. ZFP-XU 24 i N Qg b AT 1 Ak, SR FH S o ik
NG, FECRFREAL (bit group) AU 1 LRI, S A IUAT BB, D5k 1 S A S0 M 246 .

/,
Tololo|~[~fol1|1]of1]0
b =T
%}0\01--~--~100000
N, T
| :

Rl }
gilLololol—|-—Jojojt]ojt]t
|
folofol~|~|olololo|o]1

K21 BT iR

44.2 TTHRESH

Ballester-Ripoll % A\ " t 7 5F Tucker 43 fift "/ 5% TTHRESH, F i b &5 57 8 40 i (1 46 R B A5 20
ABONE7 2 H, BRI W65, 85185 RLE A5 A i — 20 Ik 4. (37 52 70 i 1 TH ST BCKR, Wl e
= PBURI 488 . BAh, TTHRESH A s 45 75 23 [ B A% L, TR AN SRR REAL T 1)
443 SSEM

Sasaki %5 A\ UM T B Haar /NS #1157 SSEM, B 7EF2 = SR KBRS 2 5/ 85 PR 1
6 HH B /N AR ) s 2 7 SRAE AR BRI Bl i R AR A R, Ty R R A B AR A A O GRT
1, R 3 AR Ak, DRk /N A 4 B T 450 46 SSEM. 2B RN (1) Haar /N e, 25 R AR K 25 R8s

14U A, NPK AR oA TR B, B BUEUAH, L A i BB, H, Hevh,
:AWHAW+UGZ

L[i] > 0,..., n)
A[21] - A[2i+ 1 (12
Hmz—Li%;iiJazo ..... n)

T2 4RO, WK IRAZAT « B 50 AIBAT 1 /gl e, 3 4k A28 (2) Ak, W m 2R o 3 4% 1 R /NS 43
B d AN DX, X T HUE AR X T34 53 B n AN Xk, SR )5 BT n A X3RN 1) 78 32 SR 394E, 19 B8 averagelil(i =
0, ..., n-1); 3) gwtd, X T EATHI T EME, A average I T, LA char ZRAUBAT 174 (4) #24L, 1 H
FLE bitmap LAIK G Rm B R B AL B MWbE, RIFATREA . MWD E ARG SAE ST A0, &5 BT
Gzip 535 it R 47 5.
4.44 MGARD+

Liang £ A P15 F $0°% 7 MGARD (multigrid adaptive reduction of data) ™17 1k, &1 4 12 24 FHIRFF 5
AL T 8 3 R4 7 5. MGARD F /N AR 40 F0 L2 #2052 30T B8 4098, SR 55 REGEHAT M4 =L UL K&
A K 4. MGARD+E MGARD ZEfili b, 255 7 43 |2 B AT VAR B &R 73 i s, 6 by R B AE i AN R 200
(1) 2 25015 B AN [ 1152 22 R, AT 5 RS 40 2 o) R 44 0 2, O S 49 i U 2 T+ Lorenzo TR #8043 Bt % 28 M4 (i
AT E S R SR B G, D A BTG R 8Y. A T 1R R 4R R 5 &, MGARD+SI N T — &5k
B, R EHE, B mETE . fERIETTE L R R A ERRAAR A, RIgERA T 2 20 @ F =
i e
4.4.5 SPERR

Li %5 A\ COE K 5] i (/N ik % 7 CDF 9/7 SUEAS /NS #: 9, JR18 3 45 5 40 ¥ T H QecPack!™ 53
T CDF 9/7 R [ PERESE T, /N R BB 6 4 45 20 R N B i B35 (SPECK) AT 4w, SC 8 A0 IR AL
(1) &R, &SN e BRI 4 A T 48, LSRR A1), (2) EZEMHEY, 8 Xt 748, 1R
8 15 8 1A BB VP AS AN B0 s R B, RN A28, B gD ad AR (W AT, BUEE MR RIS, (3) AL FE, X Tk

SPECK i i (i3 3207 ~F- i 5 2 2R 43 1 P L 0 t KD, it AR it > 2%k, A ZFP —FE ) DASIEL I E K

© PEBEERKCEIFR  htps/www. jos. org. cn



2864 HAFFIR 2025 FF 36 5% 6 &

ANERI R 4. e AN R P T8 SOE SR 22 BRI R H (8, SPERR Wit 7 —Fh B R T 2, 5/ BB il 52
A3 FF. HF BB N R MR, 3 H B Bl SRR, Fe &4 H T 17 7 5 I gmig.
45 B 2
FIICH 48—, 4 BB 48 Sk B # B AT IR 48 AR R 48 R A R PR R AE . 8 6 0 B BUSZESLiEAT T
MG BN, A BURSE T SRR AR B A AT B R 2R, IXRETT DL R PR AR B ok ELRE
IR, AR B TEIR RS, B BUE 46 225 FE R 22 A R P
* 6 AHUEHFFIFELLE

HE4E RS Ay ipisad WELR AN fif A i

N _ Buff'*! 2021 - N N
TR Real Information®” 2021 — = —
Swing!""! 2009 — o _
Slide™ 2009 s N _
Mixed PLA 2015 — N _
sz"*! 2016 — N —
- sz31 2021 - N -
FTHim SZ_ADT? . B ) B
Sim-Piece!” 2023 - N _
HIRE" 2023 - N -
MOST?! 2024 — N _
Machete!®”! 2024 — N _

LFZip™! 2020 - N
TR NUMARCK"” 2014 — N —
RL4tsc™ 2023 - — N
ZFpP 2014 - — -

SSEM™ 2015 — .
BT A TTHRESH™ 2019 - - -
MGARD+?” 2021 — — 3
SPERR"” 2023 — N 1

5 BRBHIHT

AT T H AR RPN EE, FIH T e B R RIS, W 22 BioR, EEAAR RS R )
XOR %7%1#1 PDE #7%1, A KA TEL L1 PLA R, SZ RFF ZFP R751). Hh, L& k%R, FrisEiE
TEZ AT BE B R B AT ok SO T 8K IR T, B R I AL ) B AR R AE B IF) A AR B R AR

TCARTF 5 B P B4 T 4 S50 08 8 R A 3 A, an 36 TR0 FPC A2EF 31/ Gorillay Chimp 1 EIf.,
R, XOR R, BT ZHEHI M EIETE KRS AR T, AR T8 Bl TAL 2 SR s, 1 B AR X 4 i SR g AT T
oAk, FE4i 26 75 TR T %% 4Tt

B BT PLA (0 107 s i P 25098 1646, 70 25 T 245, Fiai i S e AW i, 3= 2R 7 19 0 A
Wik /> 7y B i, RIS (R e 1) R 4 280

SZ BE HVEAE A1, SRAE AR T R R4 A0 5 — i 2 . TE IR R AE 2 I R A AR SR 2 LI
FPEHRSE b, SZ G AN B R AR 0. I SR AR 1 TAE XS SZ ) T A FH- T - & Ak -G 65 B B R ) — ANl 2 A3k
T T iZei b, Bik—0 538 7 Jk M R 488U R FI AR, 53 — S FI A K 509%, I FPZip Al Machete, 43 HII7E
SZ2.0 F1 SZ3 [FER Al T AHRLARAL, BT B G e R ) R
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A SRR BRI 7 3OO T PR GR FEAAT 0k 46 5%, EZRIN SZ. Buff A1 R 735l &5 1 A A
R RO FLEOR . BT AR B R RECIEA AUz, Ll EIf ST TH 5Tt R EU B A JF 4 L 0 Bk A
HAHONRREE. A —LE)ik4% 7 32, 4 PDE &AM ZFP R 51, H TSR BOR Bl 2 R B A QUF v, B4 70T
N BARRARKMRAS 2.

XOR £ PDE &1
2005 2009 TC 2015 VLDB 2022 VLDB 2023 VI 2023 SIGMOD 2023 SIGMOD
U R ST FH TR 5751 ST AL 57 2% IINE AR ER2 0% LY K FEAPOIRERS I AROR IR LT R, SRR

SCHRT20] FPC Gorilla Chimp EIf PDE ——> ALP
———————————————————————————————————— +———————————\\
1
PLARY 2021 Nat Comput Sci \
TR RS FREARE o g A
2009 VLDB 2015 ICDE 2023 VLDB 2024 SIGMOD L = t’u::‘ S| TC A5 Y
ST EEPLA R TR ST K 7 B UL RC SINESREFE AT I 1 \
T BREE S
B 5 5 2021 VLDB
Swing Mixed Sim- T — - M
el e B MOST Buff etk e A1 A 5%
2
SZFY ( ZFP R
/ 2016 IPDPS 2017 IPDPS 2018 Bigdata 2019 SC \ 2020 DCC 14 2014 TVCG \
K il SCRFEE SCRALIX A 42 1 P85 Lorenzo. 4545 T SZRZFPFH Fh LT - A R T H IS
- g T E 4 Ji£, K H Huffman it 16 224 LRI A T 2% Sk r A e, RN Xl

Sz

SZ SZ1.4 S72.0

(hybrid) ZFP
SZ ADT Machete ZFP-X

2023 SC
R ERFSEACH
\Huﬂmun. FIF /N R4

2023 IPDPS
K A
Ptk

22 T w2

6 SEIRSIRT

A0S 2 AR SV SR I SR8 X A, R T A BIR B 2 . SR 1 B R SR 25 A
6.1 HiE&k

T AR R 46 53, FRATER T /5303 7 W0 12 A R i 48, BEA N T 3 s LS [R] IR 5 v,
PAVEIICR T 2 2 I PR SR B0 207 50U 4 000 b B X B 45 3R, Bals 2645 B a5 303R 8 .

6.2 IIRE

A SCE TR ) B ARE M EBUESE 1% Gorillaw Chimpy,g. EIf. ALP. FPC, /£ ¥i 7 508 55 Ltk 45K
5. [R5 20 B R 45 0%, SZ2+ Machetes Sim-Piece Buff 1 SZ_ADT, i FHl i 5 Hcdfs S E A7 546 thah
FABLICE T SZ2.1. SZ3. ZFP. MGARD-EZ N 5 B4 4 (1 S 285 L. #0573 S50k, 9 it T B 227 21 i e 4 5
%, BT IR D, BOREA R —S 50 D e, TATE AR IEAT SEi o . FATFHIE T SE50 AR AT AE 264
YE4E, BEHEUN R https://github.com/Spatio-Temporal-Lab/FloatingCompressionSurvey.

AT A He A I ) R 46 I 1E) 3 AN FEARORIGAIE T & Fh 77 v RE . 0 T LA R AT B AR
1000 N S 4 0T 5096, X TASURA L, RATRELXHRZIRY 1E2. 1E-3. 1E4 X 3 MSHGHTRE.
Forb FE A A0 AR I TR)FRATT G vt 3 1000 ANH30HE P9 He 247 0 it s B 1) FR~F 348 TG 0 2 I 17 B R S i 4 R, i 2
RR R SR FH 1) Y B R 22
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£ ORRTFHIESE

Kt se G H HE A% KN (KB) ik
Air-pressure (AP)"*" 6-7 95928 937 2 IE Ja -V T AL R 1 S
Air-sensor (AS)"*"! 12-17 8664 165 AR R
Basel-temp (BT)™” 7-9 100001 1060 B2 /R 3ok 2 1) 2L A
Basel-wind (BW)"™" 0-9 100000 1010 £ A 2 £ R
Bird-migration (BM)*"! 2-7 89867 829 TR BB B 1 B
City-temp (CT)*” 34 100001 556 SERE BT IR B
Dewpoint-temp (DT)"” 3-4 100001 684 TALRTI Y LV P A T s YL U 281 ) i P
IR-bio-temp (IR)"" 0-4 99602 670 ZLAMEWIIR BE 7R AL 15 5L
PM10-dust (PM10)” 1-4 93662 651 KA TPM, o S50RE 4 F) Sz ) e 4
Stocks-DE (SDE)™ 2-6 100002 716 0 T A R ZE A AR AR
Stocks-UK (SUK)®”! 46 100002 704 O3 T 5 AR A AR AR
Stocks-USA (SUSA) 3-5 100002 693 T3 T 3% A I A AR AR AL
Wind-Speed (WS) ¥ 1-3 99132 571 O3 T RIEAEAE IL

£8 ZHPHHEEDY

EAEITE S K/ idis 7 RRY i3
Miranda 1.97 GB 256x384x384 double i
QMCPack 601 MB 288x115%69%69 float B4

AN RAE— G HL % T Windows 11, 5 11 IR (R) %0 (TM) 15-11400@2.60 GHz CPU #1 32 GB A
FERIAS N B B EAT I, SR CHHE S, Hrh gee MUA 13.2.0, cmake FiUA 3.28.6.
6.3 SLINLERSHT
6.3.1 TLHUEAH

A AR E LR FAL AT S5, St gt BNk o fion. ARF T LUE H ALP. EIf VR 15T s A SR 1Y) I 46
REEMUEENRA. BT BIF EES N T EITREN T, SEOLES8EE M T & #.1 Gorillas Chimp g
SGRIEROE ;T ALP SUETE R4 SR Z ZRFE I 7V SRk 1 8 IR 46 S 4, TR R4 s P2 Fg . (8 —HTEE
YR AN A % B AT S I KT Gorilla A1 Chimp g 8035 IR 45 I W 75 HE4T {87 B2 10 XOR 523k DA K — bR &
LRI, DRI 3 4 P R

E VAR AE M e P

i3zt Gorilla Chimp 55 EIf FPC ALP
R4 0.763 0.397 0.310 0.744 0.285
JEFIT ] (us) 14.09 15.74 47.61 18.13 41.08
S RIS TE] (us) 20.76 20.08 14.85 19.44 17.50

TE: IR S R B AR RE, T RIS 2R AL RE, R IF)

6.3.2 HIEHEHIL

RSO 15 A8 VA AE AN IR AR 22 BRAEAT 5256, SRIR 45 LR 10 BivR. 5e#T Machete SV R4 3 5o HE 4,
A Ay 7 o i 46 AR PR SE, SRR NN T Zstd [FIfRAD 3. Buff 7545 HRS BE 5 e 50 K 15 — SR 1 oL AT LAG 3
TEBRIE L. (B 2425 RS FEAR — S0, R4 3RAR T Hofh %30 T8 0 R 4 O S 2. Buff &5t IR 455 i3 4t 1
— RANE AW RIT E, HAEMBERE W NG 5. SZ_ ADT Bl Fi§) H & N FSE H3& Fl T /N SCHF 45, M
b5 SZ2, EAN R4 O S BLF, WEH m T R4 R R .
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R0 A B FIFAE P P HodE 4R S I 45

— FE 45 % FEZHT [H] (ps) filt FE IS 1) (us)
1E4 1E-3 1E-2 1E4 1E-3 1E-2 1E4 1E-3 1E-2
Buff 0.352 0.289 0.242 17.96 17.79 16.93 16.76 15.80 13.91
Machete 0.148 0.119 0.087 80.01 66.44 52.48 7.27 6.74 5.64
Sim-Piece 0.291 0.256 0.194 315.38 294.16 238.51 40.68 38.23 30.78
S72 0.307 0.235 0.168 422.40 145.11 119.89 27.83 26.56 28.45
SZ ADT 0.205 0.142 0.084 53.01 43.66 37.55 19.05 14.47 9.46

ASCRIREILE T M AR A B4R A I SEg0 45 . N 7 45 R — ik, Sea i 3 8 From Rk 2 i 48
H Kl R 2 P AN, K B 24 A g I 8] AT THR EAL 9 R 1 KB Bl T A IR Aige s RO 18] 03 11 s,
SZ.3 SR 1 8L AT R b/ F B4 ) L, A5 AS R DR 22 BRORS BN A R e (A I 4 2, i L IR P A 4 i
A L TIAS BN AER. ZFP 1AM AN _E 300 G2 A7 SRS, 8 HL I A MR L RO A B 4
e VIRV R R AN NE e e DR P

e SRR JEAEI A (us) PRSI ) (us)
1E-4 1E-3 1E-2 1E-3 1E-3
S72.1 0.0428 0.0181 0.0065 8.19 6.85
SZ3 0.0185 0.0056 0.0016 8.00 7.52
MGARD+ 0.0586 0.0238 0.0075 731 7.35
ZFP 0.0826 0.0431 0.0234 5.10 6.33

7T N B

HHE A 00 32 2 H R I PR AL SR D SR AT . AT TN X B A SN I R AR R0 R .
71 EHAENA

TEAL S 5, I B R TR 48 BOR RE I (. 35 DA S B =, SR SR SR, PR IRAR S AR, (R I i R AR
) 78 Bk R HERA . 7 BV A 2 VR 22 BN P 0% 0, 5 R T R 500 1 sz i AR S An it A .
A5 P& 24 00 R AR S92, BT DA A 3 e i i, 308 1) 5 v ) e R SRR ) AR

TESERFE 43 e rp, B0 R AN AR AR, T B L AT S B e R AR B PRk I R 45 R T LT X R
S BIITEYIEN (ToT) B H, AT b5 (R £5 R 38 1 4 2o R A ORI PP B4R . S A A ik e 5408 6 Do) 248 75 9
AL AE AR TR I ER. FE R 5 e, D& % R 50, B 5 Z e R AT AL, Gorilla™
Chimp!™ V1 BI85 52 i 20 455 5072 B 5 78 1 B2 U500 FE (075 0 T S 1R 20001 St 504 b B8, e SR A BB 0 2R 45 11
FRIGBAT . TE 5 A ST, 719 s HR RO £ i IR P W X I R 48 BV AT ek

TE K FUBER 2 1A= ep, 8 o O Z AT BARIT R A5 . B & AR S5 5L, R4 R 1
Y AR BB AR K 2 B8 16 AR S R A (R s B M AN MR, TR A PR O 4% 7 3 [ b s R At 0B 45 SR e A
PR HUASHE R B30T 25 Hh BN B AR IR 35, 3 2 T BRI 8 BT A5 S 4 13 AR KR
72 FHEARMNA

TEAEGE R, IR R0 32 B2 H A A2 0800 500 A7 it 75 0K, 38 S8 A7 B, R (RO 1) SRR e A0
JR . S B R AR R N R R T, T DA T A8 A S ), PR AR . JE AR B R R 40 A2 R OR AR
SERENE, 3E T R U AT, T A IR R 46 & T 2 AR ST, IR SRR T AR R IR A,
e T RAEMER A RA .

T S e o, T A SRR A R I N S R4, B PR TR AR AL R AR, RS T R R AL
P 5N 5%, X e AR R 08 DU T 240 R AR TR A0 500, el A7 75 SR Ot v AV B, M TATRA DR R 0 R T I i
R B K B A, 9 R AR 2 SR B S ) 7R K.
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FERBAEAF R D, o S0 RO R, BN AE 86 e v, 38 3 ek (9 e 4 AR W] DL 25 )b A7 it 5
R, I AP RE. XL RAR BORA DR AR A 10 00 b, B SCRPANI IS 2, A AR IR iR s T B
BEAT B BRAE, KOIRTE T B AL B . SO, FE R A Hbi A7 0 v, 5 P et 50 ) s 4 77 4 T DAAE DRAIE B A P 14
(R, SEB e Rt B R 4, k2D A AT fif s (R R AL ERE B, AT 6 A2 KA et B2 (147 fh 75 >R

s B 2

B 5 7 B o e NS ToT AT MV FE N B e, V57 U 7 T 4745 470 ek o Sk i B 2 1) 8. AR SO N 22 4 f
FHERIEA . AREERSNA. WS RRT ARUESE 4 N B B R R I 58 07 ).

8.1 BHERFHIRIESE

LS S e R I ] 5138 R 2 A B, X el b AR RS L R SR AR R AL B G, H 3 BRI R R e
B H.70 (inertial measurement unit, IMU) &EANI (AR 2[RI B SR AEBEMEAC . nas BEANRG J0 it po 5.

WA S FF 2 Y1V pa B 3 P46 1 500, T SZ R B M 3R A7 45 4, % 2 475 ra B it 31— 4R R 5 1,
ZFP X} % Y5 R HOR AT 43 B AR e, W6 AN EFE AT — 404 AR b, X S BN AR S — 4R T AT R, B
AR B 2 4 e B 0 A EERRAE. B0, B8 o) I ISR I S B i . TR AR A 2 (Rl AT Re R I St
AR S, T DU 2R M A B E 2R MR 1. R X — A DGR AT DAFZ AR A 1) Fe 40 2 ). AR R TARI 7 Ml 2 — Wl e b )
FEIR N MR AN R FH 22 4 P4 AN R4 B2 2 (R AE DG PE, DLE— 3D OO 0 T 45 1 28UR
82 T RREZTHNSNA

KREHE e H B0 BA AR 7 E BV 1), 58 FH AR B8 2 fife s 2 1 AT DA 3 AR s 4t
B (BT IR0 25 () 55 4% B, B s 2 W AR SRV Buuff T () 2 749 FR 41, J8 0 25 1) B 00 SR AR B v R AR A AR A T 41
2R G, AT S 20 i R A1 RL4tsc i & 57 28 51 MR/ B2 (B 4 SRR s AU AR R A . BR T iR it
B EEFIR 5L, BRI v] DO R 7 R 40, F 70 V0 AN Bl AT R A2, T A s B AR HOR 4R (H 2
LA B R B8 o R 1 25 1 0 R SRR B P B R4, e B AT Bl AR, X T RE AR S A,
Y0, A A5 AR I S RS IR A i — A A ).

JEAEHAEAME ] DU T PO SRR R, IR E AN 3 SIS N, B T HOR29E. Xl Rk — e
SE IIBIR, WURFIESREL . AL B3 B3 8 5 s 4 % A R B4 7E IR A 3t AT 2808 0 . ax e B RAE AR SR T DA
FE 4R T B AR B M (E B, BT INGRAT, Jo /RS B A EaE. ST, W fE AR i RT3 T, A
R4 5 v 28 S EURFAE AN AT e 5T B (R B A2 4R, AT — /M A3 — B U e A
83 RWBHEE

A R AT J2 T R 7 SR TE B0 TR 400 U8 BUAS — 58 B, (EUE AT TAE AR BHL25 1 R A0 i 25 T (9 PR o), GG
TEF RS AL R 136, ORI e R A BRI R FE B, sl A A GPU (B AL R H7T) « ASIC (ML A%
TESE R DL FT IR D) AP 2 (NVM) BR, BB AR DR VE SR A T —Fh I 25 52 5 00 e 4 A A 48 80R 1
ALREME A SCHT FOE L) S0 R B, T GPU MIEBUE ARSI, AHHLIE T CPU W59k, 76 &7 i fe s
PAFRTE 350 243 P,

EAR OB FUTF AR AR s (R385 77, ARAE Qne] 783 01 3 e AR AR A v s SR TR B 5030 1 4 14 o
FOIBARXS B, AR, HrRAE kA 5t 40 SSD A HDDPT CL2 JT 4 P B 405 1 47 1 e LR i 17 ik 25 E R8RSR,
B S K T4 A 5 DA R 46 S92 R A 75 RN S Bt A FE (NDP) Y A, BIKE 54T 55 56 4% B i 2 77 ik
2% LASE e B8 e 4 S0 R 2 1) SR, DR A 2 T PR s Ak B B4 13 %) 0 o, R G e £ 52 B b S 30 v A% NDP
558 — A Bk
84 FHKEFLBES

TERFEMIZ 4 (DNN) FHEh T, N TR REE EMZIR A 302 B S 40 B 73 d5 8 ik g 7). {H /& DNIN 45528
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SRR B 7 SR AR H AR 8 I PR AR TR AUEOHE DS B, LU AnTE DNIN SR o {2 B 0 s 28, ] DA 25 2
THEDH . FoH, Float16 /& IEEE 754 FRifkH If1 18 BEVE s 2, FR 06 5 AR G 40 40718 5 LA 10 7, A0 B
7 R SR T4 BOR IR e 4, BB N 57—l 2l i BE V7 542X BFloat 16, HARKH /A 8 47, ol L@ B
PN RS P T S B 16 SR SR & A . BFloat16 4% 2 VR A3 O 4 TR B 5 S U g s v,
B — LR B 2 5] <N 2% 757 #F BFloatl6, U043k TPU. JfFik ) GPU &5, ¥41F s IE 45 575 5 BFloat16 #2045
Arie ke, I PR P 2 > A R R AR i R ) v R AR, PR R R0 JS ) BRSO P SR, DAY B £
AT 1) 75 R, 3T I R FEE 25 ) AR 8 1) )1 G AR T R 10 I FH T 5.

9 B £

ARSI AR BA AR BT N 5 R 4 FE AT 1) iZ VAN AL S5 A ST S/ 4 T 7 ml i P R4 AR
ML A TEDUR, 285 M TC 458 s 46 1A 453 1 206 9 KA A HE O, MR SV HE SR I I e R 46 B3 00 O 4 K 3K
(1) ZTHHE IR, (2) 2T I, (3) 2T 384 (4) B THLE 20, S — IR 5%, A4 1 eI 3 28R
WP AR BT ik, Ttk LA 4 Bk 1 R BN e A AR REAT IR, I i S U 4 5 U R . A SCEREE T
SR R K 2%, TR I e 3 S8 of b 1 i s I e s i SR IO R BE. 5 Je o 47 e I s 00 s 4 B9 ) 2 P B e
BT T g

References:

[1] Ruan SJ, Xiong KQ, Wang SL, Geng J, Bao J, Zheng Y. A survey of urban geographic information inference driven by crowd-sourced
spatio-temporal data. Acta Electronica Sinica, 2023, 51(8): 2238-2259 (in Chinese with English abstract). [doi: 10.12263/DZXB.
20230131]

[2] YuZS,LiRY, Guo Y, Jiang ZY, Bao J, Zheng Y. Distributed time series similarity search method based on key-value data stores. Ruan
Jian Xue Bao/Journal of Software, 2022, 33(3): 950-967 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6445 . htm
[doi: 10.13328/j.cnki.jos.006445]

[3] Zhan XY, Xu HR, Zhang Y, Zhu XY, Yin HL, Zheng Y. Deepthermal: Combustion optimization for thermal power generating units
using offline reinforcement learning. In: Proc. of the 36th AAAI Conf. on Artificial Intelligence. AAAI 2022. 4680-4688.

[4] LiRY, He HJ, Wang RB, Ruan SJ, He TF, Bao J, Zhang JB, Hong L, Zheng Y. TrajMesa: A distributed NoSQL-based trajectory data
management system. IEEE Trans. on Knowledge and Data Engineering, 2023, 35(1): 1013-1027. [doi: 10.1109/TKDE.2021.3079880]

[5] Zuo YM, Lin XL, Ma S, Jiang JH. Road network aware online trajectory compression. Ruan Jian Xue Bao/Journal of Software, 2018,
29(3): 734-755 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/5438.htm [doi: 10.13328/j.cnki.jos.005438]

[6] Ruan SJ, Xiong Z, Long C, Chen YH, Bao J, He TF, Li RY, Wu SN, Jiang ZY, Zheng Y. Doing in one go: Delivery time inference based
on couriers’ trajectories. In: Proc. of the 26th ACM SIGKDD Int’l Conf. on Knowledge Discovery & Data Mining. ACM, 2020.
2813-2821. [doi: 10.1145/3394486.3403332]

[7] Dong HW, Zhang C, Li GL, Feng JH. Survey on cloud-native databases. Ruan Jian Xue Bao/Journal of Software, 2024, 35(2): 899-926
(in Chinese with English abstract). http://www jos.org.cn/1000-9825/6952.htm [doi: 10.13328/j.cnki.jos.006952]

[8] Zhou BY, Chen CY, Wang Q, Zhou FC. Publicly verifiable outsourced database with full delegations. Ruan Jian Xue Bao/Journal of
Software, 2021, 32(12): 3901-3916 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6129.htm [doi: 10.13328/j.cnki.
j0s.006129]

[9] Yang ZH, Chen SM. MOST: Model-based compression with outlier storage for time series data. Proc. of the ACM on Management of
Data, 2023, 1(4): 250. [doi: 10.1145/3626737]

[10] He WD, Xia TR, Song SX, Huang XD, Wang JM. Multimodal data encoding and compression in Apache IoTDB. Ruan Jian Xue
Bao/Journal of Software, 2024, 35(3): 1173-1193 (in Chinese with English abstract). http://www jos.org.cn/1000-9825/7077.htm [doi: 10.
13328/j.cnki.jos.007077]

[11] Deng AH, Qiao L, Yang MF. Double index data compression method for onboard computer. Ruan Jian Xue Bao/Journal of Software,
2022, 33(10): 3844-3857 (in Chinese with English abstract). http:/www.jos.org.cn/1000-9825/6308.htm [doi: 10.13328/j.cnki.jos.
006308]

[12] LiRY, Li Z, Wu Y, Chen C, Zheng Y. EIf: Erasing-based lossless floating-point compression. Proc. of the VLDB Endowment, 2023,
16(7): 1763-1776. [doi: 10.14778/3587136.3587149]

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.12263/DZXB.20230131
https://doi.org/10.12263/DZXB.20230131
http://www.jos.org.cn/1000-9825/6445.htm
http://www.jos.org.cn/1000-9825/6445.htm
http://www.jos.org.cn/1000-9825/6445.htm
https://doi.org/10.13328/j.cnki.jos.006445
https://doi.org/10.1109/TKDE.2021.3079880
http://www.jos.org.cn/1000-9825/5438.htm
http://www.jos.org.cn/1000-9825/5438.htm
http://www.jos.org.cn/1000-9825/5438.htm
https://doi.org/10.13328/j.cnki.jos.005438
https://doi.org/10.1145/3394486.3403332
http://www.jos.org.cn/1000-9825/6952.htm
http://www.jos.org.cn/1000-9825/6952.htm
http://www.jos.org.cn/1000-9825/6952.htm
https://doi.org/10.13328/j.cnki.jos.006952
http://www.jos.org.cn/1000-9825/6129.htm
http://www.jos.org.cn/1000-9825/6129.htm
http://www.jos.org.cn/1000-9825/6129.htm
https://doi.org/10.13328/j.cnki.jos.006129
https://doi.org/10.13328/j.cnki.jos.006129
https://doi.org/10.1145/3626737
http://www.jos.org.cn/1000-9825/7077.htm
http://www.jos.org.cn/1000-9825/7077.htm
http://www.jos.org.cn/1000-9825/7077.htm
https://doi.org/10.13328/j.cnki.jos.007077
https://doi.org/10.13328/j.cnki.jos.007077
http://www.jos.org.cn/1000-9825/6308.htm
http://www.jos.org.cn/1000-9825/6308.htm
http://www.jos.org.cn/1000-9825/6308.htm
https://doi.org/10.13328/j.cnki.jos.006308
https://doi.org/10.13328/j.cnki.jos.006308
https://doi.org/10.14778/3587136.3587149

2870 HAFFIR 2025 FF 36 5% 6 &

[13] Pelkonen T, Franklin S, Teller J, Cavallaro P, Huang Q, Meza J, Veeraraghavan K. Gorilla: A fast, scalable, in-memory time series
database. Proc. of the VLDB Endowment, 2015, 8(12): 1816-1827. [doi: 10.14778/2824032.2824078]

[14] Jayasankar U, Thirumal V, Ponnurangam D. A survey on data compression techniques: From the perspective of data quality, coding
schemes, data type and applications. Journal of King Saud University—Computer and Information Sciences, 2021, 33(2): 119-140. [doi:
10.1016/j.jksuci.2018.05.006]

[15] Ziv J, Lempel A. A universal algorithm for sequential data compression. IEEE Trans. on Information Theory, 1977, 23(3): 337-343. [doi:
10.1109/TIT.1977.1055714]

[16] Ziv J, Lempel A. Compression of individual sequences via variable-rate coding. IEEE Trans. on Information Theory, 1978, 24(5):
530-536. [doi: 10.1109/TIT.1978.1055934]

[17] Chiarot G, Silvestri C. Time series compression survey. ACM Computing Surveys, 2023, 55(10): 198. [doi: 10.1145/3560814]

[18] De Oliveira MA, da Rocha AM, Puntel FE, Cavalheiro GGH. Time series compression for IoT: A systematic literature review. Wireless
Communications and Mobile Computing, 2023, 2023: 5025255. [doi: 10.1155/2023/5025255]

[19] Jensen SK, Pedersen TB, Thomsen C. Time series management systems: A survey. IEEE Trans. on Knowledge and Data Engineering,
2017, 29(11): 2581-2600. [doi: 10.1109/TKDE.2017.2740932]

[20] Zheng Y, He DK, Zhang WF, Lu XH. An efficient scheme for GPS data compression. China Railway Science, 2005, 26(3): 134-138 (in
Chinese with English abstract). [doi: 10.3321/j.issn:1001-4632.2005.03.028]

[21] Di S, Cappello F. Fast error-bounded lossy HPC data compression with SZ. In: Proc. of the 2016 IEEE Int’l Parallel and Distributed
Processing Symp. (IPDPS). Chicago: IEEE, 2016. 730-739. [doi: 10.1109/IPDPS.2016.11]

[22] Lindstrom P. MULTIPOSITS: Universal coding of R". In: Proc. of the 3rd Int’l Conf. on Next Generation Arithmetic. Singapore:
Springer, 2022. 66-83. [doi: 10.1007/978-3-031-09779-9_5]

[23] Chandak S, Tatwawadi K, Wen C, Wang L, Aparicio Ojea J, Weissman T. LFZip: Lossy compression of multivariate floating-point time
series data via improved prediction. In: Proc. of the 2020 Data Compression Conf. (DCC). Snowbird: IEEE, 2020. 342-351. [doi: 10.1109/
DCC47342.2020.00042]

[24] Zhao K, Di S, Dmitriev M, Tonellot TLD, Chen ZZ, Cappello F. Optimizing error-bounded lossy compression for scientific data by
dynamic spline interpolation. In: Proc. of the 37th IEEE Int’l Conf. on Data Engineering. Chania: IEEE, 2021. 1643—1654. [doi: 10.1109/
ICDES51399.2021.00145]

[25] LuT, Zhong Y, Sun ZB, Chen X, Zhou Y, Wu F, Yang Y, Huang YX, Yang YF. ADT-FSE: A new encoder for SZ. In: Proc. of the 2023
Int’l Conf. for High Performance Computing, Networking, Storage and Analysis. Denver: ACM, 2023. 45. [doi: 10.1145/3581784.
3607044]

[26] MeB JG, Schmidt R, Fey G, Dannemann F. On the compression of spacecraft housekeeping data using discrete cosine transforms. In:
Proc. of the 2016 Int’l Workshop on Tracking, Telemetry and Command Systems for Space Applications (TTC). Noordwijk: IEEE, 2016.
1-8.

[27] Chen ZZ, Son SW, Hendrix W, Agrawal A, Liao WK, Choudhary A. NUMARCK: Machine learning algorithm for resiliency and
checkpointing. In: Proc. of the 2014 Int’l Conf. for High Performance Computing, Networking, Storage and Analysis. New Orleans:
IEEE, 2014. 733-744. [doi: 10.1109/SC.2014.65]

[28] Lindstrom P. Fixed-rate compressed floating-point arrays. IEEE Trans. on Visualization and Computer Graphics, 2014, 20(12):
2674-2683. [doi: 10.1109/TVCG.2014.2346458]

[29] Liang X, Whitney B, Chen JY, Wan LP, Liu Q, Tao DW, Kress J, Pugmire D, Wolf M, Podhorszki N, Klasky S. MGARD+: Optimizing
multilevel methods for error-bounded scientific data reduction. IEEE Trans. on Computers, 2022, 71(7): 1522-1536. [doi: 10.1109/TC.
2021.3092201]

[30] Li SM, Lindstrom P, Clyne J. Lossy scientific data compression with SPERR. In: Proc. of the 2023 IEEE Int’] Parallel and Distributed
Processing Symp. St. Petersburg: IEEE, 2023. 1007-1017. [doi: 10.1109/IPDPS54959.2023.00104]

[31] Goldstein J, Ramakrishnan R, Shaft U. Compressing relations and indexes. In: Proc. of the 14th Int’l Conf. on Data Engineering. Orlando:
IEEE, 1998. 370-379. [doi: 10.1109/ICDE.1998.655800]

[32] Witten IH, Neal RM, Cleary JG. Arithmetic coding for data compression. Communications of the ACM, 1987, 30(6): 520-540. [doi: 10.
1145/214762.214771]

[33] Dudal. Asymmetric numeral systems. arXiv:0902.0271, 2009.

[34] Google. Snappy: A fast compressor/decompressor, 2023. https:/github.com/google/snappy

[35] Gailly JL, Adler M, 2003. https://www.gzip.org

[36] FiniteStateEntropy, 2013. https://github.com/Cyan4973/FiniteStateEntropy

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.14778/2824032.2824078
https://doi.org/10.1016/j.jksuci.2018.05.006
https://doi.org/10.1109/TIT.1977.1055714
https://doi.org/10.1109/TIT.1978.1055934
https://doi.org/10.1145/3560814
https://doi.org/10.1155/2023/5025255
https://doi.org/10.1109/TKDE.2017.2740932
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.1109/IPDPS.2016.11
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1007/978-3-031-09779-9_5
https://doi.org/10.1109/DCC47342.2020.00042
https://doi.org/10.1109/DCC47342.2020.00042
https://doi.org/10.1109/ICDE51399.2021.00145
https://doi.org/10.1109/ICDE51399.2021.00145
https://doi.org/10.1145/3581784.3607044
https://doi.org/10.1145/3581784.3607044
https://doi.org/10.1109/SC.2014.65
https://doi.org/10.1109/TVCG.2014.2346458
https://doi.org/10.1109/TC.2021.3092201
https://doi.org/10.1109/TC.2021.3092201
https://doi.org/10.1109/IPDPS54959.2023.00104
https://doi.org/10.1109/ICDE.1998.655800
https://doi.org/10.1145/214762.214771
https://doi.org/10.1145/214762.214771
https://github.com/google/snappy
https://www.gzip.org
https://github.com/Cyan4973/FiniteStateEntropy

KOUHE 3 B IR RS R iR 2871

[37] Collet Y. Zstd GitHub repository from Facebook, 2016. https://github.com/facebook/zstd

[38] Alakuijala J, Farruggia A, Ferragina P, Kliuchnikov E, Obryk R, Szabadka Z, Vandevenne L. Brotli: A general-purpose data compressor.
ACM Trans. on Information Systems, 2018, 37(1): 4. [doi: 10.1145/3231935]

[39] Lz4: Extremely fast compression algorithm, 2013. https://github.com/1z4/1z4

[40] Marascu A, Pompey P, Bouillet E, Wurst M, Verscheure O, Grund M, Cudre-Mauroux P. TRISTAN: Real-time analytics on massive time
series using sparse dictionary compression. In: Proc. of the 2014 IEEE Int’l Conf. on Big Data (Big Data). Washington: IEEE, 2014.
291-300. [doi: 10.1109/BigData.2014.7004244]

[41] Khelifati A, Khayati M, Cudre-Mauroux P. CORAD: Correlation-aware compression of massive time series using sparse dictionary
coding. In: Proc. of the 2019 IEEE Int’l Conf. on Big Data (Big Data). Los Angeles: IEEE, 2019. 2289-2298. [doi: 10.1109/
BigData47090.2019.9005580]

[42] Afroozeh A, Kuffo LX, Boncz P. ALP: Adaptive lossless floating-point compression. Proc. of the ACM on Management of Data, 2023,
1(4): 230. [doi: 10.1145/3626717]

[43] Liakos P, Papakonstantinopoulou K, Kotidis Y. Chimp: Efficient lossless floating point compression for time series databases. Proc. of
the VLDB Endowment, 2022, 15(11): 3058-3070. [doi: 10.14778/3551793.3551852]

[44] Ibarria L, Lindstrom P, Rossignac J, Szymczak A. Out-of-core compression and decompression of large n-dimensional scalar fields.
Computer Graphics Forum, 2003, 22(3): 343-348. [doi: 10.1111/1467-8659.00681]

[45] Cohen A, Daubechies I, Feauveau JC. Biorthogonal bases of compactly supported wavelets. Communications on Pure and Applied
Mathematics, 1992, 45(5): 485-560. [doi: 10.1002/cpa.3160450502]

[46] Perlman E, Burns R, Li Y, Meneveau C. Data exploration of turbulence simulations using a database cluster. In: Proc. of the 2007
ACM/IEEE Conf. on Supercomputing. Reno: ACM, 2007. 23. [doi: 10.1145/1362622.1362654]

[47] Tucker LR. Some mathematical notes on three-mode factor analysis. Psychometrika, 1966, 31(3): 279-311. [doi: 10.1007/BF02289464]

[48] Ruan SJ, Fu X, Long C, Xiong Z, Bao J, Li RY, Chen YH, Wu SN, Zheng Y. Filling delivery time automatically based on couriers’
trajectories. IEEE Trans. on Knowledge and Data Engineering, 2023, 35(2): 1528-1540. [doi: 10.1109/TKDE.2021.3100116]

[49] Lin J, Zhu LG, Chen WM, Wang WC, Gan C, Han S. On-device training under 256KB memory. In: Proc. of the 36th Int’l Conf. on
Neural Information Processing Systems. New Orleans: Curran Associates Inc., 2022. 22941-22954.

[50] Liakos P, Papakonstantinopoulou K, Bruineman T, Raasveldt M, Kotidis Y. How to make your duck fly: Advanced floating point
compression to the rescue. In: Proc. of the 27th Int’l Conf on Extending Database Technology (EDBT). Paestum: OpenProc.org, 2024.
826-829. [doi: 10.5281/zenodo.10815564]

[51] LiRY,LiZ, WuY, Chen C, Guo ST, Zhang M, Zheng Y. Erasing-based lossless compression method for streaming floating-point time
series. arXiv:2306.16053, 2023.

[52] Kuschewski M, Sauerwein D, Alhomssi A, Leis V. BtrBlocks: Efficient columnar compression for data lakes. Proc. of the ACM on
Management of Data, 2023, 1(2): 118. [doi: 10.1145/3589263]

[53] Lemire D, Boytsov L. Decoding billions of integers per second through vectorization. Software: Practice and Experience, 2015, 45(1):
1-29. [doi: 10.1002/spe.2203]

[54] TIerusalimschy R. Programming in Lua. 2nd ed., Lua.org, 2006. https://dl.acm.org/doi/book/10.5555/2502646

[55] Lindstrom P, Isenburg M. Fast and efficient compression of floating-point data. IEEE Trans. on Visualization and Computer Graphics,
2006, 12(5): 1245-1250. [doi: 10.1109/TVCG.2006.143]

[56] Schindler M. A fast renormalisation for arithmetic coding. In: Proc. of the 1998 Data Compression Conf. Snowbird: IEEE, 1998. 572.
[doi: 10.1109/DCC.1998.672314]

[57] Burtscher M, Ratanaworabhan P. FPC: A high-speed compressor for double-precision floating-point data. IEEE Trans. on Computers,
2009, 58(1): 18-31. [doi: 10.1109/TC.2008.131]

[58] Sazeides Y, Smith JE. The predictability of data values. In: Proc. of the 30th Annual Int’l Symp. Microarchitectur. Research Triangle
Park: IEEE, 1997. 248-258. [doi: 10.1109/MICRO.1997.645815]

[59] Goeman B, Vandierendonck H, de Bosschere K. Differential FCM: Increasing value prediction accuracy by improving table usage
efficiency. In: Proc. of the 17th Int’l Symp. High-performance Computer Architecture. Monterrey: IEEE, 2001. 207-216. [doi: 10.1109/
HPCA.2001.903264]

[60] Yu XY, Peng YQ, Li FF, Wang S, Shen XW, Mai HJ, Xie Y. Two-level data compression using machine learning in time series database.
In: Proc. of the 36th IEEE Int’l Conf. on Data Engineering (ICDE). Dallas: IEEE, 2020. 1333-1344. [doi: 10.1109/ICDE48307.2020.
00119]

[61] Liu CW, Jiang H, Paparrizos J, Elmore AJ. Decomposed bounded floats for fast compression and queries. Proc. of the VLDB

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://github.com/facebook/zstd
https://doi.org/10.1145/3231935
https://github.com/lz4/lz4
https://doi.org/10.1109/BigData.2014.7004244
https://doi.org/10.1109/BigData47090.2019.9005580
https://doi.org/10.1109/BigData47090.2019.9005580
https://doi.org/10.1145/3626717
https://doi.org/10.14778/3551793.3551852
https://doi.org/10.1111/1467-8659.00681
https://doi.org/10.1111/1467-8659.00681
https://doi.org/10.1111/1467-8659.00681
https://doi.org/10.1002/cpa.3160450502
https://doi.org/10.1145/1362622.1362654
https://doi.org/10.1007/BF02289464
https://doi.org/10.1109/TKDE.2021.3100116
https://doi.org/10.5281/zenodo.10815564
https://doi.org/10.1145/3589263
https://doi.org/10.1002/spe.2203
https://dl.acm.org/doi/book/10.5555/2502646
https://doi.org/10.1109/TVCG.2006.143
https://doi.org/10.1109/DCC.1998.672314
https://doi.org/10.1109/TC.2008.131
https://doi.org/10.1109/MICRO.1997.645815
https://doi.org/10.1109/HPCA.2001.903264
https://doi.org/10.1109/HPCA.2001.903264
https://doi.org/10.1109/ICDE48307.2020.00119
https://doi.org/10.1109/ICDE48307.2020.00119

2872 HAFFIR 2025 FF 36 5% 6 &

Endowment, 2021, 14(11): 2586-2598. [doi: 10.14778/3476249.3476305]

[62] Klower M, Razinger M, Dominguez JJ, Diiben PD, Palmer TN. Compressing atmospheric data into its real information content. Nature
Computational Science, 2021, 1(11): 713-724. [doi: 10.1038/s43588-021-00156-2]

[63] Shannon CE. A mathematical theory of communication. The Bell System Technical Journal, 1948, 27(3): 379-423. [doi: 10.1002/j.1538-
7305.1948.tb01338.x]

[64] Tao DW, Di S, Chen ZZ, Cappello F. Significantly improving lossy compression for scientific data sets based on multidimensional
prediction and error-controlled quantization. In: Proc. of the 2017 IEEE Int’l Parallel and Distributed Processing Symp. (IPDPS).
Orlando: IEEE, 2017. 1129-1139. [doi: 10.1109/IPDPS.2017.115]

[65] Liang X, Di S, Tao DW, Li SH, Li SM, Guo HQ, Chen ZZ, Cappello F. Error-controlled lossy compression optimized for high
compression ratios of scientific datasets. In: Proc. of the 2018 IEEE Int’l Conf. on Big Data (Big Data). Seattle: IEEE, 2018. 438-447.
[doi: 10.1109/BigData.2018.8622520]

[66] LiSH, Di S, Liang X, Chen ZZ, Cappello F. Optimizing lossy compression with adjacent snapshots for N-body simulation data. In: Proc.
of the 2018 IEEE Int’l Conf. on Big Data (Big Data). Seattle: IEEE, 2018. 428-437. [doi: 10.1109/BigData.2018.8622101]

[67] Zhao K, Di S, Liang X, Li SH, Tao DW, Chen ZZ, Cappello F. Significantly improving lossy compression for HPC datasets with second-
order prediction and parameter optimization. In: Proc. of the 29th Int’l Symp. on High-performance Parallel and Distributed Computing.
Stockholm: ACM, 2020. 89-100. [doi: 10.1145/3369583.3392688]

[68] LiulY, Di S, Zhao K, Liang X, Chen ZZ, Cappello F. Dynamic quality metric oriented error bounded lossy compression for scientific
datasets. In: Proc. of the 2022 Int’l Conf. for High Performance Computing, Networking, Storage and Analysis. Dallas: IEEE, 2022.
1-15. [doi: 10.1109/SC41404.2022.00067]

[69] ShiY, Zou XY, Chen XY, Jin S, Tao DW, Deng C, Chen YF, Xia W. Machete: An efficient lossy floating-point compressor designed for
time series databases. In: Proc. of the 2024 Data Compression Conf. (DCC). Snowbird: IEEE, 2024. 532-541. [doi: 10.1109/DCC58796.
2024.00061]

[70] Tian JN, Di S, Zhao K, Rivera C, Fulp MH, Underwood R, Jin S, Liang X, Calhoun J, Tao DW, Cappello F. cuSZ: An efficient GPU-
based error-bounded lossy compression framework for scientific data. In: Proc. of the 2020 ACM Int’l Conf. on Parallel Architectures and
Compilation Techniques. ACM, 2020. 3—15. [doi: 10.1145/3410463.3414624]

[71] Elmeleegy H, Elmagarmid AK, Cecchet E, Aref WG, Zwaenepoel W. Online piece-wise linear approximation of numerical streams with
precision guarantees. Proc. of the VLDB Endowment, 2009, 2(1): 145-156. [doi: 10.14778/1687627.1687645]

[72] Luo G, Yi K, Cheng SW, Li ZG, Fan W, He C, Mu YD. Piecewise linear approximation of streaming time series data with max-error
guarantees. In: Proc. of the 31st IEEE Int’l Conf. on Data Engineering. Seoul: IEEE, 2015. 173—184. [doi: 10.1109/ICDE.2015.7113282]

[73] Kitsios X, Liakos P, Papakonstantinopoulou K, Kotidis Y. Sim-Piece: Highly accurate piecewise linear approximation through similar
segment merging. Proc. of the VLDB Endowment, 2023, 16(8): 1910-1922. [doi: 10.14778/3594512.3594521]

[74] Google. Protocol buffers encoding, 2001. https://developers.google.com/protocol-buffers/docs/encodingttypes

[75] Bfloatl6 floating-point format, 2021. https://en.wikipedia.org/wiki/Bfloat16

[76] Barbarioli B, Mersy G, Sintos S, Krishnan S. Hierarchical residual encoding for multiresolution time series compression. Proc. of the
ACM on Management of Data, 2023, 1(1): 99. [doi: 10.1145/3588953]

[77] Grebnov L. BSC, 2015. http://libbsc.com/

[78] Feng HM, Ma RZ, Yan L, Ma ZM. Spatiotemporal prediction based on feature classification for multivariate floating-point time series
lossy compression. Big Data Research, 2023, 32: 100377. [doi: 10.1016/j.bdr.2023.100377]

[79] Jiang N, Xiang QP, Wang HZ, Zheng B. Time series compression based on reinforcement learning. Information Sciences, 2023, 648:
119490. [doi: 10.1016/j.ins.2023.119490]

[80] Daubechies I, Sweldens W. Factoring wavelet transforms into lifting steps. Journal of Fourier Analysis and Applications, 1998, 4(3):
247-269. [doi: 10.1007/BF02476026]

[81] Habboush M, El-Maleh AH, Elrabaa MES, AlSaleh S. DE-ZFP: An FPGA implementation of a modified ZFP compression/
decompression algorithm. Microprocessors and Microsystems, 2022, 90: 104453. [doi: 10.1016/j.micpro.2022.104453]

[82] LuB,LiY, Wang JQ, Luo HZ, Li KL. ZFP-X: Efficient embedded coding for accelerating lossy floating point compression. In: Proc. of
the 2023 IEEE Int’l Parallel and Distributed Processing Symp. (IPDPS). St. Petersburg: IEEE, 2023. 1041-1050. [doi: 10.1109/
IPDPS54959.2023.00107]

[83] Ballester-Ripoll R, Lindstrom P, Pajarola R. TTHRESH: Tensor compression for multidimensional visual data. IEEE Trans. on
Visualization and Computer Graphics, 2020, 26(9): 2891-2903. [doi: 10.1109/TVCG.2019.2904063]

[84] Sasaki N, Sato K, Endo T, Matsuoka S. Exploration of lossy compression for application-level checkpoint/restart. In: Proc. of the 2015

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.14778/3476249.3476305
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1038/s43588-021-00156-2
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1109/IPDPS.2017.115
https://doi.org/10.1109/BigData.2018.8622520
https://doi.org/10.1109/BigData.2018.8622101
https://doi.org/10.1145/3369583.3392688
https://doi.org/10.1109/SC41404.2022.00067
https://doi.org/10.1109/DCC58796.2024.00061
https://doi.org/10.1109/DCC58796.2024.00061
https://doi.org/10.1145/3410463.3414624
https://doi.org/10.14778/1687627.1687645
https://doi.org/10.1109/ICDE.2015.7113282
https://doi.org/10.14778/3594512.3594521
https://developers.google.com/protocol-buffers/docs/encoding#types
https://developers.google.com/protocol-buffers/docs/encoding#types
https://developers.google.com/protocol-buffers/docs/encoding#types
https://en.wikipedia.org/wiki/Bfloat16
https://doi.org/10.1145/3588953
http://libbsc.com/
https://doi.org/10.1016/j.bdr.2023.100377
https://doi.org/10.1016/j.ins.2023.119490
https://doi.org/10.1007/BF02476026
https://doi.org/10.1016/j.micpro.2022.104453
https://doi.org/10.1109/IPDPS54959.2023.00107
https://doi.org/10.1109/IPDPS54959.2023.00107
https://doi.org/10.1109/TVCG.2019.2904063

ROHE 3 B IR R RiE 2873

IEEE Int’l Parallel and Distributed Processing Symp. Hyderabad: IEEE, 2015. 914-922. [doi: 10.1109/IPDPS.2015.67]

[85] Ainsworth M, Tugluk O, Whitney B, Klasky S. Multilevel techniques for compression and reduction of scientific data—The univariate
case. Computing and Visualization in Science, 2018, 19(5-6): 65-76. [doi: 10.1007/s00791-018-00303-9]

[86] National Ecological Observatory Network (NEON). Barometric pressure. DP1.00004.001. [doi: 10.48443/ZR37-0238]

[87] InfluxDB 2.0 Sample Data, 2023. https://github.com/influxdata/influxdb2-sample-data

[88] Historical weather data download, 2023. https://www.meteoblue.com/en/weather/archive/export/basel_switzerland

[89] Daily temperature of major cities, 2023. https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities

[90] National Ecological Observatory Network (NEON). Relative humidity and air temperature above water on-buoy. DP1.20271.001, 2022.
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022

[91] National Ecological Observatory Network (NEON). IR biological temperature. DP1.00005.001, 2022. https://data.neonscience.org/data-
products/DP1.00005.001/RELEASE-2022

[92] National Ecological Observatory Network (NEON). Dust and particulate size distribution. DP1.00017.001, 2022. https://data.neonscience.
org/data-products/DP1.00017.001/RELEASE-2022

[93] Financial data set used in INFORE project, 2020. https://zenodo.org/record/3886895#.Y4DdzHZByM

[94] National Ecological Observatory Network (NEON). 2D wind speed and direction. DP1.00001.001, 2022. https://data.neonscience.org/
data-products/DP1.00001.001/RELEASE-2022

[95] Chen XZ, Sha EHM, Abdullah A, Zhuge QF, Wu L, Yang CS, Jiang WW. UDORN: A design framework of persistent in-memory key-
value database for NVM. In: Proc. of the 6th IEEE Non-volatile Memory Systems and Applications Symp. (NVMSA). Hsinchu: IEEE,
2017. 1-6. [doi: 10.1109/NVMSA.2017.8064478]

[96] Chen XY, Tian JN, Beaver I, Freeman C, Yan Y, Wang JG, Tao DW. FCBench: Cross-domain benchmarking of lossless compression for
floating-point data. Proc. of the VLDB Endowment, 2024, 17(6): 1418—1431. [doi: 10.14778/3648160.3648180]

[97] LiJL, Chen XZ, Liu D, Li L, Wang JP, Zeng ZY, Tan YJ, Qiao L. Horae: A hybrid I/O request scheduling technique for near-data
processing-based SSD. IEEE Trans. on Computer-aided Design of Integrated Circuits and Systems, 2022, 41(11): 3803-3813. [doi: 10.
1109/TCAD.2022.3197518]

[98] Shi WS, Zhang XZ, Wang YF, Zhang QY. Edge computing: State-of-the-art and future directions. Journal of Computer Research and
Development, 2019, 56(1): 69—89 (in Chinese with English abstract). [doi: 10.7544/issn1000-1239.2019.20180760]

[99] Xie Z, Raskar S, Emani M. Throughput-oriented and accuracy-aware DNN training with BFloat16 on GPU. In: Proc. of the 2022 IEEE
Int’l Parallel and Distributed Processing Symp. Workshops (IPDPSW). Lyon: IEEE, 2022. 1084-1087. [doi: 10.1109/IPDPSW55747.
2022.00176]

FF e 3253 3Tk -
[11 BriddE, REveR, £W R, Bk, S04, K85, A0 25 Hoi Ix 3N A3k i M 38 A5 B HEM 2538 . WL T- 244, 2023, 51(8): 2238-2259. [doi:
10.12263/DZXB.20230131]
[2]1 6TEAE, ZmiE, TR, 5 8o, SHE, A5 5L T S E A7k 00 A U AR AU VE 48 2R T v R0 244k, 2022, 33(3): 950-967. http://
www.jos.org.cn/1000-9825/6445 htm [doi: 10.13328/j.cnki.jos.006445]
[51 75—Wf, MRk, Db, 225858 B XA 1A 7 2 B8 P 46 75 1. 31 544k, 2018, 29(3): 734-755. http://www.jos.org.cn/1000-9825/
5438.htm [doi: 10.13328/j.cnki.jos.005438]
[71 BRI 5k, FER, SEE. =5 AR ESR. AR, 2024, 35(2): 899-926. http://www.jos.org.cn/1000-9825/6952.htm [doi:
10.13328/j.cnki.jos.006952]
[8] JHHHFE, BREW, E5, JAEA . 200 A LT IGAIE ) AL Ed 07 2. R34k, 2021, 32(12): 3901-3916. http:/www.jos.org.cn/
1000-9825/6129.htm [doi: 10.13328/j.cnki.jos.006129]
[10] %, BR%E, RN, ¥R, &R, Apache [oTDB H 1) 2 LA HHs i e 4. 4244k, 2024, 35(3): 1173-1193. http://www.
jos.org.cn/1000-9825/7077.htm [doi: 10.13328/j.cnki.jos.007077]
[11] XS4, Treda, M X T ) 2 38 E S 00 0O 2R 5| H50d P 45 7 2. #0241, 2022, 33(10): 3844-3857. http://www.jos.org.cn/1000~
9825/6308.htm [doi: 10.13328/j.cnki.jos.006308]
[20]  *B5=, 7 KW], 5K 3075, BEMRNE. —Fif 240 GPS $ds Ik 4 7 2. v [ 263 %}, 2005, 26(3): 134-138. [doi: 10.3321/j.issn:1001-
4632.2005.03.028]
[98] JtnsEiAr, AWM, £, FRECRH. A& BUR S . tHENT A S5 K, 2019, 56(1): 69-89. [doi: 10.7544/issn1000-1239.2019.
20180760]

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1109/IPDPS.2015.67
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.1007/s00791-018-00303-9
https://doi.org/10.48443/ZR37-0238
https://doi.org/10.48443/ZR37-0238
https://doi.org/10.48443/ZR37-0238
https://github.com/influxdata/influxdb2-sample-data
https://github.com/influxdata/influxdb2-sample-data
https://github.com/influxdata/influxdb2-sample-data
https://github.com/influxdata/influxdb2-sample-data
https://github.com/influxdata/influxdb2-sample-data
https://www.meteoblue.com/en/weather/archive/export/basel_switzerland
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://www.kaggle.com/sudalairajkumar/daily-temperature-of-major-cities
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.20271.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00005.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00005.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00005.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00005.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00005.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00017.001/RELEASE-2022
https://zenodo.org/record/3886895#.Y4DdzHZByM_
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://data.neonscience.org/data-products/DP1.00001.001/RELEASE-2022
https://doi.org/10.1109/NVMSA.2017.8064478
https://doi.org/10.14778/3648160.3648180
https://doi.org/10.1109/TCAD.2022.3197518
https://doi.org/10.1109/TCAD.2022.3197518
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.1109/IPDPSW55747.2022.00176
https://doi.org/10.1109/IPDPSW55747.2022.00176
https://doi.org/10.12263/DZXB.20230131
http://www.jos.org.cn/1000-9825/6445.htm
http://www.jos.org.cn/1000-9825/6445.htm
http://www.jos.org.cn/1000-9825/6445.htm
http://www.jos.org.cn/1000-9825/6445.htm
https://doi.org/10.13328/j.cnki.jos.006445
http://www.jos.org.cn/1000-9825/5438.htm
http://www.jos.org.cn/1000-9825/5438.htm
http://www.jos.org.cn/1000-9825/5438.htm
http://www.jos.org.cn/1000-9825/5438.htm
https://doi.org/10.13328/j.cnki.jos.005438
http://www.jos.org.cn/1000-9825/6952.htm
http://www.jos.org.cn/1000-9825/6952.htm
http://www.jos.org.cn/1000-9825/6952.htm
https://doi.org/10.13328/j.cnki.jos.006952
http://www.jos.org.cn/1000-9825/6129.htm
http://www.jos.org.cn/1000-9825/6129.htm
http://www.jos.org.cn/1000-9825/6129.htm
http://www.jos.org.cn/1000-9825/6129.htm
https://doi.org/10.13328/j.cnki.jos.006129
http://www.jos.org.cn/1000-9825/7077.htm
http://www.jos.org.cn/1000-9825/7077.htm
http://www.jos.org.cn/1000-9825/7077.htm
http://www.jos.org.cn/1000-9825/7077.htm
https://doi.org/10.13328/j.cnki.jos.007077
http://www.jos.org.cn/1000-9825/6308.htm
http://www.jos.org.cn/1000-9825/6308.htm
http://www.jos.org.cn/1000-9825/6308.htm
https://doi.org/10.13328/j.cnki.jos.006308
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.3321/j.issn:1001-4632.2005.03.028
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.7544/issn1000-1239.2019.20180760
https://doi.org/10.7544/issn1000-1239.2019.20180760

2874

REAKE(1998—), J, Wi t-4E, CCF 2440, £
T S AT I 2 B PR 4.

ZH(2000—), B, 14, CCF A4, 18
W T RO 4, B 2 B0 7 3

ZFERIE(1990—), J, i+, Bl#d%, CCF mgis
5, TR FUATI A I 25 Bdin i B S 45, ST
T

HAFFIR 2025 55 36 5% 6

FREB(1985—), B, fli+, #ud%, i+ 4 T IF, CCF
A & 5y, B OO A I A, B S e
1248

MF(1979—), B, 4, Hd%, +4 50, CCF
A2 5, ERE AT N N A SRS, T
T

© PEBEERKCEIFR  htps/www. jos. org. cn



	1 相关背景
	1.1 时间序列数据
	1.2 浮点数据类型
	1.3 前导零、尾随零和中心位
	1.4 度量指标
	1.5 通用压缩算法

	2 分类方法
	2.1 可逆性
	2.2 算法框架
	2.2.1 基于数据表示
	2.2.2 基于预测
	2.2.3 基于机器学习
	2.2.4 基于变换

	2.3 流批处理

	3 无损压缩
	3.1 基于数据表示
	3.1.1 Gorilla
	3.1.2 Chimp
	3.1.3 Elf
	3.1.4 PDE
	3.1.5 ALP

	3.2 基于预测
	3.2.1 FPZip
	3.2.2 FPC

	3.3 基于机器学习
	3.4 总　结

	4 有损压缩
	4.1 基于数字表示
	4.1.1 Buff
	4.1.2 Real information

	4.2 基于预测
	4.2.1 SZ系列
	4.2.2 Swing与Slide
	4.2.3 Mixed PLA
	4.2.4 Sim-Piece
	4.2.5 MOST
	4.2.6 HIRE

	4.3 基于机器学习
	4.3.1 LFZip
	4.3.2 NUMARCK
	4.3.3 RL4tsc

	4.4 基于变换
	4.4.1 ZFP
	4.4.2 TTHRESH
	4.4.3 SSEM
	4.4.4 MGARD+
	4.4.5 SPERR

	4.5 总　结

	5 脉络分析
	6 实验分析
	6.1 数据集
	6.2 实验设置
	6.3 实验结果分析
	6.3.1 无损压缩算法
	6.3.2 有损压缩算法


	7 应　用
	7.1 传输场景应用
	7.2 存储场景应用

	8 展　望
	8.1 多维时序数据压缩
	8.2 不解压查询与应用
	8.3 软硬件结合
	8.4 特殊浮点型压缩

	9 总　结
	参考文献

