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1o
>4
T,
>

2,

Ll

iy,

ol
ol

o

rlr

=
o
A,
i)
rlr

Q)

I

jall

o

nln
o
i)

A AN AFAE 9 ARE SNED PR e A9E vk Vi -127 WA 127 Al AF e 7
A % Ak T 0 WA 2559 Atele] A% g bA & ok, T 127 x v WA 127 x S Aol A% @

e 7 vk “ 0 UIA 255 x e Alele] A ghe b S vk A4 el 2% WS)(Clipping
L

=

range)= v w g Ut S 2 Amag. gegke] 29W W9 (Clipping range)s  Fe” e Ui

Ug = S =N

ol w9l yazy % dlol¥ tIye ka}
glt}. QDeconvE QConvdk

@ =2

y,

o

FA4 9 ]‘ﬂ(Quantized Deconvolution layer, ©]|3}

ol X
H =
2 ¢ ALEFA AAH(EE Up sampling)S 338 4 ¢

"
N ﬁ}

_|> L
o o
)

QDeconv)E E 3

o
0|3} Leaky-clip BEol| thaf A3},
4% Leaky-Clip 8o o] &3 Clipdhs 2 FAE ClipHdFE HolFE.

Leaky-clip BE< ForwardZpgolA & Clip &4E o838 E8138& FPF3ch(E49] (a)). Leaky-ClipEES
BackwardZ 4ol A= A4 E ClipEg o83 228 Aadsri(E49 (b)).

FA4% Clip e dvrgd Clipstrots o =24 9% (OQutside) F-#-<ll 71<7]7F 00] o}y ti(Slope = y) .
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Leaky-Clip X.E©°] BackwardZtg oA A E Clipd+E o83 FE3 & 3te olf& @ Clip 57 o &
St Eroll 9ES wol & 9F-(outside)d AT Fhol sF AFEFS & F ¢7] wlEoltt. F W3 Clipd
T2 QR delA 71&7] gholoo] Hof 7] uwiiEel, €Fo &= ko] Shol dge FA EaE EA7F 9

¥ 1
a; Y€ # nonzero &, # positive ¥,  # negative &,
Inside 1.53x 1073 6.14x 10° 3.10x 103 3.04x 10°
Outside —2.00x 103 11 5 6

1ip349] WH-(inside) 2 ¢%-(outside)el]l A& 42 AR (T MF(H)E Bt 48 Auo )

21
=
rr
o

C;‘S

= ' 7} 0] obd Z(non-zero), 9] k2 A (Positive) L &9 k2 A(Negative) 22 BHH ).

€.
19 Tl = eddse] § 2 g gue 279 gy vRE A ouath(Setas). Fe s4a)
T npe} o] A3y FolA dEH HEXEHS Holg HAgsln ATEFH fF(Distortion) S #2438}
= ot}
#2145
? — 0a,~ . aLRD

i
ds, da;

B (Outside)ol] 2= 8 Aro] A= = 110t Yol 9= & Au(Inside)?] MF= 6.14 x 107
ojth., & 9 e ¥E AR AU uFdd e dEARY AFRT A, AT Uit R =

ol B 1219 waEel B2 )

2
71717k W) 60nt7le] d= ARl wE &Aoo VErE olduts d¥FH ] An. ARt ©@ee] clip
TS o] & A 9N 71E7]E AAHT] Wikl stgell o]&HA Rt o= 71&717F 00]7] witoltt.

lo
o
>
<0}
i)
N
o
4
lo
=
=
lo
jins
B

2
s
o
=
i
b
>,
%
&
lo

wetA Leaky-Clip BE-ES Forward FA M= Clip RES & o] 83}, Backward FARoAE 9o 71
718 UFe 7&VR dF AT IAEH. odE Eo 9 VEVE 1/10002 2Fse] GAE &
ATk, olFA st Clip vpEFdd Fa3 7|€71& g5 ol & & Avk. gF9 71&7(y)E 43 w0
I} 14Fe] whs 7HE 4 QT
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84 6

L=L,,
L:RD = R + /1 . D
= EX"’PI [— logz p}'l.‘:'(j}lf) et logz pﬁ(ﬁ)] + A . E_\,pr [d(x. i)]

=2 6ol A Lao dEE WEXRERS ZolE HAssta AFFHH HF(Distortion)S HAsIE= o
(Terms)olth. Z3hapo ] A= B3t Dajelo] Ego]=-9 3 (tradeoff)E FAaT), F8hdlpo]r] Pri 9n
o]u] x| (Original image)? ¥E(distribution)S &m|dlct). A6 ~ = ""94 2 JdEZ 9} 294 E I

exve g omart. Futaeeld P g® ouxel ATE® oA Atele] W#F AF ol (Mean
squared error, MSE)E <m|glc},

o volrh ¢hF mae FAs des Fadsls BFonE sgEolol At & IR 57 4 Fo o3
b selok e, SAT FEAG LE EATPFLE o|BeY PR AAE Folt YR st ol
e

S5 Zo £2485E olgal: Ao WA & gl EARS HoFg. w5 AR(Y), o IxslE An

@ w s FebnE () Abole] BAS wol

MN

=59 (a)= AR 2AL erE o] 191 Ag-olvh. =59 (b= Are =AY erE el 0.67(=2/
3)1__ OTO]T;]—

2AD s )7t AN 2 49 v FHoll (T 2 ) g} oler) gagie, v ~AY 3t
e e )7t AAE FeW W9 AFeA (2 7 D)ol FAst olert AR (259 (a)
W2 2AG st g Ce)7h ol FalE Wl v FolM (Tt R %) g3 olert AT wF 27

A b g ]Ce )7t ok el Mgl kel (U2 % D)o FAE) el st gFad. (259 (b))

webs SEIgel s FAE deE Hxstely] feld HHstE 2AG FevE (g Folop I}, At
Y A RS ol A FEW W OF(Inside)dlH =AY FAHE Z7MA7IE R st 47t
wske}

— a; ?i
& B0 2% WY <K (inside)ol & "o BE o] Bo= AR 2AY sgeiEHE a7V 2
A T2 F(Positive)®] ks 7H o R YTt kst AU e EIE folds S WY <
ol A= ol uig FAE odlErF gasr] wEelt
SHAIRE E1eA o]l ZE]E RIS Fol e AHO oF Al FoAe= &9 V|EVE P o) He
@ Gobaest L EAFFUE o] F3e A%, ¢HF mdlo] A et gadts FFor shwel & w4
$g & o
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=E,., [-10g; py2(¥]2) — log; p

(21
G
—_
+
~a
—
=
1
-}
L]
=
—_—
-
>
—
——

T2 7 A LSQE—'C— AGA S %*A3F ol 2] (Squared Quantization Error Loss)oll thdk olt}.

NAE s F F GUAS 59

2 el grolth. w84 7ol P g ous g g el At wee A2 A e A
QT ofF e gholth

ot ATAL 4 RS PHATL AFL S HFAT s e,

A)

e FEH/ANE Flicker2W HolE] g o] &8tgtt. RE Y ojux =
L BE F HUE A A=
H o] =2}l (Basel ine) <

102 AA4F sha, vpAu 1093 S5agel 410 2 A4S, FA8 B2e AP 85 (Pre-trained) ®

=
mdgRE AzZete] stEE AT, SS9 ell CompressAl PyTorch libraryZb ©]-8 5 $ich.

256 x 2563 %] (Patch) 7}
Kodak HoJE A& o] &3k, 82 wix| Afo]==
q

Adam optimizer WAS =3 mdg winks] ukE stGAI T, 58 (Learning rate) &

A H7ME 93 dxate® LSQ (learned step size quantization)®2 2 PAMS(parameterized max Scale)
A

Jalo] o] gHATE. AT HIVE ¢33 X EEE Bjontegaard delta bitrate (BD-Rate)7} o]&%<Ath. BD-

17

Rate®= Tdg HFENA RHIEHO|EBitrate)d] JFT7HES ovgt. =g As H/ME A Ax=2
Bjontegaard delta PSNR (BD-SNR)7} o] &% At}. BD-SNRS FU3 B]EZo|E(Bitrate)olAe &g A
(Quality gain)< o|n]3ic},
2 2T vus 4RG3 F shtolu).
#£ 2
Quant. Bit-width BD-Rate | BD-SNR (dB)1 Model size
Full-prec. 32 0% 0 26.43 MB
PAMS +59.04% -1.40 6.61 MB
LSQ 8 +1.98% -0.07 6.62 MB
Proposed -0.54% +0.02 6.62 MB
PAMS N.A. -5.36 3.30 MB
LSQ 4 +68.17% -1.68 3.31 MB
Proposed +56.31% -1.40 331 MB
PAMS 2] 2 LSQ WAE o] &g AHty deEd obF 2l (Proposed) S o83 A9 7Hg w2 BD-Rate R
71 E=E BD-SNRE THAE s g1 4 k. 53] 8HIER FAE) sk Agl Aol £2 s g9
= sk
E@ A% 45 2d(Proposed)] 7] PANS WA B LSQEAS o] &3 WA mmE W Ape]=e] 277}
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omn

AE o]~ A (250)+= G A7 F2(20005 A7
(250)F 94 g FA(200)7F A4 A9E 29T 5 Q).
1

f
ot
2,
2
2
fol
il
i)
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=
o
4
30
o
_VE
g
Ox
ﬁti

BAAA(260)= FA e B4 UEYIE B8 dAS ARE FAs AFste 7S v & Y. T
AA2(260)= G723 A AR (20005 Aost=dl a3k Ao ANTE 4188 = drh. FAGA(260)= 9
A2 Ax(200)7F A% A9E AE5 5 do. B (260)= &F EHo] 4F3 o|uXE gE A
AT o 9ok, e SAFA(260)= 32 FAVF 45T ovAE AFws o

Aeg ol X ¢F WhHE HFHAA AdE ¢ Qe AUt dudss ¥X¥ste TROWU(EE oS
Aold)e 2 F3HE =

A7) ZraRe dAF e BYAZ F5 7Ms vl A (non-transitory computer readable medium)el #]7dE] o

HAA A 25 Jbs Al dA2EH, A4, W2 53 2o & w7t 59 dHolHE Ages uiAv) oy
g W o dHolEE AAeH, 717 98] ¥E(reading)o] 7Hsd mAS ouisitl. FAHoRE A
%3 tokdl o] ZgAlold i ITR2aA;ES (D, DVD, dt= Yz, EFgo] ta=, USB, HIEZIF=, ROM

(read-only memory), PROM (programmable read only memory), EPROM(Erasable PROM, EPROM) %+
EEPROM(Electrically EPROM) X Z A W= S3 S ndA A #= 7% ujHdd AZHo] AFd $ 9
o}

UAH =5 7 miAlE el | (Static RAM, SRAM), the]wi®] = (Dynamic RAM, DRAM), I =Yz ¢zl
(Synchronous DRAM, SDRAM), 2¥{<: SDRAM(Double Data Rate SDRAM, DDR SDRAM), %733 SDRAM(Enhanced SDRAM
, ESDRAM), 713} DRAM(Synclink DRAM, SLDRAM) % 217 w2 W (Direct Rambus RAM, DRRAM) Z} #& T}
gk RAMS oM ghty,

2 A 2 2 Ao HEEH = WAest Ve x3EHE ey AP dFE gEsA el 3l
= Aol E3ety, A&d V& WA L =do) 3w v A WY WM IdAE foldtA #3F
st 4 Qe Y o9 FAAQ AAdE B AEd 7w dWYel XEE Aol AYsicia & Aol
=9
Ed]

o|ojx|

oo x|
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