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Abstract: The core idea of knowledge distillation is to use a large model as the teacher network to guide a small mod-
el as the student network, improving the performance of the student network in image classification tasks. Existing knowl-
edge distillation methods often extract category probability or feature information as knowledge from a single input sample.
They could not model the relationships between samples, decreasing the network’s representation learning ability. To solve
this problem, this paper introduces a graph convolutional neural network, which treats the input sample set as graph nodes
to construct a relationship graph. Each sample in the graph could aggregate information from other samples, improving its
own representation ability. This paper constructs the distillation loss of graph representation knowledge from the perspec-
tives of graph nodes and relationships. It uses meta-learning to guide the student network to adaptively learn better graph
representations from a teacher network, thereby improving the graph modeling ability of the student network. Compared to
the baseline method, the graph-based representation knowledge distillation method improves the classification accuracy by
3.70% on the 100-classification dataset published by Canadian Institute For Advanced Research. The result indicates that
the proposed method makes the student network learn a more discriminative feature space, thereby improving its image clas-
sification ability.
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LYo ") =Lep( S Y ) + Lo S21% Yo fT)
+Ly (SXYST) (23)

AR O RAS AN 1 R

Bkl ETERMEMAEEIEIG S K75 %
N HOTRIZE £7 Gy AREASE XY
Bt 2 W S TR

WEAE 01 0

FOR h=0,1,--- . H—1:

PR LS 508 < 04—V, Lap(0UX. Yo fT)

END FOR

TR LS 500 08 -V, Lo (011X, Y)

HHICRGS i =V, Loy (081X.Y)

L 505« 05—V, L( f*I1X. Yon.fT)

1+exp

4 I

4.1 BEBHSEHEE

AR SCAE LI Rl T 3 R EUR 0 BG4, 43 ) 2
CIFAR-100. STL-10 1 ImageNet. %4 4 19 B AK £ 42
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nr. Networks Version 2, MobileNetV2)™!" Fi1 &L J¢ ™ 4%

CIFAR-100 4 45 1280 45 2 &= K s AF 9 Bt
AT 100 Fh 432 F AR EMG B 4 , 2B &3 4l
Y F N T HAASHE T HAEHPRIE] . 284 n Ik
AL 53104 5k UG, AR 5 1x104 5K K14

STL-10 45 4 - Z B s 5 2 H T A F2% 2 (Self-
Taught Learning, STL) (1) 10 F 7325 [ 48 MG 50 B 45 |, 3=
BALE T RN S SRS LA K RAIL A R A
EAC IR T IO . R £ U 2R 41 & 5 000 5K 5]
1%, A4 % 8 000 Tk K115 .

ImageNet U8 4E 12500 4502 1 A KRB 5 4y
FRBHREE AE T 1000 BARZEN], A4 &AM 19 5
Y Y R 2R IR 128%10% 5K
G, AL 7 Sx10* ik E&

4.2 KEEE
4.2.1 CIFAR-100 ##E& FRLIRiEE

AR FH ALK 5 R0 02 o o i A MG A T4kl 1
58 B EUS A ARG FRifEAR A 32x32, R FHBEHLER T
AR AL AR X 48 EA TIN5, sl RN 0.9, HEBE R
64, AU A R 5x107 B A YITZREE BN 240, 2%
S RWIMAAE K 0.05, B4 150 551 180 #5 HE4T 1/10 F0 .
4.2.2 STL-10##EE XL E

AR SR FH Bt HL 38 5 11 e ok Xof A A RV 2R 1 85 0
BT B R S A R ST AR EA R 3232, SR AL
BE T KA RS X 28 6171 25, it 250 0.9, LA
U 64, AT B K T8 0. B LIl ZRFe 50k 30,
2 S RWIHAAE T 0.1, B4 3058 5 60 %6 A1 90 %6 i E
T 1/10 %08, .

4.2.3 ImageNet#H#EE FHXWBIEE

AR SR FH Bt AL A8 B R ok o) A A UG 2R AT B
Ko b BRI i A RS FRAEA Ry 224224, R R BEAL
FAEE T RO ALAR X S HEA T I 25, sl RN 0.9, AL
P ARy 256, BCEE 3 980 R 1107 S Il 2R gt 4
100, 2% 2] P AAE R 0.1, B4 30 45 45 60 56 F1%5 90
SR EAT 1/10 T2 .

4.2.4 FHristr

AR SR HE A ok A R o R P e B R
B 2 SRR AR 2 2R E B I RE AR B S B AR R
Y LB . MR R, SRS ISk RE LT
4.2.5 BBHEMELEN

ARSCHES 12 () P 48 2549 T HEA T 25 0 S 56 K 36 E AR
SCHRE O A RO L A 58 2% M 46 (Residual Net-
works, ResNet)™? 7 i &% 2% % 4% (Wide Residual Net-
works , WRN) ) AR HE 22300 5% TLAR] 25 9 2% ( Visual Ge-
ometry Group, VGG)™ 55 — it A #% 2l it [ 2% (Mobile

(Shuffle Networks, ShuffleNet ). 5% FH 4 #0T - 2% 4= ™)
KA G UL S ECR R B R 1 R . Hd A S
JE B LT Million (M) RAF RSB Y. WR 1T LIR
H L 00 2 R L 2 A I 2 B T 2 SR, AR T
2.

F1 HEMEFENBHERNSHENTE

B 2 &2 I 4 ZHEM
WRN-40-2 & WRN-16-2 2.26 & 0.70
WRN-40-2 & WRN-40-1 2.26 & 0.57
ResNet-56 & ResNet-20 0.86 & 0.28

ResNet-32x4 & ResNet-8x4 743 & 1.23
VGG-13 & MobileNetV2 9.46 & 0.81
ResNet-50 & MobileNetV2 23.71 & 0.81
WRN-40-2 & ShuffleNetV1 2.26 & 0.95
ResNet-32x4 & ShuffleNetV2 7.43 & 1.36
ResNet-34 & ResNet-18 21.80 & 11.69

4.2.6 XTLERIRIRZEIBTT

ARSCE A B 2 FRRZ I T ek AT X T, LA
1B G FRIR 2518 ( Knowledge Distillation, KD) (o] 4514 ™)
2% (Fit Network , FitNet ) (71 3 & S5 % (Attention Trans-
fer, AT)"' 75 /3% K Z£1% (Variational Information Distil-
lation,VID)M KRR 718 (Relational Knowledge Dis-
tillation, RKD)M %) Fb FEE 2€ 18 (Contrastive Represen-
tation Distillation, CRD)! i F8 0 R 25 10 (Decoupled
Knowledge Distillation, DKD ) L4l
4.3 SKIGER
4.3.1 CIFAR-100##R% FEGHRER

F2 IR T HEAN A B M -2 A I 28 S5 R 20 1 g
FHAFIHIRZE I8 7 5 76 CIFAR-100 3095 48 1 1 B oy
FEUET XS L . 3R 2~4 H By IR B AR 3R A v ) TR
o NERAAT LA A SCHE 9 GRKD TE A 20 -
A WA G PR T —BUR ke, RO W
GRKD nJ LA i B R AE 14 7 2047 305 | 2 A W 2625
FN WA HIA.

AH LG T IA R ZE 1R 1Y AR 2 A SCHE HY B9 GRKD
FEZR 2 H 1 8 B -2 A 48 1 G E3R-A% T 3.70% (1)
PERESRT; . A, A SCHE H 9 GRKD LA 1 34 1 1 %
1.60% FY 52 FHEE R 1 SEHT R 4F (19 DKD J5 i . R 5%
Hid5 419 DKD J7 ¥, WA 1E 8 M 48 4 Al E A
B AR P DT s L BN, 2 O R 2% Sl WRN-40-
2, % W 45 ShuffleNetV1 I, CRD J7 2 Il 2k 1 24 £
0 45 E B R O 72.69% , =5 T DKD J5 ¥ 1Y) 72.46% , %
T GRKD [ 74.08%. {73 % bt , A SCHE ) (9 GRKD J5
AR BT T A 2 A I 24 1 W1 238 T A TR P ek
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F2 EXRRMHIG-FELENAS EEFHMIRE BT IETE CIFAR-100 #iE 5 F E &5 L EMmEIT L i %
HLT R 245 554 S 4% S R 25 S R
2R HER R LR FEEL KD FitNet AT VID RKD CRD DKD GRKD
WRN-40-2 76.73 WRN-16-2 7258 | 73.64 | 74.18 | 7443 | 7427 | 7466 | 7478 | 74.89 76.21
WRN-40-2 76.73 WRN-40-1 7101 | 7226 | 7244 | 7273 | 7279 | 7275 | 73.14 | 7336 74.95
ResNet-56 73.64 ResNet-20 68.88 | 7022 | 70.84 | 7111 | 70.68 | 71.09 | 7115 | 71.19 72.68
ResNet-32x4 79.45 ResNet-8x4 7252 | 73.07 | 7483 | 7469 | 7421 | 7442 | 7523 | 75.29 77.24
VGG-13 74.79 MobileNetV2 68.67 | 69.62 | 70.06 | 69.83 | 7026 | 69.94 | 7034 | 70.12 7171
ResNet-50 79.09 MobileNetV2 68.67 | 69.63 | 7024 | 7035 | 7034 | 7049 | 70.84 | 70.68 72.15
WRN-40-2 76.73 ShuffleNetV 1 7052 | 7125 | 7138 | 7175 | 71.83 | 7214 | 7269 | 72.46 74.08
ResNet-32x4 79.45 ShuffleNetV2 7056 | 71.18 | 7142 | 7137 | 7195 | 7179 | 71.86 | 7225 73.99

4.3.2 EBEISTL-10HIEE LRGSR ER

GRKD Z& 1515 21 1) 2% 4 W 45 78 CIFAR-100 % 4f 45
AR T R BT AR B AR BE A L AR AR R
S A SCHE— B VI FE CIFAR-100 504 4 F 28183
GRIY) A X F A L 9 STL-10 MG R 4 1)
PERE, LUITAG ZR IR 12 A BE T . R SOl FHRRAE Ze 3T
WML, [ 2 76 F I CIFAR-100 %448 45 b 11 25 09 5 AF
PEICER A, HYINLR 1A BRI Lk 43 S48 X R U#
STL-10 B 4L HEA TR 5y 24T 55

F3 IR T ORI 22 A G54 b A5 R R ZE 08 T
L3 T STL-10 £ 45 L B RS o 28 HEmf % . Nkrh
A AR SCHR ) GRKD 78 BT A7 2O - 24 A4 W 28 41 &
ARAS R AR RE . A LT IELR A SR A GRKD 7536 3
T 8 -2 A 2% A A B ARAS T 3.76% A M RESR
Tt . M T SRl B i 19 DKD J7 %, A SCHE Y ) GRKD
AT T 2.20% WPEREHETE . S2I0 25 SRR 2 1 A9 GRKD
Al 3 2 R AE 0 Ty 5 | 2 A 2 2 B iz AR 1)
PR FEAE {2 > 2] 4 R AF B 3 £ 21 Hofth 2R 31 9 &
G2 M RE IR AR Ik R

£3 EAAMFEEN EZSMAIRREHETBEI T STL-1050EE FEG S 2ER R A %

S R 4% 2 R 2% i 2

e gk KD FitNet AT VID RKD CRD DKD GRKD
WRN-16-2 66.88 67.12 67.34 67.36 67.63 67.24 67.94 67.69 69.75
WRN-40-1 62.50 63.42 63.63 63.85 63.72 63.93 64.06 64.11 66.33
ResNet-20 62.96 63.75 63.88 64.21 64.36 64.52 64.46 64.22 66.49
ResNet-8x4 66.89 68.27 68.33 68.53 68.62 69.24 69.53 69.83 72.36
MobileNetV2 67.74 68.31 68.53 68.68 68.53 68.87 68.83 68.75 71.00
MobileNetV2 67.74 68.65 68.75 68.97 69.23 69.14 69.52 69.72 71.90
ShuffleNetV 1 67.79 68.23 68.65 68.73 68.83 68.77 69.24 69.31 71.37
ShuffleNetV2 68.93 69.52 69.67 69.83 70.13 70.31 70.43 70.28 72.30

4.3.3 ImageNet#H{IE&E FEGEHEER

B4 B GRKD J7 78 1 F KAL) ImageNet K14
IS . 3% 4 IR ResNet-50 SH 2Ll X 2% , ResNet-18
Ry A S B OL T, N [R) FN TR 2808 J7 15 #F ImageNet
BAHRLE L AU o e R A5 T L. IR 4 s, A
SCHEH ) GRKD 145 T Fe (P E , 7F ResNet-18 [ 2% 1f

Wk B T 71.24% , 43 BISEAE 1.40% F10.57% B HERG %
PETHER B T HEZR A JE T A 4 19 DKD ik . SCIR 45 3
7~ T GRKD J7 i AUAE /NI () CIFAR-100 B4 43 2
155 Th U AR G 80O 78 KA 1000 28 51 5 432
155 K TH B8 R AT b1 B L 28 BH [ R AF 2818 7 1k
AL LU SR T 24 2 X 43 AT 55 Wiz AL RE T

F4 HREIBEFELE ImageNet BB E_FE GO R EHEIT L P %
HT R 45 514 2 4 2L 25 R R
2 TS B AR ek KD FitNet AT VID RKD CRD DKD GRKD
ResNet-50 | 76.13 ResNet-18 69.84 | 70.31 7046 | 7052 | 7048 | 70.63 | 7055 | 70.67 71.24

4.3.4 HIERZHIETHEGRILER
TESE B IZRREA BB =R A TS 2 09, i, A&
BEPEAN TR T SRR AR B = 250 T IR

fie. B2 @R T AEI SR ZEE T ETE 25% .50% . 75% F
100% Y FEA 548 F B9 CIFAR-100 &5 2 45 5, 1
M Y 25 5 ResNet-32x4, 2F A= X 45 /7 ResNet-8x4 , 1
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R T IR A9 CIFAR-100 MR 4E . A 5256 % 1 43 )2
SRAE I TR W XTI S A A 47 X0 40 R RIE I 2 B 2
AR . X — Bl INREAR S s AN [R5 TR R F ) 2
AH AN 2R i O AP 1

M 2 0] LA H AR SCHE HE Y GRKD 78 AN [A] E 5] B
YIGRAEAS S R T A AR 288 vk . M Tk
1 RR 2RI A L4 412 1 A9 GRKD 7E4- B 25% .50% .
75% F1 100% I 5 ¥ A 5 44 K 50 5 3515 T 3.89%.

80

3.20%.2.35% F14.72% WP RESE T . AH LL T HE i i a1
DKD J5 ¥, GRKD 73 5| 3815 1 1.83%.1.92% . 1.49% F0
1.95% MIERA PRI TE . SCRE5 R B8 T GRKD R 7E %L
PEEZ () TARIHRA AR 0 2 . XRIHEIER
TIEZE 188 7 T LA 2k 4% it ) Ay 20N AT PR ACHE 2
> 203 FH A RRIERIE . SEni i AR 208 U ki R —
FEAAE R AR, S8R A MG AR = T
BB A LA RN AR R 2= .

= KD

7 B FitNet

I AT

[ VID

11— rxD

[ CRD

| B DKD

[ GRKD (AL i)

il

~J
W

~
[=

(=3
wh

(=)
=]

CIFAR-100%4R 4 - fifEwi 3 /%

4
N

0 25 25

25 100 125

NZRFEA LB/ %

P2 HRRZEMR T IEAE CIFAR-100 KOs 4R AN R] LN ZRAEAS L B 1R 5 SRR AT LL

4.4 HEXWESHIW
4.4.1 FEIBZREHFELIE

A SCHE 2R T G 3R 22T, A B &S
SAEAT 55 1R 25 L R RAFE ZEIR 1R 22 L M HIME R ZE
TR ZE Ly 325 7R T X 1R 22 700 () 9 i S 6, FLrfr, 5K
6 B 20 0H N 2% F ResNet-32x4, 2% A= M 4% 2~ ResNet-
32x8.

R5 CIFAR-100#R&E FRIREHBIE  B60:%

PRI e
38 SATAT 55 1R 22 Lop(F3E4K) 72.52
[ R AF FRIB IR 22 L 76.87
FE R IRIRIE Ly, 7473
BRI L+ Lot L, 717.24

FEA A A8 SUR AT 55 1R 22 Lo I T DA 27 1 I 4%
FEIH 72.52% W93 FEWERA R, A L BEAE T 4 51 ]
FAEZR IR IR ZE L g FIZRHIME SRR IR 25 L 22 A N 45
Y HE TR 2R A3 2 T2 76.87% 1 74.73%. SE6 45 FEUEM
FRAEJ2 1] B 1] FR AR 28 TR AR 0 38 A T A3 2 1T (1 2 1)
WER I . Bl K 2 PRI UR 25 MM R AR DR 22 7]
I KRR R TL 22 A 4%, WERA 5 31 77.24% , HL A 7%
IR EEL T T 4.72%.

4.4.2 ETFrMARETE GG

AR SR 4 B B 2 DE B AL, IF 36 Foe2E > ok

P2 VEFE AL TR . AT TN b T A5 5 — X — Al 4 4 452

VCECAILT] , SCER 25 AN 6 fr s , Hodr AR S5 1 2500 Y
28k ResNet-32x4, 2¢ 4 X 2% A ResNet-32x8. — Xf —38
P S B -2 2 T 2 5 T AR ] )2 Rp AR iE AT DL E , HLDE G
A R 1. AG G A HEVC A =R VE RCA E R 1, 5F:
WA R AMBOE . WFE 6 hal LA £ 50— X —
UMl S e R S U/ S W S s B L M e C /U T
o O A A AT A @ N AL AL, S EUZ DL C 23
T SO —Zn) i, 3 SR RAE AR RO T RE .
A SCHR S T O A VE FCA AR L AR 58— —Fil 4
T VC B2 I3RS T 1.74% 1 2.02% (A HER R LT
X PR TT27 20 AT AR 500 - 2% £ D 28 P R i AF RS
SECYAUN iy I A E Rr AtV S B UM
%6 CIFAR-100##E&E FHB LR GERMER 507 %

ST AL HER %
— R 75.13
ESuRA 74.85
FEFICARARY AL 42 7% 42 76.87

Sk it — 25 B UE S T o0 2 2 ()2 VE FC ML, AR
it 1 E VLA E AR i RS T SICIRAS TN 1 o A A2
1k, anlE 3 FrR , 200 1~3 2z 1~3 430540 ki Bh 4352
K5 MRS BICSCIRAS 32T 7024 2T AL X AH
[)J 243 T 5 K B4 VE PR A, X6 AN () J2 4 T 326 o A AS
FHEEFAL GE R VEFLHL , o2 20 04 5 =2CnT LA i 5 ds
9K gl 5 =X A 3 A 4 I DO C 2 2 AR DG il R R AR
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FRB I R G 1 R 2T B A5 4L & 1 B0 -2 4 —_
Méﬁ § 76.0
WIS WOk é 755
®
1o § 75.0
§ 74.5
05 g 74.0
0.0 7335 1 5 10 50 100 500 1000
ALEE
23 Sl R ARl (@) TR2Z Ly A E o
E3 ST oo E R AR AR VT A E
76.3
4.4.3 EEBRENEBSESH £
ARSCHE I E 2R R 22 S T R/ N R 2 £
A IR IR 2808 Lo T TRR IR I B A0 I S R 2808 Loy %ﬁm
ST SR M R A Lo 3 MR IE I A
X 3 i 22 %) A FE B S B AT SE I, SO0 I 45 E
ResNet-32x4, 2% 42 W 2%k ResNet-32x8. Ul &l 4 AF /R, <759
Bl 4(a)~(c) 53R o pFy FEA R AL EE AN B 6 % L 5 do S0 100 5000 L1000

2k . B0 2 5 o AR E YL FTE 1~10 Z [a] B, 3
PR 22 9 43 JEUER R 280 L FH I AE AR 25T 10 i 2]
AR . YA KT 10 A e, BE 25 AR, 3
b 22 1 43 A HERG R 2B W e, R IR 22 B 1 ad
AL FEPERE I . L, A SCHa=10.4=10F1
y=101ERIRENEBSEL.
4.4.4 BERMUEXBREHEMIRH

AR B o PR A ZEAR Y 3R 22 T A 730 R S s
MM 2% A ResNet-32x4 , 2#4: 2% 5 ResNet-32x8.

IR T AT LA W AR SR 22 b A il (3 T B /N
T5 15 22 0 PR HE 8 Ly 22 T IR G BB 5 10 PR 6 R 2%
T L FNIET = 04192 £ 10 181 56 R 28408 L, 7T ATRAS
3.69% .3.78% Fil 3.86% () HEHH K42 Tt , iF B 45— 7%
TR 22 I (e 2 2 ) 2845 5 S PR RS 25 . IR AR 26
TR ZE LA Loy + Lo M ELFUERAE 250 R 22 10— 4 4
F+T0.51% MHERT S, 18] 5C AR L BIARFAEZE 106 9 45 1)
AR RESR TR T It . K B R R O 2R 254
I A5 1 Sl B A 158 25 i 2 A T 4% 3R A5 i 18 76.87% 1
4.4.5 $FEZEMHAL

W5 (a) LS (b) Fi 7R, AR 28755 43 590 %5 56 1 e 4
B DKD ZE 18 7 3 FAS SCHRE 9 GRKD 5 i A A A 21 1Y
FRUEFEAT ¢ 50 70 s BEHLLB & ik A (t-distributed Stochastic
Neighbor Embedding, :-SNE) ' Al $i4k . [&] 5 fy 10 Fift i
R R, 73 B2 CIFAR-10 B0 8 i 10128510 .
& 5t A LIE A T DKD 7, A< e L 9 GRKD
T YN 55 2 1) 2 A N 46 7 A A R AIE 28 B L AT B4

e
(b) 1R2 Ly, MALE B

CIFAR- 1004504 45 14 7
3
=

(&
<
&
9
vy

1 5 10 100 500 1000

50
WEL
(c) BEL, Iy
K4 CIFAR-100 5545 1 015 22 THA o AU SE 6

R7 CIFAR-100 1B &% FERMERIBREBMEE 0%

PRI A%
ST 551 25 L op(FE4R) 72.52
/N7 R 25 I R R Ly 76.21
FE T I LR 25 1Y) (BTG R 2508 Ly 76.30
FT = InH A B SRR L, 76.38
WREHA Lo +Lyp 76.72
AR Lop+Lget Ly, 76.87

JEN S M 8] 3 5 SR, 3% W P SR AR 2 0 ml A T
LB PRI PR R , AR T R i RS 26
4.4.6 EGHRNETAL

W& 6 fr7 , DKD J5 35 FIASSCHE H Y GRKD 7534 5%¢
i AT BBy B T BE AT T AR SR I B 2K S T
[€"** (Gradient-Class Activation Map, Grad-CAM) , £L. {7y
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(a) DKD J7 i B FHESS ] (b) GRKD J7 i B4 25 ]
PE15 SRTRZRAR 100 2 A I 2% (1 REAE 25 (] AT AL ROR X [

DX sl AR AR AR B 05 OGRS 4, i 8 X AR A AN G
4y . ME 6 AT LI Hi, GRKD J5 4 b DKD 3 AEHf
P2 B 5 A H ) 1 W A DX sk FT AR AT | 45 o 4 1) TR
AERES .

Ban, X AR R B, DKD 7706 R i 1
TRAE Ao 25 A, T GRKD NUPKE 42 J53 () R G A o B EL
AP A DX X F oA B9 K EEIME, GRKD Jr ik sk
P T N4 RS B XK. WA RARER iy 5
T R AR T, X5 DKD B3R 51 K 57 T 5, {H
GRKD H1fig 1% MW 5 rp i 2 7 2R 2 B An . XTI
A, DKD J5 %48 1E 6 2 02 2 B bR, i GRKD N 1E
B EEE] T B bR X, B8 22K

6 HAEGRIHI) EAT LR 1L

5 Z5RIE

ACSCH T — R T R A R Ry T
AN IAT 55 | T B A 5 A PRI AL 428 [0 45 Sf i A6
REAT] (96 2 AL B 4R (R RE A I , S TH % BE AR 119
FEAE2 3T RE ) . PR FAF AR IR 5 52 AR I 46 D &I 4%
PURRAE 1 G 2 A JBE T M 2 30 00 190 46 1 LS

FETF2E A W45 B T BERE ) . 7F CIFAR-100,STL-10 4
K TmageNet B4 45 I 1) 52 06 45 S 3R A SCHe th i1y
GRKD . 8 1 T e i i B Z& 40 )5 5, IEB GRKD A
DL 3 [ R AE 208 1 O 25 | 2 AR I 4 2 ) HLAT L)
PR B RHIEZS ], BTG A R

AR SCHE T T R RAE A R SRR T v, R 3
TFAHACLRE (1 P AR ATAE 20 . 75 SRR SR (R AR 2R T AEfE
Pt TG ) [R1 285 05 AR T T AR T UG AT 55

5% 30k
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