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Fisher Information-guided Mixed-precision Post-training Quantization Algorithm

HAO Ze-Ying, WANG Yi-Zhen, WANG Yan-Zhe, YIN Bao-Qun
(School of Information Science and Technology, University of Science and Technology of China, Hefei 230026, China)

Abstract: With the widespread adoption of deep neural networks (DNNs) in computer vision, post-training quantization
has become a key technique for efficient deployment on resource-constrained devices. However, existing mixed-precision
post-training quantization methods suffer from two major limitations: the long time required to compute optimal bit-width
configurations for low-bit quantization, and the degradation in test accuracy caused by limited calibration samples. To
address these issues, this study proposes a Fisher information-guided mixed-precision post-training quantization
algorithm. Starting from the Kullback-Leibler divergence, the quantization sensitivity of each layer is efficiently estimated
using the average trace of the Fisher information matrix, and a perturbation cost matrix that integrates quantization error
and sensitivity is then constructed. The optimal bit-width allocation problem is then solved via integer linear
programming. Furthermore, during post-training, a block-wise reconstruction method with feature distribution
generalization is proposed, which uses the statistical information from batch normalization layers in the full-precision
model to reconstruct input features, thus increasing the diversity of feature distributions during reconstruction. In addition,
a random uniform feature-mixing mechanism is incorporated to diversify quantization errors, alleviating the insufficient
generalization capability under limited calibration data. Experimental results on multiple mainstream convolutional neural
network architectures on the ImageNet dataset demonstrate that the proposed method can complete mixed-precision bit-

width search within a relatively short time and effectively improve the accuracy of low-bit quantized models.
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RAEG (a,a), 2RI T ES AL E DU R0 3h 2
FEPE, (6753 B @ FEAE 2 07 1) B In-F i ieE .
FLUR, FATINT 3 P 2 g i B o (N AR AE 51 N2
T HE A — 46 S 56 1R R iE B 44 (feature reconstruction
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based on batch normalization prior, FR). HT7E &5 Il 2k
AR R IRATTABE U ) A B B e AR A B, 3 3L
EA I AR P &2 T RO A AE 2 R R A e 22
AN J T X BO R HERE AT 1) S L 2 A 2 8, AT AR A DA
A R G A, AN AX 2 S B E A
FE AR bR B2 1 SR DR 2 — . B0 B ) R AT
FIRt e 2 8 S, 2t 7 —FhE T4 — 1k
(batch normalization, BN) 5646 ¥4 fiE 5544 75 v2:, i FH 42
R A BN Z I EE SiiHE B E AR AR 5
FRAE. BEAL) BN 278 I 250 B2 Hhoeh B A /) ik 5 2 s
M JE N BOE THE IS 07 22, FRiE i 37 Bk ix e
bt & RN E MBIT B p 5817 )T Zo. BT
XL GE TR 2 E 7 GREE R AE OS2 A KB A
B X AT BREAREA T ZeroQ! ' i ] BN 4iit &
A ANGRREAR, J5 I ki 4 i BBLUSE B b & ik
T ot S A H A () BN S50 4T B8, R0 B P g
Tk A R R i N BBCH AT DR 2 Bt g iR AT T
WA TR ) BN JZ 40 1HE B RS AL 3 Fx 1Il 25- 2
I8 53 A RFAE I e 4 R AE, FH T M 51250 A — B0
B NEFAE, 10 AE N Z A B 2R 50 5l BN H 25
BEAT S,

AR E, ATFIH BN 2 Hd 1098 3h 3 E A1
18875 2 kM — A — 8k B A, 8 B Aw, AT
K FEABE B U N (U0 R AR AT A, e o] A
) —Fr e SME S bR T 2 5 R IR N Gt o A
eIl I X AR, AR B R AR — A R
LS4 AR HRRAE 25 (6] Th 04T S 4 SHAR, G 9 AL ()2
. S T kMR B A NS BN JZ, AR B
BRI ST RRAE, RSB T 267, Hhn e (1,
2,-+ N} X5 ERA BN 2 AR R G G E ST
SIS A Mo FAEE M AR H br it (17) Fros:

N

rFr%g? Il Frot = Fi8 13 +;Af(||ﬁz—ﬂz I3+ 1164 — a7 113)

(17)
R, Foo NE IR AR BOR RN, FIR N E RS
IRSIEHIN. A N T R, T PR ik
JRR . R (17) 3 1 BT T LSRR (s HO IR, B
IEFERRAE T4 (i 7 PP 52k SRR U (045 L. 48 2 T
& TE S/ MU BSHERUR 5 R 4 A 9 BN S HRHAE B 9,
WAk o7 R G 3Ty oy P BRARFAE B AG T 12 S5 ALY
SRS A WL T LLSS & 6, 35 B fb i 7 o 0

NFHERZACE. B 5 FEoR T 45 & BEHLS SRR TR
AU A T4t A — A S B R AR B A B Y I 2
WHAE, FrALZ A5 I E RAE I T R R A S
EACBRERI, RIS S0 A AR T BB .

Blockl ~ — izt —  Block2 — — fil
Loss

QBlockl  —»gapLssERs—> QBlock2 — #iith

5 FElGEAEERER

4 SEESSER 550
4.1 HEE

ImageNet!" " $ 4 4 & 1+ SEH AL 3 AT f L 52 i) g
1R 7 REHR AR, — VP B &M % B0
Bk, B F 1000 MRS RIAN T 128 JT 5k I 2R
Fr, FATEIESE P BEHLIERE 1024 5K BUEAE R
AHARLE, B G P PEBETE ImageNet J0iF£4E btk
FTVEAS, iZ90IE A 50000 KRG, AT EZEHEAL
J& (A B LE UG 43 RAT 55 04T VRAS, A B BAM 1)
HE G SREA, F RPN OOCE B RUER.
4.2 SCIGYRTS

4G $5 T PyTorch HEZLSEHH, H ' ResNet-18
5 RegNetX-600MF 7£ NVIDIA GeForce RTX 2080Ti
GPU L4795, HARBEIAITE NVIDIA GeForce RTX
3090 GPU L #HATsss. T IA BN A BT
KT 4 S5 Re dEFF 00 (RS BEA R, DRI I AR S 2256
WP RN TN T 5T 4 RS =1L, BT
FICHE {2, 3, 4, 5}. BUE RS HN 5 2] % 4E-5,
BB B AL B 82 5] %)y 3E-3, FRAE E A 24 3] RN
1E-3, BHUA AN 20000.
43 IWHR

ARATIRA TR AT MPTQ 5325 2 M E i1 5 Il 2k
BVELE ResNet-187", ResNet-50", MobileNetV22',
RegNetX-600MF™, RegNetX-3.2GF*?, MNasNet-2.0"*
AT HEREXS L, fE 2 M E A R E N T2
SRAG, SRIG S RANER 1 BR. 165 HoA B AR b SR 5
IR EE I T PR E R B WS AL
% Top-1 #EMf . Vs w8 Bt = (18) 1HE,
W by AR RS |2 AL T
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L
D bW

p=tL (18)

L
>iwi
=1

TR 1 Lhgh Rrp, B2 ROR WA R4 14
KRR, “W/A” RN E B4 % 5 0SB,
“MP”RIRNRA KA. X g B QDrop. OMPQ
A FIMA-Q 145 5RAf I IRARAS 7EAH R S50 46 F T R/
AR NE 1 F Al LLE FMPTQ AR T HAl T3 5
YIGREAA TS 7 Bk = (P RE. X T ResNet-18
FT ResNet-50, 7E-FI BN TE W/A SN 4/4 I AL 5 AR
AUKE FEATH RE4ERF 420G B2 BL A AU 1) 98.15% F1 98.30%
R ED R A Er R RSP s SR VA LR SC VAT WA S
T 8 f5. 7E W/A 472 I, IX Rl K 2 bits FIRRAC EL R
P8R, FMPTQ 18 H 1024 MRAEREA, 7E ResNet-50
ATIREYERE 65.96% MIHERGE, [F) VR &R Ak T 1k

1) OMPQ TEMRAK LA T~ B TR s de i > 5 8uz
RE IR, HER R AN 54.11%, X2 KON ERAT T2
H R BE ALY STHRRE VR A AL SR IE A R EE =N
FRAEM 2 FEVE, B 2% T Top-1 M 2 B FEAK.
FIMA-QPV &4 VIT ¥2] PTQ J5i%, 4%t VIiT B
425 Token #H>PEHR i 7 DPLR-FIM #512k%, 1 F KRk
FIM &5 &% M 2k FIM G2, $2Hh 17— E b 5 &
R AL, AT 1Z 7R /E ONN _EH TR BT
FIMA-Q B /7 SEL E B | M) VIT, S5 T 5 S50
5 CNN fEEZ R, RARUEXT LA, FATE FIMA-Q
f) DPLR-FIM 5 k3L #% 31| 5 4 SC—HU) CNN JE Il 25k
EERER S RAE T RE D, FIMA-QP 4%
S)ER BHIENF XS S 4.2 3R FMPTQ % B A
[F], DPLR-FIM i 2k H () HH 56 S 5000 5 5 7 ARG H 1)
SRR T CNN 54 X )T ViT, Fisher 15 S 66 &
FEER T AL L, FIMA-Q 7E CNN 5l g &1k b
HEA 3 R IRt

# 1 FMPTQ 5 &F G ISR FEE ) Top-1 HEFIZEYEREXTEL (%)
7% W/A ResNet-18 ResNet-50 MobileNetV2 RegNetX-600MF RegNetX-3.2GF MNasNet-2.0
ek 32/32 70.99 76.66 72.63 73.52 78.46 76.52
QDrop!” 4/4 69.17 75.15 68.07 70.91 76.4 72.81
Genie-M-+QDrop!™! 4/4 69.35 75.21 68.65 71.13 76.75 73.37
MRECG™ 4/4 67.69 73.96 66.55 69.22 — —
Q-limit?" 4/4 69.17 75.02 68.46 71.02 76.47 73.31
BBL+QDrop"® 4/4 — — 68.13 70.74 — —
FIMA-Q®¥ 4/4 69.06 74.76 68.00 — — —
ZeroQ'""! 4MP/4 69.05 72.67 63.31 — — —
omMpQ™ 4MP/4 69.57 75.14 65.01 — — —
PLMQ™” 4MP/4MP 69.36 73.25 65.72 - — —
FMPTQ (ours) 4MP/4 69.68 75.36 68.73 71.51 76.89 73.63
MRECG™ 33 60.01 66.82 48.87 57.75 — —
Q-limit®” 33 65.71 71.33 56.83 65.15 72.02 65.03
Genie-M+QDrop™ 33 66.16 71.61 57.54 65.68 72.72 64.80
BBL+QDrop'" 3/3 — — 56.33 64.58 — —
FIMA-Q™" 3/3 65.27 71.32 55.78 — — —
FMPTQ (ours) 3MP/3 67.04 72.86 57.9 66.62 72.94 66.62
QDrop"” 4/2 57.76 63.26 17.3 49.73 62.00 34.12
omPQ'? 4MP/2 49.75 54.11 0.41 - — _
FMPTQ (ours) 4MP/2 61.3 65.96 23.21 52.00 62.92 42.99

T IR R i 4

4.4 JHRASCIE

4.4.1 FHAEREARLEXT Fisher {5 /5 HREF 3475 1 5200
N T I U TR B A A AN (R A AR R X R )

sz, FA T T ResNet-18 [ Layer2.0.conv1 #l

8

Layer3.0.conv2 JZ Fisher “F¥JiEffi 0-3 000 MR HERE A
HR A2, a6 B, PR T ROR I =R
1000 MFEAS LLJS Fisher P 341325 ¥4 75 # /N i [ P 421k,
PRI 1024 AR HE SR BE A SR R AT 5 U &R AR
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6 ResNet-18 AN[A /21 Fisher “F- 341375 b 45 384,

4.4.2  BENLIEEVRFETR A LG 5o 5E

N TR B AR B AL 35 S0 R AE VR A AL A O A
P ERGBALTEE W/A N 3/3 I, 7£ ResNet-18.
ResNet-50 H1 RegNetX-600MF % Ffi B35 50 R AE TR &
ML (RUFM) 5 QDrop HIBEHLEFFHLA] (RD) #4774
BRSEES, BEALEFEMEEE p i BN 0.5, XRFELgs R ank 2 fir
N, WLEEER 2 WA, T BRI RUFM 3R B& 78 BT A
MR AR T RD Mg, 7€ RegNetX-600MF
- A#FH RUFM )5 I g A2 L8 A RD 1S5 145
AL Top-1 #ERIZ & 0.35%. X /2K QDrop i RD
AR bR — R B E R, AN BRTE AR R O
RHIE a5 A0 O RFAE @ 1% A i 5 2 AR AT V)3, R
IR AT — R LI TR DT ki G,
{HE RG] T H AR PR Z R AHEEZ T, RUFM
Tl 5 N R 535340 (1) RECHAT BUERIETR &,
N T EARZE I 2 A, A A R A B Y B RE S
R IR

# 2 RUFM 5 RD fEAR IR 5 LR (%)

R ResNet-18 ResNet-50 RegNetX-600MF
RUFM 67.04 72.86 66.61
RD 66.83 72.51 66.34

4.43  BACHEZR AP AL R IRAIE
N T IE BT 3R EE T Fisher 5] S K HURHE & &AL

T & AR A 8, FRATIAE ImageNet 4 FAEF
YIEAL e FE L B W/A N 3/3 B, %f ResNet-18. ResNet-
50 Fl RegNetX-600MF HEAT | — RFIVHRLSLLES. Fr G &
AL A FH AR A (9 SR B0 i B, SEI 25 SR an il 7 fos,
H RUFM KR BENLIY S)RFIETR &, FR RN FFE B 2,
MP IR TR A R FE .

76 —
741 Sihn

aseline tRUFM+FR
ascline tRUFM+FR+MP
72 -
70 ¢

68 -
66
54+
52+
50

Top-1HERIR (%)

ResNet-18

ResNet-50 RegNetX-600MF
7 AR BT R IR 4

M7 A 3RATAT LU H A A AT AT LA R 4%
B ITE VAL EaR I i Z5 1) Top-1 #ERi . 24751
A RUFM SR J5 Sk 5 B M R T RIE e T, X —
I MERERS 25 £ A T T RUFM SRISTE J5 Il 45 i1k
N T ZREMER EAGRZE, R EIL IR R
BB 4 < i, AT 34 2092 40 e ) TE R A B AL
. £ RUFM RJEAS Bt —2 5] N FRBERS, B
I HERR 22 R AT 2 T AR D5 T, X — S5 RAUE B T
A PR R X iy N R AR AT B AL R L . B,
WAE R ARAL LA B 51 N T BT Fisher /5 5] &
(AR A5 RS i sk, B 522K FMPTQ J5 v, AH LG 11
gr— T A, FER R R T & S B i 22
BRI T, X — 25 FAE W TR AR E A T
M BCTEAR LR A I B B, G — 7 B A RS T
W 28 P 05 AS [i] J2 %o B0 B0 PR 25 2 P88 222 SR, o ok v UK
JE TR LR 4 22 S BUR T 15 B4 k. BEE A
PRI 20, BB v R R ISR, H
HOAERA T A AE FMPTQ S35 b AR A B i, 3
[FI SR T: 1 AR LR IR A4 B2 5 I 2k A SR M g B PR
444 IENLSHOE R SR

% 3 hJg R 7/ ResNet-18 1 RegNetX-600MF
PR TE R W/A SN 3/3 B, SR AN [ 4 1E AR L
H R KA, AT I S8 1 45 B A, FH T PR ) 1 4k £
WIRRRE, %S H0R 0 BHRERAE A IENMAIHR. W3 3
HCHE T DU H, 8P I DU 24 TR R 2R 4 i 26 A
BT AR IE A2 SR A A e e 22 L B T B SR AR v
X 22 2 2R B I DU TOUAE Bl o NS E P e
Ak i A 2R v A M g T RS B T DR BEAE . T e )
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ARG, A F A, B A5 R A A 2 2 8] A2 A ¥
BN, UL BB SE X A, BAT R (R TE, BERSAEAN
[7] (4 1 U 558 58 T BRAS A A R PE i

£ 3 AFRIENESEA, R ABRE AR R0 (%)

F 70 0 0.01 0.05 0.1 0.5

ResNet-18 65.85 67.05 67.01 66.92 67.00
RegNetX-600MF 64.87 66.61 66.53 66.59 66.49

4.5 BT HECXTEESEL

T BAIEAR S TR AR FE AL 5848 R T E AL
A, A AR R RS I 2R 75 %, RO R &AL L
TE IR T A ORI PERERZ . FA14E ] BRECQ ()5
WZREATT %, 7E ResNet-18 #58¢ F{f H 8 A7 &AL
B, WA T AR R/ T, OMPQ!™. BRECQ",
PLMQP"H1 FMPTQ 43 i A 55 5 A4 A7 B o A5 784 iy
BEFIRZI, 25 RN 8 B,

—e—BRECQ
OMPQ

70 | —e~PLMQ

—o—FMPTQ

Top-1 acc (%)
N D
1A o

N
~

D
(=)}
T

3jO 3..5 4.b 4..5 5..0 5j5
R/ (MB)
B8 MGG ELFE T A FIRA R E R T R
PLMQ 5 FMPTQ #5| N Fisher {5 /2 5k %I i )2 2%
WU E, PLMQ H1 (1) Fisher /5 85 £ T4t 414K
W, &56 TR IS 5 A7 B 3 o5 g T A T R B ) R kG
R, T FMPTQ AK BUR FE XA E AHE S 5, 12 i
— 3% Fisher BURE 5 L2 BIRZRES BRI NS
A FERE, A BURE G R AR bR A T ik B bx
o) B AN T FERERY R /NSAM S, PLMQ FPERE
P ZE TR, RO PLMQ RIS EEA W] gk S tth 2005 T
HN S IZBUREE 7 7, 5 5 BN R & AR, 11 FMPTQ
BEAERRE LR T RER)Z R A A5,
PRI AE 22 MR K/ A B A 7 ARG 2 45 e 4 B 1)
A
4.6 EEBESUWNRENEGEITERER
FEATT Hf Fr i A A 58 43 TC 07 v ) v SR R
175558, B8 Fisher {5 540 M1 25308 5 B2 A5 2 14 LK)
OB B AL AL B8 () S AR TS (R]. 3% 4 JBoR T R [A AR
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FEREK GPU L AR A AL B8 7 BL s AT I 8], DA
AR AR N AE. TT LA R AT RO B, o
SR IF V) A L T, AELAE S R A 22 R 2% o i i T SR
[RIFE 53 s oA, SRR IITH R SA IR ALK,

R4 REBR AL R R T

A BTN (s) WAZfEH (MB)
MobileNetV2 19 5450
ResNet50 25 6778
MNasNet-2.0 34 6772
RegNetX-3.2GF 53 7190

5 divbRE

B R A A AR o 22 IR 4 Y 5 G P A 9 B 3 G i
FER 2%, HJG IIZRid R Aot Ak 2 S S0 sk
& R ALRES A R I, ASCHR T — RS T Fisher
5 RG] PR LR 22 X 2R A8 B 5 I G Al Ty 2.
HSEH Fisher {5 HARFEEAC Hessian HIFERTHE, 25
GRZEEU RSN RS R, BRS A
Mg P M A R 2 R P R 2 P ) S R AL T
R AL 7 BE. e TR VR &R L B AL (1 8 B A i
FE AR SN BEALE STRFE IR & AL -5 R R A U5 V548
BB RAEAR LE RS B AL LR A, IR AR 2 R 22 ]
2% 00k L I0AIE T PR SR A Rk, RRCRE B )T
WSS 5. A RS 5 o BB R 55, N LR
RE UL AT 1R 2 HoAh AT 55 It H AR 38 S0
Ay HE R AR, AR TAE 2K T it &
T A0 P A B 22 A
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