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Abstract Recently, owing to the advantages of deep-layered learning and unlabeled learning, etc., deep learning
models represented by convolutional neural network, deep neural network, recurrent neural network, have gained
increasing applications in various fields, such as image recognition, video, and natural language processing. To
achieve the high transparency and security assurance of deep learning models, the interpretability research of deep
neural networks is of great theoretical significance and industrial application value and recently gains increasingly
attentions. However, because of the intrinsic black-box characteristics of the deep learning models, the interpre-
tation of its internal structure and the running mechanism is still of great challenges, including the rigorous theo-
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retical results originated from the manual observations of large-scale training and testing set, and scarce appropri-
ate explanation of the learning results based on the human understanding. Moreover, most of the existing re-
searches analyzing the decision-making process of deep learning models only from a local perspective and lacks a
graphical representation based on the overall understanding. On the other hand, the interpretable basis decomposi-
tion (IBD) model has the advantages that its interpretation result is not only a strict corresponding relation from
scene to feature, but also is a kind of semi-structured data which can facilitate IBD based knowledge map con-
struction from it. Aiming at the problem that existing deep neural network visualization researches lacks the inter-
pretability based on the knowledge map and the well-suited knowledge map representability of IBD, we propose a
deep neural network visualization approach based on interpretable basis decomposition and knowledge map,
which fully takes the advantage of map construction ability of interpretable basis decomposition. Firstly, we pro-
pose a knowledge map construction method based on the feature decomposition structure of IBD, which con-
structs the map information, such as the interpretation relationship and juxtaposition relationship, between the
scene and the interpretable feature. Then, a similarity clustering algorithm between scenes using Jaccard coeffi-
cient based on the interpretation relation network of scenes and features is proposed. Based on a scene discrimi-
nant feature extraction method, the decomposed features that can distinguish this class from other classes are ex-
tracted from each type of sample, namely discriminant features. Meanwhile, we quantify the accuracy of discri-
minant feature extraction by means of manual evaluation by exploring the difference between different models'
understanding of the recognition target and that of human beings. Furthermore, a fidelity test method for deep
network has been proposed to solve the problem that existing research lacks fidelity test. We combine the mul-
ti-feature thermal spectrograms into a comprehensive characteristic thermal spectrogram, and then use the Had-
mag product to refuse the comprehensive characteristic thermal spectrogram with the original image to obtain the
characteristic fusion spectrogram. The luminance labeled depth neural network classification model of feature
fusion map was used to identify the target location pixel area, and the target location ability of thermal spectrum
map was measured by comparing the deviation of input original map and feature fusion map to the model classi-
fication ability, so as to obtain the fidelity of the interpretable basis decomposition model. Both the fidelity test

and the human confidence test show that the proposed method can achieve excellent results.

Key words Deep Neural Networks; Visualization; Interpretable Basis Decomposition; Knowledge Map; Inter-
preting Deep Learning Models
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PASCARFRZE I RAEME .« 1BD R T (1 5 iR 45 R
NGB, AN SO B — AR AR ) =P
BITTHRE TopS FIRFIERI G ENIR G, KRR E AN
PN, T AE MR ICR, T 25 41k .
NP LA 2, MR CEILRRRE (L
AR5 VL DR

T A fAR R R AR R R PR R ) R R A 48
A BRI P R I R TR (LR T
N, HERZ: FINCRIT 5, AR ER
H 5 R T8 5 R I3 5 -4 IE G R I 45

L5l BysEAs g A
FHHPRFE AR (I CNND 7531540 51 45 5o
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CET AL A wy
confidence;

2. MR IR AR TR EEIR MR AN CNN
F 5 R BT B R SRR T ANREE ) &
TN, 45 2R 25 SR ™ ks OB T W] R A i
B BN R B« W] 2 PR & T AR il gk
Ty R S CEERDIX ZAMRE ) &

3. Hi HAFAE R I Dy 1Ak BB B AT AL
BB, VAR 5 St P file 5 R e e ie, X b
— A3 B B AL 1) & 78 S B AT AL, %
CNN & Ja—ZHiG B Grad-CAM 5%k, £t
— IR AR B K15 B0 B R AE R (] 2)

4. FATRAE-Y s ffe Rt T A A0 A i HH 7 5%
FAAE (mask) &, FATIE FH 32208 a1 = A
FHEAE BT R kT, W R, <%
R, B I = AN RRE G B 15 2% T S i B
B, SRJE AT RAE- 2 SR

5. Yy il g s P AR Rl T RS AR T ]
HOX S AMRREREAT SR AN TR, AR R T AN
mask &

6. THE IS VUNRRIT 7. X — PN i
FEAR MR AL () BE LR L EE I, ¥ B — 1R R
mask [ H Frim A 25— 2 1355000 CNN A,
1RENF] 3 scoremgs, ~ BiEEconfidence, g - T
A AR 6 B mask B, 6 G SR B mask 4
A BB AE 73 R 4 N 2% P B AET 2R 5548 hs, 1T &
A F EIE B AR IRESS TR ERE T, FHor
AT 28 25 K AE AR IR 55 B B T AR A £

7. AT R RN ORI . X R AT
4y score . B 1% [E confidence Al mask & #1472
score, g, ~ BiEEconfidence,, s, BARHEAT 34T,
133 0] B R IR AR Y R LR I A 2

8. M ARG R 2 PR B
R ER (55 SRMRRFIE DA S 3 - R AR 2 1]
IR ED M FIREIE, R0 B A6 2] E %
W DLBT sonb), 5 A5 B = ANRHIE )
BT WR CEER, FHZEARE R T
YRR R, MEMIRENE ., X—Pay ik
ARIEEAR SR, FRATIRYE 1BD A AL ZR4E, AL
FRBEAE I 2R 4575 [ P9 BRI R A2 DA AR AE [
TN —K IR, BAM R R E SRR SRR
P

9. Yyt ARARETHE : X — A N — 2 AE N
RS R — B, —PIRATME T 5

¥T %> score . B 5 E

R RBA G R, L4537 S RO R ARRAE 2 [R] R AR %
AMIFIKREFE, IR L, RALRHET
Jaccard AHALZR E 137 S5t A1 AR AL S SRV T 55037 ¢ 1)
L . TR HF 4, REAHE: hFr. <D
R CEERUR BT R R, DR, W
R CFERCBRRRRI GRS R 1E5 4 mrp, kAT
W2 DL T R, 80T el R Jaccard AHAL R %L
THE PN 5 ] AR AL o

10. FRECHAEARSAE : X — B N RRR 45
HE— 1A, F 1BD BEAURHIE SR i 45 S AE ] TF-IDF
FRPRIRBUEE— 2R 1 0 PR RRAE - AR T8 50 R,
B PRR AR E R T YR CEE
¥, £ TF-IDF $8bR i s FRHE VD BAE R &
JT7° 3 5 0 ) ) P AR AE 5

11 NRBEEMAR: o b2 ) 5] e it
ITANBEEENR, HT A ERHER TF-IDF A
TH5 MSE febrm] | Rom NREEE .
43 IHR-FHEXREE

AT SN BRI RS R 135 SRR AR
FREHEAT R BRI, 87 st-Re I AR B, JF
7 2] Neodj B EM T, R TF-IDF
i A o) A Y A B 2 R4 A — 283 S 11 0 ) P A
fE,  [FIAS 2 H — b s B A B AR AL B T3 5 7
I FH PR B N sORHIR BE 2 2 S B s SR AT TR K oy
MrAnalAiAk, Sk i e R SRR s SRt AT
DAL 2% Jz 1 HE % o 2 X 4% 20 3o i AR I 45 i 5 3
WA =, R T UIGER M4 L1
PRANERE b IARBURE T 80738, X FRARABL R TH DA
BUZ B B AR N A2 b, AR 32 T LAES
WEMZER, D4 MSEMSEEARY R, A
b, IXPARBLRE R 7 5 NS E g i U A%
U, BPIXFOAEALRE T A T 2 N N 2R A 4k
AR, ATy R R,

431  Ee-EE DG RAMEUEE

S5-I I 5% R 40 HURZ O 2 MBS £ A B2 L
H ) SRR Z TR I ORBROG R, 18T 3 s AR
TEZ [A] R DRI O R ) 137 S5 B AR AR S5 44 . AR S
(T ] [va) 2 475 A 225 SR 1R 37 s - AR AIE P O R el L B0
B AR W R AL R 2 IR R R e S Y
(A 4 R0 28 RSB E o

ff R 8 T RO B R R (W e e B, R AT
4 1BD BLHY BSR4 ) ) S A6 e S5 R A B
5, B SO B — AMERERHIE S & B R 54, 7%
e 53 SRR SRR AE-REAE PR 2 [AI C R o TER



BUAISE: Tl RS IR A R P A TR A 22 X 2% T LA 9

REBNE X &, RSCK RS R P ARAER R R A
AR (D BERR: s ARHIE [ 47
TEfRRER R, RABRHERMS R (2) K
F:o [ — 2RI 5 0 E R REE 2 ) A7 75 PR 9 9 51 5%
R, MR R. RFFHCRT, MREXRE
Ay, IFHIIC R AR, AT ER Ry B G R4

T b JE UG 2 A 1 B 4 R0 OC R R AL sE LT
2, RIAT R H 2 0 AR 1R 37 - R A ORI R R I
2, I FHIX A X 24 1] ) 2 T e R AR R A R A B N
Hda e L iR R . 4 V) “library” C(EF51E)
JEoR 7T R BB A IR, AL S 5
Z AL R PRI G 2R

S F, k. =, Hik

NIF: REFEBF NE FE XA
EHE: $%. 8. k. %45, REHE

( | 253
\

\\ K F

B4 LL“library” CEA3EH) J9EIEEAT R R MUY
2 ES

SR L AN [R] PR A R 5 R 7 s RVRR Ik (8] (1) A )
KER, EFAFMMEEE. X —F R
SOMFHIE Z AR E R R R 5, AR SO i
SERIATIRREC R AL, 7ESZBL L, 1BD B2
AR > 508 T Broden227 #dEHEA places365
HEsE, KRR L R b AR SRR B A 8 4
gi—, THEMMERMIET . FRIAFFEERZEAS

— M, AR SO ARG SO0 R A EGE 7 B AN X 7 b
ZEFIRFIERRAE, PR AARE OC 22 b 1) S A B S AR
TESEAR,  HARRER RIEEE ARG MR Z IROE R o
B 58 R R [F] — 253 s R R AR < AR AE
P FEFIR R, TEMEM L, AN AS Sk
X L B AR R P S A SRR B R A IR, BVARRAE 2 1)
AIREAAESLRPME G R, AR MR IEIEH . &
SCRHRFAE 51 5C R 4 B B R IR 2 5 AF ERHE
ZIFLFEVER . PRI RS — 2RI A .

BT BRI B, 5 REE G R IR EUREA
NS R R E S Result, PSR 4R
FEAR S K, FAHAO TGS 7 MRRE, DU
FEAMFFAEAE XS B3 50 R AT 55 IR DTk B2 1 43 B o
BER R S-RHIE R R RelationUpdown il
LT %15 254 Relation]oint « 31 5 T i
BEIER MR B 1) B Rk, BRI RHIE R M) 37 5%
ff) B[] 5% & RelationUpdown, SR J5 %R RE A
[F 2K 5t K B SRR R AT B 9F, R3S 5
5 H A 0l Be B IR R AR AR SR A B R R
relationjointGroup, 425375 1) vl BeIF R FEE
24 I DT R B v B AN SR AR AR AE 2 TR R A
fiE 2 8] fF) 1315 R Relationjoint . Py U5 1.

Hik 1Ly R ek R UG %
BN SRR E R Result, Bl EFEA R
Hin;
B o-RRE K R RelationUpdown, FFHE
51k K4 Relationjoint
1. RelationUpdown =[]
2. Relationjoint =[]
3. FORi=0tonDO

a) FORj=0to7DO

i RelationUpdown[i]. start =
Result. featurt;
ii. RelationUpdownl[i].end = Result. label
END FOR

END FOR

4. RelationUpdown = RelationUpdown. groupby
(RelationUpdown. start, RelationUpdown. end)

5. relationjointGroup =

[(end, Set(RelationUpdown. start))forend,

Set(RelationUpdown. start) in

RelationUpdown. groupby(RelationUpdown. end))]
6. FORIi =0 to RelationjointGroup.sizeDO
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a) startSet = RelationjointGroup([1][: 2]
b) FORfeal instartSetDO
i. FORfea?2 instartSetDO
1. Relationjoint.add(feal, fea2)
END FOR
END FOR
END FOR
7. RETURNRelationUpdown, Relationjoint

YE7rfl, K5 R 7 AT 50% 1 1) 1BD B
XJ resnetl8 WS SEM R REGE R, AR FHE
PLE R R R AR A K R, (] places365 1]
validation 4 & AT EiR ERE A, EIPONETE
RAFHIH M 1000 AR RFEA, B 5 bk
TN S RRFIE AP SR B, K RAELE 3 5 - RFIE Y
FERE I RAVRFIE-RFIE I 15150 &5 R B (iR
N RCRHERRRE G R, RRFHEIR g5, RIfRRE
NSRRI AR, R € 3 Sk RN R AE R AE 551
KRR, RRFHEZRIFIRAR R, FIEFHFIRRM
FHEIRA AT RE L MR RIEANBIE S LM g5, B 6
7R T A% T AE places365 val HUdE 5 ) B
o ER ARRIGSARHER R LA R, KR
A0, 55 3 557 - R AIE IR R O 38 RURFAGE - 7 AIE 1) 9T 471 5%
R B EF SRR SRR R R, Ronts
fEfRIA 5, RIARREL ST B RS, IS
SLFRIRRHIE-RIE AR R, FRARRFIE 2 0] [ 30 1) 26
R, RIS RIFFEAR A 7T BE 3L [F] R /n SN 5k
B, B AR IR AR B R VE 2T R
Z AR TR E KN, BUERRR, U BAREIE Y )
YEFIRREA . AT LR H & T MR 1 LA B ZEARAE
BFERTHTF . “BEFMCBHRE, HIX =M
TEZ [ER IR AR RN, BB GTHET. “BEH
FBARCRHEMRRE G R, BEIE 7 458, H+ha
HFEFHE IR s A RIT . KT BhE. 2
PIRRESE, AT TIREAFRMSRILFRRE, KR
REEN 2, BRUbZ A6, ALk A& 0 ok R IR E
FORAHBIE, R RIRE MU R, 2 AR
FERR /N

AICK 1BD BRI () 45 5 DL i 1
AT, B RFIESR AR 25 B i B s R BE X,
TE ST B A AR OGS, DA o 1 i A
BUORFERIAESS,  H) i PR ST Y L R
KRR MEERHESR R4 REIR I X R, sk
1 Fiw, FURRMEGH” BT “icTE——~H

6 AN 43 R T X DA A
432  3&TF Jaccard AL R R 2K M3 5 () R BS A
AL 5

Bl5 IBD BEAUXT resnet18 445K I R 45 R

Fegi it S8 SR R U IR 7 VR A AE B R B
e ] i e A BB T SR R T R A ] [ A
R, BRI FRRE S f B ER G R, R AR
FEACLEE (A4 2 75 2N LA dl i R ) B R Az 56
AR, PO A BT AR R BRI . 2T
FEAFITERD T A AENE, A SCE AR —Fiot
FRTE S A O RESARCURE THEAR A, n] DA e A
WEZEFHORIMER TR, HalHRE S Bk
A R,

Bt BRI SRR R RS, AN
R W7 -FR L AR R R A, R — M T 5
-RAIE R IR C 2R B 37 S BE B SR b, AT R R
AR5t (B R, A0 FE AR TS IE-42 3 5%
F 0 2% r 7 s K R RF AL 2B 3R s 1 1 37 55 ) 1) A
. #ig b, MM REERRHESE, R

3120

N 2137

K6 “%IT7 MEHERRE



BUA S T AT R PR AN KR T O TR R A 22 19X 2% T LA 11

MG FABE RS R, PN EEN
R, ASCHIANRREEAPIR % Jaccard Si-
milarity Coefficient, < 3Cf#i#K Jaccard AL ) FHALL
FETHR AR, 3k —28E ST g R AR LS () 1 5
AR A7R (6) Fhiow.
)0 ()
Slm(si,sj) = |F(si) 0 F(Sj)l #(6)

Hoh, F(s)Fa3 s MIFREHESR S, F(s)
TRy ais MARRRHESR S, Sim(s;, s;) s Al
Yyts; Z 1A ARALLEE . Jaccard AHALEEE H T-45 5 2
AT ARBLURE , T AS SC 1BD FRIfRRE 45 A A
FHENIZ R, W bn B RN — RYVRHERR A
AN — BT 5 . RN SR — R A
PIRHIERRAE, ToiER 7 st MR E R A B R R T
3 I BART BAMGR A HAT A R R SR 37 55 2 ]

BhE
JLERE
Y Y P4

thRIEHB MU

N imilarily(slrlﬂ‘num rooms Swaiting room)

IF (Stetevision room) N F (Swaiting room)|
IF (Swaiting room) U F(Swaiting room)|
= |set(bed, sofa,arm chair, loud space)|
"~ |set(cusion, fire space,computer,bed, sofa,arm chair,loud space)|

HR-FEXRE

P59 g

(w = I F$g>

-

- .
()
I NH |

K8 Wbk R E

2257 . 1l 8 & R FH A ST I 7 55 (B AH AL B2 B30 2:45 2
PR R TSt RO I, DL T A% = A1
SO, BT RRE T ISR E X AN 5 DL
N T R B AR AR AL AT 7 R RRRAE . B,
i “living roomg”  C&JT) 1 “waiting room”
) MAHBUE tH RS 2 &, B n] ket
PR gAY 0] 2 T RN 454 25 ) ke R, bR TR
BT 7MRHE, Zoilie: d@rs. BEh . ih BNl IR,

RFR . WRARAE A, RS2 T 4 ANRHIE,
gl IR FRFR . WRAIRASE, W% T4
i 2 (R AHARLRE & — 38 I L AR E AN B G L2 41D
PRUL = H BARHEREE G/ GXEE 7)), i
JT RREEA 2 A E£°590.57

AL RE T A AR RL, AR g 5ela] e
BitEAR AR (7 Fis.

D(sl-,sj) =1- Sim(si,sj)

RSO
|[F(s) U F(s)]

ASCHEH T T RN SIS S, %HE
HONH R AR AN, R ES TR A R
Klnlfids,,, € M RD, Mo Mo~y — Yk fiH 2540 1%, RP
FonYEENDI AR . B, A places365_val
B ERAT R, 25ID=365.

55 [B) PR B B B E B E B FE S O 1, &l
FEES N 0, RUAMRRRFIEEE & E 2B A N5
BAER N N 5c-ReAE B A B R RO R A
Explanationfl i Z i HEE B M58 n, it v
St R AL HEREM o % R BV Explanation ) TG E A
— AT, FHMMEE AR, (2%
BRIEES, nAKT 0 HABE X ARLA
Explanation &z KK A B e BE &5
AN R FE R AERE, 2 — 1> K/NN365 * 365
) AR EM ;. fd A networkx T Lt B 28 4 FEMAY)
K, fx#13 3 places365_val Hd LE 1R I 25 Rl i
PR (B 9) o AT SRR By i e
K, BIRLey SRn AN mREE, URREEEL
(ARG R, sl ] [ R B A R 5 1 A% o
I AEHORR . OV AR an B0y 2.

#(7)

B 2 5 T IR IR b 55 ) BE B R PR AR
i\ : Explanation3-#1E b N7 B fRE ¢ R A,
nifs B E IR )
it Isca) oK B AEREM
1. Mm=1
2. FORi = 0tonDO
a) FORj = 0tonDO
i. MIi][j] = 1 — len(CACHE[i]CACHE[j])/
len(CACHE[i]|CACHETj])
END FOR
END FOR
3. RETURNM
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F3% 51 FE 25 1H 5 A SUTE places365_val £i#E £
FRRER WA 9 Bk, AT places365_val
BRI 100 AT R, B pa Ty
MBIRAFIZE, DFRRIGRZ MR R,
A2 TE ) B A AR H B T 3 [ L 4 s
B, B PR R R R A A U R, B
BRI R R A A R . FE T Jaccard AHA
FA 37 S AR AL O VR R R
W FERE, HO(n?), HIXFHAIALRE 115 7 vk & ™
RIS T RFAE SR ARG S0, AT LB S Ik 92 B o
25 I 245 28 1D IR AR YN 5 J5 6t B SEAN [ 3% 5% (1 B AR

4.4 FIBMEHHERREL
441 FRIHERHIE E X

K9 HHEEETHE AR 71 places365_val FifisE I
FP-EE Y

DA (1 1BD B I SURHESRARSGE L, 1)
AT 23 b I 30R 7R AN TR RF I X 37 55 AR IR 1
TUHREE, e, E 2R HOR DU R SRR H A5
S EEER R, S RFAERS H AR 5 00 R AL
Wt XTI 5, R 5 R ]
REAR R, XML T ok IE i Dok = 5 A RFAEK
D AN AR 5o PIEAS SCIR R & B AFAE— Bl
LA RN BHER I X 70 AR S RRAE, RSO
FlRFAE R T PR AL o

A 73 5 T SR AL T AT 3 SRR 2E 55 (1
B H B A 3R] DLAS BRI X 4 SR 3 57 AR
E R EENE Hig b, 858 L LA EERIRE,

I TE SR RRIE X 4 R 3 SRR E 3 S BB
FRASL AT 4t SR >R FEE ) o) A AR I 1 240 3] e

TEP LS N 28 R REASE Y (R AR A5 SR AR AIE AN
SRR R RE, Ft, AR TF-IDF
(1) R AEL SIS L 3] o 428 10X 28 i R A v ) O3] PR AR 1Y)
LA, $RE]—Fh & LRI IBD B TR AL R iR 45
B H MG F AL PR U AE AMNE S I KR .
442  FRRFEAE

TF-IDF ( Term Frequency—Inverse Document
Frequency) A% CoJBAEZ : HJCERAEARZE A HI I
WK N BNELENE, FuRAET AT I
AR RNl FE N, A e il A R
BUEFRAR I tH TG E R A H PERE . TF-IDF 3 %
KW RFEbR: 28PN B A o B B . AR
&5 ) TF-IDF B RAR, $2 tH— Mo R E SR BT
F CAVPAl — AN RRAE XS T 08 S v — 2K e ) 2
P
443  HEAWREOC R

% 2 %|H 7 NLP (Natural Language Processing)
PIEANEEE IBD R R SR 45 SR 2 1A
IS 5 22, AR SCOK 1BD A2 B3R AR AR AE A T
e AR f, — RFEAI PTG RE SRR 45 AR &
PAERLEF [ SCAS, T 1BD AR A0 H 31 4
PEEE (AT places365 MIKIIGHIELE) 1F Wik
BLEER. W) TF-IDF v+ R, SRARFRIELE BT A FF
ALY AR EE Kb i & EE RN RIAT Fy 5, THEAR N
PRARUFAE £ A2 b 2 2 R0 6} 37 55 S ) B8 B ) 45
AT ERRGE R . FET3R 2 RS L oG
2, ANIRHEH T 8IEENS 5 TFIDF
EiEL A= A

* 1 ERREERIRE RS E X

Hufi Btk TEX |
R AL/ B AR RS 6 MR “FIT”, Uk

£l “RETEHRT L “EER AN B
57 SERHIE

J@ bk AN, 6 HAEEAFIE “ R FIRT”
P IEESEFN
RE2IENIEES S
BN
KF fARREIIEHIR R B 6 i FORIRFAE 2 TR AETE I
AR, R M7
T AT R IA il
FR&E W SRR 6 T s L ARIE AR,




BUA S T AT R PR AN KR T O TR R A 22 19X 2% T LA 13

2%, RAMRRDF

LIPS S

CEIT” AT TR “living

room” Fr%

B e THERE A, RSN RRIELE I A A
AR SR b ) AR, RORRHIE fEE S 5 S
PR R BRI, np s RFIESAE S 5 SHI I A
GER I IREL, X g s Bon I 5 S A R i
FHENE, TFy o NFHIEfAES) SESHIMRE S5 R b (0t
PP . FRIEXS 7 OISR, AT DA A R
TEEE A —1k, RIS I Sl s, 1B IX
ANRRAE XS AR () 7y s BB VRS, IXAMRFR TR
EU AT PR 5 AR ASE Y P RFAE DT B2 HE R =

nfs
Dk N,

PRAARFAIE 1) 37 2 S 48 1) S AR VR T L
A SO |RIVIERHE TSSO E, K
AMHHE, ReA—H8%t, |(S:ty € Re}|Fm st
o AR (508, TDF, AR £ 3 A5 S
JIT A S s 0 ol B2 . mT DU I BE AR P ) s
SRE R DL B R E 1 s a3, PO 2045
o WA EIZRHE A BRI s B>, BNZRHIE
1) ik B V)N, IDFHEMOR . R AL E A AR
R RO %, RO L Al 2 K,
IDF(EBR/)N . IDF 2 B R AL 38 o 4 ) B A 4
Fro

TFrg = #(8)

IR|
|{S: tr € Rg}|
2 TF-IDF HHRFAE H A0 TR 085 24
IDF P& HHIRAF B TFp o NRHEfIES S YR ARAE
AE IR, 1D Fy ARFE 15 R 4R 10 i
HEEMIRR, BRI T 5SH TF-IDF 845
TFIDF; g o USR58 5 (AR R4 SR vh ) s SRR AE

IDF; =g #(9)

TEREAN B 1) IDF Fa Bt R =y, W CRZARHAIE
X265 58 My e A ARG I 00 fg
TFIDF, s = TFy 5 X IDF,#(10)

444 FRHERFAE SR EUEE S

S VRN R Y 5 RHIE 1) % R B H Relation,
AR TCER N ZITTHIERX (fea,s), Hhsh—K
W, feaAYyssBIFMRiite —, A Znd
(fea, s)RNAAAE HFFAE feadi 1) Ses ARG R
[FIE, X N RERHIRREOC R e, 43 IR R —
MR R X R S DT E Weight , RomiX A
IR RE G RIEPTA MR R (R R — o)
b BRI A RS R, Qg
FHIE fealt3 5t 2005, DL CountTE N - i
H AR MRS RN TF-IDF $545341TFIDF . 1
AU 3,
FE 3 B R AR SR B B2
BN - RHIE AR O R AU Relation, 3 5t-HFE
fRRE R R TR B Weight, Y 5-RFE R £
H A 2 Count
. P 5-REMITF — IDFFR b E4ITFIDF
1. TF =Weight(fea,s)/Count(fea,s)
2. FOR(fea,s) in Relation DO

a) CF[fea] = CF[fea] +1

END FOR
3. IDF =1og10(TF .sizelCF))
4. TFIDF = TF % IDF
5. RETURNTFIDF
445  FIRIERFESREL S

AT DA FH A 23 0 1 B P 1 B A
Bl places365_val i4f4E, resnet18 JIZRi%kAR 14 4>
epoch, 1% TF-IDF f5br, 3 3 #1JtH Topl0 4525,

&2 TF-IDF fFS5-H&BRE R

15 NLP #& IBD #&
f B3] AR A (PRARARAED
S A — RGBT RS RS
R kL W B
R R S R SRS T 1 KR8
TFs A5 PRARRFETE AT REAR IR RS T 1L
IS:tf € R_S}| AL SR ) SO AL ETYRARREAE 13 5 BB
IDF; ] 1 i 2B T IR ARRAE (1) i 2 T

TFIDFyg

17 £ XFSCAY S /Y TFIDF $Ebx

FAE f 4T3 5¢ S ) TFIDF fats
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% 3 TFIDF $5¥rMiX 45 R Topl0

J¥**5 Top-n TFIDF BB PRAARFAE
1 0.3995 skyscraper skyscraper, tower, chimney, monument, cloud
2 0.3442 waterfall waterfall, cliff, rock, pond, fog bank
3 0.3282 library bookcase, book, top, swivel chair, vault
4 0.3279 cockpit controls, instrument panel, airplane, steering wheel, console table
5 0.3277 basketball court court, tennis court, table tennis, flag, beak
6 0.3227 carrousel carousel, organ, foot, chain wheel, playground
7 0.3119 snowfield snow, ice, cloud, clouds, forest
8 0.3067 amusement arcade arcade machine, slot machine, screen, table game, table tennis
9 0.3034 escalator escalator, conveyer belt, riser, bowling alley, shops
10 0.2971 bus station bus, autobus, windshield, platform, text

Frhr PR AR DA 2 AR YE TF-IDF $a 450 1E 15
B P fe L ) P ARFAE

FEFU B VERFAESE U, A7 AE AR BN ) R
TEAARIE L, R R RFEUIZ54E Broden #(#E4E
£07 places365 RN /> br%s, HIRIREES
FURHERR R G AFEM A0, MERPRIKEE
= HII AR ZEAE 9 5 U B D0RH 0 ) P AR AE B 1 L
TXE SR 2 R H) 1) M R AE 2 S 1 155 450 T DA s o H
Y S B AR 365 Tl Sehn 2 R V) 3a e AR,
1M 1BD #5584 FH I ARFAIE ) 5 R I R B b 28 L P A
o4, ARZERLEA G — T B L) SR AR R SR
fife 25 e DA ELAR B AL o (H BRI 2 A B E A R A R AIE
(TF-IDF Top-5 k) AT AF A3 5 B A AR AR AR AIE
1 skyscraper (JEERK#%) ] TF-IDF Top-5 HE{iE+
tower CEEFIMIHIIETLERSY)  chimney CHED
monument (£ &) | cloud (=) , A LAFE H! TF-IDF
b B e FRRFAE B B X A AR B IR, AT BA
Bl TF-IDF 545 5 i AL 5 BAT X ) HeAt R 2
HIRCH, ATLAE 1 TF-IDF 3545 5 & R E 58 Bof
DX AR 2 BRI, B HE (0 0 ) AR A = 2 )
H [ OREERI R FRE: &, K74, 1 TF-IDF
S EURE S IRFAE cloud W DG siEE RS 2 T I e Ak
FARF S KA. FULLL TF-IDF f8br Ak 1T
I BT B8 R ATV A 8 3 5 T e X T 3% 5 i RE
fIE,  TIAS R AN 25 5 40 28 IR 288 o R o AN 3 5% (1)
TEREIRFESE
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) 245 &5 1 - i Top-1 acc Top-5 acc Err Precise Recall
alexnet-places365_val (base) 0.475378 0.779791 0.002875 0.462651 0.475457
alexnet-places365_val_mask 0.365772 0.667262 0.003475 0.395429 0.365754
resnet18-places365_val (base) 0.536932 0.838000 0.002537 0.532317 0.536932
resnet18-places365_val_mask 0.452110 0.766301 0.003002 0.477668 0.452110
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resnet18-places365_val_mask 15.8 8.64 18.33 10.27 15.8
resnet50-places365_val_mask 30.55 20 36.95 15.05 30.55
densenet161-places365_val_mask 30.92 19.91 39.56 14.28 30.92
Average 25.08 15.75 28.93 13.53 25.09
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Average 28.09

33.71
27.83
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29.10
29.82
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Background

The deep learning models have been widely used in computer vision, speech recognition and natural language
processing for their advantages of deep layered learning and unlabeled learning models.

As a bottleneck restricting the further and long-term application of deep learning, the interpretability of deep
learning models has been paid more and more attention. The deduction process of deep learning model learning and
training is dominated by numerical operation and has a black box nature, which is lack of explainability and is difficult
to understand through the concept of human society. Therefore, how to improve the transparency of deep neural net-
work models has become a hot research topic.

The interpretability research of neural networks has experienced from the early coarse-grained exploration using
the sensitivity difference characteristics of the model to the input, to the recent exploration of the function of single /
combined neurons in a recognition task.

However, the existing research ideas are still only to analyze the decision process of neural network based on nu-
merical results which lacks graphical representation of the overall understanding of neural network. Because the inter-
pretation result of interpretable basis decomposition model for deep neural network is ofthe strict correspondence be-
tween scene and feature, it is a kind of semi-structured data, which has the advantage of easy to construct knowledge
map. Therefore, this paper proposes a deep neural network visualization algorithm based on interpretable basis decom-
position model and knowledge map. To the best of our knowledge, we are the first to combine interpretable basis de-
composition model and knowledge map to deep network visualization to enhance its interpretability.
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