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Abstract

Due to the rapid iteration of mobile applications, mobile application automation
testing has also developed rapidly. The mainstream mobile application automation test-
ing framework has been able to do logic rich automation testing on fragmented mobile
application devices through the same script. However, in the face of thousands of mo-
bile applications, we still need to write specific scripts according to the characteristics of
the application. In the research, we found that there are countless connections between
seemingly different mobile applications. For example, almost all mobile applications
have the function of login. We call this macro general function concept the function
point of mobile application. If we can establish the knowledge connection of mobile
application function points, we can further reduce the test cost. Therefore, we provide
a knowledge graph construction technology for mobile application function point test-
ing. 1) Firstly, we set up an original data input format for generating knowledge graph,
which includes multiple crowdsourcing test reports with texts and graphs of mobile ap-
plications for a function point. 2) After that, we use the feature extraction module of
knowledge graph to extract the text of the original report and analyze the pictures of
screenshots. We conduct word segmentation and part of speech analysis on the text,
and extract the text and widget from the screenshot. 3) Then, we bind and connect
the discrete text and graph knowledge information in feature extraction through the
relationship extraction module of knowledge graph. 3) Finally, we filter, de-duplicate
and supplement the knowledge information generated in relationship extraction through
the coreference resolution module of knowledge graph, and upload the knowledge in-

formation obtained in relationship extraction to the graph database. The entities in



v

the database and the relationship between entities are analyzed. We selected effective
test reports from the crowdsourcing test reports of mobile applications in the national
software test competition as data input, and successfully constructed the knowledge
graph of five function points: login, registration, adding shopping cart, sending email
and querying air tickets. In addition, we also provide a search method to quickly find
the subsequent process through the previous operation process by the intelligent query
module of knowledge graph, so as to speed up the query and use of users.

Finally, we evaluate the relationship extraction success rate of the knowledge
graph construction system and the query success rate of the result knowledge graph.
The experiment shows that in 761 independent steps of 76 applications, the success
rate of system relationship extraction can reach 97.24 %; During the 83 queries on the
result knowledge graph, the query results reduced the useless operations by 83.94 %
compared with the global search, and the prediction accuracy and recall rate reached
93.66 % and 91.28 % respectively.

keywords: Mobile Application, Automated Testing, Function Testing, Knowledge
Graph
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PEFRIR B AU AR B . BEE R AT R, HIR EEAE NLP 4588
2, s SRR BRI E . MBS, FiRERE D2 o8 7 AL
B BE R Jee ) EE 2 ) ) A A
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CHEF T R A M JE R . [FRE, S8 S IR 0 5 3R 2 i KR 1 2% 42
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Phttps://github.com/fxsjy/jieba
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1 3P 400KB.

2.7 Word2Vec B %

Word2Vec[35] #& 2013 4K ) A AR ) — il M & i E TR T A
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®https://github.com/chatopera/Synonyms
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SIFT(Scale-Invariant Feature Transform) 7% [40-43], Rl R B A AR4RAE # #1
L, R A R IR s PR B FH SR A T 5 38 B o B R R AR, e AR A TR R
JEP SR A, IR AL E . R AR E . BRI N T A
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4.1 FREEFFERBURER

SR B AR AAE B BORE AR Sy e P i A g ) B — MR R, FE AN AR
T A I FE AR B S A E . AR SRR SR USRS H E
LA BRI A2 B B A AR & B #EAT IR AR, IR R BCH H B RFE
G, RAF R e A B AL 5 SR H A A . iR B R AE R ORI 1 I P
K 4-1F17R.

4.1.1 FRENEFHERBESRIFMIZ T

; ? F Eoiats ExtractPic ExtractText Canny BaiduOCR Ca&”{;c’(

ut
Loop create_dir(app_path)
Loop |_|
create_dir(scene_path)

Loop 1
reate_dir(pic_path)

raw_rectangle_show_save
LOOP
ract |
< — - = = = = = — —return verbnong == == == ===
1
save_t
o

..............

B 412 1R P RPALE SR IO By 14

SRR PR T R AR B2 BB B R 5y P v e 98 e B P RS A SR B R A
EANEWEEE B R 4-10R. K st 7542855 il & FeatureEx-
tract. ExtractPic. ExtractText. Canny. BaiduOCR Pl A CannyOCRMerge. HH
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FeatureExtract /& 5 H A B, %K A A 2400 1 8 4E 2R B R RS2 3
By EEANT, P AT AT S E B A IR 2 8CE 21 45 8 1S e
FRHNEMNE S FHERMERATEE, Fr] DO ZEN T &7 2R E
TRFESE L AN P IR . ExtractPic 5 ExtractText WU AP AN L 3E 4T RRAE SR E A
A% . ExtractPic H 10 B AT RS DUGEAE o 12280 DANHE SR 5 24
PEREAT IR, HE A E B SUARE BARFE . ExtractText I 7] DL SCAME B
AT RS I, 228 LLAr M SOARAE BER G R, NSRRIt 3hia] . 44
WEEE, FHHSMEE R RERE. WM .. %K FEIE jieba 1] FE
AT R 5. BRILLLAL, 89 K F Canny. BaiduOCR. CannyOCRMerge
AR, X EANRHEGE A T ExtractPic A . ExtractPic H 4L AR IR 514 AR MK
T Canny KR B v BILAEAS BRI H 40 4% . ExtractPic H ) SCA IR
AHAR A T BaiduOCR H& A [ 71 2 OCR 2 IR 3 B R A R SCAAE B
CannyOCRMerge M| 5 55i# 1 Canny 5 BaiduOCR #4745 SCAKIRA, A5
MR A 5 SCAR B AAR AT 38 SR THE, AR IR0 H R R ST A B2 T e
A SR R, 3B S SRR gk a8 AR SR BUAE B .

R A-1: AR AR AE SR DU S 28 Th g 1 ]

WS K% Thge

001 FeatureExtract SR B R AR PR OB ER I B 3028, F P mr Dod I Az 2
IR 1 5% 48 1 SO J& A (19 7% 3l S A B I 5 B (R Ak
RITAE, LR R e E.

002 ExtractPic ZEH T E A AT RS T AR . RRAE BRI R A AT LR
S AT AL, FERGH B R TR SRR R

003 ExtractText R T SCAR AT R SR I T A o R AE S U R A AT LR
M BSCERIEE ., iR, SRR EARRERE. AE I
HEATIR ]

004 Canny ZH T E R A AR AT IR BRI AE . ST LT R

FrEAT S SR, R IR B LE 2 2 B SRR R F) —
AL, FFEhR AL AR .

005 BaiduOCR A T3 E A H B SCAREAT R A BT . 8 H B OCR #2110
AR, REER,

006 CannyOCRMerge  1%2544 Canny 97 (21 4R AL 4745 2 5 T % OCR R i &
ARG BAATHLRYGRE, 4 SCAR TN BN B 1 2 AR AL bR fE R
o

4-17P RV I3 B B (0 NS85 P BAR L PR S8 i 1 AN R
FRAESR U B 34 . B e M P s EER AN RAE R BT RCE, SR EM S
R AR B AR AL B, GRS AR E, 82 TS Th RE AR KR BT,
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DL — LS AL E A R S L B . 2 J5 F P vl L4618 B FeatureExtract H )
execute 7V, 1Z7 AR ERERFERR ORISRV SN, AP R Z LR

Ja R T S R R AR A AR E SR BITAT

[RYEHR SIS FHIEHRINGE RIS
1
1
1 FE
1
: AD1
| SD1
FD : PIC1
1
AD1 : component
SD1 ! PIC1.json
PICL.jpg : result.jpg
. 1
PIC2.jpg 1 ocr
1
PIC3.jpg : PIC1.json
operation.txt : result.jpg
SD2 | PIC2
AD2 : PIC3
AD3 ! .
: part.json
Ao : so2
> 1 AD2
AD6 | AD3
1
...... . AD4
: AD5
1
! AD6
1
}
!

B 4-2: FAR BRI SR MU ER JF 46 S 5 45 R SRS 5 3K

ER P A A T execute J77E 2 J5, FeatureExtract £ AR #& A A1 M 32k % 25 1) S
PEHEZ B SO e RS =, AT B MR 5 i H 208 kAT 1 Uk
W, B et I RE A& SO (1EAE FD), Z e E& Dife mi SR h iR
PaRE N & FR B i S0 E 92 GEAE AD), 4% R RSB H 2 BRI o3& K
MR AN 1) 137 S5 A 2 SCAHR % (SD), 7 3% 35 SCAE I 1 NIAF UG #2 30 N FH o B
AR A R AR N 2R B IR TR R 4G TR A2 A FDL SO kb, &30
Je A7 TCE B T s N S, 2 /E AD1, AD2, ..., ADn, &2
SR AD v XAFTECE 2 AN U RAAAE SDI, SD2, ..., SDn;  [AJi JAl 14 B2
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FEAESE I 2 J5 1) N 2547 T FE X R, 1 FeatureExtract (1) A M2 4 3 1)
X SO A 1 N R AT FEEURAE . 5 FeatureExtract #4320 FD/AD1 X%,
IFAE FE U G2 — N8 1) ADT SCA Sk DA IURF AL SR LB 45 /2, R
FE/AD1. #%, FeatureExtract 213X FD/AD1/SD1, J£#£ FE/ADI Hi% SD1
SCAHE e LA IO T35 59 FD/AD1/SD A i A B IR 4 25 49 A B B 22 )5 1
78, RIGUE FE/ADL1/SD1. fEQU@LF Iz Ja, AT AT 46 BAK B 45k 52
BORAE, R 45 R ORAF 248 2 RURFAE SR O e e PRI AN $RH RIATHE
FT A S5 a6 A A0 0l o rp B9 45 B R B k. B 4-2)87R 1 IR Ikt o Sk
H 75 SR R B AFAE SR B G R S A7 1807 3K

FEQ b B AR B AE S BUE BAF O R 22 e, MIBEAN S 1 R AESR B 3=
LA B X THA RO, B0 FD/ADY/SD1 XUk, 2 AFT80E —
A~ operation.txt LA, FH T A2 BOZACEL AR 5 1) & AP BRI SOR AR . 2R
operation.txt XA HAELE n AR IP IR, WITE FD/AD1/SD1 SCAF e A W 2= 17 T80
n 5KXT RS I IRE R AR . R, FeatureExtract R4 £ HUAR 0 {4 15
KA HIME R, BBk 5 i 0 & S IUP BRI SCARE B .

@0 it R NotexEerw  EFPE
= & QE {
"components"”: [
ADELE {
T — “:'ﬁ = "category": "COMPONENT",
i EASY ON | Li:;ﬁ x1": 942,
"y1" 2289,
@ & 8 i 9 "x2": 1002,
SEEB WARM  RE  BEE KB & "y2". 2322
wERE B> 1
o ] {
® E "category”: "COMPONENT",
‘ 4 "x1": 726,
BAG (KES5 FRHTUSRME BRFROAE ;, e [ER Ll "yl": 2289,
wE) g~ HER BRFR f ")(2“: 785,
C BIFEiEE v [CIRIFEEEHR vtz
@ B O] {4
R (BB (LI EEE0E (S5 o2 ]
V =R }
@ Beijing Bass - JRG ») =
© o g gg
FERREESE AN REESE BENHAGLIRMER
PIC1 PIC1/component/result.jpg PIC1/component/PICl.json

] 4-3: FOR EITE R AR 4R UL R P 2L SR OB AT 5 45 R o

%t T FD/AD1/SD1 F 35K B Fr PIC1, FR %% & 56 /E FE/AD/SD1 ({35
R A 2 PICT 04892 2 61 & FE/AD1/SD1/PICT SCAEYe, R T-AE00 PICT H#4F
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@o “ull ™= RO R 67%E) 809 @ %= B e &ER
-0 ¢ = ¢ {
"words_result":[
:5;%33 "probability™: {
EASY ON ME "average™: 0.999991,
= EBEX “min": 0.999989,
& & B i 9O "variance": 0.0
SEEFE  FAAFM e HETHE HiE }v
"words": "&ZH",
HETE 22 "location": {
o "top": 2288,
‘ “left": 75,
"width": 62,
e s » &8 "height": 31
B
C RIF4iELEE > "details": {}
& 1
¢
wE ]
@ P = = @ ] . "words_result_num": 31,
) - . - "log_id": 1493819498916867498
© g 2 £ 8 2B
ERREESE REXEANREESE BEAXALIRMER
PIC1 PIC1/ocr/result.jpg PIC1/ocr/PICl.json

4-4: FIAR BT RAAL SR IBUSE B [ P SCAR SRR 515 2 o

W BIAEE. QI ¥ 2 )5, FeatureExtract 2> 1 4G 1 F ExtractPic H
f) run_widget ext J7¥2%, £ 41 ExtractPic IR Fr k4% (FD/AD1/SD1/PIC1) 1
g5 RAT WK /2 (FE/AD1/SD1/PIC1/) 2 J5, ExtractPic WU JF 46 X} Bl Fy 34T RRAE 2
WTAE. ERMRER DU AR £ | HE =PI, 5% —2F, ExtractPic ¥ H
Canny ' [f] canny_boundings 77 7%, &l J 1545 #% 1% (FD/AD1/SD1/PIC1) 4%
1§25 Canny, Canny i 1d canny HyE R 5 H B A F A4 1A HEE B,
Pric ok B A A AR AR, IR TR i R 1 A TR ) BT A AR AR AE R
iR [B| 4~ ExtractPic, 1% %% R iCAE component bounding box. % /%, ExtractPic
3 A BaiduOCR ] deep_ocr 772, 4 Bl A 1 )5 46 #% 12 (FD/AD1/SD1/PIC1)
1% 3% 45 BaiduOCR, BaiduOCR U iff F 71 £ OCR $ FUR: B v A i SCA A B
2 HR R A ok, TF I AR T TR R B E 2, RN ST I AR B AL
BEMER, B4 RIR A4 ExtractPic, 1C1E ocr_bounding box. & =, Ex-
tractPic ¥ 73 2| 1) 2 4 AL 5 25 15 & component_bounding box & ocr A4 FR1{E &
ocr_bounding box 1% i 45 CannyOCRMerge, i F merge 777k, ¥ 2145 OCR
AL AR SR, R 4R H X 28 OCR SCAR A K AF A WEAS A AT 2, F Al AT
B R AL XS, FF % 45 R Bl 45 ExtractPic. £ I, ExtractPic 3815 7 B/ PICI
(BT A R AE S IUAS 2, AV A B L1 draw_rectangle show save J77%, Bt
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1t 45 3 S AF & FE/AD1/SD1/PIC1/H fill # component 1 ocr 3L ¥, B 4]
FE/AD1/SD1/PIC1/component 5 FE/AD1/SD1/PIC1/ocr LA I, K5 4144 AL bk
{5 & component_bounding_box LA json [1#% = f& 77 £ FE/AD1/SD1/PIC1/compo-
nent/PIC1 json H', #4 ocr SCAFRHUE & ocr_bounding_box 15 & LA json 4% AR
17 % FE/AD1/SD1/PIC1/ocr/PIC1.json H' . [AII}, $2 841444 b5 )45 EOK PICT H
(1) 2H A1 FH 41 B b i 8 B e 485 SR AR 17 2] FE/AD1/SD1/PIC1/component/result.jpg
W, 32 I ocr SUARRIARFRIE B PICT HH I ocr SUAS FH AL 26 bmid 3144 B i 45 R AR
173 FE/AD1/SD1/PIC1/ocr/result.jpg H'. Kl 4-30|E/R T ExtractPic 7EZHFHFFE
R B 58K, Bl 4-40ER T ExtractPic 7 3CARHIESE I J5 4
RSO SR . EK %350 FD/ADL/SD1 AT A B A BRRRAE B K 45
RAFZ I, BIATEASTA RS BOGA 7

Rl S
R MRER
CRErAE EE (BRI (RRBID JLERRBEE) (FEBIMERS ML)
R —RER

A WN

operation.txt

[
[, HEE,
['mi, "SRIE R,
['REAE, "BE (AAHER) BRI LERMBEE) (FEBIHIMERSHL) 1,
'R, —8]EX
]

part.json

B 4-5: KR SRS USSR SCA SE O e

TESCAR PIRFE S BUOA AT 7, FeatureExtract 1 562 52 HX operation.txt /1 &
PAER, RIGER BB B R KPR, JER AT RS DGRAE . B —
% E YR, FeatureExtract 2318 F] ExtractText F ] extract keyword /7%, Ki%
S E L PAL 62, ExtractText H, ExtractText JIE T jieba 1] 25 B fENT 43 4T H SC
AR5 4, FEKE B A4 TR N B RN, RIS Rk ).
£ 58 N BE A operation.txt 1 [ 2 WP BR AT K AE S HL%E J5, FeatureExtract
45 LA json T2 202 252 Sk IR 47 (£ FE/AD1/SD1/part.json X AFd . B 4-5/%
7~ 1 H— operation.txt S 28 it SCAHFAE $E HU AR 2 5 A BT part.json SCAERE
Bl 2B R SCAR B RAE SR L TAR R 3 AR T

EX TSN BN HNIA 5. 810 RNKITE R
Ay CARHATRAERRBURE 2 J5, FrE s U TR IE RS R T &N
PRt M3 IR ] 420977 U7
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Canny
FeatureExtract Bbox
- dirs: list =~ - col_min: float
- original_path: str + canny_boundings (config, - row_min: float
—result path: str image path): list - col_max: float
+ execute(): void - row_max: float
create_dir(): void - category: enum

- app_extraction(: void

- scene_extraction(): void N d
- pic_extraction(): void BaiduOCR - height: float
area: float

- text_extraction(: void |—area:toat |
— < + ge( cordinates(): list
+ ocr(config, im g path). list + : float
crco age : + :
+ ge fl

oc
| | +deep_o
list

ExtractText ExtractPic

+ calc_interse
- config: dict float
+ bbox_merge(bbox): Bbox

at
ction_area(bbox):

+ extract_keyword(text): str

T run_vidget_ext(mage_pathy  —
oid

bbxmeg option(element_b,
+ component_extract L—| <>— new_element, new_category):
image_path): list + intersect(rect_a, rect_b): list Bbox
+ merge(component_boundings, =+ bbox _relation(bbox, bias): it
cr boundings): list

K 4-6: FniH ETERHIE ST OB R

B 4-6J0 & 7 1 iR T R AR S BB B SR B it 5 R . KA
W B aE £ AN, 43 9l 2 FeatureExtract. ExtractText. ExtractPic. Canny\
BaiduOCR. CannyOCRMerge. Bbox. i1, Fi/N/ANEAEMESS, HAEE.
R 4-1, HABSONEARSE, BARE R QR 42078,

R 4-2: AR BT RF AL SR U IO S8 T 4 1 1]

WS e Ihee

007 Bbox ZRR TR iR A HORIVAME R, BB ABRER,
APFr ARG S, A TS I OCR SUAF RS .

TERE 4-61FRATFT LLA 2 FeatureExtract 28 FF A H1 1 B 3 45 11F $2 BB B
SR IE 4 & B8 AT &5 RAF TSR A I @ A5 2, [RIIN " AT LUiE It i B ExtractPic
55 ExtractText K SEHLXS T B v K SCA R RFAESR B . ExtractText i jieba Tﬁlﬁ
X CAAT BASRFE SR B,  ExtractPic N id Canny %f B b 3t 47 44 1) i3 51,

i BaiduOCR X & Fr #E47 SCA B IR0, i3 CannyOCRMerge X 3£ 45 QH#F
5 OCR XAME B Tt A. Hr, Canny. BaiduOCR. CannyOCRMerge [f]iR
[ £E 50 Bbox HIFIEE, A1 Bbox J& TR G KR F, 8K Hds BB i

Bbox F R AT AREH A IR M4y B2, 58 ORI S R AE S IR A

4.1.2 HNRENEFFEREGERCHE LI

A-7NFE7R T R B SRR AR H2 BV B FeatureExtract 325+ execute J& 3
AN A PACTE A ZA D RIA] S SRR IR . 2 AN DS BOCHEJ9e T#
NG R, FEXEEN BN T o0, SRR EL .
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# R EEEERBESRE AL
def execute(self):
# mAAYRANBEA LA XH K, FE LR ATEERBEE
for app in self. dirs:
self. app extraction (app)

K 4-7: 50N SRR HE U H FeatureExtract 28 )5 s A\ [

# o E B A R R BT A N A B AE R
def  app extraction(self, app name) :
# 1 RERATHERERNE LA R A XX

self. create dir(self. result path + '/’ + app name)

F2HNBINAX RO AT E X RMEERRKEE

scenes = os.listdir(self. original path + '/’ + app name)
for scene in scenes:

self. scene extraction(app name + '/’ + scene)
return

K 4-8: HR EERFAEFE U R FeatureExtract 25N 43

Kl 4-8MI 278 T execute N1 51L 7R E A app extraction J7ik. %
S NN BN AV — A TR s R S e, st BUR 462 3 5
TR E s CEJe, SH scene extraction J7VEHEAT 40 #T -

#RAR-IEXHERANT A A S MR R
def  scene extraction(self, path):
# 1A EATHERERVGZRA XM X
self. create dir(self. result path + '/’ + path)

#2.E T E X R T WA R R R E MR R
pics _path = os.listdir(self. original path + '/’ + path)
for pic path in pics path:
self. pic extraction(self. original path + '/’ + path + ”/” +

pic path)

B 4-90I JiE 7= 37 SRF A SR IR SE LD 3R o 36 37 35 b (0 48 5 T A AR 62
W, 5% 355 A i S SCASHCRFAE SR, SR I 45 2R 28 FR A7 AE 3T B3 1y SO AF
et

B 4-10U f 7 1 o6 T B 4 A B AT R A SR A ACRS SE L . VA 2R A
R R0 A N U B B SOARHEAT SR AT

B 4-110 J o 1 3 405 SO RO % 2kl i jieba 52
SCATANE 73 M T3 906 SCAS AT IR T3 R A
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#3NEF—SENTRUXANFERR, K4 RF \part. jsonX #

operation file = open(self. original path + '/’ + path + 7/
operation.txt’, encoding='utf-
8’ ,mode="1r")

line = operation file.readline()

text = []

while line is not None and len(line) > O0:
text.append(self. text extraction(line))
line = operation file.readline()

operation file.close()

part file = open(self. result path + '/’ + path + ’/part.json’,

encoding='utf-8’,mode="w’)
part file.write(json.dumps (text,ensure ascii=False))
return

K 4-9: F1iR ERERFAEFE B R FeatureExtract 28375 43

# X E—E R R
def pic extraction(self, path):
# 1. AW, RAE R AT U #HAT B A AE R K
if not isPicture (path):
return

# 2R EZATHEREAAFSERRELHN X HX

self. create dir(path)

# 3. Fl ExtractPicxt B J 3t 4T £ 1F & B

original path = path

result path = str(path).replace(self. original path, self.

__result path)

C = Config()
C.update path(dir, dir + ’/component’, dir + ’/ocr’, dir + ’'/merge’)
option = Config enum()

main = ExtractPic(C, option)
main.run widget ext (original path, result path)
return

K 4-10: F1H PR AR FR U B FeatureExtract 25 & A $#2 B S HA

# A E—ATXR (AAF R HFERR

def  text extraction(self, line) -> list:
verb, object = extract keyword(line)
return [verb, object]

B 4-11: ZiR EBERE PR U E FeatureExtract 28 SC A FR IS H

4.2 FREEXRRZEER

R T O A SR UL HAE Dy kR B F e ) 28 — AR, B R B
kg R AR SR ER T RER . FIR B OC R SRS e 2o 06 0 iR B SRR
SEURE BRI A HY I Py o SOAR B BEAT 0 A AR, REAH S 1Y) P SO 1A T 4
&, BRI ESCR R,
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4.2.1 HRERE RIBERSEMS

R 4-3: AR B R R AR USRS 2 TR 2 1 ]

WS ] Thie

001 RelationExtract SR BRSO RIREBUBHL Y 5 325, B P iE I I B R g Ry
M2 BOBE S B Sk (145 B A6 B, FFIC B AR B wE ¢
RIEHUBI L 2 AR AL B, AR5 TR FH %281 execute J7ik
PAT HE BB 98 R

002 TextPicBound ZRH T F —fr AB IR S AR S LD R AT
YPE o ] DL 1R U R A B OB B g B H Sk g B 4.
. XARER, S BREE. BIENXZER, EIPEN
ROk, JG 4R P AT BB e .

003 MessageCompare G T X SO AR U I LSS o iZZEARGETT synonyms
Hof SCAHEAT AU I EL XS, [RIEE N T &1 % AN B D g S AC B
P[] SCim] P S Bhade AT SCASARALLE i B X o

004 WidAnalysis R TR A B R AT AT ERAE, IR Az A
B2, 5402 Button 452 EditText 25,

FTIR B OC F B BOBEE I B a0 B 4-120 7. A0 B O R AR BB
B it Fy Bl v S 3L P8 K B R R S DO AS SR v R, XA SR RAR (5
B 4-37x. Kl P94~ 284570 /& RelationExtract. TextPicBound.
MessageCompare PA f2 WidAnalysis. ' RelationExtract /&5 F J 22 H 128,
A2 1R B G R IR BB H ) B Bh 8. F AR 5 AT R P B R AR 5 B
BAE 2 G, B RR AR 42 B 45 SR A IAE 5 8 1 SO b, M0 R I B
#I| RelationExtract S, 0 B 41 % R A BB B 1) 45 SR A2 i ig 42, 2R )5 M
H RelationExtract [] execute 77 2 BRI AT ¥ J5 &1 1H B 3 O¢ & 42 B AN AR
TextPicBound WU 4 #5 Bl RelationExtract i ¢ 540 5€ 1925, 1% I8 14 [ — 17 A
AL AR T A B PRGBS SRR RS B AT B G MghE, AT Bl &n iR
P o R P O B 48 7 SR 22 (8] 98 &R« MessageCompare M FH K 35 B 20
T AT SCA B ARACLRE BE T TAF o 3% LR SCASAEABLRE A 2 T 51 (0 4] BT 9 1 3] o 15
AT L SR], Ad 7 A W 2 MR, B AnAERE E D RE R R 1S NI X
W], FERFE TG O T LA S N S S I SIS . Il R E I AR g PRIE
T UL BRI B . S 4h, WidAnalysis T RX— 5K 4044 1 B R4 T
Gy R LI A AF B B R 2T ONN 22 2], A B R TR A e T
Android ZH 14 P HWR AL A, Bl B2 & T Button 352 EditText 45, #5 B iR
T 5 Z HeE UL A0 BN FN IR TR B T A% .

Bl 4-127 B sda o [ B i DY AN S 5 B P BOAH B SE R T BN R
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i WidAnalysis

—execute(—>

create_widget()

1
create,oi)eration()

LOOP

mﬂ - i

get_operation
(scene_text) —txt_sim(txt1, txt2y—®r
get_cnt

(scene_text)

yet_ocr(pic, cnt, stepy ™

Loop —Sim_txt(txt1, txt2—

get_stored_ocrs()
—

Loop —Sim_txt(txt1, txt2—"

—
get_stored_ocrs()
le————

get_widget(pic, »
step, cnt_ocr, opt)

1
Loop find_relevant(x1,y1,

x2,y2,x3,P/3,x4,y4)

—getclassiﬁcation(imager—ﬂ

save_realtion
contents, path
L path)

1
save_opts()

save_widgets()

Py ———

B 4-12: FNTR B ¢ R IR BUBLHUI A

KA EAE. Bk, AP RENBENREREHTRE, ORISR
BRURSE Sty LR RO B ORAF L B, R R IR BUBE B 8 25 AR AP T B A . 2 Je
J ] U461 RelationExtract H ) execute /7125, % 7 NHIR S 2 R HEEL
BB RN, FPA R ANZIT R G A 75 S5 45 R AR i 48 e SCfF e B
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EE T RelationExtract SCAEN execute FTI1EJG, 240 H S>3 LA A4 Fnfs:
VEBCE ST, InEcs WHIAA: . BREdE N AE . ROy 2 s AT ) 8 H 2 [ e 1Y,
BRI 7 A2 R, Brbod s e B SO R AT AL B, S8 )5 RelationExtract
I R T O A BRAEE B WA

SR )5 RelationExtract ARG 4.1 5 b6 {ir 21 1) 50183 BT 5 22 S MU £cdh dan
e OR B, IR OTEEHT I SO ks 45 R ARAE B 45 7 1 S e, 2 M 401
TR T 2 RN IR B B RAE S IUEHE AETAE FE SO b, Horh A dE S
BN 2% B IR SR UGS B9 ADL, AD2, ..., ADn. #3825 5 iR A4
WU B SR JE N AF T80 Y s SO0 R AE B BUE & SR J¢ SD1, SD2, ..., SDn. 1E
Yy 5 o W R AE 3 UGS B S0 8 A7 TECE B B RRAE SR B 8 Sk PICH,
PIC2, ..., PICn VA X SCARHIEFEEUE 83 part.json. RelationExtract F5HR 4 1% 4
U7 AT S URI O¢ R IR BUERAE . BRI HES 77 A 98 RS S (1 S HES
J7 A 4-13F17R

56 RelationExtract #5681 2 — AN LA 24851 B 18] Sy SO 42 B SCH3% (RR) ICE
BIGE R ERAETT  RIER A RS20 37 500k (SD) B K,
BT R R PRICTAE

BRI — AN SCfE Sk SDL, BATTE SR SD1 1 [ partjson SCAF, K
SUPRME B N AFE . SR )5 FATHCH partjson ST A 2 — 4 B D IR
STEP1, JFFREI 5% I TN NI B R RS2 HUE & SD1/PICT SCAFJ, KX
Bef3 B0 2 AR 45 TextPicBound #EAT BISCEIE IR R E . B, # STEPL
f&i$ %5 TextPicBound, 1 F get operation /5y, M A $EEH 1% 20 B FH P X 455 )
N AR, S8 )5 B STEPL 1% 45 TextPicBound, #dH] get ent 751k, MH
PR 1% TR 6 A R FH R AN AR AT T HRAE . 2RI B R RRE
RS R (SDI/PICL). E— D3RG R B S5 B UL AR 122 B P 5 R
7B OCR 48 Tk, 2 TAEx HEEM S5 E Y I OCR 15 Bt
AT SCARMUE LR, X HBARTT OCR A5 R, [FIN 4RI OCR [ E S5 &
g B SR OCR 15 B HEAT LLH, R T 5 1% OCR {5 BARMEL OCR 15 &
Wit sk, R 45 Rk [F1 45 TextPicBound. & &L — 1K OCR E 8, i
BT OCR 15 B LR A7 2] RR/ocrs.json 3L 1. 2 J5 RelationExtract Ff44 Rk 42
WK 15 S (SDI/PICL) #AEMZRIT 5. SEHEM Y E R OCR 5 E L
JARAEAS BAR 1525 TextPicBound FF 1 A get widget 77 RIRANA AR AUAE B
TextPicBound & 5t 7F B v A AH$2 HUE B 3R 21754 4L 21 5 2 M & OCR #H
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FHERIEERFHOUGHES KARIRIERFHCUGHES
1
FE !
AD1 :
1
SD1 :
PIC1 :
component :
1
PIC1.json :
result.jpg | RR
ocr . widgets.json
PICl.json : opts.json
I .
result.jpg : ocrs.json
PIC2 : AD1-SD1.json
PIC3 ! AD1-SD2.json
part.json : ......
SD2 |
AD2 :
AD3 :
AD4 :
AD5 :
AD6 :
}
I
1
!

4-13: FR R R RO HURAE SR IS 5% R RO FHES 5 20

A AR B K VA E AR B, TR 2 A DS SR ) o e A P T B Y
K, JFEUH A WidAnalysis [ get classification 7775 R3KEALE 0B E S, kK
45 Bk A1 45 RelationExtract. 2, X T —ikKE 55— NR I EP L RFEHL

B X R — I 5 ok SD1 Wi A B P IR S B A RRIE SR BUE AT
KRG, RRIH R B IR AR 2 BRI 7 42 e R 51, B %
FCHT AR S 4k 0 R, IR TR R AT 5 46 45 R BL json SCAFTE A IRAF 2 RR SOk
Hr, DA iikar 200 B 4-1409— A LB n 24 PR dm 44 150 RIEISS SR S0
FEA5] 6

TE 58 T A Sy 5 U B 8 RIEELZ J5, RelationExtract 23 32 Hi N2 1)
B BIENS S G2 R RIBOS R P HORIEE N B EIE, IR E R
LA json A ARAF ] RR/widgets.json L4145 RR/opts.json XA, B 4-1580%



50

FBUNE REFEMZIT S

[

{
"id" 73",
“name”: ‘= #EHEMH"
"english"; "",
“similar”: [],
"opt™: {"id": "1","name": "m ", "english”: "click},
"widget": {"id": "5","name": "E&ME","english": "ImageView"},
“ocr”: {*id”: “1” “name”: “=1#&Z&" "similar": []}

h

{
"id" 74",
"name": "L BIE K",
"english": ",
“similar": [],
"opt™: {"id": "1","name": "m ", "english": "click"},
"widget™: {"id": "5","name": "B E","english": "ImageView'},
"ocr™: {"id™: "2","name": "3ZBIE X", "similar": ]}

2

{

]

RR/AD1-SD1.json

4-14: R EE R R PR PR HUI7 57 0 R IR UORAT SRR

[ [ [{

{ “id": 1t { id": 1t Sk,
‘name”: "L IBIRER", "name": " |, ..;;n?lirl.. D_%’jz '
“"english": "Button" "english": "click" ) '

h h {'

{"\d"' 2" {”id"' "2" kR
"name": "RIEAE", "name": "HIN", ":\?nnair‘." ﬁlﬁﬂii '
"english": "CheckBox" "english”: "input" ) ’

h h {'

{ "id": "3" : "id": "3" SERCE
o S0 . S e "name”: "B (A
ame’. SUME, e (BRER) (JLERAR
english": "TextView english": "move ay

% ] "similar": []

{ { b
“id": 4", "id": 4", {
"name": "4RABAE", "name": " S AL, i 4
"english": "EditText" “"english”: ™" “nar'neﬂ:’ gEman

), } “similar": ]

i ] }

] ]
RR/widgets.json RR/opts.json RR/ocrs.json

B 4-15: FREIHE OC RARDURHAE M. #84E . OCR STAGRAF S LA 41



4.2 FNRENE X RTERER 51
widgets.json. opts.json LA ocrs.json FFESR] SCAH:
TESE R UL B A AR S 2 e, AR B O 2R 42 B B 1) B A AR AT

_‘L;i[_g‘o

t

d

WidAnalysis

+cnn

+ get_classification(image): str

RelationExtract
- dirs: list
- cnts: list
TextPicBond _ g‘c);isslir.l.: ffllzztt Opt

- widgets: dict - input_sim: float +id:int
- opts: dict - result_path: str + name: str
- ocr_sim: float - time: str + english: str
- opt_sim: float - bond: TextPicBond + get_str(): str
- input_sim: float + execute(): void + to_dic(): dict
- result_path: str - create_widgets(): dict + from_dic(dic): void
- time: str - create_operations(): dict
+ get_opts(): dict ( - create_content(): dict
+ get_widgets(): dict - - analyze_scene(): list OCRTex
+ get_operation(scene_txt): Opt - analyze_step(): Content —
+ get_cnt(scene_txt): str - save_relation(): void +id: int
+ get_ocr(pic, cnt, step): list - save_opts(): void +name: str
+ get_widget (pic, step, - save_widgets(): void + similar: list
ocr_cnt_match, opt): Widget +get_str(): str
- find_relevant(x1, y1, x2, y2, X3, +to_dic(: dict
y3, x4, yA): list + from_dic(dic): void
- get_stored_ocrs(): list
- save_ocr_to_stored_ocrs(ocr, Content
stored_ocr): void +id: int

+ name: str Widget

+ english: str +id: int

+ similar: list g + name: str

+ opt: Opt - + english: str

+ widget: Widget + get_str(): str

MessageCompare + ocr: OCRTex + to_dic(): dict

“Simiarity: float + get,gtrQ: ;tr + from dic(dic): void
- same: float * to,dlcO_. d'c.t .

+ from_dic(dic): void

+ txt_sim(txtl, txt2): float
+is_cnt_similar(cntl, cnt2): enum
+ get similar contents(cnt): list

K 4-16: KRB L R IR BB HLIE ]

Bl 4-160 s 1 An iR i OC R PR BUB L ) R ik S5 5B iR
BB, 92 RelationExtract. TextPicBound. MessageCompare. Wid-
Analysis. Content. Opt. OCRTex P\ K Widget. 1, ®IIUANIENERIESR, A
A5 B 4-3, Hph S Rk, ARG EMER 4-40k.

ERKE 4-16FFA1AT LLFE 2 RelationExtract 5 TextPicBound AR &K R,
RelationExtract i i 1 | TextPicBound A ) /7 72 43 7 3k A3 B 1E (5 B id ¢ 3] Opt
by BSOS Bl sk ) OCRTex 28, AR RAE Bid sk 3 Widget K1,
I M BRAE. B SO AR SE A (S B350 3% 2 Content 28
H1, ¥ Content ZEH I N A BEAT BEHORAE, 56 AR IR BT O¢ R F2 U e ) 44



52 FBUNE REFEMZIT S
R 4-4: FIR TG R AR SR IDUSL BRI K TR 403 B

WS K% e

005 Content R T AT TIANRIR S P R — 5w B R E e
GRS LM SO A, R B BEBOURSE
G EAL AR E R WIS R R 5 A
AR BT R R

006 Opt I T A7 O A W0 B B 3 — e . BB IRIEI B AR,
TERIS SRS RE R .

007 OCRTex ZXEHATHERESZEMEITEME— OCR XAEE, A
OCR AR A K % SR AR SCA 2

008 Widget R TARAFNNHE A ER, BFAGHHIET

EY N R AR

# mRAEHEXARRERNBE I A
def execute (self):
# 1. EMEXHEINESH. BEERAHAANF, 4% N TextPicBound
widgets = self. create widget()
opts = self. create operation()
self. bound = TextPicBound()

F2RBEAGEFEYNRR, ARERRF

self. create content()

FIBEHFENES, REFRATRR

self. save opts()
self. save widgets()
return

K 4-17: 50N E O R BB R RelationExtract 28 JH s A\ [

4.2.2 FMRENE X RIRERRARD LI

B 4-17R1 9 RR ERE ¢ R PP RSN H o F 7 A /5 BRI 4R L
HH R SO T 24 7 A BRI AT VR AT R R IR UERA T . 12050 e
WA EAE BN RS, SRR HIE I AR SRR 1SR B A
By BRASORSAR, FFEILICR

K 4-18RIABI N A TR SN o RGUG AR FFAE SRS H b dg Hh i S
BB ATRROFEAT b, AP RS, PR RRILR K.

RS N B SR BEAT QI B AR T, W R B RN ST IR AR R 0 A
B 4- 190 f 7 1 38 I 20 AR5k B2 IO 11 37 5t B0 2 ROk 2 40 Bl 0 A 32
B MBSO RS RICA AR 5B AR, KRERSCR N R SRR E
NSO R, SR A I B 2D HEAT BAKR BT



4.2 FhRENE X RIZEUER >3

# REFLEREBRNGEXHLHETX R R R
def  create content (self) :
# NENGEXGELXHATXAEARR, A RFE

for cnt dir in self. dirs:

relation = self. analyze scene(cnt dir)
self. save relation(relation, cnt dir)
return

5] 4-18: FIR I S RS2SR RelationExtract 61 Py 75 S 4

# R RHAT R R R B

def analyze scene(self, scene):

steps size = int(len(os.listdir(scene)) / 2)

file = open(scene + ’/part.json’, ’'r’, encoding='utf-8")

texts = json.loads (file.read())

file.close()

contents = []

for i in range (0, steps size):
pic dir name = str(i + 1).zfill(2)
contents.append(self. analyze step(scene + '/’ + pic_dir name,

texts[i], pic_dir name))
return contents

K] 4-19: 511R E ik RIZEURL L RelationExtract 2393 ¥11% 5

B 4-200 o 1 R B9 50 R SR OB H A 7 i A4S 25 BRI IR USSR (157
SKHLo 12518 NRFAE SR U SCAS sk AR AR X s P g A ORI Ar Jeg x
%, BRI SOR 5 EE A UL R BIVLECIZE 1, RIS E R &
SEML 25 R AR [A] o

# N E-RAFRATXRAER
def analyze step(self, scene pic, scene txt, step):
# 1R EE R
opt = self. bound.get operation(scene txt)
#2KBA P AR
cnt = self. bound.get cnt(scene txt)
# 3K BMAE A RN R
layout = self. Dbound.get layout()
# 4.3k BLOCR
cnt_ocr match, ocr = self. bound.get ocr(scene pic, cnt, step)
# 5 HRMEMH KA
widget = self. bound.get widget(scene pic, step, cnt ocr match, opt
)
# 6.8 Econtent X %
content = Content(self. c¢nts + 1, cnt, ’’, [], opt, widget, layout,
ocr)
self. cnts = self. cnts + 1

4-20: FiR KL o RIEEUR B RelationExtract 23S s3]



54 EME RGEERIT SR
4.3 FIRENELIEIHBIER

RS T AL 0 B R S = A B, R S A
i A ST — S, R PSR L 20 P 5 R AR B

BRI R R AT 00, BEWEENEIFEBRIURAR, S&RKRREE L%
% Neodj FIHGE I A T 3 B Dh e sl iR R iR B

4.3.1 FMREEHIEEFESIEMSZIT
SR B ALV A U B U B 4-21 7o U B B S i v A A R
ANy B A 3 K B A 7 DA DUAS SR F R, X DY AN SR BAR(E B
*£ 4-5Fs.
F 4-5: SR BB IE SR BT H R 25 T B 1 )

WS K% Thae

001 GenerateGraph R B LR BRI R BN o 28T B A R iR
T OC RSB L R B AT AT i A, ERTUREER,
I 4 R EALZ Neodj B b 58 i R IS 1 #a o

002 MessageCompare ZRTEHTHUEMIE, O R E &R E
Dy RE i A0 ) SCAARARLEE BRI EL AR, (R 0 T DAt e 1 ]
WS B R B, 0 R T A AU A AR BT RS T

&b
HEo

003 GraphAdd ERFEEA T 5 Neodj BIEIE EHATRZH,  [WHHE E 7N
B R,

004 GraphSearch ZRFEHT 5 Neodj BIXRE FERATAS T, MEHE sz HL
W RBIR R MRS,

* 4-57%51 H P42 5N GenerateGraph. MessageCompare. GraphAdd
PL & GraphSearch. "' GenerateGraph A %11H BT 48 v A B N 11,
J O R A R U OC R A U B i e T E B R e A B, R R
FR AR U 1 A B O 3 0 R B RS SRR W R e, I execute 779 BRI T
U6 R B 1R L U O 45 R B AL B Neodj BRI EE PEAE N TR 30 B )
AE S AR B . RN IRV M R AR R, 75 2 Bl MessageCompare J55K
W By, 31X H b AL R E D RE AU N L FR T A, 1 AR A AL SR I 2
BE U S e BIR 2 I, Flandb . B, P %, MessageCompare
AJ DLAR 4 152 08 1 ) e R 2R AR A AR i AU T Ak S i AL, R
MessageCompare i 7] LASR HUEN TR B3 A (R ARARLY A0, AT B 0 0 R B3 4 44
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55

Generate
If

[—execute(r—

—treate_widgéts(widgets)—.

—————————reate_opts(opts——————————H

—get_opt (idy——"
ya

[ e - — 4

——get_ocr(id—™

get_widget (id)—®r

LOoP

get_one_ocr()

LooP

get_one_sim()
4‘_I

E——

[——=reate_ocr_ocr(ocr,simy——————M

o o e

N\

exist_ocr_ocr
(ocrl, ocr2)

rch

Loor

get_one_sequence()

Loor

get_similar_contents

1
get_one_content()

(cnt)

ALT |

same=None

add_new_cnt(cnty———————»

Loor

get_one_sim()

[——=reate_cnt_sim_cnt(cnt, simy—————M"

{ ____________________________

same!=None

update_cnt(cnt)

ALT

next is not head

[——=reate_cnt_next_cnt(last, nexty ™

next is head

[——tag_cnt_head(cnty———M™

(last, next)

exist_cnt_next_cnt__gl

[——tag_cnt_tail(cnty——————————
< ____________________________

B 4-21: S0t S 48 VH A I 1]
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##. GraphAdd 55 GraphSearch BICN E#: 5 Neodj BIE#E AT BHIZK, —4
B o7 ) B s b S8 E, — AN T R e s s . X SRR T
Z R R s 51 .

B 4-21rp B B i W DY AN S 5 H P A B S i T B AR A
EILFRVE AR B R E . B S, F P I I R L OC R P BB B i Fa HH AE
ST & 248 2 A & LM F GenrateGraph 1) execute 77 7% 5 a1 K11 B 1 1) H: 48 7
figid M. H 4%, GenerateGraph i#id 32 widgets.json X% opts.json 3CAF LA K&
ocrs.json AR, #AE L S OCR SCAAE B0 AL 13 3] Neodj FEHE
7 bR RS, ¥ &2 GraphAdd ) =) create J7ik, X =AJT1ETER]
i 7 Wi ik 2 idid GraphSearch [ get 77 ¥ R X Ee 4545, #/E. OCR XA &
Bk bAE, MESE EREE . AT OCR SUAM B, AL F4& OCR
AR, BT ER OCR A IR R A&, BIFFLE OCR SCAZ [AIFEZ D)
e SIS T B T AL S A, WIFE =38 2 TR i Ok R AHL, X R A AR T
GraphAdd 17 create ocr ocr KL, [FIY, create ocr ocr 123 i# it GraphSearch
[#) exist_ocr_ocr KAIWr R AL — X AR IZARIR R, DL EE .

FESE AR #/E. OCR SUAM) BAE TAREZ G, B3] 7 s WA U3t
RIHARAR Y 1o Mt WA SCARRI 4.2 5 32 2110 58 RIS BUR & B BUR 7 7 K &
HRIWCAF, 141 RR/AD1-SD1 json SCAF. #FXf A — M5 K RO, AR
Pl 5 3L W A e i — X LR AT 0 A T 45 R A% 22 1R Neodj BB e SR
P R B
T RN R RAJRBOCRE, HPaSEZANTRER XE8E
B8] R AFAE S SR I . DR, R P R U R B SE AR
FEA G =R RO R ZE — A1 G B, IF A MessageCompare [
get_similar_contents 772K 3K B E 48 e A B A3 50Z 05 U R AHALE) 59 R
A RO R A AR [R5 s, T RS B B 2 v R (RS R R R AR 8
G B 2w SO AT AN AR AT A R PR AR AR RS R, ) B
Bz R E B EEEIE E . £ BMEER G, FXHR0 A5 L Ara A
R ARSI AHIOC &R, B JEIA A GraphAdd ) create_cnt_sim_cnt J7 7%
KT R RS RKRRN B2 5, FHRERE ISR s 2 14
BT R R AL, iR — AN SO S — A R S, WY GraphAdd
() tag_cnt_head J7VE¥ % KRS BE P ARICON KT R, R AAR G R
A AT RS R, MY rh @Sz RS RO ) BT R
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Opt Content GraphAdd
+id: int +id: int .
+name: str , +name: str + graph: p2yneo.Graph
+ english: str - + english: str + create_widget(widget): void
+ get_str(): str | +similar: list + create_widgets(widgets): void
+ to_dic(): dict | +opt: Opt + create_opt(opt): void
+ from_dic(dic): void + widget: Widget + create_opts(opts): void
+ ocr: OCRTex + create_ocr(ocr): void
+ get_str(: str + create_ocrs(ocrs): void
+ to_dic(): dict —| + create_ocr_ocr(ocrl, ocr2): void
+ from _dic(dic): void + create_cnt_sim_cnt(cntl, cnt2):
/N void
+ create_cnt_opt(cnt, opt): void
OCRTex + create_cnt_wdg(cnt, wdg): void
+id: int + create_cnt_ocr(cnt, ocr): void
+ name: str , + create_cnt_next_cnt(cntl, cnt2):
+ similar: list : void
+ get_str(): str + add_new_content(cnt): void
+ to_dic(): dict + tag_cnt_head(cnt): void
+ from dic(dic): void + tag_cnt_tail(cnt): void
GenerateGraph
- widgets: dict
- opts: dict
- ocrs: list GraphSearch
. - dir: str
— Widget T execute(: void + graph: p2yneo.Graph
: Inérl:\]zz: str /’ - generate_wwdgeto: VO"d . + get,all,conte.nts(): list
+ english: str - - generate,oper?thn(). void + get_content(id): Content
4—+ get_str(: str - generate,ocrO: V°!d + get_content_ocr(id): OCRTex
+ to_dicl: dict - generate,cnfo. void +get_content_ocrs(id): list
'+ trom dic(dic): void - update cnt(): void + get_content_widget(id): Widget
- + get_content_operation(id): Opt
+ get_similar_content(id): list
»| + exist_cnt_next_cnt(idl, id2):
bool
+ get_all_ocrs(): list
+ get_ocr(id): OCRTex
+ get_ocr_similar(id): list
+ get_widget(id): Widget
MessageCompare + get_opt(id): Opt
- similarity: float + exist_ocr_ocr(idl, id2): bool
_ same: float + get_next_nodes(id): list
+ txt_sim(txt1, txt2): float +get_node(id): Node
+is_cnt_similar(cntl, cnt2): enum + get,head?nodesA(): list
+ get similar contents(cnt): list + get_all_nodes(): list

B 4-22: FOIREE LR AR R ]

Z BB HT JE 4k 98 R AE 58 N 2 T 3 5ok R SCHE T A 1 L 4 i B A TAEZ
J5i» GenerateGraph F i it i GraphAdd 1] tag_cnt_tail F 77 sAric 3 50 R
B sE — N a RN E. 2, — sk RIBBCUHRISE R 7 H
FLFETH AR A A

Kl 4-220) fg s 7 FR B L FR W R B i SR it 5 SR B. R E
B AR, 5 5 & GenerateGraph. MessageCompare. GraphAdd. Graph-
Search. Content. Opt. OCRTex LMK Widget. A7, BIPUANINEAESR, Bk
BRI 4-5, HARKAEIEIE, XEHI LA 4.2 WhRIFEAGY L, BEEER
W 4-4.

fER K 4-227 IR A1 A] LB 3 GenerateGraph A & )5 328, A i i {8 H
MessageCompare. GraphAdd- GraphSearch R 58 R R BT B e T me R 1R I
&5 R EAL 2 Neodj BIHHE . AN I8 {H Content. Opt. OCRTex. Widget
SR AT BRI R B A



58 BNE REIEMEIT 5N
4.3.2 FRENEHIEHBERAAE LI

Pl 43 B A TR PRI LG AR R O RN T %7 2 L 2
SRR BRI MR 2 ) A RS, IR SOk, PR SO S D 1 725
U, FEHEBR LA B R, R LT R 3 S PR T Al S R 6 S

# mPEHELEEHBEERLAN BB
def execute (self):
# B widget.jsonX tF P R LEF ZH % #E &

self. generate widget()

# ¥opts.jsonX tr ¥ BB B L& EE%KE&E

self. generate operation()

# Hocrs.jsonX ¥z 8 LFEEHKEE

self. generate ocr()

# R ERARIAXGTHEALEZESEE
self. generate cnt()
return

K] 4-23: FIHE S IRV AR GenerateGraph 2K 5 )\ [

B 4-24M o 1 SEHR T MRS LA il A A SRR RS SEBIL. %880 9 S 4R
TR LTy ik . S8 I B R SR OB R (1 (1 Bt ke 2 5 S AF DAY
BERAHIRNIE LR ent_seq 7, IRJFEFEE—DIIER, RGXFIRAH
N SEARBEAT IR PR AE . AR G0 S P W =4 iy T 5 v i 5 A AR AH 7] A AL
TR, QORI R R U R R R I A A SR 1 0% AR AN 2 B
CAFE M Rl ERIAT, A R AL AR R R0 A7 2 AU R U Y
B, JFEE A R S AR AR INAR LG &R RIS, AR EARSER
REERET, RGERIBIMAEN SEPATE# KRR, NETRERETRZ
IR R AR, WENTREEAT R ZEEFRR, R A SEREORT
I8 OCr CA K FR o fEf)m, W/EX IR N E AR KT R
RO RIEAT RS . FEILIEIAME R 58 A A R B S S AR

4.4 FIREEEREEIGER

R S R e i A o By At A B TR 3 N2 B E Rl X R R
IR T — AW D I R B0 A% 3 B A B R A R i 45
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# R EXRARIAXGYTHEALEEZESEEE
def generate cnt (self):

FLERAATREXFRR M

scenes = os.listdir(self. dir)
cnt _seq = []
for scene in scenes:
if scene not in [’widgets.json’, ’opts.json’, ’ocrs.json’]:

#4¥ X A % L A Content K 1 7 & 7 1% Bl cnt_seg™
F OB ERA ARG HTEEEABEEFALETERGEERE

deduplicate = MessageCompare ()

for seq in cnt seq:
last = None
#2.1 *MEANGEEBRXGBFHEANT A
for ¢ in seq:

#2.1.1 BBMUMTEALEHFEFECRENMHRE. AT R
same, similar = deduplicate.get similar cnts(c)
next = None
#2.1.2 mAIFEMERTE, WEEISUTAFEEHEUT R
if same is None:

GraphAdd.add new content (c)

for sim in similar:
GraphAdd.create cnt sim cnt(c, sim)

next = ¢

#21.3 WREEHAATR, NEBR LW T RRETEHETHWHERAT
=

else:
self. update cnt(c,same)
next = same
#2.1.4 ALK T AR EEAT
if last is not None:
GraphAdd.create cnt next cnt(last, next)
else:
GraphAdd.tag cnt head(next)
last = next
#2.2 FICRT A
GraphAdd.tag cnt tail(last)
return

Kl 4-24: FREREILIR AR GenerateGraph 28 4E il N 45 SE A4

AR ERIF A E A A T RE L, AR BTG fE A AR Bk @ L i T e
IEI o M B R £5 2R IR [0 AT 44 f A P A RIGE AR 3L, B A P 04T )i 2
S (E

4.4.1 MREEEEEARBIFMIZIT

TR B R e A BT 0 B 0 B 4-25F s . AR B I R e A
WELHL G LW K B 2 UL R SRR R A #AE, XANENEMAEE W
R 4-6F~. RHFIHHI7S1NFE50 508 NextSteps GraphSearch. LayoutMain.
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? ) NextStep Graphsearch LayoutMain [ vew ] [ canyocr | [ se ]

layout is =
AT 't Non
[€=========re turn split_dic= == == == ===
hlayout, pic, split_di _
Loor
pare_with | _sample, one_split_dic_pig————91
€ o m e
<= ======etumx, y, width, height- = === ===
1
find_com _by_layout
(x,y, components)
) Pl

4-25: FHUH RV e A 1 AEER I

LayoutExtract. CannyOCR L& Sift. HH', NextStep Jo%niH El 1% & Ge &l ik
R BI N, R R I I A (0 07 v B A] o e R ek B AT o0 i, JR R
HUR — Wl Re R AT A 52 B M & 513K . GraphSearch RI24 5 Neodj
Bos 347 22 B T BRI A B R Ok LayoutMain e SR S = R
A5 H AR A0 57 e 4 S AT =) 0 BT B BE 7. 1% 28 32 EEAR M T LayoutExtract.

CannyOCR. Sift =528, LayoutExtract K45 CannyOCR X 5 = K 4 i



4.4 FREEEREERR 61
% 4-6: RN IR RFAE SREUBEH 1 252 e B

WS K% e

001 NextStep 26 0 R AR A A T, P P
S 0795 B X K A AT $C b7, IR [
— AR S AL SIS, A X e,
LUK EELEL P34 77 T

002 GraphSearch ZREEM T 5 Neodj IR #EAT AT, MR 2 3 AL
R BLR RIERE.
003 LayoutMain ZRFEH T B NextStep iRA B ENMARERE. %K

A LUK e R DUORCF 7 Al 0 J A F ikt 5
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. - 'status’: 'success’, ‘category': 'TextView',
Exfiz Ll ‘data’: [ ‘ocr MAFUS FRXMAE,
( ‘operation’: ' &,
‘category’: 'TextView', ‘ont's " FHSER,
‘ocr': HEEX ‘ent_id": 2,
‘operation’: ' B, 'x1': 265,
‘ont’: AEEX 'y1': 1555,
‘cnt_id": 68, 'x2': 792,
'x1': 421, 'y2': 1610
3 -y 'yl 2114
B —may Lo )
y2': 2173 }
B
{

‘category': 'TextView',
‘ocr': 'ERFEE R,
‘operation’: ' S,

’ == ‘ ‘ ‘ont’: 'ERFEE R,
‘cnt_id": 35,

'x1': 829,
T—% y1' 2114,
'x2': 1024,
'y2': 2173

e
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RAPRAREEE HREESRENRFEEER
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XF IR E R BT R U, 1 2 R T e R R R e B AR
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4, BPH A find related node component J57EK L. < 5545 R id % H R [H]
BIAT.
XD RE Rt 2 G, RIS/ B —DAE, EANFIR P A
F AR, RUERE SR PR — e sk 1 R A S il sk 7
ORIBVEF AT . ARTAE SRS B R T, FRATAT Re 2 I T — Nk
Ui, FIREVLHEC T 21 RS B, FRATT 75 ZHR BUAALRE e vy B 719 /U3 B AR, )
FHABEI AERE, EIAA deduplicate node com pair KRSEHL. B FATTE Xt
FoRIIEE AR, A NSRBI, IR A R R E A A
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CannyOCR
GraphSearch
+ graph: p2yneo Graph + canny_boundings(image): list
NextStep + get,all,conte_nts(): list + ocr(imagefbytes): dict _
-~ + get_content(id): Content + deep_ocr(image_path): list
+ layout_config_path: str + get_content_ocr(id): OCRT ex + intersect(rect_a, rect_b): list
+ LAYOUT: !ISt + get_content_ocrs(id): list + process_bounding(img,
+ layouts: list + get_content_widget(id): Widget bounding_list): list
+ search_all(): dict o + get_content_operation(id): Opt + extract(image path): list
+ search,wmh,head(head,ld): dl_ct + get_similar_content(id): list
- change_to_components (dic): list + exist_cnt_next_cnt(id1, id2):
- generate_ne.xt'(nodes, bool ] LayoutExtract
components): dict + get_all_ocrs(): list
- find_valid_components(nodes, + get_ocr(id): OCRTex
components): list + get_ocr_similar(id): list . -
- find_related_node_layout(node, + get_widget(id): Widget + layout (bounding, resolution):
layouts): list + get_opt(id): Opt list ) )
- find_related_node_component + exist_ocr_ocr(id1, id2): bool + basic_row_generation
(node, components): list +get r;extinodes(id): list (bounding): list _ )
- deduplicate_node_com_pair + get_node(id): Node + group_generation (basic_rows,
(pairs): dict + get_head_nodes(): list resolution): list v _
- compare_node_com(node, + get_all_nodes(: list + merge_close_lines (lines): void
component): float — group_json (groups): json
- compare_node_layout(node, + generate_tree_struct (grcs): list
layout): float + generate_layout_seqs
- find_com_by_layout(x, y, (image_path): list
components): Component + generate_layout_json
(image_path): json
LayoutMain
Sift
+ match(layout, picture,
ipllzt)ﬂf;f:)athi\t dict + getMatchNum(matches,ratio):

tuple

+ compareWithPath(picl,pic2):
float

+ comparewithimage
(sampleImage, querylmagey: floa
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B EE NSNS, 93 98 NextSteps GraphSearch. LayoutMain. LayoutExtracts
CannyOCR PLK Sifte IXNNREPNERAESE, HEER L 4-6. EREFTHK
AiTw] U%@J NextStep A e T MBI O 5 8K %F@J‘Q_iﬁlﬁﬁﬁ%’éqj i)
%, 1834 GraphSearch. LayoutMain i Bl 1F 5015 B3 1 A v A0 A )= 458 =X 7
VLic. HA, LayoutMain j#id CannyOCR. LayoutExtract. Sfit KX A7 JFif5 B4
30T, 5 B8 BRI B R B

4.4.2 FRENEEEEERERAAE LI

4-29M o T AR S R g S AT B AN 2 —. H s A%

N A PR A B A A SOARIR A DL S B — B I E N SR &l T —

W RZPAT I EEAE. o, 24 head id=0 B\ N HSLHEAE, Rgia LENEH

BT DAL S AT R Bl EH AN 0 W RG2S FL B2 A AT R H

AR ST JE 4k 15 st AT IR Bl . 2 J5 U A generate next 5 XTI [B] 145 A
7ML, el N — DA RE R EBRAE T IR
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def search with head(self, components dic, head id):
#1. RBEFERAWEF A
if head id == 0:
nodes = GraphSearch.get head nodes()
else:
nodes = GraphSearch.get next nodes (head id)

# 2. ¥ json# . N component X %

components = self. change to components (components dic)
# 3. &K
result = self. generate next (nodes, components)

return result

K 4-29: FniR ISR BE A R R NextStep 228 30 N

def generate next(self, nodes, components):

# 1. ZH X E ANone, WETK M, BEHEX

if nodes is None or components is None or len(nodes) == 0 or len(
components) ==
return {’status’: ’'failed’,’data’: None}

# 2. FHEA (R, ) A

pairs = self. find valid components(nodes, components)

#3. BAfAEEZANAT R, AREAMNERSN (F R, 44)

result dic = self. deduplicate node com pair(pairs)
result = []
for pair key in result dic:

c: Component = result dic[pair key].component

n: Node = result dic[pair key] .node

c.operation = n.opt.name

c.cnt = n.name

c.cnt_id = n.id

result.append(c.to _dic())

# 4. BREZER

return {’status’: ’'success’,’data’: result}

B 4-30: F0UR ISR BE A R NextStep 2R A R /5 4

K 4-3000 fe 7 1 3 P9 A 0 7 R S AR B A R B AT UL RS, R E

S

BAE A AR R R 57k ARGl R B S S AL A T3
L e RERINDIRF R ﬁ@%ﬁ%ﬂm\ﬁﬁﬁﬁﬁ,MFﬂﬁWﬁmﬁﬁﬁﬁﬁi
HIRAE, PRE— DA R 2R R R, R4 RIR 8] 58 i AR

%o
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# FRAA (FoR, Ef) X
def find valid components (self, nodes, components) :
result = []
FlLHENE-ATE, EHAARRENGKTA AL, TUNHTEE LN
for n in nodes:
# 1.1 R oM
#1.1.1 FNMlayoutMEXHETBRREGCHF LB A B R
related 1, related 1 similarity = self.
~ find related node layout
(n, NextStep.layouts)
if related 1 is not None:
# REERFFHAFABERGL THAARE
X, Y, w, h = match(related 1, self.picture, self.split)
t REFRAEERINERFTFFEREME (REH) WA
center x = w * related 1.x + x
center y = h * related 1.y + vy
c = self. find com by layout(center x, center y, components
)
if c is not None:
temp = NodeComponent (n, ¢, related 1 similarity)

result.append (temp)

continue

# 1.2 BB
# 1.2.1 Mcomponents¥ T X KA FfF & FLEF LLEENEN X
related c, related c similarity = self.
~ find related node compone
(n, components)
if related c is not None:
temp = NodeComponent (n, related c, related c similarity)
result.append (temp)

nt

return result

Bl 4-31: FIR K BE A AR NextStep 2R 340 4L
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AT R e B 25 SR I R [R5 AR T . 2 5 R G AE R Hh 6 SCAHEAT A AT
e, REIA S ARALRE IR A 45 RN B3R [al 25 2R 4k b, SRR B AR
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