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Abstract

Automated test input generation plays an important role in software testing. Au-
tomated test input generation is to exploring various states of a software to test whether
the contents of its interface is displayed correctly and whether its function is proper
in each state. Currently, exploration strategies can be mainly divided into three cate-
gories: random exploration strategies, model-based exploration strategies and system-
atic exploration strategies. Random exploration strategies are well-known due to their
simplicity and fast speed, model-based strategies have better coverage, and systematic

exploration strategies tend to discover hidden states faster.

Most of the current test input generation methods are based on the layout files
of the platform, and the underlying frameworks of software on different platforms are
quite different, resulting in different analysis methods of layout files on different plat-
forms, which in turn brings difficulties to the cross-platform porting of these test input
generation methods. Therefore, the existing traversal testing methods, no matter what

kind of exploration strategies they belong to, have certain platform limitations.

In addition, the Android platform supports hS pages. This type of page essentially
embeds an HTMLS5-based web page into an Android native page, resulting in the h5
page only corresponds to a single widget in the layout file, while the contents of the h5
page are ignored. Except for the problem of h5 pages, all platforms support the canvas
component in which any content can be drawn. Similar to the problem of the h5 page,
in the layout file, the content of the canvas component will also be completely ignored.

These ignored contents are also an important part of the state of the page. As the basis
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for test input generation, the imprecise extraction of page state often greatly worsens
the final effect.

On the other hand, a convenient screenshot function is provided regardless of the
platform, and the generated screenshots are of high quality. Based on these screenshots,
applying deep learning and image processing techniques, we can achieve an understand-
ing of the layout and widget contents of these screenshots. Using this deep screenshot

understanding technique, we can address the platform limitations mentioned above.

Based on the above problems and technologies, this paper proposes a platform-
universal traversal testing technology UniRLTest based on deep image understanding
and reinforcement learning technology. This technology uses a combination of Canny
edge recognition technology and optical character recognition technology to identify
each widget in the screenshot, and further generates a page layout structure represented
by widget groups, widget rows, and widget columns based on these widgets, and finally
uses Convolution Neural Networks, Long Short-Term Memory and other networks to
embed widgets and layouts and concatenate them into an embedding vector as the cur-
rent state of the app under testing. According to the widgets on the page, UniRLTest
generates all executable actions, i.e. interactions with the application, including various
interactions with widgets, interactions with windows, and some special system events.
Using deep reinforcement learning technology, UniRLTest assign a probability to each
executable action according to the identified state vector. The probability is positively
correlated to the expected cumulative reward that can be brought by the action at cur-
rent state. The next action to be executed is randomly selected based on the probability
in order to maximize the expected cumulative reward, while retaining randomization
to prevent the algorithm from falling into a local optimal solution. In the design of the
reward function of reinforcement learning , UniRLTest uses curiosity-driven strategy,
and gives appropriate rewards according to the exploration rate of the new page and
page transition counts after each page transition. With this reward system, it gradu-
ally loses its curiosity about the explored pages and increases its curiosity about the
unexplored pages, so that it can explore more unknown states of the application un-
der testing. Since the state recognition method is based on screenshots rather than the
underlying layout provided by the framework, the tool has good platform versatility;
at the same time, curiosity-driven deep reinforcement learning can also achieve a high
coverage of the source code, so as to ensure sufficient amount of coverage of the target

scene.
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Based on the above technologies, this paper also implements a test input generation
tool with the same name. The tool includes front end, server end and algorithm end. The
algorithm end uses Tensorflow and Flask and other framework technologies to realize
the above UniRLTest technology, while the server end uses ADB and ChromeDriver
and other tools to implement the interaction with different platforms and the complete
process of application testing, and the front end uses Vue.js framework and WebSocket
technology to realize the configuration and monitoring interface of application testing.
The interaction of the three ends is based on HTTP and WebSocket protocol.

We organized several experiments to verify the code coverage and event genera-
tion efficiency of UniRLTest. According to our experiments, it can be concluded that
the code line coverage of the tool is higher than the existing traversal testing tools, and

the event generation efficiency is lower, but its effect is not affected.

Keywords: Automated Test Input Generation, Deep Screenshot Understanding, Rein-

forcement Learning
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FHE [33]. AT ALEE (341, WEE LG [35] 40U

2.5 RERLFES

Ak >) (RL) 2R ARYEERIE S5 I A1 th D SRk 247 AR R R AL 73
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PageTransition

+old_page
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PageEmbedding
+embed_page(page)

AppPage
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+widgets
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'
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start_test(config) launch(config)
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AppPage

+ image
+ bboxes
+ layout
+ embedding

+ build(screenshot)

| : :

‘ WidgetEmbedding ‘ LayoutConstruction LayoutEmbedding

‘ + embed(image, bboxes) ‘ | + layout{bboxes) + embed(layout)

VGG16Wrapper Layout TreeNetWrapper

+ embed(widget) + groups + embed

(tree)
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+ build()
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def canny_boundings(image, canny_sigma=0.33, close__iterations=4):

gray = cv2.cvtColor(image, cv2.COLOR_ BGR2GRAY)

v = np.median(gray)

lower__threshold = int(max(0, (1 - canny_ sigma) * v))

upper_threshold = int(min(255, (1 + canny sigma) * v))

img_ binary = cv2.Canny(gray, lower_threshold, upper_ threshold, -1)

kernel = cv2.getStructuringElement(cv2.MORPH__RECT, (3, 3))

img_ closed = cv2.morphologyEx(img_ binary, cv2.MORPH__ CLOSE, kernel,
iterations =close__iterations)

contours, __ = cv2.findContours(img_ closed, cv2.RETR_EXTERNAL,
cv2.CHAIN__APPROX_SIMPLE)

boundings = [cv2.boundingRect(c) for ¢ in contours]

return post_ process(boundings)

def post_ process(boundings, img, threshold=0.01):
# xhaekdLaEN
non_ blanks = ]
for bounding in bounding list:
X, ¥, W, h = bounding
node = img[y:y + h, xxx + w, :]
if not np.count nonzero(node) == 0 and \
not np.count_nonzero(255 - node) == 0:
non_blanks.append(bounding)
# ZRERB B E S
img_h, img w = img.shape[:2]
th = img_h * threshold
tw = img_w * threshold
results = [b for b in non_ blanks if b[2] >= tw and b[3] >= th]

return results

(] 4.4: BT Canny 1 ROFFHRIUTIA

TR GRS BN . BT Canny AR PR BGH Y5 BL
fRESANIEl 4.4, Canny SR Fr MmN BIEA Rk 70, Herb B E B
WIRBRER R R RSB R, REENZORH AR T 2R R R IEL %
B3R, ETHEEAERIRBIEZ AR R WARSE LA [ 8 MEEHIW, A
FIFAE— R B R, MZBRENHDGERER, RZMNNEBGGRER. A
KB, o R W AR F /D . Canny HEERY R IREIEZ HAE 2:1 3 3:1 2
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I N AT W FE RS AR BGE R BCE N 4, 107 A8 ¥ il
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P ARZHET OCR BEARMISCA SRRy . H A OCR $ARE 28 7] ATERE
ISP 18] Y R3] — I PR (8 BT SCAR N BB AT, AR E A EIFCT
fATHIAR S APT DABEIT A (] AERARSEBE A, 25 B 9 SCR 1 i HE A
JERMRER, AT HRM T AR OCR BYIE M. %3% 1 H F5 e A—5K 2l IR
KA Bl PR R B A B eSO {H 1 OCR AT AR AE— L

© ARG BT SEIEE R, TR RS AT AT (R
y ABBRAIE) HYSCA, % OCR ETHIIRMIZ2R A, A —EME SR AA
[f]—BoeAs, RIEEHTE SCEAFAERTE, RIFFAER] — M0 BRSOk, #5
Z, 1% OCR # FR MG R, AT R-—ATH 2t BRSO S8
HE R, REE TR

o D FHERE R BERARE) M AE % OCR 2 O (iR [a S5 5 b, BRSO T 98
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I IR, X AT BEARAE AR AT A7 Pt oA BT SCAR 734 T B i 22 BT 2

def deep_ ocr(image_ path, prob_ threshold=0.9, gamma_ h=0.8, gamma_ d=0.8):
coarse_texts = ocr(open(image_path, 'rb’).read())
text__boxes = []
for words in coarse texts[’words result’]:
if words[ probability ” |[ "average’] < prob_ threshold: continue
left = words['location’ |[ " left ’]
top = words[’location’ ][ "top’]
width = words|[’location’ ][ *width’]
height = words[location’ |[ "height’]
if width < 10 or height < 10: continue
wordbox = image[top:top + height, left: left + width, :]
cropped = cv2.imencode(’.jpg’, wordbox)[1].tobytes()
details = ocr(cropped, show__char=True)
for detailed_words in details [’words_result’]:
if detailed words[ probability’ |[ "average’] < prob_ threshold: continue
text__bboxes += process__detailed_words(detailed_words, left, top,
prob__threshold, gamma_h, gamma_ d)

return text_ boxes
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N T GRS B BRI, ARGER M TR OCR 773k, BIHLRL
J& OCR S41kiJ¥ OCR & GiTJ5A, HEMASIHE 4.687R. BAKmE, W—
%k@”jCZIKEI’JIEIH e TR OCR: fifi i} OCR ARSI A i 1) S04

T, BARHEATR BRI AR, Rl RS TIALE S5, A ERE
EBZO TN LB EFEBARRI IR, BT AR SO AL BE . FER A
S, BRI B BCE N 0.9,

def process_ detailed_words(detailed_ words, left, top, prob_ threshold, gamma_ h,
gamma,__d):
split_idx = |]
for i, (p, q) in enumerate(zip(detailed_ words[’ chars’ |[:-1],
detailed__words['chars’ |[1:]) ):
h1l = p['location’ ][ "height’ ]
h2 = q[’location’ ][ "height’]
if abs(hl - h2) > gamma_ h * min(h1, h2):
split_idx.append(i + 1)
continue
distance = q[’location’ ][’ left ’] - p[’location’ ][’ left ’] -
p[’location’ |[ *width’]
threshold = gamma_ d * min(hl, h2)
if distance > threshold:
split__idx.append(i 4+ 1)
results = ]
for i, j in zip ([0] + split_idx, split_idx + [len(detailed_words['chars’])]):
q_loc = detailed words['chars’][i ][ "location’|
box x = q_loc[left’] + left
box_y = q_loc['top’] + top
r_loc = detailed__words['chars’][j - 1][’location’]
box w =r_loc[left’] + r loc['width’] - q loc[ left "]
box_h = q_loc[height’]
results .append((box_x, box_y, box_w, box_h))

return results

[l 4.7: 4080 OCR NH A4

BEUB A RCCAITIG , FATE XA SCAT T BB R 5 Hr A ok, I MY
F OCR HeARFRIUZ SCAFTHIGN T, iX— AR OCR. FEHRIUANA Y, A7)
TR IAT RN FRM BN, DAAENEERE. SHKE OCR
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IR T HRBUE I R R A B N FES

RS AR Z R 4.80R. ELFERGSREY, hTH
T Canny =R BUS B FAE (A4 canny_boxes) & 3T IR
JE OCR 152 (A5 text_boxes) £, FrAFIERGERAREIE . X
T textboxes FIEE—AN TN FAE , B SERIESE T IOU (Intersection of Union ) 434X
M canny_boxes H4R | — AN AEVTHL , S8 JE AR — 2 BE XTI VT FC ik — 20 o 51
K5 1 SCAR T FAE rect o VEAHTBIIIAHEM A canny boxes Hr, Bk PA rect_o
FEWZ VT P Y 55— N RAE rect co PALad R, HHIE 10U 20 B0 F5 WA~
A E EET D56 5 EIEA AR .

T TOU 2340y s AL intersect FAASCELANIE 4.9F1 7R . ZEREG T AR
L 10U 4340, i FEATHE NI A B E & TR0 5 5 X AN TR
FEEF i FEH rect_o B rect_c B, A I ORI
Canny B Z NI TS, W—> rect_o W24 B#H LA rect_c, HiX
PG DL rect_o 5 rect ¢ 1 IOU 380 Ay, A rectc FrAERAY H &2 rect_o
H ) — 43 o TR AL —F I EZTR S5 rect ¢ BT ratio ¢ 55,
S AT AR A — s N DA TR 5 b B
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def merge_boxes(canny_boxes, text_ boxes, threshold=0.7):
mods = []
for rect_ o in text_boxes:
best_ match = (None, 0, 0, 0)
for rect_c in canny_ boxes:
ratio_ o, ratio_c, ratio = intersect (rect_o, rect_c)
if ratio > best_match(3]:
best_ match = (rect__c, ratio_ o, ratio_ c, ratio)
rect_c, _, ratio_c, = best_match
if rect c is not None:
if ratio ¢ > threshold:
mods.append(('replace’, rect_c, rect_ o))

for rect__cc in canny__boxes:

if rect cc == rect c:
continue
_, ratio_cc, __ = intersect(rect_ o, rect_ cc)

if ratio cc > threshold:
mods.append((’delete’, rect_cc))
else:
mods.append(('add’; rect_ o))
else:

mods.append((’add’, rect_ o))

for mod in set(mods):
if mod[0] == "replace”:
if mod[l1] in canny boxes:
canny__boxes[canny__boxes.index(mod[1])] = mod|[2]
else:

canny__boxes.append(mod|2])

elif mod[0] == "add”:
canny boxes.append(mod[1])
elif mod[0] == 'delete’:

if mod[l] in canny_ boxes:

canny boxes.remove(mod[1])

] 4.8: Canny I FHIES OCR SUAMERHE G UL

HItE, 2SRRI AN - A~ FAE & 5

SCAD FAE R T
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B ratio ¢ lid— N4 BIE, W SO AR ) — NI FE . I8 2]%
DL 57 2 SCAS L AR e BirAy /NI RAE PR A e X AR 1 FAE I I 5
PR R ER G A TE, TFREIk 8 FAE I .

def intersect (rect_a, rect_b):
a_x,a_y,a w,a_h=rect_a
b_x,b_y,b_w,b_h=rect_b
dx = max(0, min(a_x +a_w,b_x + b_w) - max(a_x, b_x))
dy = max(0, min(a_y +a h, b y+b h)-max(a y, b y))
S i=dx*dy
S a=a w*a h
S b=b w*b_h
return S_i/S_a,S_i/S_b,S i/ (S_a+S_b-S_ i
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R, HGFH R R BCTARRSE M T, ARG E] %R A
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RSB DB B 70 N, 308 3 2 K50 ORI A2 PR B RS A 7] — A
[fl—41, BCE AR HRSAE R — DX 52 AR, 18 SRR i 2 8] HE
S AR, i T A — A X, B KA T T
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DAL R A 2 e, BT R A R A U S A Y
RS — — W2 AR SRS A 4117 . Horp gk 4 5]

FH basic_rows KR, Z T EEASEL bounding A—MEANES R B

Je, FRAMRIEE AL S8 y BPRXTZ i FAES | e HE 7, 58— P | B

NHE B EE A RAE S R . B R DTS 2, X A AN AE AR iR

P AL y ABHR center y REHIS A —/ MR, I HEFHZBEEA RN E A

B BRA BN GIEREEA, WEAT AR HT L, k] M B AREE A T

Fr—EA 3N IRNYER, K- InE e MNE Tk s it

S, A TCR S IRIZERAR i AN R, —MERAH L EF

T RME— T R

def basic_row_ generation(bounding):
basic_rows = ]
for bounding in sorted(bounding, key=lambda b: b[1] + b[3] / 2):
X, v, W, h = bounding
center_y =y +h /2
found = False
for row in basic_rows:
ceiling = row|[1]
ground = row|[2]
if ceiling <= center_y <= ground:
row [0]. append(bounding)
row[1] = min(ceiling, y)
row[2] = max(ground, y + h)
found = True
break
if not found:
basic_rows.append([[bounding], y, y + h])

return basic_ rows

Bl 4110 1 A A SEEACRY

A RAE MU 35— 2 — A AR LA RS A F B o fE PRSI, T2k
RGBSR L T — o, DURALI PRSI groups, SAIG IR
BHI%. sroups BAURAAI & B — A T 3 ATLEMIIR, Hbs—
TCE NP A B ALINZE, SR TCR A BN AL L F L
B R RAEVREE groups 11, 640 4 A/ NBBE.
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def group_ generation(basic_rows, resolution):

groups = [[[row], row[1], row[2]] for row in basic rows]
# AT EAERAWENRD

groups = merge__groups(groups)

# oBEALEENENGL

separate__groups(groups)

#REETEFEFAN L THR

adjust__sibling_ groups(groups)

# A E E A

g threshold = 1.5 * resolution [1] / 100

return process_short__groups(groups, g threshold)

P 4.12: giifk o 20 SE BACRY

L IS KA. HEASSHUHE AN 413078 FAITEH 1

— MR R£84 3% surviving FFRIT groups Xt A R0, 25 sur-
viving[i] >& True WZHH groups[i] S ARMH, FTEHIRE . TRl
y A bRig AHBE 4 group j 44 group i, FATHRYE group_ i 1y il
B, WHr group_j B ETNIIR, HE K surviving[i] # 4 False, FREJZIEM:

MOPIHAF B, AT AR AL

def merge_ groups(groups):

surviving = [True] * len(groups)
group__count = 0
while not len(groups) == group_ count:
group__count = len(groups)
for i, group_i in enumerate(groups):
for j, group_j in enumerate(groups):
if not i == j and surviving[j] and group_j[1] <= (group_i[l] +
group_i[2]) / 2 <= group_j[2]:
group__j[0] += group__i[0]
group_j[1] = min(group_j[1], group_i[1])

group_j[2] = max(group_j[2], group_i[2])
surviving[i] = False
break

return [group for i, group in enumerate(groups) if surviving|i|]

& 4.13: G & R R AR SEHY
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R EERN MY, HEASSIURS A 41488 FERFAAAE R A

%%E@E(ﬁlﬁéﬂé#%ﬁiﬁ, PHSRAFAE— S S H T B % R

;T BRI A R A B A BT o XTI AR A — A s
Qﬂ group_j [ group_i i 5, HFFHF group_i B FHFH group_j 1y ik
FRE R BT (B y ARFRI939ME) BRI SEBlfe. X B iis
A group_j 1) group_i T F ML, Ff group_i 1y EAH 5 group j 1y il
FE R B &R

def separate_groups(groups):

for i, group_i in enumerate(groups):

for group_j in groups[i + 1:]:
if group j[1] < group i[2] < group_j[2]:
group_i[2] = int((group_i[2] + group_[1]) / 2)
group_j[1] = group_i[2]
elif group j[1] < group i[1] < group_j[2]:
group_i[1] = int((group_i[1] + group_j[2]) / 2)
group_j[2] = group_i[1]

K 4.14: 53 ey B SE B CRY

def adjust_sibling_groups(groups):

if len(groups) > 0:

# EEBE— Mk g — | HtopFrbottom
groups [0][1] = 0 # The first group should be at the top.
groups [-1][2] = resolution [1] # The last group should be at the bottom.

for prev, cur in zip(groups [:-1], groups[1:]):

# PHEW A AR oy 4L, R H 2 B fytopArbottom 4 — A — & H
if prev[2] < cur[l]:

cur[1] = int((prev[2] + cur[l]) / 2)
prev|[2] = cur[l]

Bl 4.15: PR B BN R R SEBAURS

3. AR B PR BN O EARSCBIN A 415k, XN T

(A LR A T e MR R HRA 4l B E
0 PARKF S — 2L R A BN R B o M R RI R (F 4 prev
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Flcur, 25 prev B NIAE cur i EAFAY ET7, BIZFH e, W3
PIBE N BN

4. AbFR PR HSE B A 4165, BRAL, R BB
EONEBE R 1.5%. #r—PMEFA RN FZBIE, WA EAR 1
G, FERELAR. ERRAGEREARN, FAIA%ERPY
B, RO SR R AN G R . AR R BN A
ARSI FEFEFIA T swviving 513, HAEHAZ IR~ NI 5 AGIE
PR T PR R AL T, R HR A — MR A T TR s
PEERIIETR, WPRFHIE A b — a0 A AT PR AcE, WIS 45
H R ER4L

def process_short__groups(groups, g _threshold):
surviving = [True| * len(groups)
for i in range(len(groups)):
if groupsli][2] - groups|i][l] < g_threshold:
if i -1<0andi+ 1< len(groups):
# AT Tom, WHET - ad st
groups[i + 1][0] 4= groups]i][0]
groups[i + 1][1] = groups]i|[1]
elif i +1 >=len(groups) andi-1>=0:
# AT Row, W E— ARt
groups[i - 1][0] += groups[i][0]
groups[i - 1][2] = groupsli][2]
elif i - 1>=0andi+ 1< len(groups):
# TR, W ETIHAHL
height a = groups[i - 1][2] - groups[i - 1][1]
height b = groups[i + 1][2] - groups[i + 1][1]
if height a < height_b:
groups[i - 1][0] += groups][i][0]
groups[i - 1][2] = groupsli][2]
else:
groups[i + 1][0] += groups][i][0]
groups[i + 1][1] = groupsli|[1]
surviving[i] = False

return [group for i, group in enumerate(groups) if surviving|i|]

K 4.16: AbFR i Bt /N2 ) SEER AR IS
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fii Ry e U o =2 TR SE AR AN & 41T R . X — B A% L
EHAET SR MZ AP & w1 P e AT BT R, Tl Ry 4R
7 lines, FHERFHILAN—HFIIE, HEBRH PRSI R L. X
Yo RN T RN PR EAT I I E . R 2 3 R 2l DASEBRA 4 7
£, WA AR T MBI S AL A T R — M 3 LRSI, Hd
FE—DIURRIA S TR TS (BRI, b T B TR N
T y RIS, ILOUR B T4 — AR x ARARRISERE w) , ST
TCR MR LT BEX R —MET, NIRRT LA T
PR A 5 HA R, AR R AT

def gen_ rows(group, line__merge_ threshold):
# KU TR E SRy R AR B ATV RAT, HERE ELDNIWAT
group [0][0][1] = group[1]
group [0][-1][2] = group|2]

nodes = [(y, h) for node row in group[0] for ,y, ,h in node row[0]]

lines = sorted(set([y for y, _ in nodes| + [y + h for y, h in nodes] + [group|[1],
group [2]]) )

merge_ close_lines(lines, line__merge_ threshold)

lines [0] = group[1]

lines [-1] = group|2]

rows = []
for top, bottom in zip(lines [:-1], lines [1:]) :
# B EZTHEEN T ABEEEEREA DB LT KT, FFEEREEDL T
filtered__basic_rows = [row for row in group[0] if not (bottom <= row|[l] or
top >= row[2])]
filtered_nodes = [(x, w) for row in filtered_basic_rows
for x, y, w, h in row[0] if not (y + h <=top ory >=
bottom)]
rows.append([filtered_nodes, top, bottom)])

group[0] = rows

Kl 4.17: HNH TR LIRS

X85 K B WU B 4 L2610 & - 2 8 merge close_lines(lines, thresh-
old) pRELHNIE 4.18, JH:rh iy FE B B (E7E H A4 S B b B BN IR = BE T 1.5%.
BRI R RE R R BN T BUMER A 0 AR AT M H P A
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i def merge_ close_lines(lines, threshold):

2 # ¥linesw Fr A JE B AW AR W65, lines™ DLRATH S oy i F

3 i=0

4 if len(lines) < 2:

5 return

6 first = lines [0]

7 last = lines [-1]

8 while i 4+ 1 < len(lines):

9 if lines[i 4 1] - lines[i] < threshold:
10 lines [i] = int((lines [i] + lines[i + 1]) / 2)
11 lines .pop(i + 1)

12 else :

13 i +=1

W BRI S BUR R AT A
15 if len(lines) < 2:

16 lines . clear ()

17 lines .extend([ first , last |)

& 4.18: merge close lines pFAL#) S B0 AL

i def gen_ cols(row, img_ w, col _merge_ threshold):

&)

filtered_nodes = row|0]

cols = sorted(set ([x for x, _ in filtered_nodes| + [x + w for x, w in
filtered_nodes]))
4 if len(cols) == 0 or not cols[0] == 0:

cols = [0] + cols

6 if not cols [-1] == img_w:

7 cols.append(img_ w)

8 if len(cols) > 0:

9 merge__close_lines(cols, col__merge_ threshold)

10 cols [0] =0

1 cols [-1] = img_w

12 cols = [[left , right] for left, right in zip(cols [:-1], cols [1:]) ]
13 row[0] = cols

Bl 4.19: £ A7 5L BLACRS
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YA T 2 CRMSER, AR 2 e RK s S S . AT
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FIEE I R, BT DX 280 B AR o BN AT R o T

U, SRR d DA AL, AR TR S LGRS A R X
AT, ATDABE— 2 AR OGRS R ) B

413 TUERSHRARERIER
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* EHFERIIRA S STEBM S, Hig A R BOR TR R RHE AL AL
AT, BRI LS (CNN) R IERRAHE T T 2 A BRI LS
PRIBE AT 1] ONN SRBUERMRARFAL, 5 il — = AR 2R AL o fi A
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o IR AAERA 4 DR A EAR AR ROLTER . (H2
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ST ROIFR; W NS EFRBRRAICIA T, FIA] CNN #E7
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MR R B G— 22, TNIAREI A B AT FHERR A Z 4096 4EF)
i X RFHER A, FATE SR B i FAER S VGG16 FTALE 1 i A 4]
FRR/ AT T4, HE R — D A T — K =l I, R izl
FHERS R HHEIE A R XECEOARR 0 1, 35 B RIRCR A, AR B 1)
R — R A VGG16 WIS EIHI R A

def embed_ bbox(bboxes, img_width, img_height, vgg input_ size=(224, 224),
batch__size=None):
bboxes_resized = [(x * vgg_input_ size[0] // img_ width,
y * vgg_input_size[l] // img_ height,
w * vgg_input_size[0] // img width,
h * vgg_input_size[l] // img_height) for x, y, w, h in bboxes]
hot_maps = [np.zeros((*vgg_input_size, 3)) for __ in range(len(bboxes))]
for hot_map, bbox in zip(hot_maps, bboxes_ resized):
X, v, W, h = bbox
hot_map[y:y+h, x:x+w, :] = 1

embeddings = vggl6.embed(np.stack(hot__maps_ resized, axis=0),
batch__size=batch__size)

return embeddings

] 4.20: FEfF I FHERR AR SE B

FEXT TR AR [ B A TR A A BLASE B rp 25 P 2 T A
LT B PAT RIS A R 2 M 2 R A, DRI B 4R R 7 2 ]
{9, ASRERE DU AT AE AL AR BUIRTHR AR —5B00, PR AR ZER i
NEEAE, ANREZ BRI . R, AT A AR 1) &K
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XEFARIRA TS, FA T Z PR G B A R 5 S P PR O
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def generate tree_struct(gres, label=0):
tree = [label, []]
children = tree|[1]

for grc in gres:
if len(grc) ==
child = generate tree struct(grc[0], label)

else:

child = [label, []]

children .append(child)

return tree

Pl 4.22: $EHEA SRy 2E S5 F 15 5 S BRACRY

class TreeEmbeddingNet:

def build( self ):

with tf.variable_scope(’tree_embedding’):

with tf.variable_scope(’embedding’, reuse=tf. AUTO_REUSE):
embedding_ dict = tf.get_ variable(’embedding_ dict’, [self.vocab__size,

self .embed_size])

embeddings = tf.nn.embedding_lookup(embedding_dict, self.input__seq)

embeddings = tf.expand__dims(embeddings, axis=0)
Istm__cell = tf.contrib.rnn.BasicLSTMCell(self.num__Istm__units)
if self .mode == ModelMode.train:
Istm__cell = tf.contrib.rnn.DropoutWrapper(lstm__cell,
input_ keep_ prob=self.Istm__dropout_ keep_ prob,
output_ keep_ prob=self.Istm__dropout_ keep_ prob)
with tf.variable scope(’lstm’, reuse=tf. AUTO_REUSE) as Istm_ scope:
zero_state = Istm__cell.zero_state(batch_size=1, dtype=tf.float32)
_, initial_state = Istm_ cell(embeddings]:, 0, :], zero_ state)
_, final_state = tf.nn.dynamic_ rnn(Istm__cell, embeddings,
initial_state=initial_state, dtype=tf.float32, scope=Istm_ scope)
final state = tf.concat(final_state, axis=1)
with tf.name scope(’dfs fc’):
output = tf.layers .dense(final_state, self .hidden_ size,
activation=tf.nn.leaky_ relu, reuse=tf. AUTO_ REUSE)

self .embedding = output

return output

K] 4.23: 1fi o AR LSTM S B S
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PN S, SRR F ik, S L FH RS
Fiffo XS st ) N R SRR, XA i, 4
SEEE R SR, THE M AR, Bl #idE, HSEOoh
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SRR AROS AN 7] B A AN TR DT AT, AT T 20 B Sy 4 i 2B s
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SNV B 2R AN 4.24 )57 . ActionGenerator j&— M ATTAE AR
SVER#EE O, HNEEXAFESIMER AR SEEZE, 40 ClickGenerator 28, Input-
Generator 22, LongPressGenerator 22, ResizeWindowGenerator 2845, £—4>
IVERA Y T — M IS II2E . Action ZERENVERIRLRIZE, Ti6k T— 1 3h
EFr & AN 2R, gl Ay— M HeME, BUETERE H ActionType
Z20E Lo ActionEmbedder BN 1570 DBIVEFATIRA , TEVH B SR AN,
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ClickGenerator

______

+ generate(widgets, platform)

InputGenerator

+ generate(widgets, platform)

| ActionEmbedder | | <<interface>> |<:

| + embed(action) I | + generate(widgets, platform) | L P— :
ongPressGenerator
: + generate(widgets, platform)
]
]
Actil ]
[} ResizeWindowG:
- type bemeee
widget i a widg platform]
windo
— vy e °
ActionType .

Bl 4.24: ZhEA SR BRI
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PARAEREEAE, WA SOR R A BENLL O T 0S8 Tl sh#edl, FefiE
PN T ) EAER, 3shE e i — R B B [T RE T L
XFF 8 RN B SRAE, S EOUAIN B N E b, BAARSS 155E
HAAS s BUR# TSI B HBEIUUR . e HS 8. titt, SRRA
[ 5 S T AR AR A — R o R o

XA LR, AR WRSGYENT, BEE BRI
MHERFERES. Wi, FERFE Rt , JNEHESE A a4 5
SCRFIERAER A, AR TC . FRATICER R T A A5 4% H I 2
FREAE, AR AR G4 AT & R AP G FAERA R A .

4.2.2 TH{EYmED
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o« XA BRI, T ERAHCEE, FERARSEI ORI T
one-hot %, ZHFEIRAUIL 17 4>, [RMRFHARAS A 1 —NHERCH 17 1) &

o XFTREREREE S, FATRAS EMR AL Be— Ei) g 0 20 Hodk
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« XMTEHASLIE, RATLEER-FERERE D RN (BN 9
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A, VARG A .
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PATRIBIAE, HX X LSRR TR, RIS T R A R AL S £k
QLR X BUE B SV ESE S HAm A [ R AR A R A S i, bz
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FriB AT, R 18— R 24 BRRES S e s/ E R AT R A1 Y
PRI XT3 PN =, A — >R I B0 DR e L DT R A —
PEE N AR ACER R R 2 1 B ARS8 AL, IR R R BRI S =8 ) A4
BEOAPER: T RMIRE T Al TSI ERE G/ AR, B3 E2
AR FEXAE O, RG] Q-Table 5 oy ) AL HHEAR B
15 M2 BRI B RRAE A, AN P K AR R 25 ) 2 W8
/NIRR SIS RAF UG EE T, DL, AT SRS A A O SR SR T
ARy e SR

RandomizationStrategy
<<interface>>

+ train_gnet(train_data)
+ explore(state_embedding, actions, action_embeddings)

&

BoltzmannStrategy

+ gnet_wrapper
+ batch_size
+ action_coefficients

+ train_gnet(train_data)
+ explore(state_embedding, actions, action_embeddings)

QMNetWrapper

+ gnet

+ train(train_batch)
+ predict(state_action_batch)

StateActionQNet

+ state_action
+ g value

+ build()

] 4.25: PAT RIS AR 13K P

PATRISF IR 2R WK 42578 . RandomizationStrategy J&—FEH1AL
SRR 4E 11, HSCIA BoltzmannStrategy 28, %2 # /il Boltzmann 5l [44] %
SLIIRRBEVLAL . StateActionQNet ZENZL LML, TSTRME L AP, 1T
BN EENER QM (BRES-SIENE); QNetWrapper 283:4¢ T StateAc-
tionQNet 2, FEH B EARAL X0 48 2807 U 2R A ) 44tk 2 10 i) 2 RE
“A BoltzmannStrategy ZEH2 L T 1% LR 2R SEMEFIAE I 0 28 0 28 1 Y1 2505 ¥
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FEFLALEZNE (= ————— IHERESS [A-—-——-—-= Softmax [ =-====—==—=

] 4.26: SAATHRMEAELER 175 2 /&1

PO M B TR N P 42675 . XEF— UK HSBARER R 5EH AT
RASHATIE S ERALE &, BT QNet TR ANEIIERY Q (H, %
TR FE A S B BT 3 MO A 30 Q (AR RS REF T, 138
FURHIEIE Q (55 , I Softmax BAURE Q (41T EL 6B IERITIE,
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4.3.1 ZOHEME

PO MRG0 W28 24 S LA 42700, JUAR M F B A i
o .

A S P A 0 24 T 0 2 B 28 ) 2 ST AR I 2, 35
BIAET 4 P I 0L e e, ST R M B S R, AE3R A2 ST o
V22 9 2475 BB A A2 I O 2 e AR AR T SR 1 U1 25 B R W 15
FALGHE N, STCEE W R BRGSO AR A RE
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RSB R

* AR & state_action_size FIRSIRA S — N IEMABHEE BRIk &, 2
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© R BRI E SOy ik B S HUMEE (B ground truth) AYIYT7 122

PARE 0N e i s Gl g Tbg RS s e S 2l b v & S R SR TN PR I i
WA T 2 S AW BT/ ME RN ZR, M AREA T R EINSR: K%M 4514k
P U EUE TR, A6 T SO D S h AR N 4, A EAY
TMEASY 4

1 class StateActionQNet:
def _ init_ (self, state_action_ size, hidden_size=512, num_ layers=4,
activation_ fn=tf.nn.leaky_relu, mode=ModelMode.train, max_ value=5):
state_action = tf.placeholder(dtype=tf.float32, shape=[None,
state_ action__ size|)
4 expected_value = tf.placeholder(dtype=tf.float32, shape=[None])
hidden__layer = state_ action
6 for i in range(num layers):
with tf.variable_scope(f’hidden_ {i}’):
8 hidden_ layer = tf.layers.dense(hidden_ layer, hidden_ size,
activation=activation_ fn)
9 value = tf.layers.dense(hidden_ layer, 1, activation=None)
10 value = tf.squeeze(value, axis=1)
I if mode == ModelMode.train:
12 batch size = tf.cast(tf.shape(state action)[0], dtype=tf.float32)
13 self . loss = tf.reduce_sum(tf.square(expected_value - value)) / batch_ size
14 self .state action = state action
15 self .expected_ value = expected_ value

16 self .value = value

P 4.27: S ARHRAZ Lo 22 0 28 1) S B
432 BEHLILIREE

R <A, ZE> XMIERE, BRATISR] THE 4 AR T 1 3)
VEPATIRR . BT S, AT 5 I EXT S E LS FR 5024 Rl i A DL #
BT REPITRIE, MZRGEEEEMHEAWARIETRER, MEEs
TECHEE NIRZE, MMEARRIIARM AN, Xt eimiba: > B - R I
5o N TGz, ALK A Boltzmann 56HE , FECHNZNERIMRRE 21 )G, R
P MR A BEHLERE — DB ERAT . 15T Boltzmann SEHE , REFER IR
A& THA — EMREE R L RRAN SR, MRS 2 R R 2SR AT



1

4.3 HITHREGEIR 57

PAS A BT 3 3 T ORI SIEPITIR 0 AR 5 | SRR -

Boltzmann #£2 5RHS A ELAR SRS AN 4.28F 7R . BLALEE T B #I 1AL
RS, HAEERRREN T w2 aeRESmA Sa B ABHEE, B
ARPIRES-BhVEIRA , BEAE R H A ZAREHR AR O 28 0 28 TR AR BN A S R A
B BARFRATGIA T S EACE, BB R Sh YRR P TR, 3k 24 W]
AT, WE, AFENERBMAEIIMS: WEfEMER T IR,
AR POIX) = 5 BB SERIEEE 51 5 e ARIHZ A1 Bk e Sh
YEIR [|] BRI AT

class BoltzmannStrategy:
def explore( self , state_embedding, actions, action_embeddings):
num__actions = len(actions)
state__embeddings = np.tile(state_embedding, (num__actions, 1))
state_actions = np.concatenate([state_embeddings, action__embeddings],
axis=1)

scores = qnet_ wrapper.predict(state_actions, batch__size=batch__size)

scores -= scores.min|()

action weights = np.array(self.action type coefficients) [[a[0] for a in
actions |]

if action_ weights is not None:

scores *= action_ weights

exps = np.exp(scores)
probs = exps / np.sum(exps)

r = random.random()

k=20

for i, p in enumerate(probs):
k+=p
if r <k

return actions|[i|], action embeddingsi]
logger .warn(f’"Random number >= 1 not supposed to happen: {r}’)

return actions [-1], action embeddings[-1]

& 4.28: Boltzmann 3l (14 S2 FALAD
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Launcher

+ page_memory

+ get_current_page(screenshot)

WidgetUtils

+ widget_similarity(page_a, page_b) l l
PageMemory RewardGenera tor

+ update(new_page) + calc_reward(page_transition)

LayoutUtils

+ layout_similarity(page_a, page_b)

PageTransitionMemory

+ page_transitions

+ update(page_transition)

] 4.29: BT SR aRER 13K P

* PageWrapper 6. %A@ X EGAL BRI AppPage Ry tlde, FEH
Fih LA o0 R B0 T ) il S RE A L T R P TS R o AL 2 4
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2K Launcher i fi], PAZES—AFp il B e 2 A r 3 2] 0 oA 0 T 4R
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» PageTransitionMemory 28, %A F2— T8, 3TEREAN T
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* Reward 2. ZEMTIHEZORE) . IR TAEEH T, HAEAREE
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* WidgetUtils Z& LayoutUtils 28 XA TR TTH 5 0T A A (L
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BRI+ 50

4. RPEEE . ERE T B2 NE IR T R [0, 1] 28],

SRJE K X BT B P BE B d(a, ).

5. SRIBMAHLEE . AT AT EERE po X po AL & SCH s,(a,b) = 1 —d(a, b).

def widget_ similarity(src_ image, src_ bboxes, tgt_image, tgt__bboxes,

bbox_ threshold=.7):
matches = widget_ bbox__match(src__bboxes, tgt_bboxes, bbox__threshold)
if matches:
matched__src_ bboxes = [src__bboxes|[i] for i, _ in matches]
matched_src_ widgets = [src_image[y:y+h, x:x+w, :] for x, y, w, h in
matched__src_ bboxes]
matched_src_embeddings = embed__img(matched_src_ widgets)
matched__tgt_ bboxes = [tgt_ bboxes]j] for _, j in matches]
matched tgt_widgets = [tgt_image[y:y+h, x:x+w, :] for x, y, w, h in
matched_tgt_ bboxes]
matched__tgt__embeddings = embed__img(matched_ tgt_ widgets)
matching distance =
np.sum(np.clip(np.sqrt(np.sum((matched_src__embeddings -
matched tgt embeddings) ** 2, axis=1)), 0, 1))
else :

matching distance = 0

remaining bboxes = [src_bboxes[i] for i in set(j for j in range(len(src_bboxes)))
- set(j for j, _ in matches)]
if remaining_bboxes:
remaining_widgets = [src_image[y:y—+h, x:x+w, :] for x, y, w, h in
remaining bboxes]
remaining__embeddings = embed_img(remaining_ widgets)
remaining_ distance = np.sum(np.clip(np.sqrt(np.sum(remaining_embeddings
** 9 axis=1)), 0, 1))
else :
remaining distance = 0
sim = 1 - (matching distance + remaining distance) / len(src_ bboxes)

return sim, matches

Bl 4.31: TSR RUE A SEEL A
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JP b igEe, H iR PSR (1, §) #R ste_bboxes(i] 5 tgt_bboxesj] HIPT
FLo fUBSH embed img(widgets) BREUR— R4 E 1Y R SR G A THE R
ABIRRE, FUREAM T VGG16 R4 A SR — R AT HRA o
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AORHABLE , B35 M T0'c4i R (A ARHRURE 1 (L B ] S0 ok 19 A T2 25 Ay ] — 4>
UL o A AR R U, WA PageWrapper ZSR AT A% & MAGH, X
Z MR EAE N — A B HANA PageMemory Hio BT - PageWrapper 5 Page-
Memory J5 , FHEARITHFEFZIA PageTransitionMemory, HUFFHIRE #H
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def generate reward(old__page, action, new__page, new__page_ confidence, ptm,
punishment__ coefficient=3):
# Core reward.
er = new_ page.calc_ explore_rate()
ptc = ptm.count(old__page, action, new__page)
core_reward = (1 - er) / math.sqrt(ptc)
# Punishment.
if old_page == new_ page:
punished_reward = (1 - new__page_ confidence) * punishment__ coefficient *
core_reward
else :
punished_reward = core_ reward
# Activation.
if punished_reward > .5:
reward = 5 * (math.exp(punished_reward - .5) - 1)
else :
reward = 5 * (1 - math.exp(.5 - punished reward))

return reward

P 4.32: 1o R 2 il i) SE AR TS
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class ReplayMemory:
def get_ train_ data(self, qnet_wrapper, pred_kwargs=dict(), n=16, batch_ size=4):

data = self[ self . select train ids(n)]

expected__qs = [

for d in data:
new action embeddings = d[3]
num_ new__actions = new__ action__embeddings.shape[0]
new_state_embeddings = np.tile(d[2], (num_ new__ actions, 1))
new_state_actions = np.concatenate([new_state_embeddings,

new_ action__embeddings|, axis=1)

scores = qunet_ wrapper.predict(new__state_ actions, **pred_ kwargs)
reward = generate_reward(*d[1], self.ptm)
expected__gs.append(reward + self.gamma * np.max(scores))

batches = []

for i in range(0, min(n, len(data)), batch_ size):
state_actions = np.stack([d[0] for d in datali:(i + batch_size)]])
expected values = np.array(expected_ gsli:(i + batch_ size)])
batches.append((state_actions, expected_values))

return batches
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RS, 5% aREM L HEaET ADB M4, il Python [
subprocess 28 FE S IR 95 4 [ ADB g By ;5 Web V& 152 I ET
ChromeDriver #1 Selenium, Selenium £ £ 3L T —%& 5 Chromium AN Y
AAHINEL, BIHTESEIL S Web -G 22 B I HF5 ZORFH A k20 R AT

Test Configurations
Ardrm; :
R——— o
;w‘kwp’edr\a
L’jv‘g.’v;\k\r;;ed\a
;v‘g.v';\k\'rpred\a‘tes\.\nsvumemedAclwny
;Y;].W\k\'p;d\"a/ test.Jacocolnstrumentation
o i
5
o

START TESTING

el 4.34: iy 0] 1 B B

Test Status: Running

. Logs

B 8 2022-04-08 21:31:01,816 - INFO - urt - launcher - Using config: {'platform': ‘android), 'serial_no" '192.168.31.144:5000',

S ‘screen_size" [720, 1560], 'total_time": 5400, 'banner_height" 85, 'app” {name" ‘wikipedia', 'pkg'": ‘org.wikipedia’,
‘main_activity": ‘org.wikipedia.test.InstrumentedActivity'}, 'server_proj_dir" ‘urt_backend-0', 'server_screenshot_dir":

Wikiped

‘screenshots’, ‘local_screenshot_path’: 'screenshot-wikipedia.png’, 'remote_port: '5000}.
2022-04-08 21:31:12,127 - INFO - urt - launcher - Next action: [0, (333, 1432, 53, 30), 0].
Wikipedia Bk 2022-04-08 21:31:13,840 - DEBUG - urt - action_executor - Current activity is org.wikipedia.test.InstrumentedActivity.
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4.7 AEING

ANTE P EN G T T R0 A 2 T BE iy DB R TR BT
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MR A ST 2R R AR T A e o A TS . SRE N, SR
8 TG Linux fR554% L, MR S5 bn it 9% 1 A& Windows R4¢

HT AL L.

SRR 5 AR PR SR 2 SR

2 5.1 R IR S5 AR A (R R

1o BB L RIN S

1} 4 2¢ CPU Intel(R) Core(TM) i7-6850K CPU @ 3.60GHz * 12
R AFNAFR/N - 62GB

k55 astdfasE  915GB

AR % %% GPU Nvidia GeForce GTX 1080Ti * 2

BIERYE Ubuntu 20.04.2 LTS

Python J python==3.7.0

tensorflow-gpu==1.13.1
opencv-python==4.2.0.32
keras==2.3.1
Flask==2.0.2
baidu-aip==2.2.18.0
apted==1.0.3

TS TR 55 S T 8 281 AT BLERSE N 35 5.2

5.2 ThEEME

T RN AR ARG RN DREN U T/ K A5 2 i h BE LR
RINF, S0 H AR D REMERR SRAG I A REUH e B AR . T HHRIR
FERMEE NIRRT K A RN 51, B a4y AT S5 3R DA A &R
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% 5.20 1L S5 st B AS S

BBt RN EH5)

CPU {5 & Intel(R) Core(TM) i5-5200 CPU @ 2.20GHz * 2
WAERN 8GB

T 4525 [1]) 157G

BIERS Windows10

HR 55 SRS Python [ python==3.7.0

Flask==2.0.3
Flask-Cors==3.0.10

selenium==4.1.0

Chrome i< 99.0.4844.74 (Official Build) (64-bit)
ChromeDriver fig4~ 98.0.4758.80

Bl AKH Y node A4S 16.13.0

AR Y npm 22 vue@3.2.31

vue-router@4.0.13
vuetify@3.0.0-alpha.0
vuex@4.0.2
axios@0.26.0

7 5.3 2 LY N GUE B RERI I U B ST 26, BN AR S RE AT 1L
HREA T 22 L JH sl P E B ARG R D g A B TG B A R A TR

¢ 5.3: 22 nd [ I 2 RE A L (91T

A B ID
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% 5.10: DrfEMA4h
WA D RPRIAETERK D BRES R

TCI RI it
TC2 R2 it
TC3 R3 it
TC4 R4 st
TCS RS it
TC6 R6 it
TC7 R7 it

5.3 SERRiFEfh

AT N R ABOR B BOR VPG BT B S5 S AR TR 233
KRBT ERPITIISEI A R = A7 W 4 LR A

5.3.1 scigmit

SE BT E R AR R . MR TR PR AR AN SE I T A P AN
AR

P 4. BT ARARET 68 A 08D AR, B SRR 4
St 2 R Web BN ARSI AL, Hoh 22 sy A 154, Web WA
54, At 20 ANFFIR A

T ERR N A0S FR5 AR Hrp SRR RS TE Github
b, I Github |/ star #0E (BUREEATRE A1) v RRZN AR Z
WCFRRE s X SLp I 3L 55 72800 . B E. BUWEE 12 AR,
HEABRBAITHENEE ) L ERS, B0 R, Z20GHFREM 0
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2 511 By 151

IVEG S BERAY AT X538 Github star Bk
AnkiDroid 240 35655 14206 4.8k
BetterBatteryStats MR 9921 3437 486
BudgetWatch BN 2097 676 0
ConnectBot miEER: 8909 3689 1.8k
DumbPhoneAssistant 5 {H 5% 524 116 24
KeepassDroid 2L 9182 3579 1.3k
Man-Man AT 2440 2011 36
OmniNotes £id 9563 3444 7
OpenBikeSharing et} 1202 383 66
PasswordMaker Y 1900 453 16
PrivacyFriendlyNotes  2£iC 1993 510 62
RedReader 5] 1 17746 6901 1.3k
RunnerUp izzh 13761 5522 601
Vanilla o 10598 4827 890
Wikipedia HAF 34353 17295 1.6k

AR S AN, AR RFE R 2 17, B SO AR 2
FEAR

2% 5.12: Web W %13

IV BEIRAY AR A5 3<B  Github star $ik
Gadael BB\ 25468 20867 52

Mean-Blog v 39 8 156

Splittypie PRIV 2008 477 118
Timeoff-Management [ 3 3729 5092 725

Webogram A2 89596 36793 7.6k

PLE T . Tl A e a8 5 it T H ok Monkey , BT REATLR R HRM
[Py Dt TR, SR ARSI B — AN E X TR . BRIPASL, AR % T
Heg E T as > ik Dyl TR, A4 < 8 H T 222 w1 3k 7 7Y Q-testing,
DAK3E FHT Web [ 3 77 3t 1) WebExplor. H T Q-testing 1 WebExplor 3k
FERCUERS, BRI, A SCRT I X A TR & T 30 SOk i dm = By
TR, XAJRERTE—E R b A< SCgs i A 9ehE

VR bs . 3 DI B bS] e m AR Y. R 2 T RE e, BRIt
L FR PR R A SR A T I R SO TR, RS 1 7 55 R e R AT
S T Re S e T AR T . BRIDASY , TEBATRCR T, & WL et e F 1
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iR, ASKHEORI AL a7

L NP1 BE AT R AT 3 S M SCBE R R o A 90 20 h A8 AN T it
T RAERS B REIR B A RS AT 3 5 R M SO R

2. FOEAERA RIS T B S RN 3L 3R TR 500 SRR Rl A A5 A
[l Py S TR AE A A Y B R B A R AU A T 8 s 2Ry S B e R

3. FRA R . BRI IA] N A S AT R

JB itk o XA 4 s, 23 %18 ) Monkey . UniRLTest 11 Q-testing
BEAT 90 73BT 500 ASFfF ik s, HEEita Uil 90 7385 Al 500 4~
PRIGHA RS T 8 55 R F 0 SO s XTI Web B, 25l ] Mon-
key. UniRLTest fl WebExplor #E17 90 38R 500 A~FfF ik D, H4EiT4F
UMY 90 738 JE AT 500 ARG A A U A T B s R A 0 SO R SR
JREAR AT AR _F 3 90 74 ] s i 1B WY 2 B e e ) BT SRR 3 . BRI
S, AR B AN S I A R I Y B TR R T IR IR A
TR A B P 4k D 35 AR O R R RS AR [

532 IBRITSERGI

5 UniRLTest [/ 3 16 5 20 M 45 552 1, K5FLR 25 S0 06 040 0S8 8 6 7
BTEENLE, SRR e T A B E A AL, TR R
1S5 7 P TP AT

2R 90 4360 B S AOBCH AN T 32 50305, HH R R 45 e AR
FPHTHFHER . M 391t Monkey 7, Q 451t Q-testing 7%, U F 1t it
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H, AMEHRALITIZ D, UniRLTest J7 ik 2 BR 00 T ARREMLH LT H e
AR T AR @R RO ARS8 E— AT AN, %5 IR ORI
BT HEI k.

2% 5.13: RV ] 90min 75 35 3%

IS AR TS | ARURET RS R (%) | 8 B R (%)

M Q U M Q U
DumbPhoneAssistant 524 3779 3645  40.84 116 | 1897 1897 20.69
OpenBikeSharing 1202 2937 3894 6913 | 383 | 1436 2559 44.91
PasswordMaker 1900 31.68 2616 3626 | 453 | 2671 1854 24.94

PrivacyFriendlyNotes 1993 4686 22.63 5203 | 510 | 3745 1196 40
BudgetWatch 2097 44.02 1359 4139 | 676 | 2278 5.62 21.15

Man-Man 2440 3398 1508 37.54 | 2011 | 1721 567 19
ConnectBot 8909 1067 11.81 1377 | 3689 | 474 553 556
KeepassDroid 9182 278 123 1001 | 3579 | 1.15 045  4.47
OmniNotes 9563 21.82 2654 3059 | 3444 | 1423 1951 23.03
BetterBatteryStats 9921 28.64 2796 29.05 | 3437 | 2194 2179 23.63
Vanilla 10598 37.14  29.88 4121 | 4827 | 2519 18.98 30.21
RunnerUp 13761 1398 10.17 18.87 | 5522 | 694 493 924
RedReader 17746 20.56 1489 1951 | 6901 | 1375 94 1297
Wikipedia 34353 6.1 1343 2915 | 17295 | 2.86 7.12  12.68
AnkiDroid 35655 2629 867 233 | 14206 | 17.58 5.05 12.87

LN 500 N FFIE AR R S14 e, R IR TR, %05k
FEFH A BE B RCR A IR 5 Monkey I Q-testing A ELBE AL, RIFEXS TR B/
R, HS5mEE s A Z KB i $-#85- M, 40 OpenBikeSharing
PrivacyFriendlyNotes &5, %77 YA REIR 2| 01 A1 B A B i K 7 e 07
5. BEKRFE, UniRLTest JiRd T8I HRCREAL -

Web [ ] 90 7-Bh i 8 55 A A1 5. 1SF7s, 500 DR A o R N5% 5.16
e MEPATDAEH, X Mean-Blog iX2RMN ], T H EEAHEH A%
O, HoaR U A DR, AR, NI R AR RO B A —
H (% 5.167F Monkey 8 UF AR @ ATRER ) s X THENA, MARAHS
FrESFRNAER, UniRLTest 58 BA —@E 0, E5HEIEMLERFA
K, W SCBHRNMESR, SIERCRIGR—%, ERBEERAKR,
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2 5.14: AR 500 PRI 2

B #RR AT | AT R R (%) | rXE oy X HE (%)
M Q U M Q U
DumbPhoneAssistant 524 3779 3359 3664 | 116 | 1897 2155 18.1
OpenBikeSharing 1202 1755 1023 6814 | 383 | 809 47  44.13
PasswordMaker 1900 2811 2584 2537 | 453 | 22.08 1656 17.44
PrivacyFriendlyNotes 1993 2062 1681 5153 | 510 | 1373  8.63  39.02
BudgetWatch 2097 2341 2637 3848 | 676 | 991 1169 18.64
Man-Man 2440 3213 2975 2684 | 2011 | 1621 1198 11.14
ConnectBot 8909 883 1147 882 | 3689 | 382 518 3.82
KeepassDroid 9182 259 279 1001 | 3579 | 1.06 1.56 447
OmniNotes 9563 1972 19.06 3027 | 3444 | 126 1324 22.88
BetterBatteryStats 9921 1925 134 1549 | 3437 | 1379 998  11.23
Vanilla 10598 3435 2934  34.07 | 4827 | 22.06 18.62 22.73
RunnerUp 13761 1392 1275 1887 | 5522 | 6.88 641 9.4
RedReader 17746 12 1092 1444 | 6901 | 7.6 725 911
Wikipedia 34353 598 2424 2687 | 17295 | 273 929 11.29
AnkiDroid 35655 674 2178 1575 | 14206 | 3.93 1391 9.04
2¢ 5.15: Web W [ 90min 78 35 3%
IV ARSI | AT E SR (%) | X o KB E (%)
M W U M W U
Mean-Blog 39 4102 41.02  41.02 8 0 0 0
Splittypie 2008 3625 2689 375 477 | 1509 775  9.88
Timeoff-Management 3729 2276 2646 2631 | 5092 | 1659 20.07 19.85
Gadael 25468 2977 19.61 24.62 | 20867 | 1692 979 1351
Webogram 89596 1183 133 17.57 | 36793 | 145 1638 23
7% 5.16: Web [ H] 500 {404 3 15 %
|SAE FARAESATE | AT E R (%) | X o KR (%)
M w U M W U
Mean-Blog 39 6154 41.02 41.02 8 25 0 0
Splittypie 2008 35 2689 3625 | 477 | 1446 775  15.09
Timeoff-Management 3729 2644 2341 263 | 5092 | 2001 17.55 19.85
Gadael 25468 245 647 2399 | 20867 | 1342 178  13.03
Webogram 89596 1593  9.88  17.62 | 36793 | 2039 114  22.93

FAFL SRR AR 2 517k, ERH AT, Monkey J7 kA AT
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