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Abstract

The importance of analysis methods for heterogeneous dataset is increasing. In the data
model where data semantics are expressed as labels, individual data of such dataset is
usually annotated with multi-label or a set label. When ranks are given to labels of a set
label to express the strength of relationship between data and the set label, data can be
analyzed more precisely. Criteria for the strength of relationship between data and a set
of labels can evaluate the relevance degree of data to an analysis subject qualitatively.
The strength difference can be used to data analysis. The purpose of this paper is to
verify the usefulness of the analysis method, which is based on the strength of
relationship between data and an analysis subject, by analyzing synthetic ranked multi-
label data with the implemented analysis method. As the result of aggregations of data
satisfying each of criteria, the change of the number of data becomes to be an index to
measure the degree of importance, concentration and closure of the analysis subject.
Moreover, the change of aggregate values of the quantitative attribute can be explained

by the difference of criteria, and it gives useful information on the analysis subject.

Keywords: Ranked Multi-Label, Synthetic Data, Analysis Method, Data Model,
Python
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HWIITZOEEEEL, BENRTEZOEEBEEL 2N EEZ NS, LoT, #
LAV DRIED T o TAHES T~V 2 E L~V ORLEZEBRT D11E, FOEICET S
HHEDOTSADI B TRLENT V7 DTV ES B UERV. flXE, 6#Hion
7 L DOF(AL_city, A2_city, B1_city, B2_city, C1_city, C2_city)IZxI L, T —4# d 732, 1,
1,0,0, 072 51%, Al_city ®E7 UL, A2_city DFE|Z~UL, Bl_city DF| T ~L72D T,
L~UL DA T B DF(A_country, B_country, C_country)iZxf L, (2,1, 0) & Z#ad i &
W, M 41TV DOREBRE AT O T AT Y AL, MERA-41ZT VT X LEHE
172 Python D2 — K& /R LTV 5.

-
%)

2 2L V= Python3.7.3 1218, F— % ORTURICZ T &N 5 T4 75 Y @ Pandas (23 CHEEIN 27 — % 43R
FINCHERS DA > T v 7 2ABHBESNTEY, ZThEHVWTHBHEE 2 >T — 4y FOENEDRMIIT 2
LIXATRECTH 5.
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BE&S5 SANILOEBRERBETILIYXLA

FILT )R L3 5N )URERE R A R

Input: dataset_original
MRS O B FEA_country = ['A1_city', 'A2_city'],
B_country = ['B1_city', 'B2_city'], C_country = ['C1_city', 'C2_city']
Output: [H L XUV DORED T XNVICEBRINTZ TV IMNEET VT —F &y b
dataset_transformation
1: A_country_array= FIHt L7= 1 wochds (1,000,000)

2 for i from 1 to number (dataset original) do

3: dataset_original D717 I Al_city & A2_city @ 1% H OfEIZ* L,
A_county_array [i] = Max (1A1 city['] A2_city[il})

4: B _country_array, C_country_array \ZONTCH[RIEE

5: dataset_transformation = {'A_country':A_country_array,

'B_country': B_country_array, 'C_county':C_country_array,

dataset_original [numerical_valuel} 23588

HET - EH R

oirictikEnssr—2ty b DETAH. TNES LITH L, AN end (end €
\LE, PE, PN, LN}) %z DOT—4%DO%E4L% D(L, ecnd) TET. Hoisz 7
VARG L=1{A_county, B_country; Th- %, FFfifi#E LE, PE, PN, LN® 4 BET L L
DIR S ZBePENCTRD THEN AT O . T P& 4L L7z Python == — N3k A-4 il
DNThH%.

T, LE&WT-37 —2I3ET OV EIFRI T~V LICBE L TOiuX L vwWo T,
DL, LE)IE, ELvSVoT )W EB ST —% & v b dataset_transformation |23
7% A_country £ 721X B_country DIEN 2 H L IX 1 DOF—XThH5DH. KRIZ, PEZ%iT-
TF = I TN LICEEL WX VW<, D@, PE)iX, A_country %7-1% B-
_country O 2 DT —X ThDH. IHIZ, PNZEIZTT—X1L LUSMIBEET 5 ET
SANRTITERNOT, DL, PN)IE, C_county D} 2 TIEZRW, T72bH0H L
{IF1o75—42Ths. MHE 1LY, ZDX 577 —#I% A_country & 7213 B_country
DOEN LT 212725 DT, A_country =° B_country D% % E T 2 LT /20, HK&IZ,
LN &7 37 — 2 1E LUAMCEET 5 £ 7~V 7 A3 zid v vwo e, D,
LN)IZ, C_county OfEiA 0 DT —H#Mi%% L, A_country X° B_country Off X [FIERIZEE
ET D MEITR.

BRI 27277 — X OB B T RICET 52/ AR R G oD, 5
—IZ, DO LIZBET 57— 2 OEGICK L, LIS BEET 27 — 2 0EG0EIEHN
FET AR, A_country <° B_country (2R < BhiET HHEMAH Y, Ei O OEOEEMEN S
M5B, HmAZ, Do LICESBEET 57 —2 ORI L, LESMIR< B L RnT
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— X OHEEOEENRETNIE, C_country (2% < B#EHF" A_country <° B_country ®

BT BET 223 U, A_country X° B_country ~DOEHEERNEN T LRG0 D.
F=AZ, D o LUSMTHE < B Liﬁb\'f_&' DEGITH L, LUSMZAEELZRWT
— X DOELGOEENETNIE, C_country (2134 < B#EH9" A_country <° B_country ®

I < BIE T S35 VY, A_country *@ B_country OFEEMERN BV L0 5.

FLDHE, T—Fty b DEFMGIEYE LE, PE, PN, LN ®IEFT L~OBHEDTR
S A BePERUIZ TR TR L72ER, BIEEOERIZ L > TA L 2O E kiX, LOEE
B, PR, PASHEE LRI TE, AT ORENENND.

T—=Fty b DETNVES LKL,

EIEEFESC Index_importance (D, L) = | D(L, PE)| | |D(L, LE)|,

P EYERC Index_concentration(D , L) = | D(L, PN)| | |D(L, PE)|,

PHEH I+ %0 Index_pxciusiveness(D , L) = | D(L, LN)| | |D(L, PN)|

LEERTD. ok, WTNOEEL 0206 1 OfFADHEZ &V, 1ICITWE EREN &

LIMETE S.

A XTHWEANLT =2 2T 5703V RAAE, REMHEE BAELICERATE Y G
EFEISERY LTWDHOTERT D EIC &t/%iﬁﬁé ZIT, NLTF—%%
%mlﬁ%C%ﬂOiT@lﬂL@%Emb I EAT o7, fERITXEZ 6 DY THS.

HM&K6. AIT—2OHHHER

LE PE PN LN
. w5E N teh o EE
[5E2 ¥ﬁtwi%$ 1B E%Q%JWQ%g 1B g%qmng%ﬁ B R %ﬁ¢%ﬁ e
& fm= & 8 fmE e & R e Rz
2

Casel (879,113 10.0 10.0 3.9|730,965 0.83 10.0 10.0 4.0|571,129 0.78 10.0 10.0 4.1|478,662 0.84 10.0 10.0 4.3

Case2 (822,546 54 53 39|541,849 0.66 6.5 6.3 3.6|317,570 059 7.4 7.3 3.7 66,833 0.21 10.0 10.0 4.2

Case3 (961,417 0.4 0.4 50718477 0.75 0.6 0.7 53520257 0.72 0.6 0.8 5.7 (102,466 0.20 0.8 1.0 73

Case4 (893,888 -1.6 -1.7 6.5|818,228 0.92 -2.3 -2.2 6.2 (674,417 0.82 -3.0 -3.1 6.3|194,984 029 -7.0 -80 7.2

Case5 |[875518 -3.2 -3.5 7.3]|755,039 0.86 -2.3 -2.3 7.3|580,835 0.77 -1.6 -1.4 7.8|244,000 0.42 0.2 0.8 9.1

Case6 |[977,454 -0.3 -0.2 5.1|866,817 0.89 -0.9 -0.8 4.9|722,893 0.83 -1.6 -1.5 4.8|467,644 0.65 -2.7 -2.7 4.9

Case7 [965,906 -6.7 -6.6 3.7(770,135 0.80 -7.4 -7.3 3.5(593,301 0.77 -7.9 -7.8 3.5(156,015 0.26 -10.0 -10.0 3.8

Case8 (964,265 -1.2 -1.1 53848674 0.88 -1.8 -1.7 5.1 (679,792 0.80 -2.7 -2.7 4.9(514,729 0.76 -3.6 -35 49

Case9 (958,132 4.2 41 4.2(764,966 0.80 4.9 4.8 4.0(588,019 0.77 53 5.2 4.2]215573 0.37 6.2 6.2 4.8

Casel0 [975,152 3.4 3.4 3.7|727,697 0.75 2.6 2.7 3.5|503,994 0.69 1.8 1.9 3.4[155467 031 0.0 0.0 3.6

HET - EH R

Cased TIE, LE%*iii7=9 893,888 D7 —X D 5%, 818,228 (FD 7 — 4 H3 PE %l
729 OT, LOEEEEKIL0.92 TH5. T72b5H, A_country 7213 B_country (2 /&
AT 2D S H 2% BN HDEIZEITEM L TWDH Z L0300, A country’@

B_country D EHEENE W L3 y0D. —F, Case2 TlE, L OEEEFFIKIE 0.66 (2
FoTWND.
L@%EPT"??E%Z IZDWTid, Caseb ﬂﬂ%%fﬂjb‘ﬁf“b‘% D, A_country ¥ 721% B_country
BB MDD 5 B 83%7H% C_country (2 \CEBAHET A_country £ 721%



Numerical Value

gt 5E58% 1 - 2665

WCEBLTWD Z 025, A_country <=° B_country ~MDHEHFJE N
ZEWIND *ﬁ Case2 DT EFRLIT 0.59 ICHE->THED, K 4FIOMEIEN
C_county (ZH EIZEB L TWVD & LR T 5.

L@Fﬁﬁéf"?%iﬁ IZDW T, Casel Bk bmVMETH Y, A _country ¥ 7213 B_country
DIHZEIWZRER L TWAEFED S H 84%7% C_country (ZITL< B L TE 57, A_coun-
try '?J B_country OFASHENEWZ E 083D . —J5, Case3 OPHSHERRENIL 0.2 I F
S>THY, 8EIDOMREN C_county IZH ETIHRVBEHL TS LMRTE S,

M 71%, ®T—2 0T LOEREOLEAHIREY 7 Casel & Caseb IZOWT, H
OFRZHANTORLTIE LD TH S, Casel OFIAEIX, L & DS 2 BRI IR D THELN
LT ’E)’jﬁﬂiﬁﬂﬂEﬂfib‘ Thbb, FHIEEEZLZ TS Efjg%ﬁﬁ"ﬁﬂﬁ LTWARNT &

W< BT 5, S 612 LUSMTE BE L2, LIcaBE LRy &y D B
Mﬁ ’%2@3%5;{73?1/\ ENREENA. —J, Caseb Tk, L~OBEHENE L 51F
L, PRERE L 25T\ 5. A_country 7213 B_country IZJEB L TWAHEED I B,

FATRBA L T D ARZERED )7 D38 R4 RO I A5 R A 488 L 7 E @Eljﬂimﬁhﬂj < B
B L IR EOHENRH L LB 2 65, EHIZ, C_county IZ FIZER L7
UWEZERE, B<ER L TR WREFOIGEMEIX LV m< > TEY, C_county ~DJE
BH LV & A_country F 7213 B_country (CEAMNCEHT O HNRENWI EWNRIBIND.
BJF 6 275, Case2, Case3, Case9 |ZHFERDOMHINAH D, SkHZ, Cased, Caseb,
Case7, Case8, Casel0 ® X 5T L~DOBIHEOFEEN & E 513 LR EILEH:
BAb®H Y, A_country £ 7213 B_country (ZERT 5 Z £ OADKESS C_country TR
BRI D2 HEMER EDNE R D,

H&x1 EMNT—2 A5 LOENEDEIL

B_country ®#(Z

L TWD

Numerical Value
°

Criteria Criteria

Casel Caseb

HHFT « SRR

dt—] |+
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VI. Bbhyic

KiwsllL, TFVIMEETSNT =2 % NTIIZAR LT 5 2T, SHrtgicxtd
27— X OBEEDOREBICES T FELAFEL, TOFHEERGELZ. T—4
EONTR G L ORE O S 2Rl 5 X, LE, PE, PN, LNT®»Y, SHxgic
BES %, M<BET 5, I OICHMTRILRLUAMIR BE Ly, <KEELRNE WD
JIEFF ¢ BEELEE & B PRI O CF — X 2R TE 5.

HEREOEIE, FHHEEIEDNICE>TELLLOTHY, SIRRICET A Mk
MADNEOLND. BEENEELZ L TELLT —FHEROENIE, SRR OEEE,
P, ABEARLTBY, ALTF—2ZAVW=ERICEY, TR LEEOF AL
WL, 7, ERLEALT X2k T, BEEENREE S I LI T — &% OENHE
WL 72 h, &< b, BB RWEANRGHD Z L 2R L. A EE L FplT
WX, BEOIGENE & Wk G~ OB O R SITIEOMHBER HIVE, it gicsi<
B 2 ¥R, S HITHHT R LSMIER < B L 2p\ e ERE, 2 < B LW RS
CINEMER R < 722 DT, 2R OE OIS HARNITRET 5 50RO TIERW)»
EHERITE S

T ERT LT —ZICET AL, EICERRBOST TIThTEY, FIH
B OWEL AL U TR L, &7k 2 3281 L T D waBmNiel iwaHcswosl.  BEAFAF
FILERIRRE BN E LTV D DKL, Kiwsx, 7 —# o mEEMERH T 72 h
T, FUIMNEETNNT = 2T Do FIEOAR A R L.

R SLODHT BB 2 22 TICE A T& 5. BIZIE, FrBRED SR ET T
T, BHOBESCRRDIERMIBN T, ARELFAREICEH HEDHAESREL L TND
WanHx TWAD. FREIIZET VL, BIZEIITREI T SVE S5 Z LT, Jif#fEhE L il
AT REDOBMRE DI TE D, S HIT, KOS FIEITRE ST ORI HT T 7
ATV EET D LD fkx REBICB W URHATEETH 5.

KWL TIE, Tt BIcBEE T 2 7 L oL D7 WEHMI A EEZ R Lz, —7F,
NI BREOT R TIIEET 57 —F N ) Tl sr—% L0 Hs< BET 5 L0 o5 2
FNTED., ZHICEY, BETLEGHAAEIINE X, FHiAREOR S ONER XM 72
%, 9 LTl LS < ST FRIEIC W T, #CKUF171%°[KUF18] CTifin L T
WHDT, TOFMMESEBRGELIZW. Fi2, KX THE, 7V 70RpEETLE
Bl Z~OLo 2 FfH & LI2s, RN EWIE SRR A AIEEIC 72 5. # X [KUF18]©
X, 7V 7 DXy % kEET DT 0 IR T AR D5 D 7 8O O B ER I FsH A &
BELTCNDHDT, k727 OERTNNT —Z KT 20N FEORAMICEL THLR
R SV AN
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5%

A SUORKEIRLT—Ety PERTILTYXLDI—F

import numpy as np
import pandas as pd

DATA_NUMBER = 1000000

CITIES_LIST = ['Al_city’, "A2_city’, 'Bl_city’, 'B2_city’, Cl_city’, "C2_city']
RANK_LIST = [2,1,0] #2:E5~)L 1LEISN)L, 0:5N)LGL
PRIMARY_RATIO_LIST = list(range(26)) #F 5 NIJLAMT SN HHEE 0%~25%
SECONDARY_RATIO_LIST = list(range(51)) #&IZ5 NJLAMFEh = 0%~50%

data_counter = 0
city_number = len(CITIES_LIST)
while (data_counter < DATA_NUMBER) :

#Stepl. MBS IR X FOERK
ratio_list =[]
for i in range(city_number):
ratio_p = np. random. choice (PRIMARY_RATIO_LIST)

ratio_s - np. random. choice (SECONDARY_RATIO_LIST)
rati?Tn = 100 - ratio_p -ratio_s
J:

j.append((ratio_p / 100))
j.append ((ratio_s / 100))
j.append ((ratio_n / 100))
ratio_list. append(j)

#Step2. £HHTDS VI RFEEINILY X FDER
cities_labels_list = []
data_number2 = DATA_NUMBER#*2
for k in range(city_number) :
| =
for m in range (data_number?2) :
weight = ratio_list[k]
m = np. random. choice (RANK_LIST, p=weight)
|. append (m)
cities_labels_list. append(l)

#Step. 3 ESANILLEFEET AT —F THERINDIT—2 1y FOER
ds1 = pd. DataFrame ({
"Al_city :cities_labels_list[0]
"A2_city :cities_labels_list[1]
"Bl_city :cities_labels_list[2]
"B2_city :cities_labels_list[3]
"Cl_city :cities_labels_list[4]
"C2_city :cities_labels_Ilist[5]

)
ds2 = ds1.query( Al_city == 2|A2_city == 2|B1_city == 2|B2_city == 2|¥
Cl_city == 2|C2_city == 2')
data_counter = len(ds2)

ds3 = ds2. sample (n = DATA_NUMBER)
ds3. reset_index ()
ds3. to_csv('. /dataset_labels. csv’', index= False)

HIAT - B AER
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A2 EMT—A2HhSLEBM7ILIYXLOI—FK

import numpy as np
import pandas as pd

dataset = pd.read_csv( dataset_labels.csv’)
data_number = len(dataset)

HERDMICHITHFHEDERE (10: R, 0:F#, -10:FELY)
MEAN_LIST = [10,0,-10]
def cal ():
X = np. random. choice (MEAN_LIST)
return x
A_mean = cal ()
B_mean = cal ()
C_mean = cal ()

HERAMICE D CELBD E R BERE D)

df = pd. DataFrame ({
" Al _random’ :np. random. normal (A_mean, 5, data_number)
"A2_random’ :np. random. normal (A_mean, 5, data_number)
"B1_random’ :np. random. normal (B_mean, 5, data_number)
"B2_random’ :np. random. normal (B_mean, 5, data_number)
"C1_random’ :np. random. normal (C_mean, 5, data_number)
" C2_random’ :np. random. normal (C_mean, 5, data_number)

columns = df. columns. values. astype (str)
random_values = df [columns]. values

cities_list = dataset. columns. values. astype (str)
labels_values = dataset[cities_list].values

num_array = np. zeros (data_number)
for i in range(data_number) :

w = np.array (labels_values[i])
j = np.average (random_values[i], weights = w)
j =round(j, 1)

num_array[i] = j

dataset[ numerical_value’] = num_array
dataset. to_csv (. /dataset_original.csv', index= False)

HFT © S ER
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A3 SRNILDOBBREEHRTILIVXLDI—F

import numpy as np
import pandas as pd

dataset = pd.read_csv( dataset_original.csv')

A_country = ['Al_city’, "A2_city']
B_country = ['Bl_city', 'B2_city']
C_country = ['C1_city’, 'C2_city']

def cal_trans(x):
arrayl = dataset[x].values
a = arrayl.size
b = arrayl.ndim
num = int(a / b)
array2 = np. zeros (num, dtype = int8)

for i in range(num) :
a = arrayl[i]
b = a.max()
array2[i] = b
return array2

df = pd. DataFrame ({
"A_country’ :cal_trans (A_country)
"B_country’ :cal_trans (B_country)
"C_country’ :cal_trans (C_country)
"numerical_value’ :dataset[ numerical_value']

df. to_csv('./dataset_transformation.csv', index = False)

HAT - ARk



FVIREEINLT—ADAHFEEAIT—RICL 5HEREOESE

A I IEDI—F

import matplot!lib. pyplot as plt
import pandas as pd

dataset = pd.read_csv( dataset_transformation.csv')

def cal (labels, LE, PE, PN, LN) :

LE call = dataset. query (LE)
PE_call = dataset. query (PE)
PN_call = dataset. query (PN)
LN_cal1 = dataset. query (LN)

ratio_LE_PE = round((len(PE_cal1))/(len(LE_cal1)),2)

ratio_PE_PN = round((len(PN_cal1))/(len(PE_cal1)),2)

ratio_PN_LN = round ((len(LN_cal1))/(len(PN_cal1)), 2)

prlnt(labels
[LE|=" + str(len(LE_call))
"|PE|=" + str(len(PE_call)) + ' EZAEHEH:" + str(ratio LE PE),
"|PN|=" + str(len(PN_call)) +  &dpE$E$:" + str(ratio_PE_PN),
"|LN|=" + str(len(LN_cal1)) + 'FEASHE&%k:" + str(ratio_PN_LN)

)
HEMT—4 (IR AT

LE_cal2 = LE_cal1[ numerical_value']
PE_cal2 = PE_cal1[ numerical_value’]
PN_cal2 = PN_cal1[ numerical_value']

LN_cal2 = LN_cal1[ numerical_value']
index_list = ['mean’, 50% , 75% , 25% , std’]

dsc table = pd. DataFrame ({
"LE" :LE_cal2. describe (). loc[index_list]
"PE’ :PE_cal2. describe(). loc[index_list]
"PN’ :PN_cal2. describe(). loc[index_list]
"LN" :LN_cal2. describe (). loc[index_list]

D)
print (dsc_table)

#EOITRER

figl = plt. figure(figsize=(10,5))

fig2 = figl.add_subplot(1, 1, 1)

fig2. boxplot ([LE_cal2, PE_cal2,PN_cal2, LN_cal2],
labels = dsc_table. columns. values)

plt.xlabel ( Criteria’)

plt.ylabel ( Numerical Value')

plt. grid(True)

cal ( {A,B}", A_country >=1 | B_country >=1,"A _country == 2 | ¥
B_country == 2", "C_country <= 1",'C country ==

HIFT © FEHAER
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