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ABSTRACT

The recommendation system has been widely used in various areas, e.g., entertainment,
education, and travel. However, this technique faces two main challenges, which are Cold Start and
High-Dimensionality problems. The Cold Start happens when the system doesn't have enough profile
of the new users; therefore, the system cannot suggest products to them. The second issue comes
from the fact that there are a lot of distinct users or products to be recommended. Recently, Extreme
Multi-label Classification (XMLC) has been applied to the recommendation system and addressed
the Cold Start issue. However, the previous method still has a High-Dimensionality issue. In this
research, we proposed a new approach, namely XMLC-PAO, which integrating label space reduction
with XMLC.

In more detail, we transformed the recommendation problem to XMLC and applied
Singular Value Decomposition (SVD) to generate reducing operator of label space (in this case was
products/users). For the feature space, Deep Learning technique has been used to extract features
from the text. From the experiments with Stackoverflow online forums dataset, we found that the
XMLC-PAO showed better performance in terms of RECALL@M and NDCG@M when label

density is more than 0.0004 and the dimensions were reduced to 50% and 80% of the original size.
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o

a2 d' d' Y
2.7 Q1UEUNUNYIVD

Y
v

a aS dyd' 9 o g6 9 o 9 o
NuAseTUHIneITesnuMsszgnd lsmsswunlsznndeyanatemneu
9
(Extreme Multi-label Classification - XMLC) #wAtayn1n1su1adoyaniauueIssuums

o . ) s A o ]
HUZU (Cold Recommendation System Problem) Ia EJJJéngszmﬂLwauuzmﬂizmﬁmflwgwu

@ s s ' { §
poulail aunalones 0ad (Stackoverflow Dataset) 1dung 14Nt dinnuauluilonvea
v
QEER Y
a Ao Y d d' v Ay A
wnfambunldilumsaeuyuuesvesmsueslymlditlumsizeniine
o 9 o Y = o D) Y v o .
Swundeyarateszay udrdah lniludeyansduuesszuumsuuzii (Kishaloy Halder,
L o o [ o
2018)  Tasmsiszgnald  msswunlsziandeyavatsmasuunldnumssuunilszmon
v d a
H0A (Text Classification) N wnsouenuezoon lditlunaelszinn msldmaiianmsisous
13987 (Deep Learning) M¥wansam livuudiasainla uagsuilenumasudiuiuees
w1 9 149 (Jingzhou Liu, 2017)

udIsmsswunlsznndoyaratemaoy sramsniungieaansosd 14 uld

)
T A ) =

A 9 v y o ¥ Y a A
GluizUULWEJuﬂﬂtymmiﬂlmeuauuamﬁuﬁum‘izuummugmulﬂ !lﬁﬂﬂﬂﬂlﬂlﬁﬂﬂﬂ!ﬂﬂ1ﬁﬂﬂcﬁﬁ
A 9 a A 1 ] ' o q ¥ ~ vq ¥
Wiﬂm‘ﬁﬁluigﬂﬂ wummnclwmumﬂ q UasiUDYDIUVVIUIUN (Sparse) ﬂWGlﬂﬂ']i! Elugﬁlflf
v

2 v v A o Y A o v ' A g
nmmuﬂamuJu"hJ”lﬂ‘wi]z'i‘nmﬂumayammuﬂ@mimJm*y@mmﬂﬂﬂagmmaﬂm

[

Tasldvanmsuiasiamadu (Principal Linear Space Transformation — PLST) (F. Tai, 2010)
X Q) amdl = a A Y KR o o t 9y Y o ¥ o A
Fuiluisndenazllszaniam udrtahyadnevil T 1dadwuusiaes Tasarduiiums
{ an ° a A 4 a o .

i lunisulaslia ennsadualdlagmalingagais wig dneuTwddu (Singular Value

Decomposition — SVD)
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] I J 1 aa a
msutsd IFeendunguauuannuaulaluidiaueds (Latent Space) Taofiauuagiu
1 gld' [] 1 =S (9 = A 9y =K o o Y k) =
N dneglunquineanuazlinnureuiadeadanu  mldnuanuadendsvesleanuly

9 ~ 1 1 = o o 1 9
ﬂlﬂﬂ']'liJﬂL!@la%ﬂi]iJﬁuGl‘ﬂ G]Nﬁ']i]']ﬁﬂLl"IﬂJ"I‘]_]§$Qﬂﬂ1ufﬂiLL‘U\ﬁJi&ﬂﬂiﬂﬂ?ﬁﬂl@\ﬁlﬂﬂ']'m

(Cluster Sensitive Attention — CSA) (Bin Xu, 2012)
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IS adAa
ITIVEVIBTIVY

ao <

Y
o o a . @
nuteiidumsiszgnalduuusiaesnsiseudizeaan (Deep Learning Model) A1
mssuunlszinndeyanatedInoy (Extreme Multi-label Classification) #91j91iu1879z ANy
msaatuIulavestoyadinou ipanszeznallumsieus uazmulse@niammssiau
° = = AanAa o 9 2 A g o
YoWVUTIAeY  T1eazdoaszionisise lauaasliluunil TasvzEudunndnyuzvesya
doya, Maasoudoya, mimuiuaidiumsuldasiadady, Tnssadwvewnuiiaes, ns

1915 ANTAINVDAVUIIADY, HAZUUINIINITIVY

3.1 anvazveIyatona

U

[

o 4 ] A ' o 3 A o
msdaues sndeyaiie ldeglugduunnozdaudn l) lununsiaes deidluasdian

5

@ 9

P A A Y au A o P2 s
1n deyandoninldluanuitelife yadeyansz luguruoou lail aunalenes vlad
1 < o

(Stackoverflow dataset) 5219 a.81. 2008-2010 910 o

] 3
https://www.kaggle.com/stackoverflow/stacksample/data Iﬂﬂﬂg’ﬂ slgl}?Jgfﬂ wuyeenu

9 @

o = ' J y . 9 dyd I
3.1.1. gadoyamn ¥eoglu1Wd Questions.csv.zip yadoyatilanvaziilu a5

QU

Aa I A v A
NU 7 ADANU AD (muﬁm“lumwm 3.1)

1) 1d Ao ﬁNTﬂLﬁﬂJGﬁ)@ﬂ’nu

]
¥4 & o

2) OwerUserld Ao aviszdidaveed ldnaaminw

o A Y

3) CreationDate Ao Judonnumnimgnedig
4) ClosedDate fio Sundennumnimgnilaly
9
5) Score v AZLUUANNTENVYBIRMID WU
. A A o Y o
6) Title v FoITOMD W

9 [
7) Body A9 1118111003M1911 AIAI0E19TUN NN 3.2


https://www.kaggle.com/stackoverflow/stacksample/data
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v ° & ¢ . ) Ao o g i
3.1.2. gadoyaminon Baeglulua Answers.csv.zip gadoyatiianyuziiu a15199
=\ [ d A [ ~
1 6 AvaNi Av (Aaaaalunng 3.3)
1) 1d A9 He@vvenw
2) OwerUserld Ao aviszsiddvesd 19naou
. A v A 9 o 9
3) CreationDate 19 TUNVOANUAINDUYNTAITN
4) Parentld v ¥MBRUTOANNAIDW (Id Tugadoyadinin)
Y
5) Score 1D AZUUUANULINYDIMNDULU
2 v
6) Body A0 111811V0IMABY AR08 TUN NN 3.4
Id OwnerUserld CreationDate ClosedDate Score Title Body

SQLStatement.execute() - multiple queries in

o &0 26,0 2008-08-01T1357:07Z NaN 26 =" <p>Ive written a database ganeration script .
1 90 58.0 2008-08-01T14:41:24Z 2012-12-26T03:45:48Z 144 Good branching and merging ‘“‘°'}2‘sz <p>Are there any really good tutorials explain...
2 120 83.0 2008-08-01T15:50:08Z NaN 2 ASPNET Site Maps TRBAEEEE] e"””“i;ﬁg:;:?
3 180  2080740.0 2008-08-01T18:42:19Z NaN 53 Function for creating color wheels <P 11 3 Something I've pseudo-salved e
4 260 91.0 2008-06-01T23:22:087 NaN 49 Ading scripting functionality 10 NET 0| aye 4 liftle game written in G#. It uses...

applica...

MW 3.1 7198199 09%AY DYy ID N

"<p>Has anyone got experience creating <strong>SQL-based ASP.NET</strong> site-map providers?</p>\n\n<p>I've got the
default XML file <code>web.sitemap</code> working properly with my Menu and <strong>S5iteMapPath</strong> controls, bu
t I'll need a way for the users of my site to create and modify pages dynamically.</p>\n\n<p>I need to tie page viewi
ng permissions into the standard <code>ASP.NET</code> membership system as well.</p>\n"

MW 3.2 Medtoanuluneduil Body vesgadoyaminiy

Id OwnerUserld CreationDate Parentld Score Body
0 &z 61.0 2006-08-01T14:45:372 a0 13  <p=<a href="http.//svnbook.red-bean.com/" >Vers...
1 124 26.0 2008-08-01T16:08:47Z 80 12 <p=l wound up using this. It is a kind of a ha...
2 189 50.0 2006-08-01T19:36:462 180 1 <p>l've read somewhere the human eye can't dis...
3 269 91.0 2008-08-01T23:48:57Z 260 4 <p=Yes, | thought about that, but | soon figur...
4 307 48.0 2008-08-02T01:49:46Z 260 28  <p><a href="https'www.codeproject.com/Article...

MW 3.3 @ed1vesgadoyadinol
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"<p>I've read somewhere the human eye can't distinguish between less than 4 values apart. so This is something to kee
p in mind. The following algorithm does not compensate for this.</p>\r\n\r\n<p>I'm not sure this is exactly what you
want, but this is one way to randomly generate non-repeating color values:</p>\r\n\r\n<p>(beware, inconsistent pseudo
-code ahead)</p>\r\n\ri\n<pre><code>//colors entered as 0-255 [R, G, B]<br»colors = []; //holds final colors to be use
d<br>rand = new Random();<br><br>//assumes n is less than 16,777,216<br>randomGen({int n){<br:> while (len{coleors) &1
t:; n){<br> //generate a random number between 0,255 for each color<br> newRed = rand.next(256);<br> ne
wGreen = rand.next(256);<br> newBlue = rand.next(256);<br> temp = [newRed, newGreen, newBlue];<br> /lo
nly adds new colors to the array<br> if temp not in colors {<br> colors.append(temp) ; <br> }<br>
}<br>}<br></code></pre>\r\n\r\n<p>0One way you could optimize this for better wvisibility would be to compare the dista
nce between each new color and all the colors in the array:</p>\ri\n\r\n<pre><code>for item in color{<br> itemsq =
(item[0]"2 + item[1]"2 + item[2]"2])"(.5):<br> tempSg = (temp(0]”°2 + temp[l]”°2 + temp(2]°2])"(.5);:<br> dist = ite
mSg - tempSg;i<br> dist = abs(dist);<br>}<br>//NUMBER can be your chosen distance apart.<br>if dist &lt; NUMBER and
temp not in colors {<br=> colors.append(temp) ;<br>}<br></code></pre>\r\n\r\n<p>But this approach would significantly
slow down your algorithm.</p>\r\n\r\n<p>another way would be to scrap the randomness and systematically go through ev
ery 4 values and add a color to an array in the above example.</p>"

MW 3.4 Apd1doanuluneaull Body vogadoyamiaol
9 <3 & ] 4 . =< 9 v o A

3.13. yadoyaunn eeglulna Tags.csv.zip e1lsznondie 2 aeawi awdaslunini 3.5

1) 1d fie vineavdoniu

a A g vo9

2) Tag M0 Fouin voduAazIonI

= 9 dy m 9 o P ao

Fagadoyail lImihinldluauie

Id Tag

0 &0 flex
1 80 actionscript-3
2 80 air
3 90 svn

4 80 Taroisasvn

H o ] ]
Ml 3.5 A0g19v09gAtYALNAN

3.2 mamssndoya

o P ' ) ~ ° Y, Aav Y A
Wﬁﬁ%?ﬂ@]i')ﬂﬁﬂﬂ%@ﬂuﬁllﬁﬁ$5§ﬂ meaga‘nmmmumﬂﬂmma%ﬂ"lﬂ o Gljﬂ

) ° ¥ ° R o & Y A o v q Y = o )]

GU’E]Haﬂ']ﬂ'uJ Lla$6§@"“@3&l‘aﬂ1§‘]ﬂu G]Nﬂ']l,ﬂu@@\illﬂ']T]J5‘]J!lﬁ\111’iﬂ’i1]']$ﬁll1ﬂﬂ$u1h11|16]5\1'1u AU
g’/ % g
VYUADUAIU

[ o 4 o
3.2.1 %@ﬂ'ﬁeﬁ}@ﬂﬂ']ﬂcluﬂ@auu BOdy m@ﬁ“yﬂ%}ﬂyﬁﬂ'lﬂ'lll
av A o ¥ ¥ A g A y 2 ’
NVDULUANTIUIVY 1/]ﬁu1ﬂﬂ8llugu1mﬂﬂﬁ1ﬂﬂiguﬂﬁﬂm@ﬂq'lﬂﬂgﬂﬁ'i'l\‘lglluﬁlﬁll
Yo 9y A a da v & A y X v

Tnudld vseamdnnlianuaulevzaeunszidiu nszingnaiisulugadoyavoguay

¢ ¢ 7 o = ’ v o o ) ) Ao g A

poulavaunalerned Ivlad tuiineglugadeyadion duna’ldvingadoyaiiliiidore

0w (Title) og lugadoya
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9
%

@ 2 o { < f °
Guuﬂauuﬁﬂmmmmﬂm%u%u“a !,'iMﬂWﬂﬂﬁﬂﬂﬂﬁ"’ﬁJ@ﬂ’ﬂNﬁLﬂu!ﬁﬂﬁﬁl@ﬂﬂWﬂ'ﬂJ
v o ] 9 1 dy A < Y1 A ~ q ¥ Y 1
Tuneauil Body neregaveanuaIui lunind 3.2 wiulan umuﬂuclwammmuag
2 o g @ 4 ] { a - o v o &
a10 Fasuiludosaasenli wie lilhilomassdonnuraiion Taomsldyadidedusagl
§ A 1 [ 1 Jd o { g
(library) W40 181 IwaoU (Python) N1 “re” 10619 MIeulensun 1iud Tyl uaas
& A 3 v o v = & o A
vl’ﬂ‘Llfﬂ‘WTl 3.6 Wermumsulastennuuainaaninntennuluninig 3.2 agnaretluasil
"Has anyone got experience creating SQL-based ASP.NET site-map providers? I've got the default
XML file web.sitemap working properly with my Menu and SiteMapPath controls, but I'll need a way for the

users of my site to create and modify pages dynamically. I need to tie page viewing permissions into the standard

ASP.NET membership system as well."

import re

TAG_RE = re.compile(r'<[">]+>")

n_RE = re.compile(r'in")

|de£ remove_tags({text):
output = TAG RE.sub('', text)
output = n_RE.sub({' ', output)
return output

remove_tags(question.Body[2])

d‘ o ] = Jdao o @ Yo 1 A 1o & Y [ 4
MNN 3.6 maﬂwmiﬁmuﬁaﬂ%ummﬂ%mmuﬂ”lmnﬂumawamm Gluﬂf]ﬁllu Body

YoIAToyafInIN

9 A [ Y4 1

afngadoyantianuduiusszriemomw nudldndunldmaon

Q

dsunaazmowlugadoyadinin widlFowduaeuuanaieny Tagmaa

& 9 o @ 4

Usziardlanuinevazeglugadeyadinounoanil Parent ID Tugadoyadinon Nuen

U

9 o ) v 9 ° A Y 9 o = [ 1A
NUIYLAVUBAIUAIDIY ﬁ'ﬁ’i5‘]J”1J@Nﬁﬂ?ﬁ@ﬂﬂm%ml’]hlﬂﬁ@ﬂﬂwﬂTllLﬂfJ'Jﬂu ITNUNULAY

QU U

A = (%

Parent ID NYMuUaUNU
A ) 9 Y Y o Yy Y o 3

iiesnindeyandeanis ldadwunusassrziszneudleteniudainiy
¥ D) 9q ¥ A Yy o Y Y o v qUd °
Foyavud (Input) Hazsien1svesd lynnerdesndoyavudrdmsulfidugadinon

9 Y ]

(Label) Tumpuil vzviimsadwyadoyalioglugduuuiuuniiaesdesns Tasnsiug

v 9 ) < & ) A 1 o 1) L g
DAY Body (lusquﬂ"llﬂﬂ%laﬂ]ﬂ'lll FIIUADINNUANANAY AVTIINT OwnerUserld Fuduay

o (3 ]

o o ya @ o g ¥ ¥ 4 gy X2 A 9
‘]Jizﬁ]WlTJEU@QEﬂ%ﬂl“]]”lﬂ"m@ﬂﬂ"If]”liJ‘L!uﬁ]”lﬂG]ngJ@iJaﬂ"I@]@‘U AIDYNYAVDYANTINUY NNTDY

Y

'
Y A o [ ~

aauin T lFuuudiasdldzeud UdnuauzaInIng 3.7 (n)

U
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~ [ 4 [ ] 9 o o = Y a =X
110NN 3.7 (V) AvANI Body azgnderiven lUdsunusiaosmsizoudidean
TAgN U INVDINITUNUAIAT (Word Embedding) Ao 11daiuveslasesvielszaimiusey
09N AN19NHMU0AUT MU VG0 (Bi-GRU) uagdi1uvednisianguioniuaiule
ANAIRTY (Cluster Sensitive Attention) N ANAAMANYUZ YOIV OYAV U NoUNIzdse 11
YL ~ yé 9 1 =4 ~ 1 v 9 d'
dagrumsisond ¥z lanandeneazideane i luiden 3.4
o @ v . I 1 9 o A Y Yo
dsuneduil users list ludiuvestoyadinou viesronsvedldnee 15y
o Y ' o 1 o Y F) o I Y 1
msuuzihldaouuaaziioi Tasuaaziioin @oyavud) awisouuzihgleldauinnai
= o [ Y [ a P o @
niany nazazgniindalveglugduuuveuunIngNI1uIUNEN (number of columns)
Y
MINUT U1 NI NAYDITZUD 1AZSIUIUUD T (number of rows) VLININVTIUIUUDY
9 o v 4 Sld' Yo ) Y o I
donnumn Iasuaazinlvzuaanivesy lng ldsunmsuuziihldaeudouniu 1 uay

v 1 o S L] ) [} ' 9 @ {
é‘lmﬁ”lnmmuzm ziaudlu 0 dmsumaiuuaazde A0 1nh 3.7 (V)

Body users_list

OwnerUserld

120 <p=|am using CCGNET on a sample project with 5... [12734]

3400  <p>How do you specify that a foreign key const... [419, 383, 60, 91, 186, 519, 729, 8569, 2622295]

580 <p=ls it possible to do image processing insi..  [149, 34, 116, 111, 76, 307, 26, 1219, 1073, 1...
4320 <p>Baoth the jQuery and Pratotpye JavaScript Ii... [17, 493, 598, 372, 140834]
5170 <pel have just started working with the <codes... [225, 162, B67, 697, 31641, 41117, 41612]

(Y ] 1 v J o
(N) A98199 YAV AN (input) udAeglUABEN Body Lazgatoyadiaoy (label) e

3 Eﬂuﬂ@’gﬁlﬁ users_list
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Extreme Multi-label

users_list

Input
Body

OwnerUserld

120 <p:=| am using CCNET on a sample project with S... [12734]

3400 <p>How do you specify that a foreign key const...| [419, 383, 60, 91, 186, 519, 729, 9569, 2622295)
580 <p>ls it possible to do image processing in si... . [149, 34, 116, 111, 76, 307, 26, 1219, 1073, 1...
4320  <p>Both the [Query and Prototpye JavaScript ... [17, 493, 598, 372, 140939]

5170 <p>l have just started working with the <codes=... [225, 162, 667, 697, 31641, 41117, 41612]

Change users_list to multi-label matrix

- Bi-GRU k = number of label = columns
- , _ -
- Cluster Sensitive Attention o [oovcoosoiossnns 000
0011000000001 000 011
g 0l1000000O0DO0COQOQCO0ODO0ODOD0OD ooo
E 0C000QO0QOCOQOO0OCOQOQOQOODOD0ONQ 000
" OC0000DO0COCOODO0OODODODODODOD ooo
0Co0000OC1l1O000000O0O00 000
2 cC0000DO0COOCODOODOODODOD [ ]
o cCo00O0OCOCOOOQOODOOQO1ION eo0o0
E C000DO0QCO0COODOODOO 000 001
o co0O0O0OOCO1IO0O0CO0OO0COO0DTDL1OC0 100
v C00O0O0QCO0CODODOODOD o000 ool
4 coo0OO0O0OOCOOOOCOOOODIL1O0 000
o C00O0OCQCOCOODOQODODODOQOQRO0OOD0DOUD [ )
. . . R B E Co00O0COCOOOCOQOCODOOQODODOD eco0o
- - 0 000O0O0QCQO0CODlO0OO0O0DO0CO0QO0OTD1O0 100
Sigmoid-base Multi-label Prediction N Y 100
=1 . :
c . -
" 0000000010000 000 000
oc0000O0CO0Cl0O0O0O0CODODODOD 000
c 0Co0O000O0COCO0O0O0CO0CO0OO0OQO0OO0O0 *** 000
° 3

I
I
I
I
I
]
I
I
I
I
I
I
I
I
I

- Word Embedding |
I
I
I
I
I
I
I
I
I
I
I
I
I
I
]

o P v ' o )
(v) 518az108A MITANIVOYAN (input) T TATanelszam uazmstansyatoya

MADL (output) NUNAWAINDU
~ ) ) ) ° - A v o
MNN 3.7 Toyav Ui waz Voyamnol d1KIUMIITIUIVBWVTIA0

3.3 maminadmauiumuasdifmadu

o Ja o . = = =
nnvanmsyuuonylanlosding  (Hypercube View) Fedmnsafivzilaon

' s 4 ¢ 4 3
yuuewesveya Y Meglusdvesnnwes y € {0,1} Tashosdlsenouh k azlinuilu 1
9 k € Y vinmmi 3.8 imawnsoudasaveuaas Y lusduuuves K Galuyuueanyy

Ja o = 4 = s o Ia o &
lanlosani Tasnosdlsznoun k vewnmes y azassnuunuluyuuedlanlosnng deae

venil vie litlesAdsyneun k lu Y
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y=[0:11]

]

L~

0 label A 1

3 o o Ia 4
M 3.8 unuAaaasanmsyuueauylanledn (hypercube view)

[ Ia L4 o
aunanmsyuuewny lalodnnnd (Hypercube View) fiaouvesgadoyanale
o =\ [ Y] ¢ A [ 1 o = = SIthd'
mey vzlianudunusiyouToenulunaazdiaoy Feawsonasuyuue]d 500y
o FY A Ao £ dal ~ v ana a Y . .
g lumsnlasuyuuealuanideduil Soni1 nisuaalfFaau (Principle Label Space

4

Transformation — PLST) (Farbound Tai, 2010) 49 19 imaiin%anals uia aneu Indsu

Y U

a 9

(Singular Value Decomposition — SVD) 4111628 U UUN 15110 a9UA1F 310U (Transformation
Operator)
mﬂmiﬁﬂgﬂﬁmaumm%gawmﬂﬁ’meu (Extreme Multi-label) Y8 LN UA ¢

o J 2~ aa 1 o a 4 < J
ganual Y dalivuia N X K nagliiaminy K wuangagais uig eenilussnisznou 3

AU A3aUNS 3.1
Y =UxyT 3.1

1 < < < A oA v
Taon U Svwadlu N X N uaz VT flawadlu K X K dlummsngniaedauil

Y
(% (4

1 3 < a 4 [ 1
@an1nA1U (Orthonormal) @31 X Nty N X K dlumniasuuinues aalanan 13 luum
-
72
[ a 4 = a o 1 Y

AWHANNTVOITINAIS 17 Ao TNTTY uaazund Y, dunsoudalieglu

4 a 9 1 [ 4 T a 4 9 (=Y 4
suuvedlsznouFuduveaazaeaul vy, wnsnguuinues X Usznoudie a1manais

1 1 Q3
139 Oy N AeN 0y = 0, = - = 0y nweuaus 3.1 Tkl
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YV =UX 3.2

v o

wning Varwsoueuiludduiumsudauuning ¥ 18ldegluiiaduld

v o 31.19) a

4 1A 4 ( o [ aa a 1A 14
osnnadaga1s wig K @ asduwusiuunuranvesliaanidunniia Tasmaanans uag

q

% { 4 o o 4 1 § 1" Aa I'4 v @
VOIWNUHANT 1NTANVAIAYLINAFA WLVAWINNAGA 1Az AIFINAIT 1199 VOIUAUHANDA

q q

a9 o o w 9 o ana a 4 Y A
9 th TUATUDYINAIUAIAUANUTIAY WINABINITAAITUIUNAUDIUUNTNY Y 611’“1’7@1@ M

o o A

Aaa A Y v Ao a 4 A o o A A A
VA LI1ANTOUADNAAUNUHADNAUWUDTNUATIATEINATT LY NOAVINAIN M tnotannunu
v AA 1 A 1 2 A @ o 9 v o A Y . .
HANNNAIFINAT LY GINGA M aausn “LHiJ']ﬁiN@]’Jﬂﬂuuﬂ'ﬁllﬂaﬂﬂlﬂgﬁ (Projection
. T 9 v o A 9y o . v 9
matrix) Vounun1ney P tazdduiumsulaveyandll (Decoder matrix) YBLNUAIAIY D

mldaniiaues Y Tmae M 46 34161

(%1
()
P=VM= [v1v2 vm ]!,LﬁgD:V]\Z;: . 33

Um

3.4 Insaa319veanuudiany
Y
Ao o ) a Aa o

mudteilldlszgnald Insead unuiiaeansisoudiBaana1nauite Cold Start
Thread Recommendation as Extreme Multi-label Classification (Kishaloy Halder, 2018) 5]?’\111@91)
YFunasulassadrldimunzivauise Tagsmsaiusmismssuunidszinndoeyaraie
1oy azitaniiate ya 190U (Combining of eXtreme Multi-Label Classification and

Y v
Principle 1Abel space transfOrmation - XMLC-PAO) HazUnisenIsTNITUAY 9 91 “XMLC-
9 o ] I A = Aa A o
PAO” TA59d3519v09uuUa09 nuseoniuaeauy wenfSeumeudseansammsiau
a v ° g v = Y,
srwazidea laseadiaveauusiasaniasauuy lduaad 13 luamn 3.10 uaz Taseadaves
o g‘; ~ o a 4 1 o
uuudiaseaddulauaaa I luaini 3.9 Gruiumnimesveuaaz iU 881N 0
7329901 IANNANUINUDITIBNU)
9
3.4.1 UDVT109AIAY (Original Model)
' v = o A Y (v A 9 o [ a o dy 1 =
ApuITNaNDuUUTIaedn lasunlasulaseadedmsuauisell venaina
v

BUVIIDDIAN du I1NIT1UIV8Y Cold Start Thread Recommendation as Extreme Multi-label

9 9
% o o (g I
Classification (Kishaloy Halder, 2018) Y4ABUNTHIIUVOIUDUIIA09A3AY Luvoen Tailu

U 9 [ & LY d‘
4 gruaenu Fauaad 13 lunwusalunini 3.9
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MSUNUMIAT (Word Embedding)
3 & L g ¥ o 9 ° A Ya =
HuvrunouEuay ¥INITaINANANYULIBYAVRINDUTIA0INTFoUIIFIaN Tay
msunummez 1aasden 11 (Corpus) 11 Tnad (GloVe) tiovzuilastoniulieg
4
Tuzilveannaes
msivlennudingvesdse loa TneldInseviedseamiuseuaananiaii
HUWANUTUVVES (Bi-GRU)
o 9 Y ] Jd Y K o v
nasnnuasdeniuliegluglveannmesuas 3aviinissuleanuvesilss Ton
A g9 Y 3 a Y 2 9} '
meligudnyazvoatonnuianugnasauniu Tasldlaseislszamiusou
ADINANI
msvanguienawa i lanud1iay (Cluster Sensitive Attention)
Z’, ;d v 9 I 1 a [ Sld' 1 1 ~ o
Juaouiilumsmistoanuesnilungu  mudunagIun §lenednguiniednu 1z
o = [ o 1 1 9 d‘ 9

aulameumoszianidedny Taginisuiinguainlennuvesdennui laun

9 v
NVUADUN (2)
uyys1ae9n 155l 1vedToyanalem 1Mol (Extreme Multi-label Classification
Model)

o v wa A Yy Y = 1y 2 =t Y g '
waan laquanianmuizudinds Jededoyavinvuaoui 3)191glasenie
A o = Y A 9 o o @ o o U dy F) Jd o
dszamnezsimsiteuieaiuuuiassd s viemaey Tuaiuilglandu
a 4 1 a o

NIZAUUUD BNUOYA (Sigmoid Activation Function) t1az 1¥a1n1ssziliunnusiaes

= 9 o 3 ' = =~ . A Y
msizeudvoauusiasuily arlunis aseaou Insil (Binary Cross-Entropy) tite 14
° = o ' I A vg Y o Py 4 o
aeunoonu Hlumanuinsiuigldudazausziiunaeunszd Tashisaou

° ¥ v a D) ° Aoy Y
VDILULUVIIADIANAU AD %ﬂmau"awmﬂﬂmau (Y) ﬂﬂﬁhlﬂhlﬂaﬂﬂlu']ﬂaﬂ
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Embedding Bi-GRU Cluster Sensitive Attention Multi-label Classification

@ Concatenation Layer

0 Sigmoid Activation Function

M 3.9 Tasea 190U 1a0909AY (Original Model) 114114338 Cold Start Thread
Recommendation as Extreme Multi-label Classification (Kishaloy Halder, 2018)

Falygamaouilu Y

ndmnthamZsnuuusiaeeedu (Original Model) 11ludh de'lazve
nanEa tuusiaedt IdUsuze Taseatra vz fuanisel luided 3.4.2 nay 3.4.3
3.42 11809 XMLC-PAO LU 1 (XMLC-PAO-1)
Tumeumsauveuus ey 1 Tund 3.10 (1) mansautiseen @iy
6 Mumenu Taedluduvesmsnilasiinyamaol (Label Space Transformation) (10 (1) ag
(6)) uaz?hwumu,mmi’mmmiﬁﬂuig%ﬁﬂ (Deep Neural Network) (617@ (2)—(5))

(1) mm@ﬁvuauﬁﬁwawﬂ%’ayaﬁmaugﬁauﬁ/ﬂtyw7m'5ﬁ17§a°7mmnﬂbumisymu:::ifv
M3 “XMLC-PAO” Guduninmsanvinaiavesgadaey ¥ §re3smsfidaulas
w0 mendasifadadu (PLST) aweunisi 3.4 e 18 1§yadnoy H F4iifai
anad udanh H 1ddugamasuludiutiegavelassadaunusians lunwd

Q Q

3.10 (D)

H=Y. VM 3.4
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y v o A aa a < ! [l ]
iie Vi Ao daduiiumsuasdiagadusin Y idhu H Tunnd 3.10 (0) Feiiun
v09 Vyy lduaas 1 luaumsh 3.3d0d10v0emsmlasiadadusznin Y waz H lduaas
Pl 3.1
) MIunuUMA (Word Embedding)
3 ¥ L 9 ¥ o ° A Ya = )
HuTuaeUTUAY Y0IM a3 HAUAN YU YBILVUTIABINIITFIUTFIEN TAgMIUunuaIfIeY

v 4 1 4
Tdadadonaw (Corpus) tuuTnad (Glove) mivzuilasdoanuliegluzlvesinnes

mssulnnudianvestselon Tasldlnsesirdszamiuseuaesianaiiiviiennus
1UVED (Bi-GRU)
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mstanguvenuaILlanud1Any (Cluster Sensitive Attention)

Q
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g’; = "9 I 1 a 1 Bld' 1 [ = o
mumaumﬂummmmammaamﬂuﬂ@u a9 AUTUUATIUN Eﬁ‘lﬂﬂ’ﬂgﬂ’qum&’)ﬂu ﬂ%ﬁuﬂlﬁ]

o = (% o 1 1 9 d' 9 g/J d‘
poumnulsznnneInu Iﬂﬂ‘ﬂ']fﬂil!‘]_l\‘iﬂq11%Wﬂclﬂﬂ?'lll“llﬁlﬁsll’f)ﬂTI‘JJVIUl@Iiﬂ%"IﬂGUu@]’f)uVI 3)

u:mJﬁimmmsﬂizgﬁuﬁwm%’agamwﬁ’mau (Extreme Multi-label Regression Model)

Y Y an A Y Y = 19 2 = 9 g ' S S
wa1n lagaamianmuzudinds Sededoyanniuaoui @) g Inssnielszamnozin
msieujieaiuuusiaesdmsuinnemnou

4 ana o I~ < [ [ H
iwosnnmanlasiiagamaenldiviaanas iilidesaaudasTassasrealveglugdunuy

a 1 . d‘ 1 4 o =S d' [} 1
Y9IM31/5213i1uA1 (Regression Model) tiipaanusazasnilszneuvesgadnoy H iainlieg
' ' 2 Y o = ° P~ Y o 3
5EUIN 0 D9 suwdernugamaon Y suilugadineuimingnuuuusiaosnissuun

4 o < ' Jd o
Uszinndoya (Classification Model) (007 3.11) nundiaesiidelutims 1dlandunszdula
Y1 a ° = 9 o 3 ! a A o o
7 nazldmnmsdsziivuuusiaesmsBoujvewuuiiae iy manuranammashaides
(Mean Square Error — MSE)
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Y =H. V) 35
L) Vﬂ Ao maduiiumsasiagaduan H du Y ;i 3.10 ()

3.4.3 1UUT1899 XMLC-PAO U1 2 (XMLC-PAO-2)
g‘/ o o ~ ~ [ IR 1
Fuap UM MUV UTIaewuU 2 Tua i 3.10 (V) uisesn ety 4 dau
TagAaduveenisulasiidgasinoy (Label Space Transformation) (10 (1) 1ag (6)) 89NN
H 9 v
BuUTIA89 XMLC-PAO tuud 1 usidyIaseadnlusugahenismlasgainou H Wl
I o K @ . o o 1 o o { A 3 o
Wuaraaraimiin (Weight) Taoimualduuuiiaeluiinisdsualasuainaraimin
9 Y
sEUINNSZUIUMSBoudvouuTasunz lusuil gafiaouvesuusIans XMLC-PAO

nuun 299dlu Y

T

13ke7 asuaqg

_.9 Projection Operator

v

!

Buippaqui3 piop
UOIUBNY SAIISUIS JA)SN[)

¥
Embedding Bi-GRU Cluster Sensitive Attention Multi-label Regression

() concatenation Layer

Decoder Operatar
fromHto Y

Deep Neural Network | Label Space Transformation

Y o A y 1 ~ v 9
€2) Iﬂi\?ﬁﬁ%ﬁl@\u!ﬂ'ﬂﬁ]"lai’N!.!lllWI 1 (XMLC-PAO-1) mLwlﬂ”l’iwliauﬂﬁmam’oﬂﬂlagmrl
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Embedding Bi-GRU Cluster Sensitive Attention Multi-label Regression

@ Concatenation Layer

Y o ~ g’; [ ~ 1Y 9
(V) TaseasaveauuIaeauui 2 (XMLC-PAO-2) mgmmimaﬂuﬂmw@way‘am
9 = =) 9 o Aa I 9 o ) dy k)
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n = number of label = columns

H

k = number of reducing label = columns
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1 3 . ' ad o_ v . .
3.5.3. mmumzyﬂuﬁzﬁuﬁaﬂmuﬁ’aﬂmﬂﬂﬂﬁ M a1 uULtsn (Normalized Discounted

Cumulative Gain — NDCG@M)

9 v A

I a o 2 Ao s o w
Wunmsdseliuszuumsuugdl selanyuaaIenusAsaan M a1auusn

1 v § z % { 1 o 3 o % { 1 o
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szUVLUZI A1 NDCG@M dmiunaaznizd t awnalaain aums 3.7

271
NDCGt = thyzlm 3.7

4 1 { & ' o 1A { { g
e Z, = 1/IDCG, As mnasidsuendsaiunauvesmnuinigainiulyll
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1 I . . . ) @ ' 9 o Y
YoInNNUIIz uasaw (Ideal Discounted Cumulative Gain) 115 ULaaznIeN € mlvnse
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a1au j € {1,..,k} (https://en.wikipedia.org/wiki/Discounted_cumulative_gain)
Tasdwmsugldanmsvine M auusn a1 NDCG, foauaie dimsunnnszflugatoya
naaou iellda NDCG@M
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watemae I8 15y daduaunFnvesyadoyaniin Indifesnu ualinnuruuiuvesdoya

Y

NANNUNIN dZUTAIAUANEUENANY (Bernardini, F. 2009)
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3.6.1.  dadiudnFnuosyadoyamaoy (Label Cardinality)
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3.6.2. mmwmmimmqymeuaﬂmau (Label Density)
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Label Density = Zlivzl% 3.9

oL = UM, Y,

3.7 HUINNINSIDY
¥ ° o Y A a 9 v 9 &
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Ay v 9 Y ) o a o o 9 °
3.2) 1lanan ldedu dupsumsmhauiteaziimaniinaass 11n lnseaieveauuiiad
A A = @ o ) Y
XMLC-PAO tuul 1 tag XMLC-PAO uuui 2 linfSeudisununavesunuusiaesniau
(Original Model) 114911398 Cold Start Thread Recommendation as Extreme Multi-label
v Y 9
Classification (Kishaloy Halder, 2018) 95U unoumsAnyIAil
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ii. guioya 5000 A19819 MNYATDYANINUA LUUFY (Random
. @ = Y 1
Sampling) A9T18AZIDIAAIUAN
® @oN9INAINITGUN 42 (Random seed-42)

® @oN91NAINITGUN 101 (Random seed-101)

9
iii. gudoya 6000 A10819 MINYATOYANINUA LUIFUFY (Linear
4 @ = 9 [
Sampling) A45188BIARIUE
= 9 (% 1 A

® donvoyadi0d197 1-6000

® dondeyanIvd1ei 6001-12000

® Aondoyasiod1ei 12001-18000

® 17PNVDYAAIDYIIN 18001-24000

v
(% 1 =

® fondoyaiiog1ai 2400127932 (F1uIUAI0E19 3933
A79819)
9
iv. gudoya 7000 A10819 MINYATOYANILA LUIFUFY (Linear
. @ = 9 [
Sampling) #9510A21D8ARIUAI

A 9 3 1 A
® 1ADNVIYANIBY NN 1-7000

9
v. lddoyanavua 27932 @081

34
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M3190 3.1 udAsTwazidon uaznuauLAveIAazgATEYafINDY

Number of|] Training Testing | Number of [Samples/| Label

Random Method Samples Samples Samples Labels Labels | Cardinality

Linear 1-5000 5000 4000 1000 6651 0.6014 4.4873 6.7467E-04
Linear 201-5200 5000 4000 1000 6646 0.6019 4.3305 6.5159E-04
Linear 801-5800 5000 4000 1000 6682 0.5986 3.9830  5.9608E-04
Linear 5001-10000 5000 4000 1000 6937 0.5766 3.1175  4.4940E-04
Linear 10001-15000 5000 4000 1000 7079 0.5651 2.7965 3.9504E-04
Linear 12201-17200 5000 4000 1000 7088 0.5643 2.6660  3.7613E-04
Linear 15001-20000 5000 4000 1000 7228 0.5534 2.6535 3.6711E-04
Linear 20001-25000 5000 4000 1000 6931 0.5771 24700  3.5637E-04
Linear 25001-27932 2933 2346 587 4792 0.4896 2.4224  5.0551E-04
Random seed-42 5000 4000 1000 8468 0.4724 3.1473 3.7166E-04
Random seed-101 5000 4000 1000 8422 0.4749 2.9568  3.5107E-04
Linear 1-6000 6000 4800 1200 7560 0.6349 4.2481 5.6192E-04
Linear 6001-12000 6000 4800 1200 7914 0.6065 3.0110  3.8047E-04
Linear 12001-18000 6000 4800 1200 8109 0.5919 2.6469  3.2641E-04
Linear 18001-24000 6000 4800 1200 8116 0.5914 2.4935 3.0724E-04
Linear 24001-27932 3933 3146 787 5983 0.5258 24619  4.1148E-04
Linear 1-7000 7000 5600 1400 8465 0.6615 4.1248  4.8728E-04
Linear 1-27932 27932 22345 5587 23335 0.9576 3.0060 1.2882E-04
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M99 3.2 naasudumaslunszy dmsvgaious wazyanadou vowunazyatoya

Random Method Training Samples Avg. Words | Testing Samples Avg. Words

Linear 1-5000 132 134
Linear 201-5200 135 130
Linear 801-5800 138 134
Linear 5001-10000 150 143
Linear 10001-15000 159 155
Linear 12201-17200 159 163
Linear 15001-20000 163 172
Linear 20001-25000 164 168
Linear 25001-27932 168 168
Random seed-42 156 156
Random seed-101 159 153
Linear 1-6000 134 135
Linear 6001-12000 151 156
Linear 12001-18000 161 156
Linear 18001-24000 166 165
Linear 24001-27932 168 169
Linear 1-7000 137 133
Linear 1-27932 155 156

i < ) [ o [
3.7.2. wivgadeyasenilugadeyadiivion] vazyadoyadmsunadon

9 ) @

9 A A v 9 ' ° ' <
%1ﬂ°]jﬂ"llf]1]ﬁ‘l/lla't)ﬂhlﬁuﬁ’lﬁlm 3.7.1 URasAuA “Vnﬂﬁ'!lﬂﬂﬂﬂﬂ!ﬂuﬂ;ﬂﬂl@ﬂﬁﬁ1ﬁiﬂ

U Q U

~ 9y R 9 o (% . 9 as
NISLIgUY (Training Dataset) HAZYAUBYATIMIUNITNATDY (Testing Dataset) A38I5N1T a1l

9 =

an uIdmF (Split Validation) Tudaediu 80:20 fin Uyadoyaiions 80% uazgadoyanadon

A ' v Y oy oA 2 ' ) Y Y
20% Iﬂﬂlﬁ@ﬂﬂWﬂWiquﬁ\‘muﬂ 42 (random state = 42) ‘ﬂ&lﬁ%lﬂﬂﬂ"ﬂﬂﬂllﬂﬁ%%ﬂﬂlﬂuyﬁl‘lﬂllﬁﬂdl‘h

1115199 3.1 uaza15199 3.2
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3.73. MuumdaduauIFneiyatoyad1nol (Label Cardinality) Az AINHUILLY
YoIyAToyam1ADY (Label Density)

5100210eAUDIAA YATDYA LAZANULANANYDIRUANTANNADA IUgUves A1
dadiuauFnvesyadoyaninoy (Label Cardinality) 182 ANUHUILIUYBIFATDYARIADY

(Label Density) Iattaaae1 13 lumsen 3.1

9y
3.7.4. M3ieudvewnuTa0nIRY (Original Model)
a31quyusiasauuuiaednulua1uive Cold Start Thread Recommendation as
Extreme Multi-label Classification (Kishaloy Halder, 2018) 1a81i518a2198A%09n052UIUNIT
=1 Y o dy
FouUIALLl

@

9 o A o Y { o a o
a. ahuuuaosnlanyurawnudslunini 3.9 @uoumndmesaivise
as9a0Y [AvInmaniIn)

o = vq ¥ o Yoy A Y} o =~
b. ﬂTﬁ‘Llﬂﬂig‘lﬂuﬂﬁLﬁﬂugﬁlﬁllﬂﬂﬂ']ai’)\‘liﬂEJGlGIf'JﬁﬂﬁlﬁfJ‘LlijL‘iJUﬂﬂll (Adam) M

@

= = Y . 1A
UOAITINITLI8US (Learning Rate) 981 0.003
o 1 1 1 (% o o P o o
c. MUIUAUNAIAIUNALVONA1AY (MRR), TA0aaN M a1auLsn (Recall@M)
] I ~ k) 1 a o o
waz anvunzluazauiaaneuaien1dng (NDCG@M) d115u M =[5, 10,

30, 50, 100] A5 uTeyayaEeus tazdoyayanaaon

3.7.5. M3GoUU0ULUUTINEI XMLC-PAO U7 1 (XMLC-PAO-1)

[

1 Y
a519uD1 XMLC-PAO nuuil 1 Taelisisazidoavednszuiumsisouiail

[

o A A [ o { o a 14
a. a%’mm‘umam‘nuaﬂymzmgmuwﬂumwﬁ 3.10 (N) (IUIUWITIVINOT
FI170ATIa0Y 1A91NNIANLIN) FALNTATIUVDINITAAVUIANAVD

v
9

Toyafmnouad 3 A1 AIl

A

[ 1 an ] aa I
i AAFIUNAANIKAD 0.5 (Ratio 0.5) ﬁ’f) mimsudasiiaon Y idu H

uazaadIulAToyamneUawNaD 50%
o 1 Aan . o Aaa I
ii. dadiulianunie 0.8 (Ratio 0.8) Ao viniswlaliasn Y iy H
o aa 9 o =)
HazandIuIUNATEYAMADUALNAD 80%
[ U an o an I 1
iii. dadinianunas 1.0 (Ratio 1.0) Av vinmsuilasiiann Y idlu H ua

Tutimsaasiuiifag
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FnsSunnazdaaIuNANIYaVINUVII1A0Y XMLC-PAO HUVH 1
o o gy X Yan A v o a

HUVTIAD9 6 MU0 a3 19U TasldITMITeuuIVEAN (Adam) N

UAAZIUUTIA09 1ATINI550U (Learning Rate) 11911 A0 0.0015, 0.003,

0.006, 0.008, 0.01 ttag 0.02

A1UIUAT ANUNTEAIUNTVVOIG1AY (MRR),5A008N MAa1auusn

[l I A Y 1 a
(Recall@M) tiaz anudziluazaunaanoualsn1lnig (NDCG@M)

= Y

d1msu M =I5, 10, 30, 50, 100] dnSudoyayaisous uazdoyaganadon

Q

Y
FHSVUDUIEDINT 18 BUUIIa8

3.7.6. M3iOU3VULUTIADI XMLC-PAO 1UU# 2 (XMLC-PAO-2)

Y A = = = 9 2
31U Y XMLC-PAO 1Luun 2 IﬂEJSJﬁEJamE)fJWUENﬂigﬂ’luﬂﬁliﬂug U

a.

b.

[

[

afrusiassidanyassaunudalunmi 3.10 () @oumaimes
awsansaey 189 anuIn) Fazlidagiuveinsanvuiniaves
Foyafmewas 3 i1 fail
i daduiiananan 0.5 (Ratio 0.5) Ao imsuasiifan Y idlu H
uazaasIulAYeyamnoUaunie 50%
i, dadiuiianunae 0.8 (Ratio 0.8) Av inisuilasiann Y dlu H
uazaasIulAYoyamnoUALaD 80%
i, daduiAnuran 1.0 (Ratio 1.0) Ao vimsulasiaain Y dlu H ug
Tusimsaasiuiinas
dnfundazdadiuianunanve U109 XMLC-PAO UV 2
uusiaes 6 nuusiassezgnaiieiy Taeldssmsdeuduunedy (Adam) #
UARZIUUTIA09 1ATIN550U5 (Learning Rate) A191U A0 0.0015, 0.003,
0.006, 0.008, 0.01 tag 0.02
AUUAT ANUNABEIUNGUVDIEIAY (MRR), 3ADASTH M A1 LT
(Recall@M) 11 anutnziluazaufiaaneudieaina (NDCG@M)

=) Y 9

15U M =[5, 10, 30, 50, 100] d1viFudoyagaFoui uazdoyaganaaol

Q U U Q

Y
FHSUUDUDDINT 18 BUUIIa8
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)

3.7.7. WssumguHaMINAaeIdIMFULUUTI009 XMLC-PAO NUNAIINUULTIA0IAAY
o = =\ 1 A 1 o o w = <A o o
MmsufSeumenauadedIunduvedd1an (MRR), 5A0adN Ma1auLsn
] I 1 1 a o
(Recall@M) az ANuuvziiludzaniaanoudlon1lnd (NDCG@M) vo4uUUTIa09
XMLC-PAO U7 1 tiag XMLC-PAO Uil 2 d1m509n ) dadiulianunae uag yn q a

[ =\ Y o o 3’, 9 = k) v
VYIDATINTILTYUI NUNAITNUVUINADIANAY mwamﬁmamﬂz"lmmmTﬂuuwaﬂulﬂ



UN 4
=S
NaMIANHE

= o aa y ° 99 9 o ) k4
MIANYINITAAIIUIUNAUDYAYIAIIN1NDU Tﬂﬂﬂizqﬂﬂﬁhﬂmumammiljﬂug

a . [ o Y o .
EAGH (Deep Learning Model) meimuuﬂﬂizmmjayjawmaﬂmau (Extreme Multi-label
Classification) 91031 U 798 Cold Start Thread Recommendation as Extreme Multi-label
. . . ' o o aa gy o Y
Classification (Klshaloy Halder, 2018) ﬁ'JlIﬂ“]_lﬂ?iﬁﬂiﬂu’)‘lﬂ\l@ﬂlﬂgﬁﬂﬁ18?]1@]@“” Tﬂﬂslf]fﬂﬁi
an A Y . . . . H
wilaalipwaau (Principle Label Space Transformation — PLST) (Farbound Tai, 2010) 38413
a 4 = < 1 2 A v 1 dy
NITUATISUNANITANH fJE]ﬂLlJ‘L! 5d7U %th1ﬂﬂ15ﬂﬂﬁﬁ)llﬂu
A [ 9 %] g’.& Y
4.1. mnaauaum;@m I@ﬂﬂ?if}'ﬂlﬁﬁ]ﬂﬂ]ﬁ)yﬁ 5000 11 ‘V]\ifﬂil,ﬁ@ﬂsl]@yﬁ

BUUFUAY wazmsidondoyauuugy

a

a Y o
4.2. ATRADVTNUATIY Iﬂﬂﬂ'ﬁlﬁaﬂ%@y‘ﬁll‘UUL%\uﬁu 6000 a1

L]

a

43. asnvdeuaNNAgIY TagnsidendeyaunuFudu 7000 @ausn

a3

9
4.4. asndevauuagv lavldvoyanavua

QU

4.5. nfovMaveUVTIaINANga MIHIVLAILNGUAIDE

q

° a 4 ' (3
Tﬂﬂ%Tu’JuWTiTNL@@iﬂJ@QLL@]ﬁgLL‘]J‘Uﬁ]Tdf)ﬂﬁﬁ\lﬁﬂ@]i’llﬂﬁ@ﬂbl@gl}ﬁ]”lﬂﬂ”lﬂN“L!’Jﬂ

4.1. avaovannfgiu Iagmsganaandeya 5000 43 NIn1sIaeNVoAIVLITUTY HAZMS
A Y 1
aenvayalUugH
= ' o s A a 2 9 k4
nanisan ludiuil Tyatlszasdimenadeuduuagiusudnvelnssaiig
° ~ Aa o dy Y (o ' A a £ ° ydd’!
puuraesnauddet 1dsulye Newsamulsz@nsammsihauldavu Tagns

= 1 v [J

9
WeuMeuramsAnyIvesaazuUUTIaedaaIumMIanla nu wamﬂmsuuumammﬁ’u
o [ 1 =1 A a Y A [ @ ~
AN ITUHAASUDIVIIATT NUUNOANANTITINAQDY ISUAUAUNIUUTANNNU AUUN
Yy Y A 1 AaA ' o A Y Y ada A o Ao
IHUAIYT AN ﬂaﬂmﬂmqﬂ“’lmmamm HAZAUAVNIUUAIYTUUIU ADAIAUAUNANT A

s993uNANavFILA T UuAaZ L)
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4.1.1. WAMsNAALIYAYOYA Linear 1-5000
HAN1INAADIVDITOYA Lincar 1-5000 FANAAOU (A1319 4.1 - 4.3) HUUT1A0
XMLC-PAO-2 d1i5udadaunisaniia 0.8 uaz 146a51n13i50u51M10v 0.02 (XMLC-PAO-2,
Y a A A A =~ [ o g}z Y 1 A dz’
0.8,0.02) 1dmadanga (1319 4.2) TagionfTouMeunuuUUTI0IAIAY AT mrr 1NV Y
' Y v Y
0.9%, A1 recall @10 — recall@100 LNAYU 0.2% - 32.0% LALA1 ndeg@S-ndeg@100 LAWY 1.2%
= <3 Y a a o o A dal o o 1 A g
- 14.5% aziiv I nlsz@nsmmmshauvesuuiiaeunuaudmiun M ngaau
Y ~ Y o o o = o 9 a
Han1snaaesvesteyagaizou dimsvuuniiaeuaanu Idwalydludisns
= Y ] Aa 19 3 v
@eanu wazliwananndoyaganaaeuaniios (11319 4.56)
4.12. wamsnaaedgAdeya Lincar 201-5200
HAN1INAADIVDITOYA Lincar 201-5200 FANATOU (A1519 4.4 - 4.6) HUUT 1A
XMLC-PAO-2 dwifudadiumsaaiia 0.8 uazl4oas1msHeuiiminy 0.006 (XMLC-PAO-2,
Y aa A A = [ o 2’/ Y U A dy
0.8,0.006) 1iwadNga (91319 4.5) TasilenfTouioununuuT1a09AIAU A1 mrr 1NLTY
' 9 1 Y
0.3%, A1 recall@s — recall@100 NNAYY 1.3% - 63.0% L1ALA1 ndeg@S-ndeg@100 ANAIU 1.5%
1 a A "W 9 2 dal 1
- 18.0% uatlszansnn lu laminvuaiua M
EY 2 Y 9 A 1 9
Han1InaaedveIdoyagaizond linanuand1anindoyaganaaon (1519 4.58 — 4.60)
HUDT1A99 XMLC-PAO-2 f115Udadunsaniia 0.5 uazldonsinisFeuiminy 0.01
Y aa
(XMLC-PAO-2, 0.5, 0.01) 1iwadnga (11313 4.58)
4.13. WamsnaaedyAveya Linear 801-5800
HAN15NAADIVYOITOYA Lincar 801-5800 YANATOU (A1314 4.7 - 4.9)UVUT 100D
XMLC-PAO-2 dm5udadiumsania 0.8 uaz190a51msi5ou51910 0.008 (XMLC-PAO-2,
[ 1 i1 Y
0.8, 0.008) ldwadniga (a3 4.8) TasilonSeuieununuusiassnsdu udimlsuaiana
n 9 1 o 2/.; 9 1 I~ Y o
vzl ldgenmannuuuiiaesnsduediuiiu ldsamu
HAN1INABDIVDIToYaYAEeus InnaNluand 19 IndoyayANadoy (A1519 4.61 —4.63)

(2 (2 1

nUUT1a03 XMLC-PAO-2 dmiudadiunisania 0.8 uazldoasinsiseudiminy 0.01

]
aA

(XMLC-PAO-2, 0.8, 0.01) 1madnaa (11319 4.62)

Q

4.1.4. Wﬁﬂﬁ‘l’lﬂﬁ@\??’ﬂ‘fl/ﬂyﬁ Linear 5001-10000

Nﬁﬂ1i‘1/]ﬂﬁ@\‘1"ll®\1"ﬁjf]1€!ﬁ Linear 5001-10000 fanaaoU (®1319 4.10 - 4.12)

[ 1

BUUTIa09 XMLC-PAO-1 dsudadiunisaniia 0.5 uazl4oas1n1sEouiminy 0.006

v v X 9
(XMLC-PAO-1, 0.5, 0.006) 1¥imadnaa (91319 4.11) TasiianfSsumsusuuuuiiasiaady

q
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f1 recall@M AU 14.5% - 24.4% 1Az ndeg@M Y 6.6% - 17.3% nazlszAngam
iAWY M 1573 i1 mrr, recall @10 1A% ndeg@10 925ATEN HANNLULT 1A IRITY
nansnaaevestoyayaisoud Inaiuanaanndeyayanadoy (13519 4.64 - 4.66)
HUVT1a09 XMLC-PAO-1 dmiudadiunisaniia 0.5 uazldoasinisiSeuiininy 0.01
(XMLC-PAO-1, 0.5, 0.01) 1¥nadfiga (m319 4.64)
4.1.5. HAM3INAADIYALDYA Lincar 10001-15000

Nﬁﬂﬁ‘lﬂﬂﬁ@ﬂ"ﬂ@\‘]"ﬁ}@yja Linear 10001-15000 ¥anAa 01U (13514 4.13 - 4.15)

[ [ 1 a

o ) a Y o Y 1w
HUU1803 XMLC-PAO-2 @ MUTUAATIUNITAANA 1.0 LLaZGl"])’fJG]iWﬂWiGEJquHﬂU 0.006

(XMLC-PAO-2, 1.0, 0.006) 1iwadnaa (@1314 4.14) TavhilonSeufeununuudianendu
1 recall @10 — recall@100 LNV 1.2% - 5.1% LAZAT ndeg@30-ndeg@50 LU 0.1% - 0.4%
113391 mrr, recall@M 112 ndeg@M @151 M 10U v limiesnHannuuusIanIndy

9 cl v A

~ ' 9
Waﬂ'l‘iﬂﬂﬁ@ﬁﬂlﬂﬁﬂal}@ﬂ”aﬂgﬂliﬂui ‘ViNﬁVILLG]ﬂG]'NiHﬂGU@N”aﬂ;WWﬂﬁE]‘U (®1919 4.67 - 4.69)

U

(2 [ 1

HUUSIa09 XMLC-PAO-2 dniudadiunisaaiia 0.8 nazldonsinisizeudminy 0.008
(XMLC-PAO-2, 0.8, 0.008) Glﬁ’waﬁfﬁqﬂ (139 4.68)
4.1.6. WamMINAALIYAUOYA Linear 12201-17200

HAN1TNAADIVOIVOYA Lincar 12201-17200 FANAADU (A1519 4.16 - 71519 4.18)
nuusraesdadn Imaianiunusiaes XMLC-PAO Wideaiuy
nansnaaevestoyayaisoud Iinafiuanmanindeyayanadoy (13519 4.70 - 4.72)
HUUTIa09 XMLC-PAO-2 dmSudadiunisaniia 0.8 uazl4oas1n1s5ouiminy 0.006
(XMLC-PAO-2, 0.8, 0.006) 1fnadfiqa (n1314 4.71)
4.1.7. WamsnAaogAtoya Lincar 15001-20000

HAN15NAAOIUYDIT0YA Lincar 15001-20000 FANATOU (11519 4.19 - 4.21)
nuusraesdadn Imaiianiuuusiaes XMLC-PAO Wideauuy
HANINAADIVDITOYAYAITOUS (11519 4.73 — 4.75) Lmuﬁmaw‘?ﬁﬁ'ﬂﬁ'mﬁﬁﬁqﬂ
4.18. WamMInAaogAtoya Lincar 20001-25000

Nﬁﬂ15‘1/l@ﬁ@\1611’é]\1"17f]yﬁ Linear 20001-25000 ¥aNAa 0 U (®11919 4.22- 4.24)

Y H Y
UV Ia U IR HANAN U VTIaDI XMLC-PAO NIaDL1I1)
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HANINAADIVBITOYAYAITOUS (A1T19 4.76 — 4.78) 1UUT1ADI XMLC-PAO-1 dmSudadiu
n1saniia 0.8 uazl¥oas1n1350u51M1AY 0.006 (XMLC-PAO-1, 0.8, 0.006) “lﬁ’waﬂﬁ'ic;fﬂ
(M54 4.77)
4.19. WaMINAALIYATOYA Linear 25001-27932 (2933 A10819)

HAN1INAADIVBITYA Linear 2500127932 yaNAdoy Faiidoyaifios 2933
§209619 (TN 4.25 - 4.27) LUVT1a09 XMLC-PAO-2 dmsudadiumsaniia 0.5 wazldoai
M35 0udIiIfY 0.006 (XMLC-PAO-2, 0.5, 0.006) 1#nadfiga 1319 4.25) Tasfiile
wRsuidenfununsiaeadadu f1 mer fiuAY 9.7%, A1 recall@5 — recall@50 LAY 0.2% -
9.6% LAz ndeg@5-ndeg@50 A 7.1% - 17.8% 13 recall@100 1182 ndeg@100 921
Hosnimasuuiiaesnadu
HANINAROIVBITOYAYAITOUS (A1319 4.79 — 4.81) LDVTIADI XMLC-PAO-1 dmSudadin
msaaia 1.0 uazl40a5101550u 319100 0.01 (XMLC-PAO-1, 1.0, 0.01) “lﬁ'waﬁﬁqﬂ (®1519
4.81)
4.1.10. wamivmaowmgf@ga Random seed-42

HAN1INANDIYDUDYA Random seed-42 YANATOU (A1519 4.28 - 4.30) HUVTIADY
SaduTHaiAn L1908 XMLC-PAO Had0di)
namsnaaevesTeyaraion? (1319 4.82 — 4.84) nuuaesdadu i kaRiaiiaa
4.1.11. wamimamm%’aya Random seed-101

HANINAADIVDIUDYA Random seed-101 FANATOU (A1519 4.31 - 4.33) LLUTIADS
Sadu I HaiAn D199 XMLC-PAO Had03111)

] Ay o ¥ v qu Aad
HaN1INAaDIUDIVDYAYALTIU] (1919 4.85-4.87) LL‘]J’Umﬁ?JWNﬁuGlWNﬁVIﬂVIQ'ﬂ

4.2. asnaeuannfgiu JagmsiaentoyauuuiB udu 6000 47
= ' 2~ s A o = o J ' 9 <
wamsan luaiui YgalszasamedSunlasuduaudiegialugadeyailv
(3 v ' 9 o A a o dy Y (o A a Q\{
6000 A19819 1 Iasead1anusiaesnauIveil lalulye amunsamulszansaiwnms

o ﬁidda! A ' =} = J o [ U an
Vl'l\ﬂuulﬂﬂ"lluﬂi’f]uhl TﬂElﬂ'lillﬁ'fl‘ﬂﬂ/lﬂﬂWﬁﬂ'liﬁﬂ‘i&l'lﬂl’f]\i!lﬁﬂgllﬂﬂﬂ?ﬁﬂﬂﬁﬂﬁ?uﬂ’liﬂﬂuﬁ U

9
wamﬂmmuuﬁmmmﬁ’u
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v
A Y A0 v W

’s’?m%’mwiazummmmﬁnﬂ’uﬁﬂwamﬁmam AANAVNUUTA1NY amsuﬁLﬁ’u

% a A 1

Sreduas femiiangaluudazund uazduaviiniudiedihibu femduaviiaigasesan
nnAAavILAS IuLAaZLD )
42.1. WAMINAALIYATOYA Linear 1-6000

HAN1INAADIVYDIY0YA Linear 1-6000 YANAADL (A1319 4.34 - 4.36) NIV 1A0AN
FuliraiianTuunsiass XMLC-PAO Hageaiy
HANINAROIVBITOYAYAITOUS (1319 4.88 — 4.90) LDVTIADI XMLC-PAO-1 dmSudadin
nsaaia 1.0 uazl¥8as1n1550u519110U 0.0015 (XMLC-PAO-1, 1.0, 0.0015) “lﬁ’waﬁﬁqa
(11519 4.90)
422. WAMINAROIYATOYA Linear 6001-12000

HAN1TNAAOIVOIV0Ya Lincar 6001-12000 FANATOU (A1519 4.37 - 4.39)
nunSraesdsdu I HaRAN U109 XMLC-PAO Wiao )
HANINABOIVBITONAYAITOUS (A1319 4.91 — 4.93) LDVTIADI XMLC-PAO-1 dmSudadin
nsaaia 0.5 nazl9ens1n135 o150 0.0015 (XMLC-PAO-1, 0.5, 0.0015) “lﬁ’waﬁﬁqa
(M319 4.91)
423. WamMInAaeyAtoya Linear 12001-18000

HAN1INAADIVDIVOYA Linear 12001-18000 FANATD Y (A1314 4.40 - 4.42)
nnassraduIiraRANTIa09 XMLC-PAO Wiae
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Best_Result ' B .
1501 o xmceao | @ XMLC-PAO-2,0.8,0.02:
Original | g 6651, Linear 1-5000

| . ® XMLC-PAO-2,0.8,0.006:
425 ! 6646, Linear 201-5200

400 § ® XMLC-PAO-2,0.8,0.008:
: 6682, Linear 801-5800

375

Linear Sampling

n
S

Random Sampling

Label Cardinality

25 org:

8468, Random seed-42 @ XMLC-PAO-1,0.5,0.006:

org: 6937, Linear 5001-10000
8422, Random seed-101

org: 7| @ XMLC-PAO-1,1.0,0.006:

27 o088, Linear 12201-47200_ 7079, Linear T0001-15000
7228, Linear 1500120000
250 org: a

6931, Linear 20001-25000
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=1
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0.00040 @V (XMLC-PAO-2,1.0,0.006, 7079, "Linear 10001-15000')
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45 .['l!MLC-PAO-).O.s.0.0Z}'. 6651, 'Linear 1-5000°) o 2:15:‘5115;“

Original
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[0 fferaoPgPotR? bobinepmid? AbATRAMANGL09, ‘Linear 12001-18000)
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[ [(XMLC-PAO-1,0.5,0.006], 5000, 6937, Linear 5001-10000)

§¢ V(XMLC-PAOD-1,0.5,0.01), 3933, 5083, ‘Linear 2400127932
| ((XMLC-PAO-2,1.0,0.006), 5000, 7075, ‘Linear 10001-15000°)

| {ory’ 5000, T0ss, -ul..\;"fm‘?l‘?ﬁ-]" ‘Linear 6001-12000°)

! Lorg’, 5000, 7228, "inear 15001MboGTP” 3000: 8468, ‘Random seed-421
| Corg', 5000, G031, Lmearzmol-zsoooh Carg, 5000, 8422, Random seed 1011

-} Vorg’, €000, 8109, 'Linear 12001-18000°)
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HansnaaeIoyaANATeY MMSUYeYa 5000 AV

E E
M523 4.1 : Wenifeuwadeya Lincar 1-5000 ganadoy dmSudadiunmsania 0.5 5zMIUUUTIA0 XMLC-PAO 13 2 U1 A1 HUUTIABIRIAY

Random Method Linear 1-5000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1 : 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0365 0.0246 0.0265 0.0293 0.0303 0.0187 0.0265 0.0307 0.0268 0.0268 0.0268 0.0256 0.0245
recall@5 2.0891 1.2273 1.4648 1.5841 1.2633 0.8265 1.1411 1.7091 1.2262 1.4862 1.3883 1.0316 1.3563
recall @10 3.0334 1.5186 1.8984 2.2281 1.9994 1.2204 1.7546 2.1302 1.5388 1.8587 1.7367 1.2203 1.6706
recall @30 5.4200 2.2323 2.5025 4.6440 3.8904 2.0585 3.0559 2.9461 2.3769 3.9438 4.3213 2.3243 2.5253
recall @50 7.6148 3.5811 3.8267 6.0284 5.0657 2.8173 4.1777 4.5599 3.2173 4.9634 6.4679 3.5878 3.5136
recall @100 9.2270 8.5839 8.6231 8.4264 9.1708 7.1184 9.0129 9.4397 7.3718 8.9361 9.5915 8.0896 7.6672
ndcg@5 1.4764 0.9593 1.0555 1.1867 1.0528 0.6405 0.9988 1.3356 0.9991 1.0935 1.0553 0.9359 0.9105
ndcg@10 1.9867 1.1310 1.2805 1.5257 1.4087 0.8242 1.2674 1.6110 1.1861 1.3354 1.2824 1.0682 1.0879
ndcg @30 3.0016 1.4666 1.5623 2.4040 2.1343 1.2250 1.8631 2.0355 1.5637 2.1783 2.1876 1.4788 1.4903
ndcg @50 3.7044 1.8322 1.9700 2.8513 2.5330 1.4781 2.2273 2.6932 1.8355 2.5507 2.7545 1.8402 1.8013
ndcg@100 4.1850 3.0413 3.2487 3.4717 3.6183 2.5676 3.5406 3.9128 2.8803 3.5253 3.5540 2.9559 2.8733
Process_data_time
seconds| 286.0810 276.4867 | 264.1901 264.8814 | 266.7158 | 267.9199 | 269.1589 | 279.2522 | 280.8876 | 281.2558 | 282.3455 | 283.0533 | 284.3426
hrs 0:04:46 0:04:36 0:04:24 0:04:25 0:04:27 0:04:28 0:04:29 0:04:39 0:04:41 0:04:41 0:04:42 0:04:43 0:04:44
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label 0.6014
Y_test_dim (1000, 6651) Label Density 6.7467E-04
= 9 o [ (% 1 aa 1 o g’.} [ o g’/ 9
MINN4.2: u,iﬁ'ﬂumauwamaya Linear 1-5000 %ﬂﬂ@’ﬁ@ﬂ FIUTUFAATIUNITAANUA 0.8 ENINNUUUVINADI XMLC-PAO 114 2 LU DU LHUUDIADINIAU
Random Method Linear 1-5000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0365 0.0211 0.0275 0.0206 0.0204 0.0260 0.0296 0.0249 0.0236 0.0239 0.0244 0.0329 0.0369
recall@5 2.0891 0.7302 1.2239 0.4723 0.9411 1.0991 1.2012 1.3327 0.9153 1.0961 1.0160 1.5445 2.0224
recall @10 3.0334 1.0579 2.0901 0.9552 1.1972 1.4757 1.4960 2.0059 1.2653 1.5347 1.4242 2.1845 3.0396
recall@30 5.4200 1.9511 3.5693 1.5763 1.5346 2.2081 2.1015 3.4993 2.1321 2.5930 2.6951 3.7227 5.9568
recall@50 7.6148 3.1265 4.7107 2.0826 2.5945 3.6163 4.1894 5.7564 2.8948 3.6950 3.7178 4.9089 7.9776
recall @100 9.2270 7.1954 8.3646 6.9748 8.0288 7.6526 8.4137 9.2408 8.1906 8.2971 6.3807 8.7190 12.1814
ndcg@5 1.4764 0.6763 0.9801 0.5398 0.7944 0.9539 1.0798 0.9739 0.7478 0.8664 0.8732 1.2506 1.5471
ndcg@10 1.9867 0.8285 1.3737 0.7574 0.9311 1.1659 1.2489 1.2989 0.9343 1.0972 1.1071 1.6014 2.0365
ndcg@30 3.0016 1.1837 1.9887 1.0540 1.1287 1.5422 1.5940 1.9370 1.3009 1.5778 1.6447 2.2599 3.1599
ndcg @50 3.7044 1.5151 2.3855 1.2272 1.4561 1.9583 2.2241 2.5836 1.5293 1.9391 1.9793 2.6945 3.7483
ndcg @100 4.1850 2.5199 3.3373 2.4092 2.7453 3.0439 3.3873 3.4483 2.8137 3.1496 2.7227 3.6962 4.7933
Process_data_tim¢]
seconds 286.0810 271.3268 | 272.5074 | 274.0789 | 274.4366 | 276.4196 | 276.3945 | 288.9709 | 290.2965 | 291.2522 | 292.2474 | 293.8584 | 294.5012
hrs 0:04:46 0:04:31 0:04:33 0:04:34 0:04:34 0:04:36 0:04:36 0:04:49 0:04:50 0:04:51 0:04:52 0:04:54 0:04:55
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label 0.6014

Y_test_dim (1000, 6651) Label Density 6.7467E-04
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Random Method Linear 1-5000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0365 0.0287 0.0311 0.0345 0.0312 0.0253 0.0339 0.0294 0.0234 0.0284 0.0281 0.0274 0.0326
recall@5 2.0891 1.5724 1.7655 1.2418 1.1405 1.4874 1.9366 1.3385 0.5074 1.5986 1.4111 1.1404 1.8830
recall@10 3.0334 2.0420 2.2721 2.4064 2.2361 2.2144 2.7226 1.9416 1.0538 2.2711 1.8592 1.6388 2.3552
recall @30 5.4200 3.9073 3.6397 4.3699 4.3218 3.2946 4.5393 3.3386 2.1229 3.9887 3.4070 2.4071 4.4805
recall@50 7.6148 5.3588 5.3293 7.0437 5.5282 4.5212 5.8158 4.8029 3.9074 4.9535 5.0221 4.1000 5.8318
recall@100 9.2270 9.6981 9.3404 11.1003 9.0054 7.8933 9.5335 8.6015 9.3783 9.5006 8.9596 8.2992 8.6003
ndcg @5 1.4764 1.1466 1.3421 1.2041 1.1523 1.0408 1.4324 1.0651 0.6227 1.1361 1.0689 1.0022 1.4064
ndcg @10 1.9867 1.3677 1.6222 1.7260 1.7168 1.3694 1.8109 1.3663 0.9053 1.4858 1.3235 1.2644 1.6508
ndcg @30 3.0016 2.1431 2.2527 2.5880 2.5576 1.8228 2.5939 1.9352 1.3810 2.2741 1.9552 1.6790 2.5785
ndcg @50 3.7044 2.6223 2.7497 3.2864 2.9650 2.2285 3.0570 2.3718 2.0406 2.6217 2.4093 2.2023 3.0129
ndcg @100 4.1850 3.7202 3.8140 4.2777 3.8958 3.1506 4.0541 3.4289 3.3266 3.7890 3.4488 3.3575 3.7479
Process_data_timg
seconds 286.0810 278.7729 | 281.3054 | 281.3162 | 282.5347 | 284.7627 | 284.4292 | 299.4775 | 300.5688 | 301.4037 | 302.7960 | 305.0587 | 304.0337
hrs 0:04:46 0:04:39 0:04:41 0:04:41 0:04:43 0:04:45 0:04:44 0:04:59 0:05:01 0:05:01 0:05:03 0:05:05 0:05:04
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label 0.6014

Y_test_dim (1000, 6651) Label Density 6.7467E-04
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Random Method Linear 201-5200 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0472 0.0366 0.0387 0.0292 0.0437 0.0188 0.0427 0.0421 0.0473 0.0199 0.0216 0.0461 0.0364
recall@5 1.5414 1.5996 1.7202 1.3143 2.4568 0.6727 1.3593 1.9325 1.9139 0.5995 0.6274 2.3332 1.1992
recall@10 3.3215 1.9357 2.3895 1.5412 2.8282 0.8718 1.9208 2.3472 3.0482 0.6641 0.6635 3.1440 1.7958
recall@30 5.3865 2.6067 4.0232 2.5928 3.8394 1.2322 3.8025 3.6165 5.0904 1.1771 1.0669 5.5442 3.0533
recall@50 7.4646 3.3420 5.6376 3.7224 5.3906 1.4778 6.3574 4.6485 6.3568 1.4925 1.3995 8.3470 3.8779
recall@100 10.5961 8.4244 9.6906 8.6731 8.7754 5.6959 10.7711 9.0241 9.5530 7.1388 3.3608 11.4456 9.4588
ndcg@5 1.7031 1.4099 1.5333 1.1520 1.9330 0.6208 1.5287 1.6735 1.8100 0.6437 0.5903 2.0120 1.3174
ndcg@10 2.3793 1.5942 1.8119 1.2883 2.1534 0.7261 1.8371 1.9068 2.3445 0.6781 0.6305 2.3767 1.6575
ndcg @30 3.1913 1.8859 2.4104 1.7267 2.6572 0.8824 2.5969 2.4671 3.2244 0.8727 0.8190 3.2013 2.2401
ndcg @50 3.9156 2.1600 2.9406 2.1736 3.1911 1.0063 3.3640 2.8142 3.6777 1.0142 0.9723 3.9317 2.5425
ndcg @100 4.8292 3.3171 3.9249 3.3467 4.1037 2.0866 4.4495 3.8698 4.4807 2.3501 1.6550 4.7106 3.8328
Process_data_time
seconds 298.4902 274.6650 | 275.9238 277.4712 | 277.4948 | 279.5860 | 280.7333 | 287.7428 | 276.8370 | 277.8015 | 277.1003 | 274.6248 | 277.6804
hrs 0:04:58 0:04:35 0:04:36 0:04:37 0:04:37 0:04:40 0:04:41 0:04:48 0:04:37 0:04:38 0:04:37 0:04:35 0:04:38
Y_train_dim (4000, 6646) Label Cardinality 4.3305 Training Samples/Label  0.6019
Y_test_dim (1000, 6646) Label Density  6.5159E-04
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Random Method Linear 201-5200 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0472 0.0424 0.0454 0.0457 0.0410 0.0298 0.0328 0.0406 0.0307 0.0474 0.0435 0.0202 0.0418
recall@5 1.5414 2.1027 2.2041 2.3342 2.3098 0.6599 1.5639 1.4363 1.1772 2.5130 2.3043 0.4144 1.8894
recall@10 3.3215 2.9704 2.9728 3.0029 2.6957 1.6884 1.8581 2.2961 1.3339 3.3650 3.0570 1.0115 2.5567
recall@30 5.3865 4.1876 5.0489 5.3275 4.1748 2.3919 3.0339 4.9566 1.6479 6.1234 4.5028 1.3534 3.9095
recall@50 7.4646 5.5512 7.0595 8.2285 5.9408 2.7441 3.6712 7.0811 2.2921 8.6979 5.6345 1.7283 6.3257
recall@100 10.5961 8.8433 10.9263 13.1604 8.8745 7.2335 7.2775 11.3495 6.3969 11.4867 9.4163 6.1787 10.6778
ndcg@5 1.7031 1.8236 1.8172 2.0002 1.7983 0.7978 1.3513 1.4708 1.1093 2.0108 1.9433 0.4463 1.7182
ndcg@10 2.3793 2.2001 2.1702 2.3742 2.0257 1.2026 1.5060 1.9339 1.1920 2.4153 2.2824 0.6927 2.0280
ndcg@30 3.1913 2.7086 2.9274 3.3285 2.5716 1.5848 1.9581 2.9240 1.3572 3.4909 2.8031 0.8907 2.5738
ndcg@50 3.9156 3.1886 3.6098 4.1128 3.1059 1.7548 2.2224 3.4631 1.5775 4.2641 3.1837 1.0375 3.2924
ndcg @100 4.8292 4.1035 4.6045 5.2551 3.9531 2.8393 3.1868 4.4746 2.6168 5.0149 4.2724 2.0983 4.4394
Process_data_tim¢]

seconds 298.4902 283.5981 | 284.9692 | 285.9180 | 286.8207 | 288.2754 | 289.2524 | 282.9559 | 283.9396 | 281.5435 | 283.6406 | 283.0063 | 285.3268

hrs 0:04:58 0:04:44 0:04:45 0:04:46 0:04:47 0:04:48 0:04:49 0:04:43 0:04:44 0:04:42 0:04:44 0:04:43 0:04:45
Y_train_dim (4000, 6646) Label Cardinality 4.3305 Training Samples/Label 0.6019

Y_test_dim (1000, 6646) Label Density 6.5159E-04
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Random Method Linear 801-5800 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0469 0.0423 0.0346 0.0443 0.0373 0.0334 0.0413 0.0416 0.0354 0.0430 0.0444 0.0394 0.0389
recall@5 2.4902 1.8682 1.4484 2.5191 1.9495 1.1598 2.2918 1.6246 1.5569 2.0287 2.3430 1.6764 1.9685
recall @10 3.2302 2.9538 1.7857 3.3512 2.5913 1.9144 2.6646 2.4352 2.2895 2.9991 2.8405 2.7367 2.8631
recall @30 5.9076 4.4974 2.8571 5.3572 3.4286 2.6913 3.3229 4.4353 3.3675 3.9625 4.1072 5.1626 5.7999
recall @50 7.7635 5.1414 3.5863 7.2069 4.9669 4.6526 3.8788 6.4610 4.6917 5.0361 5.1001 7.2115 8.2743
recall@100 10.3164 9.0479 7.8305 9.8688 8.4027 9.0130 6.5868 9.1858 8.1954 8.5874 10.1420 12.0237 12.1090
ndcg @5 2.0496 1.7313 1.3068 2.1079 1.6689 1.1711 1.9453 1.5910 1.3848 1.7908 1.9713 1.5893 1.5851
ndcg @10 2.4330 2.2245 1.4804 2.4738 1.9652 1.5034 2.1672 1.9934 1.7280 2.2311 2.2432 2.0128 2.0120
ndcg @30 3.3850 2.8075 1.8782 3.1743 2.3569 1.8743 2.4867 2.7475 2.1256 2.6594 2.7479 2.8351 3.0702
ndcg @50 3.9415 3.0683 2.1074 3.6425 2.7867 2.5035 2.6891 3.2879 2.5028 3.0028 3.0536 3.4015 3.7529
ndcg @100 4.7976 4.0344 3.1489 4.3149 3.6297 3.6136 3.4032 3.9935 3.3648 3.8875 4.2450 4.5374 4.7099
Process_data_tim¢g

seconds 283.4980 278.3665 | 267.7825 267.5885 | 265.9119 | 268.1987 | 269.4404 | 298.2491 | 289.3050 | 290.1026 | 291.0396 | 292.9776 | 293.5673

hrs 0:04:43 0:04:38 0:04:28 0:04:28 0:04:26 0:04:28 0:04:29 0:04:58 0:04:49 0:04:50 0:04:51 0:04:53 0:04:54
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label  0.5986

Y_test_dim (1000, 6682) Label Density  5.9608E-04
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Random Method Linear 801-5800 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0469 0.0423 0.0346 0.0443 0.0373 0.0334 0.0413 0.0416 0.0354 0.0430 0.0444 0.0394 0.0389
recall@5 2.4902 1.8682 1.4484 2.5191 1.9495 1.1598 2.2918 1.6246 1.5569 2.0287 2.3430 1.6764 1.9685
recall@10 3.2302 2.9538 1.7857 3.3512 2.5913 1.9144 2.6646 2.4352 2.2895 2.9991 2.8405 2.7367 2.8631
recall@30 5.9076 4.4974 2.8571 5.3572 3.4286 2.6913 3.3229 4.4353 3.3675 3.9625 4.1072 5.1626 5.7999
recall@50 7.7635 5.1414 3.5863 7.2069 4.9669 4.6526 3.8788 6.4610 4.6917 5.0361 5.1001 7.2115 8.2743
recall@100 10.3164 9.0479 7.8305 9.8688 8.4027 9.0130 6.5868 9.1858 8.1954 8.5874 10.1420 12.0237 12.1090
ndcg @5 2.0496 1.7313 1.3068 2.1079 1.6689 1.1711 1.9453 1.5910 1.3848 1.7908 1.9713 1.5893 1.5851
ndcg@10 2.4330 2.2245 1.4804 2.4738 1.9652 1.5034 2.1672 1.9934 1.7280 2.2311 2.2432 2.0128 2.0120
ndcg @30 3.3850 2.8075 1.8782 3.1743 2.3569 1.8743 2.4867 2.7475 2.1256 2.6594 2.7479 2.8351 3.0702
ndcg @50 3.9415 3.0683 2.1074 3.6425 2.7867 2.5035 2.6891 3.2879 2.5028 3.0028 3.0536 3.4015 3.7529
ndcg @100 4.7976 4.0344 3.1489 4.3149 3.6297 3.6136 3.4032 3.9935 3.3648 3.8875 4.2450 4.5374 4.7099
Process_data_tim¢]
seconds 283.4980 278.3665 | 267.7825 267.5885 | 265.9119 | 268.1987 | 269.4404 | 298.2491 | 289.3050 | 290.1026 | 291.0396 | 292.9776 | 293.5673
hrs 0:04:43 0:04:38 0:04:28 0:04:28 0:04:26 0:04:28 0:04:29 0:04:58 0:04:49 0:04:50 0:04:51 0:04:53 0:04:54
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label  0.5986
Y_test_dim (1000, 6682) Label Density  5.9608E-04
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Random Method Linear 801-5800 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0469 0.0405 0.0341 0.0443 0.0330 0.0414 0.0377 0.0311 0.0389 0.0420 0.0451 0.0428 0.0346
recall@5 2.4902 1.9635 1.5774 1.6868 1.2340 1.9230 1.8544 1.4530 1.4190 1.8198 2.5657 2.4068 1.2252
recall@10 3.2302 2.5099 1.9769 2.9109 1.7370 2.8946 2.5764 1.6677 2.2507 2.6897 3.2103 3.2144 1.7427
recall@30 5.9076 4.2151 2.5235 4.9309 3.1263 4.2207 4.3789 2.4169 3.5186 5.7722 5.4566 5.4483 3.1589
recall@50 7.7635 6.0409 3.6578 6.2509 5.8714 5.5846 6.0397 3.2159 4.9845 7.3019 7.9920 7.8459 3.8710
recall@100 10.3164 8.5510 8.2139 10.9432 9.1321 9.5044 9.3541 6.1989 7.9497 11.0270 12.5838 12.2290 8.5201
ndcg@5 2.0496 1.7587 1.4324 1.7053 1.2452 1.6954 1.6378 1.1495 1.3890 1.7211 2.1232 1.9672 1.1264
ndcg@10 2.4330 2.0726 1.6311 2.2359 1.5210 2.1350 1.9611 1.2646 1.7516 2.1521 2.4530 2.3334 1.3942
ndcg @30 3.3850 2.8063 1.8630 2.9586 2.0983 2.6427 2.6091 1.5625 2.2848 3.0938 3.1737 3.0900 1.9356
ndcg @50 3.9415 3.4089 2.1621 3.3576 2.8405 3.0076 3.0505 1.7971 2.7544 3.5104 3.8500 3.7450 2.1835
ndcg @100 4.7976 4.0474 3.2656 4.5412 3.6371 3.9747 3.8758 2.6629 3.5448 4.4084 4.9226 4.8632 3.3610
Process_data_time
seconds 283.4980 271.7933 | 271.8287 | 273.0143 | 272.5572 | 276.1511 | 276.1874 | 298.3517 | 299.2540 | 300.3995 | 301.2700 | 302.5294 | 303.4267
hrs 0:04:43 0:04:32 0:04:32 0:04:33 0:04:33 0:04:36 0:04:36 0:04:58 0:04:59 0:05:00 0:05:01 0:05:03 0:05:03
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label 0.5986

Y_test_dim (1000, 6682) Label Density 5.9608E-04
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Random Method Linear 801-5800 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0469 0.0446 0.0307 0.0361 0.0408 0.0421 0.0393 0.0363 0.0431 0.0440 0.0342 0.0382 0.0446
recall@5 2.4902 2.1434 1.3286 1.7459 1.9269 1.8075 1.9314 1.3533 1.8091 2.3137 1.0746 1.1749 1.9970
recall@10 3.2302 2.6965 1.5657 2.0758 2.6841 2.9841 2.4452 1.8643 2.9035 3.1067 1.5173 2.2096 2.6903
recall@30 5.9076 4.0302 2.4455 2.7375 4.0731 4.5166 5.0301 3.2859 4.2724 4.5969 2.7161 3.4051 5.8812
recall @50 7.7635 5.1367 2.9942 3.2901 5.5213 6.3290 6.9570 3.9201 5.6322 6.1747 5.5960 4.4859 8.0711
recall@100 10.3164 9.1956 5.4523 6.7586 9.7110 9.3954 10.9417 8.1359 10.5185 10.6167 9.3135 8.0111 12.1950
ndcg @5 2.0496 1.8511 1.1394 1.5194 1.7151 1.7038 1.6279 1.3696 1.7462 1.9661 1.1390 1.2233 1.8396
ndcg @10 2.4330 2.1365 1.2658 1.7141 2.0861 2.2210 1.8944 1.6219 2.1768 2.3665 1.4303 1.6416 2.1975
ndcg@30 3.3850 2.6352 1.5926 1.9914 2.6213 2.8126 2.7144 2.0928 2.7068 2.9237 1.9925 2.0573 3.2994
ndcg @50 3.9415 2.9501 1.7700 2.1575 3.0344 3.2939 3.2326 2.2926 3.0929 3.3719 2.8002 2.3369 3.8173
ndcg @100 4.7976 3.9196 2.5024 3.0430 3.9789 4.0424 4.1905 3.2962 4.2578 4.4328 3.7367 3.2287 4.7815
Process_data_timg

seconds 283.4980 278.7431 | 281.0906 | 279.1697 | 279.4847 | 281.9901 | 280.9967 | 307.7984 | 310.2095 | 309.8961 | 311.1111 | 311.4987 | 313.5110

hrs 0:04:43 0:04:39 0:04:41 0:04:39 0:04:39 0:04:42 0:04:41 0:05:08 0:05:10 0:05:10 0:05:11 0:05:11 0:05:14
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label  0.5986

Y_test_dim (1000, 6682) Label Density 5.9608E-04
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1919 4.10 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%ﬂga Linear 5001-10000 ANAa DU fmTudaaIuMsanla 0.5 3$HINWVVINABI XMLC-PAO M4 2 111U N Lmuﬁmmméfu

Random Method Linear 5001-10000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1 : 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0397 0.0363 0.0313 0.0362 0.0392 0.0360 0.0371 0.0387 0.0324 0.0351 0.0359 0.0349 0.0370
recall @5 1.5283 1.5532 1.3891 1.7496 1.4561 1.4479 1.6183 1.7015 1.4669 1.4105 1.5943 1.5303 1.6421
recall @10 2.7876 2.2560 1.8946 2.5672 2.3825 2.2041 2.2901 2.3964 2.3035 2.5182 2.3231 2.3719 2.2804
recall@30 5.7617 4.3181 3.6349 6.7613 4.9553 4.4081 4.7210 5.3598 4.7794 4.9165 4.8526 4.6227 4.3116
recall@50 7.7477 5.9145 5.6100 9.2918 6.9149 6.4325 7.4145 7.2539 5.9932 7.0804 6.7690 5.6362 6.4574
recall@100 10.7601 9.4513 8.7663 13.3864 9.9367 10.0872 9.6532 11.0120 8.6158 10.2883 9.2426 8.5645 9.4503
ndcg@5 1.5317 1.5144 1.3246 1.6322 1.5189 1.4183 1.5152 1.6045 1.3085 1.3394 1.4841 1.4597 1.5721
ndcg@10 2.0432 1.7895 1.5211 2.0021 1.8989 1.7300 1.8131 1.9044 1.6252 1.7667 1.8109 1.7919 1.8349
ndcg@30 2.9328 2.4083 2.0556 3.2470 2.7342 2.3979 2.5466 2.7411 2.4035 2.4968 2.5214 2.4938 2.4783
ndcg@50 3.4034 2.8198 2.5418 3.8833 3.2125 2.8775 3.1756 3.2100 2.7124 3.0509 2.9782 2.7507 2.9929
ndcg@100 4.0708 3.5761 3.2354 4.7760 3.8791 3.6902 3.6732 4.0063 3.3106 3.7260 3.5355 3.3879 3.6439
Process_data_time
seconds 276.5084 272.7186 | 263.1741 263.3456 | 263.2724 | 261.5893 | 262.5668 | 282.1414 | 273.1717 | 272.5722 | 273.8270 | 275.2396 | 276.1482
hrs 0:04:37 0:04:33 0:04:23 0:04:23 0:04:23 0:04:22 0:04:23 0:04:42 0:04:33 0:04:33 0:04:34 0:04:35 0:04:36
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label  0.5766
Y_test_dim (1000, 6937) Label Density  4.4940E-04

v v
1319 4.11 : nﬁ'aumauwaeﬁbya Linear 5001-10000 gaANAa 0 TMTUTATIUNTAAUA 0.8 T2HNUVVIIADI XMLC-PAO N4 2 1YY N Lm‘uﬁ’mmmﬁ'u

Random Method Linear 5001-10000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2: 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0397 0.0355 0.0380 0.0375 0.0359 0.0378 0.0362 0.0335 0.0381 0.0384 0.0313 0.0361 0.0377
recall@5 1.5283 1.4825 1.6650 1.7681 1.5681 1.7223 1.7571 1.7143 1.8412 1.6237 1.5222 1.5593 1.6131
recall@10 2.7876 2.5519 2.7197 2.8778 2.5293 2.6348 2.7023 2.8466 2.8029 2.5432 2.3699 2.5075 2.6043
recall @30 5.7617 5.0031 5.1084 5.1199 5.2439 5.1998 4.4655 5.6216 5.1806 4.5586 4.9459 4.6273 5.2921
recall@50 7.7477 6.5244 7.5383 6.7005 7.0527 6.4562 7.1158 7.5691 6.9329 5.8238 6.1937 6.6653 6.5145
recall@100 10.7601 9.5842 11.2082 9.7638 10.4683 9.5964 10.3881 11.2493 11.4955 9.0110 8.6181 9.4111 9.9342
ndcg @5 1.5317 1.4206 1.5365 1.6071 1.4540 1.6087 1.6165 1.4527 1.6247 1.6140 1.2822 1.4642 1.5492
ndcg@10 2.0432 1.8856 1.9887 2.0443 1.8779 1.9710 1.9968 1.9196 2.0533 1.9606 1.6704 1.8753 1.9639
ndcg @30 2.9328 2.6292 2.7330 2.7205 2.6695 2.7372 2.5460 2.7164 2.7869 2.5625 2.4472 2.4899 2.7505
ndcg @50 3.4034 2.9825 3.3094 3.1161 3.0800 3.0603 3.1481 3.1876 3.2207 2.8555 2.7580 2.9738 3.0629
ndcg @100 4.0708 3.5990 4.0779 3.8020 3.8278 3.7327 3.8302 3.9501 4.1730 3.5781 3.2724 3.5558 3.7956
Process_data_tim¢]
seconds 276.5084 265.0896 | 265.5832 | 267.0533 | 266.6951 | 269.1758 | 269.6548 | 282.4170 | 284.3386 | 285.5109 | 284.3518 | 285.7659 | 287.2942
hrs 0:04:37 0:04:25 0:04:26 0:04:27 0:04:27 0:04:29 0:04:30 0:04:42 0:04:44 0:04:46 0:04:44 0:04:46 0:04:47
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label 0.5766
Y_test_dim (1000, 6937) Label Density 4.4940E-04
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1919 4.12: Llﬁamﬁﬂuwaﬂ’f’oya Linear 5001-10000 anagou FMTUAATIUMTAANA 1.0 T$HNWVVIIADI XMLC-PAO N4 2 1YY N LL‘]J‘]J%"IE‘]’E]QG]QG;{H
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Random Method Linear 5001-10000 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0397 0.0350 0.0405 0.0346 0.0361 0.0389 0.0378 0.0336 0.0331 0.0362 0.0369 0.0401 0.0371
recall@5 1.5283 1.5125 1.6089 1.4444 1.7063 1.8754 1.4636 1.6841 1.4350 1.6372 1.3650 1.6849 1.4783
recall@10 2.7876 2.4477 2.6398 2.1075 2.8235 2.7223 2.4142 2.3942 2.2277 2.4573 2.1067 2.6476 2.4135
recall@30 5.7617 5.5173 5.5276 3.8096 5.7185 4.8889 4.5752 4.3670 4.8218 5.8817 4.6111 5.2401 4.6327
recall@50 7.7477 7.9921 7.8191 5.4001 7.2414 6.9842 6.9159 6.1095 6.9505 7.1666 5.9510 6.3911 6.6268
recall@100 10.7601 11.2546 | 11.6105 8.8943 10.2783 9.9856 10.0836 8.5490 10.2375 | 10.2554 9.1276 9.1837 9.9416
ndcg @5 1.5317 1.4238 1.6229 1.4032 1.4533 1.6896 1.4803 1.4734 1.2954 1.4995 1.4262 1.6599 1.4666
ndcg@10 2.0432 1.7920 2.0221 1.6857 1.9326 2.0362 1.8508 1.7731 1.6371 1.8616 1.7161 2.0546 1.8437
ndcg @30 2.9328 2.6067 2.9372 2.1864 2.7874 2.7115 2.5365 2.3801 2.3829 2.7872 2.4954 2.8455 2.5493
ndcg @50 3.4034 3.1839 3.5013 2.5712 3.1650 3.2213 3.0929 2.7980 2.8752 3.1138 2.8337 3.1420 3.0620
ndcg @100 4.0708 3.8866 4.3287 3.2996 3.8516 3.8347 3.7214 3.3361 3.5886 3.7912 3.5325 3.7885 3.7464
Process_data_tim¢g
seconds 276.5084 271.6128 | 273.7317 | 274.2819 | 274.4355 | 276.5168 | 275.5372 | 288.4194 | 291.7164 | 293.5335 | 293.1274 | 294.6327 | 295.4843
hrs 0:04:37 0:04:32 0:04:34 0:04:34 0:04:34 0:04:37 0:04:36 0:04:48 0:04:52 0:04:54 0:04:53 0:04:55 0:04:55
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label 0.5766
Y_test_dim (1000, 6937) Label Density 4.4940E-04

9 9
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Random Method Linear 10001-15000 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2: 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0218 0.0168 0.0153 0.0193 0.0190 0.0189 0.0197 0.0205 0.0186 0.0181 0.0185 0.0212 0.0195
recall@5 0.9258 0.8642 0.6225 1.3183 0.9058 0.9633 0.9742 0.9325 0.9700 1.4192 1.0142 1.5000 0.9517
recall@10 2.1175 1.4267 1.5517 1.8833 1.3842 1.7394 1.9067 1.7900 1.5242 2.0717 1.9900 2.3575 1.8017
recall@30 4.9253 3.5758 3.9083 4.6083 3.5650 3.7128 4.0353 4.3375 3.5142 4.1261 3.7400 4.4483 4.1418
recall@50 7.5162 5.2767 6.2729 5.7317 5.6694 5.4978 5.2878 7.1858 5.5886 5.9961 5.5133 5.9671 5.3468
recall@100 12.0149 7.6694 9.2497 8.7759 8.3646 7.9794 7.9030 9.9504 8.2460 8.9361 9.1672 9.4880 7.9054
ndcg@5 0.7735 0.7207 0.4941 0.8980 0.7476 0.8353 0.8627 0.7489 0.7717 1.0606 0.7643 1.0716 0.7583
ndcg@10 1.2230 0.9492 0.8726 1.1590 0.9493 1.1613 1.2280 1.0907 1.0140 1.3319 1.1946 1.4073 1.1005
ndcg @30 2.0927 1.5629 1.5698 1.9903 1.5615 1.7512 1.8509 1.8580 1.6284 1.9279 1.6914 2.0295 1.8203
ndcg @50 2.6741 1.9666 2.1004 2.2802 2.0643 2.1663 2.1515 2.5162 2.1035 2.3379 2.0933 2.3835 2.0999
ndcg @100 3.6189 2.4870 2.7001 2.8996 2.6359 2.6708 2.6604 3.0908 2.6535 2.9242 2.8364 3.1076 2.6215
Process_data_tim¢]
seconds 278.5305 259.2918 | 259.3344 259.2489 | 259.2999 | 261.0926 | 261.2234 | 299.6653 | 286.9303 | 287.9926 | 289.6439 | 291.2047 | 292.2794
hrs 0:04:39 0:04:19 0:04:19 0:04:19 0:04:19 0:04:21 0:04:21 0:05:00 0:04:47 0:04:48 0:04:50 0:04:51 0:04:52
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label 0.5651
Y_test_dim (1000, 7079) Label Density  3.9504E-04

v v
1319 4.14 : nﬁ'aumauwaeﬁbya Linear 10001-15000 ganaa ol FMTUAATIUNTAAUA 0.8 T2 NWVVIIADI XMLC-PAO N4 2 LYY N mei’mmms?fu

Random Method Linear 10001-15000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0218 0.0181 0.0205 0.0198 0.0175 0.0200 0.0174 0.0183 0.0184 0.0203 0.0215 0.0192 0.0188
recall@5 0.9258 0.8025 1.3117 1.0008 0.4475 0.9042 0.8375 1.1117 1.2500 1.0658 1.1208 1.1475 0.9875
recall @10 2.1175 1.6942 2.2278 1.6250 1.1850 1.5392 1.5992 1.9144 2.1493 2.3633 2.0308 1.5250 2.2008
recall @30 4.9253 3.5258 4.3419 4.0242 4.3967 4.5696 4.7122 3.7594 4.1576 4.5550 3.9311 4.3494 4.1595
recall@50 7.5162 4.6792 5.9453 6.2569 6.2425 6.4547 5.9655 5.2496 5.2394 6.0550 5.3637 5.4911 5.2038
recall@100 12.0149 7.2343 7.8965 8.6254 8.5444 8.4710 8.5478 8.2040 7.3654 8.8937 8.8673 9.0813 8.3216
ndcg @5 0.7735 0.6930 0.9225 0.8253 0.4677 0.8701 0.6847 0.8324 0.8906 0.8204 0.9350 0.8717 0.7715
ndcg@10 1.2230 1.0703 1.3014 1.0983 0.7828 1.1050 0.9538 1.1633 1.2571 1.3370 1.3089 1.0453 1.2509
ndcg @30 2.0927 1.6164 1.9360 1.8100 1.7017 2.0095 1.8543 1.6930 1.8480 2.0126 1.9176 1.9106 1.8383
ndcg @50 2.6741 1.8977 2.3206 2.2995 2.1375 2.4490 2.1752 2.0858 2.1059 2.3814 2.2586 2.1932 2.0988
ndcg @100 3.6189 2.4056 2.7544 2.7813 2.6421 2.8531 2.7199 2.6923 2.5616 2.9658 2.9863 2.9105 2.7320
Process_data_tim¢]
seconds 278.5305 263.4875 | 266.3922 | 266.5922 | 268.6146 | 269.1453 | 271.0775 | 297.1155 | 299.5397 | 300.4595 | 301.6624 | 302.4780 | 302.5011
hrs 0:04:39 0:04:23 0:04:26 0:04:27 0:04:29 0:04:29 0:04:31 0:04:57 0:05:00 0:05:00 0:05:02 0:05:02 0:05:03
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label 0.5651
Y_test_dim (1000, 7079) Label Density 3.9504E-04

9 9
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Random Method Linear 10001-15000 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0218 0.0187 0.0143 0.0210 0.0201 0.0204 0.0193 0.0157 0.0185 0.0198 0.0165 0.0180 0.0179
recall@5 0.9258 1.2317 0.8375 1.1283 0.9667 1.4267 1.0467 0.7517 1.1417 0.6558 0.7100 0.7142 0.8475
recall@10 2.1175 1.9733 1.4325 2.0467 1.6458 1.6892 1.9558 1.2283 1.6675 2.1475 1.6083 1.4375 1.5575
recall@30 4.9253 4.5133 3.8600 4.2751 3.8544 4.0769 4.0133 3.8100 3.9794 5.1743 3.6313 4.1768 4.4061
recall@50 7.5162 5.9325 5.5778 5.6785 5.5337 5.8580 5.4850 5.6236 5.5387 7.6043 5.2749 5.6051 5.6730
recall@100 12.0149 8.8443 7.9129 7.7462 8.5255 9.1596 9.1369 8.1241 7.2154 9.5450 7.0750 8.9438 7.8163
ndcg @5 0.7735 0.8837 0.6410 0.9624 0.7936 1.0306 0.8532 0.5927 0.9288 0.6444 0.6050 0.6276 0.6849
ndcg@10 1.2230 1.2453 0.8716 1.3123 1.0750 1.1513 1.2386 0.8265 1.1469 1.2163 0.9779 0.9170 0.9753
ndcg@30 2.0927 1.9550 1.5633 1.9958 1.7451 1.8795 1.8472 1.6105 1.8819 2.1009 1.6031 1.6995 1.7977
ndcg @50 2.6741 2.3008 1.9554 2.3437 2.1518 2.3068 2.1889 2.0253 2.2803 2.6770 1.9895 2.0410 2.1067
ndcg @100 3.6189 2.9167 2.4550 2.7782 2.7450 2.9708 2.9291 2.5323 2.6358 3.1000 2.3604 2.7687 2.5542
Process_data_tim¢]
seconds 278.5305 272.2162 | 271.5172 | 273.0762 | 274.5566 | 276.2453 | 278.0829 | 306.7906 | 307.0073 | 308.6738 | 309.9557 | 309.4086 | 312.5458
hrs 0:04:39 0:04:32 0:04:32 0:04:33 0:04:35 0:04:36 0:04:38 0:05:07 0:05:07 0:05:09 0:05:10 0:05:09 0:05:13
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label  0.5651
Y_test_dim (1000, 7079) Label Density 3.9504E-04

9 9
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Random Method Linear 12201-17200 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2: 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0264 0.0218 0.0224 0.0190 0.0214 0.0256 0.0249 0.0229 0.0250 0.0205 0.0236 0.0234 0.0223
recall@5 1.8783 1.3783 1.7983 1.5810 1.6533 1.8676 1.7950 1.5644 1.5718 1.6533 1.5317 1.5383 1.5350
recall@10 2.6817 2.5076 2.3600 1.9526 2.1201 2.3918 2.5073 2.0465 2.2754 2.2400 2.3194 2.7394 2.3079
recall@30 5.0109 4.3279 3.7190 3.9857 3.9773 4.4227 4.8299 4.5648 4.5101 4.1680 4.2101 5.0032 4.2255
recall@50 6.7852 5.4174 4.9761 5.4695 5.3525 5.7475 5.9151 5.9880 5.9981 6.0123 5.3217 6.6619 5.9869
recall@100 10.2794 8.4005 7.6870 8.5550 7.2594 8.0988 7.8542 8.1299 7.8865 8.7255 7.9369 8.6340 8.9907
ndcg@5 1.3120 1.0355 1.3323 1.0645 1.1364 1.4566 1.3326 1.1801 1.2948 1.1424 1.2495 1.1617 1.0894
ndcg@10 1.6578 1.4638 1.5498 1.2289 1.3442 1.6729 1.6318 1.3787 1.5878 1.3675 1.5842 1.6121 1.3934
ndcg @30 2.3575 2.0092 1.9800 1.8534 1.8952 2.3006 2.3049 2.1045 2.2376 1.9193 2.1246 2.2804 1.9644
ndcg @50 2.7991 2.2798 2.2656 2.2018 2.2158 2.6229 2.5503 2.4395 2.5793 2.3291 2.3943 2.6364 2.3609
ndcg @100 3.5170 2.8720 2.8111 2.8127 2.6101 3.0964 2.9425 2.8726 2.9614 2.8974 2.9454 3.0461 2.9700
Process_data_tim¢]
seconds 291.1387 270.0433 270.7243 271.5634 | 272.5843 | 273.8946 | 274.9241 | 292.5255 | 279.9617 | 280.8622 | 281.3905 282.0465 283.6917
hrs 0:04:51 0:04:30 0:04:31 0:04:32 0:04:33 0:04:34 0:04:35 0:04:53 0:04:40 0:04:41 0:04:41 0:04:42 0:04:44
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label  0.5643
Y_test_dim (1000, 7088) Label Density  3.7613E-04

v v
1319 4.17 : nﬁ'aumauwaeﬁbya Linear 12201-17200 ganaa ol AMTVTAFIUMIAANA 0.8 TEMINNLUVVII1aDI XMLC-PAO N4 2 11U NU mei’mmms?fu

Random Method Linear 12201-17200 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0264 0.0233 0.0169 0.0227 0.0182 0.0214 0.0231 0.0227 0.0225 0.0231 0.0238 0.0193 0.0219
recall@5 1.8783 1.8333 1.2311 1.6270 1.2367 0.9117 1.6450 1.3917 1.4167 1.8269 1.5750 1.2975 1.5908
recall@10 2.6817 2.3543 2.3911 2.5556 2.1519 2.0683 2.2754 2.3876 2.0454 2.4395 2.0962 2.3785 2.1808
recall@30 5.0109 4.4576 4.7362 4.5696 3.8194 4.3920 4.1562 4.4740 4.0334 4.4684 4.8173 4.5213 4.5637
recall @50 6.7852 5.5904 6.4512 5.7941 5.1637 5.2350 5.8773 5.8450 5.7006 5.6570 6.1052 6.0589 5.8563
recall@100 10.2794 7.7590 8.6926 8.5075 8.3408 7.7881 8.7896 8.9905 8.5740 7.8463 7.6053 8.2434 8.1887
ndcg @5 1.3120 1.2984 0.7801 1.2788 0.8753 0.8471 1.3027 1.0382 1.1243 1.3165 1.3125 0.9563 1.1759
ndcg@10 1.6578 1.5102 1.2275 1.6398 1.2551 1.2835 1.5710 1.4272 1.3764 1.5835 1.5538 1.3844 1.4195
ndcg @30 2.3575 2.1236 1.9236 2.2168 1.7632 1.9471 2.1405 2.0239 1.9674 2.1877 2.3538 2.0098 2.1175
ndcg @50 2.7991 2.3918 2.3269 2.5172 2.0679 2.1623 2.5461 2.3559 2.3677 2.4725 2.6340 2.3800 2.4266
ndcg @100 3.5170 2.8230 2.7995 3.0799 2.7134 2.6871 3.1225 2.9844 2.9681 2.9310 2.9541 2.8583 2.9079
Process_data_timg
seconds 291.1387 277.7499 | 278.3283 | 280.5989 | 279.9142 | 281.9208 | 282.1760 | 289.9873 | 290.3195 | 296.7917 | 292.3971 | 293.4979 | 292.9487
hrs 0:04:51 0:04:38 0:04:38 0:04:41 0:04:40 0:04:42 0:04:42 0:04:50 0:04:50 0:04:57 0:04:52 0:04:53 0:04:53
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label  0.5643
Y_test_dim (1000, 7088) Label Density 3.7613E-04

Ed Y
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Random Method Linear 12201-17200 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0264 0.0238 0.0229 0.0191 0.0226 0.0224 0.0200 0.0214 0.0227 0.0251 0.0234 0.0211 0.0194
recall@5 1.8783 1.8200 1.4761 1.0733 1.5850 1.6218 1.2964 1.0060 1.2750 1.7492 1.7243 1.7750 1.9200
recall@10 2.6817 2.5170 2.5182 1.6217 2.5350 2.1343 2.1839 1.8569 2.3293 2.8751 2.4110 2.4667 2.3492
recall@30 5.0109 4.5248 4.5609 4.1621 4.6493 4.0465 3.5750 4.0810 4.9450 4.7504 4.1204 3.9232 3.5364
recall@50 6.7852 5.5144 6.2487 5.6632 5.5509 4.8979 5.3588 5.7260 6.3815 5.8755 5.4679 4.9416 4.7694
recall@100 10.2794 8.0261 8.2346 8.1420 7.8663 7.8382 8.0363 7.9211 9.0050 8.6311 8.1676 7.0383 6.4501
ndcg @5 1.3120 1.3736 1.1117 0.8358 1.1658 1.2015 0.9502 0.8990 1.0182 1.3924 1.3206 1.1665 1.2946
ndcg@10 1.6578 1.6599 1.5321 1.0751 1.5539 1.4174 1.3109 1.2335 1.4540 1.8191 1.6113 1.4548 1.4590
ndcg@30 2.3575 2.2355 2.1546 1.8113 2.1916 1.9989 1.7407 1.8828 2.2099 2.3585 2.1395 1.9018 1.8458
ndcg @50 2.7991 2.4772 2.5407 2.1810 2.4206 2.2119 2.1564 2.2607 2.5551 2.6182 2.4624 2.1425 2.1372
ndcg @100 3.5170 2.9970 2.9452 2.6872 2.9046 2.8165 2.6960 2.7550 3.0902 3.1738 3.0180 2.5747 2.4962
Process_data_time]
seconds 291.1387 283.6918 | 286.4412 | 285.7947 | 287.4845 | 289.7898 | 289.4181 | 296.4826 | 298.6041 | 300.3685 | 300.7847 | 300.2447 | 301.4797
hrs 0:04:51 0:04:44 0:04:46 0:04:46 0:04:47 0:04:50 0:04:49 0:04:56 0:04:59 0:05:00 0:05:01 0:05:00 0:05:01
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label  0.5643
Y_test_dim (1000, 7088) Label Density 3.7613E-04

9 9
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Random Method Linear 15001-20000 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2: 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0281 0.0232 0.0226 0.0255 0.0240 0.0258 0.0212 0.0210 0.0245 0.0221 0.0240 0.0204 0.0176
recall@5 1.3793 1.2581 1.3140 1.2209 1.1559 1.7790 1.0517 1.0731 1.5023 1.2881 1.2850 0.9814 1.4124
recall@10 2.7610 2.4373 2.1657 1.8484 1.8009 2.2550 1.8000 1.5657 2.2627 1.9498 2.1445 1.2267 2.5774
recall@30 5.4221 4.3895 3.7533 4.2080 3.6984 3.9415 3.9825 3.7177 4.2489 4.3512 3.8693 3.0405 4.0131
recall@50 7.0450 5.7323 5.0155 5.6458 5.2476 5.4067 5.5834 5.1920 6.2317 5.7962 5.0624 4.7688 5.2688
recall@100 9.7638 8.4602 7.0399 7.3205 7.1627 9.2561 7.9592 7.6120 9.4118 7.4909 7.1229 6.8211 7.1717
ndcg@5 1.1955 1.0714 1.0958 1.1369 1.0754 1.3613 0.9176 0.9940 1.2067 1.0693 1.1097 0.8951 0.9161
ndcg@10 1.7134 1.5559 1.4664 1.3846 1.3291 1.5645 1.2601 1.1902 1.5293 1.3414 1.4725 0.9964 1.3635
ndcg@30 2.5809 2.1557 1.9492 2.0999 1.8894 2.0700 1.9195 1.8539 2.1215 2.0428 1.9935 1.5227 1.8255
ndcg @50 2.9713 2.4629 2.2528 2.4287 2.2345 2.4302 2.2899 2.2149 2.6005 2.3800 2.2871 1.9204 2.1170
ndcg @100 3.5669 2.9940 2.6993 2.7978 2.6600 3.1988 2.7783 2.7095 3.2616 2.7275 2.7115 2.3510 2.5018
Process_data_tim¢g
seconds| 279.5561 274.7197 | 262.6380 264.1856 264.3792 | 265.5783 | 267.0645 | 286.0428 | 274.8751 | 275.3273 | 276.4055 277.9537 277.9149
hrs| 0:04:40 0:04:35 0:04:23 0:04:24 0:04:24 0:04:26 0:04:27 0:04:46 0:04:35 0:04:35 0:04:36 0:04:38 0:04:38
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label  0.5534
Y_test_dim (1000, 7228) Label Density  3.6711E-04

v v
M113194.20 : nﬁ'aumauwaeﬁbya Linear 15001-20000 ¥aAnaa 01 TUTUTATIUMTAAUA 0.8 T2 NUVVIIADI XMLC-PAO N4 2 LU N mei’mmms?fu

Random Method Linear 15001-20000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2: 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0281 0.0249 0.0215 0.0211 0.0215 0.0230 0.0246 0.0235 0.0205 0.0243 0.0256 0.0211 0.0220
recall@5 1.3793 1.1233 1.1892 0.8440 1.0624 1.2925 1.3099 1.6007 1.2440 1.7673 1.2858 1.3390 1.1876
recall@10 2.7610 1.8036 1.6442 1.7758 2.2226 2.1337 2.3542 2.3499 2.3460 2.4099 1.6627 2.0823 1.8476
recall@30 5.4221 3.7441 3.5572 3.7143 3.9630 3.9348 4.5884 3.7342 4.6415 4.1796 4.9694 42171 3.3729
recall@50 7.0450 5.4835 4.6907 4.9747 5.5144 5.1572 6.1882 4.5554 5.8208 5.5332 7.0207 5.6073 4.3713
recall@100 9.7638 8.3798 6.6667 7.2901 7.4815 7.5123 7.8355 6.3073 8.1634 7.5404 9.0570 7.8433 6.7151
ndcg@5 1.1955 1.0310 0.9767 0.8045 0.9591 1.0954 1.1376 1.2879 0.9592 1.3874 1.1470 1.0917 1.0197
ndcg@10 1.7134 1.2914 1.1669 1.2038 1.4186 1.4254 1.5859 1.6002 1.4215 1.6688 1.3150 1.3811 1.2649
ndcg@30 2.5809 1.8721 1.7591 1.7647 1.9210 1.9157 2.2487 2.0204 2.0925 2.1857 2.2821 2.0121 1.7232
ndcg @50 2.9713 2.2981 2.0314 2.0777 2.3107 2.1859 2.6294 2.2176 2.3861 2.4968 2.7583 2.3487 1.9669
ndcg@100 3.5669 2.8826 2.4510 2.5675 2.7263 2.6752 2.9754 2.5657 2.8820 2.9540 3.2005 2.8213 2.4581
Process_data_time
seconds 279.5561 268.9874 | 269.5131 | 270.9056 | 271.2401 | 272.7897 | 272.5271 | 284.5734 | 285.5161 | 287.6207 | 287.0519 | 290.1875 | 289.2449
hrs 0:04:40 0:04:29 0:04:30 0:04:31 0:04:31 0:04:33 0:04:33 0:04:45 0:04:46 0:04:48 0:04:47 0:04:50 0:04:49
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label 0.5534
Y_test_dim (1000, 7228) Label Density 3.6711E-04

Ed Ed
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Random Method

Linear 15001-20000

Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0281 0.0241 0.0257 0.0251 0.0234 0.0238 0.0243 0.0254 0.0232 0.0239 0.0203 0.0258 0.0224
recall @5 1.3793 1.0817 1.2731 1.1182 1.1212 1.8442 1.3450 1.1543 1.3814 1.3203 0.9674 1.4120 1.3383
recall@10 2.7610 1.8544 2.5542 1.9544 1.8330 2.4178 2.0268 1.9076 2.4183 2.2003 1.5470 1.9497 1.9117
recall@30 5.4221 3.9734 4.9338 3.9643 4.0802 4.3516 4.0440 4.1190 3.9143 4.1221 3.0747 4.2748 3.8559
recall@50 7.0450 5.5969 6.0228 5.5986 5.1382 5.6124 5.2046 5.3357 5.1223 5.9621 4.4924 5.8516 5.8376
recall@100 9.7638 7.8890 7.7843 7.8881 6.7123 7.4880 8.3318 7.3056 7.9085 8.3066 7.4315 7.4798 8.3988
ndcg@5 1.1955 1.0207 1.1187 1.0401 0.9721 1.3886 1.1219 1.1234 1.0994 1.1499 0.8855 1.2197 0.9909
ndcg@10 1.7134 1.3496 1.6395 1.3968 1.2715 1.6521 1.4100 1.4139 1.5495 1.4966 1.1272 1.4555 1.2179
ndcg@30 2.5809 2.0216 2.3859 2.0280 1.9351 2.2496 1.9927 2.0312 2.0194 2.0617 1.5790 2.1759 1.8434
ndcg@50 2.9713 2.4016 2.6612 2.4244 2.2069 2.5406 2.2847 2.3084 2.2978 2.4973 1.9358 2.5493 2.3096
ndcg@100 3.5669 2.8425 3.0199 2.9081 2.5446 2.9418 2.9197 2.7140 2.9015 3.0006 2.5596 2.8941 2.8378
Process_data_tim¢
seconds 279.5561 274.9714 | 277.1300 | 277.0900 | 277.7818 | 279.8261 | 279.3560 | 294.0639 | 294.8051 | 294.5351 | 296.0705 | 298.0651 | 298.1227
hrs 0:04:40 0:04:35 0:04:37 0:04:37 0:04:38 0:04:40 0:04:39 0:04:54 0:04:55 0:04:55 0:04:56 0:04:58 0:04:58
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label  0.5534
Y_test_dim (1000, 7228) Label Density 3.6711E-04

9 9
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Random Method Linear 20001-25000 Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0192 0.0168 0.0180 0.0181 0.0162 0.0163 0.0177 0.0177 0.0185 0.0162 0.0149 0.0143 0.0149
recall @5 1.1059 1.1531 1.2825 1.6964 0.9825 1.4673 1.2942 1.0248 1.3692 1.0309 0.9386 1.0284 0.9109
recall @10 2.5559 1.9225 2.1859 2.3114 1.8942 2.1539 1.8725 1.8309 2.5918 2.1225 2.3600 1.8492 1.9059
recall @30 5.3993 3.5284 3.9327 4.6385 3.9750 3.9291 4.2942 4.7201 4.4642 4.4377 4.3735 3.8109 3.6215
recall @50 7.1867 5.2103 5.1161 6.0804 5.5183 5.2617 5.5753 6.1442 5.8151 5.8804 5.4435 5.0463 4.8632
recall@100 10.0068 7.3001 6.9719 8.6488 7.2942 7.5362 8.2741 7.9612 8.3795 8.0720 6.7895 7.4946 6.3992
ndcg@5 0.7972 0.8238 0.9526 1.0567 0.7101 0.9653 0.9671 0.7960 0.9301 0.7127 0.6646 0.7599 0.6605
ndcg@10 1.3337 1.0880 1.2855 1.2981 1.0508 1.2385 1.1888 1.1170 1.3920 1.1032 1.1791 1.0734 1.0531
ndcg@30 2.1367 1.5316 1.7615 1.9611 1.6592 1.7627 1.8300 1.8787 1.9192 1.7455 1.7453 1.6094 1.5569
ndcg@50 2.5313 1.9054 2.0355 2.3002 2.0119 2.0760 2.1341 2.1864 2.2456 2.0645 1.9971 1.8993 1.8204
ndcg@100 3.0859 2.3220 2.4153 2.8212 2.3801 2.5336 2.6676 2.5465 2.7562 2.5203 2.2726 2.4000 2.1299
Process_data_tim¢g
seconds| 291.5006 271.8910 | 273.4393 274.2250 | 274.8275 | 278.9125 | 279.9659 | 288.3216 | 277.1843 | 277.6070 | 279.3432 279.0132 280.8723
hrs| 0:04:52 0:04:32 0:04:33 0:04:34 0:04:35 0:04:39 0:04:40 0:04:48 0:04:37 0:04:38 0:04:39 0:04:39 0:04:41
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label 0.5771
Y_test_dim (1000, 6931) Label Density  3.5637E-04

v v
1319 4.23 : nﬁ'aumauwaeﬁbya Linear 20001-25000 ¥aAnaa o1 TUTUTATIUMTAAUA 0.8 T2 NUVVIIADI XMLC-PAO N4 2 LU N mei’mmms?fu

Random Method Linear 20001-25000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2: 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0192 0.0182 0.0155 0.0187 0.0195 0.0132 0.0149 0.0162 0.0146 0.0143 0.0148 0.0142 0.0186
recall@5 1.1059 1.4198 0.7864 1.5364 1.7698 0.5531 0.9442 1.1114 1.0948 0.8164 0.8475 0.9725 1.4531
recall@10 2.5559 2.0981 1.5064 2.2648 2.8656 1.2198 1.5842 1.9064 1.3114 1.4835 1.4850 1.9267 2.1189
recall@30 5.3993 3.3956 3.2677 4.4874 4.5735 2.8390 3.5156 3.5294 2.9923 3.2352 3.9943 3.8091 4.1274
recall@50 7.1867 4.4283 5.1177 5.7346 5.6833 3.8789 4.2502 4.8935 4.3339 4.3185 5.4760 4.3541 5.3515
recall@100 10.0068 6.6791 7.9371 7.4939 7.1640 6.6475 6.3206 7.3265 6.9567 6.7614 7.0068 6.3123 7.3623
ndcg@5 0.7972 1.0442 0.6385 1.1382 1.2014 0.4657 0.6728 0.7609 0.7967 0.5845 0.6415 0.6829 1.0000
ndcg@10 1.3337 1.2975 0.9347 1.4056 1.6275 0.7085 0.9100 1.0631 0.8830 0.8510 0.9024 1.0412 1.2551
ndcg@30 2.1367 1.6783 1.4149 2.0410 2.1244 1.1868 1.4635 1.5301 1.3717 1.3570 1.6168 1.5842 1.8143
ndcg @50 2.5313 1.9123 1.8100 2.3109 2.3850 1.4463 1.6590 1.8191 1.6576 1.6031 1.9341 1.7191 2.0824
ndcg@100 3.0859 2.3509 2.3868 2.6916 2.7049 2.0230 2.0452 2.2924 2.1806 2.0987 2.2461 2.0999 2.4919
Process_data_time
seconds 291.5006 280.5030 | 280.8394 | 281.2258 | 282.3380 | 282.8808 | 285.6473 | 285.2144 | 288.2474 | 286.3446 | 289.1967 | 288.7589 | 290.9288
hrs 0:04:52 0:04:41 0:04:41 0:04:41 0:04:42 0:04:43 0:04:46 0:04:45 0:04:48 0:04:46 0:04:49 0:04:49 0:04:51
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label 0.5771
Y_test_dim (1000, 6931) Label Density 3.5637E-04

Ed Ed
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Random Method

Linear 20001-25000

Testing Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0192 0.0153 0.0157 0.0168 0.0149 0.0149 0.0161 0.0179 0.0171 0.0185 0.0155 0.0133 0.0149
recall@5 1.1059 1.0314 1.1892 1.5048 1.0031 0.5998 1.4064 1.2114 0.8509 1.2948 0.8817 1.1025 0.9475
recall@10 2.5559 2.1814 1.7225 2.4114 2.0102 1.0731 2.2009 2.4309 2.3909 2.2981 1.8517 1.7525 1.9309
recall @30 5.3993 3.4598 4.4734 3.7417 4.1662 4.3784 3.2443 4.4551 3.7078 4.0877 3.8601 3.6992 3.8675
recall@50 7.1867 4.7875 5.9762 4.6050 5.7104 5.6252 4.3927 5.7353 5.3786 5.4671 5.4717 4.9246 5.2575
recall@100 10.0068 6.9743 7.4999 7.1941 7.7712 7.8977 6.2579 8.3670 6.9812 7.0972 7.5337 7.2421 7.9424
ndcg @5 0.7972 0.7544 0.8348 1.0835 0.6654 0.5617 0.9918 0.8311 0.7068 0.9867 0.6726 0.6408 0.6906
ndcg@10 1.3337 1.1628 1.0538 1.4505 1.0523 0.7478 1.2951 1.2645 1.2819 1.3260 1.0231 0.8764 1.0673
ndcg@30 2.1367 1.5255 1.7961 1.8722 1.6370 1.6986 1.5875 1.8490 1.6784 1.8444 1.5856 1.4680 1.5725
ndcg @50 2.5313 1.8308 2.1226 2.0758 1.9981 1.9975 1.8329 2.1527 2.0224 2.1801 1.9433 1.7494 1.8885
ndcg @100 3.0859 2.2753 2.4416 2.5958 2.4061 2.4264 2.2253 2.6575 2.3567 2.5145 2.3586 2.2242 2.4462
Process_data_timg
seconds 291.5006 286.2104 | 288.3949 | 289.3650 | 290.0340 | 290.7418 | 291.1257 | 293.4787 | 295.6047 | 295.1565 | 297.2512 | 296.8167 | 299.7163
hrs 0:04:52 0:04:46 0:04:48 0:04:49 0:04:50 0:04:51 0:04:51 0:04:53 0:04:56 0:04:55 0:04:57 0:04:57 0:05:00
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label 0.5771

Y_test_dim (1000, 6931)

Label Density 3.5637E-04
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M1319 4.25 : 1WSeuoumadoya Linear 25001-27932 (2933 f10819) yanadou d1miudadiunsaniia 0.5 521 19uuDTIa99 XMLC-PAO 919 2 U MY

o d v
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Random Method Linear 25001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2: 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0226 0.0190 0.0213 0.0191 0.0214 0.0202 0.0153 0.0182 0.0206 0.0248 0.0219 0.0203 0.0161
recall@5 1.8881 1.1499 1.9449 1.3913 1.4906 1.7036 1.0363 1.6184 1.2635 2.0301 1.2777 1.2209 1.1357
recall@10 2.0585 1.8171 2.4134 1.8597 1.8455 2.1863 1.5474 1.8739 1.8228 2.2572 1.9165 1.9875 1.2635
recall@30 3.6400 3.4072 3.6684 3.1958 3.0437 3.9949 2.4276 3.2567 3.6513 3.8063 3.4270 3.8189 2.8778
recall@50 5.1732 4.3867 4.1936 4.2322 4.1936 5.0272 3.5619 4.3697 4.8296 5.1833 5.0170 4.8284 3.9908
recall@100 8.2185 6.5275 5.9455 5.1521 6.3714 7.4605 6.2791 6.2209 6.5758 6.5178 7.2007 6.6768 6.1317
ndcg@5 1.3323 0.9758 1.3232 1.1132 1.1505 1.1694 0.7970 1.1515 1.1037 1.5583 1.0681 0.9088 0.9192
ndcg@10 1.4079 1.2686 1.5261 1.2870 1.2977 1.3577 1.0091 1.2436 1.3193 1.6582 1.3108 1.1986 0.9820
ndcg@30 1.9131 1.6966 1.9109 1.6553 1.6177 1.8372 1.2660 1.6348 1.8098 2.0996 1.7327 1.7404 1.4506
ndcg @50 2.2467 1.8997 2.0317 1.9035 1.8955 2.0762 1.5445 1.8942 2.0706 2.4052 2.0773 1.9689 1.7001
ndcg @100 2.8264 2.3192 2.3734 2.0878 2.3129 2.5523 2.0726 2.2439 2.4009 2.6774 2.5285 2.3314 2.1545
Process_data_tim¢]
seconds 170.1603 155.9716 | 156.3979 156.8777 | 157.6429 | 158.4585 | 159.3564 | 159.3495 [ 160.2767 | 160.7963 | 161.2509 | 162.4565 | 162.9972
hrs 0:02:50 0:02:36 0:02:36 0:02:37 0:02:38 0:02:38 0:02:39 0:02:39 0:02:40 0:02:41 0:02:41 0:02:42 0:02:43
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label  0.4896
Y_test_dim (587, 4792) Label Density  5.0551E-04

9
11919 4.26 : Llﬁﬂﬂ!ﬂﬂﬂwﬁ%}ﬂga Linear 25001-27932 (2933 A1098) ¥ANATOU fmTudaaIuNTanila 0.8 3¥HINUVVIABI XMLC-PAO N4 2 (111 N

o ¥ Y
UUVINBDIAINU
Random Method Linear 25001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0226 0.0201 0.0173 0.0176 0.0193 0.0142 0.0191 0.0179 0.0202 0.0166 0.0188 0.0165 0.0185
recall@5 1.8881 1.6042 1.4055 1.1925 1.1925 13771 1.3771 1.1215 1.4196 1.4338 1.4764 1.2493 1.3629
recall@10 2.0585 2.1153 2.3850 1.4622 1.4906 1.6326 1.7178 1.4338 1.9023 1.9449 2.1579 1.3487 1.6468
recall@30 3.6400 3.5640 3.4923 1.8881 2.4560 2.5554 3.7266 2.0074 3.5633 3.5974 3.2709 2.9602 3.1674
recall@50 5.1732 4.2653 4.5627 3.0636 2.8677 3.1374 4.7232 3.3333 4.5287 4.6479 5.1363 4.3940 4.0249
recall@100 8.2185 6.1250 7.1806 6.3174 4.7473 4.9319 7.7953 6.2126 6.8910 6.5999 6.3629 6.0749 5.3977
ndcg @5 1.3323 1.1136 0.9510 0.9588 1.0626 0.9228 1.1185 0.8591 1.0705 0.9839 1.0703 0.8432 1.0313
ndcg @10 1.4079 1.2997 1.2889 1.0702 1.1784 1.0127 1.2266 1.0087 1.2702 1.1757 1.3221 0.8909 1.1343
ndcg @30 1.9131 1.7307 1.6203 1.1927 1.4913 1.2820 1.7637 1.1946 1.7369 1.6573 1.6299 1.3959 1.6230
ndcg @50 2.2467 1.8889 1.8708 1.4635 1.5843 1.4381 1.9925 1.5027 1.9637 1.9124 2.0637 1.6832 1.8146
ndcg @100 2.8264 2.2491 2.3735 2.0752 1.9464 1.7810 2.5605 2.0411 2.4418 2.3185 2.3038 2.0070 2.1046
Process_data_tim¢g
seconds 170.1603 160.1624 | 160.9981 | 162.4114 | 162.5840 | 163.1437 | 163.8967 | 164.2075 | 165.6152 | 165.8609 | 166.6519 | 167.5537 | 169.1035
hrs 0:02:50 0:02:40 0:02:41 0:02:42 0:02:43 0:02:43 0:02:44 0:02:44 0:02:46 0:02:46 0:02:47 0:02:48 0:02:49
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label 0.4896

Y_test_dim (587, 4792) Label Density 5.0551E-04



M3194.27 : 1WSeufounadoya Linear 25001-27932 (2933 10819) yanadou d1miudadiunmsaaia 1.0 521 119uuDTIa99 XMLC-PAO 919 2 U MY

o ¥ 9
LHUUITDIPNAU
Random Method Linear 25001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0226 0.0177 0.0181 0.0186 0.0198 0.0162 0.0159 0.0159 0.0201 0.0176 0.0130 0.0223 0.0194
recall@5 1.8881 0.9654 1.2777 1.2777 1.5474 1.1215 1.3913 0.8234 1.4906 1.4196 0.6672 1.2919 0.9512
recall@10 2.0585 1.5048 1.8455 1.5474 1.9080 1.4055 1.5190 1.5190 1.5389 2.9245 0.8802 1.7036 1.6711
recall@30 3.6400 2.8393 3.1232 3.0863 2.9443 2.7683 3.0239 2.9302 3.3889 4.2362 2.2771 2.9160 3.1248
recall@50 5.1732 3.9182 3.6343 3.6315 4.3668 4.6053 4.0645 3.5945 4.3032 4.9602 3.9949 3.3135 4.2606
recall@100 8.2185 5.3638 5.5622 5.2271 7.2535 6.5133 5.3194 5.5253 5.3783 6.5843 5.8745 5.6956 6.0976
ndcg@5 1.3323 0.8282 0.9739 0.9522 1.0933 0.9052 1.0047 0.7544 1.0704 0.9836 0.5492 1.2306 0.9249
ndcg @10 1.4079 1.0359 1.1901 1.0603 1.2358 1.0269 1.0699 0.9995 1.0976 1.5379 0.6301 1.4018 1.1916
ndcg @30 1.9131 1.3821 1.5281 1.5474 1.5684 1.4009 1.4751 1.4157 1.6536 1.9531 1.0264 1.7498 1.6237
ndcg @50 2.2467 1.6232 1.6619 1.6747 1.8816 1.8037 1.7277 1.5790 1.8501 2.1231 1.4130 1.8435 1.9022
ndcg @100 2.8264 1.9198 2.0396 1.9660 2.4368 2.1738 2.0024 1.9736 2.0688 2.4505 1.7791 2.3230 2.2559
Process_data_time
seconds 170.1603 165.1016 | 166.5484 | 166.4967 | 167.2005 | 169.3134 | 168.7673 | 169.6006 | 170.7693 | 171.4299 | 172.7543 | 173.1211 | 175.9085
hrs 0:02:50 0:02:45 0:02:47 0:02:46 0:02:47 0:02:49 0:02:49 0:02:50 0:02:51 0:02:51 0:02:53 0:02:53 0:02:56
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label  0.4896

Y_test_dim (587, 4792) Label Density 5.0551E-04



9 9
1919 4.28 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%@ga Random seed-42 gAnagoy fmTudaaIuNIanila 0.5 IeHIUVUIIAI XMLC-PAO 14 2 111U N !L‘U‘UﬁWﬁﬂ\W]\Wqu

Random Method Random seed-42 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0280 0.0172 0.0212 0.0212 0.0188 0.0171 0.0250 0.0219 0.0218 0.0231 0.0237 0.0251 0.0243
recall@5 0.8847 0.5371 0.6972 0.9484 1.0129 0.7833 0.8521 0.7760 0.9029 1.0532 0.9932 0.9591 1.0456
recall @10 2.1019 1.0380 1.7124 1.3890 1.4525 0.9954 1.8012 1.1787 1.2061 1.7141 1.4262 1.3844 1.6036
recall @30 4.1918 2.2252 3.1539 2.4311 2.2191 2.2065 2.8709 3.7733 2.2630 3.3447 3.0969 3.0422 3.0111
recall @50 5.2065 2.8604 4.2473 2.9227 2.9883 2.7342 3.8719 4.7667 3.2487 4.5046 3.8059 4.1652 4.3579
recall@100 7.0344 4.6084 6.4279 6.0290 4.2547 4.8668 5.6349 6.2591 4.9482 6.4263 5.3114 5.5874 5.8861
ndcg @5 1.0024 0.5951 0.8122 0.8464 0.8374 0.7048 0.9548 0.8079 0.8876 0.9550 1.0175 0.9897 1.0436
ndcg@10 1.4981 0.8144 1.1727 1.0476 1.0224 0.8054 1.3428 1.0116 1.0255 1.2401 1.1949 1.1965 1.2686
ndcg @30 2.1566 1.1546 1.5805 1.3920 1.2673 1.1868 1.7150 1.7729 1.3416 1.7211 1.7084 1.7200 1.7009
ndcg @50 2.4134 1.3210 1.8295 1.5530 1.4518 1.3230 1.9739 1.9962 1.5988 1.9768 1.9046 1.9806 2.0257
ndcg @100 2.8011 1.7044 2.3026 2.2240 1.7213 1.7492 2.3380 2.3339 1.9634 2.4062 2.2561 2.3030 2.3543
Process_data_tim¢g
seconds 269.3646 281.5127 | 268.7470 268.2193 | 269.3863 | 272.0557 | 272.7078 | 304.1104 | 305.9943 | 302.6955 | 304.8159 | 303.5382 | 305.3572
hrs 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label 0.4724
Y_test_dim (1000, 8468) Label Density  3.7166E-04

v v
M113194.29 : Liﬁi‘c’lﬂmﬂﬂﬂﬁeﬁjﬂyﬁ Random seed-42 yanaqoU AMTVTAFIUNTAANA 0.8 1INV VIIADI XMLC-PAO N9 2 11U NU LL‘]J‘]J%T@E]\W]\WQ{‘N

Random Method Random seed-42 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0280 0.0254 0.0162 0.0252 0.0248 0.0244 0.0228 0.0257 0.0252 0.0213 0.0262 0.0112 0.0261
recall@5 0.8847 1.0715 0.6216 1.1126 0.9551 1.0551 0.9919 1.1715 1.3065 0.7891 1.3594 0.4240 0.8236
recall@10 2.1019 1.6968 1.1459 1.7923 1.6438 1.5235 1.3017 1.8701 1.6586 1.1950 2.4062 0.4690 1.5272
recall@30 4.1918 3.3098 2.0650 3.2633 2.4461 3.3139 1.6593 3.5595 3.3594 2.5014 4.0830 0.6569 3.1756
recall @50 5.2065 4.0165 2.3922 3.9767 4.0367 4.5446 2.3154 4.3594 4.3844 3.3547 5.1050 0.8552 3.9239
recall@100 7.0344 6.4605 5.3907 5.9668 6.2722 5.9461 4.3755 5.7816 6.2259 5.5164 7.3357 3.4855 5.9226
ndcg @5 1.0024 1.0981 0.6266 1.1009 1.0277 1.0137 1.0350 1.0720 1.1522 0.8643 1.1725 0.4400 0.9557
ndcg@10 1.4981 1.3427 0.8331 1.3882 1.2995 1.2117 1.1772 1.3790 1.3252 1.0441 1.5757 0.4632 1.2378
ndcg @30 2.1566 1.8534 1.0949 1.8334 1.5779 1.7534 1.3119 1.9076 1.8745 1.4335 2.0618 0.5311 1.7755
ndcg @50 2.4134 2.0152 1.1718 2.0130 1.9483 2.0475 1.4757 2.1044 2.1318 1.6450 2.3159 0.5759 1.9857
ndcg @100 2.8011 2.5490 1.8117 2.4555 2.4215 2.3324 1.8891 2.4136 2.5657 2.0666 2.7962 1.1058 2.3939
Process_data_timg
seconds 269.3646 275.3721 | 275.0418 | 274.5494 | 276.1146 | 275.5278 | 278.2145 | 316.9397 | 317.6689 | 319.1348 | 331.6014 | 323.7464 | 326.9723
hrs 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label  0.4724

Y_test_dim (1000, 8468) Label Density 3.7166E-04



9 9
711919 4.30 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%@ga Random seed-42 gaAnagoy fmTudaaIuMsaala 1.0 3$¥NWVVIA03 XMLC-PAO N4 2 111U N !L‘U‘UﬁWﬁﬂ\W]\Wqu

Random Method Random seed-42 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0280 0.0188 0.0229 0.0195 0.0259 0.0200 0.0237 0.0145 0.0219 0.0212 0.0207 0.0181 0.0247
recall@5 0.8847 0.8593 0.8086 1.0334 1.5625 1.1359 1.0722 0.6983 0.9107 0.9723 0.9042 0.6791 0.9991
recall@10 2.1019 1.3488 1.4392 1.6446 2.0424 1.6404 2.0626 0.9456 1.3033 1.4847 1.4221 0.8797 1.6096
recall@30 4.1918 3.6279 2.8138 3.0789 3.1299 2.4533 4.3639 2.1082 2.7674 2.6882 2.0462 2.1658 2.6054
recall@50 5.2065 4.5754 3.9769 3.8663 3.9905 3.2340 5.2163 2.3869 3.7919 3.8906 2.4724 2.7736 3.6852
recall@100 7.0344 6.4414 6.4767 5.3170 6.4729 5.7429 7.1766 4.6566 4.9347 5.4500 5.5279 5.2317 5.3005
ndcg @5 1.0024 0.7195 0.8824 0.8600 1.3246 0.9818 0.9859 0.6538 0.9400 0.9504 0.9111 0.7394 1.0582
ndcg@10 1.4981 0.9451 1.1612 1.0964 1.5364 1.1932 1.3809 0.7553 1.0855 1.1926 1.1224 0.8307 1.3148
ndcg@30 2.1566 1.6135 1.5518 1.4947 1.8895 1.4337 2.0483 1.1414 1.4981 1.5632 1.3310 1.2271 1.6122
ndcg @50 2.4134 1.8532 1.8172 1.6873 2.1049 1.6243 2.2649 1.2167 1.7323 1.8394 1.4404 1.3928 1.8745
ndcg @100 2.8011 2.2682 2.3164 1.9930 2.6021 2.1469 2.6833 1.6886 2.0058 2.1638 2.0872 1.9192 2.2420
Process_data_time
seconds 269.3646 279.5240 | 281.1356 | 279.8193 | 280.3088 | 282.1792 | 283.5612 | 312.2808 | 300.3509 | 301.8863 | 303.5976 | 302.4060 | 304.4920
hrs 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label  0.4724

Y_test_dim (1000, 8468) Label Density 3.7166E-04



9 9
1919 4.31 : L‘]E‘EJUFI?IEJUWWISJ)@QQ Random seed-101 yaNadoU fmTudaaIUNTanla 0.5 IeHINUVVIIADI XMLC-PAO N4 2 111U N LL‘]J‘]J%OWQE)WNSESIIH

Random Method Random seed-101 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0230 0.0190 0.0183 0.0147 0.0169 0.0177 0.0207 0.0182 0.0201 0.0204 0.0193 0.0201 0.0198
recall@5 1.1415 0.7755 0.5185 0.7381 0.7973 0.6753 1.0691 0.6719 1.1005 1.0239 0.9848 0.8890 0.8655
recall@10 1.5448 1.5308 1.1851 1.1452 1.2921 1.1266 1.3779 0.9380 1.4011 1.8010 1.3721 1.5049 1.9641
recall@30 3.8999 3.6098 3.9260 2.9294 2.9773 2.9531 3.2679 2.6781 2.9378 3.8852 2.8235 3.1340 3.4562
recall@50 5.7540 4.7774 4.5050 4.2304 3.7874 4.1134 4.7523 3.4662 4.4187 5.4078 3.8258 4.1844 4.2123
recall@100 9.6780 6.3048 6.5779 5.9670 5.7847 6.5553 6.2007 5.3074 6.5527 7.7512 6.1796 6.1690 5.8951
ndcg @5 0.9300 0.7257 0.5824 0.5760 0.6815 0.6163 0.9173 0.6547 0.8889 0.8619 0.8249 0.8394 0.7629
ndcg@10 1.1072 1.0119 0.8360 0.7138 0.8825 0.8152 1.0511 0.7870 1.0336 1.1532 0.9986 1.0600 1.1797
ndcg @30 1.8288 1.5963 1.5713 1.2857 1.3895 1.3570 1.6186 1.2829 1.4825 1.7638 1.4246 1.5152 1.6329
ndcg @50 2.2983 1.8990 1.7236 1.6054 1.5826 1.6449 1.9764 1.4902 1.8402 2.1251 1.6712 1.7780 1.8482
ndcg @100 3.0801 2.2084 2.1766 2.0101 2.0238 2.1681 2.2812 1.8839 2.2619 2.6205 2.2294 2.1969 2.2615
Process_data_time
seconds 284.6269 279.2733 | 266.3802 267.2192 | 268.2536 | 269.5964 | 270.6657 | 280.7266 | 276.4966 | 277.9987 | 278.8824 | 279.9648 | 279.7141
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label  0.4749
Y_test_dim (1000, 8422) Label Density  3.5107E-04

Y Y
1319 4.32: Liﬁiﬂﬂmﬂﬂﬂﬁeﬁjﬂyﬁ Random seed-101 yanagou AMTVTATIUNMTAANA 0.8 TEWINNUVVIIaDI XMLC-PAO N3 2 11U NU LLUU%WQ@Q@Q&H

Random Method Random seed-101 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0230 0.0204 0.0187 0.0190 0.0189 0.0201 0.0183 0.0197 0.0191 0.0190 0.0215 0.0174 0.0185
recall@5 1.1415 0.8854 0.8705 0.9542 0.8223 0.8696 0.8963 0.7373 1.0715 0.7448 1.0248 0.8881 0.8750
recall@10 1.5448 1.4454 1.3310 1.2825 1.0675 1.4831 1.1426 1.6106 1.3248 1.3319 1.8685 1.2381 1.4365
recall@30 3.8999 2.9299 3.2755 2.5174 3.3849 3.3606 2.4706 3.9798 2.9392 3.0953 3.5552 1.8799 2.2803
recall@50 5.7540 4.0191 4.3735 3.5478 5.1004 4.1302 3.5579 4.7804 4.3978 4.0832 4.5089 2.6591 2.7668
recall@100 9.6780 6.4108 6.6359 6.1237 7.0790 6.2337 6.2145 7.0679 6.4143 6.4537 6.7812 5.0334 4.9207
ndcg @5 0.9300 0.8070 0.7994 0.8111 0.7467 0.8038 0.7928 0.7421 0.8653 0.7224 0.8935 0.7980 0.7973
ndcg@10 1.1072 1.0442 0.9611 0.9719 0.8539 1.0502 0.9192 1.0529 0.9783 0.9409 1.2349 0.9491 1.0208
ndcg@30 1.8288 1.4868 1.5119 1.3317 1.5473 1.6402 1.3005 1.7032 1.4668 1.4516 1.7206 1.1327 1.3136
ndcg @50 2.2983 1.7689 1.8085 1.5718 1.9480 1.8361 1.5523 1.9048 1.8073 1.7160 1.9542 1.3078 1.4542
ndcg @100 3.0801 2.3225 2.2818 2.1020 2.3862 2.2785 2.1062 2.3908 2.2535 2.2572 2.4199 1.8100 1.9224
Process_data_tim¢]
seconds 284.6269 273.1241 | 273.4103 | 275.0971 | 275.9106 | 277.1411 | 277.6546 | 289.4682 | 290.4975 | 291.7195 | 292.1839 | 291.7422 | 292.0908
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label 0.4749

Y_test_dim (1000, 8422) Label Density 3.5107E-04



9 9
1919 4.33 : L‘]E‘EJUFI?IEJUWWISJ)@QQ Random seed-101 yanadoU fmTudaaIuNIania 1.0 5eHIUVVIIa03 XMLC-PAO N4 2 111 N LL‘]J‘]J%OWQE)WNSESIIH

Random Method Random seed-101 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0230 0.0193 0.0188 0.0196 0.0196 0.0207 0.0198 0.0204 0.0201 0.0184 0.0210 0.0177 0.0172
recall@5 1.1415 0.9922 1.0923 1.0564 1.1045 0.9628 0.8016 0.7934 1.0190 0.9153 1.1539 0.8602 1.0388
recall@10 1.5448 1.5745 1.3523 1.5656 1.6982 1.3540 1.0649 1.6908 1.5003 1.3993 1.7986 1.3605 1.1611
recall@30 3.8999 3.8231 2.2178 3.3100 3.4446 2.7449 3.4344 3.0182 2.7877 3.1255 3.1152 3.1524 2.7684
recall@50 5.7540 4.8129 3.3734 4.3450 4.4914 3.9466 4.7926 4.2459 3.7493 4.3495 4.0733 4.0619 3.5565
recall@100 9.6780 6.6171 5.5523 6.2475 6.6879 5.6328 7.2923 6.5279 6.2919 7.0933 6.1986 6.0697 6.1417
ndcg@5 0.9300 0.8222 0.8968 0.8573 0.8805 0.8954 0.7806 0.7786 0.8638 0.8122 0.9782 0.7185 0.7971
ndcg@10 1.1072 1.0456 1.0011 1.0852 1.1077 1.0650 0.8890 1.1251 1.0729 1.0040 1.2508 0.9181 0.8628
ndcg@30 1.8288 1.6666 1.2697 1.6232 1.6522 1.5113 1.5480 1.5489 1.4809 1.4978 1.6464 1.4231 1.3373
ndcg @50 2.2983 1.9088 1.5496 1.8815 1.9086 1.8104 1.8896 1.8534 1.7144 1.7818 1.8877 1.6548 1.5317
ndcg @100 3.0801 2.2839 2.0276 2.2663 2.3733 2.2152 2.3831 2.3281 2.2334 2.3552 2.3659 2.0948 2.0989
Process_data_tim¢]
seconds 284.6269 280.6662 | 282.1414 | 281.6628 | 282.0380 | 284.5839 | 283.7131 | 288.1532 | 277.1801 | 277.9502 | 279.2389 | 279.0803 | 278.9957
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label 0.4749

Y_test_dim (1000, 8422) Label Density 3.5107E-04



HansnaaeoyaANATeY MUYl 6000 AIVL

9 9
1919 4.34 : Llﬁﬂmﬁauwa%y’a Linear 1-6000 yanagou TMTUAATIUMTAAUA 0.5 TEHNWVUIADI XMLC-PAO N4 2 1UY N uuuﬁwamme’fu

Random Method Linear 1-6000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0479 0.0434 0.0296 0.0391 0.0446 0.0427 0.0376 0.0419 0.0390 0.0387 0.0420 0.0380 0.0382
recall@5 2.4258 1.9133 1.1844 1.9609 1.6005 1.6971 1.2049 1.4659 1.4214 1.7223 1.9791 1.5071 1.5708
recall @10 3.1996 2.5316 1.3558 2.4947 2.9498 2.0809 1.6304 2.6725 1.7449 2.1143 2.4347 2.3278 2.1688
recall@30 5.6247 5.4941 2.4360 4.1845 5.1086 3.7634 4.1543 5.3764 2.7195 3.1654 3.9975 3.7230 3.4304
recall@50 7.3459 7.6071 3.0312 5.5219 6.1358 4.7561 5.6441 6.8316 3.7097 3.9434 5.0596 4.4634 4.4243
recall @100 9.5139 10.8027 7.5330 9.8891 10.5613 8.0537 9.9841 10.3884 8.8126 8.3828 10.0039 8.0792 9.3261
ndcg @5 2.0498 1.8153 1.1074 1.7092 1.6414 1.7031 1.3453 1.5098 1.4104 1.4771 1.7462 1.3720 1.4730
ndcg@10 2.4492 2.1709 1.2179 1.9901 2.1795 1.8855 1.5900 1.9985 1.6033 1.7087 2.0049 1.8071 1.7577
ndcg@30 3.4661 3.2543 1.5833 2.6480 2.9422 2.4812 2.5009 3.0164 1.9906 2.2159 2.5270 2.3471 2.2511
ndcg @50 4.0583 3.8028 1.7710 3.1210 3.3494 2.8108 2.9296 3.4819 2.3094 2.5353 2.8757 2.6159 2.5549
ndcg @100 4.6465 4.6193 2.9192 4.1846 4.4434 3.6621 3.9329 4.4577 3.6003 3.6576 4.1509 3.5230 3.7791
Process_data_time
seconds 322.2234 320.0941 | 306.1104 | 307.4387 | 309.2927 | 310.5418 | 309.5992 | 350.0211 | 338.4714 | 341.0316 | 342.0850 | 344.7982 | 346.1831
hrs 0:05:22 0:05:20 0:05:06 0:05:07 0:05:09 0:05:11 0:05:10 0:05:50 0:05:38 0:05:41 0:05:42 0:05:45 0:05:46
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label  0.6349
Y_test_dim (1200, 7560) Label Density 5.6192E-04
= 9 o v o 1 aa ' o g’: [ o g‘l Y
M3 4.35: u,iﬁ'ﬂumauwamaya Linear 1-6000 %ﬂﬂ@ﬁ@ﬂ AINITUFAATIUNITAANA 0.8 FEUINLVUIADY XMLC-PAO N3 2 LYY DU LUV DIAIAU
Random Method Linear 1-6000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0479 0.0440 0.0378 0.0189 0.0360 0.0382 0.0451 0.0328 0.0397 0.0422 0.0360 0.0416 0.0400
recall @5 2.4258 1.7870 1.7089 0.4623 1.5269 1.5587 2.0534 0.8705 1.6811 1.5607 1.2008 2.2419 1.5530
recall@10 3.1996 2.3465 2.1088 0.6019 2.1439 2.2433 2.5457 1.2859 2.1042 2.1466 1.9080 2.6384 2.1149
recall@30 5.6247 4.3393 3.3434 0.9160 4.1365 3.2775 4.3713 2.1822 4.3533 4.8881 3.1285 4.6322 4.2015
recall@50 7.3459 5.7099 4.7733 1.4554 5.5346 4.3883 5.8955 2.7013 5.8014 6.7253 4.0508 5.8822 5.4764
recall@100 9.5139 11.0809 7.8875 6.5271 6.7792 8.5272 9.9197 7.6068 10.2043 9.8213 8.6905 10.1134 9.5416
ndcg@5 2.0498 1.7402 1.5265 0.4750 1.3880 1.4801 1.8297 0.9953 1.5841 1.6876 1.2277 1.8967 1.4769
ndcg@10 2.4492 2.0759 1.7511 0.5827 1.7967 1.7916 2.1212 1.2116 1.8167 2.0014 1.5392 2.1031 1.7964
ndcg@30 3.4661 2.9323 2.3176 0.7697 2.6373 2.2828 2.7703 1.5506 2.6485 2.9510 2.0371 2.8352 2.6545
ndcg @50 4.0583 3.3542 2.8259 0.9469 3.0998 2.6724 3.2263 1.7298 3.1838 3.4604 2.3512 3.2005 3.1179
ndcg @100 4.6465 4.5723 3.6387 2.1664 3.4929 3.7528 4.2941 2.9416 4.2994 4.2423 3.4891 4.3096 4.1756
Process_data_tim¢g
seconds 322.2234 313.9615 [ 314.3303 | 313.3186 [ 314.4631 | 317.1575 | 314.7034 | 350.1158 | 349.9839 | 357.2913 | 353.7105 | 354.6048 | 354.0771
hrs 0:05:22 0:05:14 0:05:14 0:05:13 0:05:14 0:05:17 0:05:15 0:05:50 0:05:50 0:05:57 0:05:54 0:05:55 0:05:54
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label  0.6349

Y_test_dim (1200, 7560) Label Density 5.6192E-04



9 9
11919 4.36 : L‘]ﬁi‘c’lﬂlﬁﬂﬂﬂﬁ%}@ga Linear 1-6000 ¥anadoU fmTudaaIunsania 1.0 5eHIUVVIa03 XMLC-PAO M4 2 (U1 N uuuﬁmmm@fu

Random Method Linear 1-6000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0479 0.0464 0.0368 0.0416 0.0396 0.0318 0.0455 0.0429 0.0415 0.0355 0.0321 0.0244 0.0403
recall@5 2.4258 2.4053 1.7131 1.8424 1.2715 1.1217 2.1311 1.5689 1.3965 1.4376 1.1308 0.6581 1.7985
recall@10 3.1996 3.6115 2.4451 2.4175 1.8425 1.6144 3.2484 2.4385 1.7658 1.7982 1.4896 0.8972 2.6508
recall @30 5.6247 5.6575 4.0421 4.0772 3.7245 2.3946 5.3148 4.2046 3.6731 3.1536 2.0910 1.7801 4.0281
recall@50 7.3459 7.0913 5.1999 6.0532 5.2096 2.9001 7.1944 5.3967 4.7728 4.4398 2.7005 2.3210 5.2962
recall@100 9.5139 9.9433 8.7022 10.0373 9.9584 7.5045 9.5367 9.2959 9.0769 9.3159 7.6073 7.7256 7.5245
ndcg @5 2.0498 2.0293 1.4698 1.7222 1.3942 1.1131 1.8112 1.6094 1.5095 1.3180 1.1442 0.6618 1.6096
ndcg @10 2.4492 2.5429 1.8217 2.0317 1.6853 1.3472 2.3718 1.9772 1.7111 1.5030 1.3341 0.8207 1.9941
ndcg @30 3.4661 3.3031 2.3445 2.7130 2.3514 1.6472 3.2785 2.5794 2.4252 2.0444 1.6284 1.1642 2.5239
ndcg @50 4.0583 3.7364 2.6776 3.3127 2.7857 1.8549 3.8233 3.0266 2.8278 2.4363 1.8393 1.3640 2.9717
ndcg @100 4.6465 4.5020 3.5928 4.3078 3.9446 2.9827 4.5292 4.0647 3.9481 3.6107 3.0380 2.6549 3.6681
Process_data_timg
seconds 322.2234 319.6888 | 320.3034 | 320.6595 | 322.1877 | 322.5688 | 322.2798 | 358.3766 | 359.9477 | 359.9815 | 362.3375 | 365.7862 | 364.7638
hrs 0:05:22 0:05:20 0:05:20 0:05:21 0:05:22 0:05:23 0:05:22 0:05:58 0:06:00 0:06:00 0:06:02 0:06:06 0:06:05
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label 0.6349

Y_test_dim (1200, 7560) Label Density 5.6192E-04



9 9
1919 4.37 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%ﬂga Linear 6001-12000 ANAaOU fmTudaaIuNIanila 0.5 IeHIUVUIIADI XMLC-PAO N4 2 111U N Lmuﬁmmméfu

Random Method Linear 6001-12000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0368 0.0315 0.0308 0.0333 0.0336 0.0325 0.0348 0.0326 0.0323 0.0344 0.0337 0.0339 0.0320
recall@5 1.7802 1.4533 1.5222 1.8040 1.8711 1.7750 1.5667 1.5021 1.9594 1.7044 1.5742 1.6937 1.5887
recall @10 2.6970 2.2355 2.5785 2.5128 2.8238 2.6655 2.6931 2.2887 2.7936 2.3821 2.4968 2.5023 2.4496
recall@30 6.5862 4.8815 4.7556 5.0548 5.2081 4.4539 5.5661 4.3791 5.1335 5.1352 4.9098 4.9529 4.7108
recall@50 8.9812 6.5863 6.2093 7.0763 6.7891 5.9880 6.6747 6.0740 6.3390 6.8936 6.6176 6.7554 6.6048
recall@100 13.0578 9.4571 9.2530 9.4994 10.3764 9.3421 9.0932 9.3217 9.9706 10.1734 | 10.2647 9.2304 9.7849
ndcg@5 1.5841 1.3263 1.3228 1.5466 1.6052 1.5649 1.4736 1.4369 1.6135 1.5481 1.4171 1.5556 1.4335
ndcg @10 1.9659 1.6472 1.7380 1.8762 2.0000 1.9400 1.9531 1.7541 1.9451 1.8336 1.7861 1.8822 1.7872
ndcg @30 3.0876 2.4542 2.4038 2.6904 2.7124 2.4904 2.8269 2.3979 2.6339 2.6745 2.4932 2.6060 2.5196
ndcg@50 3.6831 2.8826 2.7896 3.1558 3.1313 2.8748 3.0943 2.8135 2.9429 3.1040 2.8890 3.0639 2.9944
ndcg @100 4.5987 3.5808 3.4582 3.7095 3.9082 3.6363 3.6355 3.5393 3.7266 3.8134 3.6883 3.5834 3.6673
Process_data_tim¢]
seconds 330.6347 314.0862 | 313.1634 | 314.4717 | 315.2333 | 316.7370 | 316.9835 | 341.7964 | 328.9384 | 330.5347 | 330.3362 | 332.1372 | 332.7932
hrs 0:05:31 0:05:14 0:05:13 0:05:14 0:05:15 0:05:17 0:05:17 0:05:42 0:05:29 0:05:31 0:05:30 0:05:32 0:05:33
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065
Y_test_dim (1200, 7914) Label Density 3.8047E-04
= 9 ) [ [ J Aaa 1 o ZIJ (% [ 314 9
M99 4.38 : L‘]EEJ‘UW]EJ‘UN?JGUEIQQ Linear 6001-12000 FANANDU AIHIUTATIUNITAANA 0.8 5ZUINLVUD1a9I XMLC-PAO N4 2 LUD DU LUUINADIOIAU
Random Method Linear 6001-12000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0368 0.0316 0.0338 0.0337 0.0290 | 0.0353 0.0272 0.0354 | 0.0324 | 0.0368 | 0.0265 0.0316 0.0329
recall@5 1.7802 1.3751 1.7418 1.7326 1.4820 1.7689 1.2199 1.9819 1.6460 1.5851 1.4101 1.6293 1.4346
recall@10 2.6970 2.5503 2.5989 3.1312 2.8364 2.5989 2.2864 3.1544 2.3633 2.6678 2.5483 2.8372 2.0018
recall@30 6.5862 5.1379 5.3673 5.6508 4.8975 4.8896 4.2926 5.9245 5.0126 4.8934 4.9695 4.9922 4.0035
recall@50 8.9812 7.0782 7.6546 7.3974 7.0887 6.8406 6.6108 7.9355 6.6659 7.7501 7.1215 6.6701 6.0684
recall@100 13.0578 10.5334 10.8419 10.1496 10.3500 9.3492 9.1441 11.0301 10.3025 11.1514 10.5513 9.9794 10.2457
ndcg@5 1.5841 1.2876 1.4789 1.4884 1.1432 1.6417 1.1114 1.7155 1.5081 1.5449 1.0729 1.4231 1.4402
ndcg@10 1.9659 1.7562 1.8585 2.0700 1.7038 1.9909 1.5421 2.2030 1.8061 1.9986 1.5111 1.9290 1.6734
ndcg@30 3.0876 2.5290 2.7413 2.8449 2.3479 2.6697 2.1843 3.0345 2.5671 2.6908 2.2652 2.5970 2.3095
ndcg @50 3.6831 2.9837 3.2950 3.2879 2.8936 3.1450 2.7225 3.4989 2.9828 3.3815 2.8323 2.9986 2.8090
ndcg@100 4.5987 3.7007 3.9793 3.8800 3.6283 3.6804 3.2940 4.1341 3.7828 4.1431 3.5759 3.7105 3.6899
Process_data_timg
seconds 330.6347 320.4890 | 320.2704 | 322.1011 | 322.4132 | 324.0909 | 324.4111 | 342.2251 | 342.9915 | 344.7878 | 344.9005 | 346.0650 | 346.9204
hrs 0:05:31 0:05:20 0:05:20 0:05:22 0:05:22 0:05:24 0:05:24 0:05:42 0:05:43 0:05:45 0:05:45 0:05:46 0:05:47
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065

Y_test_dim (1200, 7914) Label Density 3.8047E-04



9 9
1919 4.39 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%ﬂga Linear 6001-12000 ANAaOU fmsudaaIumsania 1.0 3$¥NWVVINAa8I XMLC-PAO M4 2 111U N Lmuﬁmmméfu

Random Method Linear 6001-12000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0368 0.0317 0.0337 0.0349 0.0274 0.0335 0.0332 0.0332 0.0325 0.0325 0.0345 0.0320 0.0311
recall@5 1.7802 1.3676 1.9181 2.0400 1.7052 1.8009 1.5537 1.7481 1.7634 1.6364 1.5486 1.6108 1.4718
recall@10 2.6970 2.6137 2.9925 3.0919 2.6297 2.7015 2.5587 2.8059 2.5961 2.2672 2.4634 2.4787 2.2419
recall @30 6.5862 5.7290 5.8589 6.1468 4.7895 5.5076 4.9746 5.3423 5.8258 4.9794 5.1678 4.4406 4.3543
recall@50 8.9812 7.3066 7.5731 7.6646 7.3674 6.7564 7.0952 7.2080 7.6982 7.3242 7.1415 6.5655 6.3645
recall@100 13.0578 10.1668 | 10.0098 10.9631 9.8303 9.6582 10.4437 | 10.3685 | 11.0949 | 10.8849 9.7646 9.8487 8.8648
ndcg @5 1.5841 1.3004 1.5749 1.6895 1.3076 1.5523 1.3718 1.4966 1.4374 1.5312 1.4750 1.4640 1.3605
ndcg @10 1.9659 1.8039 2.0372 2.0882 1.6955 1.9279 1.7924 1.9190 1.8015 1.8020 1.8788 1.8265 1.6706
ndcg @30 3.0876 2.7021 2.9170 2.9979 2.3565 2.7810 2.5628 2.7266 2.7800 2.6667 2.6675 2.4138 2.3311
ndcg @50 3.6831 3.0767 3.3458 3.3829 3.0015 3.1171 3.0671 3.1909 3.2420 3.2279 3.1494 2.9219 2.8300
ndcg @100 4.5987 3.6895 3.9145 4.0505 3.5596 3.7431 3.7854 3.8784 3.9632 3.9727 3.7298 3.6489 3.3678
Process_data_timg
seconds 330.6347 327.6195 | 328.0285 | 327.9177 | 328.6652 | 330.4154 | 330.7495 | 351.4285 | 352.9922 | 352.4577 | 353.9505 | 356.0543 | 355.4368
hrs 0:05:31 0:05:28 0:05:28 0:05:28 0:05:29 0:05:30 0:05:31 0:05:51 0:05:53 0:05:52 0:05:54 0:05:56 0:05:55
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065

Y_test_dim (1200, 7914) Label Density 3.8047E-04



9 9
711919 4.40 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%ﬂga Linear 12001-18000 ¥ANAa DU fmsudaaIumsania 0.5 3$HINVVIABI XMLC-PAO N4 2 111U N Lmuﬁmmméfu

Random Method Linear 12001-18000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0318 0.0276 0.0307 0.0272 0.0297 0.0218 0.0250 0.0241 0.0303 0.0259 0.0252 0.0244 0.0162
recall@5 2.0849 1.0787 1.6676 1.6855 2.0170 1.4158 1.4062 1.2840 1.9383 1.9083 1.6169 1.7585 1.2404
recall @10 3.4380 1.8974 2.4359 2.4322 2.8099 2.2388 2.2125 2.0608 2.8831 2.7414 2.3627 2.3839 1.7355
recall@30 6.1117 5.0816 4.3980 4.4237 4.6400 4.5281 5.0343 5.1006 4.8496 4.6450 4.2251 4.2312 3.9293
recall@50 7.4057 5.9806 5.7478 5.4698 5.9611 5.4961 6.4286 6.1877 5.8216 5.9273 5.6732 5.1448 5.0903
recall@100 10.7713 7.9297 7.5406 8.2847 8.0417 6.9133 8.7792 8.4303 8.0322 7.7832 8.3641 7.4190 6.9788
ndcg@5 1.5512 1.0749 1.5264 1.3450 1.5303 1.0739 1.1611 1.0371 1.6172 1.3908 1.3202 1.2969 0.8292
ndcg@10 2.0728 1.3966 1.8344 1.6394 1.8483 1.3998 1.4911 1.3467 2.0039 1.7234 1.6150 1.5768 1.0412
ndcg @30 2.8464 2.2974 2.4357 2.2218 2.3665 2.0481 2.3053 2.2170 2.5971 2.3027 2.1478 2.1105 1.6960
ndcg@50 3.1838 2.5270 2.7781 2.4881 2.6900 2.2811 2.6574 2.4793 2.8406 2.6085 2.4940 2.3310 1.9975
ndcg @100 3.8877 2.9194 3.1546 3.0848 3.1430 2.5977 3.1464 2.9931 3.3186 3.0250 3.0453 2.8088 2.3916
Process_data_tim¢]
seconds 340.4285 334.3774 | 321.5686 | 322.6687 | 325.6223 | 325.6117 | 327.0249 | 333.3282 | 322.7012 | 322.9989 | 324.4087 | 325.3682 | 326.3478
hrs 0:05:40 0:05:34 0:05:22 0:05:23 0:05:26 0:05:26 0:05:27 0:05:33 0:05:23 0:05:23 0:05:24 0:05:25 0:05:26
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label 0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04
= 9 o [y [ 1 an 1 o gl./ [ o 314 9
M9 4.41 : L‘LEEJ‘UW]EJ‘UN?JGU?JQQ Linear 12001-18000 FANAADU AIHIUTATIUNITAANA 0.8 5NNV VIADI XMLC-PAO N4 2 LUD NU LUUINADIOIAU
Random Method Linear 12001-18000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0318 0.0241 0.0296 0.0281 0.0204 0.0276 0.0280 0.0281 0.0242 0.0285 0.0292 0.0239 0.0243
recall@5 2.0849 1.2148 1.8367 1.5294 1.4661 2.0765 1.4506 1.3289 1.5234 1.6470 1.7426 1.4564 1.3855
recall@10 3.4380 1.9216 2.6532 2.2896 2.3817 2.9088 2.3535 2.4497 2.0001 2.6258 2.3350 2.3783 1.9310
recall@30 6.1117 3.6657 4.5729 4.3592 3.9166 4.1727 4.7274 3.8473 3.5422 4.4070 5.0646 4.3541 3.7139
recall@50 7.4057 5.0380 5.5856 6.0409 5.4587 4.7977 5.8957 5.1378 4.5102 5.1538 6.1529 5.1445 5.3551
recall@100 10.7713 7.3167 7.7693 8.0887 8.7014 7.3036 7.5629 7.8002 6.3960 6.4588 8.5158 7.6242 7.3952
ndcg@5 1.5512 1.0239 1.5561 1.2967 1.1752 1.5303 1.2425 1.2046 1.3224 1.3496 1.3965 1.1514 1.1961
ndcg@10 2.0728 1.3282 1.8860 1.5778 1.5576 1.8780 1.5924 1.6234 1.5054 1.7329 1.6549 1.4851 1.3998
ndcg@30 2.8464 1.8412 2.4372 2.1858 1.9951 2.2614 2.2801 2.0164 1.9982 2.2703 2.4764 2.0572 1.9570
ndcg @50 3.1838 2.1794 2.6789 2.5905 2.3526 2.4157 2.5713 2.3172 2.2485 2.4531 2.7239 2.2574 2.3335
ndcg@100 3.8877 2.6709 3.1461 3.0426 3.0221 2.9467 2.9259 2.8455 2.6450 2.7416 3.2062 2.7998 2.7587
Process_data_tim¢]
seconds 340.4285 330.3542 | 330.9353 | 333.1282 | 332.1346 | 333.6525 | 333.7004 | 336.2830 | 337.6706 | 338.7178 | 338.6511 | 340.4044 | 340.6453
hrs 0:05:40 0:05:30 0:05:31 0:05:33 0:05:32 0:05:34 0:05:34 0:05:36 0:05:38 0:05:39 0:05:39 0:05:40 0:05:41
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label  0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04

81



9 9
1919442 : Llﬁﬂﬂ!ﬁﬂﬂﬂﬁ%ﬂga Linear 12001-18000 ¥ANAa DU fmTudaaIumsanila 1.0 5eHIUUUIa03 XMLC-PAO N4 2 111U N Lmuﬁmmméfu

Random Method Linear 12001-18000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0318 0.0289 0.0271 0.0298 0.0237 0.0217 0.0273 0.0288 0.0252 0.0261 0.0246 0.0279 0.0235
recall@5 2.0849 2.0689 1.7339 1.7529 1.4744 1.3213 1.9335 2.0251 1.1196 1.4288 1.7460 1.6112 1.1447
recall@10 3.4380 2.9200 2.9840 2.6287 2.7508 1.8557 2.5421 2.5940 1.7496 2.1242 2.6476 2.2779 1.6692
recall@30 6.1117 4.5107 5.1460 4.5600 4.3496 3.5806 4.4342 3.9592 3.7971 4.3098 4.9654 4.3544 4.4476
recall@50 7.4057 5.2060 6.1591 5.7643 5.4817 5.0519 5.5169 5.1523 5.3125 5.8342 6.1348 6.5798 5.4554
recall@100 10.7713 7.5142 8.1707 8.6540 7.2148 7.6388 7.8786 7.0128 7.4255 8.9133 8.1387 8.9567 7.1687
ndcg @5 1.5512 1.5229 1.2814 1.5310 1.1713 1.0670 1.5214 1.5965 1.0469 1.2014 1.2659 1.3473 0.9792
ndcg @10 2.0728 1.8454 1.7491 1.9072 1.6285 1.2948 1.7809 1.8433 1.3028 1.4677 1.6059 1.6053 1.2117
ndcg @30 2.8464 2.3174 2.4140 2.5047 2.0892 1.8114 2.3507 2.2432 1.8715 2.1270 2.2968 2.2470 2.0019
ndcg @50 3.1838 2.4859 2.6761 2.7787 2.3769 2.1378 2.6267 2.5332 2.2151 2.4838 2.5837 2.7772 2.2739
ndcg @100 3.8877 2.9917 3.1186 3.3819 2.7399 2.6753 3.1078 2.9295 2.6744 3.1115 3.0000 3.2649 2.6630
Process_data_timg
seconds 340.4285 335.1420 | 338.6070 | 337.9653 | 339.4068 | 341.1133 | 340.4696 | 344.3207 | 345.6679 | 345.6973 | 347.3022 | 349.6038 | 348.6850
hrs 0:05:40 0:05:35 0:05:39 0:05:38 0:05:39 0:05:41 0:05:40 0:05:44 0:05:46 0:05:46 0:05:47 0:05:50 0:05:49
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label 0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04
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Random Method Linear 18001-24000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1 : 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0250 0.0192 0.0246 0.0150 0.0202 0.0173 0.0157 0.0172 0.0193 0.0137 0.0188 0.0176 0.0181
recall@5 1.8577 1.0922 1.7729 0.6415 1.5587 0.9957 0.6207 0.7901 1.0859 1.2958 1.0705 1.0390 0.7832
recall@10 2.4809 1.7596 2.5938 1.1021 2.2698 2.0578 1.2644 1.7118 1.8693 2.2945 1.9974 2.0946 1.7651
recall@30 5.1728 3.6030 4.5580 3.1384 4.0503 4.1666 3.1590 3.7852 4.3815 3.8466 4.0837 4.3986 4.4596
recall@50 7.3459 5.1763 5.6061 4.2933 4.7819 5.1376 5.0673 4.6061 5.9392 4.6615 5.3333 5.5092 5.9786
recall@100 10.7023 7.5862 7.6082 6.0818 6.7405 6.7980 6.9194 5.9186 7.5884 6.5991 7.4902 7.8023 8.3181
ndcg@5 1.3152 0.9144 1.3225 0.5593 1.0858 0.8074 0.5529 0.6753 0.8413 0.7270 0.8374 0.7765 0.6647
ndcg@10 1.5730 1.1781 1.6336 0.7410 1.3464 1.1911 0.8270 1.0447 1.1194 1.1260 1.1894 1.1533 1.0422
ndcg@30 2.3363 1.6991 2.2154 1.3532 1.8578 1.8247 1.3679 1.6306 1.8643 1.5856 1.7795 1.8430 1.8185
ndcg @50 2.8266 2.0594 2.4812 1.6061 2.0411 2.0585 1.7906 1.8351 2.2060 1.7772 2.0555 2.0958 2.1596
ndcg @100 3.5441 2.5354 2.9018 1.9776 2.4586 2.4042 2.1723 2.1011 2.5732 2.1504 2.4861 2.5444 2.6162
Process_data_tim¢g
seconds 330.1702 311.5902 | 313.0920 | 313.6789 | 314.8519 | 315.4998 | 316.0043 | 326.9791 | 329.2990 | 329.9521 | 332.0146 | 331.7797 | 332.5393
hrs 0:05:30 0:05:12 0:05:13 0:05:14 0:05:15 0:05:15 0:05:16 0:05:27 0:05:29 0:05:30 0:05:32 0:05:32 0:05:33
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label  0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04

9 9
1919 4.44 : Llﬁﬂﬂ!‘ﬁﬂﬂwﬁsﬁjﬂga Linear 18001-24000 ¥anaaoU FMTVdaaIUNIanla 0.8 IeHINUVVIIaD3 XMLC-PAO N4 2 111U N LLTJ‘U%]OWI?J\WNG%JH

Random Method Linear 18001-24000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0250 0.0187 0.0124 0.0205 0.0161 0.0185 0.0231 0.0128 0.0233 0.0201 0.0257 0.0280 0.0217
recall@5 1.8577 1.2022 0.9123 1.0946 1.0872 1.2454 1.7687 0.9795 1.8354 1.0537 1.6396 2.1604 1.5799
recall@10 2.4809 2.2224 1.6208 2.1606 2.1304 2.0267 2.5302 1.8041 2.1049 1.8593 2.7202 3.0794 2.1347
recall@30 5.1728 3.9414 3.4532 4.7330 4.1628 4.3076 3.9242 3.3876 3.9877 3.6131 4.8339 4.7078 4.3829
recall@50 7.3459 5.1935 4.4477 6.1930 5.2304 5.0021 4.9069 4.9043 5.2853 5.2469 5.8124 5.8641 6.0564
recall@100 10.7023 6.6611 6.0628 8.2343 7.1715 6.6749 6.5730 6.4814 7.5153 7.4663 7.0632 7.5905 7.7578
ndcg @5 1.3152 0.8880 0.6698 0.8633 0.7877 0.9177 1.2576 0.6157 1.3510 0.8528 1.2930 1.5912 1.1536
ndcg@10 1.5730 1.2690 0.9316 1.2510 1.1511 1.2329 1.5756 0.9302 1.4679 1.1719 1.7258 1.9501 1.3676
ndcg@30 2.3363 1.7943 1.4849 2.0088 1.7128 1.8795 2.0120 1.4028 2.0375 1.6959 2.3089 2.4077 1.9923
ndcg@50 2.8266 2.0711 1.7091 2.3461 1.9557 2.0404 2.2532 1.7566 2.3597 2.0643 2.5369 2.6718 2.3666
ndcg @100 3.5441 2.3657 2.0471 2.7488 2.3353 2.3744 2.5882 2.0868 2.8116 2.5057 2.8220 3.0490 2.7389
Process_data_tim¢]
seconds 330.1702 319.1146 | 320.3805 | 321.6605 | 321.8609 | 323.3271 | 324.2843 | 343.1406 | 343.6759 | 345.9554 | 345.9595 | 347.5853 | 347.2350
hrs 0:05:30 0:05:19 0:05:20 0:05:22 0:05:22 0:05:23 0:05:24 0:05:43 0:05:44 0:05:46 0:05:46 0:05:48 0:05:47
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label 0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04
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Random Method Linear 18001-24000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0250 0.0126 0.0237 0.0152 0.0231 0.0210 0.0160 0.0175 0.0190 0.0176 0.0235 0.0213 0.0211
recall@5 1.8577 0.9550 1.8778 0.9927 1.6443 1.5984 0.7717 1.2188 1.1415 0.8679 1.6388 1.1950 1.4540
recall@10 2.4809 1.5989 3.0709 1.7326 2.2187 2.3813 2.2725 2.1695 2.1632 1.7481 2.7374 2.2329 2.2715
recall@30 5.1728 3.9290 4.9718 4.0249 4.9482 3.7677 3.6354 3.8743 4.2666 3.5779 4.6423 4.2690 4.1250
recall@50 7.3459 5.5409 6.1190 4.7874 6.2006 5.0177 4.9048 5.3503 5.6960 5.6218 5.7666 5.8144 5.5040
recall@100 10.7023 6.9599 7.1449 7.0202 8.2932 6.7887 6.6266 6.6978 8.1260 8.5088 7.0538 7.7743 7.5908
ndcg@5 1.3152 0.6154 1.3489 0.7827 1.2368 1.1419 0.6321 0.8668 0.8250 0.7598 1.2010 0.9918 1.0774
ndcg @10 1.5730 0.8728 1.7981 1.0827 1.4808 1.4462 1.2139 1.2124 1.2295 1.0903 1.6036 1.3703 1.3785
ndcg @30 2.3363 1.5479 2.3569 1.7352 2.2193 1.8353 1.6230 1.7112 1.8673 1.5914 2.1747 1.9751 1.9400
ndcg @50 2.8266 1.9204 2.6139 1.9218 2.4902 2.1054 1.9306 2.0521 2.1704 2.0661 2.4481 2.3469 2.2640
ndcg @100 3.5441 2.2161 2.8264 2.3710 2.9201 2.4602 2.3021 2.3368 2.6651 2.6118 2.7246 2.7530 2.6907
Process_data_timg
seconds 330.1702 326.1686 | 327.9499 | 328.5812 | 328.7279 | 330.8992 | 330.8118 | 351.4135 | 354.5476 | 353.6833 | 354.2561 | 357.0741 | 355.8982
hrs 0:05:30 0:05:26 0:05:28 0:05:29 0:05:29 0:05:31 0:05:31 0:05:51 0:05:55 0:05:54 0:05:54 0:05:57 0:05:56
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label 0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04

84



M1319 4.46 : 1WSeuouradoya Lincar 24001-27932 (3933 f10819) yanadoy d1miudadiunsaaia 0.5 521 119uUDTIa99 XMLC-PAO 919 2 1Y MY
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HUUINDIAINUY
Random Method Linear 24001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0153 0.0146 0.0169 0.0139 0.0139 0.0153 0.0119 0.0103 0.0121 0.0150 0.0136 0.0152 0.0141
recall@5 0.7730 0.8365 1.0165 0.7276 0.7276 1.1012 0.5930 0.5400 0.5612 0.6247 0.6396 0.7730 0.7488
recall@10 1.8573 1.1648 2.0013 1.5323 1.5323 1.7302 1.0208 0.8196 0.9742 0.9890 1.1902 1.2295 1.5260
recall @30 3.7508 1.9377 3.5372 3.3367 3.3367 4.2560 3.2873 2.0279 2.9989 2.3655 3.1927 3.3333 3.4129
recall @50 5.3648 3.5352 4.4130 4.3934 4.3934 5.4601 4.6183 3.3358 3.8640 3.6499 4.4209 4.7660 4.4442
recall @100 9.0599 6.5583 5.6752 6.7591 6.7591 7.0898 6.9469 5.1761 5.8134 6.0242 5.9158 7.3773 6.2402
ndcg@5 0.6165 0.7217 0.8121 0.6057 0.6057 0.7823 0.4902 0.4371 0.5293 0.6430 0.5529 0.6348 0.6344
ndcg@10 1.0350 0.8626 1.1745 0.8982 0.8982 1.0113 0.6796 0.5491 0.7006 0.7925 0.8005 0.8172 0.9280
ndcg @30 1.6107 1.1145 1.6518 1.3952 1.3952 1.7154 1.3159 0.8659 1.2631 1.1606 1.3547 1.4297 1.4390
ndcg@50 1.9969 1.4988 1.8640 1.6508 1.6508 2.0038 1.6259 1.1567 1.4781 1.4429 1.6162 1.7677 1.6689
ndcg@100 2.6742 2.0419 2.1314 2.1145 2.1145 2.3472 2.0843 1.5159 1.8825 1.9125 1.9308 2.2576 2.0506
Process_data_timg
seconds 225.7609 224.8722 | 212.2504 | 212.8361 | 212.5401 | 212.3979 | 213.6050 | 232.1737 | 219.4581 | 219.2147 | 220.9835 | 221.4392 | 222.1600
hrs 0:03:46 0:03:45 0:03:32 0:03:33 0:03:33 0:03:32 0:03:34 0:03:52 0:03:39 0:03:39 0:03:41 0:03:41 0:03:42
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label  0.5258
Y_test_dim (787, 5983) Label Density 4.1148E-04

M1319 4.47 : 1WSeufouradoya Lincar 24001-27932 (3933 #10619) yanadou d11iudadIunsania 0.8 521 1MUVTIA0I XMLC-PAO 119 2 11 M

o )
UUUITADIPNAU
Random Method Linear 24001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0153 0.0134 0.0155 0.0122 0.0145 0.0160 0.0139 0.0160 0.0157 0.0140 0.0127 0.0136 0.0137
recall@5 0.7730 0.5586 0.7730 0.7243 0.9953 0.8789 0.6565 1.2918 1.1330 0.6989 0.7412 1.2071 1.0271
recall@10 1.8573 0.9016 1.6984 1.2008 1.6603 1.6954 0.9890 1.3841 1.6171 1.0885 0.9318 1.6413 1.6624
recall@30 3.7508 2.0177 3.1302 3.1409 2.7862 3.3552 3.1835 2.7281 2.9915 1.9822 3.5315 3.1307 3.0508
recall@50 5.3648 3.2417 4.2399 4.1205 3.9795 3.7576 4.1419 3.2681 4.2949 3.1439 4.5994 4.3950 4.0800
recall@100 9.0599 5.9432 5.7795 4.9476 5.6791 5.6002 6.1020 4.8395 5.8345 4.6415 6.5302 6.8664 5.3040
ndcg@5 0.6165 0.5434 0.7054 0.5450 0.7637 0.7574 0.6620 0.9802 0.8715 0.6713 0.5898 0.8214 0.8271
ndcg@10 1.0350 0.6769 1.0399 0.7309 1.0248 1.0595 0.7998 1.0250 1.0700 0.8312 0.6675 1.0193 1.0537
ndcg @30 1.6107 0.9913 1.4303 1.3004 1.3658 1.5704 1.4293 1.3969 1.4348 1.0973 1.3446 1.4415 1.4783
ndcg@50 1.9969 1.2703 1.6781 1.5437 1.6568 1.6668 1.6440 1.5305 1.7414 1.3473 1.6000 1.7167 1.7396
ndcg@100 2.6742 1.8060 1.9935 1.7243 2.0021 2.0712 2.0550 1.8623 2.0479 1.6649 1.9918 2.1666 1.9885
Process_data_time
seconds 225.7609 216.0009 | 216.5009 | 218.6226 | 218.7450 | 219.5671 | 218.1574 | 224.9017 | 225.1814 | 225.7146 | 226.7655 | 226.9348 | 228.7295
hrs 0:03:46 0:03:36 0:03:37 0:03:39 0:03:39 0:03:40 0:03:38 0:03:45 0:03:45 0:03:46 0:03:47 0:03:47 0:03:49
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label  0.5258

Y_test_dim (787, 5983) Label Density 4.1148E-04



M1319 4.48 : 1WSeuoumadoya Lincar 24001-27932 (3933 10819) yanadoy dmiudadiunmsaaia 1.0 52119uuDTIa99 XMLC-PAO 919 2 1D MY

o ¥ 9
LHUUITDIPNAU
Random Method Linear 24001-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0153 0.0129 0.0134 0.0136 0.0113 0.0159 0.0170 0.0137 0.0152 0.0128 0.0152 0.0128 0.0135
recall@5 0.7730 0.5730 0.8683 0.9742 0.6141 0.7730 1.2643 0.7730 0.6989 1.0165 0.7412 0.8767 0.8789
recall@10 1.8573 0.7818 1.0313 1.6307 1.0589 1.2071 1.4655 1.3777 1.5396 1.1309 1.5883 1.0779 1.4549
recall@30 3.7508 2.5906 2.4495 3.6555 2.0330 2.9451 2.3925 2.6950 3.5360 2.2575 3.0220 2.1952 2.5942
recall@50 5.3648 3.5813 3.8197 5.1508 2.7637 4.3186 3.7468 4.2468 4.4467 3.1535 4.2939 3.4023 3.9203
recall@100 9.0599 6.5667 5.7175 6.9615 3.9339 5.7779 5.3564 6.2069 5.7704 4.6297 6.3917 6.1233 5.3656
ndcg @5 0.6165 0.5003 0.6872 0.6943 0.4992 0.7000 0.9514 0.6347 0.6474 0.7349 0.6548 0.6863 0.6585
ndcg@10 1.0350 0.6006 0.7650 0.9270 0.6856 0.8773 1.0331 0.8757 0.9370 0.7869 0.9700 0.7671 0.8827
ndcg@30 1.6107 1.0602 1.1460 1.4794 0.9703 1.3906 1.3162 1.2457 1.4890 1.1365 1.3612 1.0670 1.2417
ndcg @50 1.9969 1.3045 1.4594 1.8337 1.1274 1.7099 1.6405 1.5970 1.6763 1.3495 1.6426 1.3295 1.5465
ndcg@100 2.6742 1.9083 1.8358 2.1894 1.3781 2.0328 1.9673 1.9740 1.9525 1.6417 2.0563 1.8678 1.8249
Process_data_timg
seconds 225.7609 219.6729 | 221.3547 | 221.5515 | 222.9238 | 224.0557 | 225.0356 | 231.2841 | 233.6357 | 233.8867 | 233.5276 | 235.3800 | 236.5150
hrs 0:03:46 0:03:40 0:03:41 0:03:42 0:03:43 0:03:44 0:03:45 0:03:51 0:03:54 0:03:54 0:03:54 0:03:55 0:03:57
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label  0.5258

Y_test_dim (787, 5983) Label Density 4.1148E-04
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Random Method Linear 1-7000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0488 0.0415 0.0273 0.0443 0.0407 0.0380 0.0317 0.0461 0.0448 0.0400 0.0376 0.0385 0.0418
recall@5 2.4069 1.7582 1.1619 2.0557 1.8653 | 1.3236 | 1.1587 2.0160 1.9431 | 1.8505 | 1.4465 | 1.9875 | 2.0618
recall@10 3.1517 2.5320 1.7095 2.6059 2.3695 | 1.8420 | 1.5973 2.4934 2.6968 | 2.3463 | 1.6817 | 2.4350 | 2.7533
recall@30 4.8021 3.5823 2.4365 4.5268 4.5115 3.1101 2.6664 4.7775 4.2516 3.7794 2.6776 4.2345 5.0578
recall@50 7.0186 4.7678 3.0852 6.3064 5.4400 3.8390 3.7849 5.4525 6.4821 5.2935 3.7653 6.0195 7.0697
recall@100 10.5463 8.8068 7.2328 10.1642 8.9169 | 7.5830 | 7.1186 8.1938 | 10.0396 | 8.9733 | 7.8124 | 10.2810 | 10.1484
ndcg@5 2.1462 1.7314 1.0356 1.9196 1.7113 1.3575 1.2166 1.9915 1.8739 1.7427 1.5247 1.6602 1.8472
ndcg @10 2.5086 2.0622 1.3000 2.2362 1.9712 1.6068 1.4447 2.2695 2.2048 1.9974 1.6410 1.9305 2.1874
ndcg@30 3.2583 2.5277 1.6182 3.0004 2.7073 | 2.1054 | 1.8925 3.0491 2.8115 | 2.5674 | 2.0897 | 2.6617 [ 2.9688
ndcg@50 3.9283 2.8498 1.8446 3.5429 3.0218 | 2.3805 | 2.2263 3.2897 3.4201 | 3.0089 [ 2.4580 | 3.2090 | 3.5201
ndcg @100 4.7734 3.7993 2.7837 4.4496 3.8875 3.3210 3.0511 3.9445 4.2859 3.8909 3.4661 4.2171 4.2105
Process_data_time
seconds 396.9514 384.4198 372.3381 374.0061 |375.7066|376.0563 [378.2971] 391.6138 |378.9385 | 380.4655 | 380.7068 | 386.5706 | 388.9956
hrs 0:06:37 0:06:24 0:06:12 0:06:14 0:06:16 | 0:06:16 | 0:06:18 | 0:06:32 | 0:06:19 [ 0:06:20 | 0:06:21 | 0:06:27 | 0:06:29
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label 0.6615
Y_test_dim (1400, 8465) Label Density 4.8728E-04
= 9 ) [ [ 1 Aaa 1 o g}/ (% [ g}/ 9
M135194.50 : L‘Lﬁ*ﬂumﬂuwamaga Linear 1-7000 FANAADU T1HIUAATIUNITAANA 0.8 3EUINLUVIIa9I XMLC-PAO M3 2 HUY DU LUUADIAIAY
Random Method Linear 1-7000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2: 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0488 0.0285 0.0426 0.0429 0.0211 0.0428 0.0352 0.0332 0.0445 0.0408 0.0443 0.0417 0.0410
recall @5 2.4069 0.8712 1.3304 1.9670 0.5532 1.2926 1.4244 1.3424 2.0350 1.6087 1.9490 1.6328 1.7268
recall @10 3.1517 1.4518 2.1562 2.5442 0.7221 2.3676 1.9328 1.8538 2.6622 2.3146 2.5208 2.3399 2.0397
recall@30 4.8021 4.4445 4.5040 3.8014 1.3701 3.8732 2.6805 3.0373 4.2529 3.7694 4.1338 4.2852 3.8828
recall@50 7.0186 5.8467 5.7351 5.2611 1.7286 4.8923 3.3926 3.3661 5.7665 4.4118 6.0008 5.5893 4.6897
recall @100 10.5463 8.1708 7.9320 9.0783 6.1345 7.8206 6.9314 6.9538 8.6762 8.1552 9.5781 7.6376 8.8770
ndcg @5 2.1462 0.9226 1.5183 1.8341 0.5766 1.5503 1.4373 1.2536 1.9228 1.6687 1.9053 1.7273 1.6621
ndcg@10 2.5086 1.2505 1.9357 2.1396 0.6851 1.9969 1.6577 1.5035 2.2160 1.9649 2.1833 2.0293 1.8320
ndcg@30 3.2583 2.3306 2.7893 2.6184 0.9478 2.5427 2.0163 1.9302 2.9184 2.4775 2.7742 2.7404 2.5338
ndcg @50 3.9283 2.7679 3.1607 3.0697 1.0872 2.9141 2.2732 2.0571 3.3812 2.7307 3.3206 3.1680 2.8330
ndcg @100 4.7734 3.3853 3.7464 4.0267 2.1419 3.6811 3.0983 2.9749 4.1030 3.6155 4.2493 3.7452 3.8787
Process_data_tim¢g
seconds 396.9514 380.5977 | 395.9614 | 383.9937 | 379.9317 | 382.0580 | 383.2983 | 400.6010 | 413.9514 | 404.6038 | 400.2305 | 403.3406 | 402.6027
hrs 0:06:37 0:06:21 0:06:36 0:06:24 0:06:20 0:06:22 0:06:23 0:06:41 0:06:54 0:06:45 0:06:40 0:06:43 0:06:43
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label  0.6615

Y_test_dim (1400, 8465) Label Density 4.8728E-04
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1919 4.51 : L‘]ﬁi‘c’lﬂlﬁﬂﬂﬂﬁ%}@ga Linear 1-7000 ¥anadoy fmTudaaIunsania 1.0 5eHIUVVIIa03 XMLC-PAO M4 2 (U1 N uuuﬁmmm@fu

Random Method Linear 1-7000 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0488 0.0390 0.0423 0.0448 0.0487 0.0355 0.0441 0.0479 0.0386 0.0243 0.0444 0.0465 0.0351
recall @5 2.4069 1.7364 1.9562 1.7914 2.3650 1.1649 1.7004 2.0315 1.4696 0.6276 1.8146 1.9796 1.2377
recall@10 3.1517 2.3040 2.4512 2.1701 3.2226 1.4821 2.0676 3.1478 1.9790 0.7950 2.1564 2.6467 1.7942
recall@30 4.8021 3.5089 4.0062 3.8314 5.4178 4.5838 4.3116 5.3498 4.0484 1.3413 3.7383 5.0798 2.7055
recall@50 7.0186 4.2108 5.2458 4.6489 7.0446 6.4235 5.4659 6.7585 5.4118 1.7468 4.2389 6.1847 3.4193
recall@100 10.5463 7.7581 8.5227 7.7687 9.6642 8.9504 8.9849 10.5743 9.3424 5.8314 9.1791 9.2947 7.3833
ndcg @5 2.1462 1.6286 1.7955 1.8554 2.1386 1.3226 1.7590 1.9235 1.5217 0.7325 1.8854 1.9156 1.2967
ndcg@10 2.5086 1.9184 2.0425 2.0920 2.5734 1.5281 1.9747 2.4590 1.7425 0.8556 2.1155 2.2399 1.5422
ndcg @30 3.2583 2.4579 2.6211 2.7658 3.3657 2.5897 2.7385 3.2895 2.4053 1.1665 2.7352 3.1568 1.9242
ndcg @50 3.9283 2.7222 3.0313 3.0047 3.8422 3.1168 3.1048 3.6824 2.7860 1.3382 2.9252 3.5299 2.1860
ndcg @100 4.7734 3.6001 3.8503 3.7826 4.5036 3.7773 3.9250 4.5541 3.8034 2.3695 4.0741 4.3392 3.1779
Process_data_time
seconds 396.9514 386.5607 | 387.7175 | 391.6824 | 393.3755 | 395.8901 | 395.8560 | 403.0293 | 406.3500 | 408.3421 | 407.0961 | 409.3504 | 410.0739
hrs 0:06:37 0:06:21 0:06:36 0:06:24 0:06:20 0:06:22 0:06:23 0:06:41 0:06:54 0:06:45 0:06:40 0:06:43 0:06:43
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label  0.6615

Y_test_dim (1400, 8465) Label Density 4.8728E-04
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M1519 4.52 : ouifieuwadoya Lincar 1-27932 ganadoy dmsvdadiumsaniia 0.5 521 aDDT1a09 XMLC-PAO 914 2 DU 1 HDUT1a09AAY
Random Method Linear 1-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0237 0.0191 0.0218 0.0222 0.0215 0.0225 0.0254 0.0246 0.0216 0.0246 0.0253 0.0234
recall@5 1.2867 1.0891 0.9739 0.7636 0.9635 1.1836 0.8741 1.3663 1.2242 1.0461 1.1398 1.2237 1.0043
recall @10 2.1165 1.5132 1.4085 1.0625 1.3190 1.5528 1.4265 2.0346 1.6337 1.2851 1.6609 1.9516 1.2846
recall@30 4.8364 2.2637 2.6025 2.2467 3.0479 3.1903 2.6856 3.2449 2.7908 2.7366 2.9585 3.3790 2.4530
recall@50 6.4497 3.2223 3.4106 3.5543 3.6640 4.1915 3.4708 4.5276 3.6614 3.5590 3.8135 4.3637 3.6218
recall@100 9.4752 5.0747 5.4945 5.1410 5.2487 5.7459 4.8754 6.7777 5.5947 4.9117 5.4682 6.7039 5.4518
ndcg @5 1.1189 1.0395 0.8255 0.8641 0.9492 0.9497 0.9025 1.1435 1.1179 0.9448 1.0596 1.1308 0.9992
ndcg@10 1.4645 1.2168 1.0149 0.9964 1.0914 1.1186 1.1359 1.4331 1.2954 1.0557 1.2983 1.4141 1.1361
ndcg @30 2.2716 1.4569 1.3849 1.3695 1.5938 1.6118 1.5159 1.7978 1.6417 1.5042 1.7081 1.8086 1.5157
ndcg@50 2.6635 1.6903 1.5763 1.6856 1.7476 1.8516 1.7089 2.1079 1.8546 1.7074 1.9213 2.0446 1.7865
ndcg@100 3.3283 2.0713 2.0207 2.0320 2.0893 2.1793 2.0236 2.5843 2.2420 2.0060 2.2639 2.5264 2.1649
Process_data_time
seconds’ 1589.9088 1527.5139|1542.6340| 1540.6797 | 1541.4248 | 1556.6501 | 1548.8470] 2065.3880 | 2059.6768 | 2055.1546 | 2076.4978 | 2071.2446 | 2620.3325
hrs 0:26:30 0:18:33 0:18:30 0:18:24 0:18:09 0:18:06 0:18:01 0:21:10 0:20:53 0:20:52 0:20:39 0:20:42 0:20:27
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label 0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
= 9 o v W 1 an 1 o g’: [ o g‘l Y
M9 4.53: Liﬁ'aumzmwaeuaya Linear 1-27932 GIC).'@]“V]@E‘TE]U AUIUFAATIUNITAANA 0.8 TEUINNLVVIA9I XMLC-PAO N4 2 LU AU LUUINADINIAU
Random Method Linear 1-27932 Testing Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0258 0.0255 0.0254 0.0245 0.0250 0.0250 0.0253 0.0248 0.0215 0.0241 0.0251 0.0237
recall@5 1.2867 1.1705 1.1922 1.4060 0.9745 1.0267 1.2218 1.4098 1.2140 0.9677 1.0813 1.1858 1.0374
recall@10 2.1165 1.9127 1.7889 2.1543 1.5625 1.6901 1.8120 1.9126 1.6430 1.3140 1.6880 1.9289 1.3444
recall @30 4.8364 3.8191 2.9070 3.7920 3.0587 3.2399 2.8067 3.2479 2.7508 2.5331 2.9791 3.3687 2.5655
recall @50 6.4497 5.1615 3.8340 4.4619 4.2945 4.0819 4.0745 4.6251 3.6553 3.4820 3.7530 4.3066 3.3719
recall@100 9.4752 6.9886 5.5255 5.7725 6.0513 5.8761 6.2252 6.8305 5.5280 4.9027 5.4453 6.6081 5.1192
ndcg@5 1.1189 1.0822 1.1109 1.1641 0.9914 1.0192 1.1232 1.1651 1.1030 0.9117 1.0151 1.0998 1.0036
ndcg@10 1.4645 1.3697 1.3586 1.4664 1.2284 1.2637 1.3562 1.3870 1.2881 1.0729 1.2780 1.3843 1.1451
ndcg @30 2.2716 1.9347 1.7049 1.9946 1.6832 1.7687 1.6672 1.7908 1.6240 1.4593 1.6918 1.7897 1.5357
ndcg@50 2.6635 2.2416 1.9446 2.1753 1.9771 1.9792 1.9766 2.1173 1.8494 1.6929 1.8782 2.0155 1.7438
ndcg@100 3.3283 2.6431 2.3133 2.4563 2.3625 2.3718 2.4417 2.5883 2.2222 2.0146 2.2583 2.4962 2.0959
Process_data_timeg
seconds’ 1589.9088 1608.5858 | 1611.3437| 1585.3152 | 1607.1866 | 1609.5486 | 1610.5634] 1976.7135|2021.4516 | 2001.7952 [ 2004.8599 | 2011.1834 | 2488.9721
hrs' 0:26:30 0:26:49 0:26:51 0:26:25 0:26:47 0:26:50 0:26:51 0:32:57 0:33:41 0:33:22 0:33:25 0:33:31 0:41:29
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label 0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
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1919 4.54 : Llﬁﬂﬂlﬁﬂﬂﬂﬁ%}ﬂga Linear 1-27932 yanagoy fmsudaaIumsaaia 1.0 3e¥IVVIa03 XMLC-PAO N4 2 HUU N LL‘]J‘]J%OWQE)\‘]SEI\?@IIH

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0249 0.0251 0.0233 0.0255 0.0244 0.0248 0.0254 0.0247 0.0219 0.0247 0.0253 0.0237
recall@5 1.2867 1.1993 1.2740 1.0165 1.1018 1.0915 0.9670 1.3817 1.1954 1.0388 1.2386 1.2216 1.0040
recall@10 2.1165 1.7378 1.9690 1.7645 1.6499 1.7325 1.6987 1.9926 1.6337 1.3219 1.5945 1.9094 1.3895
recall @30 4.8364 2.7776 2.6454 3.2276 3.0412 3.5073 3.2764 3.3278 2.8290 2.7660 3.0385 3.3822 2.5783
recall@50 6.4497 3.5325 3.4018 3.6753 4.2328 4.2245 4.0783 4.6927 3.5677 3.5106 4.0186 4.2457 3.3713
recall@100 9.4752 4.9704 5.4402 4.8041 6.1584 6.0371 5.6838 6.9219 5.7228 4.6592 5.6723 6.5127 5.2357
ndcg@5 1.1189 1.0953 1.1326 0.9756 1.0633 1.0076 0.9777 1.1508 1.0942 0.9467 1.1056 1.1259 0.9772
ndcg @10 1.4645 1.3227 1.4327 1.2900 1.2961 1.2751 1.2746 1.4181 1.2839 1.0831 1.2713 1.3879 1.1566
ndcg @30 2.2716 1.6571 1.6626 1.7318 1.7288 1.8282 1.7613 1.8223 1.6392 1.5246 1.7176 1.7983 1.5321
ndcg @50 2.6635 1.8538 1.8539 1.8750 2.0021 2.0372 1.9555 2.1507 1.8188 1.7064 1.9427 2.0138 1.7377
ndcg @100 3.3283 2.1618 2.2882 2.1270 2.3964 2.4119 2.3118 2.6092 2.2523 1.9763 2.3020 2.4905 2.1167
Process_data_timg
seconds 1589.9088 1645.8691 [ 1616.3506 | 1651.1584 [1665.4783|1651.1828|1650.3774) 2035.4821|1992.6092 | 1994.1963 [ 2010.8026 | 2028.2997 | 2518.3773
hrs 0:26:30 0:27:26 0:26:56 0:27:31 0:27:45 0:27:31 0:27:30 0:33:55 0:33:13 0:33:14 0:33:31 0:33:48 0:41:58
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label 0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
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M1519 4.55 : seuifieunadoya Linear 1-5000 yaioud drwsudadiunmsania 0.5 53n19UUT1a89 XMLC-PAO 114 2 111 1 U UT1809A9AY

Random Method Linear 1-5000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0530 0.0411 0.0477 0.0552 0.0520 0.0364 0.0479 0.0527 0.0430 0.0463 0.0533 0.0464 0.0415
recall@5 2.6688 1.6746 1.9336 2.8005 2.2632 1.3808 1.8240 2.4534 1.5914 1.7018 1.9828 1.7182 1.8013
recall @10 3.4988 2.1310 2.5445 3.9640 3.0937 1.9582 2.5980 3.1470 2.1658 2.2058 2.5875 2.2147 2.4705
recall@30 5.7748 3.1256 3.6262 7.5978 5.0876 3.1034 4.2588 4.3627 3.3328 4.8468 5.4789 3.6526 3.5906
recall@50 8.1266 4.6437 5.3395 8.9454 7.2957 3.9516 5.9322 5.5967 4.4665 6.1838 7.9660 4.8235 4.5493
recall@100 9.9998 9.5636 10.9129 12.7374 12.0585 8.8736 10.2298 11.7341 8.8113 11.6692 12.3358 10.1332 9.4982
ndcg@5 2.1715 1.5187 1.8303 2.4656 1.9797 1.2644 1.8091 2.2569 1.5626 1.7798 1.9537 1.7297 1.5992
ndcg@10 2.6272 1.7867 2.2106 3.0960 2.4114 1.5923 2.2115 2.6783 1.8972 2.1435 2.3495 2.0645 1.9485
ndcg @30 3.5683 2.3146 2.8532 4.4699 3.2934 2.2051 3.0395 3.4069 2.5056 3.1958 3.4400 2.7206 2.5551
ndcg @50 4.3063 2.7920 3.4437 4.9853 3.9954 2.5476 3.6750 3.9321 2.9207 3.7311 4.1783 3.1262 2.9564
ndcg @100 4.9463 4.0774 4.8705 6.0790 5.2696 3.8183 4.8520 5.4420 4.0623 5.0926 5.4296 4.4464 4.2693
Process_data_time}
seconds 286.0810 276.4867 | 264.1901 264.8814 | 266.7158 | 267.9199 | 269.1589 | 279.2522 | 280.8876 | 281.2558 | 282.3455 | 283.0533 | 284.3426
hrs 0:04:46 0:04:36 0:04:24 0:04:25 0:04:27 0:04:28 0:04:29 0:04:39 0:04:41 0:04:41 0:04:42 0:04:43 0:04:44
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label  0.6014
Y_test_dim (1000, 6651) Label Density  6.7467E-04
= 9 =1 9 o [ [ 1 an 1 ) g’; v o g’/ 9
M99 4.56 : nﬁ'aumauwamaya Linear 1-5000 YALIIUY AINITUFAATIUNITAANA 0.8 TEUINNLVUIIAON XMLC-PAO N4 2 LYY DU LUV DIAIAU
Random Method Linear 1-5000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0530 0.0405 0.0477 0.0351 0.0449 0.0484 0.0419 0.0543 0.0397 0.0480 0.0508 0.0513 0.0565
recall@5 2.6688 1.2701 2.0411 0.9775 1.5198 2.1671 1.5460 2.7290 1.7111 1.9802 1.9025 2.4369 2.7701
recall@10 3.4988 2.0181 2.8295 1.4889 1.9534 2.8001 1.9327 3.6460 2.1986 2.7666 2.5665 3.0611 3.5435
recall@30 5.7748 3.6969 4.5737 2.4998 2.9857 4.1751 2.8024 5.8216 3.2643 4.3705 4.2880 4.9129 6.2496
recall@50 8.1266 4.9627 6.1294 3.4412 4.4172 5.3770 5.6871 7.9147 4.0445 5.9984 5.8126 6.3455 9.2006
recall@100 9.9998 9.7073 11.0290 8.7331 10.8273 9.9543 10.5504 | 12.4902 9.4356 10.8396 9.6885 10.2433 | 14.9377
ndcg@5 2.1715 1.3390 1.8262 1.0836 1.6111 1.9627 1.5022 2.2334 1.4761 1.7891 1.7667 2.1136 2.3794
ndcg@10 2.6272 1.7347 2.2487 1.3583 1.9000 2.3226 1.7435 2.7014 1.7402 2.2092 2.1357 2.4880 2.8067
ndcg@30 3.5683 2.4422 3.0406 1.8539 2.5574 3.0803 2.2112 3.6628 2.2925 2.9953 2.9412 3.3742 3.9178
ndcg@50 4.3063 2.8905 3.5982 2.2076 3.1035 3.5574 3.0241 4.3594 2.6182 3.5739 3.4745 3.9145 4.8051
ndcg@100 4.9463 4.0974 4.8920 3.5489 4.6401 4.7691 4.3811 5.6431 3.9739 4.8714 4.6185 5.0139 6.2692
Process_data_timg
seconds| 286.0810 271.3268 | 272.5074 | 274.0789 | 274.4366 | 276.4196 | 276.3945 | 288.9709 | 290.2965 | 291.2522 | 292.2474 | 293.8584 | 294.5012
hrs 0:04:46 0:04:31 0:04:33 0:04:34 0:04:34 0:04:36 0:04:36 0:04:49 0:04:50 0:04:51 0:04:52 0:04:54 0:04:55
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label  0.6014
Y_test_dim (1000, 6651) Label Density 6.7467E-04
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Random Method Linear 1-5000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0530 0.0502 0.0510 0.0526 0.0465 0.0497 0.0534 0.0527 0.0410 0.0549 0.0460 0.0516 0.0575
recall@5 2.6688 2.2780 2.3951 1.7281 1.7483 2.1015 2.5545 2.2354 0.9664 2.6065 2.0715 1.8952 2.2368
recall @10 3.4988 3.1290 2.9652 2.9022 2.5550 2.8900 3.3975 2.9758 1.3757 3.5257 2.6006 2.6203 3.7431
recall@30 5.7748 5.0904 4.7193 5.7898 5.3326 4.9206 5.8819 4.9477 2.3475 5.4484 4.1981 3.7919 5.6726
recall@50 8.1266 6.8319 7.4090 8.7288 6.5476 6.7186 7.6022 7.2431 4.2856 6.9969 5.7738 6.1523 8.1432
recall@100 9.9998 11.7376 | 12.2826 13.5124 11.0132 | 11.9322 | 12.0413 | 11.4220 | 11.0900 | 11.7002 | 10.6519 | 10.7440 | 12.5039
ndcg@5 2.1715 2.0026 2.1022 1.8748 1.8075 1.8700 2.2067 1.9954 1.2390 2.2777 1.8053 1.9396 2.1285
ndcg @10 2.6272 2.4677 2.4611 2.4041 2.2626 2.2705 2.6378 2.4031 1.5040 2.7708 2.1188 2.3527 2.8103
ndcg @30 3.5683 3.3677 3.2977 3.4723 3.3749 3.1906 3.6598 3.2795 2.0936 3.7058 2.8074 3.0520 3.7514
ndcg@50 4.3063 4.0029 4.0916 4.3379 3.8851 3.8200 4.3197 4.0030 2.8370 4.3066 3.3594 3.7724 4.5236
ndcg @100 4.9463 5.3004 5.3591 5.5951 5.1198 5.1662 5.5496 5.1449 4.5036 5.5720 4.6398 5.0538 5.7359
Process_data_tim¢

seconds 286.0810 278.7729 | 281.3054 | 281.3162 | 282.5347 | 284.7627 | 284.4292 | 299.4775 | 300.5688 | 301.4037 | 302.7960 | 305.0587 | 304.0337

hrs 0:04:46 0:04:39 0:04:41 0:04:41 0:04:43 0:04:45 0:04:44 0:04:59 0:05:01 0:05:01 0:05:03 0:05:05 0:05:04
Y_train_dim (4000, 6651) Label Cardinality 4.4873 Training Samples/Label 0.6014

Y_test_dim (1000, 6651) Label Density 6.7467E-04
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M1519 4.58 : 5ouifouwadoya Linear 201-5200 yaisoui dmsudadiumsaniia 0.5 5znIMDVTIA09 XMLC-PAO 114 2 HUU 11 1UDT1a0909AY

Random Method Linear 201-5200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0502 0.0443 0.0514 0.0396 0.0501 0.0249 0.0510 0.0481 0.0528 0.0256 0.0225 0.0530 0.0431
recall@5 1.7049 1.9077 2.2308 1.5287 2.3722 0.6208 1.8026 1.8951 2.2889 0.8829 0.5394 2.7769 1.4347
recall@10 3.5670 2.5038 3.1252 1.9939 3.0970 0.9060 2.7297 2.6035 3.2163 1.1055 0.6945 3.7345 2.4119
recall@30 6.2488 4.3742 5.5949 3.3348 4.6317 1.3988 5.0833 4.2955 6.1991 1.8564 1.1213 7.0714 3.9344
recall@50 8.1281 5.3548 7.2281 4.2967 6.3632 1.6139 7.5769 5.9534 8.0056 2.2020 1.3514 9.7737 5.2110
recall@100 10.9449 10.4435 12.4727 10.0031 9.7287 7.1040 11.0829 9.7268 12.0868 8.3801 4.2968 14.1802 10.8031
ndcg @5 1.8344 1.7453 1.9756 1.4244 1.9911 0.7119 1.9051 1.8326 2.1687 0.8467 0.5807 2.3971 1.5957
ndcg@10 2.6016 2.0726 2.4431 1.6886 2.3837 0.8891 2.4127 2.2030 2.6821 0.9966 0.6802 2.9614 2.1216
ndcg@30 3.6500 2.8265 3.4303 2.2780 3.1027 1.1636 3.4408 2.9639 3.8936 1.3569 0.9141 4.1930 2.8962
ndcg@50 4.2654 3.2139 4.0050 2.6526 3.6675 1.2984 4.1995 3.5571 4.5151 1.5306 1.0522 4.9515 3.3756
ndcg @100 5.0891 4.5080 5.3274 4.0460 4.6328 2.6674 5.2050 4.5358 5.5709 3.0314 1.9102 6.0735 4.7399
Process_data_tim¢g
seconds 298.4902 274.6650 | 275.9238 277.4712 | 277.4948 | 279.5860 | 280.7333 | 287.7428 | 276.8370 | 277.8015 | 277.1003 | 274.6248 | 277.6804
hrs| 0:04:58 0:04:35 0:04:36 0:04:37 0:04:37 0:04:40 0:04:41 0:04:48 0:04:37 0:04:38 0:04:37 0:04:35 0:04:38
Y_train_dim (4000, 6646) Label Cardinality 4.3305 Training Samples/Label 0.6019
Y_test_dim (1000, 6646) Label Density  6.5159E-04
= 9 = Y o [y [ 1 Aan [ o %’, [ o 314 9
M135194.59 : L‘LEEJTJW]EJ‘UWWUEIQQ Linear 201-5200 PFALTYUI ANNTUFAATIUNITAANE 0.8 3EUINUVV1A93I XMLC-PAO N4 2 LYY NU LUVINDIAIAU
Random Method Linear 201-5200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0502 0.0514 0.0529 0.0535 0.0494 0.0321 0.0432 0.0523 0.0353 0.0526 0.0492 0.0279 0.0523
recall@5 1.7049 2.0372 2.5412 2.5303 2.3205 0.9607 1.9061 1.5876 1.0430 2.6459 2.2469 0.6483 2.1307
recall@10 3.5670 3.2734 3.3233 3.5330 3.0300 1.7033 2.5147 2.3668 1.3994 3.6253 2.9631 0.9578 3.2984
recall@30 6.2488 5.2978 6.0227 6.0852 5.2301 2.6052 4.1038 5.4735 2.0508 6.7874 5.1357 1.3879 5.6322
recall@50 8.1281 6.7194 7.9394 9.1903 6.6327 3.4327 4.8454 8.2157 2.6340 9.3671 6.5192 1.7450 8.0270
recall@100 10.9449 10.4760 | 11.6480 14.8277 9.8941 8.3667 8.6410 13.2779 7.6144 12.6804 | 10.3643 7.3908 11.4526
ndcg @5 1.8344 1.9643 2.2084 2.2681 2.0313 1.0400 1.7022 1.8564 1.1261 2.2101 2.0048 0.7219 2.0306
ndcg@10 2.6016 2.5392 2.6407 2.8141 2.4409 1.3819 2.0241 2.3079 1.3129 2.7129 2.4057 0.8909 2.5981
ndcg@30 3.6500 3.4169 3.7146 3.9357 3.3380 1.8676 2.6798 3.4709 1.6366 3.8936 3.2960 1.1342 3.6278
ndcg @50 4.2654 3.9839 4.3885 4.7855 3.8455 2.2109 2.9728 4.2655 1.8849 4.6425 3.7799 1.3068 4.3566
ndcg @100 5.0891 5.0524 5.4173 6.1003 4.8041 3.4763 4.0250 5.5535 3.1644 5.5924 4.8379 2.6917 5.3649
Process_data_tim¢g
seconds 298.4902 283.5981 | 284.9692 | 285.9180 | 286.8207 | 288.2754 | 289.2524 | 282.9559 | 283.9396 | 281.5435 | 283.6406 | 283.0063 | 285.3268
hrs 0:04:58 0:04:44 0:04:45 0:04:46 0:04:47 0:04:48 0:04:49 0:04:43 0:04:44 0:04:42 0:04:44 0:04:43 0:04:45
Y_train_dim (4000, 6646) Label Cardinality 4.3305 Training Samples/Label 0.6019

Y_test_dim (1000, 6646) Label Density 6.5159E-04



9 9
M1519 4.60 : f5ouifowadoya Linear 201-5200 yaioui dmsudadiumsaniia 1.0 5zHIuDDT1a09 XMLC-PAO 114 2 HUU 11 1UDT 1209097

Random Method Linear 201-5200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0502 0.0485 0.0335 0.0373 0.0465 0.0529 0.0377 0.0499 0.0223 0.0525 0.0489 0.0453 0.0537
recall@5 1.7049 2.0929 1.1909 1.3768 1.7192 2.2379 1.3516 2.2200 0.4122 2.8497 2.0616 1.8232 2.3516
recall@10 3.5670 2.8378 1.5202 1.6338 2.5864 3.1008 1.7750 3.1614 0.5928 3.8326 2.8405 2.5464 3.2168
recall@30 6.24388 4.6084 2.4308 2.0814 4.3731 5.8273 2.7520 6.3355 0.9450 6.6429 5.9805 4.4632 5.0128
recall@50 8.1281 6.1273 3.0768 2.4661 5.1287 8.2955 3.7747 8.3013 1.2124 8.8406 8.5251 5.5031 6.3613
recall@100 10.9449 10.2527 8.4720 6.3789 8.9125 13.9989 8.9138 13.1000 6.2913 13.1473 12.3573 9.8986 10.0259
ndcg@5 1.8344 1.8947 1.2365 1.3849 1.7730 2.1238 1.3229 2.1027 0.5201 2.3865 2.0131 1.7233 2.0949
ndcg@10 2.6016 2.3265 1.4668 1.5370 2.2389 2.6075 1.5657 2.6281 0.6389 2.9235 2.4856 2.1281 2.5429
ndcg @30 3.6500 3.1605 1.9886 1.8131 3.0461 3.7125 2.0357 3.8517 0.8516 4.0719 3.6275 2.9623 3.3074
ndcg @50 4.2654 3.6671 2.2825 2.0139 3.3695 4.4738 2.3828 4.4836 0.9993 4.7012 4.4255 3.4018 3.7662
ndcg @100 5.0891 4.7933 3.6400 3.0913 4.3774 5.8388 3.6501 5.7035 2.2369 5.7815 5.4653 4.5369 4.8162
Process_data_time

seconds 298.4902 291.8600 | 292.7168 | 294.1885 | 294.6789 | 296.2335 | 298.9938 | 290.1914 | 293.4103 | 294.9540 | 293.6254 | 295.2210 | 297.2030

hrs 0:04:58 0:04:52 0:04:53 0:04:54 0:04:55 0:04:56 0:04:59 0:04:50 0:04:53 0:04:55 0:04:54 0:04:55 0:04:57
Y_train_dim (4000, 6646) Label Cardinality 4.3305 Training Samples/Label  0.6019

Y_test_dim (1000, 6646) Label Density 6.5159E-04



9 9
M1519 4.61 : f5ouifiouwadoya Linear 801-5800 yaiiou dmsudadiumsaniia 0.5 5znIuDDTIA09 XMLC-PAO 114 2 HUU 11 1UDT1a0909AY

Random Method Linear 801-5800 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0526 0.0504 0.0365 0.0522 0.0511 0.0476 0.0499 0.0540 0.0478 0.0523 0.0494 0.0539 0.0462
recall@5 2.6878 2.3996 1.4286 2.5505 1.9544 1.6587 2.3981 1.7898 2.0388 2.0730 2.3362 1.9636 2.1852
recall@10 3.4071 3.2146 1.8735 3.4473 2.9055 2.1567 2.9330 2.8860 2.5034 3.0302 2.9799 3.4935 2.9988
recall@30 6.5548 5.4760 2.9100 6.0658 4.6649 3.3397 4.0267 5.6218 4.3600 4.9370 4.7528 6.0978 6.2808
recall@50 9.0975 6.6166 3.9968 8.3730 6.4201 5.5428 4.8391 7.4182 5.7862 6.7372 6.3988 8.6852 8.7276
recall@100 11.1932 11.0130 8.6124 12.0860 11.3935 11.4162 8.0615 10.9725 10.3790 10.6876 11.7350 13.8019 12.3979
ndcg @5 2.2791 2.1551 1.3560 2.2560 2.0389 1.8084 2.1727 1.9523 1.8821 2.0794 2.0646 2.1169 1.9257
ndcg@10 2.6704 2.5831 1.5893 2.6863 2.4911 2.0941 2.4784 2.4432 2.1440 2.5445 2.4313 2.7500 2.3449
ndcg@30 3.7492 3.4552 2.0049 3.5965 3.2326 2.6819 3.0277 3.4650 2.8229 3.3952 3.1647 3.7750 3.4634
ndcg@50 4.4033 3.8893 2.3348 4.2300 3.7294 3.3495 3.3140 4.0032 3.2453 3.9572 3.6708 4.4785 4.1237
ndcg @100 5.0574 4.9330 3.4715 5.1824 4.8829 4.6959 4.1148 4.9237 4.3739 4.9193 4.9269 5.6657 5.0324
Process_data_tim¢g
seconds 283.4980 278.3665 | 267.7825 267.5885 | 265.9119 | 268.1987 | 269.4404 | 298.2491 | 289.3050 | 290.1026 | 291.0396 | 292.9776 | 293.5673
hrs| 0:04:43 0:04:38 0:04:28 0:04:28 0:04:26 0:04:28 0:04:29 0:04:58 0:04:49 0:04:50 0:04:51 0:04:53 0:04:54
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label 0.5986
Y_test_dim (1000, 6682) Label Density  5.9608E-04
= 9 = Y o [y [ 1 Aan [ o %’, [ o 314 9
M135194.62 : L‘IEEJTJL‘VIEJ‘UN?QGIJEIQQ Linear 801-5800 PFALTYUI ANNTUFAATIUNITAANE 0.8 3EUINUVV1A93I XMLC-PAO N4 2 LYY NU LUVINDIAIAU
Random Method Linear 801-5800 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0526 0.0515 0.0483 0.0532 0.0440 0.0504 0.0486 0.0394 0.0484 0.0530 0.0544 0.0546 0.0359
recall@5 2.6878 2.2122 1.9353 1.8400 1.5362 1.7768 2.0895 1.4081 1.8211 1.7616 2.6754 2.6646 1.3700
recall@10 3.4071 3.0664 2.4887 3.3512 2.3489 2.8950 2.9698 1.8590 2.9364 2.7429 3.6148 3.7099 1.7491
recall@30 6.5548 4.9711 4.0038 6.2444 4.0327 4.9354 5.2709 3.2201 4.5453 6.1449 6.8762 6.9891 2.8412
recall@50 9.0975 7.1065 5.2682 8.2747 7.0897 6.7728 7.2831 4.1282 5.7364 8.3089 9.9631 9.7377 3.8764
recall@100 11.1932 10.3370 9.7565 13.0138 11.5472 | 10.8374 | 11.2195 7.3922 8.5807 13.4773 | 14.7792 | 14.1080 8.5430
ndcg @5 2.2791 2.0893 1.9159 1.9925 1.6033 1.8971 1.9989 1.4237 1.7998 1.8945 2.3331 2.3461 1.3183
ndcg@10 2.6704 2.5468 2.2227 2.6621 1.9867 2.3919 2.4214 1.6610 2.2904 2.3552 2.7999 2.8244 1.5273
ndcg@30 3.7492 3.3850 2.9116 3.6776 2.6846 3.2014 3.3166 2.1730 2.9098 3.4611 3.9563 3.9822 1.9741
ndcg @50 4.4033 3.9884 3.3063 4.2844 3.5117 3.7002 3.8865 2.4545 3.2762 4.0734 4.7456 4.7070 2.2864
ndcg @100 5.0574 4.8573 4.3543 5.4341 4.6473 4.6793 4.8311 3.3257 4.0877 5.3140 5.8820 5.7649 3.4720
Process_data_tim¢g
seconds 283.4980 271.7933 | 271.8287 | 273.0143 | 272.5572 | 276.1511 | 276.1874 | 298.3517 | 299.2540 | 300.3995 | 301.2700 | 302.5294 | 303.4267
hrs 0:04:43 0:04:32 0:04:32 0:04:33 0:04:33 0:04:36 0:04:36 0:04:58 0:04:59 0:05:00 0:05:01 0:05:03 0:05:03
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label  0.5986

Y_test_dim (1000, 6682) Label Density 5.9608E-04



9 9
M1519 4.63 : f5ouifiouwadoya Linear 801-5800 yaisoui dmsudadiumsaniia 1.0 5znIuDDT1a09 XMLC-PAO 114 2 HUU 11 1UDT1a0909AY

Random Method Linear 801-5800 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0526 0.0523 0.0358 0.0443 0.0539 0.0530 0.0504 0.0401 0.0528 0.0541 0.0391 0.0459 0.0547
recall@5 2.6878 2.1628 1.4797 1.8414 2.3457 2.1746 2.2200 1.5703 1.8358 2.5597 1.4389 1.3560 2.3391
recall@10 3.4071 2.8366 1.8316 2.1731 3.1677 3.1116 3.1831 2.0228 3.3693 3.4552 1.8348 2.3033 3.1251
recall@30 6.5548 5.2757 2.9709 3.3397 5.5683 5.6258 5.8382 3.3733 5.8322 6.0610 2.7421 4.0150 6.0804
recall@50 9.0975 6.9709 3.5386 4.3570 7.8585 7.3729 7.8407 4.2154 7.5554 7.9850 5.9152 5.0808 8.6861
recall@100 11.1932 11.1610 6.0721 8.3134 12.1596 11.3384 12.4926 8.9772 11.7588 12.5138 10.8761 9.4082 12.9797
ndcg@5 2.2791 2.0537 1.3347 1.7780 2.1420 2.0971 2.0428 1.4989 1.9452 2.2804 1.4122 1.5577 2.1717
ndcg@10 2.6704 2.4296 1.5305 1.9857 2.5478 2.5677 2.5260 1.7439 2.5792 2.7250 1.6349 1.9699 2.6078
ndcg@30 3.7492 3.3088 1.9778 2.4765 3.4795 3.5107 3.4726 2.2548 3.5264 3.6507 2.0523 2.5948 3.6588
ndcg @50 4.4033 3.8180 2.1857 2.7837 4.1038 4.0361 4.0324 2.5258 4.0604 4.2014 2.9029 2.9243 4.3528
ndcg @100 5.0574 4.8301 2.9033 3.7668 5.1623 4.9994 5.1250 3.6646 5.0877 5.2925 4.1202 3.9850 5.4492
Process_data_time

seconds 283.4980 278.7431 | 281.0906 | 275.1697 | 279.4847 | 281.9901 | 280.9967 | 307.7984 | 310.2095 | 309.8961 | 311.1111 | 311.4987 | 313.5110

hrs 0:04:43 0:04:39 0:04:41 0:04:39 0:04:39 0:04:42 0:04:41 0:05:08 0:05:10 0:05:10 0:05:11 0:05:11 0:05:14
Y_train_dim (4000, 6682) Label Cardinality 3.9830 Training Samples/Label  0.5986

Y_test_dim (1000, 6682) Label Density 5.9608E-04



9 9
M1519 4.64 : 5ouiouwadoya Linear 5001-10000 gaisou3 drisudadiumsanla 0.5 531UUTIA0 XMLC-PAO 914 2 HUY AU HDUTIA0IRIAY

Random Method Linear 5001-10000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0406 0.0431 0.0380 0.0362 0.0403 0.0415 0.0417 0.0398 0.0417 0.0428 0.0404 0.0418 0.0399
recall@5 2.1079 2.4735 2.0453 1.7496 2.1905 2.6242 2.2708 2.0571 2.2688 2.2268 2.1387 2.2545 2.2991
recall@10 3.5460 4.0485 2.8400 2.5672 3.5943 4.0504 3.6353 3.0649 3.5433 3.8258 3.4562 3.6461 3.6201
recall@30 7.2993 7.1460 5.5467 6.7613 7.0178 7.3769 7.4844 6.5594 6.7364 7.6444 7.2398 7.3549 7.0919
recall@50 10.3429 9.6323 8.2443 9.2918 9.5870 10.2157 10.0402 8.8016 9.2913 9.7245 9.8534 9.3674 9.6025
recall@100 14.2135 14.2508 12.8056 13.3864 13.8878 14.6160 14.1765 13.5949 12.8703 13.9148 14.0535 14.1747 13.8622
ndcg @5 1.8651 2.1078 1.8135 1.6322 1.9171 2.1406 1.9853 1.8512 1.9736 1.9687 1.8834 1.9890 1.9415
ndcg@10 2.4452 2.7523 2.1804 2.0021 2.4745 2.7680 2.5259 2.2829 2.5121 2.5982 2.4028 2.5941 2.4805
ndcg@30 3.5751 3.7548 3.0283 3.2470 3.5191 3.8129 3.7553 3.3199 3.5145 3.7808 3.5276 3.7248 3.5929
ndcg @50 4.2804 4.3793 3.6656 3.8833 4.1516 4.5136 4.3948 3.8947 4.1569 4.3165 4.1572 4.2227 4.2093
ndcg @100 5.1902 5.3737 4.6303 4.7760 5.1248 5.4839 5.2953 4.9005 4.9851 5.2208 5.1383 5.2629 5.1557
Process_data_timeg
seconds 276.5084 272.7186 | 263.1741 263.3456 | 263.2724 | 261.5893 | 262.5668 | 282.1414 | 273.1717 | 272.5722 | 273.8270 | 275.2396 | 276.1482
hrs! 0:04:37 0:04:33 0:04:23 0:04:23 0:04:23 0:04:22 0:04:23 0:04:42 0:04:33 0:04:33 0:04:34 0:04:35 0:04:36
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label  0.5766
Y_test_dim (1000, 6937) Label Density  4.4940E-04

Y Y
111319 4.65 : nﬁ'aumauwaeﬁbya Linear 5001-10000 GIC):ﬂLi‘(’JHSTJ TMTUAATIUNTAAUA 0.8 T21NUVUIADI XMLC-PAO N4 2 11U N Lmuﬁmmmﬁ'u

Random Method Linear 5001-10000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2: 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0406 0.0409 0.0419 0.0428 0.0402 0.0410 0.0393 0.0379 0.0401 0.0411 0.0428 0.0426 0.0402
recall@5 2.1079 2.3670 2.4122 2.4244 2.2799 2.2459 2.2273 1.9946 2.3450 2.3079 2.3696 2.3569 2.1823
recall@10 3.5460 3.6944 3.5549 3.8344 3.5960 3.5791 3.6518 3.3914 3.6423 3.6690 3.6926 3.5665 3.7809
recall@30 7.2993 6.7228 6.7373 6.8959 7.8178 7.2143 6.4540 7.4064 7.1202 7.0332 7.4196 7.6585 6.7784
recall@50 10.3429 9.4901 8.6963 9.2384 10.3517 9.5340 9.0847 9.5495 9.8880 9.0069 10.0894 10.1083 9.1574
recall@100 14.2135 14.2809 12.7179 13.8056 14.9816 13.9347 13.1547 13.7819 14.7236 12.8591 13.7024 14.6202 13.3410
ndcg@5 1.8651 2.0092 2.1226 2.0828 1.9392 1.9527 1.8578 1.6909 1.9806 1.9872 2.0371 2.0317 1.8934
ndcg@10 2.4452 2.5926 2.6405 2.6853 2.4948 2.5074 2.4506 2.2480 2.5209 2.5403 2.5948 2.5480 2.5219
ndcg @30 3.5751 3.5573 3.6175 3.7246 3.7098 3.5800 3.3548 3.4173 3.5513 3.6232 3.7392 3.7828 3.4394
ndcg @50 4.2804 4.2414 4.1565 4.3048 4.3174 4.1500 3.9643 3.9417 4.2186 4.1336 4.4299 4.3834 4.0545
ndcg @100 5.1902 5.2371 5.0019 5.2987 5.3332 5.0802 4.8501 4.8575 5.2522 4.9714 5.2144 5.3717 4.9837
Process_data_timeg

seconds 276.5084 265.0896 | 265.5832 | 267.0533 | 266.6951 | 269.1758 | 269.6548 | 282.4170 | 284.3386 | 285.5109 | 284.3518 | 285.7659 | 287.2942

hrs| 0:04:37 0:04:25 0:04:26 0:04:27 0:04:27 0:04:29 0:04:30 0:04:42 0:04:44 0:04:46 0:04:44 0:04:46 0:04:47
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label 0.5766

Y_test_dim (1000, 6937) Label Density 4.4940E-04



9 9
M1519 4.66 : 1f5ouevwadoya Linear 5001-10000 gaizou3 drvisudadiumsanla 1.0 531LUTIA89 XMLC-PAO 919 2 HUY AU HDUTIA0IRIAY

Random Method Linear 5001-10000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1 : 1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0406 0.0408 0.0412 0.0399 0.0423 0.0405 0.0395 0.0409 0.0431 0.0425 0.0420 0.0410 0.0410
recall @5 2.1079 2.3016 2.4890 2.0737 2.4431 2.2541 2.3101 2.1985 2.2218 2.2211 2.1689 2.2111 2.1815
recall @10 3.5460 3.6834 4.0880 3.4279 3.7644 3.4138 3.4357 3.7415 3.6510 3.5919 3.8711 3.7085 3.6461
recall@30 7.2993 8.0718 7.6059 6.8636 7.5157 7.1202 7.0046 6.7505 7.4752 7.6898 7.8737 7.4747 7.2856
recall @50 10.3429 10.7310 | 10.4700 9.4723 9.8618 9.8932 9.2466 9.2998 10.4835 9.8148 9.8817 9.4890 9.2953
recall @100 14.2135 15.1573 | 15.0257 13.8583 13.6486 | 14.1694 | 13.3414 | 13.4515 | 15.0243 | 14.2663 | 13.7992 | 13.9940 | 13.6249
ndcg@5 1.8651 1.9530 2.0402 1.9107 2.0865 1.9496 1.9514 1.9403 2.0182 1.9379 1.9550 1.9148 1.9165
ndcg@10 2.4452 2.5293 2.6862 2.4983 2.6575 2.4374 2.4286 2.5441 2.6217 2.5169 2.5928 2.5377 2.5044
ndcg@30 3.5751 3.7829 3.7853 3.5497 3.7657 3.5628 3.4647 3.4743 3.7457 3.7152 3.8220 3.6568 3.6195
ndcg@50 4.2804 4.4134 4.4739 4.2043 4.3469 4.2295 4.0565 4.0851 4.4825 4.2679 4.3447 4.1759 4.1362
ndcg@100 5.1902 5.4334 5.4550 5.1747 5.2241 5.1668 4.9930 5.0339 5.4876 5.2370 5.2348 5.1691 5.0802
Process_data_time

seconds 276.5084 271.6128 | 273.7317 | 274.2819 | 274.4355 | 276.5168 | 275.5372 | 288.4194 | 291.7164 | 293.5335 | 293.1274 | 294.6327 | 295.4843

hrs 0:04:37 0:04:32 0:04:34 0:04:34 0:04:34 0:04:37 0:04:36 0:04:48 0:04:52 0:04:54 0:04:53 0:04:55 0:04:55
Y_train_dim (4000, 6937) Label Cardinality 3.1175 Training Samples/Label  0.5766

Y_test_dim (1000, 6937) Label Density 4.4940E-04



9 9
M1519 4.67 : f5ouiowadoya Linear 10001-15000 gaisou] dmsudadiumsanala 0.5 521LUUTIa09 XMLC-PAO 914 2 1Y AU HDUTIA0IRIAY

Random Method Linear 10001-15000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0319 0.0312 0.0345 0.0317 0.0309 0.0306 0.0320 0.0306 0.0307 0.0317 0.0309 0.0318 0.0311
recall@5 1.5447 2.0793 2.0058 2.3035 1.6567 1.6945 2.1374 1.7448 1.6813 1.7096 2.0302 1.8273 1.7755
recall@10 3.1358 3.3724 3.0789 3.4110 2.9078 2.6625 3.1836 2.9062 2.9118 2.9394 3.3420 3.0285 2.9921
recall@30 6.2057 6.3752 6.5152 6.4626 5.7505 5.6426 6.1396 6.1184 5.9283 6.0355 6.2618 6.0474 6.0611
recall@50 8.6642 8.2926 9.0432 8.4776 7.6281 7.8321 8.4993 8.5281 7.9139 | 86055 | 8.2371 7.9765 8.0848
recall@100 13.2364 12.1430 13.1328 12.0152 11.3654 11.6151 12.0194 12.5138 12.4014 12.4495 12.4711 12.1849 11.8840
ndcg @5 1.3653 1.5726 1.7210 1.6774 1.4180 1.5093 1.6928 1.4333 1.3955 1.5350 1.5959 1.5047 1.4749
ndcg@10 1.9627 2.0699 2.1407 2.1436 1.9068 1.9049 2.1313 1.8986 1.9445 2.0185 2.1351 1.9795 1.9626
ndcg@30 2.9167 3.0035 3.1852 3.0558 2.7718 2.7777 3.0379 2.8619 2.8485 2.9618 3.0087 2.8926 2.9132
ndcg@50 3.5163 3.4938 3.7766 3.5580 3.2539 3.3052 3.5722 3.4305 3.3419 3.5766 3.4954 3.3658 3.4052
ndcg @100 4.4779 4.3529 4.6161 4.3277 4.0489 4.0842 4.3193 4.2391 4.2492 4.3854 4.3778 4.2502 4.1875
Process_data_tim¢g
seconds 278.5305 259.2918 | 259.3344 259.2489 | 259.2999 | 261.0926 | 261.2234 | 299.6653 | 286.9303 | 287.9926 | 289.6439 | 291.2047 | 292.2794
hrs| 0:04:39 0:04:19 0:04:19 0:04:19 0:04:19 0:04:21 0:04:21 0:05:00 0:04:47 0:04:48 0:04:50 0:04:51 0:04:52
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label  0.5651
Y_test_dim (1000, 7079) Label Density ~ 3.9504E-04
= 9 = Y o (% [ 1 Aaa 1 o g}/ 1Y o g}/ 9
M13519 4.68 : L‘}Eﬂumsmwamaga Linear 10001-15000 PFALTIUF TINTUAATIUNITAANA 0.8 IEUINUVVD1893 XMLC-PAO N4 2 LUV NY LUVINDIAIAU
Random Method Linear 10001-15000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0319 0.0314 0.0322 0.0322 0.0297 0.0331 0.0322 0.0296 0.0317 0.0320 0.0331 0.0275 0.0306
recall@5 1.5447 1.7674 2.1250 1.8650 1.8810 1.9724 1.8403 1.6161 1.9290 2.1439 2.4220 1.5746 1.9475
recall@10 3.1358 3.1375 3.4115 2.8620 2.7818 3.1066 3.2458 2.5110 3.2715 3.0776 3.4987 2.4892 3.2433
recall@30 6.2057 5.9201 6.6012 5.7192 6.2962 6.6928 6.3917 5.9569 5.9166 5.9539 6.7128 5.3929 6.0118
recall@50 8.6642 8.1506 8.5879 8.7241 8.5280 8.9111 8.4449 8.3958 8.1216 8.1762 8.5840 7.6720 8.0510
recall@100 13.2364 12.1914 | 12.4583 12.5268 11.6287 | 12.7228 | 12.2943 | 12.3827 | 11.5728 | 12.0705 | 12.5898 | 12.1627 | 11.8676
ndcg@5 1.3653 1.5036 1.6513 1.5408 1.4709 1.6952 1.5025 1.3225 1.5510 1.6828 1.8386 1.1874 1.4341
ndcg@10 1.9627 2.0490 2.1615 1.9841 1.8240 2.1416 2.0351 1.7017 2.0917 2.0685 2.3145 1.5740 1.9520
ndcg @30 2.9167 2.9334 3.1235 2.8416 2.8627 3.1980 2.9745 2.6984 2.9417 2.9730 3.3111 2.4886 2.8066
ndcg @50 3.5163 3.4709 3.6052 3.5101 3.4117 3.7437 3.4960 3.2828 3.4906 3.4985 3.7672 3.0437 3.2867
ndcg @100 4.4779 4.3408 4.4042 4.2945 4.1122 4.5132 4.3457 4.1285 4.2688 4.3199 4.6374 3.9744 4.0986
Process_data_tim¢]
seconds 278.5305 263.4875 | 266.3922 | 266.5922 | 268.6146 | 269.1453 | 271.0775 | 297.1155 | 299.5397 | 300.4595 | 301.6624 | 302.4780 | 302.5011
hrs 0:04:39 0:04:23 0:04:26 0:04:27 0:04:29 0:04:29 0:04:31 0:04:57 0:05:00 0:05:00 0:05:02 0:05:02 0:05:03
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label 0.5651
Y_test_dim (1000, 7079) Label Density 3.9504E-04
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9 9
M1519 4.69 : f5ourfiowadoya Linear 10001-15000 gaisou] dmsudadiumsanala 1.0 521LUUTIa09 XMLC-PAO 914 2 11U AU HDUTIA0IRIAY

Random Method Linear 10001-15000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2: 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0319 0.0298 0.0307 0.0324 0.0325 0.0308 0.0316 0.0319 0.0312 0.0312 0.0288 0.0315 0.0330
recall@5 1.5447 1.8224 2.0324 2.4888 2.1331 1.9939 1.7822 1.6964 1.9845 2.0490 1.5494 1.6906 1.6661
recall@10 3.1358 2.5416 3.2644 3.6392 3.0494 3.1113 2.9513 2.9056 2.9743 3.2267 2.7730 3.0540 2.7626
recall@30 6.2057 5.4305 6.0858 6.1306 6.3478 5.9900 5.7942 6.2439 5.9365 6.5518 5.7341 6.0228 6.2929
recall@50 8.6642 7.4436 7.8984 8.0144 8.3136 8.1440 8.0001 8.7768 7.7696 8.7900 7.7302 8.2804 8.7529
recall@100 13.2364 11.4923 12.0039 11.9888 11.8519 12.2562 12.6714 12.7398 11.4818 12.3101 10.5266 12.3976 12.2007
ndcg @5 1.3653 1.4973 1.6074 1.8154 1.6358 1.5689 1.4902 1.4279 1.6604 1.5696 1.3406 1.4315 1.4793
ndcg@10 1.9627 1.8465 2.0753 2.2739 2.0282 2.0044 1.9884 1.9189 2.0753 2.0384 1.8559 1.9499 1.9515
ndcg@30 2.9167 2.7265 2.9524 3.0650 3.0172 2.8760 2.8581 2.9199 3.0033 3.0508 2.7269 2.8942 2.9772
ndcg @50 3.5163 3.2305 3.3911 3.5623 3.5080 3.3788 3.3882 3.5161 3.4652 3.5866 3.2041 3.4446 3.5661
ndcg @100 4.4779 4.1020 4.2640 4.3786 4.2769 4.2595 4.3302 4.3496 4.2609 4.3447 3.8100 4.2919 4.2928
Process_data_tim¢]
seconds 278.5305 272.2162 | 271.5172 | 273.0762 | 274.5566 | 276.2453 | 278.0829 | 306.7906 | 307.0073 | 308.6738 | 309.9557 | 309.4086 | 312.5458
hrs 0:04:39 0:04:32 0:04:32 0:04:33 0:04:35 0:04:36 0:04:38 0:05:07 0:05:07 0:05:09 0:05:10 0:05:09 0:05:13
Y_train_dim (4000, 7079) Label Cardinality 2.7965 Training Samples/Label  0.5651
Y_test_dim (1000, 7079) Label Density 3.9504E-04
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9 9
M15194.70 : f5ouiouwadoya Linear 12201-17200 gaisou] dmsudadiumsanaia 0.5 52119L0U$1a99 XMLC-PAO 914 2 11U AU #DUTIA0IRIAY

Random Method Linear 12201-17200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0303 0.0294 0.0300 0.0308 0.0292 0.0327 0.0311 0.0301 0.0307 0.0303 0.0301 0.0296 0.0292
recall@5 2.0598 2.0019 2.0230 2.1814 2.2729 2.1609 1.9692 1.9388 2.0781 1.9256 1.9394 1.8371 1.8221
recall@10 3.1640 3.1312 2.9051 2.9939 2.9723 3.1042 2.7883 2.8849 3.0651 3.2981 3.0332 2.8709 2.9179
recall@30 6.0844 5.7296 5.6417 5.6347 5.3722 5.7920 6.0309 5.9166 5.4747 5.9247 5.7976 6.2728 5.6584
recall@50 8.4493 7.5353 7.4674 7.7062 7.1119 8.0091 7.6250 7.9405 7.4208 8.1952 7.4806 8.0259 7.9814
recall@100 12.6393 11.6580 11.3953 11.9048 9.7214 11.4866 10.8455 11.4483 11.4849 11.8583 11.0831 11.2126 11.4214
ndcg @5 1.4885 1.4691 1.6254 1.6720 1.6517 1.7854 1.5652 1.5261 1.5908 1.4751 1.5649 1.4591 1.3908
ndcg @10 1.9295 1.9171 1.9817 2.0135 1.9456 2.1835 1.9072 1.9095 1.9995 2.0018 2.0034 1.8761 1.8180
ndcg @30 2.8168 2.7030 2.8159 2.8177 2.6859 2.9873 2.8401 2.7832 2.7408 2.7735 2.8466 2.8586 2.6414
ndcg @50 3.3823 3.1402 3.2533 3.3127 3.1139 3.5060 3.2157 3.2567 3.2054 3.3062 3.2627 3.2687 3.2020
ndcg @100 4.2692 3.9907 4.0515 4.1628 3.7118 4.2286 3.9043 3.9972 4.0340 4.0820 4.0142 3.9219 3.9295
Process_data_tim¢g
seconds 291.1387 270.0433 | 270.7243 271.5634 | 272.5843 | 273.8946 | 274.9241 | 292.5255 | 279.9617 | 280.8622 | 281.3905 282.0465 283.6917
hrs 0:04:51 0:04:30 0:04:31 0:04:32 0:04:33 0:04:34 0:04:35 0:04:53 0:04:40 0:04:41 0:04:41 0:04:42 0:04:44
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label  0.5643
Y_test_dim (1000, 7088) Label Density  3.7613E-04
= 9 = o (% [ U Aaa 1 o g}/ 1Y o g}/ 9
M13194.71 : L‘IEEJTJL‘VIEJTJW?JGIJEIQQ Linear 12201-17200 PFALTIUF TINTUAATIUNITAANA 0.8 IEUINUVVU1A93I XMLC-PAO N4 2 LUV NU LUVINDIAIAU
Random Method Linear 12201-17200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0303 0.0301 0.0272 0.0257 0.0304 0.0297 0.0295 0.0275 0.0300 0.0304 0.0308 0.0290 0.0287
recall@5 2.0598 1.9910 1.8154 1.6302 2.0034 1.5723 2.1504 1.8173 2.0547 2.2387 1.9209 1.7270 1.8140
recall@10 3.1640 3.1260 3.1037 2.5155 3.0391 2.8885 3.0535 2.8617 3.1359 3.2373 2.9745 2.8263 2.9143
recall@30 6.0844 5.6104 5.9682 5.3902 6.2000 5.6462 5.7283 5.5251 5.7993 6.4106 6.0165 5.9528 5.8350
recall@50 8.4493 7.4907 8.1039 7.6703 8.3813 7.3677 8.0665 7.5255 7.8183 8.3537 7.8469 7.4721 7.4809
recall@100 12.6393 11.2742 | 11.7840 10.8431 11.9476 | 10.9983 | 12.0037 | 11.4401 | 11.4245 | 11.9384 | 10.7186 | 11.0144 | 11.5456
ndcg@5 1.4885 1.5361 1.3809 1.3031 1.6027 1.3491 1.6931 1.3404 1.5480 1.6837 1.6081 1.4393 1.3917
ndcg@10 1.9295 1.9760 1.8658 1.6536 2.0235 1.8577 2.0661 1.7548 1.9811 2.1060 2.0344 1.8812 1.8312
ndcg @30 2.8168 2.7235 2.7321 2.4950 2.9731 2.6655 2.8852 2.5591 2.7658 3.0784 2.9227 2.7982 2.6974
ndcg @50 3.3823 3.1740 3.2417 3.0305 3.5004 3.0866 3.4259 3.0295 3.2686 3.5514 3.3650 3.1966 3.1010
ndcg@100 4.2692 3.9704 3.9920 3.7027 4.2559 3.8394 4.2397 3.8338 4.0311 4.2934 3.9630 3.9461 3.9463
Process_data_tim¢g
seconds 291.1387 277.7499 | 278.3283 | 280.5989 | 279.9142 | 281.9208 | 282.1760 | 289.9873 | 290.3195 | 296.7917 | 292.3971 | 293.4979 | 292.9487
hrs 0:04:51 0:04:38 0:04:38 0:04:41 0:04:40 0:04:42 0:04:42 0:04:50 0:04:50 0:04:57 0:04:52 0:04:53 0:04:53
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label 0.5643
Y_test_dim (1000, 7088) Label Density 3.7613E-04
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9 9
M1519 4.72 : f5ouiowadoya Linear 12201-17200 gaisoui dmsudadiumsanala 1.0 5211900051099 XMLC-PAO 14 2 1Y AU HDUTIA0IRIAY

Random Method Linear 12201-17200 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0303 0.0300 0.0315 0.0299 0.0301 0.0288 0.0283 0.0288 0.0296 0.0321 0.0313 0.0304 0.0305
recall@5 2.0598 2.1346 1.9401 1.7421 1.9185 1.9246 1.6097 1.4847 1.9081 2.0358 1.9362 2.1181 2.2200
recall@10 3.1640 3.3002 3.0988 2.8043 3.2489 2.8896 2.7276 2.5977 2.9894 3.0801 3.0873 3.2880 3.2432
recall@30 6.0844 6.1728 6.1071 5.7813 5.8322 5.9245 5.8744 5.9686 5.9844 6.3820 5.6468 5.9073 5.4962
recall@50 8.4493 7.5693 8.2771 7.6206 7.6316 8.0651 7.5966 7.9811 8.1884 8.1168 7.7798 7.7112 7.4978
recall@100 12.6393 11.4321 11.8562 11.3922 10.9244 12.0784 11.4364 11.6158 11.6300 11.4399 11.4508 11.4902 10.6086
ndcg@5 1.4885 1.6798 1.5111 1.3916 1.4861 1.4685 1.3833 1.2573 1.4334 1.6644 1.5600 1.5633 1.7398
ndcg@10 1.9295 2.1356 1.9878 1.8076 2.0166 1.8643 1.8295 1.6958 1.8766 2.0804 2.0160 2.0277 2.1522
ndcg @30 2.8168 2.9751 2.8825 2.6881 2.7898 2.7819 2.7203 2.6503 2.7605 3.0160 2.7798 2.8349 2.8906
ndcg @50 3.3823 3.3164 3.4001 3.1571 3.2159 3.2800 3.1371 3.1289 3.2715 3.4375 3.2849 3.2740 3.3837
ndcg @100 4.2692 4.1231 4.1571 3.9351 3.9006 4.1014 3.9301 3.9006 4.0126 4.1228 4.0535 4.0471 4.0234
Process_data_time
seconds 291.1387 283.6918 | 286.4412 | 285.7947 | 287.4845 | 289.7898 | 289.4181 | 296.4826 | 298.6041 | 300.3685 | 300.7847 | 300.2447 | 301.4797
hrs 0:04:51 0:04:44 0:04:46 0:04:46 0:04:47 0:04:50 0:04:49 0:04:56 0:04:59 0:05:00 0:05:01 0:05:00 0:05:01
Y_train_dim (4000, 7088) Label Cardinality 2.6660 Training Samples/Label  0.5643
Y_test_dim (1000, 7088) Label Density 3.7613E-04
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9 9
M1519 4.73 : 5ouiiouwadoya Linear 15001-20000 gaisoui dmsudadiumsanala 0.5 52119L0U$1a99 XMLC-PAO 14 2 1Y AU HDUTIA0IRIAY

Random Method Linear 15001-20000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0274 0.0267 0.0258 0.0282 0.0275 0.0266 0.0264 0.0248 0.0280 0.0260 0.0269 0.0264 0.0238
recall@5 1.5291 1.7305 1.6099 1.6072 1.5385 1.7842 1.5336 1.5302 1.7583 1.5971 1.7461 1.4705 1.6134
recall@10 2.7535 2.6680 2.3878 2.5898 2.4589 2.6369 2.4689 2.3715 2.7729 2.5798 2.5565 2.4189 2.6832
recall@30 5.5551 5.0306 4.7136 5.2163 5.1697 4.9504 4.9514 5.0160 5.4629 5.2959 5.5981 5.0030 5.4454
recall@50 7.6912 7.0216 6.8122 7.4486 6.8135 6.6180 6.8990 7.2578 7.4750 7.1758 7.7194 6.8509 6.8402
recall@100 11.6212 10.7400 10.1011 10.7947 9.9595 10.7306 10.6109 10.5455 11.0868 10.5456 10.7816 10.1805 9.5586
ndcg @5 1.2465 1.4029 1.3215 1.3745 1.3666 1.3492 1.3148 1.2090 1.4079 1.2834 1.4024 1.2583 1.1817
ndcg@10 1.6977 1.7693 1.6621 1.7648 1.7217 1.6819 1.7054 1.5416 1.8036 1.6731 1.7322 1.6389 1.6083
ndcg @30 2.5314 2.4790 2.3340 2.5308 2.5355 2.3525 2.4362 2.3243 2.6014 2.4798 2.6124 2.3959 2.4188
ndcg @50 3.0605 2.9589 2.8491 3.0526 2.9240 2.7674 2.8873 2.8464 3.0761 2.9318 3.1170 2.8281 2.7551
ndcg @100 3.8919 3.7205 3.5541 3.7454 3.5917 3.6039 3.6521 3.5578 3.8104 3.6292 3.7480 3.5503 3.3167
Process_data_timg
seconds 279.5561 274.7197 | 262.6380 264.1856 264.3792 | 265.5783 | 267.0645 | 286.0428 | 274.8751 | 275.3273 | 276.4055 | 277.9537 | 277.9149
hrs 0:04:40 0:04:35 0:04:23 0:04:24 0:04:24 0:04:26 0:04:27 0:04:46 0:04:35 0:04:35 0:04:36 0:04:38 0:04:38
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label 0.5534
Y_test_dim (1000, 7228) Label Density  3.6711E-04
=1 9 ~ 9Y o [ [ 1 ana 1 o g‘u Y o g‘; 9
M3 4.74 : u,iﬁ'aumauwamaya Linear 15001-20000 YALsguy AINITUFAATIUNITAANA 0.8 TEUINLUVIDI XMLC-PAO N9 2 LYY DU LUV DIAIAU
Random Method Linear 15001-20000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0274 0.0275 0.0251 0.0272 0.0254 0.0285 0.0249 0.0286 0.0258 0.0266 0.0270 0.0257 0.0271
recall@5 1.5291 1.3359 1.4522 1.5941 1.3949 1.6054 1.5367 1.6146 1.4746 1.5981 1.8149 1.7646 1.6480
recall@10 2.7535 2.6151 2.4167 2.4865 2.5318 2.4910 2.4042 2.6581 2.3691 2.5248 2.7442 2.5223 2.5615
recall@30 5.5551 5.7014 4.8284 4.9385 5.1312 5.4919 5.1764 5.4830 4.9678 5.5315 5.4268 5.3664 5.3545
recall@50 7.6912 7.4696 6.7109 7.3250 7.0515 7.5067 7.1571 7.3111 7.0613 7.6094 7.4356 7.3429 7.2157
recall@100 11.6212 10.8518 | 10.0142 10.8019 10.2648 | 11.0767 | 10.3191 | 10.8329 | 10.5394 | 10.7437 | 10.6171 | 10.9120 | 10.7293
ndcg @5 1.2465 1.1552 1.1714 1.3760 1.2040 1.4177 1.2029 1.4099 1.2409 1.3397 1.3873 1.3674 1.3694
ndcg@10 1.6977 1.6306 1.5516 1.7518 1.6430 1.7803 1.5551 1.8343 1.6144 1.7190 1.7558 1.6756 1.7360
ndcg @30 2.5314 2.4909 2.2689 2.4671 2.4109 2.6559 2.3613 2.6484 2.4001 2.6117 2.5339 2.5171 2.5468
ndcg @50 3.0605 2.9171 2.7274 3.0301 2.8789 3.1317 2.8209 3.0750 2.8875 3.1091 3.0145 2.9949 2.9966
ndcg @100 3.8919 3.6075 3.4382 3.7412 3.5496 3.8735 3.4747 3.7900 3.6109 3.7764 3.6935 3.7203 3.7355
Process_data_timg
seconds 279.5561 268.9874 | 269.5131 | 270.9056 | 271.2401 | 272.7897 | 272.5271 | 284.5734 | 285.5161 | 287.6207 | 287.0519 | 290.1875 | 289.2449
hrs 0:04:40 0:04:29 0:04:30 0:04:31 0:04:31 0:04:33 0:04:33 0:04:45 0:04:46 0:04:48 0:04:47 0:04:50 0:04:49
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label 0.5534
Y_test_dim (1000, 7228) Label Density 3.6711E-04
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9 9
M1519 4.75 : f5ouiiouwadoya Linear 15001-20000 gaisoui dmsudadiumsanala 1.0 5219L0U$1a99 XMLC-PAO 914 2 1Y AU HDUTIA0IRIAY

Random Method Linear 15001-20000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0274 0.0267 0.0261 0.0254 0.0265 0.0237 0.0273 0.0274 0.0252 0.0254 0.0261 0.0264 0.0244
recall @5 1.5291 1.5934 1.5844 1.3443 1.5503 1.4848 1.8416 1.5861 1.4205 1.4659 1.6820 1.7820 1.5432
recall @10 2.7535 2.5016 2.5889 2.1752 2.1927 2.3701 2.6885 2.5690 2.4103 2.2302 2.4845 2.6133 2.3050
recall @30 5.5551 5.1794 5.5689 5.1452 5.2411 4.9041 5.4715 5.4771 4.6938 4.9651 5.2428 5.1312 4.7254
recall @50 7.6912 7.4299 7.4434 6.9918 7.2795 6.7167 6.8143 7.4950 6.5598 7.0612 7.1297 6.9381 6.7719
recall @100 11.6212 10.9293 | 10.7952 10.1047 10.0847 | 10.6206 | 10.7762 | 11.0895 | 10.5120 | 10.6527 | 10.6424 | 10.4426 | 10.0576
ndcg@5 1.2465 1.2880 1.2461 1.1452 1.2392 1.1944 1.3739 1.3288 1.1885 1.2209 1.2968 1.3433 1.1775
ndcg @10 1.6977 1.6460 1.6569 1.4693 1.5018 1.5506 1.7042 1.7034 1.5921 1.5269 1.6370 1.6858 1.4908
ndcg@30 2.5314 2.4580 2.5198 2.3122 2.3931 2.3008 2.5147 2.5156 2.2751 2.3318 2.4340 2.4166 2.2415
ndcg @50 3.0605 2.9707 2.9626 2.7707 2.8742 2.7316 2.8339 2.9865 2.7210 2.8226 2.8942 2.8580 2.7202
ndcg @100 3.8919 3.6819 3.6714 3.4344 3.4773 3.5135 3.6302 3.7319 3.5326 3.5654 3.6395 3.5921 3.3927
Process_data_tim¢g
seconds 279.5561 274.9714 | 277.1300 | 277.0900 | 277.7818 | 279.8261 | 279.3560 | 294.0639 | 294.8051 | 294.5351 | 296.0705 | 298.0651 | 298.1227
hrs 0:04:40 0:04:35 0:04:37 0:04:37 0:04:38 0:04:40 0:04:39 0:04:54 0:04:55 0:04:55 0:04:56 0:04:58 0:04:58
Y_train_dim (4000, 7228) Label Cardinality 2.6535 Training Samples/Label 0.5534
Y_test_dim (1000, 7228) Label Density 3.6711E-04
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9 9
M1519 4.76 : f5ouiowadoya Linear 20001-25000 gaisou] dmsudadiumsanala 0.5 521UUTIa09 XMLC-PAO 914 2 1Y AU HDUTIA0IRIAY

Random Method Linear 20001-25000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0276 0.0278 0.0265 0.0261 0.0265 0.0269 0.0278 0.0260 0.0276 0.0263 0.0264 0.0267 0.0275
recall@5 1.6442 1.7939 1.6094 1.7918 1.6600 1.8816 1.5933 1.5438 1.8669 1.6937 1.8952 2.0587 1.7057
recall@10 2.8933 2.9449 2.9507 3.0578 2.7712 3.0430 2.7487 2.7041 3.1423 2.8793 3.0003 2.9435 2.9280
recall@30 6.3731 5.6632 5.6834 5.9515 5.9742 5.9186 5.7915 5.6741 6.2326 5.8624 6.0906 6.0487 5.5230
recall@50 8.7147 7.7241 7.2271 8.0611 8.2154 7.6697 7.8338 7.5527 8.0104 7.8608 7.5203 7.8756 7.6759
recall@100 13.0176 10.8880 10.7227 11.8054 11.5983 11.0218 11.4540 11.2071 12.2435 11.2694 10.9917 11.2417 10.9644
ndcg @5 1.2441 1.3548 1.2898 1.2797 1.2543 1.3597 1.2841 1.1903 1.3714 1.2677 1.3607 1.5059 1.3216
ndcg@10 1.7146 1.7846 1.8052 1.7564 1.6852 1.8285 1.7213 1.6337 1.8299 1.7120 1.7889 1.8593 1.7681
ndcg@30 2.6786 2.5538 2.5585 2.6119 2.5832 2.6786 2.5553 2.4524 2.7158 2.5447 2.6656 2.7223 2.5050
ndcg @50 3.2163 3.0188 2.9413 3.1193 3.0877 3.0958 3.0345 2.8832 3.1248 3.0033 2.9999 3.1502 2.9766
ndcg @100 4.0771 3.6626 3.6493 3.8796 3.7835 3.7668 3.7574 3.6021 3.9499 3.6892 3.6960 3.8452 3.6429
Process_data_timeg
seconds 291.5006 271.8910 | 273.4393 274.2250 | 274.8275 | 278.9125 | 279.9659 | 288.3216 | 277.1843 | 277.6070 | 279.3432 | 279.0132 | 280.8723
hrs! 0:04:52 0:04:32 0:04:33 0:04:34 0:04:35 0:04:39 0:04:40 0:04:48 0:04:37 0:04:38 0:04:39 0:04:39 0:04:41
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label  0.5771
Y_test_dim (1000, 6931) Label Density 3.5637E-04

Y Y
M1319 4.77 : nﬁ'aumauwaeﬁbya Linear 20001-25000 G]g'ﬂlﬁ‘c’lﬂff TMTUAATIUNTAAUA 0.8 T2 NUVVIIADI XMLC-PAO N4 2 U N LLUU%Wﬁ@Q@Qﬁ’H

Random Method Linear 20001-25000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0276 0.0261 0.0262 0.0281 0.0267 0.0261 0.0258 0.0268 0.0244 0.0256 0.0270 0.0244 0.0274
recall@5 1.6442 1.6420 1.4609 2.0312 1.8125 1.5920 1.7311 1.9710 1.5762 1.6502 1.6522 1.8036 1.7014
recall@10 2.8933 2.7489 2.5612 3.3167 2.7020 2.6822 2.5852 2.8789 2.4596 2.7838 2.7152 2.7531 2.9396
recall@30 6.3731 5.6243 5.3974 6.1636 5.9019 5.2022 5.4534 5.5823 5.1391 5.8895 5.5656 5.0184 6.0651
recall@50 8.7147 7.7010 7.4363 7.9432 7.6397 7.4199 7.4760 7.7777 7.5193 7.7052 7.5590 7.1267 7.5870
recall@100 13.0176 11.1806 11.6129 11.2422 10.8113 11.1602 10.8686 12.1882 11.5345 11.3861 11.0323 10.4367 11.1262
ndcg @5 1.2441 1.2807 1.1856 1.5220 1.3477 1.2429 1.3077 1.4251 1.2042 1.2201 1.2963 1.2900 1.2978
ndcg@10 1.7146 1.7162 1.6138 1.9912 1.7070 1.6703 1.6253 1.7629 1.5634 1.6478 1.7059 1.6573 1.7459
ndcg@30 2.6786 2.5433 2.4142 2.7968 2.6190 2.4003 2.4223 2.5416 2.3464 2.5587 2.5261 2.3431 2.5990
ndcg @50 3.2163 3.0108 2.8647 3.2076 3.0354 2.8996 2.8647 3.0321 2.8706 2.9784 2.9627 2.8430 2.9447
ndcg@100 4.0771 3.6902 3.6860 3.8935 3.6803 3.6493 3.5483 3.8882 3.6660 3.7244 3.6631 3.5268 3.6750
Process_data_tim¢
seconds 291.5006 280.5030 | 280.8394 | 281.2258 | 282.3380 | 282.8808 | 285.6473 | 285.2144 | 288.2474 | 286.3446 | 289.1967 | 288.7589 | 290.9288
hrs 0:04:52 0:04:41 0:04:41 0:04:41 0:04:42 0:04:43 0:04:46 0:04:45 0:04:48 0:04:46 0:04:49 0:04:49 0:04:51
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label 0.5771
Y_test_dim (1000, 6931) Label Density 3.5637E-04
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9 9
M1519 4.78 : f5ouiowadoya Linear 20001-25000 gaisou] dmsudadiumsanala 1.0 521LUUTIa09 XMLC-PAO 914 2 11U AU HDUTIA0IRIAY

Random Method Linear 20001-25000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2:1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0276 0.0258 0.0280 0.0249 0.0239 0.0264 0.0236 0.0272 0.0261 0.0259 0.0273 0.0274 0.0255
recall @5 1.6442 1.6761 1.8086 1.8486 1.6072 1.5535 1.5981 1.8505 1.6405 1.6054 1.6325 1.9661 1.7467
recall@10 2.8933 2.7302 2.8969 3.1557 2.9565 2.5566 2.8219 2.9893 2.8492 2.8719 2.9183 3.3460 2.9849
recall@30 6.3731 5.3634 6.4392 5.5584 5.8673 6.0536 5.2115 5.9654 5.5047 5.6199 6.3321 5.8286 5.6851
recall@50 8.7147 7.3602 8.5136 7.3690 7.8119 8.1748 7.1057 7.9887 7.5829 7.7311 8.3000 7.8682 7.9891
recall@100 13.0176 10.9862 11.6433 11.1592 11.2711 11.8781 10.1174 11.5799 11.2696 10.8209 11.8279 11.4133 11.3165
ndcg@5 1.2441 1.3074 1.3847 1.3103 1.1245 1.1937 1.2003 1.3375 1.2466 1.2591 1.2681 1.4283 1.2955
ndcg@10 1.7146 1.7201 1.7860 1.8263 1.6496 1.5963 1.6606 1.7368 1.6887 1.7325 1.7477 1.9171 1.7434
ndcg@30 2.6786 2.4671 2.7683 2.5467 2.4677 2.5786 2.3499 2.5914 2.4547 2.5119 2.6698 2.6409 2.4767
ndcg@50 3.2163 2.9087 3.2472 2.9868 2.9120 3.0676 2.7791 3.0649 2.9101 2.9979 3.1311 3.0968 3.0052
ndcg@100 4.0771 3.6324 3.8819 3.7331 3.5971 3.8000 3.4009 3.7760 3.6430 3.6272 3.8633 3.8038 3.6675
Process_data_tim¢g
seconds 291.5006 286.2104 | 288.3949 | 289.3650 | 290.0340 | 290.7418 | 291.1257 | 293.4787 | 295.6047 | 295.1565 | 297.2512 | 296.8167 | 299.7163
hrs 0:04:52 0:04:46 0:04:48 0:04:49 0:04:50 0:04:51 0:04:51 0:04:53 0:04:56 0:04:55 0:04:57 0:04:57 0:05:00
Y_train_dim (4000, 6931) Label Cardinality 2.4700 Training Samples/Label 0.5771
Y_test_dim (1000, 6931) Label Density 3.5637E-04
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1919 4.79 : Llﬁaumﬂuwasﬁ’aya Linear 25001-27932 (2933 q10819) Gljﬂlﬁﬂu;%: fmsudaaaumsania 0.5 321NV VIE09 XMLC-PAO 19 2 uuY nNU

o )
UUUIDISNAU

Random Method

Linear 25001-27932

Training Result

XMLC-PAO Ratio org XMLC-PAO-1 : 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0232 0.0247 0.0246 0.0250 0.0241 0.0240 0.0241 0.0244 0.0241 0.0235 0.0245 0.0249 0.0253
recall@5 1.5081 1.5248 1.5374 1.7764 1.7125 1.6491 1.5431 1.7269 1.6293 1.5588 1.4518 1.8034 1.6926
recall@10 2.2876 2.2826 2.5182 2.6220 2.7055 2.7559 2.4773 2.8165 2.3099 2.4686 2.8319 2.5273 2.8127
recall@30 4.8863 5.6638 5.5890 5.5907 5.5654 5.4942 5.3986 5.9378 5.5300 5.2328 5.6725 5.3333 5.8113
recall@50 7.1488 8.2371 7.6739 7.7633 7.6783 7.5905 7.4774 8.4224 7.9287 7.4587 7.7222 7.3409 8.2168
recall@100 11.7963 12.6810 12.1414 13.2321 11.8489 | 12.4788 | 12.0373 12.4142 | 12.2728 | 11.8738 | 12.2846 12.0897 12.6560
ndcg@5 1.1830 1.2110 1.2326 1.3247 1.2809 1.2355 1.1778 1.2366 1.2452 1.2041 1.1583 1.3116 1.3247
ndcg@10 1.5054 1.5504 1.6258 1.6639 1.6751 1.6816 1.5677 1.6588 1.5260 1.5801 1.6535 1.6120 1.7618
ndcg @30 2.2854 2.5043 2.5012 2.5327 2.4914 2.4747 2.4128 2.5256 2.4627 2.4044 2.5049 2.4579 2.6148
ndcg @50 2.8106 3.0896 2.9856 3.0307 2.9688 2.9681 2.8893 3.1001 3.0189 2.9207 2.9692 2.9123 3.1794
ndcg @100 3.7383 3.9685 3.8833 4.1077 3.7650 3.9704 3.8055 3.9278 3.8885 3.8324 3.8742 3.8492 4.0768
Process_data_timg
seconds| 170.1603 155.9716 | 156.3979 156.8777 | 157.6429 | 158.4585 | 159.3564 | 159.3495 | 160.2767 | 160.7963 | 161.2509 | 162.4565 | 162.9972
hrs| 0:02:50 0:02:36 0:02:36 0:02:37 0:02:38 0:02:38 0:02:39 0:02:39 0:02:40 0:02:41 0:02:41 0:02:42 0:02:43
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label  0.4896
Y_test_dim (587, 4792) Label Density  5.0551E-04

M319 4.80 : Wieufeunatdoya Linear 25001-27932 (2933 @M081) yalieui drsudadiunsania

o ¥ v
LUUITDIAIAU

Random Method

Linear 25001-27932

Training Result

0.8 5¥HIUVUIA0Y

Y
XMLC-PAO 9149 2 U1 N1

XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0232 0.0253 0.0243 0.0239 0.0265 0.0249 0.0248 0.0262 0.0255 0.0257 0.0249 0.0278 0.0244
recall@5 1.5081 1.8115 1.5573 1.5618 1.7657 1.7087 1.6492 1.7889 1.6830 1.9838 1.7177 1.6287 1.5434
recall @10 2.2876 2.8479 2.3878 2.6254 2.9787 2.7754 2.8521 2.6525 2.5421 2.6541 2.5755 2.6262 2.5621
recall@30 4.8863 5.3238 5.6749 5.2472 5.8641 5.6616 5.5046 5.8768 5.6513 4.9257 5.8425 5.7332 5.5463
recall @50 7.1488 8.2650 7.8828 7.6145 8.2373 7.9723 7.9979 8.3480 7.9991 7.8080 8.1787 7.8429 8.1533
recall@100 11.7963 13.0681 12.8732 12.2214 12.4859 12.3307 12.6541 12.8591 13.0366 12.1498 12.7395 12.6766 12.0551
ndcg@5 1.1830 1.3283 1.2036 1.2068 1.3399 1.2924 1.2707 1.3918 1.3082 1.4027 1.2569 1.3402 1.2140
ndcg@10 1.5054 1.7446 1.5266 1.6171 1.8064 1.6990 1.7342 1.7333 1.6646 1.6970 1.5981 1.7465 1.6170
ndcg@30 2.2854 2.4690 2.4626 2.4024 2.6397 2.4992 2.5288 2.6518 2.5480 2.4084 2.5196 2.6438 2.4962
ndcg @50 2.8106 3.1365 2.9776 2.9519 3.2032 3.0393 3.0908 3.2156 3.0963 3.0559 3.0618 3.1433 3.1020
ndcg @100 3.7383 4.1025 3.9727 3.8772 4.0910 3.9158 4.0472 4.1168 4.1124 3.9230 3.9746 4.0993 3.9031
Process_data_tim¢
seconds| 170.1603 160.1624 | 160.9981 | 162.4114 | 162.5840 | 163.1437 | 163.8967 | 164.2075 | 165.6152 | 165.8609 | 166.6519 | 167.5537 | 169.1035
hrs| 0:02:50 0:02:40 0:02:41 0:02:42 0:02:43 0:02:43 0:02:44 0:02:44 0:02:46 0:02:46 0:02:47 0:02:48 0:02:49
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label 0.4896
Y_test_dim (587, 4792) Label Density 5.0551E-04
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M319 4.81 : Wieufeunadoya Linear 25001-27932 (2933 @081) yaiseui dmsudadiumsaaia

o )
UUUIDISNAU

Random Method

Linear 25001-27932

Training Result

1.0 5¥M9UUUINA09 XMLC-PAO N4 2 11l N

XMLC-PAO Ratio org XMLC-PAO-1: 1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0232 0.0258 0.0235 0.0254 0.0246 0.0272 0.0244 0.0257 0.0272 0.0251 0.0247 0.0237 0.0241
recall@5 1.5081 1.3287 1.6262 1.9017 1.6259 1.9544 1.5313 1.8748 1.8123 1.6286 1.5850 1.7772 1.6847
recall@10 2.2876 2.4809 2.4692 2.7706 2.5844 2.7712 2.6362 2.6537 2.6737 2.4827 2.5983 2.6963 2.6105
recall @30 4.8863 5.6022 5.7223 5.6907 5.2886 5.9605 5.9356 5.3172 5.7012 5.7801 5.7905 5.8558 5.3918
recall@50 7.1488 8.0289 8.1375 8.1887 7.5817 8.2969 8.2495 7.6233 8.0938 7.8976 7.7777 7.8797 7.4217
recall@100 11.7963 12.3828 | 12.5264 12.8623 11.8869 | 13.1359 | 12.1656 | 11.9232 | 12.9168 | 12.2698 | 12.0099 | 12.5171 | 12.3821
ndcg @5 1.1830 1.1644 1.1810 1.3801 1.2530 1.5523 1.2002 1.4139 1.4115 1.2398 1.2271 1.3294 1.2915
ndcg@10 1.5054 1.6107 1.5097 1.7215 1.6405 1.9002 1.6288 1.7214 1.7807 1.5731 1.6400 1.6891 1.6733
ndcg @30 2.2854 2.5230 2.4320 2.5695 2.4323 2.8166 2.5193 2.5033 2.6599 2.5111 2.5562 2.5737 2.5033
ndcg @50 2.8106 3.0866 2.9959 3.1786 2.9603 3.3631 3.0753 3.0569 3.2061 3.0324 3.0361 3.0535 2.9776
ndcg @100 3.7383 3.9670 3.8836 4.0851 3.8239 4.3450 3.8985 3.9341 4.1777 3.9109 3.9050 3.9681 3.9630
Process_data_tim¢g
seconds 170.1603 165.1016 | 166.5484 | 166.4967 | 167.2005 | 169.3134 | 168.7673 | 169.6006 | 170.7693 | 171.4299 | 172.7543 | 173.1211 | 175.9085
hrs 0:02:50 0:02:45 0:02:47 0:02:46 0:02:47 0:02:49 0:02:49 0:02:50 0:02:51 0:02:51 0:02:53 0:02:53 0:02:56
Y_train_dim (2346, 4792) Label Cardinality 2.4224 Training Samples/Label 0.4896
Y_test_dim (587, 4792) Label Density 5.0551E-04
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M1519 4.82 : f5ouifiouwadoya Random seed-42 gaioui drsudadiumsanla 0.5 531 NLUTIA0I XMLC-PAO 19 2 HUY AU HUUTIABIAIAY

Random Method Random seed-42 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0284 0.0252 0.0245 0.0212 0.0245 0.0221 0.0280 0.0293 0.0250 0.0278 0.0265 0.0279 0.0280
recall@5 1.1560 1.0239 0.9103 0.9484 1.0879 0.8182 1.1933 1.3312 1.1041 1.2189 1.1106 1.1553 1.1610
recall@10 2.1318 1.5022 1.5468 1.3890 1.6657 1.3181 1.8977 2.0637 1.6002 1.9787 2.0154 1.8833 1.8181
recall@30 4.7302 3.1051 3.2239 2.4311 3.0274 2.2489 4.0221 4.3210 3.0874 4.0695 4.2021 3.9906 4.1417
recall@50 6.5501 4.1737 4.2875 2.9227 3.7459 2.7303 5.9057 6.0033 4.0563 5.8575 5.7337 5.7566 5.7834
recall@100 9.0190 6.9283 7.4512 6.0290 6.2727 5.9830 8.6131 8.5109 6.8946 9.0538 8.7688 8.5203 9.1587
ndcg @5 1.0778 0.9822 0.9243 0.8464 0.9766 0.8104 1.0965 1.1768 1.0009 1.1284 0.9935 1.0653 1.0713
ndcg@10 1.4735 1.2050 1.1989 1.0476 1.2378 1.0308 1.4118 1.5154 1.2424 1.4506 1.3813 1.3949 1.3634
ndcg @30 2.2637 1.7574 1.7724 1.3920 1.6958 1.3505 2.0984 2.2080 1.7469 2.0991 2.0712 2.0927 2.0458
ndcg @50 2.7196 2.0631 2.0859 1.5530 1.9032 1.4956 2.5745 2.6342 2.0191 2.5204 2.4775 2.5543 2.4536
ndcg @100 3.3305 2.7006 2.7778 2.2240 2.4766 2.1961 3.2164 3.2071 2.6515 3.2286 3.1684 3.2013 3.2259
Process_data_time
seconds 269.3646 281.5127 | 268.7470 268.2193 | 269.3863 | 272.0557 | 272.7078 | 304.1104 | 305.9943 | 302.6955 | 304.8159 | 303.5382 | 305.3572
hrs| 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label  0.4724
Y_test_dim (1000, 8468) Label Density  3.7166E-04

v v
11319 4.83 : Liﬁi‘c’lﬂmﬂﬂﬂﬁeﬁjﬂyﬁ Random seed-42 ﬂgmsaui AMTVTAFIUNTAANA 0.8 T2HINNLVVIIBI XMLC-PAO N4 2 11U NU LL‘]JU%OTGE]\W]\WQ]}H

Random Method Random seed-42 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0284 0.0279 0.0239 0.0277 0.0283 0.0297 0.0263 0.0287 0.0279 0.0277 0.0286 0.0138 0.0281
recall@5 1.1560 1.2910 1.0177 1.3058 1.3630 1.3049 1.0638 1.3854 1.2385 1.1701 1.2025 0.4912 1.2086
recall@10 2.1318 2.0995 1.5310 1.9578 2.3721 2.3551 1.6524 2.0880 2.0472 1.7197 2.1671 0.8225 2.0039
recall@30 4.7302 4.0934 2.9673 4.0578 4.0816 4.4782 2.9724 4.2432 4.4275 3.8789 4.6044 1.1800 4.1099
recall@50 6.5501 5.2547 3.5974 5.4793 6.1161 6.1021 3.9618 5.6458 6.0172 5.3685 5.9876 1.4666 5.3457
recall@100 9.0190 7.5680 6.3473 8.1076 9.2024 8.6448 5.9793 8.6858 8.5959 8.0555 9.4695 5.1059 8.1507
ndcg@5 1.0778 1.1305 0.9306 1.1493 1.1667 1.1384 1.0293 1.1884 1.0810 1.0671 1.1176 0.4655 1.0895
ndcg@10 1.4735 1.4767 1.1668 1.4295 1.5916 1.5623 1.3083 1.4912 1.4134 1.3197 1.5105 0.6102 1.4180
ndcg @30 2.2637 2.1358 1.6484 2.1059 2.1565 2.2692 1.8236 2.1677 2.1694 1.9901 2.2592 0.7604 2.0867
ndcg @50 2.7196 2.4549 1.8449 2.4736 2.6448 2.6865 2.0972 2.5359 2.5841 2.3923 2.6202 0.8625 2.4292
ndcg @100 3.3305 3.0252 2.4550 3.0930 3.3366 3.2913 2.5690 3.2284 3.2140 3.0052 3.3744 1.6356 3.0814
Process_data_tim¢
seconds 269.3646 275.3721 | 275.0418 | 274.5494 | 276.1146 | 275.5278 | 278.2145 | 316.9397 | 317.6689 | 319.1348 | 331.6014 | 323.7464 | 326.9723
hrs 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label 0.4724
Y_test_dim (1000, 8468) Label Density 3.7166E-04
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M1519 4.84 : f5ouifouwadoya Random seed-42 gaioui dmsudadiumsanla 1.0 531 NLUTIA03 XMLC-PAO 19 2 HUY AU HUUTIAIAIAY

Random Method Random seed-42 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0284 0.0254 0.0274 0.0231 0.0265 0.0238 0.0286 0.0243 0.0283 0.0254 0.0226 0.0256 0.0275
recall@5 1.1560 1.3159 1.2206 0.9550 1.3365 0.9381 1.2816 1.1796 1.4679 1.0334 1.0092 1.1006 1.1614
recall@10 2.1318 2.1034 1.9835 1.4271 1.9040 1.4823 2.1725 1.8261 2.0987 1.7116 1.4732 1.7248 1.8788
recall@30 4.7302 4.5743 3.7463 2.8444 3.6896 3.2030 4.9340 3.4008 4.2636 3.3553 2.7550 3.1731 4.1707
recall@50 6.5501 5.9265 4.6835 3.5730 5.4616 4.2242 6.5080 4.1514 5.8504 4.4811 3.3735 4.3323 5.8218
recall@100 9.0190 8.5591 7.8282 5.8731 8.4793 7.3302 9.0063 7.2075 8.3022 7.0593 7.0657 7.2809 8.3022
ndcg @5 1.0778 1.0626 1.1069 0.8960 1.1461 0.8966 1.1548 0.9695 1.3087 0.9613 0.8986 1.0008 1.0606
ndcg@10 1.4735 1.3910 1.4220 1.1088 1.4100 1.1422 1.5193 1.2329 1.6272 1.2545 1.0988 1.2907 1.3703
ndcg @30 2.2637 2.1467 1.9962 1.5495 2.0368 1.7097 2.3689 1.7496 2.2988 1.8076 1.5320 1.7978 2.0971
ndcg @50 2.7196 2.5036 2.2611 1.7626 2.4697 1.9926 2.7869 1.9666 2.7109 2.1295 1.7218 2.1158 2.5248
ndcg @100 3.3305 3.1180 2.9712 2.3061 3.1519 2.6831 3.3681 2.6280 3.2776 2.7371 2.5156 2.7649 3.0908
Process_data_tim¢]
seconds 269.3646 279.5240 | 281.1356 | 279.8193 | 280.3088 | 282.1792 | 283.5612 | 312.2808 [ 300.3509 | 301.8863 | 303.5976 | 302.4060 | 304.4920
hrs 0:04:29 0:04:35 0:04:35 0:04:35 0:04:36 0:04:36 0:04:38 0:05:17 0:05:18 0:05:19 0:05:32 0:05:24 0:05:27
Y_train_dim (4000, 8468) Label Cardinality 3.1473 Training Samples/Label 0.4724
Y_test_dim (1000, 8468) Label Density 3.7166E-04
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M1519 4.85 : 5ouifouwadoya Random seed-101 gaisouj dmsudadiumsaniia 0.5 5zn31aDuTIa09 XMLC-PAO 114 2 HUY 11 1UDT120909AY

Random Method Random seed-101 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0321 0.0301 0.0307 0.0325 0.0293 0.0329 0.0311 0.0309 0.0310 0.0312 0.0312 0.0311 0.0315
recall@5 1.4795 1.4254 1.5848 1.5457 1.4957 1.4617 1.5816 1.4936 1.5181 1.5410 1.4098 1.5558 1.4398
recall@10 2.2952 2.0632 2.3144 2.3436 2.1329 2.1875 2.3169 2.1665 2.1312 2.3092 2.0776 2.3008 2.3212
recall@30 4.9859 4.3744 4.7588 4.4379 3.8648 4.1651 4.5467 4.3559 4.4428 4.9492 4.4391 4.7034 4.2817
recall@50 6.7364 6.3581 6.4454 6.2449 5.2757 5.5764 6.1168 5.9831 6.2259 6.5350 6.5244 6.5611 5.7346
recall@100 10.9576 9.0512 8.8752 9.6840 8.6997 8.5900 9.1671 8.8640 9.4319 10.0512 9.7763 9.7147 8.1271
ndcg @5 1.3717 1.3370 1.3900 1.4758 1.3604 1.4104 1.4335 1.3833 1.4015 1.3994 1.3526 1.3935 1.3906
ndcg @10 1.7071 1.6270 1.7040 1.8273 1.6358 1.7131 1.7269 1.6850 1.6746 1.7070 1.6417 1.7147 1.7277
ndcg@30 2.5056 2.3432 2.4458 2.4846 2.1964 2.3454 2.4136 2.3649 2.3739 2.4810 2.3676 2.4685 2.3404
ndcg@50 2.9653 2.8259 2.8858 2.9227 2.5578 2.7229 2.7873 2.7754 2.7906 2.8842 2.8819 2.9152 2.7108
ndcg @100 3.8442 3.4143 3.4156 3.6325 3.3226 3.3800 3.4379 3.3984 3.4862 3.6282 3.5860 3.5935 3.2612
Process_data_tim¢g
seconds 284.6269 279.2733 266.3802 267.2192 268.2536 | 269.5964 | 270.6657 | 280.7266 | 276.4966 | 277.9987 | 278.8824 | 279.9648 | 279.7141
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label ~ 0.4749
Y_test_dim (1000, 8422) Label Density  3.5107E-04

9 9
M1519 4.86 : 1f5ououwadoya Random seed-101 gRisouj dmsudadiumsania 0.8 5z1n119DUTIA09 XMLC-PAO 114 2 11U 11 1UDT120909AY

Random Method Random seed-101 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0321 0.0303 0.0306 0.0325 0.0319 0.0302 0.0310 0.0308 0.0314 0.0298 0.0310 0.0259 0.0285
recall@5 1.4795 1.3081 1.5342 1.6317 1.6212 1.4415 1.6204 1.4469 1.5224 1.3086 1.4718 1.3345 1.3789
recall@10 2.2952 2.0537 2.3295 2.3906 2.3693 2.0518 2.2571 2.4022 2.4665 1.9331 2.1415 1.6846 2.1174
recall@30 4.9859 4.3296 4.7516 4.6701 4.9659 4.0754 4.3358 4.7524 4.8322 4.1473 4.4479 2.7950 3.7046
recall@50 6.7364 6.1562 6.4888 6.2231 6.9420 5.9090 5.9382 6.7028 6.6260 5.7500 6.0998 3.5898 4.6414
recall@100 10.9576 9.4130 9.6914 9.7424 10.1881 8.7452 9.2175 10.3519 9.5045 8.7258 9.1444 6.6778 7.6525
ndcg@5 1.3717 1.2305 1.3821 1.4577 1.4461 1.3535 1.4400 1.3416 1.3897 1.2920 1.3672 1.2512 1.2937
ndcg@10 1.7071 1.5500 1.7070 1.7712 1.7578 1.6317 1.7102 1.7097 1.7738 1.5807 1.6509 1.4052 1.5920
ndcg @30 2.5056 2.2595 2.4144 2.4624 2.5579 2.2685 2.3482 2.4314 2.4932 2.2452 2.3378 1.7759 2.0858
ndcg @50 2.9653 2.7355 2.8581 2.8436 3.0351 2.7354 2.7490 2.9044 2.9345 2.6521 2.7577 1.9767 2.3311
ndcg @100 3.8442 3.4650 3.5484 3.5636 3.7266 3.3309 3.4342 3.6807 3.5727 3.2992 3.4154 2.6236 2.9794
Process_data_tim¢
seconds 284.6269 273.1241 | 273.4103 | 275.0971 | 275.9106 | 277.1411 | 277.6546 | 289.4682 | 290.4975 | 291.7195 | 292.1839 | 291.7422 | 292.0908
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label 0.4749
Y_test_dim (1000, 8422) Label Density 3.5107E-04

112



9 9
M1519 4.87 : f5ouiiouwadoya Random seed-101 gaisouj dmsudadiumsania 1.0 5zn31aDuTIa09 XMLC-PAO 114 2 HUU 11 1UDT120909AY

Random Method Random seed-101 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0321 0.0315 0.0302 0.0312 0.0306 0.0314 0.0307 0.0317 0.0314 0.0322 0.0305 0.0317 0.0302
recall@5 1.4795 1.4486 1.5189 1.4955 1.6079 1.6177 1.4650 1.4061 1.5494 1.4861 1.6531 1.6122 1.4775
recall@10 2.2952 2.3500 2.1691 2.3209 2.3935 2.2680 2.0330 2.2062 2.4903 2.4351 2.4185 2.3933 1.9940
recall@30 4.9859 5.0875 4.4406 4.5246 4.8670 4.5950 4.3263 4.4893 4.7316 4.6545 4.7989 4.3893 3.8881
recall@50 6.7364 6.7530 6.2164 6.0674 6.5484 6.0472 5.9646 6.3324 6.3860 6.7565 6.3307 6.2132 5.3603
recall@100 10.9576 9.8632 9.0345 9.3183 9.8335 8.6562 9.3201 9.0777 9.7607 10.1008 9.4100 9.2070 8.9121
ndcg @5 1.3717 1.3637 1.3777 1.3681 1.4067 1.4269 1.3568 1.3550 1.3868 1.3858 1.4413 1.4573 1.3632
ndcg@10 1.7071 1.7457 1.6559 1.7113 1.7259 1.7103 1.5983 1.6936 1.7798 1.7694 1.7715 1.7969 1.6123
ndcg @30 2.5056 2.5208 2.3637 2.3816 2.4691 2.4286 2.3061 2.4063 2.4917 2.4435 2.5217 2.4266 2.2194
ndcg @50 2.9653 2.9365 2.8083 2.7707 2.8877 2.7944 2.7251 2.8576 2.9019 2.9565 2.9050 2.8741 2.6014
ndcg @100 3.8442 3.6277 3.4273 3.4760 3.6044 3.3925 3.4455 3.4395 3.6208 3.6672 3.5826 3.5443 3.3657
Process_data_tim¢]
seconds 284.6269 280.6662 | 282.1414 | 281.6628 | 282.0380 | 284.5839 | 283.7131 | 288.1532 | 277.1801 | 277.9502 | 279.2389 | 279.0803 | 278.9957
hrs 0:04:45 0:04:33 0:04:33 0:04:35 0:04:36 0:04:37 0:04:38 0:04:49 0:04:50 0:04:52 0:04:52 0:04:52 0:04:52
Y_train_dim (4000, 8422) Label Cardinality 2.9568 Training Samples/Label  0.4749
Y_test_dim (1000, 8422) Label Density 3.5107E-04
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M1519 4.88 : 1ouifieumadeya Lincar 1-6000 yaiioud dmsudadiumsania 0.5 53 19UUTIa03 XMLC-PAO 114 2 111 1 U UT1809AIAY
Random Method Linear 1-6000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0482 0.0482 0.0323 0.0468 0.0485 0.0478 0.0480 0.0491 0.0403 0.0392 0.0457 0.0420 0.0407
recall@5 2.5185 1.8731 1.2876 2.3635 1.5957 1.6763 1.4772 1.6976 1.7448 1.9095 2.1673 1.7950 1.7501
recall@10 3.3690 2.6822 1.7087 3.0496 3.2519 2.3831 2.2145 3.3635 2.3682 2.4084 2.7498 2.4610 2.4122
recall @30 5.4572 5.5129 2.8585 5.1249 5.4346 4.7931 4.6182 6.4968 3.7109 3.6966 4.7482 4.3603 4.2076
recall@50 7.2665 8.2311 3.6920 6.3797 7.0426 6.2002 7.1504 8.3754 4.7883 4.6458 6.0897 5.3880 5.3141
recall@100 10.2055 12.5633 8.3549 10.9953 11.1879 9.9990 12.2605 12.0943 9.0886 9.4047 10.3651 9.7755 10.0481
ndcg@5 2.0633 1.8169 1.1901 2.0082 1.6932 1.7640 1.6575 1.7778 1.5539 1.5393 1.8490 1.6222 1.5666
ndcg@10 2.5122 2.2416 1.4251 2.3683 2.3855 2.0945 2.0741 2.4864 1.8829 1.8265 2.1781 1.9911 1.9176
ndcg@30 3.3539 3.3110 1.9169 3.2304 3.2395 2.9605 3.0196 3.6996 2.4534 2.4316 2.9273 2.7383 2.6062
ndcg@50 3.9388 4.0807 2.2324 3.7057 3.7729 3.4527 3.7597 4.2989 2.8235 2.8001 3.3885 3.1324 2.9979
ndcg@100 4.7227 5.2042 3.4351 4.8724 4.8573 4.4816 4.9856 5.2473 3.9312 3.9912 4.4910 4.2196 4.2009
Process_data_tim¢g
seconds 322.2234 320.0941 | 306.1104 | 307.4387 | 309.2927 | 310.5418 | 309.5992 | 350.0211 | 338.4714 | 341.0316 | 342.0850 | 344.7982 | 346.1831
hrs' 0:05:22 0:05:20 0:05:06 0:05:07 0:05:09 0:05:11 0:05:10 0:05:50 0:05:38 0:05:41 0:05:42 0:05:45 0:05:46
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label 0.6349
Y_test_dim (1200, 7560) Label Density 5.6192E-04
= 9 =1 Y o [ [ 1 an 1 o g’; v o g’/ 9
M13194.89 : Liﬁi‘c’lﬂmﬂﬂﬂﬁﬂlflyﬁ Linear 1-6000 YALIIUY AUIUVAATIUNITAANA 0.8 TEUINLVVUIIA0I XMLC-PAO N4 2 LYY DU LUV DIAIAU
Random Method Linear 1-6000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0482 0.0507 0.0453 0.0206 0.0427 0.0399 0.0482 0.0290 0.0485 0.0470 0.0378 0.0462 0.0443
recall@5 2.5185 2.3349 1.7802 0.6025 1.8264 1.8416 2.3346 1.0606 1.8451 1.7094 1.2937 2.4307 1.9698
recall@10 3.3690 3.1160 2.7173 0.7600 2.3343 2.5224 2.9684 1.4479 2.5201 2.5374 2.2462 2.9855 2.5703
recall@30 5.4572 4.9909 4.1220 1.1487 4.4979 3.7895 5.0858 2.4302 5.1690 5.9833 3.6936 5.2042 4.3038
recall@50 7.2665 6.9099 5.2942 1.5142 5.5616 4.8695 6.6759 3.1420 6.7745 8.3056 4.9616 6.8978 5.8288
recall@100 10.2055 11.6996 9.1592 6.9399 7.3556 8.9267 11.0610 8.3029 11.2693 12.6620 10.1057 11.1930 10.0433
ndcg @5 2.0633 2.0909 1.6665 0.5669 1.6360 1.5890 1.9832 0.9890 1.8397 1.8703 1.3152 2.0097 1.8068
ndcg@10 2.5122 2.5355 2.1233 0.6829 1.9483 1.9358 2.3531 1.1991 2.2117 2.3269 1.6968 2.3262 2.1493
ndcg@30 3.3539 3.3425 2.7817 0.9200 2.7812 2.5340 3.1625 1.6217 3.2022 3.5378 2.2801 3.2142 2.8960
ndcg @50 3.9388 3.9474 3.2176 1.0892 3.1537 2.9521 3.6704 1.9070 3.7776 4.2286 2.7153 3.7854 3.4322
ndcg @100 4.7227 5.1202 4.2220 2.4147 3.7340 4.0655 4.8406 3.2223 4.9582 5.3088 3.9715 4.9211 4.5315
Process_data_tim¢g
seconds 322.2234 313.9615 | 314.3303 | 313.3186 | 314.4631 | 317.1575 | 314.7034 | 350.1158 | 349.9839 | 357.2913 | 353.7105 | 354.6048 | 354.0771
hrs 0:05:22 0:05:14 0:05:14 0:05:13 0:05:14 0:05:17 0:05:15 0:05:50 0:05:50 0:05:57 0:05:54 0:05:55 0:05:54
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label  0.6349
Y_test_dim (1200, 7560) Label Density 5.6192E-04
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M1519 4.90 : f5oufowadoya Linear 1-6000 gaisouj dmsudadiumsania 1.0 531190DUTIa99 XMLC-PAO 14 2 MUY 11 1D UTIA0IRIAY

Random Method Linear 1-6000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2: 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0482 0.0516 0.0436 0.0483 0.0434 0.0321 0.0476 0.0467 0.0421 0.0418 0.0356 0.0286 0.0478
recall @5 2.5185 2.6161 2.1392 2.1930 1.3795 1.2774 2.4741 1.5173 1.4669 1.7803 1.3146 0.8727 1.8382
recall@10 3.3690 3.7005 2.7213 2.9571 1.9586 1.6722 3.1907 2.7827 1.9078 2.2309 1.8579 1.1806 2.7754
recall@30 5.4572 6.4475 4.7258 4.9329 4.4280 2.6039 5.3458 49817 3.7395 3.5817 2.7575 1.9647 4.8133
recall@50 7.2665 8.3069 5.7802 6.9488 5.8963 3.1932 7.4225 6.3662 4.7741 4.7193 3.5893 2.5293 6.1287
recall@100 10.2055 12.8460 9.6876 11.9451 11.0643 8.2879 10.6468 10.8970 8.7936 10.0831 8.5373 8.2395 8.9163
ndcg @5 2.0633 2.1609 1.8128 1.9465 1.4842 1.1401 1.9978 1.6304 1.5473 1.6464 1.2551 0.8457 1.7805
ndcg@10 2.5122 2.6814 2.1232 2.3688 1.8106 1.3540 2.4095 2.1725 1.7910 1.9139 1.5309 1.0319 2.2062
ndcg @30 3.3539 3.7289 2.8503 3.2403 2.7050 1.7578 3.3223 3.0070 2.4949 2.5178 1.9896 1.3915 2.9516
ndcg @50 3.9388 4.3181 3.2251 3.8785 3.1837 2.0097 3.9877 3.4954 2.8869 2.8964 2.3076 1.6261 3.3858
ndcg @100 4.7227 5.4792 4.2431 5.0684 4.4349 3.2487 4.8754 4.6849 3.9359 4.2099 3.5192 2.9908 4.2490
Process_data_timg
seconds 322.2234 319.6888 | 320.3034 | 320.6595 | 322.1877 | 322.5688 | 322.2798 | 358.3766 | 359.9477 | 359.9815 | 362.3375 | 365.7862 | 364.7638
hrs 0:05:22 0:05:20 0:05:20 0:05:21 0:05:22 0:05:23 0:05:22 0:05:58 0:06:00 0:06:00 0:06:02 0:06:06 0:06:05
Y_train_dim (4800, 7560) Label Cardinality 4.2481 Training Samples/Label  0.6349
Y_test_dim (1200, 7560) Label Density 5.6192E-04
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9 9
M15194.91 : 5ouiouwadoya Linear 6001-12000 gaisoui disudadiumsanla 0.5 53110UTIA09 XMLC-PAO 13 2 HUY AU HDUTIA0IRIAY

Random Method Linear 6001-12000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0350 0.0363 0.0334 0.0343 0.0327 0.0348 0.0324 0.0340 0.0327 0.0341 0.0345 0.0347 0.0356
recall @5 1.7462 2.2891 1.6955 2.2979 1.7564 2.1123 1.4789 1.7604 1.7476 1.7903 2.0759 1.8399 2.1451
recall @10 2.7316 3.2763 2.9941 3.1598 2.9265 3.2870 2.7875 2.7529 2.7961 2.9487 3.2065 3.3382 3.1648
recall@30 6.6770 6.6224 6.2747 5.8553 5.6273 6.1102 5.5724 5.6127 6.3560 6.0999 6.5052 6.4835 6.2712
recall@50 9.4773 8.8804 8.3330 7.8514 7.4711 8.1438 7.4307 7.9254 8.6482 8.3880 8.7789 8.8169 8.8220
recall@100 14.3466 12.6156 12.4702 11.5952 11.3816 11.8283 11.0851 11.4157 12.7329 12.4591 12.8350 12.3294 13.2176
ndcg @5 1.5400 1.8335 1.5260 1.8178 1.5543 1.7591 1.4028 1.5839 1.5196 1.5668 1.6746 1.6132 1.7357
ndcg@10 1.9627 2.2553 2.0585 2.2037 2.0372 2.2252 1.9309 1.9966 1.9617 2.0161 2.1516 2.1889 2.1680
ndcg @30 3.0963 3.2613 3.0320 3.0743 2.8345 3.0981 2.7657 2.8874 2.9863 2.9658 3.1573 3.1427 3.1125
ndcg @50 3.7545 3.8469 3.5619 3.5560 3.3009 3.5987 3.2384 3.4725 3.5397 3.5267 3.7157 3.7101 3.7169
ndcg @100 4.7932 4.6888 4.4639 4.3495 4.1456 4.3968 4.0153 4.2558 4.4121 4.3818 4.5889 4.4649 4.6487
Process_data_timg
seconds 330.6347 314.0862 | 313.1634 | 314.4717 | 315.2333 | 316.7370 | 316.9835 | 341.7964 | 328.9384 | 330.5347 | 330.3362 | 332.1372 | 332.7932
hrs 0:05:31 0:05:14 0:05:13 0:05:14 0:05:15 0:05:17 0:05:17 0:05:42 0:05:29 0:05:31 0:05:30 0:05:32 0:05:33
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065
Y_test_dim (1200, 7914) Label Density 3.8047E-04
= 9 = Y o [ [ 1 Aana 1 o g}/ 1Y o g}/ 9
M195194.92 : Llﬁﬂﬂmﬂ‘ﬂwﬁﬂlﬂga Linear 6001-12000 PFATYUF T TUAATIUNITAANA 0.8 3EUINUVVIIa9I XMLC-PAO M4 2 HUY DU LUUADIAIAY
Random Method Linear 6001-12000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0350 0.0343 0.0349 0.0330 0.0306 0.0352 0.0345 0.0320 0.0347 0.0338 0.0321 0.0333 0.0328
recall@5 1.7462 1.7743 2.2212 2.1445 1.7279 2.2116 1.9461 2.1313 2.1738 1.5909 1.7311 1.8482 1.5865
recall@10 2.7316 2.9182 3.4460 3.0968 2.9937 3.2689 3.2194 3.3115 3.4223 2.5790 3.3420 2.9070 2.6553
recall@30 6.6770 6.3608 6.1468 5.9569 6.0046 6.1983 6.0661 6.5250 6.2579 5.4425 6.0380 5.6709 6.1897
recall@50 9.4773 8.5854 8.4929 8.3576 8.0457 8.5662 8.5583 8.8642 8.5698 8.0211 8.4109 7.7668 8.9351
recall@100 14.3466 12.9840 12.9768 12.7236 12.3224 13.0045 12.5956 12.9102 12.7699 12.5777 12.5676 12.0810 13.4506
ndcg @5 1.5400 1.5663 1.7543 1.7141 1.3096 1.8100 1.6539 1.6703 1.7240 1.4817 1.3889 1.5889 1.4933
ndcg @10 1.9627 2.0300 2.2496 2.1087 1.8359 2.2462 2.1799 2.1593 2.2415 1.9013 2.0022 2.0629 1.9405
ndcg @30 3.0963 3.0518 3.1129 2.9834 2.7421 3.1397 3.0652 3.1140 3.0991 2.8014 2.8597 2.9104 2.9954
ndcg @50 3.7545 3.6060 3.6799 3.5618 3.2494 3.7141 3.6637 3.6873 3.6310 3.4097 3.4412 3.4132 3.6509
ndcg @100 4.7932 4.5125 4.6239 4.4740 4.1404 4.6590 4.5295 4.5242 4.5275 4.3752 4.3118 4.3116 4.6126
Process_data_timg
seconds 330.6347 320.4890 | 320.2704 | 322.1011 | 322.4132 | 324.0909 | 324.4111 | 342.2251 | 342.9915 | 344.7878 | 344.9005 | 346.0650 | 346.9204
hrs 0:05:31 0:05:20 0:05:20 0:05:22 0:05:22 0:05:24 0:05:24 0:05:42 0:05:43 0:05:45 0:05:45 0:05:46 0:05:47
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065
Y_test_dim (1200, 7914) Label Density 3.8047E-04
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Random Method

Linear 6001-12000

Training Result

9 9
M15194.93 : f5ouiouwadoya Linear 6001-12000 gaisoui disudadiumsanla 1.0 531190UT1a99 XMLC-PAO 14 2 HUY AU HDUTIA0IRIAY

XMLC-PAO Ratio org XMLC-PAO-1: 1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0350 0.0343 0.0336 0.0349 0.0300 0.0342 0.0347 0.0343 0.0337 0.0318 0.0339 0.0348 0.0332
recall@5 1.7462 2.0718 2.1852 1.9300 1.5187 2.2476 1.8842 1.8520 2.1777 1.5578 1.6782 2.1576 1.8877
recall @10 2.7316 3.2701 3.0930 3.1174 2.7870 3.3925 3.0274 3.1194 3.2995 2.6280 2.6573 3.2434 2.9483
recall@30 6.6770 6.9470 6.0376 6.8252 5.8171 6.4144 6.1010 6.3107 6.0556 5.5653 5.8438 6.3739 5.8307
recall@50 9.4773 9.0235 8.1934 8.8440 8.4619 8.2789 8.6245 8.5754 8.6346 7.9932 7.9772 8.6214 8.0035
recall@100 14.3466 12.8852 | 12.6345 13.2059 12.0852 | 12.4261 | 12.5297 | 12.7302 | 13.3230 | 12.6474 | 12.3307 | 12.8081 | 11.8729
ndcg@5 1.5400 1.7209 1.7355 1.6234 1.2260 1.7773 1.6476 1.5879 1.6647 1.4556 1.5284 1.7501 1.5511
ndcg@10 1.9627 2.2023 2.1354 2.0596 1.7310 2.2561 2.0920 2.0887 2.1460 1.9214 1.9589 2.2151 1.9936
ndcg@30 3.0963 3.2593 3.0575 3.1841 2.6599 3.2162 3.0546 3.0739 3.0139 2.8141 2.8921 3.1824 2.8933
ndcg @50 3.7545 3.7664 3.5956 3.6855 3.2995 3.6871 3.6420 3.6502 3.6473 3.3885 3.4086 3.7373 3.4284
ndcg @100 4.7932 4.5955 4.5387 4.5835 4.0947 4.5396 4.4682 4.5639 4.6495 4.3300 4.3055 4.6319 4.2394
Process_data_timg
seconds 330.6347 327.6195 | 328.0285 | 327.9177 | 328.6652 | 330.4154 | 330.7495 | 351.4285 | 352.9922 | 352.4577 | 353.9505 | 356.0543 | 355.4368
hrs 0:05:31 0:05:28 0:05:28 0:05:28 0:05:29 0:05:30 0:05:31 0:05:51 0:05:53 0:05:52 0:05:54 0:05:56 0:05:55
Y_train_dim (4800, 7914) Label Cardinality 3.0110 Training Samples/Label  0.6065
Y_test_dim (1200, 7914) Label Density 3.8047E-04
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9 9
M1519 4.94 : f5ouiouwadoya Linear 12001-18000 Ao dmsudadiumsanala 0.5 5219L0UT1a09 XMLC-PAO 914 2 1Y AU HDUTIA0IRIAY

Random Method Linear 12001-18000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0269 0.0269 0.0253 0.0278 0.0271 0.0290 0.0261 0.0297 0.0274 0.0252 0.0253 0.0228
recall @5 1.7009 1.5514 1.7960 1.3606 1.7449 1.7204 1.6983 1.4891 1.8795 1.6754 1.6112 1.5486 1.5105
recall @10 2.9013 2.6589 2.6136 2.3069 2.6694 2.9717 3.0226 2.4046 2.7091 2.7547 2.6093 2.4241 2.3532
recall@30 5.8143 5.5838 5.2087 5.2430 5.2606 5.4689 5.7473 5.9356 5.5818 5.4227 5.1799 5.1822 5.4063
recall@50 7.7443 7.1465 6.9577 7.2462 7.4554 7.0092 7.5310 7.6914 7.3123 7.2691 6.9742 6.9980 7.2691
recall@100 11.7129 10.1618 10.5751 10.8180 10.8298 9.9111 10.8020 10.7235 10.6191 10.6254 10.9825 10.5502 10.4679
ndcg @5 1.2798 1.2405 1.3969 1.1218 1.3754 1.2515 1.4086 1.1884 1.5451 1.3322 1.2955 1.1904 1.0867
ndcg@10 1.7427 1.6799 1.7518 1.5022 1.7576 1.7403 1.9130 1.5544 1.8864 1.7510 1.6828 1.5481 1.4273
ndcg @30 2.6093 2.5471 2.5233 2.3602 2.5076 2.4834 2.7488 2.5732 2.7096 2.5373 2.4678 2.3876 2.3469
ndcg @50 3.0895 2.9230 2.9545 2.8435 3.0329 2.8612 3.1937 2.9847 3.1346 2.9894 2.8943 2.8111 2.8124
ndcg @100 3.9443 3.5421 3.6943 3.6029 3.7397 3.4813 3.8748 3.6357 3.8555 3.7062 3.7100 3.5229 3.4759
Process_data_timg
seconds 340.4285 334.3774 | 321.5686 | 322.6687 | 325.6223 | 325.6117 | 327.0249 | 333.3282 | 322.7012 | 322.9989 | 324.4087 | 325.3682 | 326.3478
hrs 0:05:40 0:05:34 0:05:22 0:05:23 0:05:26 0:05:26 0:05:27 0:05:33 0:05:23 0:05:23 0:05:24 0:05:25 0:05:26
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label  0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04
= 9 =} Y o [ [ 1 Aaa 1 o g}/ 1Y o g}/ 9
M13194.95: L‘]EEJUL‘VIEJ‘UN?JGIJEIQQ Linear 12001-18000 PFALTIUF TN TUVFAATIUNITAANA 0.8 IEUINUVV1A93I XMLC-PAO N4 2 LU NY LUVINDIAIAU
Random Method Linear 12001-18000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0263 0.0263 0.0264 0.0221 0.0260 0.0257 0.0260 0.0244 0.0276 0.0262 0.0275 0.0250
recall@5 1.7009 1.3922 1.6912 1.5837 1.5701 1.7865 1.4411 1.4413 1.6284 1.6650 1.4233 1.6487 1.2922
recall@10 2.9013 2.3485 2.7935 2.3490 2.3508 2.7455 2.4681 2.7227 2.5712 2.9461 2.4461 2.6124 2.4552
recall@30 5.8143 5.4397 5.4721 4.6194 4.2326 5.0002 4.7952 5.0449 4.5239 5.1502 4.8267 5.6378 4.9037
recall@50 7.7443 7.3079 7.2667 6.2829 6.4242 6.8509 6.3727 7.2414 6.2173 6.7674 6.6075 7.4453 6.7974
recall@100 11.7129 10.4615 10.7783 9.7341 10.4129 9.7718 9.6295 10.8077 9.2535 9.8641 10.4792 10.8312 10.2773
ndcg @5 1.2798 1.1682 1.2707 1.2342 1.1925 1.3495 1.1704 1.1646 1.2556 1.3035 1.1750 1.3110 1.1074
ndcg @10 1.7427 1.5437 1.7077 1.5511 1.5207 1.7455 1.5793 1.6464 1.6209 1.8035 1.5749 1.7022 1.5707
ndcg @30 2.6093 2.4607 2.5111 2.2440 2.0985 2.4097 2.2722 2.3626 2.2394 2.4952 2.2898 2.5869 2.3040
ndcg @50 3.0895 2.9184 2.9345 2.6423 2.6238 2.8526 2.6417 2.8906 2.6582 2.9058 2.7052 3.0413 2.7572
ndcg @100 3.9443 3.5845 3.6629 3.3546 3.4385 3.4677 3.3219 3.6227 3.3026 3.5490 3.4915 3.7473 3.4726
Process_data_timg
seconds 340.4285 330.3542 | 330.9353 | 333.1282 | 332.1346 | 333.6525 | 333.7004 | 336.2830 | 337.6706 | 338.7178 | 338.6511 | 340.4044 | 340.6453
hrs 0:05:40 0:05:30 0:05:31 0:05:33 0:05:32 0:05:34 0:05:34 0:05:36 0:05:38 0:05:39 0:05:39 0:05:40 0:05:41
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label 0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04

118



9 9
M1519 4.96 : f5ououwadoya Linear 12001-18000 gaiou] dmsudadiumsanala 1.0 521LUUT1a09 XMLC-PAO 914 2 B AU HDUTIA0IRIAY

Random Method Linear 12001-18000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2: 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0279 0.0252 0.0269 0.0279 0.0250 0.0273 0.0256 0.0269 0.0254 0.0265 0.0276 0.0260 0.0268
recall @5 1.7009 1.7075 1.5895 1.9083 1.6101 1.4841 1.5044 1.9149 1.3595 1.5046 1.7046 1.8045 1.5922
recall @10 2.9013 2.6241 2.5082 2.8864 2.6516 2.2804 2.2869 2.6815 2.2565 2.3049 2.5978 2.7002 2.3826
recall@30 5.8143 5.1373 5.0124 5.5109 5.1234 4.6285 4.6032 5.0278 4.8850 5.2516 4.9780 5.3454 5.0792
recall@50 7.7443 6.5689 6.7082 7.5057 7.1439 6.5958 6.6839 7.1465 6.6934 7.1306 6.9657 7.4854 6.9936
recall@100 11.7129 10.0082 10.6291 10.7745 10.1494 10.3803 10.0580 10.8757 10.3291 10.9316 10.7034 10.7425 10.4328
ndcg @5 1.2798 1.2297 1.2394 1.4720 1.2400 1.2510 1.2729 1.4257 1.1199 1.2334 1.3436 1.3739 1.2993
ndcg@10 1.7427 1.6058 1.6283 1.8746 1.6290 1.5769 1.5918 1.7621 1.4796 1.5556 1.6936 1.7329 1.6398
ndcg @30 2.6093 2.3638 2.3766 2.6605 2.3923 2.2826 2.3080 2.4775 2.2523 2.4328 2.4191 2.5306 2.4570
ndcg @50 3.0895 2.7194 2.7954 3.1382 2.8563 2.7631 2.8091 2.9836 2.6748 2.8726 2.8908 3.0410 2.9350
ndcg @100 3.9443 3.4260 3.5990 3.8184 3.4784 3.5389 3.5161 3.7470 3.4224 3.6505 3.6577 3.6950 3.6573
Process_data_timg
seconds 340.4285 335.1420 | 338.6070 | 337.9653 | 339.4068 | 341.1133 | 340.4696 | 344.3207 | 345.6679 | 345.6973 | 347.3022 | 349.6038 | 348.6850
hrs 0:05:40 0:05:35 0:05:39 0:05:38 0:05:39 0:05:41 0:05:40 0:05:44 0:05:46 0:05:46 0:05:47 0:05:50 0:05:49
Y_train_dim (4800, 8109) Label Cardinality 2.6469 Training Samples/Label  0.5919
Y_test_dim (1200, 8109) Label Density 3.2641E-04
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9 9
M1519 4.97 : nf5ouiowadoya Linear 18001-24000 gaisoui dmsudadiumsanaia 0.5 52119L0UT1a99 XMLC-PAO 14 2 11U AU HDUTIA0IRIAY

Random Method Linear 18001-24000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0252 0.0233 0.0236 0.0234 0.0221 0.0215 0.0229 0.0236 0.0238 0.0190 0.0266 0.0225 0.0229
recall @5 1.4347 1.3262 1.4158 1.3011 1.4916 1.3374 1.2103 1.3696 1.5082 1.2726 1.6122 1.1979 1.3886
recall @10 2.5103 2.1471 2.6677 2.1815 2.6674 2.3632 2.1157 2.5572 2.5502 2.4276 2.6496 2.2832 2.2780
recall@30 5.9650 4.7290 5.4305 4.7029 4.9101 5.0099 5.1994 4.9864 4.8869 4.9281 5.6826 4.9968 5.6255
recall@50 8.2695 7.0676 7.1264 6.7428 6.4477 6.4709 7.2786 6.6203 6.8667 6.5168 7.5592 6.2568 7.3105
recall@100 11.9170 10.3426 10.1092 9.9694 8.8008 9.6389 10.6949 9.7008 9.9060 9.8974 10.9545 9.6661 10.3062
ndcg@5 1.1130 1.0913 1.0881 1.0657 1.0932 1.0182 1.0060 1.0834 1.1607 0.8939 1.2909 0.9882 1.0941
ndcg@10 1.5407 1.4195 1.5686 1.4268 1.5341 1.4033 1.3862 1.5443 1.5694 1.3386 1.6917 1.3984 1.4286
ndcg @30 2.5108 2.1793 2.3668 2.1730 2.1785 2.1768 2.2524 2.2672 2.2433 2.0905 2.5862 2.1847 2.3572
ndcg @50 3.0492 2.7210 2.7705 2.6520 2.5612 2.5300 2.7330 2.6669 2.7046 2.4461 3.0254 2.4965 2.7526
ndcg @100 3.8299 3.3797 3.3808 3.3051 3.0529 3.1723 3.4042 3.3015 3.3408 3.1227 3.6738 3.1748 3.3685
Process_data_timg
seconds 330.1702 311.5902 | 313.0920 | 313.6789 | 314.8519 | 315.4998 | 316.0043 | 326.9791 | 329.2990 | 329.9521 | 332.0146 | 331.7797 | 332.5393
hrs 0:05:30 0:05:12 0:05:13 0:05:14 0:05:15 0:05:15 0:05:16 0:05:27 0:05:29 0:05:30 0:05:32 0:05:32 0:05:33
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label  0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04
= 9 =} Y o [ [ 1 Aaa 1 o g}/ 1Y o g}/ 9
M135194.98 : L‘Iﬁﬂﬂmﬂﬂwﬁﬂlﬂga Linear 18001-24000 PFALTIUF TN TUVFAATIUNITAANA 0.8 IEUINUVV1A93I XMLC-PAO N4 2 LU NY LUVINDIAIAU
Random Method Linear 18001-24000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0252 0.0245 0.0194 0.0223 0.0229 0.0234 0.0234 0.0217 0.0231 0.0230 0.0238 0.0246 0.0242
recall@5 1.4347 1.7241 1.3131 1.4102 1.4051 1.6878 1.4223 1.3602 1.6363 1.3214 1.5110 1.5280 1.4575
recall@10 2.5103 2.9104 2.1296 2.4820 2.8493 2.7110 2.3633 2.3013 2.4421 2.3262 2.5871 2.5023 2.3609
recall@30 5.9650 5.7924 4.1607 5.2789 5.6151 5.5099 4.7120 5.2019 5.0052 4.7631 5.4710 5.4474 5.0340
recall@50 8.2695 7.4161 5.8570 7.0667 7.3775 7.1128 6.1202 7.2473 6.6487 6.4646 7.1429 7.2697 7.0942
recall@100 11.9170 10.0361 8.2028 10.0254 10.4964 10.1408 9.1338 10.5247 9.6503 9.8365 9.9270 10.4586 10.4926
ndcg @5 1.1130 1.2506 1.0612 1.0575 1.0670 1.2727 1.1099 1.0322 1.2040 1.0336 1.1380 1.1722 1.1573
ndcg @10 1.5407 1.7156 1.3758 1.4486 1.6016 1.6837 1.4752 1.3924 1.5319 1.4135 1.5580 1.5552 1.4989
ndcg @30 2.5108 2.5620 1.9729 2.2382 2.4047 2.4857 2.1668 2.2038 2.3130 2.1499 2.3840 2.3934 2.2591
ndcg @50 3.0492 2.9412 2.3613 2.6532 2.8031 2.8630 2.4977 2.6755 2.7100 2.5420 2.7824 2.7947 2.7434
ndcg @100 3.8299 3.4682 2.8611 3.2491 3.4414 3.4720 3.1274 3.3566 3.3250 3.2231 3.3557 3.4339 3.4437
Process_data_timg
seconds 330.1702 319.1146 | 320.3805 | 321.6605 | 321.8609 | 323.3271 | 324.2843 | 343.1406 | 343.6759 | 345.9554 | 345.9595 | 347.5853 | 347.2350
hrs 0:05:30 0:05:19 0:05:20 0:05:22 0:05:22 0:05:23 0:05:24 0:05:43 0:05:44 0:05:46 0:05:46 0:05:48 0:05:47
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label 0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04
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9 9
M15194.99 : f5ouiowadoya Linear 18001-24000 aisou] dmsudadiumsanala 1.0 521L0UT1a09 XMLC-PAO 914 2 1Y AU HDUTIA0IRIAY

Random Method Linear 18001-24000 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2: 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0252 0.0219 0.0222 0.0223 0.0218 0.0250 0.0234 0.0238 0.0206 0.0257 0.0235 0.0240 0.0222
recall @5 1.4347 1.4491 1.3582 1.6051 1.4306 1.5680 1.4027 1.6341 1.0858 1.5603 1.6447 1.6557 1.4238
recall @10 2.5103 2.1860 2.4794 2.7172 2.3632 2.6277 2.6447 2.5597 2.2514 2.7241 2.8779 2.7740 2.1723
recall@30 5.9650 4.7039 4.8327 5.6658 5.7623 5.0854 5.4880 4.5966 5.2136 5.2760 5.4270 5.7193 4.5451
recall@50 8.2695 6.3802 6.8472 7.3308 7.5779 7.0981 6.9690 6.9030 7.3515 7.5887 7.1471 7.5424 6.5076
recall@100 11.9170 9.5507 9.5136 10.4530 11.0816 10.2547 10.1795 10.0542 10.4983 11.0343 10.5018 10.4074 10.0636
ndcg @5 1.1130 1.1725 1.0586 1.2135 1.0391 1.2403 1.1281 1.2676 0.8758 1.3052 1.1749 1.2602 1.0626
ndcg@10 1.5407 1.4723 1.4815 1.6462 1.4132 1.6496 1.6032 1.6246 1.3152 1.7465 1.6599 1.6842 1.3498
ndcg @30 2.5108 2.1872 2.1816 2.5193 2.3732 2.3773 2.4234 2.2254 2.1699 2.4983 2.4070 2.5332 2.0527
ndcg @50 3.0492 2.5869 2.6369 2.9065 2.7809 2.8153 2.7867 2.7578 2.6545 3.0231 2.8183 2.9779 2.5069
ndcg @100 3.8299 3.2383 3.1924 3.5365 3.4916 3.4509 3.4485 3.3964 3.2988 3.7184 3.5002 3.5746 3.2271
Process_data_timg
seconds 330.1702 326.1686 | 327.9499 | 328.5812 | 328.7279 | 330.8992 | 330.8118 | 351.4135 | 354.5476 | 353.6833 | 354.2561 | 357.0741 | 355.8982
hrs 0:05:30 0:05:26 0:05:28 0:05:29 0:05:29 0:05:31 0:05:31 0:05:51 0:05:55 0:05:54 0:05:54 0:05:57 0:05:56
Y_train_dim (4800, 8116) Label Cardinality 2.4935 Training Samples/Label  0.5914
Y_test_dim (1200, 8116) Label Density 3.0724E-04
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M1319 4.100 : 1fSeuifiouwadoya Linear 24001-27932 (3933 A10619) Aiou; dmsudadiumsaaila 0.5 52 HINMVUTIA09 XMLC-PAO V13 2 HDY A1

o )
UUUIDISNAU

M1319 4.101 : 1fSeuifiouwadoya Lincar 24001-27932 (3933 A10619) AiToU3 1HIUTATIUMITAANA 0.8 TTUINMVUTIA0I XMLC-PAO N3 2 DY A1

o ¥ v
LUUITDIAIAU

Random Method

Linear 24001-27932

Training Result

XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0246 0.0242 0.0239 0.0246 0.0251 0.0243 0.0248 0.0222 0.0261 0.0255 0.0250 0.0243 0.0244
recall @5 1.4641 1.5314 1.5441 1.3387 1.5295 1.3896 1.3370 1.4281 1.5698 1.4758 1.4878 1.5018 1.3849
recall@10 2.3535 2.4752 2.4726 2.4269 2.4104 2.5178 2.1103 2.0614 2.1820 2.2948 2.3436 2.2246 2.1923
recall@30 4.8178 4.8979 4.9429 4.9526 4.5811 5.0362 4.6902 4.6005 5.1483 4.7651 4.6162 4.8373 5.0787
recall@50 6.9468 6.7628 6.7786 6.9406 6.6128 6.7961 6.7329 6.2153 7.0871 7.0328 6.7523 6.6794 7.0710
recall@100 11.4889 10.4446 9.6813 10.3264 9.9032 10.1031 10.8037 10.0787 10.7837 10.6694 10.7888 10.1726 10.7853
ndcg@5 1.1768 1.1805 1.1995 1.1326 1.2528 1.1357 1.1613 1.1385 1.3319 1.2681 1.2388 1.1696 1.1562
ndcg@10 1.5221 1.5446 1.5578 1.5550 1.6083 1.5596 1.4553 1.3885 1.5959 1.5785 1.5938 1.4530 1.4706
ndcg @30 2.2654 2.2639 2.2761 2.3041 2.2262 2.2948 2.2114 2.1351 2.4640 2.2762 2.2578 2.2257 2.3089
ndcg @50 2.7673 2.7149 2.6880 2.7809 2.7116 2.7045 2.6814 2.5161 2.9178 2.7937 2.7434 2.6483 2.7660
ndcg @100 3.6617 3.4556 3.2841 3.4809 3.4015 3.3888 3.4991 3.2830 3.6760 3.5235 3.5550 3.3408 3.5400
Process_data_tim¢]
seconds 225.7609 224.8722 | 212.2504 | 212.8361 | 212.5401 | 212.3979 | 213.6050 | 232.1737 | 219.4581 | 219.2147 | 220.9835 | 221.4392 | 222.1600
hrs 0:03:46 0:03:45 0:03:32 0:03:33 0:03:33 0:03:32 0:03:34 0:03:52 0:03:39 0:03:39 0:03:41 0:03:41 0:03:42
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label  0.5258
Y_test_dim (787, 5983) Label Density 4.1148E-04

Random Method

Linear 24001-27932

Training Result

XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2:0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0246 0.0254 0.0238 0.0239 0.0249 0.0249 0.0235 0.0247 0.0247 0.0247 0.0243 0.0242 0.0228
recall@5 1.4641 1.3871 1.3035 1.4540 1.5994 1.3875 1.6393 1.4632 1.5642 1.5022 1.3850 1.4681 1.6664
recall@10 2.3535 2.1682 2.1819 2.4420 2.5270 2.3243 2.3310 2.2865 2.3914 2.3262 2.3121 2.0611 2.3582
recall@30 4.8178 4.4403 4.5998 4.9965 5.1343 4.9043 4.4774 4.7178 4.9185 4.6314 4.9231 4.6804 4.9104
recall @50 6.9468 6.4365 6.2308 6.8930 7.2828 6.4546 6.3681 6.9380 7.0325 6.5312 7.1494 6.4258 6.8416
recall @100 11.4889 10.4105 9.6958 10.2295 10.5002 9.4848 9.7611 10.5682 | 10.7102 | 10.0933 9.9902 10.5397 | 10.5847
ndcg @5 1.1768 1.1687 1.0812 1.1620 1.1853 1.1572 1.2420 1.1654 1.1773 1.1862 1.1791 1.2116 1.2571
ndcg@10 1.5221 1.4860 1.4129 1.5503 1.5562 1.5379 1.5252 1.5013 1.5107 1.5312 1.5261 1.4680 1.5398
ndcg @30 2.2654 2.1758 2.1097 2.2933 2.3269 2.2739 2.1722 2.2502 2.2299 2.2232 2.2394 2.2325 2.2889
ndcg @50 2.7673 2.6505 2.5154 2.7446 2.8322 2.6569 2.6294 2.7707 2.7261 2.6626 2.7465 2.6436 2.7505
ndcg @100 3.6617 3.4691 3.2298 3.4416 3.5087 3.2910 3.3208 3.5176 3.5000 3.3820 3.3494 3.4406 3.5130
Process_data_tim¢]
seconds| 225.7609 216.0009 | 216.5009 | 218.6226 | 218.7450 | 219.5671 | 218.1574 | 224.9017 | 225.1814 | 225.7146 | 226.7655 | 226.9348 | 228.7295
hrs 0:03:46 0:03:36 0:03:37 0:03:39 0:03:39 0:03:40 0:03:38 0:03:45 0:03:45 0:03:46 0:03:47 0:03:47 0:03:49
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label 0.5258
Y_test_dim (787, 5983) Label Density 4.1148E-04
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M1319 4.102 : 1fSeuifiouwadoya Linear 24001-27932 (3933 A10619) Aiou; dmsudadiumsaaia 1.0 52HINMDUTIA09 XMLC-PAO V13 2 DY A1

o )
UUUIDISNAU

Random Method

Linear 24001-27932

Training Result

XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0246 0.0242 0.0258 0.0244 0.0247 0.0252 0.0242 0.0257 0.0251 0.0239 0.0249 0.0238 0.0245
recall@5 1.4641 1.3918 1.4308 1.4866 1.5299 1.4334 1.5028 1.5584 1.6021 1.4280 1.4923 1.2945 1.5160
recall@10 2.3535 2.1306 2.3448 2.4273 2.0676 2.4432 2.3253 2.2466 2.6569 2.4170 2.5227 1.9223 2.4146
recall@30 4.8178 4.7475 5.2729 4.9739 4.6562 5.1888 4.2831 4.7716 5.4130 4.7408 4.5478 4.6259 4.6248
recall@50 6.9468 6.7096 7.6236 6.8800 6.4295 6.9329 6.3787 6.8312 7.3875 6.3993 6.4321 6.2204 6.9812
recall@100 11.4889 10.8637 | 11.1946 10.7224 10.1443 | 10.7225 9.6642 10.5714 | 10.7004 9.8433 9.8466 10.3104 | 10.5894
ndcg @5 1.1768 1.1450 1.1736 1.1783 1.2425 1.1527 1.1674 1.2763 1.2367 1.1705 1.2049 1.1239 1.2296
ndcg @10 1.5221 1.4415 1.5281 1.5446 1.4806 1.5465 1.4884 1.5723 1.6268 1.5639 1.6006 1.3858 1.5729
ndcg @30 2.2654 2.1777 2.3421 2.2879 2.2579 2.3498 2.0637 2.2840 2.4241 2.2669 2.2138 2.1466 2.2197
ndcg @50 2.7673 2.6579 2.8880 2.7316 2.6876 2.7694 2.5696 2.7460 2.8561 2.6627 2.6453 2.5247 2.7505
ndcg @100 3.6617 3.5007 3.6025 3.5082 3.4189 3.5619 3.2328 3.5141 3.5211 3.3739 3.3589 3.3429 3.4789
Process_data_timg
seconds 225.7609 219.6729 | 221.3547 | 221.5515 | 222.9238 | 224.0557 | 225.0356 | 231.2841 | 233.6357 | 233.8867 | 233.5276 | 235.3800 | 236.5150
hrs 0:03:46 0:03:40 0:03:41 0:03:42 0:03:43 0:03:44 0:03:45 0:03:51 0:03:54 0:03:54 0:03:54 0:03:55 0:03:57
Y_train_dim (3146, 5983) Label Cardinality 2.4619 Training Samples/Label  0.5258
Y_test_dim (787, 5983) Label Density 4.1148E-04
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wamsnaasIleyayAizau3 SSudeya 7000 e

E E
M1519 4.103 : nf5ouiivunatoya Lincar 1-7000 gaion] dmSudadiumsaalia 0.5 53HNUUUTIAB XMLC-PAO 13 2 U1 A1 HUUTIABIRIAY

Random Method Linear 1-7000 Training result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0472 0.0434 0.0311 0.0483 0.0435 0.0369 0.0418 0.0447 0.0483 0.0430 0.0392 0.0442 0.0468
recall @5 2.5190 1.6568 1.2830 2.3196 2.1817 1.2383 1.7818 1.7445 2.2255 2.1789 1.3162 2.3240 2.2504
recall@10 3.3894 2.7000 1.6306 2.9780 2.8521 | 1.9938 | 2.3847 2.4066 3.1901 | 2.6748 | 1.9076 | 2.8353 [ 2.9169
recall@30 5.0088 4.4140 2.4715 5.2324 5.0562 | 3.1263 | 4.0643 5.0499 5.5973 | 4.3704 | 3.2230 | 4.7296 | 5.8096
recall@50 7.3069 6.0378 3.0849 7.2743 6.3360 | 3.8956 | 5.3053 6.3509 8.2360 | 6.0513 [ 4.5996 [ 6.5905 | 8.1839
recall@100 11.6404 10.6537 7.7573 11.7092 | 10.6857 | 8.1334 | 9.2529 9.7817 | 12.0479 | 10.5361 | 9.0604 | 10.6686 | 12.6146
ndcg@5 2.1017 1.6937 1.1545 2.0958 1.8249 | 1.2794 | 1.7247 1.8419 1.9863 | 1.8999 | 1.4402 | 1.9407 | 1.9355
ndcg@10 2.5370 2.1368 1.3380 2.5132 2.1933 1.6142 2.1152 2.2171 2.4489 2.1964 1.7113 2.2563 2.3134
ndcg @30 3.2706 2.9009 1.7186 3.4687 3.0159 | 2.0924 | 2.8709 3.2005 3.3495 | 2.9477 | 2.2808 | 3.0678 [ 3.3700
ndcg @50 3.9443 3.4278 1.9722 4.0827 3.4648 | 2.3773 | 3.3050 3.6754 4.0908 | 3.4960 | 2.7097 | 3.6738 | 4.0290
ndcg @100 5.0131 4.5131 3.1043 5.2457 4.5298 | 3.4238 | 4.3146 4.5553 5.1150 | 4.5821 | 3.8033 | 4.6904 | 5.1304
Process_data_tim¢g
seconds 396.9514 384.4198 372.3381 374.0061 |375.7066|376.0563|378.2971] 391.6138 |378.9385 | 380.4655| 380.7068 | 386.5706 | 388.9956
hrs 0:06:37 0:06:24 0:06:12 0:06:14 | 0:06:16 | 0:06:16 | 0:06:18 | 0:06:32 | 0:06:19 | 0:06:20 | 0:06:21 | 0:06:27 | 0:06:29
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label 0.6615
Y_test_dim (1400, 8465) Label Density 4.8728E-04
= 9J = Y o [ [ 1 Aana 1 o %’, [ o 314 9
M13519 4.104 : L‘LEEJ‘UWIEJUNE’!GIJ@M“ﬁ Linear 1-7000 PFALTIUI TINIUAATIUNITAANE 0.8 3EUINUVVUIA0I XMLC-PAO N4 2 LYY NU LUVINDIAIAU
Random Method Linear 1-7000 Training result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0472 0.0341 0.0455 0.0447 0.0221 0.0447 0.0336 0.0366 0.0459 0.0440 0.0440 0.0435 0.0419
recall@5 2.5190 1.3578 1.9951 2.1855 0.6922 1.4279 1.2288 1.5179 2.2572 1.6409 1.6409 1.6051 1.6178
recall @10 3.3894 1.8932 2.9259 2.8187 0.9621 2.6311 1.9520 2.0468 3.1376 2.9115 2.9115 2.2500 2.3077
recall@30 5.0088 5.2838 4.8106 4.4633 1.5402 4.8177 2.9280 2.9331 5.0027 5.0273 5.0273 4.9747 4.2384
recall@50 7.3069 7.3224 6.0871 6.1006 1.8687 5.8550 3.7771 3.6976 6.7314 5.9561 5.9561 6.2966 5.5541
recall @100 11.6404 9.2248 8.7220 10.2762 6.9175 9.4834 8.3444 7.8515 10.0587 | 10.1518 [ 10.1518 8.6902 9.9158
ndcg @5 2.1017 1.3323 1.8226 1.9167 0.6726 1.6335 1.2256 1.3870 1.9488 1.6613 1.6613 1.7927 1.6046
ndcg@10 2.5370 1.6545 2.3176 2.2944 0.8240 2.1729 1.5475 1.6647 2.3745 2.1685 2.1685 2.1441 1.9326
ndcg@30 3.2706 2.8430 3.1182 3.0219 1.0857 3.0556 1.9841 2.0802 3.1920 2.9306 2.9306 3.0875 2.6822
ndcg @50 3.9443 3.4508 3.5360 3.5323 1.2506 3.4567 2.2939 2.3664 3.7506 3.2891 3.2891 3.5052 3.1184
ndcg @100 5.0131 4.0135 4.2521 4.5895 2.4183 4.3826 3.3983 3.4287 4.6539 4.3066 4.3066 4.1400 4.2297
Process_data_tim¢g
seconds 396.9514 380.5977 | 395.9614 | 383.9937 | 379.9317 | 382.0580 | 383.2983 | 400.6010 | 413.9514 | 404.6038 | 400.2305 | 403.3406 | 402.6027
hrs 0:06:37 0:06:21 0:06:36 0:06:24 0:06:20 0:06:22 0:06:23 0:06:41 0:06:54 0:06:45 0:06:40 0:06:43 0:06:43
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label  0.6615
Y_test_dim (1400, 8465) Label Density 4.8728E-04
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9 9
M1519 4.105 : WSeuiiounadoya Linear 1-7000 yaisoui dmSudadiumsaaiia 1.0 5zn39uDUT1a09 XMLC-PAO 114 2 HUU 11 1UDT 1209097

Random Method Linear 1-7000 Training result
XMLC-PAO Ratio org XMLC-PAO-1:1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0472 0.0409 0.0434 0.0432 0.0485 0.0370 0.0466 0.0493 0.0437 0.0250 0.0437 0.0496 0.0363
recall@5 2.5190 19121 2.1018 1.5481 2.1010 1.2319 1.7114 2.5560 1.6971 0.6550 1.7702 2.1259 1.1845
recall @10 3.3894 2.5870 3.0393 2.0580 2.9743 1.6825 2.3108 3.5047 2.7167 0.9655 2.1410 3.2122 1.8467
recall @30 5.0088 3.6420 5.1914 4.0846 5.8257 4.5714 5.0677 6.5433 4.6732 1.3726 3.6853 5.3165 2.8018
recall@50 7.3069 4.5237 6.8050 5.5755 7.6022 7.1167 6.7682 8.6742 6.4795 1.7335 4.6110 6.9078 3.5575
recall@100 11.6404 8.7432 10.5830 9.0106 11.2970 10.5828 10.9200 13.4005 10.4922 6.4312 10.3572 10.0967 8.0906
ndcg @5 2.1017 1.7187 1.7393 1.6474 1.9562 1.4091 1.7568 2.1814 1.6563 0.7737 1.8449 1.9652 1.2876
ndcg @10 2.5370 2.0766 2.1771 1.9466 2.4143 1.7057 2.0803 2.6572 2.1099 0.9228 2.1069 2.4814 1.5843
ndcg @30 3.2706 2.5996 2.9928 2.7368 3.4738 2.7613 3.0655 3.7567 2.8321 1.1657 2.8247 3.3686 2.0010
ndcg @50 3.9443 2.9187 3.5038 3.2033 4.0597 3.4734 3.6007 4.3677 3.3622 1.3180 3.2027 3.9082 2.2946
ndcg @100 5.0131 3.9473 4.4948 4.0908 5.0410 4.4237 4.6841 5.5317 4.4036 2.4817 4.5511 4.7825 3.3592
Process_data_timg
seconds 396.9514 386.5607 | 387.7175 | 391.6824 | 393.3755 | 395.8901 | 395.8560 | 403.0293 | 406.3500 | 408.3421 | 407.0961 | 409.3504 | 410.0739
hrs 0:06:37 0:06:21 0:06:36 0:06:24 0:06:20 0:06:22 0:06:23 0:06:41 0:06:54 0:06:45 0:06:40 0:06:43 0:06:43
Y_train_dim (5600, 8465) Label Cardinality 4.1248 Training Samples/Label  0.6615
Y_test_dim (1400, 8465) Label Density 4.8728E-04
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wamsnaasIveyayAiaul MMSudeyataving

E Ed
M1519 4.106 : nf5ouiounatoya Lincar 1-27932 yaisoui dmsudadiumsania 0.5 551U UTIA09 XMLC-PAO 13 2 U1 AU HUUTIABIRIAY

Random Method Linear 1-27932 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 0.5 XMLC-PAO-2 : 0.5
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0285 0.0249 0.0224 0.0230 0.0237 0.0234 0.0237 0.0264 0.0261 0.0223 0.0260 0.0263 0.0251
recall@5 1.3014 1.3844 1.1508 0.9635 1.0167 1.3376 1.0508 1.4441 1.3462 1.1117 1.2512 1.4163 1.1336
recall@10 2.1553 1.7284 1.4854 1.2192 1.5302 1.7101 1.6168 2.0171 1.8757 1.4093 1.7532 2.1165 1.5163
recall @30 4.8234 2.6045 2.9430 2.4378 3.4364 3.4490 2.9137 3.3173 3.1777 3.0172 3.1866 3.6452 2.9092
recall @50 6.7657 3.6775 4.0196 3.8172 4.1664 4.3999 3.7440 4.7772 4.0425 3.7913 4.1060 4.7218 4.0878
recall@100 9.8766 5.6734 6.2580 5.6360 6.2023 5.9233 5.4282 7.0766 6.4498 5.4159 5.9496 7.2846 5.8562
ndcg @5 1.1668 1.2267 1.0265 1.0182 1.0275 1.0996 1.0472 1.2569 1.2209 1.0196 1.1787 1.2545 1.1381
ndcg@10 1.5155 1.3753 1.1812 1.1320 1.2298 1.2689 1.2783 1.5046 1.4484 1.1557 1.4145 1.5266 1.3186
ndcg@30 2.3045 1.6395 1.6329 1.5129 1.8044 1.8010 1.6688 1.8960 1.8319 1.6320 1.8637 1.9505 1.7651
ndcg @50 2.7618 1.8980 1.8953 1.8450 2.0012 2.0396 1.8736 2.2362 2.0461 1.8226 2.0970 2.2086 2.0373
ndcg@100 3.4402 2.3109 2.3682 2.2429 2.4320 2.3696 2.2384 2.7240 2.5270 2.1732 2.5001 2.7403 2.4082
Process_data_tim¢]
seconds 1589.9088 1527.5139 | 1542.6340 | 1540.6797 |1541.4248|1556.6501 | 1548.8470| 2065.3880 | 2059.6768 | 2055.1546 | 2076.4978 [ 2071.2446 | 2620.3325
hrs 0:26:30 0:18:33 0:18:30 0:18:24 0:18:09 0:18:06 0:18:01 0:21:10 0:20:53 0:20:52 0:20:39 0:20:42 0:20:27
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label  0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
= 9 = 9Y o [ [ 1 Aana 1 o %’, [ o 314 9
M1519 4.107: L‘Lﬁ*ﬂumﬂuwamaga Linear 1-27932 PFALTYUI TNTUAATIUNITAANS 0.8 3EUINUVVUIA0I XMLC-PAO N4 2 LYY NU LUVIDIAIAU
Random Method Linear 1-27932 Training Result
XMLC-PAO Ratio org XMLC-PAO-1:0.8 XMLC-PAO-2 : 0.8
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0285 0.0265 0.0264 0.0267 0.0255 0.0256 0.0267 0.0262 0.0254 0.0225 0.0254 0.0263 0.0254
recall @5 1.3014 1.1822 1.2769 1.5860 1.1320 1.0430 1.3710 1.4652 1.3499 1.0555 1.2033 1.4734 1.1843
recall@10 2.1553 2.0191 1.9912 2.4487 1.6477 1.6246 2.0870 2.0002 1.8731 1.4757 1.7257 2.1704 1.6217
recall@30 4.8234 3.9544 3.3528 3.8917 3.3086 3.3161 3.2424 3.3720 3.1392 2.8911 3.2581 3.6387 3.0071
recall@50 6.7657 5.3895 4.3612 4.7105 4.6077 4.1332 4.7135 4.7515 4.0061 3.7433 4.1678 4.6741 3.8747
recall @100 9.8766 7.5734 6.1307 6.1203 6.3752 6.1691 6.8361 7.0706 6.2953 5.4006 5.8400 7.1634 5.6026
ndcg@5 1.1668 1.1439 1.1960 1.3058 1.1077 1.0585 1.2369 1.2635 1.1784 0.9954 1.1467 1.2721 1.1420
ndcg@10 1.5155 1.4707 1.4841 1.6589 1.3264 1.2838 1.5225 1.4926 1.4009 1.1874 1.3825 1.5304 1.3308
ndcg@30 2.3045 2.0392 1.8881 2.1324 1.8270 1.8239 1.8889 1.9003 1.7799 1.6276 1.8670 1.9443 1.7705
ndcg @50 2.7618 2.3664 2.1465 2.3478 2.1351 2.0333 2.2385 2.2271 1.9996 1.8503 2.0995 2.2044 1.9940
ndcg @100 3.4402 2.8364 2.5550 2.6616 2.5316 2.4830 2.6862 2.7192 2.4599 2.2095 2.4628 2.7262 2.3524
Process_data_tim¢g
seconds 1589.9088 1608.58581611.3437 | 1585.3152 | 1607.1866 | 1609.5486 | 1610.5634| 1976.7135|2021.4516| 2001.7952 | 2004.8599 | 2011.1834 | 2488.9721
hrs| 0:26:30 0:26:49 0:26:51 0:26:25 0:26:47 0:26:50 0:26:51 0:32:57 0:33:41 0:33:22 0:33:25 0:33:31 0:41:29
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label 0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
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Random Method Linear 1-27932 Training Result
XMLC-PAO Ratio org XMLC-PAO-1: 1.0 XMLC-PAO-2 : 1.0
Adam Learning 0.003 0.0015 0.003 0.006 0.008 0.01 0.02 0.0015 0.003 0.006 0.008 0.01 0.02
mrr 0.0285 0.0263 0.0260 0.0239 0.0262 0.0251 0.0256 0.0263 0.0255 0.0228 0.0258 0.0265 0.0256
recall@5 1.3014 1.3352 1.3859 1.0985 1.2366 1.2038 1.0997 1.4550 1.3529 1.0938 1.3187 1.4276 1.1807
recall @10 2.1553 1.9973 1.9666 1.8667 1.7417 1.8625 1.7577 1.9757 1.8787 1.5219 1.6717 2.1783 1.6679
recall@30 4.8234 3.0176 2.6819 3.3423 3.3346 3.7713 3.1993 3.3612 3.2194 3.0140 3.1701 3.7369 3.0345
recall@50 6.7657 3.8097 3.5765 3.9213 4.7075 4.6646 4.2053 4.8006 3.9093 3.7892 4.2667 4.6817 3.8698
recall @100 9.8766 5.4475 5.9931 5.2651 6.7650 6.9038 5.9996 7.1444 6.4741 5.1745 6.1468 7.1258 5.7198
ndcg@5 1.1668 1.2173 1.2449 1.0451 1.1693 1.0888 1.0932 1.2620 1.1968 1.0116 1.2113 1.2542 1.1418
ndcg@10 1.5155 1.4898 1.5075 1.3625 1.3797 1.3683 1.3605 1.4935 1.4190 1.2077 1.3795 1.5420 1.3584
ndcg @30 2.3045 1.8219 1.7529 1.8273 1.8589 1.9536 1.8019 1.9055 1.8160 1.6569 1.8376 1.9871 1.7843
ndcg@50 2.7618 2.0240 1.9738 2.0032 2.1788 2.2081 2.0463 2.2464 1.9909 1.8438 2.0956 2.2260 2.0012
ndcg @100 3.4402 2.3763 2.4775 2.3232 2.6301 2.6653 2.4400 2.7275 2.5074 2.1728 2.4891 2.7370 2.3853
Process_data_tim¢]
seconds 1589.9088 1645.8691|1616.3506 | 1651.1584 | 1665.4783|1651.1828 | 1650.3774] 2035.4821 | 1992.6092 | 1994.1963 | 2010.8026 | 2028.2997 | 2518.3773
hrs 0:26:30 0:27:26 0:26:56 0:27:31 0:27:45 0:27:31 0:27:30 0:33:55 0:33:13 0:33:14 0:33:31 0:33:48 0:41:58
Y_train_dim (22345, 23335) Label Cardinality 3.0060 Training Samples/Label 0.9576
Y_test_dim (5587, 23335) Label Density 1.2882E-04
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StackSample: 10% of Stack Overflow Q&A. FUAUNN

https://www.kaggle.com/stackoverflow/stacksample/data

Discounted Cumulative Gain. ﬁ’i_l??])ui]'lﬂ

https://en.wikipedia.org/wiki/Discounted cumulative gain



https://www.kaggle.com/stackoverflow/stacksample/data
https://en.wikipedia.org/wiki/Discounted_cumulative_gain
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o v KX Y a Jy d‘ < ) Y a %
1. Tﬂmniumm"!wmu ﬁ1ﬁiﬂﬂﬂﬂlﬂ§ﬁﬂﬂ%1ﬂﬂ?\|ﬁﬂlﬂ3&a 1naﬂumsmanmagmmmmmu
(Linear Sampling Python Script for Extracting Raw Data From File)
) o 1 9 = ~ [ I
dnsuunazyatoya axinmsnlasuadnls nrows 11w 5000, 6000, 7000 Az
d’ I Yo @ ] ~ Y dyq/ =1 ~ LY
NoneLW@iﬁqﬂﬂ1u3u93981iﬁ?ﬂﬂﬁ@ﬂﬂ?iUOﬂﬂiﬂuﬂﬂNﬂTﬂﬂaﬂuﬂTQQHﬂi

Y 3 l J @ A 1 ]
skiprows 1“Uﬂu%3QﬂqqqfﬂJﬁWﬂ%@mﬂﬂuﬂazﬁﬂmﬂya

import os

from os.path import dirname, abspath

from keras.preprocessing.text import Tokenizer,one hot
import csv

import numpy as np

from keras.preprocessing.sequence import pad sequences
import pickle

from sklearn import preprocessing

from sklearn.model selection import StratifiedShuffleSplit,
train test split

#from urlparse import urlparse

import re

import random

import pandas as pd

from numpy import array

from numpy import diag

from numpy import dot

from numpy import zeros

from scipy.linalg import svd

DATA DIR = '/deepnn/'
Model DIR = '/deepnn/'
max post len = 30

EMBEDDING DIM = 1 00

MAX NB WORDS = 50000

forum = 'stackoverflow users post all' #without the file extension
nrows = 5000

def str2numlist (numstr) :
return [int (k) for k in numstr[l:-1].split(',")]

def read file (fname,nrows) :

skiprows = [i for i in range(1,5000) ] ###4#
f = pd.read csv(fname, encoding='latinl', sep = '\t',
skiprows = skiprows, nrows = nrows)

f = f[f.0wnerUserId.notnull () ]

posts = list (f.Body)

user list = list(f.users list)

user list = list(f.users list.apply(str2numlist))
return posts, user list

def get embeddings index() :
with open('/deepnn/glove.6B.{}d.txt'.format(EMBEDDINGﬁDIM)
,encoding="latinl') as f:
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embeddings_index = {}
for line in f:
values = line.split (' ")
word = values|[O0]
coefs = np.asarray(values|[1l:],
dtype="'float32")
embeddings_ index[word] = coefs
return embeddings index

def plst(y, select ratio):
# Singular-value decomposition
u, s, vt = svd(y)

# select vt rows by value of select ratio
M = round(select ratio*y.shape[l])

vt select = vt[:M, ]

p = vt _select.T

h = y.dot (p)

return h, p, s

def process data():
file path = DATA DIR + forum+'.csv'
tokenizer = Tokenizer (num words=MAX NB WORDS)

posts _all, user list all = read file(file path, nrows)
for i in range(O len(posts all)):
t = posts_alll[i]

t = t.lower()

t ="' '".join(re.sub("!"," exmark ",t).split())

t ="' '".join(r .sub('\°" " gmark ",t).split())

t ="' '".Join(re.sub("can't","can not",t).split())

t ="' '".Join(re.sub("won't","will not",t) .split())

t ="' '".join(re .sub('aln t","is not",t).split())

t =" '.jOln(r e.sub("n "," not ",t).split())

t ="' '".join(re.sub(r' http\S+' 'url ', t).split())
posts_all[ il = ¢t

# create training and testing vars

posts, posts test, user list, user list test =
train test split(posts_all, user list all, test size=0.2,
random_state=42)

tokenizer.fit on texts(posts+posts test)

sequences_of posts = tokenizer.texts to sequences (posts)
sequences of posts =

pad_sequences (sequences of posts,maxlen=max post len)
posts = np.asarray (sequences of posts)

sequences_of test posts =
tokenizer.texts to sequences (posts test)
sequences of test posts =
pad_sequences (sequences of test posts,maxlen=max post len)
posts test = np.asarray(sequences_of test posts)
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word index = tokenizer.word index
count = 0
tcount = 0

embeddings index = get embeddings index()
embedding matrix = np.zeros((len(word index) + 1, EMBEDDING DIM))
for word, i in word index.items () :
embedding vector = embeddings index.get (word)
if embedding vector is not None:
embedding matrix[i] = embedding vector
count += 1
else:
tcount += 1
for j in range (0, EMBEDDING DIM) :
embedding matrix[i] [J] = random.randint (-
20000,+20000) /10000.0
del embeddings index

o)

# print 'Found $%s unique tokens.' % len(word index)
le = preprocessing.LabelEncoder ()
le.fit (np.hstack(user list+user list test))

le y = [le.transform(u) for u in user list]

le y test = [le.transform(u) for u in user list test]
enc = preprocessing.MultilabelBinarizer ()
enc.fit (le y+le y test)

y = enc.transform(le vy)

y _test = enc.transform(le y test)

h100 train, pl00, s100 = plst(y, 1.0)
h100 test = y test.dot (pl00)

h80 train, p80, s80 = plst(y, 0.8)
h80 test = y test.dot (p80)

h50 train, p50, s50 = plst(y, 0.5)
h50 test = y test.dot (p50)

return {'embedding matrix':embedding matrix,
'len word index':len (word index),
'x _train':posts,
'x test':posts test,
'y train list':le y,
'y test list':le y test,
'y train':y,
'y test':y test,
'h100 train':hl100 train,
'h100 test':hl00_ test,
'h80 train':h80 train,
'h80 test':h80 test,
'h50 train':h50 train,
'h50 test':h50 test,
'pl00': pl0O,
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's100'": s100,
'p80'": p8O,
's80': s80,
'p50': p50,
's50': s50}

° v K| Y a 5 A A v v
2. Tsunsumwulnneu srvsvasteyadvainlwadeya Milumsidendeyauvugu

U
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import os

from os.path import dirname, abspath

from keras.preprocessing.text import Tokenizer,one hot
import csv

import numpy as np

from keras.preprocessing.sequence import pad sequences
import pickle

from sklearn import preprocessing

from sklearn.model selection import StratifiedsShuffleSplit,
train test split

#from urlparse import urlparse

import re

import random

import pandas as pd

from numpy import array

from numpy import diag

from numpy import dot

from numpy import zeros

from scipy.linalg import svd

DATA DIR = '/deepnn/'

Model DIR = '/deepnn/'

max post len = 30

EMBEDDING DIM = 100

MAX NB WORDS = 50000

forum = 'stackoverflow users post all' #without the file extension
nrows = 5000

def str2numlist (numstr) :
return [int (k) for k in numstr[l:-1].split(',")]

def read file (fname,nrows) :

f = pd.read csv(fname, encoding='latinl', sep = '\t', nrows =
None)

f = f.sample (n=nrows, random state = 101)
# f = f.sample (n=nrows, random state = 42)




141

f = f[f.0wnerUserId.notnull ()]

posts = list (f.Body)

user list = list(f.users list)

user list = list(f.users list.apply(str2numlist))
return posts, user list

def get embeddings index() :
with open (DATA DIR +
'glove.6B.{}d.txt'.format (EMBEDDING DIM),encoding="'latinl') as f:
embeddings_index = {}
for line in f:
values = line.split ("' ")
word = values|[O0]
coefs = np.asarray(values|[1l:],
dtype='float32")
embeddings_ index[word] = coefs
return embeddings index

def plst(y, select ratio):
# Singular-value decomposition
u, s, vt = svdl(y)

# select vt rows by value of select ratio
M = round(select ratio*y.shapel[l])

vt _select = vt[:M, ]

p = vt _select.T

h = y.dot (p)

return h, p, s
def process data():

file path = DATA DIR + forumt+'.csv'
tokenizer Tokenizer (num words=MAX NB WORDS)

g s EEEad
# Read Data #
AR
posts _all, user list all = read file(file path, nrows)

for i in range (0, len(posts_all)):
t = posts_all[i]

t = t.lower()

t ="' '".jJoin(re.sub("!"," exmark ",t).split())

t = ' '".join(re.sub("\?"," gmark ",t).split())

t = ' '".join(re.sub("can't","can not",t) .split())

t ="' '".Join(re.sub("won't","will not",t) .split())

t ="' '".Join(re .sub('aln t","is not",t) .split())

t = ' '".join(re.sub("n "," not ",t).split())

t ="' '".join(re.sub(r' http\S+' 'url ', t).split())
posts_all[i] = t

# create training and testing vars
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posts, posts test, user list, user list test =
train test split(posts_all, user list all, test size=0.2,
random_state=42)

tokenizer.fit on texts(posts+posts test)

sequences_of posts = tokenizer.texts to sequences (posts)
sequences of posts

pad_sequences (sequences of posts,maxlen=max post len)
posts = np.asarray (sequences_of posts)

sequences of test posts =
tokenizer.texts to sequences (posts_ test)
sequences of test posts =
pad_sequences (sequences of test posts,maxlen=max post len)
posts test = np.asarray(sequences of test posts)

word index = tokenizer.word index
count = 0
tcount = 0

embeddings index = get embeddings_ index ()
embedding matrix = np.zeros((len(word index) + 1, EMBEDDING DIM))
for word, i in word index.items() :
embedding vector = embeddings index.get (word)
if embedding vector is not None:
embedding matrix[i] = embedding vector
count += 1
else:
tcount += 1
for j in range (0, EMBEDDING DIM) :
embedding matrix[i] [j] = random.randint (-
20000,+20000) /10000.0
del embeddings_index

le = preprocessing.LabelEncoder ()
le.fit (np.hstack(user list+user list test))

le y = [le.transform(u) for u in user list]

le y test = [le.transform(u) for u in user list test]
enc = preprocessing.MultilabelBinarizer ()
enc.fit (le yt+le y test)

y = enc.transform(le y)

y _test = enc.transform(le y test)

h100 train, pl00, s100 = plst(y, 1.0)
h100 test = y test.dot (pl00)

h80 train, p80, s80 = plst(y, 0.8)
h80 test = y test.dot (p80)

h50 train, p50, s50 = plst(y, 0.5)
h50 test = y test.dot (p50)
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return {'embedding matrix':embedding matrix,
'len word index':len(word index),
'x _train':posts,
'x test':posts test,
'y train list':le y,
'y test list':le y test,
'y train':y,
'y test':y test,
'h100 train':hl100 train,
'h100 test':hl100_ test,
'h80 train':h80 train,
'h80 test':h80 test,
'h50 train':h50 train,
'h50 test':h50 test,
'p100'": pl0O,

's100': s100,
'p80': p8O,
's80': s80,
'p50'": p50,
's50": s50

}
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from sample 5K splidvalid DeepNN PLST fromTr import process data,
EMBEDDIN DIM, max post len

9 v F
nuada I Tl sunsutiviau

# floyd run --data kantarakornj/datasets/sample 5k/1/:deepnn --gpu --
follow "python sample 5K DeepNN Model vary seed.py"

import time

start all = time.time()

from sample 5K splitvalid DeepNN PLST fromTr import process data,
EMBEDDING DIM, max post len

import keras.backend as K
from keras import regularizers
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from keras.models import Sequential, load model, Model
from keras.layers import Input, LSTM, multiply, concatenate,
from keras.layers.embeddings import Embedding

from keras.layers.core import Lambda,Permute, Flatten, Dense,

Dropout, Activation, Reshape, RepeatVector, Masking
from keras.callbacks import ModelCheckpoint, CSVLogger,
LearningRateScheduler, ReducelLROnPlateau, LambdaCallback
from keras.layers.recurrent import LSTM, GRU

from keras.layers.wrappers import Bidirectional, TimeDistributed

from keras.optimizers import SGD, RMSprop, Adam

from keras.utils import np utils

from os.path import dirname, abspath

from keras.preprocessing.sequence import pad sequences
from os import listdir

import numpy as np

import hbpy, pickle

from random import randint, choice, shuffle, sample
from sys import argv

from keras.layers.advanced activations import PReLU
from keras.utils import plot model

import random

from keras.layers.merge import Multiply

from sklearn.utils import class weight

from keras.layers.convolutional import Conv1D,MaxPoolinglD

DATA DIR = '/deepnn/'

Model DIR = "'

max len = max post len

gru dim = 128

bigru dim = 2*gru dim

out size = max len*bigru dim
clusters = 100

def sum att(x):
return K.sum(x,axis=1)

def stacking(x):
return K.stack (x,axis=1)

# init model org
def init model org(num users,data=None) :
print ('Compiling model...")

embedding matrix, len word index = data
print ('building the model...")
inp = Input (shape = (max len,),name="input")

x = Sequential ()
x.add (Embedding (len_word index + 1,

EMBEDDING_ DIM,

#mask zero=True,

input length=max len,
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weights=[embedding matrix],

) )

x.add (Bidirectional (GRU (gru dim, return sequences = True)))
x.add (Bidirectional (GRU (gru dim, return sequences = True)))
post = x(inp)
y = Sequential ()
y.add (Flatten (input shape=(max len,bigru dim)))
y.add (Dense (max_ len,activation='softmax',
input shape=(out size,)))
y.add (RepeatVector (bigru dim))
y.add (Permute ((2,1)))
posts = []
for 1 in range (0,clusters) :
post _att = y(post)
post i = Multiply() ([post_att,post])
post 1 =
Lambda (sum_att, output shape=(bigru dim,)) (post i)
posts.append (post 1)
posts =
Lambda (stacking, output shape=(clusters,bigru dim,)) (posts)
out =
TimeDistributed (Dense (1, name="densel",activation="'tanh')) (posts)
out = Dropout (0.3, name='drop4') (out)
out = Flatten () (out)
output = Dense (num _users, activation ='sigmoid') (out)

model = Model (inputs=[inp], outputs=[output])
print (y.summary () )
return model

# init model
def init model (num users,data=None) :
print ('Compiling model...")

embedding matrix, len word index = data
print ('building the model..."')
inp = Input (shape = (max len,),name="input")

x = Sequential ()
x.add (Embedding (len_word index + 1,
EMBEDDING DIM,
#mask zero=True,
input length=max len,
weights=[embedding matrix],

) )

x.add (Bidirectional (GRU (gru dim, return sequences = True)))
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x.add (Bidirectional (GRU (gru dim, return sequences = True)))
post = x(inp)

y = Sequential ()
y.add (Flatten (input shape=(max len,bigru dim)))
y.add (Dense (max_ len,activation='softmax',
input shape=(out size,)))
y.add (RepeatVector (bigru dim))
y.add (Permute ((2,1)))

posts = []
for 1 in range (0,clusters):
post att = y(post)

post i = Multiply() ([post_att,post])
post i =
Lambda (sum_att,output shape=(bigru dim,)) (post i)

posts.append (post 1)

posts =
Lambda (stacking, output shape=(clusters,bigru dim,)) (posts)
out =
TimeDistributed (Dense (1, name="densel",activation="'tanh')) (posts)
out = Dropout (0.3, name='drop4') (out)
out = Flatten () (out)
output = Dense (num users) (out)

model = Model (inputs=[inp], outputs=[output])
print (y.summary () )
return model
# Define 'get data()' and 'eval()' Function
def get dataf():
data = process data()
return data

# Revised Eval Function

def eval 1(y pred,y true list):

kvals = [5,10,30,50,100]
recall k = []
ndcg k = []
rr = []
print ('******\n y pred:', y pred.shape, '\n**xxxx1)
# print ('***x**\n h pred:', h pred.shape, '\nx**xx*xxr')

for i in range(0,len(y true list)):
y £t =y true listl[i]
y t len = len(y t)
y p index = np.flip(np.argsort(y pred[i]),0)
for i in range(0,len(y p index)):
if y p index[i] in y t:
rr.append (1/float (i+1))
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break
idecg = np.sum([1.0/np.log2 (x+2) for x in range(0,y t len)])
r =[]
ndcg = []
for k in kvals:
correct = len(np.intersectld(y t,y p index[0:k]))
r.append (correct/float (y_t len))
dcg = 0

for i in range(0,k):
if y p index[i] in y t:
dcg = dcg + 1.0/np.log2 (i+2)
ndcg.append (dcg/idcg)
ndcg_k.append (ndcg)
recall k.append(r)

print (" mrr = "+str (np.mean(rr)))

recall = np.mean(recall k,axis=0)*100

ndcg = np.mean (ndcg k,axis=0)*100

for i in range (0, len (kvals)):
print (" recall@"+str(kvals([i])+"= "+str(recallli]))
print (" ndcg@"+str (kvals[i])+"= "+str(ndcgli]))

def recall(y true, y pred):

# Count positive samples.

cl = K.sum(K.round(K.clip(y true * y pred, 0, 1)))
c2 = K.sum(K.round(K.clip(y pred, 0, 1)))

c3 = K.sum(K.round(K.clip(y true, 0, 1)))

return cl/c3

def train val(x train, x test, y train, y test, y train list,
y _test list, h train, h test, p, adamlr, rmslr, plst ratio):

=+ =

len

embedding matrix = datal'embedding matrix']
len word index = data['len word index']
num _users = h train.shape[1l]

rmsprop = RMSprop (lr= rmslr)
adam = Adam(lr=adamlr)
class _weights = [1.,10.]

print ("\n*** model dnn ',plst ratio, '***\n')
print ("\n*** adam learning rate ', adamlr, '***\n')

#set random state
seed (1)
set random seed(2)

model svd = init model (num users,data=[embedding matrix,
word index])
model svd.compile (optimizer='adam',

metrics= ['acc'],

loss="'mean squared error')

start train = time.time ()
model svd.fit ([x train], [h_train],
validation data=([x test], [h test])
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,class_weight=[class weights]
,batch size=64,epochs=20, verbose=1)
end train = time.time()

training time = end train-start train
# Training Data

h tr pred = model svd.predict(x_train)
y tr pred = h tr pred.dot (p.T)

print ("\n*** model dnn ',plst ratio, '***\n')

print ("\n*** adam learning rate ', adamlr, '***\n')
print ('\n Training time:', training time)

print ('\n Process data time:', process data time)
print ('h tr pred min:',h tr pred.min())

print ('h tr pred max:',h tr pred.max())

print ('h train min:',h train.min())
print('h train max:',h train.max())
print ('y tr pred min:',y tr pred.min())
print ('y tr pred max:',y tr pred.max())

(
(
(
(
(
(
(
(
(I
(l
print('y train min:',y train.min())
print('y train max:',y train.max())

mse_train = (np.square(y train - y tr pred)) .mean()
print ('mse train:', mse train)

# Testing Data
h ts pred = model svd.predict (x test)
y ts pred = h ts pred.dot (p.T)

print('h ts pred min:',h ts pred.min())
print ('h ts pred max:',h ts pred.max())
print ('h test min:',h test.min())
print ('h test max:',h test.max())
print('y ts pred min:',y ts pred.min())
print('y ts pred max:',y ts pred.max())

print ('y test min:',y test.min())
print ('y test max:',y test.max())

mse_ test = (np.square(y test - y ts pred)) .mean()
print ('mse test:', mse test)

# Ratio 0.5: Eval
print ('\nTrain Eval')

eval 1(y tr pred,y train list)

print ("\nTest Eval')
eval 1(y ts pred,y test list)

# save model dnn 0.5

model svd.save ("model dnn "+plst ratio+" adamlr"+str (adamlr)+".h5")
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# Get Data at different ratio ############4H44444

# - 100%
# - 80%
# - 50%

'"'y train and y test is 100% of y features

h train 80 and h _test 80 is 80% of y features

h train 50 and h test 50 is 50% of y features '"'
#HEfHHH S HE A HEHE Process Data ##########HHH#ESS
start process = time.time ()
data = process_data()

end process = time.time()

process_data time = end process-start process

FHEFHH AR
#4444 #4444 Set Parameter for Training #######444#

x _train = datal['x train']
x test = data['x test']

y_train list = datal'y train list']
y test list = datal'y test list']
y_train = datal['y train']

y test = data['y test']

rmslr = 0.003

plst ratio = ['0.5','0.8",'1.0"]
h train = [data['h50 train'], data['h80 train'], data['h1l00 train']]
h test = [data['h50 test'], datal['h80 test'], data['hl00 test']]

p = [data['p50'], datal['p80'], datal['pl00']]
adamlr = [0.0015, 0.003, 0.006, 0.008, 0.01, 0.02]

FHEHH AR AR F AR AR AR H AR F AR F AR

FHFFFFF AT Training Sedddddd44444444444
for i in range (0, len(plst ratio)):
for adlr in adamlr:
train val(x_train, x test, y train, y test, y train list,
y_test list, h train[i], h test[i], pl[i], adlr, rmslr, plst ratiol[i])
HHfhd At d A A At At

#H4H# 444 S Training Original Model ########4##44#

num users = np.array(y test) .shapel[l]
embedding matrix = datal'embedding matrix']
len word index = datal['len word index']

rmsprop = RMSprop (lr= rmslr)
adam = Adam(lr=0.003)
class weights = [1.,10.]
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model = init model org(num users,data=[embedding matrix,
len word index])
model.compile (optimizer="'adam',

metrics= ['acc'],

loss='binary crossentropy')

start train = time.time ()
model.fit ([x train], [y train],
validation data=([x test], [y test])
,class weight=[class weights]
,batch size=64,epochs=20, verbose=1)
end train = time.time()

# check training time
training time = end train-start train

# Training Data
y_tr pred = model.predict(x train)
# yl100 tr pred = hl00 tr pred.dot (pl00.T)

print ("\n*** model dnn org ***\n')

print('y tr pred min:',y tr pred.min())
print ('y tr pred max:',y tr pred.max())

print('y train min:',y train.min())
print('y train max:',y train.max())

mse_train = (np.square(y train - y tr pred)) .mean()
print ('mse train:', mse train)

# Testing Data
y_ts pred = model.predict (x_ test)

print('y ts pred min:',y ts pred.min())
print('y ts pred max:',y ts pred.max())
print ('y test min:',y test.min())

print ('y test max:',y test.max())

mse_ test = (np.square(y test - y ts pred)) .mean()
print ('mse test:', mse test)

# Ratio 0.5: Eval
print ('\nTrain Eval')

eval 1(y tr pred,y train list)

print ("\nTest Eval')
eval 1(y ts pred,y test list)

end all = time.time ()

all process time = end all-start all
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print ('All process runtime:', all process time)
print ('Process data runtime:', process _data time)
print ('Training runtime:', training time)
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from sample 5K splidvalid DeepNN PLST fromTr import process data,
EMBEDDIN DIM, max post len
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v v lalsunsuiivinau

# floyd run --data kantarakornj/datasets/sample 5k/1/:fit operator --
gpu --follow "python DeepNN 5K sample vary seed fit operator.py"
import time

start all = time.time ()

from sample 5K splitvalid DeepNN PLST fromTr import process data,
EMBEDDING DIM, max post len

library for setting random state

from numpy.random import seed

seed (1)

from tensorflow import set random seed
set random seed(2)

e

import keras.backend as K

from keras import regularizers

from keras.models import Sequential, load model, Model

from keras.layers import Input, LSTM, multiply, concatenate, add
from keras.layers.embeddings import Embedding

from keras.layers.core import Lambda, Permute, Flatten, Dense,
Dropout, Activation, Reshape, RepeatVector, Masking

from keras.callbacks import ModelCheckpoint, CSVLogger,
LearningRateScheduler, ReduceLROnPlateau, LambdaCallback

from keras.layers.recurrent import LSTM, GRU

from keras.layers.wrappers import Bidirectional, TimeDistributed
from keras.optimizers import SGD, RMSprop, Adam

from keras.utils import np utils
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from os.path import dirname, abspath

from keras.preprocessing.sequence import pad sequences
from os import listdir

import numpy as np

import hb5py, pickle

from random import randint, choice, shuffle, sample
from sys import argv

from keras.layers.advanced activations import PReLU
from keras.utils import plot model

import random

from keras.layers.merge import Multiply

from sklearn.utils import class weight

from keras.layers.convolutional import Convl1D,MaxPoolinglD

DATA DIR = '/fit operator/'
Model DIR = "'

max len = max post len

gru dim = 128

bigru dim = 2*gru dim

out size = max len*bigru dim
clusters = 100

def sum att (x):
return K.sum(x,axis=1)

def stacking(x):
return K.stack (x,axis=1)

# init model

def init model (num users, num output, data=None):
print ('Compiling model...")

embedding matrix, len word index = data
print ('building the model...")

inp = Input (shape = (max len,),name="input")
x = Sequential ()
x.add (Embedding (len _word index + 1,

EMBEDDING DIM,

#mask zero=True,

input length=max len,

weights=[embedding matrix],

) )
.add (Bidirectional (GRU (gru_dim, return sequences = True)))
x.add (Bidirectional (GRU (gru dim, return sequences = True)))

b

post = x(inp)

y = Sequential ()
y.add (Flatten (input shape=(max len,bigru dim)))
y.add (Dense (max_len,activation='softmax',
input shape=(out size,)))
y.add (RepeatVector (bigru dim))
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y.add (Permute ((2,1)))

posts = []

for i in range(0,clusters):
post att = y(post)
post 1 = Multiply() ([post att,post])
post 1
posts.append (post 1)

posts =
Lambda (stacking, output shape=(clusters,bigru dim,)) (posts)
out =
TimeDistributed (Dense (1, name="densel",activation="tanh')) (posts)
out = Dropout (0.3, name='drop4') (out)
out = Flatten () (out)
out = Dense (num users) (out)

output = Dense (num_output, trainable = False) (out)
model = Model (inputs=[inp], outputs=[output])
print (y.summary () )
return model
# Define 'get data()' and 'eval()' Function
def get data():
data = process_data()

return data

def eval(h train,x test,y test list,p,model):

kvals = [5,10,30,50,100]
recall k = []

ndcg k = []

rr = []

y _true list = y test list
h pred = model.predict ([x test])

### Transform back to y pred

y_pred = np.around(h pred.dot(p.T))

print ("******\n y pred:', y pred.shape, '\n*xxkxx')
print ("**F*E*F*\n h pred:', h pred.shape, T\n*x***xxx1)

for i in range(0,len(y true list)):
y £t =y true listl[i]
y t len = len(y t)
y P _index = np.flip(np.argsort(y pred[i]),0)
for i in range(0,len(y p index)):
if y p index[i] in y t:
rr.append (1/float (i+1))

# print('rr: ', rr, '\n'")

# print('1/', i+1)

break
ideg = np.sum([1.0/np.log2 (x+2) for x in range(0,y t len)])
r = []

Lambda (sum_att,output shape=(bigru dim,)) (post i)
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for k in kvals:

correct = len(np.intersectld(y t,y p index[0:k]))
r.append(correct/float(y_t_len))
dcg = 0

for 1 in range (0, k) :
if y p index[i] in y t:
dcg = dcg + 1.0/np.log2 (i+2)
ndcg.append (dcg/idcg)
ndcg_k.append (ndcg)
recall k.append(r)

# Revised Eval Function

def eval 1(y pred,y true list):
kvals = [5,10,30,50,100]
recall k = []
ndcg k = []
rr = []
print ("*x****\n y pred:', y pred.shape, '\n*xxxxir)

for i in range (0, len(y true list)):
y t =y true listl[i]
y t len = len(y_t)
y p_index = np.flip(np.argsort(y pred[i]),0)
for i in range(0,len(y p index)):
if y p index[i] in y t:
rr.append (1/float (i+1))
break
ideg = np.sum([1.0/np.log2 (x+2) for x in range(0,y t len)])
r = []
ndcg = []
for k in kvals:
correct = len(np.intersectld(y t,y p index[0:k]))
r.append (correct/float (y t len))
dcg = 0
for i in range(0,k):
if y p index[i] in y t:
dcg = dcg + 1.0/np.log2 (i+2)
ndcg.append (dcg/idcg)
ndcg_ k.append (ndcg)
recall k.append(r)

print (" mrr = "+str(np.mean(rr)))

recall = np.mean(recall k,axis=0)*100

ndcg = np.mean (ndcg k,axis=0)*100

for i in range(0,len (kvals)) :
print (" recall@"+str (kvals[i])+"= "+str(recallli]))
print (" ndcg@"+str (kvals[i])+"= "+str(ndcgli]))

def recall(y true, y pred):
# Count positive samples.
cl = K.sum(K.round(K.clip(y true * y pred, 0, 1)))
c2 = K.sum(K.round(K.clip(y pred, 0, 1)))
c3 = K.sum(K.round(K.clip(y true, 0, 1)))
return cl/c3
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def train val(x train, x test, y train, y test, y train list,
y test list, h train, h test, p, adamlr, rmslr, plst ratio):

embedding matrix = datal'embedding matrix']
len word index = datal['len word index']
num users = h train.shape[1l]

rmsprop = RMSprop (lr= rmslr)

adam = Adam(lr=adamlr)

class weights = [1.,10.]

print ("\n*** model dnn ',plst ratio, '***\n')

print ("\n*** adam learning rate ', adamlr, '***\n'")

model svd = init model (num users, p.shape[0],

data=[embedding matrix, len word index])

model svd.compile (optimizer='adam',
metrics= ['acc'],
loss="'mean squared error')

# add convertor to be a last layer of model
wl = p.T
bl = np.zeros((wl.shapel[l],))

model svd.layers[208].set weights ([wl, bl])

start train = time.time ()

model svd.fit ([x train], [y train],
validation data=([x test], [y test])
,class_weight=[class weights]
,batch size=64,epochs=20, verbose=1)

end train = time.time()

training time = end train-start train

# Training Data
h tr pred = model svd.predict(x_train)

print
print
print ('"\n Training time:', training time)

print ('\n Process data time:', process data time)

("\n*** model dnn ',plst ratio, '***\n')

(

(

(
print ('"\ny tr pred min:',h tr pred.min())

(

(

(

1
'"\n*** adam learning rate ', adamlr, '***\n')
]

print ('y tr pred max:',h tr pred.max())

print('y train min:',y train.min())

print('y train max:',y train.max())

mse_train = (np.square(y train - h tr pred)) .mean()

print ('mse train:', mse train)

# Testing Data
h ts pred = model svd.predict (x test)
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print('y ts pred min:',h ts pred.min())
print('y ts pred max:',h ts pred.max())

print('y test min:',y test.min())
print ('y test max:',y test.max())

mse_ test = (np.square(y test - h ts pred)) .mean()
print ('mse test:', mse test)

# Ratio 0.5: Eval
print ('\nTrain Eval')

eval 1(h tr pred,y train list)

print ('\nTest Eval')
eval 1(h ts pred,y test list)

# save model dnn 0.5
model svd.save ("model dnn "+plst ratio+" adamlr"+str (adamlr)+".h5")

# Get Data at different ratio

# - 100%
# - 80%
# - 50%

''"'y train and y test is 100% of y features

h train 80 and h test 80 is 80% of y features

h train 50 and h test 50 is 50% of y features '''
#H##fHHfHHHH S H S Process Data ########4##HH4#4#4
start process = time.time ()
data = process data()

end process = time.time()

process data time = end process-start process
FHAAHAFA AR

4444444444 Set Parameter for Training ######4#444#

x_train = datal['x train']
x test = datal['x test']

y_train list = datal'y train list']
y _test list = data['y test list']
y_train = data['y train']

y _test = data['y test']

rmslr = 0.003

plst ratio = ['0.5','0.8","'1.0"]
h train = [data['h50 train'], data['h80 train'], datal['hl00 train']]
h test = [data['h50 test'], data['h80 test'], data['hl00 test']]

p = [data['p50'], datal['p80'], datal['pl00']]
adamlr = [0.0015, 0.003, 0.006, 0.008, 0.01, 0.02]
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FHFFFFFFFFHAAFHHHSSS Training #ddddd4444444444444
for i in range (0, len(plst ratio)):
for adlr in adamlr:
train val(x train, x test, y train, y test, y train list,
y_test list, h train[i], h test[i], pl[i], adlr, rmslr, plst ratiol[i])
Fda st

° d o (Y o
5. ‘i]1HJN‘W"Ii1ﬁ!ﬂ@iﬁ1T‘iiU!!UU%1@®QW9@!!V‘@$‘§Q%@HQ (Number of parameters for each

dataset model)

1N WA 3.9 ta 3.10 Tuumii 3 Tassadrausiased 3wy fe

® 11UTIA0IAIRY (Original Model)

® 11U1aBs XMLC-PAO LUV 1 (XMLC-PAO-1)

® 11UT1a0s XMLC-PAO LD 2 (XMLC-PAO-2)
Tuumaime i dmiunuuaesueudazyateya dviuunazuuudianslduaasly

U NNARUINAIT1BaZBIAR LA

A o a J o o o ¥
®  AITNNANUINNT 1: Llﬁﬂﬂ%WH'JHW'I’J'WNL@'EJ"J?('IWTULL“LIUEI]'IE‘YENG]\WBIIH uae

HUUIasINNdaTILIANIYAD 0.5

A o

{ I3 a Jd o @ ° { 1 a
& MINMANUINT 2: LFAITIUIUNIT A TEHS VUV VT a0INUTATIN

)

A
AN AD 0.8

[

A o a J o @ o A U aa
® ANTNNANUINN 3: UAAIVTUIUNITINAD T TN T ULV UINADINUTATIUNES

A
AR 1.0




158

H E 1
MINMANUINN 1: uﬁﬂﬁm’mmimma%’ﬁmmgmuﬁ’mmmﬁ'u HazUUUaINY

ATIUNAAUNAD 0.5

Original Model XMLC-PAO-1 0.5 XMLC-PAO-2 0.5
Random Method Non-trainable
Linear 1-5000 5,250,290 = 4,914,465 = 4,914,465 22,127,877
Linear 201-5200 5,302,585 = 4,966,962 = 4,966,962 22,091,304
Linear 801-5800 5,447,321 = 5,109,880 = 5,109,880 22,331,244
Linear 5001-10000 6,060,276 = 5,709,907 = 5,709,907 24,064,453
Linear 10001-15000 6,194,018 = 5,836,579 = 5,836,579 25,066,739
Linear 12201-17200 6,352,427 = 5,994,483 = 5,994,483 25,126,960
Linear 15001-20000 6,579,267 = 6,214,253 = 6,214,253 26,129,220
Linear 20001-25000 6,772,770 = 6,422,805 = 6,422,805 24,029,777
Linear 25001-27932 4,988,031 = 4,746,035 = 4,746,035 11,486,424
Random seed-42 6,463,607 = 6,035,973 s 6,035,973 35,861,980
Random seed-101 6,550,861 S 6,125,550 = 6,125,550 35,473,464
Linear 1-6000 5,967,299 = 5,585,519 s 5,585,519 28,584,360
Linear 6001-12000 6,837,553 = 6,437,896 = 6,437,896 31,323,612
Linear 12001-18000 7,208,048 = 6,798,493 N 6,798,493 32,881,995
Linear 18001-24000 7,503,555 = 7,093,697 = 7,093,697 32,942,844
Linear 24001-27932 6,036,222 = 5,734,131 = 5,734,131 17,907,119
Linear 1-7000 6,699,304 = 6,271,771 = 6,271,771 35,832,345
Linear 1-27932 15,191,097 = 14,012,394 = 14,012,394 145,654,501
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o J a

MINIMANUINN 2: uamfﬁ’m’mw151ﬁgﬁa§ﬁm§mmuﬁmmﬁﬁaﬂmuuﬁmmﬁa 0.8

XMLC-PAO-1 0.8 XMLC-PAO-2 0.8

Random Method ‘ Non-trainable
Linear 1-5000 5,115,960 = 5,115,960 35,396,622
Linear 201-5200 5,168,356 = 5,168,356 35,343,428
Linear 801-5800 5,312,385 = 5,312,385 35,728,654
Linear 5001-10000 5,920,189 = 5,920,189 38,507,287
Linear 10001-15000 6,051,002 = 6,051,002 40,095,456
Linear 12201-17200 6,209,209 = 6,209,209 40,196,048
Linear 15001-20000 6,433,221 = 6,433,221 41,799,524
Linear 20001-25000 6,632,784 = 6,632,784 38,439,326
Linear 25001-27932 4,891,273 = 4,891,273 18,377,320
Random seed-42 6,292,513 = 6,292,513 57,370,700
Random seed-101 6,380,777 s 6,380,777 56,755,858
Linear 1-6000 5,814,587 = 5,814,587 45,730,440
Linear 6001-12000 6,677,670 2 6,677,670 50,111,448
Linear 12001-18000 7,044,226 = 7,044,226 52,611,192
Linear 18001-24000 7,339,632 = 7,339,632 52,705,304
Linear 24001-27932 5,915,325 = 5,915,325 28,640,621
Linear 1-7000 6,528,311 = 6,528,311 57,333,445
Linear 1-27932 14,719,743 = 14,719,743 233,073,364
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o J a

MINMANUINN 3: uamfﬁ’m’mw151ﬁgﬁa§ﬁm§mmuﬁmmﬁﬁaﬂmuuﬁmmﬁa 1.0

XMLC-PAO-1 1.0 XMLC-PAO-2 1.0
Random Method Non-trainable
Linear 1-5000 5,250,290 = 5,250,290 44,242,452
Linear 201-5200 5,302,585 = 5,302,585 44,175,962
Linear 801-5800 5,447,321 = 5,447,321 44,655,806
Linear 5001-10000 6,060,276 = 6,060,276 48,128,906
Linear 10001-15000 6,194,018 = 6,194,018 50,119,320
Linear 12201-17200 6,352,427 = 6,352,427 50,246,832
Linear 15001-20000 6,579,267 = 6,579,267 52,251,212
Linear 20001-25000 6,772,770 = 6,772,770 48,045,692
Linear 25001-27932 4,988,031 = 4,988,031 22,968,056
Random seed-42 6,463,607 s 6,463,607 71,715,492
Random seed-101 6,550,861 5 6,550,861 70,938,506
Linear 1-6000 5,967,299 = 5,967,299 57,161,160
Linear 6001-12000 6,837,553 s 6,837,553 62,639,310
Linear 12001-18000 7,208,048 = 7,208,048 65,763,990
Linear 18001-24000 7,503,555 = 7,503,555 65,877,572
Linear 24001-27932 6,036,222 = 6,036,222 35,802,272
Linear 1-7000 6,699,304 = 6,699,304 71,664,690
Linear 1-27932 15,191,097 = 15,191,097 291,339,582
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Combining Extreme Multi-label Classification and
Principal Label Space Transformation for
Cold Start Thread Recommendation

Kantirakor Jithirm
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IMurakif Puneit University
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Absitraci—"The recommemlalion sysiem has leen widely wed in
winrious areas, e, ealertalnment, education, and travel, Howeyver,
s technique Faces bwo main clallenges which are Cold Start
and High-Dimeasionality probiems. The cold start hopgens when
e systemi does nol have enoagh profile of new users: therelore,
Ui sysdemi cininol recommend prsducts o them. The second issue
comves From The facl that there are a bt of distind prodacls or
users to be recomncnded. Becently, Extresme Multl-tabel ©lassi-
Tecation (XMEC) has beer applicd to the recommcsdatien system
and wibdressed the Cold Staret issae, However, the provious method
sl las @ high-dimensionality lsoe. Tn ihis paper, we proposed
a mew appronch, namely XMLC-PAD, which integrated Label
spwct reduction with XMLC, Do more deisils, we tros Formd
the reeommendablon problem fo XMLC and applicd  Singular
Value Decompasition (SYD) to generale redocing operator of
lubecl space (products’ or users’ label space). For the feafure
space, Deep Learndng technlgue has been used o cxirpct Features
from tewis. From the experimonts with Stnckoverfow  ondine
forums datsset, we have found that the XMLC-PAO showoed
better performance in fterms of RECALLGM and NDOCGEM
when the dimemdons were reduccd b S0% pnd 30% ol the
original e,

Tritex Terms—extrome mult-label classification, reconumenda-
Hom system, cold start problem, singular valoe decomposltion -
S¥Ir

I INTRODUCTION

Hecommendition system is o tool Tor recommending asers
of whil iterms they wre looking for 1 his been used in a varicty
of arca sich as movies, misic, hooks, and research articlhes.
Fhowewer, there s o classic problem in ecommendibion system
ealled “Cold Stard™ which s ahoad o sysiem that could sot
recominend new jlemns fo any wsers o could nol sugpest any
Hisis 1o Aew wsers as theie B oo provions inleracthon,

Examples of trahitbonal cold star sslotioms are 1) *Statistical
mamlel-hised approsch’ which s using the comesponding: prot-
ahility distribution stidistics user for prijecting am initializing
rdes and lagh protabibity stems o recommend, 2 “Average
approach” in which the organad rding madns s lilled using the
averape of all ratings of the Mems before collaborative Tikenng,

Eakasit Pacharmwongaakda
Rig Dhata Ergineering Progros
College of Innovative Technology and Engincering
ki Pundit University
Hanpkok, Thailami
cakasilpac @ dpuac.th

and 3y “Maode approach” that user's prodicied wanlt scone by
calculated Teoan thee mssd olten wser citing. Howeves, haas
mcthasbs sl hive sn aoca ol improvemest o recommendation
system 1)

Multi-labie] classilication is a classafication of dems which
laave mwltiple comrelated labels, It owad indtially <adied by
Schapire and Singer in text cubegorization |[2]. Later many
technigques in molti-label classilicaticn have been proposed
o warsoias spplications such ss semantic soeme classification,
music eamiotion categoricntion, sulemalbed tag recommendation,
higinformation rescarch and sentimend analysis [3]. Extreme
maili-label classibieation s i mul-label clissi fication that has
extremely lorpe seb of wegel lobed [4] such as online forums
which huve been created for asking opinions or questions in
u} :x'-rmrluml:r

The eXtreme Multi-Label Classibeation Method (XMLC)
bas been wsed inopredictiog o sel of osers (labels) whi
will wanl o respond o any Bew Hems o onbine Tormns.
Stanckiverllow onlise (omm dalssct conld be ased @ flems
of the recommendation system, 1 e oo form of Cthreasd”
sdirting by posting questions or acking olhers for opanions on
A cortain Wople, Winbe comimunily moinhers sould be enablo
warrs v gk questions, the key ol sysoem i o cnsure (hal
e menber T guestions relevant o thiar inlerest o gel
them aaweied, Selecting a dubsed of osers Tom the sel of
all wacrs b the clmmmunily poses significant chidlenges due o
sciilability sl sparsity 5],

Cine possible approach te deal with High-Dimenssonality
issue which Jesds to sculability and sparsity in extreme multi-
labid classification iy W trmnsform inio subset of origingl lebel
bypercube view which has importand correlations belween
labely hefore lesrning. Principal Label Spuce Translormition
(PLET) is w simple and elficient method which relics on only
singulir vidue decomposition as the key step (6]

This papes wims o apply combination of eXineme Mulli
Labuel Clussification and Principal 1Abe] space irans{Crmalion
(XMLC-PA) with the Siackoverflow online forum dalased.
The it thread is processed by using sacked bi-dinectional



Gated Recurrent Units {(Bi-GRU) architecture for text encoding
along with cluster sensitive attention (CSA) for exploiting
correlation along the large label space [5]. Application of Prin-
cipal Label Space Transformation in reducing extreme multi-
label space can reduce high-dimensionality problem before
creating prediction network; however, deep neural network
structure needs to be transformed from a classification model
to a regression model. The XMLC-PAO models of different
reducing dimensional ratio would be evaluated by values of
MRR, RECALL@® M, and NDGC®@M comparing with the
original model architecture [5].

1. BACKGROUND

Recommendation system is a system that tries to match
user's profile (content-based filtering) or user’s social envi-
ronment and past behavior (collaborative fillering) with some
reference characteristics that are related to item characteristics.
User-item can be associated with various kinds of mleractions
such as ratings, bookmarks, purchase frequency, number of
‘likes’, number of page visils ete.

A, Cold Start Recommendation Problem

Cold start problem is a problem that recommendation sys-
tems could not match user’s characteristic to any reference for
recommending any items, There are three cases of cold start
which are:

1 New community: It refers to a new recommendation

system that has already had a catalog of items but has
N UsCrs.

2 New user: If a new user has just registered, there is no

interaction provided to the system.

3 New item: Il a new item is added, there is no content

information in the system.

The common problem of those cases is a lack of user-
item interaction which makes it challenges to provide reli-
able recommendations (Fig.1). However, our framework study
would only focus on a new item cold start scenario and create
recommendation model to predict potential users to that item.

B. Definition of multi-label classification

Extreme multi-label classification (XMLC) rofers to a task
of assigning items into their most relevant subset of labels from
an extremely large collection of class labels. The fundamental
difference between multi-label classification and traditional
binary or multi-class classification s that in multi-class clas-
sification only one among the possible labels applies to an
item, whercas in multi-label classification the labels can be
correlated with each other or have a subsuming relationship,
and multiple labels can apply for an item (e.g., “politics” and
“White House' for news articles, ‘electron- ics’, ‘Samsung’
and “smartphone’ for products, °Eiffel tower” and ‘vacation
2007 for images) [3].

Let X =R and ¥ = {0,1}% be an P-dimensional feature
space and K-dimensional binary label space, where P is the
number of features and K is a number of possible labels,
ie. clsses. Let D = {{z, ), (w2, w2}, {mg, ugh} is a
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Fig. 1. Tnteraction Matrix of Cold Start Problem: *17 = interaction, "0" ==
no inleraction

sel ol g objects (e.g. documents, images, ¢lc.) in a lraining
dataset, where z; € X is a feature vector thal represents an
ith object and y; € Y s a label vector with the length of
K, [0, thizs - i ] Here, g5 indicates whether the i™ object
belongs (1) or not (0) to the §** class,

In general, 2 main phases are exploited in a multi-label
classification problem: (1) model training phase and (2) clas-
sification phase, The goal of the model training phase is to
build a classification model that can predict the label vector
for a new object with the feature vector x, . This classification
model is a mapping function F' 1 B — {0,1}* which can
predict a target value closest to its actual value in total. The
classification phase uses this classification model to assign
labels, For convenience, Xyxp = [, ..xx|’ (e 1)
denotes the feature matrix with & rows and I° columns and
¥ = [y tiv]” represents the label matriz with N
rows and K columns, where [—|" denoles matrix transpose
31
C. Input and Output of our sysiem

Examples of input (thread) and output (user list) are show-
ing in Table 1. For the input part, there is a deep neural
network architecture (Fig. 3) in extracting features which starts
from word embedding, BiGRU and Cluster Sensitive Attention
[5] before feeding into the predicting network. In the output
part, user list is needed to reform to interaction matrix which
has rows as items or threads and columns as user id. The
interaction matrix would have value of 1 for interacting and 0
for not interacting between items and uvser ids corresponding
for rows and columns. It is obviously sparse (Fig,2) which is
a reason for trying to decrease dimension. In the next section,
the interaction matrix would be called as label ¥ which would
be referred in the experiment.



TABLE 1
EXAMPLE OF RAW THREAD (INPUT) AND USER LIST {OUTFUT)

Orwerl D> Thread User List
120 1 am using CCNET on a.. 112734]
EETITY] How do you specily that . 419, 383, 6, ..
L T= il possible 1o do imagc... 140, 34, 116, .
q320 | Both the [Query and Proto... | [17, 493, 308, ...
5170 1 hvve Just starled working ... | 225, 162, 667, ...]

- -
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Fig. 2. Examplc of labcl ¥ The column number is User 1D and the row
number is thread number

11, PROPOSED METHOD

A proposed method is a combination of Extreme Mulii-
Label Classification and Principal 1Abel space transfOrmation
(XMLC-PAO). Deep neural network in this paper would be
created by using these following structures.

A. Principal Label Space Transformation

As mentioned in the previous section, the multi-label ¥ can
be correlated with each other and the application of hypercube
view can be applied to XMLC. The method of hypercube
view used in this article is adjusted from original Principal
Label Space Transformation (PLST) method. The Label ¥
hypercube with K-dimension would be decomposed into 3
parts through Singular Value Decomposition (SVD) for finding
a proper projection matrix P and the decoder 2 for an M -flat
label H [6].

This method is adjusted from original PLST method [6]
to fit with experimental label ¥ dimension. In particular, the
matrix Y (interaction matrix) is formed with cach row being
in,» the occupied rows. Then, SVD would be performed on the
N » K matrix ¥ to obtain three matrices [7].

Y = unv’ (n

Here [F is a V by N unitary matrix, ¥ is a N by K diagonal
matrix, and V7 is a K by & unitary matrix. Through §VD,
each row y, can be represented as a linear combination of
singular vectors »), in V7, The vectors form a basis of a flat
that passes through all the y,. The matrix ¥ is a diagonal
matrix containing singular values o, that corresponds to the
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singular vectors ©l. It could be assumed that the singular
values are ordered such that oy == op == |, == oy,
The equation (1) can be rewritien as

YV =08 (2)

where the orthogonal basis V' can be seen as a projection
mitrix of ¥ that maps each y to a different coordinate system.
Since the largest M singular values correspond to the Principal
directions of the original label space, the rest of the singular
vilues could be discarded and their associated basis vectors in
V' obtained a smaller projection matrix

(3

that maps the vertices y to the M-flat label H which can
be calculated as

P=Vy=[ v .. vy ]

H=YVy (4)

The transformed label H would be replaced label Y in
the model structure which would change classifier model to
regression model as value in H is not [0, 1].

An efficient decoder £ for PLST can be calculated because
P =V is an orthogonal matrix, P~ = P*" . This means V
can be used (o map any vector fi on the M-flat space back to
a point hVJ in label ¥ space.

TABLE Il

Principal Label Space Transiormation

1. With a parametier M, perform SVD on ¥ and obdain
Wiy = [ vy v vy )
2. Using P = Vi for transform Y do 8 by 1 = YWy

3. Using I = Vi for transform H back 10 ¥ by ¥ = H.VIE

B. Feature Engineering

As each input of system is a post text, the feature
engineering sections of deep neural network is needed. Main
sections for extracting features are Text Encoding and Cluster
Sensitive Attention.

1) Text Encoding: Each input post is consists sequence
words {w;, wa,...,wy, ). The first step of feature engineer-
ing is {0 embed cach post into a lower-dimensional space
which would be represented as a sequence of word vectors
11,42y o G} Where g; € B9, The word vectors use pre-
trained GloVe cmbedding [8].

The post is then encoded uvsing Bi-directional Gated
Recurrent Unit (Bi-GRU) [9]. Input of this part is a sequence
of word vector {q1,42,....4,} and output is a sequence of
{p1, 12, o |} where p; € BT, A Bi-GRU reads the sequence
of word vectors q; from left to right in the forward stage to
create p!. The backward stage read p! from forward stage
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Fig. 3. Owerall model architecture of XMLC-PAD

in teverse order to create pb. The result from forward and
buckward states are concatenated to create the encoded hidden
state of a post p; = Lp{,pf] comsidering all its surrounding
words.

2) Cluster Sensitive Attention: Cluster Sensitive Altention
is a component in the network that can help focus on parts
of post for different users [3]. To achieve this, it needs an
attention mechanism that can give different weights to words
of the posis and generate an encoded text representation using
the weighted words, thus focusing on important parts. For cach
pi of each input i from Bi-GRU component, a weight a; for its
corresponding word sequence wy; is computed for gencrating
and attention vector a = {ay, ag, ..., iy} as:

o erple) -
g = —E;l=| cop(e;) ,where (5
e; = tanh{Wip; + b;) (6)

where W; is a weight matrix of 1 x g and b; is the bias
term. The text representation for a single attention layer (c;)
is then computed as:

cy = Z alp; (7
L]

The attention weights (al) should be dependent on different
users’ interests which can be sofily clustered in a finite number
of clusters and called it as “Cluster Sensitive Mechanism”,
From the text representation g, it can generate [ different
attention weight vectors a!, a2, ., af. Thereafier, by using the

different atlention weights on py, a cluster sensilive encoding
of the post text is O = |og, 2, .. 0]

C. Extreme Multi-Label Regression

For a post text, the | encoded texts are concatenated and
fed through a fully connected layer with [/ output neurons
(comesponding to each user). The fully conneet layer leams the
weights for its [ inputs (cormesponding to the different encoded
texts).

z = tanh{W.C -+ b) ()

where W oand b are weight and bias matrices respectively
and tanh is an element-wise non-linear activation function,
The output of this feed-forward Tayer z € BY js then passed
through output layer which having H label as output without
any activation function to make it as regression model. Our
maodel is trained using mean square error as the loss function,
The network is end-to-end trainable and is optimized with
Adam oplimizer.

IV. EXPERIMENT

A, Dataset

Stackoverflow: is a dataset which has been used in this pa-
per. It is a CQA website for programming related questions, It
has been dumped from kaggle. All questions are posted during
2008 to 2010. The dataset would be used by removing all the
code snippets (encapsulated within the tags {(code) {/code))
from the question texts as showing in “Threads™ column of
Table 1. The dataset has the whole average number of words
in thread of about 94, average number of users per thread of
6.9, and sparisity ratio of 99.99%,
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B, Evaluation

Before evaluation, the prediction from trained model need
to be transformed from predicted Hp,.q to label ¥ space
by applying decoder Vﬂ as mentioned in proposed method
section. The evaluation would be the comparison on Y and
Yored-

Yorea = Hyrea-Vily (9)

The label ¥ is huge and very high sparsity ratio (Fig.2).
Therefore, it is a reason for not using overall accuracy as
evaluation metric. It would be better to cvaluate the positive
instances Le. the users who actually participated in a thread.

There are 3 following metrics considered as the better
choices o evaluate the recommendation quality of the
competing methods,

« Mean Reciprocal Rank (M RR) @ indicates the position
of the first relevant user in the ranked list. This measures
the ability of a system in identifying an interested user at
the top of the ranking. Let i be the rank of the highest
ranking relevant user for a test thread ¢ M BH is just the
reciprocal rank, averaged over all threads in test set, n:

L

o Recall@M : considers how many top-M users actually
interacted with the thread (the higher is better). Recall
for the entire system is computed as the average recall
value for all threads in test data.

« MNormalized Discounted Cumulative Gain (NDCG@& M) :
is well suited for evaluation of recommendation system,
as it rewards relevant results ranked higher in the returned
list more heavily than those ranked lower. NDCG@ M for
a thread ¢ is computed as:

M
NDCG, = J,,; i)
where #; is a normalized constant so that a perfect
ordering would obtain NDCG of 1; each r(j) is an
integer relevance level (for used case, r{j) = 1 and
r(7) = 0 for relevant and irrelevant recommendations,
respectively) of result returned at the rank 7 € {1, ..., k}.
Then, for cach M value, NDCGy is averaged over all
{n) threads in the test set to get the overall NDCG@ M.

arlil _ 1

The evaluation at M = [5, 10,30, 50, 100] are used to de-
termine the quality of recommendation at different thresholds
of the ranked list,

The Yprea is a predicted interaction matrix of recommen-
dation system (Fig. 2). The evaluation methods would rank
columns of each row form cach clement value descending
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(the higher value is higher chance to recommend that user).
The evaluation values would use ranked column index in the
calculation as previously mentioned.

VY. RESULTS

The first 5,000 threads of data have been selected for
training (4,000) and testing (1,000), By applying XMLC-
PAO for reducing label ¥ dimension with ratio of [1.0, 0.8,
0.5] from original A -dimension (6,651 users), the results are
verified with 1,000 testing data and compared with original
madel (not applying XMLC-PAQ) [5]. All results are shown
in Table I As mentioned before, the accuracy is not used
in evaluating result in the expeniment. Predicting performance
is based on value of MRR, RECALL@ M, NDCG@ M and
training time. However, the training Gme and MRR for result
of XMLC-PAO ratio 0.5 and 0.8 are obviously not better than
ratio 1.0 and result without XMLC-PAO; the RECALL@ M
and NDCG@ M of M = [30, 50, 100] for XMLC-PAO ratio
0.8 are much better than the original result.

All evaluation values have been adjusted to 0% (min) and
100% (max) which means they are guite small. It is a nature
for this type of data due to the difficulty in processing.
In accordance to this, there are some noises which are not
removable. There are not so many users that are able (o answer
for any kind of questions. The higher RECALL@ A means
the more number of correct prediction results matching with
true recommendation. The higher NDCG@ M means the more
correct prediction in higher rank matching with true result.
The RECALL® M and NDCG@ M of M = |30, 50, 100] for
XMLC-PAO ratio (L8 gain performance of 32.8% - 48.1% and
15.1% - 16.8% respectively. According to NDCG scores of this
datasct, it can be concluded that XMLC-PAQO ratio 0.8 model
i% able to correctly identify who are the interested users and
places them near the top of the list, It is an efficient indicator
for demonstrating better result from this experiment.

By adjusting Adam learning rate for deep neural network
model of XMLC-PAO ratio 0.8 label (Table IV), all evaluation
values are varied with different leaming rates. The best result
is still a model trained by Adam leaming of (0.003. Almost all
RECALL®@ A and NDGC@ M are superior to others in all
Ways.

V1. CONCLUSIONS

Extreme multi-label (Y) of online Stackoverflow forums
dataset has been transformed to subset of hypercube of original
label (H) and used it for generating deep neural network.
The experimental results of using different XMLC-PAQ ratio
label are compared with model vsing full original label and
verified that the combination of Extreme multi-label and
Principal Label Space Transform is successful in reducing the
computational efTort and achieves better performance.,

The medel still can be tumned to give better prediction such
as adjusting Adam learning rate. There are many points inside
deep neural network architecture which can be changed and
might give better results.
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TABLE 11
CoMPARISON RESULTS OF TESTING DaTA (1,000 THREADS)

Activation function sigmaoid regression | regression | regression
Laoss fonclion binary crossentropy mse mse mse
XMLC-PAOQ Ratio XMILC 1.0 0.8 [X]
Adam Learing Rale o.ﬂﬁl B XE 0003 0.003
l_'n'ammg time T0:17-50 0 15:18 T0:17-38 :17:29
I MRR 00302 [ 00307 00782 |
RECALL®@ M
RECALL®S 1. 1006 0 0d 139 LIT8N0
i L6109 00704 1.4403 14308 |
RECALL@30 19900 21058 2.9463 20056
JATIH 34573 4.2110 2R578
RECALLG 1) 44190 51904 59378 4.8524
NDCGE M
NIDMOGEDS 1L.1502 [ ) 11274 11683
NDCGE 1 A5 [ E] 1.3416 1.0
W 30 1.5474 07337 LEOSD 14868
NDCG @S0 1.8527 1.1032 1325 17113
P T 21727 1.5379 L5371 21812
TABLE IV

CoMPARISON RESULTS OF TESTING DaTA (1,000 THREADS) WITH VARY ADAM LEARNING RATE IN COMPILING MODEL

Activation function regression | regression | regression | regression | regression | regression
mse

Lass funclion mse mse ms mse mse
XMLC-PAD Ratio [%3 [X3 [ 0.8 (X3
Adam Learing Rale [XITE] 0.006 0008 0.01 002
Training time 00:18:02 1747 | 01744 | 01738
MRE 1
RECALLGS 04167 10230 0E571 [WE(7] T.8663 09365
1] 7202 14403 T84T 15648 12813 [REE]
RECALLE30 00734 29463 15775 2502 T.6479 16362
TRORY 42110 21940 ENEIE] L] 24456
RECALL® 110 5.200H 5037 F00 T 45454 EXS T RDGD
NDCG@ A
NDCGES 04572 11274 1.0983 L2160 0.BE 0 [EYER]
10 0.5833 13316 11004 1.53300 1.0661 [T LTS
NDCG & M 0.GIR0 15050 12565 1.7478 12065 11587
G052 11325 14101 [EIED] 14932 14049
NDCG @ 100 1.6629 15371 17521 22448 18630 17273

This method can be applied to other kinds of data set such  [2] R. Schapire and Y. Singer, “Boostexter: a boosting-based system for lext
as product description, movie synopsis, or book content for mﬂ;mﬁm-“ Mach. Lfd“;' Wl 39, P;I:ﬁ-'ﬁ- Ifﬂ:';w .
= H " - . 3 R . arawongsakda and T.Theeramunkong, “Mulii-Label Classifica-
solving in cold start recommendation. tion Using Dependent and Independent Dual Space Reduetion,” The
Computer Journal, Vol, 56 No. 9, pp. 11131135, 2013
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label Classification” research which can make this experiment Classification for Social Media, pp. 1911-1918. 2018,
started casier. [6] F Tai and H. Lin, “Multi-lahe] Classificafion with Principal Label Space
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