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Background |: Print Logs

Scenario 2: Printing Tools
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Background |: Print Logs

Print Logs: logs collected from the printer

User |Printed URLs
http://maps.google.com/maps?saddr=27400+0ld+Trilby+Roa

user; | http://www.groupon.com/deals?city=houston

http://www.booking.com/hotel/us/the-huston.en.html

http://maps.google.com/maps?saddr=2800+League+City+Parkwa

Goal: capture users’ intention
Applications: printing recommendation

behavior targeting




Background 2: Pattern Mining

Scenario: shopping cart
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Background 2: Pattern Mining

I =Aa,b,c,d} T = (tid,X),X C1

tlld Iti;:iet frequency(X): number of transactions
2 | abd that contain X

3 b,c frequency(a) = 3

4| ac support(X): frequency(X)/total

> | b.cd number of transaction

database support(a) = 3/5 = 0.6

frequent pattern X: support(X)>=threshold
Set threshold =0.6  {a},{b},{c},{b,c}




Background 2: Pattern Mining

tid | ltemset

I b,

2 aba | e (0

3 b,C -l-" "o
4 :

5 b?cc,:d @

database @

support: anti-monotonicity

property with anti-monotonicity can be used for
pruning

Algorithms: Apriori, Eclat, FP-growth, ...
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Problem Statement

tid | ltemset
I a,b,c
2| ab,d
3 b,cC
4 a,C
5| b,cd
database

I

i

uid URLset

ul,u2,u3

ul,u2,u4

u2,u3

ul,u3

ol |h (W (N |—

u2,u3,u4

database
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User |Printed URLs

http://maps.google.com/maps?saddr=27400+0l1d+Trilby+Roa

usery |http://www.groupon.com/deals?city=houston

http://www.booking.com/hotel/us/the-huston.en.html




Problem Statement

«»mlnlng frequent patterns in prmt Iogs 1‘

tid | ltemset uid URLset
I a,b,C I ul,u2,u3
2 | ab,d 2 ul,u?2,u4
3 b,C 3 u2,u3
4 a,C 4 ul,u3
5| b,c,d 5 u2,u3,u4
database database
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User |Printed URLs

http://maps.google.com/maps?saddr=27400+01d+Trilby+Roa
user; |http://www.groupon.com/deals?city=houston
http://www.booking.com/hotel/us/the-huston.en.html




Problem Statement

User M

[

use'rl hﬁ’fp' WWW. ST

http [Iwww. bookmg com/hotel/us/the-huston en.html go O gl ecm aP

data sparsity & pattern interpretability

hitp : / /maps.google.com /maps?saddr = 27400 + Old + Trilby + Roa
hitp : //maps.google.com/maps
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Problem Statement

Assumption: Printing URLs with the same domain
have the same intention

URL J * idellaousc

Domain

Tag Representations

maps.google.com

maps, googléf travej}lap, referencé, searﬁsdlrectmns tools, clear-
lake, brian

WWW.groupon.com

shopping, coupons, deals ,sc1a1 discount, coupon, business, crowd-
sourcing, marketing, travel )

www.booking.com

/

_ | travel, ﬁotel hotels, bookmg, accommodation, search §1ajes, online,

hoteles, turismo

'
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Problem Statement

uid URLset uid Tagset
I ul,u2,u3 I tl,t2,...,tN
2 ul,u2,u4 2 t2,t3,...,tK
3 u2,u3 3 t2,t4, ..., tM
4 ul,u3 4
5 u2,u3,u4 5
database database

Annoy: generating large numbers of patterns




Problem Statement

Annoy: generating large numbers of patterns

Domain Tag Representations
maps, google, travel, map, reference, search, directions, tools, clear-

maps.google.com lake, brian

{maps, google} {maps,travel} {maps,travel, search}

cross-domain pattern: none of the tags in the
patterns come from the same domain

mRestrict Co

.‘

|

|
|

‘I

tion

PaSAL: frequent Patterns with Semantically
Alternative Labels

|

|

ﬂCoanict Matrix
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Problem Statement

dRestrict Condition

|

)

|l

Domain

Tag Representations

maps.google.com

lake, brian

maps, google, travel, map, reference, search, directions, tools, clear-

WWW.Zroupon.com

sourcing, marketing, travel

shopping, coupons, deals, social, discount, coupon, business, crowd-

www.booking.com

hoteles, turismo

travel, hotel, hotels, booking, accommodation, search, viajes, online,

'Conflict Matrix

Domain Tag Representations
google map, travel, search
groupon coupon,travel
booking travel, search, hotel

google groupon booking

maps / 1 0 0
travel 1 1 1
search 1 0 1

hotel 0 0 1
coupon \ 0 1 0

stored in bitmap

h
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Problem Statement

(a) Sampled Database 7:"*"* (b) Frequent Patterns
Transaction Id | Tags Pattern Support
100 maps, hotel, search v maps, hotel 2
200 maps, hotel, coupon v’ coupon, search 2
300 travel, search, hotel, maps maps, search 2
400 coupon, search travel, search 3
500 search, travel, coupon hotel, search 2
600 travel, search
maps = {1,0,0}
google groupon booking search = 11.0.1
maps ( 1 0 0 \ { T } AND
travel 1 1 1
search 1 0 1 {ma’p87 SQCLTCh} {17 O? O}
hotel 0 0 1
coupon \ 0 1 0 / maps — {17 07 O}

hotel = {0,0,1} anD

{maps, search} {0,0,0}
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Problem Statement

Transaction Id| Tags ,
100 maps, hotel, search g oolg le g rc(;)'u,p e bo%kzng
200 maps, hotel, coupon tT’:f :l / 1 1 1 \
300 travel, search, hotel, maps SEavan 1 0 1
400 coupon, search hotel 0 0 1
500 search, travel, coupon coupon \ 0 1 0 /
600 travel, search
. And CM(Conflict Matrix)/
Given Database . .
RC(Restrict Condition)

v’ maps, hotel
- |v'coupon, search
| maps, search
travel, search
hotel, search

Mining frequent patterns that tags in RC do not co-occur

in result patterns
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Algorithm Basic

Pattern Support| pOSt-process:
v maps, hotel 2
v coupon, search step |: do a normal frequent pattern

2
maps, search g mining algorithm
2

travel, search
hotel, search

step 2: remove unqualified patterns

Algorithm 1: BASIC

input : the tag transaction data 7 *"%™# lexicographic ordering 7", the conflict matrix C M
output: restrict condition constrained patterns P

Root.head <+ empty;
Root.tail + T:
DFS(Root);
DF S(N ode) begin

for tag € Node.tail do

Pimp — Node.head U tag; |

if Dimp.frequency > min_sup X |T7%™*| then

&)Odet mop head Ptmps | I | Ste P I
remove tag fromNode,,,, ,.tail <+ Node.tail,

Children < Nodeimp;

Pca.'udidu,tc = NOdet'm.p'head;

L =R~ - - LY S I

[
(=]

[
-

12| for node € Children do
13! |  DFS(node);,

R S

14 (Tor pattern € P.,, diate d0
if pattern violate C M then
|_ remove pattern fromP,., ,didate:

_—

17 P « Pcundida,tc:;




Algorithm PaSAL

property with anti-monotonicity can be used for
pruning

CM meets the requirement
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Algorithm PaSAL

property with anti-monotonicity can be used for
pruning
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Algorithm PaSAL

property with anti-monotonicity can be used for
pruning

CM meets the requirement

in-process:
introduce CM to
;\t> d h h
;(:e)as:et e searc
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Algorithm PaSAL

a={1,1,0}
b=1{0,1,0}
c=41,0,0}
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Algorithm PaSAL

a={1,1,0}
b=1{0,1,0}
c=41,0,0}

B

{1,1,0}
{0,1,0}




Algorithm PaSAL

a=4{1,1,0} {1,1,0}
b = {07170} AND {07170}
c=1{1,0,0} {0,1,0}

cafrd{OlO} =1#0

o\o




Algorithm PaSAL

a = {1,1,0} {1,1,0}
b = {07170} AND {07170}
C = {17070} {07170}

cafrd{()l()} =1#0

o\o




Algorithm PaSAL

a=4{1,1,0} {1,1,0}
b=10,1,0} AND 10,1,0}
C = {17070} {0,1,0}

card({0,1,0}) =1 # 0
RO @
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Algorithm PaSAL

a={1,1,0} {0,1,0)
b={0,1,0}
c=41,0,0}




Algorithm PaSAL

a={1,1,0}
b=1{0,1,0}
c=41,0,0}




Algorithm PaSAL

a=4{1,1,0} {0,1,0}
b=10,1,0} AND 11,0,0}
C = {1,0,0} {07070}

card({0,0,0}) =0




Algorithm PaSAL

a=1{1,1,0}
b=1{0,1,0}
c=1{1,0,0}

.‘\.

¢

{0,1,0}
AND 11,0,0}

{0,0,0}

card ({0,0,0}) =0

{0,1,0}
OR {1,0,0}

1,1,0}




Algorithm PaSAL

a=4{1,1,0} {0,1,0}
b=10,1,0} AND 11,0,0}
C = {]_,0,0} {07070}

/®\ card({0,0,0}) =0
é {0,1,0}
. o
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Algorithm PaSAL

Algorithm 2: PaSAL

input : the tag transaction data 7°"®™*, lexicographic ordering 7", the conflict matrix C M
output: restrict condition constrained patterns P

Root.head + empty;

Root.tail «+ T;

Root. flag + (0)2;

DFS(Root);

DFS(Node) begin

for tag “ Node tail do

LT - IS B - N R L

» == 0 then

-
L

—
[ %]

| Node,gm]D flag ‘o (Node flag | C'Mtag)g,
- Chitdren—+=Nodermpr—— —
Pcandzdate = NOdetmp head;

- -
& W

for node € Children do
DF S(node);

-
S W

P « P.gndidates

—
~J
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Experiment: effectiveness

Database Name |Number of Records| Number of Transactions
URLs 107031 93212
Domains 59416 23211
Tags 328752 16041
logarithm =, °l “URLs
, —&— Domains
& o'l .. +—Tags ||
By using tags, g T
y g g % 10°} = :
we enrich the 2 o
patterns Bl T~ @
E e - I
10 | 3
1OO‘I 2 3 4 5 6
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Experiment: efficiency

No.| Items

t1 bc C{a \4‘

to| ab P i

ts | abc Coa® fad?

ts | abd “wi*

t5 ab C d Qabc@ {abdf®
Q}) e

A
Ciar Y (\_{b}) & {c}@ ¢ {d}@
- e

(abJ <{ac ({ d}@ ({bc}j <{bd ‘!’4 \ /{cd}2<

/ -~ ~— / o 1
¢ e g / -
o

temorder-a<b<c<d

<i>>

159 (h)<3d9

{—acd-ﬁ) chd \]D

Restrict condition:{a,c} {a,d}
temorder:a<b<c<d

- '_,,——-—\

? d gbd@ @@
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Experiment: efficiency

;

+ PaSAL

—0— BASIC
5000F d
& 4000
3
c
o 3000
=
2 2000}
P e 4
1000 e
~N— B
e ——— — — —
02 2.5 3 3.5 4 4.5 5 6
support %10~
Fig. 4. Visiting Nodes

25X 10 _
+ PaSAL
—&— BASIC
)
% .
£
2
—— —$
5 6
support x10°
Fig. 5. Running Time

PaSAL outperforms the Basic algorithm
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Conclusion

define a novel frequent pattern mining problem by
exploring print logs

expand semantics of each url with external thesaurus
by leveraging delicious.com api

design an efficient algorithm PaSAL to mine frequent
patterns with semantically alternative labels
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