Trifacta (@trifacta)
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How is your data structured?



How is your data structured?

|s all your data structured identically?



How is your data structured?
|s all your data structured identically?

How to map input structure(s) to desired output?



How is your data structured?



ABC IP

2,451 Cateqgories
668.667.44.3
13.386.648.380
06.670.03.40
18.656.618.46
14.688.663.667
13.07.338.684
14.688.663.667
688.615.03.332
688.615.03.332
688.615.03.332
13.07.338.684
58.3:688.53
58:3:688.53
14.323.74.653
14.323.74.653
14.323.74.653
14 323 74 653

® DATE

Oct 25-Nov 14
25/0ct /2011
25/0ct /2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct /2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct /2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct/2011
26/0ct /2011

107
17
213
217
221
221
221
221
T2
574
221
221
221
221
221
221
=21

:38
106
124

15

102
102
102
102
102
102
102
106
106
107
108
109
10

:30
100
100
:30
:30
:30
:30
:30
s 32
:34
e 7 4
:30

56

100
100
100
‘A3

TZ ~  ABC METHOD

~  ABC PATH

1 Category
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-0500
-9500

1 Category
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET
GET

Illlllll---- ------------
103 Categories

/download/downloz
/download/downloz
/product/demos/pr
/download/downloz
/news

/download

/news
/product/product1
/product/product1
/products/demos
/download

/buy

/buy

/demo

/demo

/demo

/demo



T columni ~

6 Keys |
{"IP":"668.667.44.3","DATE" :"25/0ct/2011:07:38:30","TZ":"-0500", "METHOD" : "GET", "PATH" : " /download/download3.zip", "S
{"IP":"13.386.648.380", "DATE" :"25/0ct/2611:17:06:00","TZ":"-0500", "METHOD" : "GET", "PATH" : " /download/download6.zip",
{"IP":"06.670.03.40", "DATE" :"26/0ct/2011:13:24:00","TZ" :"-0500", "METHOD" : "GET", "PATH" : " /product/demos/product2","S
{"IP":"18.656.618.46", "DATE":"26/0ct/2011:17:15:30","TZ":"-0560", "METHOD" : "GET", "PATH" : " /download/download4.zip", "«
{"IP":"14.688.663.667", "DATE" :"26/0ct/2611:21:02:30","TZ":"-0500", "METHOD" : "GET", "PATH" : " /news", "Status":"200"}

{"IP":"13.07.338.684","DATE" :"26/0ct/2011:21:02:30","TZ":"-0500", "METHOD" : "GET", "PATH" : " /download", "Status":"200"}

{"IP":"14.688.663.667", "DATE":"26/0ct/2011:21:02:30","TZ":"-05600", "METHOD" : "GET", "PATH" : " /news", "Status":"200"}

{

B 2 AV NN

UTPY: ¥688:615:03.332%,

"DATE": "26/0ct/2011:21:02:30",
"TZ": "-0500",

"METHOD": "GET",

“PATH": "/product/productl”,
"Status": "200"



ABE column1
-—

29,171 Categories

668.667.44.3 - - [25/0ct/2011:07:38:30--0500] -GET- /download/download3.zip-HTTP/1.1-200-0-8751003045 - "-" - "Mozil
13.386.648.380 -~ [25/0ct/20611:17:06:00--0500] -GET - /download/download6.zip-HTTP/1.1:200-0-8751000945-"-" - "Moz
06.670.03.40 - - [26/0ct/2011:13:24:00--0500] -GET- /product/demos/product2-HTTP/1.1-200-0-8751000710 - "-"-"Mozil
18.656.618.46 -~ [26/0ct/2011:17:15:30--0500] -GET- /download/download4.zip-HTTP/1.1:200-0 8751007754 - "-" - "Mozi
14.688.663.667 - -- [26/0ct/2011:21:02:30--0500] -GET- /news-HTTP/1.1-200-0-8751001909-"-"-"Mozilla/5.0  (compatib
13.07.338.684 -+~ [26/0ct/2011:21:02:30--08500] -GET - /download-HTTP/1.1-200-0-8751005416-"-"-"Mozilla/4.0- (compa
14.688.663.667 - -- [26/0ct/20611:21:02:30--0500] -GET- /news -HTTP/1.1-200-0 8751002457 - " /news" - "Mozilla/5.0 - (comp
688.615.03.332 -~ [26/0ct/2011:21:02:30--0500] -GET- /product/product1-HTTP/1.1-200-0-8751009644-"-"-"Mozilla/5
688.615.03.332---- [26/0ct/2011:21:02:32--8500] -GET - /product/product1-HTTP/1.1-200-0 8751004802 " /product/prod
688.615.03.332 -~ [26/0ct/2011:21:02:34--0500] -GET: /products/demos-HTTP/1.1:200-0-8751007570 " /product/produc
13.07.338.684--:-- [26/0ct/2011:21:02:37--0500] -GET - /download -HTTP/1.1:307-0-8751009145- " /download" - "Mozilla/4.
55.3.658.53:=-~" [26/0ct/20611:21:06:30--08500] -GET - /buy -HTTP/1.1-200-0-8751006005- "-"-"Mozilla/5.0- (Windows; -U; -
55.3.658,.53 === [26/0ct/2011:21:06:56--08500] -GET - /buy -HTTP/1.1-200-0-8751000279 " /buy" - "Mozilla/5.0- (Windows; -
14.323.74.653 -+~ [26/0ct/2011:21:07:00--0500] -GET - /demo-HTTP/1.1:200-0-8751007058-"-" - "Jakarta-Commons-HttpCl
14.323.74.653--+-- [26/0ct/2011:21:08:00--0500] -GET - /demo-HTTP/1.1:-200-0-8751008681-"/demo" - "Jakarta-Commons-Ht
14.323.74.653 -~ [26/0ct/2011:21:09:00--0500] -GET - /demo-HTTP/1.1:200-0-8751005626-"/demo" - "Jakarta-Commons-Ht
14.323.74.653 -+~ [26/0ct/2011:21:10:03--0500] -GET: /demo-HTTP/1.1:-200-0-8751008648- " /demo" - "Jakarta-Commons-Ht

B Rl Mt i mr= ® 92 /0~+ /9011 91 1020 . _0E0Q]1 .CET. /AamAa . HTTD /1 1.92900.0.97E10012EQ."_" . " Jabar+a . rammane _H+y+nr1 4



|s all your data structured identically?



Relational data often has multi-structured columns

ABC name ~  ABC address ~  ABC phone v
2 Categories 2 Categories 2 Categories
Jane-Doe 1601-W. -Broadway, -Anaheim, -CA, -92108 123-456-7890

Doe, -John 132-Sansom-Street, -Philadelphia, -PA 1-(123) -456-7890



Log data contains many types of events

ABC
e

37,523 Categories

2017-02-01T01:40:24.2227---error:-[UL]----- at-window.onerror - (webpack:///./js
debug: -Namenode ‘- request : -hostname=hadoop, -port=50070, - path=/webhdfs/v1/path/t



How to map input structure(s) to desired output?



Analysis and visualization
tools generally require
tabular and homogenous data



Data is increasingly
non-tabular or heterogeneous



The challenge

To drive more
How do we make this more efficient? value herel

Ppmppym)

© [ Ey
[T & M




Conventional approaches inhibit self-service

.

inport pandas as pd
import matplotlib.pyplot as plt
dimport numpy as np

2
Z DUMMY_AUDIT SQ_DUMMY_A AUDIT_TABLE (
5 requests = pd.read_csv(" ./m-/sn»servm—mqums.csv ) _SOURCE {Orac UDIT_SOURCE Oracle)
& requests( hcident 2ip" i) PRE

7 na_values = ['NO CLUE', Il/A', ‘'] e -

B requests = pd. l"ﬁ C!V( ./data/311-service-requests.csv',

: “na_values=na_values, dtype={'Incident Zip': str})

1

1L requests!'Incident 21p°).uniquel)

1 A

13 i . _LKP_CUSTOME

14 romuith dashes = rewestslIncideat ZUp').str.conteina(='). illna(Felse) RS

15 enlrequestslrovs_vith.dashes]

1

17

18  requests[rows_with_dashes)

19

20

21 long_zip_codes = requests['Incident Zip'].str.len() > 5

2 requestsT” Tncident 2ip'] [long_ip_codes) -uniqield

24

2 requests['Incident 24p'] = requests(Incldent 21p').str.slice(s, ) ~\ -

27 2 c ') L ’

28 requests[requests('Incident Zip'] == '00860']
2

RTR_Decide_U UPD_lnset CU

31 zero_zips = requests('Incident Zip'] == '00000" pdate_lnsea | STOMERS
32 requests.loc(zero_zips, 'Incident Zip'] = np.nan

3
35 unique_zips = muenxl':nzment 2ip'].unique()
36 unlnlle._liu rt()
37 unique_zips

SEQ_CUSTOM
= requests('Incident Zip'] ER
ls close = 2ips.str.startswith('0') | 2ips.str.startswith('1')
is_far = ~(is_close) & zips.notnull()

zipslis_far]
requests[is_far] [[*Incident Zip', 'Descriptor’, 'City'l).sort('Incident Zip') 1 CUSTOMERS] (
Oracle)

49 requests['City'].str.upper().value_counts()
0

52 navalues = ['N0 CLUE', 'N/A',
53 requests = pd.ruﬂ_:sv( ./ﬂlti/3l‘l—$!ﬂll€&—nqll!tl!.CSV' ¥ = o~
54 na_values=na_va £ . a z v _,qq

lues,
55 dtype={'Incident Zip': str}) .
58 def fix_zip_codes(zips) DUMMY_AURIT 5Q_DUMMY_A UPD_AUDIT AUDIT_TABLET

59 # Truncate everything to length 5 _SOURCE! (Ora  UDIT_SOUACE {Oracke)
@ 2ips = zips.str.slice(8, 5) de} _POST

rrT———— el

Hand-Coding Search / ETL




Conventional approaches inhibit self-service

Users must understand complex regular expressions.

MOC|SFR/621630263 | /
MTC|ORG1/638590539| /

SMS-MT | SMSC/600000000 |BOY /658510643
SMS-MO | SMSC/600000000 | SFR/634989093
SMS-MO | SMSC/600000000 | ORG1/608564604

[A-Z1+(\-[A-Z]1+)?\ | [A-Z0-9]1+/[0-9]{9}/([A-Z]+/[0-9]1+)?



Pattern profiling combines
automatic pattern discovery
with interactive visualizations



Understanding data through profiling

SUBSCRIBER_AGE e
_

0-15

)

3
Ten

14
14

For ordinal data (numbers,
datetimes, ...), profiles can
compactly and efficiently
convey data distribution.



Understanding data through profiling

SUBSCRIBER_AGE

0-15
0

3
Ten

14
14

Wf:

For well typed data, profiles
can indicate the prevalence
of valid, invalid, and null
values.



Understanding data through profiling

ABC STATUS v
For categorical data with a
limited number of categories, I
profiles provide information =1
on the prevalence of each 2 Categories
category. INACTIVE
ACTIVE
ACTIVE
INACTIVE
ACTIVE
ACTIVE
ACTIVE

ACTIVE



The nasty case of text

ABC IMSI_MSIDN_IMEI v
I Cetecorcet sofies i back f top
2,548 Categories values.
<310170097665881/13011336554/011808065351311>

<310170097665881/13011330554/011808005351311> Data quality can only differentiate

<310-170-097665881/13011330554/0118068005351311>
<310-170-097665881/13011330554/011868005351311>
<310-170-097665881/13011330554/011868005351311>
<310-170-097665881/13011330554/011868005351311>
<310170097665881/13011330554/011808005351311>

<310170097665881/13011330554/011808005351311>

<310-170-097665881/13011330554/011868005351311>
<310-170-097665881/13011330554/011868005351311>

between null and non-null values.



Understanding data through patterns

(852)519-0903

Through pattern based
representations of text, we can
see common and anomalous
patterns and drill down to
specific records more easily.

(717)4412597

582616-6989

s

8629016974

.he r patterns



Pattern profiling

What?
Q@ @ side_reportesv > [ sfde_report Wrar [mma\ Qo
= |8 « Automatically detects and
. — displays formatting
- — | = patterns within a column
eeeeeeeee — 468491716 | * Visually summarizes
o 12192085679 .
— 60507361 content of a column into
‘‘‘‘‘ S common and anomalous
............... — digit 3| - fdigi€ 3] - digit 4 patterns

817-740-9000
- " 949-727-6421
) 617-329-1060
425-643-4408
703-133-1234

Q

digit 1| . |digit 5| upper | + |digit 2

4.42089E+11
3.53876E+11



Pattern profiling

Why?
@ @ sfdc_reportesy > [ sfdc_report Wrar [Rumh\ 2
B + Users can quickly
. — understand and correct
S : discrepancies within each
SSSSSSSSSSS S column
LLLLLLLLL = 468491716
o 12192085679 . . .
60507361 * Provides startlng pOlnt for

users to identify and
select subsets of records
817-740-9000
R 7 949-727-6421 to transform

617-329-1060
425-643-4408
703—1;?—1234

Q

digit 3| - digit3 - digit4

digit 1| . |digit 5| upper | + |digit 2

4.42089E+11
3.53876E+11



Pattern profiling

How?

Q@ @ side_reportesv > [ sfde_report Wrar [mma\ Qo
= * Cluster records into
. — meaningful sub-groups
— + Users interact with
LLLLLLLLL — Hlule sub-groups and example

o 12192085679

60507361 records

""""""""""""" — dlolt 3]~ EENENE - [digit * Predict transformations
~~~~~~~~~~~~~~ — 817-740-9000

YR g49-ma7-6a21 to apply across the data

617-329-1060
425-643-4408
703—1;?—1234

Q

digit 1| . |digit 5| upper | + |digit 2

4.42089E+11
3.53876E+11



e DD T T ——

(617)| 253-6437
A1(617)| 253-1778
(617)| 253-6016
(617)|253-1448
(617)| 253-8828
(617)| 253-5876

\ | |(617)] 253-5879
{_|(617)] 253-8713
4§17)| 253-8005

in the same column.

Simultaneous Editing

Values are grouped into columns by similarity. When you edi one value, the changes you make are applied to the other values

212 854-1814

[ ‘(617)1’253&5902,_,, 7
| [(617) 2536437 212 854-1852
N/ |(617)] 253-1778 N 212 854-1865
N\ ‘(617)3 253-6016 212 854-7783
\\(617) 253-1448 212 854-1869
1617)] 253-8828 212 854-0210
517)| 253-5876 212 854-0206
117)] 253-5879 212 854-1462
17)| 253-8713 212 854-7076
17)| 2538005 A 212 854-1867
17)253-26887 212 854-2390
517)] 253-2517 212 854-9105

Jram

452-2010
258-9695
258-6167
258-7885
324-6027
258-7567
452-3402
452-3471
258-6922
258-6643
258-8471
258-9501

646 772-6] |
646772 | |
646 678-C—
646 772-€

/ "
1 Edit this value separately from the others
/| | _ToUppercase || ToLowercase |

Tlagy gees

References:

[ Cancel ][ Save & Close ]

Hyunh, Miller, and Karger, ISWC 2007.
Potluck: Data Mash-Up Tool for Casual Users.



Demo



What is in a pattern?

Length 3/5/32
1 1 1 |
4 chars long
Token 3/ 5/3/ 2 A AA A A AAA AlA 3 2 6 4/ 3 2
[ [ ] [ ] [ 1 C ]
num alpha alphanum alphanum alphanum
Position | 4/S|A| |4/ s/ Al* X|T|4 % s|Al* Al*|AalA| |s|x]|*]1 s|x|*]|1
A A A A A A
starts with ends with ends with contains contains contains
ll*" ll*” "*" "*M u*n M*"

Semantic  [;Tr[yle
meaning

semantic
element



What is in a pattern?

116(0]1

House
number

set of rules

W

B(r|loja|d|w|a|y]|,

Street name

set of rules

An a hle

City

set of rules

American Address

.

m

C A 9|12(8|0)|2

State House
number

|

setof rules setof rules



Capturing semi-structure with patterns

— +—®
L _1

MOC | SFR/621630263 | /
MTC|ORG1/638590539 |/

SMS- MT[SMSC/seeaeeeeepBov/658519643
SMS- M0|SMSC/60000099@HSFR/634989093
SMS- M0[SMSC/6eeaaeeeey0RG1/608564694

[A-Z]+(\-[A-Z]+)?\|[A-Z20-9]+/[06-9]{9}/([A-Z]+/[0-9]+)? (all five rows)
[A-Z]+|[A-Z0-9]+/[6-9]{9}/ (firsttwo rows)

[A-Z]+\-[A-Z]+|[A-Z06-9]1+/[0-9]{9}/[A-Z]+/[06-9]+ (last three rows)



Capturing semi-structure with patterns

MOC |SFR/621630263 | /

MTC | ORG1/6385960539 | /

SMS-MT | SMSC/ 600000000 | BOY /658510643
SMS-MO | SMSC/ 600000000 | SFR/634989093
SMS-MO | SMSC/60000000@J ORG1/608564604

. .<Product Code>...
[A-Z]+|<Product Code>/

[A-Z]+\-[A-Z]+|<Product Code>/[A-Z]+/[0-9]+



Making sense of hierarchical pattern structures

MOC |SFR/621630263 | /

MTC | ORG1/6385960539 | /

SMS-MT | SMSC/ 600000000 | BOY /658510643
SMS-MO | SMSC/ 600000000 | SFR/634989093
SMS-MO | SMSC/60000009@J ORG1/608564604

..<Product Code>... (union of two structures)
[A-Z]+|<Product Code>/

[A-Z]+\-[A-Z]+|<Product Code>/[A-Z]+/[0-9]+



Making sense of hierarchical pattern structures

1
<6@4711647/

<684523376/
<680225657/
<600262490/
<603028486/
<604508753/
1
1

| = — — — {600}{num}(6)||{603}{num}(6)||{664}{num}(6)

| R —

b

To analyze To analyze
[ A— | —
[E— [I—]

| E—] —1
] =

] m

or

{60} {num}(7)

Abstract

II ey
S
o -
8,
<
N
(0]

!

To analyze

Cluster more concrete, lower-level patterns
into more abstract, higher-level
representations to give overviews of data.

Help the user transition from the higher-level
token and wild-card representations to the
literal data they encounter.

{60} ..

» Concrete




Examples as links between abstract and concrete

digit 4| /|| digit 2|//| digit 2| -

digit 4||/|/digit 2||/|/digit 2| -

2011/63/15-04:25:26
2011/08/15-09:36:42
2014/11/65-20:17:30
2010/11/10-13:34:11
2013/04/30-18:50:20

time

digit 2

1||digit 2

:|[digit 2

Abstract

Concrete

can help
users traverse the
hierarchy of patterns and
understand their context.



Examples as links between abstract and concrete

Abstract pattern example data

Concrete Time



¢ = a|i]|s (constants)

T (variables)
. . p u= cl=z (parameters)

Inspiration from PADS
Pint (generic, unrefined integer)
PintRanged (integer with min/max values)
Pint32 (32-bit integer)
Pint64 (64-bit integer)

H H PintConst (constant integer)

PADS (pfOCGSSlng arbltrary data Pfloat (floating point number)

Palpha (alpha-numeric string)

Pstring (string; terminating character)

streams) is a data description language. PatringtW  (siring iued width

PstringConst (constant string)

Pother (punctuation character)
ComplexB (complex base type defined by regexp;
1 H H 1 e.g. date, time, etc.)
Format descriptions written in PADS are I e e Bl el
| Pempty (parses no characters; succeeds immediately)
then used to process and structure data. —_—
b(p1,...,.pk) (parameterized base type)
| z:b(p1,--sPK) (parameterized base type;
underlying value named x)
| struct {T1; ... Tk;} (fixed sequence of items)
| array {T;} (array with unbounded repetitions)
| arrayFw {T;}[p] (array; fixed length)
| arrayST {T’;}[sep,term] (array; separator and terminator)
| union {Th; ... Tk} (alternatives)
| enum{ci; ... cxs} (enumeration of constants)
| z:enum {c1; ... cks} (enumeration of constants;
underlying value named x)
| option {T;} (type T or nothing)
| switchzof
For more see: {c1=>T1;...cp =>Ty;}  (dependent choice)
* Fisher and Gruber 2003, PADS: Processing Arbitrary Data Streams. Reptescniutions obpaned ditadio=
* Fisher et al. 2008, From Dirt to Shovels: Fully Automatic Tool fosie Ef;’;sct;;?m BT
Generation from Ad Hoc Data. | @1, .dk)  (sequence of data items)

* Xi et al. 2009, Ad Hoc Data and the Token Ambiguity Problem. Figure 1. Components of the IR (Fisher et al. 2008).



From dirt to shovels

Aims to fully automate PADS format
generation from input data.

Does so by tokenizing the input data,
discovering structure across tokenized
records, and refining until minimal spec
reached.

Chunked
Data

:

Tokenization

PADS
Description

|

Structure
Discovery

T

|

IR to PADS
Printer

Scoring
Function

1

Format
Refinement

Figure 4. Architecture of the automatic

tool-generation engine (Fisher et al. 2008).



Tokenization and lexing

Literal Tokens

{A-Za-z}
Character Tokens {6-9}
Semantic Tokens {alpha-numeric} {1/}
Wildcard {ip-address} {alpha} E_i
{any) {time} {upper} -
any {hashtag} {lower} {1}
{email} {digit} {,}
{delim} { }
{<}
{>}

Specify a token tree going from most general (wildcard) to most specific
(literal). Where possible, include parent child relationships.



Tokenization and lexing

192.168.2.255:GET
193.168.3.344:PUT
193.145.13.45:POST

{digit}{3}{delim}{digit}{3}{delim}{digit}{delim}{digit}{3}
{:}{upper}{3}
{digit}{3}{delim}{digit}{3}{delim}{digit}{2}{delim}{digit}{2}
{:}{upper}{4}



Pattern aggregation

Given a pair of patterns describing the data, determine how to combine and
generalize.



Pattern aggregation

Use structure discovery to suggest possible struct and union tokens.



Structure discovery informs aggregation

Determine for a set of tokens S and data D which tokens are union tokens and
which tokens are struct tokens.



Structure discovery informs aggregation

Given tokens {{a}, {b}}, a union relationship implies {a}| {b} and a struct
relationship implies ({a}{b}).



Structure discovery informs aggregation

for each token T in S:
define histogram H[T] = distribution of number of matches of T over D

for each histogram H1 in H:
for each histogram H2 in H:
define E[H1][H2] = symmetric_relative_entropy(H1, H2)

define clusters C = agglomerative clustering with distance metric E

For more on structure discovery see:
Fisher et al. 2008, From Dirt to Shovels: Fully Automatic Tool Generation from Ad Hoc Data.



Structure discovery informs aggregation

for each cluster C1 in C:
if histograms [...C1] have high coverage and narrow distribution:
C1 is struct

if histograms [...C1] have lower coverage and wider distribution:
C1 is union

100
80 |
60
40
20

e e e = H -
(a) (b) (c) (d) (e) ®)
Figure 6. (a)-(e) are struct tokens, (f)-(g) are union tokens (Fisher et al. 2008).




Pattern aggregation

Align tokens (longest common subsequence) taking into account union and struct
tokens.



Pattern aggregation

Use token hierarchy to combine non-aligned tokens.



-

Token hierarchy informs aggregatlon

{upper} {lower}, {alpha}, {foo}, {bar}, {foobar}
{upper}|{lower} = {alpha}
{foo}|{bar} = {foobar}

With {upper}{lower}, {foo}{bar} as union clusters

Align {upper}{foo}
{lower }{bar}

Use semantic token hierarchy from IR {upper} | {lower} =

{upper}{foo}
+ {lower}{bar}
= {alpha}{foobar}

> IR

{alpha},

{foo}|{bar} =

{foobar}



Pattern aggregation

Score candidate aggregations.



Scoring candidate aggregations

define score(pattern):

N 1geargs = count([{t} is {any} for {t} in pattern])

N1eene = count([{t} has {*} for {t} in pattern])

N ..... = length(intersection(semantic_tokens, pattern))
N ocic = length(intersection(basic_tokens, pattern))
Nt = length(intersection(struct_tokens, pattern))
score = _(W1)(nwildcards) - (WZ)(nkleene) - (WB)nsemantics +

(W4) (nbasic) + (WS) (nstruct)

return score / length(pattern)



Pattern aggregation continued...

for each pattern {a} in patterns:
for each pattern {b} in patterns:
{parent}, score = combine_patterns({a}, {b})
scores[{a}][{b}] = {{parent}, score}

sort scores desc

for each {a}, {b}, {parent}, score in scores:
# if disjoint (neither child has found a better parent)
if {a}, {b} in patterns:
remove {a}, {b} from patterns
add {parent} to patterns

# stop at the {root} pattern
repeat until only one pattern present



Generating interactive examples

digit 4||/| digit 2||/|/digit 2| - ||digit 2| :||digit 2| :| digit 2
2011/03/15-04:25:26
2011/08/1509:36:42
2014/11/85-20:17:30
2010/11/10-13:34:11
2013/04/3018:50:20

digit 2||-|(digit 2(|-|(digit 4||upper|/digit 2||:||digit 2||:[/digit 2

9-10-2013T723:55:05
05-16-2012T19:06:55
10-17-2014T17:12:40
04-26-2011T13:47:40
04-30-2014T23:51:21

digit 2-digit2 — ([0-9]1{2})(-)([0-9]{2})
Sn captures the nth token group

For each set of candidate patterns, run
conditional aggregate queries to
accumulate example records.

Interact within a pattern by using
capturing groups and matching across
example records.



Extensions

Injecting supervision



Injecting Supervision

Tuning aggregation scoring through human-in-the-loop feedback

bi Predidion Visualization disambiguation
Datavis %Response of probable —> Visual Results
/1 Next Steps
/
visualization compilation
v
Data DSL > Results

Figure 6. Predictive Interaction: The Guide / Decide Loop (Heer, Hellerstein, Kandel 2015).




Injecting Supervision

The token ambiguity problem

192.168.2.255

Option 1: int '. " int .
Option 2: float ‘.’ float
Option 3: ip-address

] ) ] )

int

Figure 2. SeqSet from parsing “2.2-13.4” (Xi et al. 2009).

Xi et al. train HMMs and
Hierarchical SVMs to traverse the
tokenization paths, assign
probabilities, pick best
tokenization (2009).



Extensions

Improving performance



Thanks!

Michael Minar,
Athena Jiang,
Anish Doshi,
Lionel Michel,
and others @trifacta
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