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Time Is Pervasive!

o
® Stock market trades |
® Web log URLs S e
* Medical histories — “
®* Crimelterror activities e

® Maintenance records — EsSETTEEEETT o —
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Temporal Data: TimeSearcher 1.3

® Time series
* Stocks
* Weather
* Genes
® User-specified
patterns
® Rapid search

TimeSearcher...SZ weeks of closing prices
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Temporal Data: TimeSearcher 2.0

® Long Time series (>10,000 time points)
® Multiple variables

® Controlled precision in match
(Linear, offset, noise, amplitude)
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KNAVE: Clinical Patient Data

Distributed Knowledge-Based Abstraction, Visualization,
and Exploration of Time-Oriented Clinical Data

T
[Flom

= | et weomanon =
s L e T e
wd Ptarin’ v dil
b Labevmony e dan
) Mo wisaram das
) Pty aleh et Sata
) Uity sbre o o i
=2 Dirw_Maver_Slabei
& BANDS FTATE_B

o

= Bashs SEATE @ | 4

L] t-:l-,_',?a!L_!u'l

& HET_STAFL et

» G, 1 TE il
L Hs 5 !

H-lrﬂ.ﬂ'_ﬂm
» RETCS STATE§
o WBL STATE B
L] “I‘ﬂ.ﬁ'mrf.
 POLYS_SPEOLUT
» POV _apoLuT
- _-.| Cragpiame T immy
® o) Do Shsbes
¥ = Dlechobbes Slges

1 Inwcmin S
S JTE T
] Shenptic_5 i

. !
=21 P !
£ ] Pama_ Thatea
# ] Faspmmey Site
I T Mgk ik R
i L) Changes npslerd dats. g |
o i qhh-r.'h"-ﬂJ'
e e/ |
I FodSeda | |
Read | Tppm Eilil
Lt i} bed
Peasl M7 et
Po_E0aT el
ol _pd [a—
ke

HCIL

(Shahar, 1998)



LifeLines: Visualizing Personal Histories
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Finding Patterns in Temporal Events

®* Types of Time Data
* Ordinal Values (e.g., TimeSearcher)
e Categorical Events & Intervals (e.g., LifeLines)
* Categorical Events

® Goal: Find Temporal Patterns
Across Millions of Records

* SQL makes it very difficult to specify
* Temporal SQL helps only a little

HCIL



Comparison with SQL

SELECT P.*
FROM Person P, Event E1, Event E2, Event E3, Event E4

WHERE P.PID = E1.PID
AND P.PID = E2.PID
AND P.PID = E3.PID
AND P.PID = E4.PID
AND E1.type = “Medication”
AND E1.class = “Anti Depressant”
AND El1.name = “Remeron"”
AND E2.type = “Medication”
AND E2.class = “Anti Depressant
AND E2.name = “Remeron"
AND E3.type = “Medication”
AND E3.class = “Anti Depressant”
AND E3.name = “Remeron”
AND E2.value > El.value
AND E3.value >= E2.value
AND E2.date > El.date
AND E3.date >= E2.date
AND E4.type = “Visit”
AND EA4.class = “Hospital”
AND E4.name = “Emergency"
AND E4.value = "Heart Attack"
AND E4.date >= E3.date HCiL
AND 180 <= (E4.date — E3.date)



Temporal Patterns in Medical Histories

&

® Reality
* Very large & complex data sets
* Missing, uncertain, and redundant data

® Tasks
* Alerts concerning patient status
* Decision support for treatment decisions
* Clinical research on outcomes
* |dentify groups of patients for testing

HCIL



Temporal Patterns in Medical Histories

B C E
100
101 VYisits and Hospitalizations
102 Date Dactor Location Reason
103 1/16/2004 Kakani, Indira Clinic Faollaw up
104 11/15/2003 Kalcani, Indira Cffice Fallaw up
105 10/15/2003 Carmichel, John Hospital Mastectamy
Chemo treatrment and
108 9/20/2003 kakani, Indira Hospital FRarn o gEan
107 843172003 Kakani, Indira Hiospital Cherno Treatment
108 841572003 Kalcani, Indira Hospital Cherno Treatrment
Felt lump during breast
104 7172003 kakani, Indira Clinic E3anm
110 6/15/2001 kakani, Indira Clinic Annual exarm
111 1/12/2000 Kalani, Indira Cffice Arnnual exam
112 5/11/1999 whitter, Herbert Clinic allergies kicking in
113 972971997 Kalcani, Indira Cifice Fallawup
114 871771997 Kalcani, Indira Hospital St. Thormas: Baby arrived
115 8/15/1997 kakani, Indira Office final?¥ prenatal visit
116 8/8/1997 kakani, Indira Office checkup
117 87171997 Kalani, Indira Cffice reg checkup
118 772171997 Kalcani, Indira Cifice Beginning every two weeks
1159 7741997 Kalcani, Indira Cifice regular checkup
120 672171997 Kalcani, Indira Cifice Standard checkup
121 6,/1,/1997 kakani, Indira Clinic Ultrasound Followup
122 5/23/1997 Jones, Sam Office Check an high fever
123 52241997 Kalani, Indira Cffice Regular checkup
124 471071997 Kalcani, Indira Cifice Regular checkup
125 272371997 Kalcani, Indira Cifice Yisit for ultrasound
126 1/15/1997 kakani, Indira Office went to confirm pregnancy
1707

4 4 » ¥l Jane E. Doe { Sheet2 { Sheet3 /

Ready




Finding Patterns in Temporal Events

® Imagine simple table

P-ID | Age | Gender |[Date Source Attribute | Value

174 | 73 M 5/6/2005 | Test WBC 12

183 | 67 F 5/7/2005 |ER Symptom Chest Pain
183 | 67 F 5/8/2005 | Test WBC 23

174 | 73 M 5/12/2005 | Medication | Tylenol 325mg
259 | 71 F 5/12/2005 | Test HDL 55

174 | 73 M 5/14/2005 | Test WBC 19

HCIL



Finding Patterns in Temporal Events

® Imagine an even simpler table

P-ID | Age | Gender |[Date Source Attribute | Value
174 | 73 M 5/6/2005 | Test WBC 12
183 | 67 F 5/7/2005 | Test WBC 14
183 | 67 F 5/8/2005 | Test WBC 23
174 | 73 M 5/12/2005 | Test RBC 4
259 | 71 F 5/12/2005 | Test HDL 55
174 | 73 M 5/14/2005 | Test WBC 19

HCIL



il

Wisualization Query

Perzon/People Event Box 1 EventBox 2 EventBox 3
M ame Tuope . p Span Type . F Span Type .

I j Lewvel 1 ITest "I fin days) Level 1 IMedicatiDns "l fin days] Lewel 1 ITest "I
Age Level 2 IEI::u:u:I Prezsure "I Level 2 IHeart tedicatic "l Lewel 2 IEI::u:u:I Prezsure "I
4 | | 7 | Level 3 ISystoIic 'I ln} Level 3 I 'l 1 Level 3 IS_I.JSh:uIic: 'I

Walue an Walue 0 Walue

o -0 =
m =0 =
o -0 =

Gender
150 [ 130]] 2 ; 10 130 ’
v Female
v tale
01an2005 | Min Date MaxDate |
4| | i
People Selected: 950 of 950 Bun Query
Yisualization ITahIe I 11 matches found |

Bauerle, Marius ﬁ ‘
Dirigoers, Jania '. ..
Erskine, Sonny N ]
Isaman, Rolo ® ® @O
Lacon, Kemp . . .

: [ L X ®

® *e
, e o

Warren, Fredrick '. . .
Wile, Matilda ® L T )
Williamson, Indiana ®e
¥ Show &l Everts 01-Jan-2005 30-0ec-2005 |




Simple Search: Event (E)

®* No TimeSpan

Find patients who
had cholesterol test
above 200

Type .
Level 1 | Test -
Level 2 | Blood YWark, -
Level 3 |CHOL -

W alue
200 |. 266 |

o m =0 =

HCIL



Simple Search: Two Events (E)

®* No TimeSpan

Find patients who And White Blood Cell
had cholesterol test above 10
above 200

Type . [~ Span | Ivpe O

Level1 |Test Level1 |Test

Level 2 | Bloodwoark - -

Level 2 | Bloodwoark

& &

o o

Level 2 |CHOL - [ Level 2 |'WEBC - [
Walue E Walue E
20 | == |3 10 a ||
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Find patients who
had cholesterol test
above 200

Type .
Level 1 | Test -
Level 2 | Blood wark -
Level 3 |CHOL -

Walle

200 |. s ||

® Fixed TimeSpan length

And White Blood Cell
above 10 exactly 1

day later

Events with Fixed Time (E-FT)

Type O
Level 1 | Test -
Level 2 | Blood wark -
Level 3 |"WBC -

‘Al

1 93

W I,'D—-Dz
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Events with Variable Time (E-VT)

® Variable TimeSpan length

Find patients who And White Blood Cell
had cholesterol test above 10 with Oto 7
above 200 days later

Type . WV Span | v¥Pe O

Level 1 |Test - i Level 1 |Test -

Level 2 | Blood wark - b Level 2 | Blood wark - b

Level 3 [CHOL - Level 3 [wEC -|°

" alue alLE c

0 |
20 | == | [ 10 a ||
7
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Trends with Event Sets E*WC

® Sets of Events behave as single Events
®* Adds Window and Cardinality constraints

Find patients with 3-8
WBC tests at 15-29,
during a 6 day period

15 |l 24

Tepe .
Level 1 | Test -

evel 2 |Bloadwark -
evel 3 [wWBC -||:
%

#t Ewvents afl

o

# Days |Taotal -

o | s

[ Usze Relative Yalues

X Delete
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PatternFinder Interface

_{o| x|
Person /People Event Box 1 EventBox 2
Marme Type . T s ¥ Span | T¥pe O
I j Lewel 1 IMedicatiDns VI Vz N « 20 i Lewel1 I‘Jisit "I
A Level 2 I.ﬁ.ntiDepressan "l ourE Level 2 IHDspitaI ""I M
g= Leval3 IR & # Da_l,lslTu:utaI "I ] & Lovel3 [E a
4 'l |‘ ?Bl avel I eeeeee I z i I‘l-{ 353' evel I rergency I é Add
Condar Value . \alus Constraint
. >
4 p 4126 [T Auto Accident "
¥ Use Relative Value
W' Femal l_ ; |- 122| 180 [T Bone Fracture
V' Mal 4 4 ¥ Heart Attack
[T Kidney Stone
M -Jan-2005 Min Date M ax Date 30-Dec-2005
People Selected: & of 950 Bun Query

This pattern specificies any patient who received
Increasing dosages of Remeron followed by a heart
attack within 180 days (along with the events
constituting the temporal pattern match).

Hcifi}




Result set visualization: ball & chain
o

Visualization I Table | € matches found [

Braham, Burton ‘ ‘ : @)

Elsas, Darnell .. (\_)

Fuchs, Layton . . ('?

Greif, Gage _. . @)

Kem, Leola I~ ‘_ 3

Williams, Azura Span: 171 days '_‘
Starting Event: 05-May-2005 - Medication's.Anti Depressants.Remeron -> 100
Ending Event: 23-Oct-2005 - Medications.Anti Depressants.Remeron -> 120

[V Show All Events 01Jan-2005 }l 4 30.Dec-2005

The results show five matches of people who
received increasing dosages of Remeron followed
by a heart attack within 180 days.

Hcii;}



Current work

Work with Washington Hospital Center

- Developing taxonomy of simple gqueries
- Designing interface to fit in Azyxxi

- Implementing simple searches

Lab value [HGB] is high, then decreases >1.5
Lab value [Platelets] is high in a patient on heparin, then decreases > 20%

Patient seen at ER & discharged, then returns to ER within 14 days
Patient seen at ER & discharged, then returns to ER within 14 days & condition = [dead]

Hcii;



Diverse Applications

Maintenance log
Replace battery, repair generator, repair starter,...

Web log analyis
Browse books, Checkout, Help, Leave Website

Terror/criminal behavior
Withdraw funds, buy weapon, purchase tickets...

TV viewing (in 30 min segments)
NBC, ABC, ABC, ABC,CBS, CBS

HCIL



Contributions: Queries for temporal events

® Taxonomy of queries
® Visual specification
® Visualization of results: ball & chain view

HCIL



Contributions: Queries for temporal events

® Taxonomy of queries
® Visual specification
® Visualization of results: ball & chain view

®* Reformulation of relational completeness
®* Facilitate medical treatment & research

HCIL
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¥V 6th Creativity & Cognition Conference
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Taxonomy Table (1 of 2)

Pattern Restrictions Example
. . i al Type . M Type O M
Evn.:nt. Specify all non-tempora levell [d =] 0 vevel1 [V =1k
E attributes of one or more events. Level2 |Doctor Office = | © Level2 |Doctor Dffice | | ©
Events Only TimeSpan: No span. Left to right Level3 |Emergency = > Level3 [Emergency | >
AT w
o1 dering implicitly denotes “any
time later”.
Find patients who have had at least 2 emergency doctor visits.
Type . Type O
Level1 |Test = Level1 |Test =
M M
. Level 2 |Blood Test *|]o Level 2 |Blood Test vl [
Event: Specify all non-temporal e i
ttributes of fwo or more events Level 3 |Cholesteral = | e Level 3 |Cholesterol *| | e
E-FT a * Value 3 14| Value 3
Fixed TimeSpans TimeSpan: Relative TimeSpan of 2s0{[ll¢ss| | |1 ¥{ 200 .

Find patients whose cholesterol was above 240 but two weeks
later was below 200.

E-VT
Variable TimeSpans

Evenis: Same as E-FT.
TimeSpan: Relative TimeSpan of

variable gize.

Type . Type O
Lewvel1 |Test = Lewvel1 |Test "I
M M
Lewel 2 |Blood Test - o Level 2 |Blood Test - o
1 |o I
Level 3 | Chalesteral s & Level 3 | Cholesteral "I &
Yalue s 60 Walue >
zmpluq w4 | ‘ 1 puuﬂo >

Find patients whose cholesterol was above 240 but fell below
200 within 2 months.



Taxonomy Table (2 of 2)

Pattern Restrictions Example
Type . W Span | Toee O
Level 1 |'ved TI Pen| Lerved 1 | Wit -
1 e |
Level 2 | Doctos Difice "I Tl EHnu: | Lewel 2 I‘io:;:-lal bl Tl
® . - ey =] |0 | Beme ]| weis [ =] °
E*-VT Event: Specify a subset of non-temporal Lovel3 [Emmponcy | [lesks 1} Levei3 I
Variable Events | ;tiibutes of one or more events. = o ,
Variable ¥ Bons Frachee ' 1 '
- * 4 4 s
TimeSpan: Same as E-VT 7 Heat Atiack
TimeSpans AAeypan: . = e [ Dee ]
Find patients who had an emergency doctor’s visit followed
by a hospitalization within a week.
by a hospatalizat tl !
. Type . o F Span | Tiee O
vent: Specify a subset of non-tempora Levet1 [V . i Level1 [Vim -
Event: Specify bset of non-t 1 SN L] | i
- b - 2 |Mmutes |
attributes of one or more event sets. The o2 [Howl 1|} Do [Tata 11 | s == |
Lewsl 3 =] | ; ) [wesks | | Levsi3 [E -| |5
E*WC-VT elements of an event set are detined by a : M oo i‘ P [ionks | o3 [Eweigency :
. . . . . L T Wik
Linked EventSet | relatrve tine window durmg which all . ’ £ sk it
Eveni-et DR . . S m B
and Event €\ cni;:a 111. the set must occur, as well as | o100 Loy
cardinality - the number of events that [X Detee ] I Koy Stone [X Doite
must occur within the window. Find patients who had 3 or more hospitalizations withm two
TimeSpan: Same as F—VT months followed by a heart attack hospitalization within a
b I .k ; — . -
month.
T":;] Tod ’ # Eveniy M
. Y| e
Level2 (Blood'Wok ™ L
L] - - e - #H Doy -
Event: Same as EYWC-VT plus a Levet3 [Choeteel =] e pii( %
fIE*WC)-VT functional condition that must hold across W.-j:,, woll ¢
. . - | F Use Relsive Values
EventSet all members of the set. o 0 ol

TimeSpan: Same as E-VT

[ Drodate |

Find patients whose cholesterol mereased by at least 20 pomts
each reading for 3 months.




Current work

Query 1: Fixed patient values and fixed dates
Low HGB followed by higher HGB after 9/22/2006
Filterl: HGB <150 Date < 9/22/2006
Filter2: HGB > 160 Date > 9/22/2006

Query 2: Fixed patient values and relative dates
Low HGB followed by higher HGB After the first reading.
Filterl: HGB < 150 Date < 9/22/2006
Filter2: HGB > 160 Date AFTER F1.Date

Query 3: Relative patient values and relative dates
Low HGB followed by HGB 5 points higher, After the first reading.
Filterl: HGB < 150 Date < 9/22/2006
Filter2: HGB > F1.HGB+5 Date AFTER F1l1.Date

HCIL
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