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medical data

observational study
patients and covariates
(features)

phenotyping

"the process of defining the necessary
and sufficient criteria that a patient’s
record must satisfy to consider an
exposure or outcome to have occurred

for that patient® (callahan, 2021, doi:
10.1093/jamia/ocab027)
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Original Investigation | Urology

Management, Surveillance Patterns, and Costs Associated With Low-Grade
Papillary Stage Ta Non-Muscle-Invasive Bladder Cancer Among Older Adults,

2004-2013

eFigure. Study Flow Diagram lllustrating Cohort Selection

Study Cohort

The study included older adults (aged 66-90 years)
with a diagnosis of low-grade Ta urothelial

bladder cancer between January 1, 2004, and

December 31, 2013 (eFigure in the Supplement).

118,059 Patients in SEER
database queried for
cases of bladder cancer

March 18.2022

,

82,512 Patients were
identified

A4

Search criteria:
- Year of diagnosis: 2004-2013
- Urothelial carcinoma or
transitional cell carcinoma
- Age 66-90 years

v

47,869 Patients were
identified

13,054 Patients with LG Ta
NMIBC included in
analysis

A4

34,643 Distinct patients excluded for
lack of Medicare Part A&B coverage or
with HMO coverage

34,815 Distinct patients excluded based
upon the following:
Inclusion criteria: LG Ta NMIBC
Exclusion criteria:
- Any N+
- Any M+
- Any other cancer diagnosis
(excluding non-basal cell skin
carcinoma)

Abbreviations: HMO, health maintenance organization; NMIBC, non-muscle invasive

phenotype bladder cancer; SEER, surveillance, epidemiology, and end results.




eligibility criteria
JAMA
Network | Open L phenotype

Original Investigation | Surgery
Association of Trauma Center Designation With Postdischarge Survival
Among Older Adults With Injuries

Molly P. Jarman, PhD, MPH; Ginger Jin, MS; Joel S. Weissman, PhD; Arlene S. Ash, PhD; Jennifer Tjia, MD, MSCE; Ali Salim, MD;

Adil Haider, MD, MPH; Zara Cooper, MD, MSc
March 16, 2022

Methods
Population and Data Sources
Using Medicare claims from Inpatient and Outpatient Research Identifiable Files,'®" we identified
433169 fee- beneficiaries aged 65 years or older diagnosed with traumatic injury between

January 1, 2014, and December 31, 2015, resulting in inpatient admission (Figure 1). Traumatic injury
was defined based on the 2015 National Trauma Data Standard,'® using International Classification of
Diseases, Ninth Revision (ICD-9) International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) (eTable 1in the Supplement). We excluded patients who died in the
emergency department because these early trauma deaths are likely attributable to nonsurvivable
injuries.’ We also/excluded patients with a primarygnoninjury diagnosis, with unknown county of
residence, and patients treated at hospitals with unknown TC status because of missing or invalid
facility identification numbers. Beneficiaries were included based on the first observed qualifying
injury in the study period (ie, the index event). We used Medicare claims data from January 1, 2013,
to December 31, 2014, to estimate preinjury health status and claims through December 31, 2016, to
assess 365-day mortality.
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March 16, 2022

Methods
Population and Data Sources
Using Medicare claims from Inpatient and Outpatient Research Identifiable Files,'®" we identified
433169 fee- beneficiaries aged 65 years or older diagnosed with traumatic injury between

We excluded patients older than 90 years, those with node-positive and/or
metastatic disease, those with tumor stage of Tis/T1 or greater, those without continuous Medicare
fee-for-service coverage, and those without available Medicare Part A and Part B claims data for 12
months before and after diagnosis.

injuries.’ We also/excluded patients with a primarygnoninjury diagnosis, with unknown county of
residence, and patients treated at hospitals with unknown TC status because of missing or invalid
facility identification numbers. Beneficiaries were included based on the first observed qualifying
injury in the study period (ie, the index event). We used Medicare claims data from January 1, 2013,
to December 31, 2014, to estimate preinjury health status and claims through December 31, 2016, to
assess 365-day mortality.
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Association of Trauma Center Designation With Postdischarge Survival
Among Older Adults With Injuries

Molly P. Jarman, PhD, MPH; Ginger Jin, MS; Joel S. Weissman, PhD; Arlene S. Ash, PhD; Jennifer Tjia, MD, MSCE; Ali Salim, MD;

Adil Haider, MD, MPH; Zara Cooper, MD, MSc
March 16, 2022

Figure 1

Total Medicare Advantage Enroliment, 1999-2020
(in millions)
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

’Bg;e“gifzﬁzge 18% 17% 15% 14% 13% 13% 13% 16% 19% 22% 23% 24% 25% 26% 28% 30% 31% 31% 33% 35% 36% 39%

NOTE: Includes cost plans as well as Medicare Advantage plans. About 62 million people are enrolled in Medicare in 2020.
SOURCE: KFF analysis of CMS Medicare Advantage Enrollment Files 2008-2020, and MPR, 1999-2007; enrollment numbers from March of the KFF
respective year, with the exception of 2006, which is from April. Number of people eligible for Medicare comes from the CMS Medicare Advantage MR R

Penetration Files for years 2008-2009; for years 2010-2020, number of people eligible for Medicare comes from the Medicare Enrollment Dashboard. FAMILY FOUNDATION
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Figure 1

Total Medicare Advantage Enroliment, 1999-2020

(in millions)
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Phenotypes address data matters,
eligibility criteria do not.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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NOTE: Includes cost plans as well as Medicare Advantage plans. About 62 million people are enrolled in Medicare in 2020.
SOURCE: KFF analysis of CMS Medicare Advantage Enrollment Files 2008-2020, and MPR, 1999-2007; enrollment numbers from March of the FF
respective year, with the exception of 2006, which is from April. Number of people eligible for Medicare comes from the CMS Medicare Advantage MR R
Penetration Files for years 2008-2009; for years 2010-2020, number of people eligible for Medicare comes from the Medicare Enrollment Dashboard. FAMILY FOUNDATION



eligibility criteria

Starts from medical knowledge, models a cohort in
clinical terms.

hypothesis-first phenotyping = rule-based phenotyping

Starts from medical knowledge and data
representation knowledge, models a cohort via how
it could/should appear in the data.

data-first phenotyping

Starts from the data, and possibly some kind of gold
standard, and uses algorithms to derive a model.

“has prostate
cancer”

“has any record
of ICD-10 code
ce1”

“this artificial
neural network
will tell you which
patients are in”



eligibility criteria

Starts from medical knowledge, models a cohort in
clinical terms.

hypothesis-first phenotyping = rule-based phenotyping

Starts from medical knowledge and data
representation knowledge, models a cohort via how
it could/should appear in the data.

data-first phenotyping

Starts from the data, and possibly some kind of gold
standard, and uses algorithms to derive a model.

“has prostate
cancer”

“has any record
of {Eb-10-code

€61 prostatectomy
with chemical
castration”

“this artificial
neural network
will tell you which
patients are in”



phenotype
developer

P .

Allegory of the Cave / Plato's Cave



Seth Rosen
@sethrosen
Them: Can you just quickly pull this data for me?

Me: Sure, let me just:

SELECT * FROM
some_ideal_clean_and_pristine.table_that_you_think_exi
sts

Traduire le Tweet

1:42 PM - 20 avr. 2020 - Twitter Web App

As the data model determines the algorithm,
data representation determines the phenotype.




eMerge depression phenotype w

https://phekb.org/phenotype/depression

eMERGE-3 Depression Phenotype Pseudo Code

Primary site: Kaiser Permanente Washington & University of Washington

@ Clinical site

. . ® Clinical site partner
Prlmary site contacts: Coordinating center

Aaron Scrol (aaron.scrol@kp.org)

Network clinical affiliate

David Carrell (david.s.carrell@kp.org)

Version: April 17, 2019
“designed to accommodate |[...]
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https://phekb.org/phenotype/depression

eMerge depression phenotype T -

https://phekb.org/phenotype/depression { "L,r\;"‘\"’#
Granular longitudinal data (10 S '
. . 90 ]
o depression diagnoses, \CD 9 c ne(\c T\aﬂo\?@ca.sge
antidepressant medications, drud Network e i

©)
o patient-reported depression scale measures, and PH 0
o psychotherapy |CD or CPT codes 7

Specifications for these four types of data are provided in (...) data dictionaries

All data and logic needed to implement this phenotype algorithm can be derived from
the granular longitudinal data described above.

The “2/30/180” rule

requires evidence to be present on at least two (2) distinct calendar days that are at
least thirty (30) days apart and not more than one hundred and eighty (180) days
apart

is intended to avoid (...) administrative artifacts of a diagnostic process that resulted in
the subject not being diagnosed with depression.


https://phekb.org/phenotype/depression

eMerge depression

phenotype

Case type 1
Ca1 = C * B

Case type 2
Ca, =D *!C*B

Case type 3
Caz =E*x!D*!C=*B

Control
Ct='I*x!'G+«H=x*x'Fx!B

..how long will it take
run this phenotype on
87 million patients,
billions of records?

https.//phekb.org/phenotype/depression

All eMERGE subjects,

/]

pa Bipolar flag =

[ Tr;;e | | False |

| Tree | [ False |
I

I True J [ False J
I

CONTROL

e e ot A
boxsrmwccrmoxk

N=7,793
2 N ﬁ U
’DAny dep. dxs ever? dxs w/ psychosis??} Ma:’::‘gep : Non-major dep. dxs??
| I |
True False True False I True ] I False ] l True I ] False |
| N
_J CASETYPEL CASETYPE 2 CASETYPE3
N=15 N=1,456 N=541
| 1,518
4,263 ;J
4,263
" Abnormal Antidepress. Abnormal [7 Antidepress.
PROS scores?? medications?? PRDSscores?? medications??
| | |
[ True ] [ False | [ True ] | False | I True ] [ False | [ True ] [ False |
g o |== P
ctroconvulsive Depression I ectroconvulsive ! Depression
therapy?? sychotherapy?* I therapy?? : psychotherapy??
I
I

l | True | | FalseJ

m-m

Requires evidence on at lease 2 separate days atleast 30 and not more than 180 days apart ("2/30/180" rule).
Asingle Instance of electroconvulsive therapy is considered adequate evidence,
Based on covariate data, some potential cases may be corverted to cases and some potential controls to controls

Figure 1. Flow diagram of depression phenotype logic.
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eMerge depression

phenotype

Case type 1
Ca1 = C * B

Case type 2
Ca, =D *!C*B

Case type 3
Caz =E*x!D*!C=*B

Control

Ct='I*x!'G+«H=x*x'Fx!B

Kleene's three-valued logic (K3)
truth tables:

AND(A, B) OR(A, B)

NOT(A) B B
AAB AVB

A -A F U T F U T

F T‘ FIF|F|F F F U T

U U AU F UU AU U U T

T F‘ T F U T T T T 7T

https.//phekb.org/phenotype/depression

1

-~

All eMERGE subjects,
N=7,793

4,263

ctroconvulsive
therapy??

| |
True False |
|

/]

AN Bipolar flag =
Dx of bipolar disord. ??

,'\
dxs w/ psychosis?} U Ma;:;gep : Non-major dep. dxs??
|
? # I True ] I False ] [ True | [ False I
CASETYPEL CASETYPE 2 CASETYPE 3
N=15 N=1,456 N=541
ll 1,518
Antidepress. Abnormal Antidepress.
medications?? PRDSscores?? medications??
| |
[ True ] | False | ’ True I [ False | [ True I [ False |
o |== P--—
Depression I ectroconvulsive ! Depression
sychotherapy?* I lherapy?’ ' psyd\otheraw?’
I : [
True False True False True False
[rwe] o] | Do [Gme] l_'_J (ho ]

CONTROL
N=4,248

------- ]
boTENTIAL? CONTROL
N=1,454 |

i

-

—E
re
N
b3

Requires evidence on at lease 2 separate days atleast 30 and not more than 180 days apart ("2/30/180" rule).
Asingle Instance of electroconvulsive therapy is considered adequate evidence,
Based on covariate data, some potential cases may be corverted to cases and some potential controls to controls

Figure 1. Flow diagram of depression phenotype logic.
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Steroid-induced glaucoma

| On prednisone or topical facial steroids (dexamethasone) for more than 2 weeks? |A

|

B | |OP available? ‘ Ocular
No C hypertension/glaucoma/glaucoma
Yes surgery case after steroid
E treatment or steroid responder
Ocular hypertension/ Yes IOP increase 26 mmHg 2 weeks—6 months case?

from start of steroid treatment?

D glaucoma/glaucoma
surgery case?

Yef/ \ANo

A

Steroid Steroid non-
F No l Steroid Steroid non- responsive responsive
IOP 222 mmHg within 2 weeks—6 A FESPONSIVE ETotP EToTP
months from start of steroid group group
treatment OR IOP-lowering meds
prescribed after start of steroids
OR a steroid responder case? SterOid responder

SR =A*B*ID*F + A*IB*C + A*B*D*E
Steroid non-responder

Yef/ \IA\lo
A.

Steroid Steroid non-
responsive responsive SNR — A*B*'D*'F + A*'B*]C + A*B*D*!E
group group

Neither

N =1(SR) * I(SNR)

N=I(A*B*ID*F + A*IB*C + A*B*D*E) * |(A*B*!D*!IF + A*IB*IC +
A*B*D*!E)



BOOLEAN EXPRESSIONS SIMPLIFIER https://www.dcode.fr/

+ LOGICAL EXPRESSION CALCULATOR/SIMPLIFIER/MINIFIER or

t(@rb*td*f + a*lb*c + a*b*d*e) * l(a*b*ld*If https://www.boolean-algebra.com

# RESULT FORMAT or

(@ ANY FORMAT https://www.symbolab.com/solver/boolean-
(O DISJUNCTIVE NORMAL FORM DNF (SUM OF PRODUCTS/SOP/MINTERMS) algebra-calculator

(©) CONJUNCTIVE NORMAL FORM CNF (PRODUCT OF SUMS/POS/MAXTERMS) or...

() ONLY NAND GATES (NOT-AND )

() ONLY NOR GATES (NOT-OR ¥)

# NOTATION (@) ALGEBRAIC (*, +, !)
(O LOGICAL (4, v, -)

(O PROGRAMMING (&&, |1, -)
(O LITERAL (AND, OR, NOT) Results HB 8 &8 £ ¥ x
P> CALCULATE l'(a*b*!ld*f+a*!b*c+a®*hb?*
See also: Truth Table — Equation Solver — Binary Code d*e)*1l (a*b*!d*! f+a*1Db=*
l'c+a*b*d* ! e)
U

Il a

Boolean Expressions Calculator - dCode

Neither
N =I(SR) * |(SNR)
N = l(A*B*ID*F + A*IB*C + A*B*D*E) * |(A*B*ID*IF + A*IB*IC + A*B*D*!E)
N=IA


https://www.dcode.fr/
https://www.boolean-algebra.com/
https://www.symbolab.com/solver/boolean-algebra-calculator

Steroid-induced glaucoma

On prednisone or topical facial steroids (dexamethasone) for more than 2 weeks? |A

l

B | I0P available? > Ocular
No C hypertension/glaucoma/glaucoma
Yes surgery case after steroid
J E treatment or steroid responder
Ocular hypertension/ Yes |OP increase =6 mmHg 2 weeks—6 months case?
D glaucoma/glaucoma from start of steroid treatment? c Yef/ \‘No
surgery case? Yef/ \i‘lo .
B. Steroid Steroid non-
F Nol Steroid Steroid non- responsive responsive
IOP 222 mmHg within 2 weeks—6 responsive FESPONSIVE gTote SToTP
months from start of steroid group group
treatment OR IOP-lowering meds
prescribed after start of steroids )
OR a steroid responder case? SterOId responder

YeAs/ \IA\lo
A.

Steroid Steroid non-
responsive responsive
group group

Neither

N

A

= |(SR) * I(SNR)
N = !(A*B*!D*F + A*IB*C + A*B*D*E) * !(A*B*!D*!F + A*IB*IC + A*B*D*!E)
N=1

SR =A*B*ID*F + A*IB*C + A*B*D*E
Steroid non-responder
SNR = A*B*ID*IF + A*IB*!C + A*B*D*!E



Covid Covid Diagnosis Temporal variant Cohort
Measurement Id
+ve, no -ve AND Diagnosis -3dto3d/0dto3d 2 Cca7
+ve AND Diagnosis -3d to 3d/0d to 3d 2 C46
+ve, no -ve - -3dto3d/0dto3d 2
+ve — 1 C58
+ve, no -ve OR Diagnosis, (no —ve/missing) -3dto3d/0dto3d 2
+ve, no -ve (2) OR Diagnosis, (no -ve) (2) -3dto3d/0dto3d 4
+ve (1) OR Diagnosis, (no —ve/tested- -3dto3d/0dto3d 2
missing) (2)
+ve (1) OR Diagnosis, (no —ve) (2) -3dto3d/0dto3d 2 C56/C
84/C85
+ve (1) OR Diagnosis (1) 1 C55
B Diagnosis (1), (no — 1
ve/tested-missing) (2)
- Diagnosis (1), (no —ve) (2) ' )
----- Diagnosis (1) C44




Steroid-induced glaucoma

On prednisone or topical facial steroids (dexamethasone) for more than 2 weeks?

l

B | 10P available?

No

Yes J

Ocular hypertension/ Yes
D glaucoma/glaucoma
surgery case?

Nol

F

IOP =22 mmHg within 2 weeks—6
months from start of steroid

treatment OR IOP-lowering meds

prescribed after start of steroids
OR a steroid responder case?

YeAs/ \IA\lo
A.

Steroid Steroid non-
responsive responsive
group group

imagined patient

E

\ 4

C hypertension/glaucoma/glaucoma
surgery case after steroid

IOP increase 26 mmHg 2 weeks—6 months

from start of steroid treatment?

treatment or steroid responder

e

Steroid Steroid non-
responsive responsive
group group

Clinical event:

c. Yef/ \‘No

Steroid Steroid non-
responsive responsive
group group

increase in intraocular pressure >= 6 mmHg

after start of treatment
Phenotype:

at least 1 post-treatment IOP >= 6 mmHg above

the pre-treatment average

Y
@ —>
time line B time
how the data LA/ Y vy |/ A/
actually looks like ® ¢ ¢ ¢ ¢ ¢ time

Y IOP measurement
@ steroid treatment



data warehouse

phenotype: phenotyping
patients with disseminated
intracascular coagulation

Overt DIC scoring system Overt DIC scoring system

in JMHW inISTH ...platelet count?
Platelet count (x10°/T) <501 3 <50¢ 2
50 - 80 2 50 - 100 I
80- 120 I 2100 .
2120 0 ...patient age?
Prothrombin time (PT) PTINR PT-prolongation
21.67 2 26 sec 2
125~ 1.67 I 3-6sec I
<125 0 <3 sec 0 ISTH score? o 000
Fibrinogen (mg/dl) <100} 2 <100 | o )
100 - 150 I 2100 0
2150 0
Fibrin-related marler FDP (mg/l) D-dimer (pg/ml)
240 3 >4 3
20 - 40 2 -4 2
10-20 I <I 0
<10 0 b . l d
Symptoms Bleeding symptoms* | underlying disease | need to O Servatlona Stu y
and underlying or organ dysfunction® known to be diagnose as
diseases associated with DIC DIC
Definition of DIC Seven points or more Five points or more




data warehouse

phenotype: phenotyping
patients with
ISTH score > 4

Overt DIC scoring system Overt DIC scoring system
in JMHW in ISTH ...platelet count?
Platelet count (x10°/T) <501 3 <50¢ 2
50 - 80 2 50-100 |
80 - 120 | 2100 .
2120 0 ...patient age?
Prothrombin time (PT) PTINR PT-prolongation
>|.67 2 26 sec 2
1.25- 1.67 | 3-6sec |
<1.25 0 <3 sec 0 ISTH score? ® 000
Fibrinogen (mg/dl) <100} 2 <100 | o )
100 - 150 | 2100 0
2150 0
Fibrin-related marler FDP (mg/l) D-dimer (pg/ml)
>40 3 >4 3
20 - 40 2 1-4 2
10-20 | <l 0
<10 0 b . l d
Symptoms Bleeding symptoms* | underlying disease | need to O Servatlona Stu y
and underlying or organ dysfunction® known to be diagnose as
diseases associated with DIC DIC
Definition of DIC Seven points or more Five points or more




CARDIOLOGY

@ cortecisr  ASCVD Risk Estimator Plus Estimate Risk

Current Age ® * Sex * Race *

<>

Age must be between 20-79 .o Y\ 0“ = . O“ =t
net 0 join *

Systolic Blood Pressure (mmHg) * .. Diastolic Blood Pressure (mm Hg) * "\(\(\e(

~ ~
W v

Value must be between 90-200 . Ve must be between 60-130 . oN.- . ofN.-

et pet O apet 10
Total Cholesterol (mg/dL) * inn HDL Cholesterol (mg/dt) * inn LDL Cholesterol (mg/dL) @ O‘_\(\ﬂ
Value must be between 130 - 320 Value must be between 20 - 100 Value must be between 30-300
History of Diabetes? * Smoker? @ *

. 0(\"‘ . 0"\_.- ) 0"\.--
. nex o0 s el 10\ X - aet 100 A

On Hypertension Treatment? f_\ﬂﬂ On a Statin? @ O_‘\(\“ On Aspirin Therapy? © ?_\Y\“



@ cortecisr  ASCVD Risk Estimator Plus Estimate Risk

CARDIOLOGY

Current Age ® * Sex * Race *

Age must be between 20-79 .o 0“ = 0“ =t

Systolic Blood Pressure (mm Hg) * - Diastolic Blood Pressure (mm Hg) * "\(\(\

Value must be between 90-200 . d(ﬂ(e must be between 60-130 . Oﬂ . . 0(\ =
nef 10 * nef 1o aner 100 *

Total Cholesterol (mg/dL) %k ‘-\ﬂ(\ HDL Cholesterol (mg/dL) * ‘-\ﬂ(\ LDL Cholesterol (mg/dL) 0 C‘)_\(\(\

A A ~
A% v v

Value must be between 130 - 320 Value must be between 20 - 100 Value must be between 30-300
History of Diabetes? * Smoker? @ *
. onN.- . onN.- . onN.-:
o\ X o\ X o\ X

On Hypertension Treatment? ’!‘_‘\(\“e( ) On a Statin? @ O_"\(’\(\e( ) On Aspirin Therapy? @ (_3_'\(\(\6( )

Computational complexity can grow exponentially
when data points are interdependent.




O itiats o 7 Complexity level seen

cases of bladder cancer

i sea-rChYgiatfg?;iiagnosis: 2004-2013 I n tOd ay’S ru |e_ba Sed

‘ I - Urothelial carcinoma or

v transitional cell carcinoma h
82,512 Patients were - Age 66-90 years p en Otypes

identified

34,643 Distinct patients excluded for
lack of Medicare Part A&B coverage or

y with HMO coverage NOSQL pheI‘IOtyping:

47,869 Patients were

identified ACE: the Advanced Cohort Engine for

! pon the following: o e searching longitudinal patient records.

13,054 Patients with LG Ta —g‘fc",‘j;f’:ncc’ﬁf;?a"(; TaNMIBC Ca | | a h an et a |, 2021. d oi:

NMIBC included in Any N+

analysis - Ay M+ 10.1093/jamia/ocab027

Any other cancer diagnosis

(excluding non-basal cell skin
carcinoma)

I I I 1

T
Joe s ety o tempernd | +loint paintloint sound &Joiat pain+ Open lock | |‘Jﬂin!pain+Prvgl:.\‘ivcd:maloczlunldnrgcsl Nojoint pain I
—L T I T
i " CT/CBCTAIRI | facial asymmetry/seasory-motor changes
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Conclusions

* A phenotype is an algorithm that abstracts patients and
covariates from data records left over by medical events.

* The job of a phenotype is to look at patient data, and infer truths
about the patient and the care delivered.

* Phenotypes address data issues, unlike eligibility criteria.



Conclusions

* Phenotyping requires you to know, or require, a particular data
representation.

* Boolean algebra can help investigate a phenotype at conceptual
level.




Conclusions

* Computational complexity can impart insidious bias on
phenotypes and warrants further research.

* The greatest computational complexity in rule-based phenotyping
is usually when many data points are interdependent and part of
the “entry event.”

* Novel database technologies (“NoSQL”) can reduce
computational complexity by orders of magnitude.



Conclusions

* Open-source tools can model the logic of most phenotypes, but
still lack major features and cannot compete with the expressive
power of a programming language.
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