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hy the need

Heavily used in rising fields
Data Science

Machine Learning

Shift in Company Cultures

Data driven

Opportunity for APL
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U.S. BUREAU OF LABOR STATISTICS
Q, search BLS.gov

HOME v SUBJECTS ¥ DATATOOLS v ECONOMIC RELEASES v CLASSROOM v BETA Vv

Bureau of Labor Statistics > Publications » Occupational Outlook Handbook

CL NFINDER | OOHFAQ | HC

OCCUPATIONAL OUTLOOK HANDBOOK e

Fastest Growing Occupations rrTERFRENOLY )

Fastest growing occupations: 20 occupations with the highest projected percent change of employment between 2022-32.

Click on an occupation name to see the full occupational profile.

OCCUPATION <+ GROWTH RATE, 2022-32 2022 MEDIAN PAY ]
Wind turbine service technicians I 45% $57,320 per year

Nurse practitioners | 45% $121,610 per year

Data scientists _ 35% $103,500 per year
Statisticians _ 32% $98,920 per year
Information security analysts | 32% $112,000 per year

Medical and health services managers _ 2% $104,830 per year
Epidemiologists _ 2% $78,520 per year
ﬂ')’w _ 27% $126,010 per year
Physical therapist assistants _ 6% 962,770 per year

Software developers _ 6% $127,260 per year

Figure 1 DVN/\
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U.S. BUREAU OF LABOR STATISTICS

Q Search BLS.gov

Bureau of Labor Statistics > Publications > Occupational Outlook Handbook

10N FINDER | Q | ) | OOH SITE MAP HOME |

OCCUPATIONAL 0UTLOOK HANDBOOK OCCUPATIONAL OUTLOOK HANDBOOK =

Fastest Growmg Occupatlons erntersmeno - Fastest Growi ng Occupations PRINTERFR
Fastest growing occupations: 20 occupations with the highest projected percent change of employment between 2022-32. Fastest growing occupations: 20 occupations with the highest projected percent change of employment between 2024-34.
Click on an occupation name to see the full occupational profile. Click on an occupation name to see the full occupational profile.
OCCUPATION & GROWTH RATE, 2022-32 2022 MEDIAN PAY OCCUPATION < GROWTH RATE, 2024-34 2024 MEDIAN PAY
Wind turbine service technicians _ 45% $57,320 per year Wind turbine service technicians 50% $62,580 per year
. I %
Nurse practitioners I 45% $121,610 per year Solar photovoltaic installers $51,860 per year
A ] 35% Nurse practitioners — 0% $129,210 per year
Data scientists $103,500 per year — B}
Data scientists I % §112,590 per year
Statisticians I % $98.920 pr year pery
; : 29%
Information security analysts I $124910 per year
Information security analysts _ 32% $112,000 per year
_ Medical and health services managers _ 23% $117,960 per year
Medical and health services managers 28% $104,830 per year
_ Physical therapist assistants I 2% $65,510 per year
Epidemiologists 27% 478,520 per year
Actuaries I 2% $125,770 per year
Physician assistants | 27% $126,010 per year
Operations research analysts I 1% $91,290 per year
Physical therapist assistants _ 26% $62,770 per year
Physician assistants I abis $133,260 per year

Software developers _ 26% $127,260 per year

Psychiatric technicians ] 20% $42,590 per year

2 2022 2024 DOVNA
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General Purpose

‘Quantum Computing Research

Numerical Modelling of Ocean Currents
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Dyalog's data
manipulation and rapid
development capabilities
allow users to respond
quickly to user requests
and changing business
requirements.
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A Tool of Thought

Concise

Simple syntax and symbals used to represent common
aperatians on data allow Users to write and adapt short
and elegant expressions for all kinds of purposes.
Commornly used patterns and expressions are called
“idioms”

Mean average

Integrated

Dyalag-based software can be deplayed as scripts,
grophical desktap applications, web applications and
services hosted in the cloud, o integrated as port of an
existing technalogy stack.

*Read and write data in CSV, ISON and XML formats

*Read, write and menage SQL databases

+Read and write arbitrary data types

*Imerface directly with Micrasoft Excel and other
Microsoft Office products for autemation

*Provide and consume web services

+Craate compiled libraries (.di, 50, .dylib), and usa thasa
wwritten in C or other languages

+Use and creata NET assemblies to interapercte with G
and other NET languages

* Talk to live-running Python and R systems

Performant

Often completely branchl

Expressive

Gammon patterne in APL can be applied in many use

coses. Conversely, there are often many ways to tackle the
same problem. The small code size lowers the cost of
trying multiple approaches to find what works best for
your application.

A windowed plus -reduction gives the sum of aach set of
three consecutive numbers,

A windowed cotenate-reduction returns the groupings as
alist of lists

/3L ELE

A windowed less-than-reduction keeps the first 1in each
Gonsecutive group of Is in a Baolean array.

2l ar

0

1000010001000

Simple

Primitive functions and operators are represented by
symbals that mnemonically suggest their maanings.

#'apples’

it a
high degree of mechanical sympathy ideally suited to SIMD
processing. APL cun offer high programmer efficiency, as
well az all-out exacution speed by leveraging modern
processors vectar-oriented

Which are vowels?

ae
110001

Only leading vowels

110000
Remove leading hyphens

~-sample text

Remove trailing hyphens

AN’ =" zw) -

sample

rsion of Dyalog:
wnloads

TryAPL

TryAPL includes basic APL tutarials, glyph input. and an
interactive workspace for experimenting with the
language:

Tamstat
TamStat can be downloaded from:

ey

The APL Challenge
Learn APL and compets far ane of thras $100 prizes.

cholienge.dyafa

The APL Forge

Got a problem 1o solve or alibrary to shara? Use Byalog
APL to build something great - and win £2,500 « an
expenses-paid trip to present at a Dyalog user meeting.
forge.yalog.com

sales@dyalog.com

DYALOC

www.dyalog.com
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Symbolic Notation

log.(z)
log ()

(&)
%

fgz

axb
X<y

+/4x16

x/4x16

min(zp. . . Ty)

max(xg. . . Ty)

P(A|B;)P(B;)

> P(A|B;)P(B;)




K Means Clustering

m{Qgro (+#+#)BHa—g«soholro+. (*x2~)w}*x=q@m~c3?2#m«fl,5cl
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K Means Clustering

ce@mf~c3?#m«fl,scl @ Initial centroid is random

Converge<«{
dea+. (-*2~)w n Distance to centroids
g«>oho1d A Group by nearest centroid
Qgko (+£+#)Ba A New centroid is mean of

} A corresponding group

m Converge*=c
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What is Data Science?

Machine

Learning Math and

Science DATA Statistics

SCIENCE

Software Traditional
Development Research

Real-World
Application Area

(Field within Science, Business,
Engineering, etc.)

Figure 3 DVNA




Data Science is the Collection of Data

10 DOVNA




Data Science is the Structuring of Data

Databases APls Files
= O ~ |3
[ JCSV
)load sqapl Jload HttpCommand JJSON
[ XML

DOVNA
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Data Science is the Structuring of Data

t1,(t2s 1)[t2Pkeyi1tiFkey; ]

1d1 100 id1 100
1d2 102 id2 102
1d3 101 id3 101

1d4 177 ids 177 ~1 "1

12 DOVNA
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Data Science is the Cleansing of Data

x~[NULL A X without nulls
x/~(x>0)A(x<100) A Keep values between (0,100]
U X A Remove duplicates

tib«{(v\' '"#w)/w} A Trim leading blanks

tlbod*x2 Ao Trim trailing and leading blanks
DVNA
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Data Science is the Visualization of Data

ScatterPlot c¢

[ XN J APL2Vega

https://vega.github.io/vega-lite/examples IVNA




Data Science is the Visualization of Data
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Data Science is the Visualization of Data

Comparative Spend 2004-5

2
[
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31 Units
40 Units
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I Last Year B8 This Year

DOVNA




17

Data Science is the Summarization of Data
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Data Science is

¢ Data Science is an exploratory discipline,
combining fields of Mathematics, Statistics &

Computing
¢ Sounds perfect for APL?

DOVNA
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RELATIVE FREQUENCY

History — GRAFSTAT (1984)

0.05 0.10 0.15 ©.20

0

NORMAL DENSITY FUNCTION, N=100

Figure 4

NORMAL PROBABILITY PLOT
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Open Source Libraries

KokoStats

| ',:

APLearn

DOVNA
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About the APL Forge Previous Winners Submissions Ideas FAQs Contact Us

Shaping tomorrow with APL

Forge your ideas into
prize-winning APL tools

Do you have a problem and are looking for the right language in which to solve it? Do you have an idea
for alibrary that you think other APL users might benefit from? Do you have an APL-based application
that you want to share? The APL Forge is where we reward you for using Dyalog APL to solve problems

and develop libraries, applications, and tools.

MORE DETAILS

SUBMIT YOUR PROJECT
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KokoStats

Anova, AnovaPool
RegressMultipleLinear
RegressPolynomial
RegressForsythe
RegressChebyshev

RegressFourier

github.com/JoshDavid/KokoStats

PrincipleComponents DFT

Statistics FFT
CorrelMatrix IDFT
AutoCorr IFFT

CrossCor TukeyWindow
CrossTabs LeadlLag

DOVNA
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TamStat

A full-stack application with a functional DSL for
statistical operations

DOVNA




T S github.com/steveman7/TamStatCore
amJstat tamstat.dyalog.com

Probability that a person weighs over 150 lbs given a
population mean of 120 and a standard deviation of 25 lbs?

onorm(150,120,25,lower.tail=FALSE)

n —1-NORM.DIST(150,120,25, TRUE)

120 25 normal probability > 150

24 DOVNA
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TamStat
What is the probability of at least 4 heads in 5 tosses?
pbinom(4-1,5,0.5,lower.tail=FALSE)

-

n =1-BINOM.DIST(4-1,5,0.5,TRUE) ))

5 0.5 binomial probability > 4

0.1875
DOVNA




Anova Wizard
Marriage only between man and woman?

Confidence Interval Wizard
Estimate mean height

Bayes Wizard

Probability of having cancer

Distribution Wizard

Probability of weight > 150 Ibs.

ChiSquare Wizard
Party affiliation & sex

Hypothesis Wizard
Average adult height < 70 inches?




27

TamStat - Demo

DOVNA




Issues with ML Libraries

¢ High level libraries that abstract away the central
logic of a program

¢ Low-level code that obfuscate the core definition
of an algorithm

28 DOVNA
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APLearn - Demo

Sci-kit learn, written in APL

DOVNA




Baseline Model Performance ~

Accuracy Precision

Xgboost . Py .
Classification

Support
Vector 94.406
Classification

Random
Forest . ® +
Classification

Neural
Network t L +
Classification

Logistic . PN .
Regression

86.000 88.000 90.000 92.000 94.000 96.000 98.000 100.000

31 Figure 5 DVNA




Baseline Model Performance ~

Accuracy Precision

Xgboost L PN
Classification

Support
Vector 1 94.768 :
Classification

Random
Forest
Classification

+
®
-+

Neural
Network } L 4 t
Classification

Logistic . Py .
Regression

86.000 88.000 90.000 92.000 94.000 96.000 98.000 100.000
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Key B (v16+)

{(3tw)5( 3tw) }borough,sstatus

Queens

Queens
Brooklyn
Staten Island
Bronx

Queens

Alive
Alive
Alive
Alive
Alive
Alive

DOVNA




34

Key B (v16+)

{o,#w}B borough status

Queens 250551 Alive 652173
Brooklyn 177293 Stump 17654
Manhattan 65423 Dead 13961
Staten Island 105318
Bronx 85203

DOVNA
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Key B (v16+)

borough{c«#w ¢ o,c{a,100xc+~#w}Hw}BHstatus

Brooklyn

Manhattan

Alive
Dead
Stump
Alive
Dead
Stump

95.
1
2

95.
2.
1

14207668

.872042325
. 385880999

42057075
754383015

.825046238
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Stencil B (v16+)

max

36

Figure

1
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Conclusion

¢ APL’s notation is ripe for tasks in Data Science and
Machine Learning

¢ Data Science and Machine Learning give a new
perspective and influence core language design

¢ Work on co-dfns & GPU is critical

DOVNA
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