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All Respondents Professional Developers All Respondents Professional Developers

Learning to Code Other Coders Learning to Code Other Coders

Python 64.79%

JavaScript 63.61%

HTML/CSS 52 97% JavaScript 54.45%

Python 49.28% HTML/CSS 51.1%

SQL 48.66% SQL 40.22%




"Metal" Languages
-1980s

MONITOR FOR 6802 1.4

80 TSC ASSEMBLER PAGE 2

c000 ORG  ROM$0000 BEGIN MONITOR
C000 82 00 70 START DS  #STACK
* FUNCTION: INITA - Initialize ACIA
* INpUT
* QUTRUT: none
* DESTROYS: ace A
0013 RESETA EQU  $00010011
o011 CTLREG EQU  $00010001
C003 86 13 INITA IDA A #RESETA RESET ACIA
€005 B7 80 04 s: AcIA
c008 86 11 LDA A HCTLREG SET 8 BITS AND 2 STOP
CO0A B7 80 04 sTA A AcTA
c00p 7E cO F1 JMP  SIGNON GO TO START OF MONITOR
* FUNCTION: INCH - Input character
* OUTBUT: char in ace A
* DESTROYS: ace
* CALLS: none
* DESCRIPTION: Gets 1 character from terminal
C010 B6 80 04 INCH  LDA A ACIA GET STATUS
co13 47 ASR A SHIFT RDRF FLAG INTO CARRY
co14 24 FA Bcc  mem RECIEVE NOT READY
016 B6 80 05 LOA A ACIAVL  GET CHAR
co19 84 7F D A #$7F MASK PARITY
co1B 7E CO 79 JMP OUTICH  ECHO & RTS
* FUNCTION: INHEX - INPUT HEX DIGIT
INPUT: none
* QUTBUT: Digit in acc A
* CALLS: INCH
* DESTROY: a
* Returns to monitor if not HEX input
COIE 8D FO  INHEX BSR  INCH GeT A cEAR
€020 81 30 e A #'0 2ERO
co22 28 11 BMI B NOT HEX
co24 81 39 e A #'9 NINE
026 2F on BLE  HEXRTS  GOOD HEX
co2e 81 41 e A #'A
coza 28 09 EMI  EEXERR  NOT HEX
cozc 81 46 e A #'F
CO2E 2E 05 BGT  HEXERR
€030 80 07 suB A #7 FIX A-F
C032 84 OF  HEXRTS AND A #SOF CONVERT ASCIT TO DIGIT
co34 39 RTS
C035 7E CO AF HEXERR JMP  CTRL RETURN TO CONTROL LOOP



"Metal" Languages
-1980s

MONITOR FOR 6802 1.4 9-14-80 TSC ASSEMBLER PAGE 2
c000 ORG  ROM$0000 BEGIN MONITOR
C000 82 00 70 START DS  #STACK

* FUNCTION: INITA - Initialize ACTA

* INPUT: none
* QUTRUT: none
* CALLS: none
* DESTROYS: ace A
o013 RESETA EQU  $00010011
o011 CTLREG EQU  $00010001
C003 86 13 INITA DA A HRESETA RESET ACTA
€005 B7 80 04 sTA A AcIA
c008 86 11 LDA A HCTLREG SET 8 BITS AND 2 STOP
CO0A B7 80 04 sTA A AcTA

c00p 7E cO F1 JMP  SIGNON GO TO START OF MONITOR

* FUNCTION: INCH - Input character
* INPUT: none

* OUTBUT: char in ace A

* DESTROYS: ace A

carL
DESCRIPTION: Gets 1 character from terminal

C010 B6 80 04 INCH  LDA A ACIA GET STATUS
co13 47 ASR A SHIFT RDRF FLAG INTO CARRY
co14 24 FA Bcc  mem RECIEVE NOT READY
016 B6 80 05 LOA A ACIAVL  GET CHAR
co19 84 7F D A #$7F MASK PARITY
co1B 7E CO 79 JMP OUTICH  ECHO & RTS

* FUNCTION: INHEX - INPUT HEX DIGIT

* INBUT: none

* QUTBUT: Digit in acc A

* CALLS: INCH

* DESTROYS: ace A

* Returns to monitor if not HEX input

THE IBM 704

COIE 8D FO  INHEX BSR  INCH GeT A cEAR
€020 81 30 e A #'0 zER0
co22 28 11 EMI  HEXERR  NOT HEX
co24 81 39 e A #'9 NINE
026 2F on BLE  HEXRTS  GOOD HEX
c028 81 a1 e A #'A
coza 28 09 EMI  HEXERR  NOT HEX
cozc 81 46 e A #'F
CO2E 2E 05 BGT  HEXE
€030 80 07 suB A #7 FIX A-F
€032 84 OF  HEXRTS AND A #$OF CONVERT ASCIT TO DIGIT
c034 39 rTS
C035 7E CO AF HEXERR JMP  CTRL RETURN TO CONTROL LOOP

1949 1957
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MONITOR FOR 6802 1.4 9-14-80 TSC ASSEMBLER PAGE
c000 ORG  ROM$0000 BEGIN MONITOR
C000 82 00 70 START DS  #STACK
* FUNCTION: INITA - Initialize ACTA
* INPUT: none
* QUTRUT: none
* CALLS: none
* DESTROYS: ace A
o013 RESETA EQU  $00010011
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€005 B7 80 04 sTA A AcIA
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* INPUT: none

* OUTBUT: char in ace A
* DESTROYS: ace A
* caLL

* DESCRIPTION: Gets 1 character from terminal

C010 B6 80 04 INCH  LDA A ACIA GET STATUS
co13 47 ASR A SHIFT RDRF FLAG INTO CARRY
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016 B6 80 05 LOA A ACIAVL  GET CHAR
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* INBUT: none

* QUTBUT: Digit in acc A
* CALLS: INCH
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* Returns to monitor if not HEX input

COIE 8D FO  INHEX BSR  INCH GeT A cEAR
€020 81 30 e A #'0 zER0

co22 28 11 EMI  HEXERR  NOT HEX
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"Metal" Languages
-1980s

il

MONITOR FOR 6802 1.4 9-14-80 TSC ASSEMBLER PAGE 2
oo ORG  ROMY$0000 BEGIN MONITOR
000 8 00 70 smaRT 1bs  Hsmack
+ FeTION: INITA - Initialize ACTA
+ INpU: none
+ ouTeur: none
+ caLLs: none
+ DESTROYS: ace A
o013 REsETA U 400010011
o011 crires EQU 400010001
003 8613 INITA DA A GRESETA  RESET ACIA
<005 7 80 04 ST A AcIA
coos 86 11 IA A #CILREG  SET 8 BITS AND 2 STOP
Coon 27 80 04 STaa aca |
coop 7E 0 71 2P SIGNON GO To START OF MONITOR
+ FUNCTION: INCH - Input character ~ 4
+ INpUT: none
+ oUTPUT: char in ace A Py Ty ;
+ DESTROYS: ace A 2 [
+ ca
* DESCRIPTION: Gets 1 character from terminal
01036 80 04 IeE  1oAA ACIA  GeT SmaTUs
co13 47 ase A SHIFT RDRF FLAG INTO CARRY ¥
cous 24 7 B INCH  RECIEVE NoT READY
<016 56 80 05 IAA ACIAML  GET CHAR ~
<019 84 7% MDA #STF MASK EaRITY
co1e 78 c0 79 ae ovzn  Ecmo ¢ mms
+ FUNCTION: INHEX - INPUT HEX DIGIT AUTONATIC
* TwpuT: none

* QUTBUT: Digit in acc A
"

* CALLS: INCI
e

BJARNE

o Em T S nis M.Ritchi
SN e B Briz K hane D 1.Ritcl

Szl A b o rian w.Kernighan ennis ivi. Kicnie

cnnn CAEI - .

cman GEA i vor e

e n A

FERTE . 3 (N £ SN — e s,

coss 7 coap wmams e o ssn o cowson. oop

cc A
* Returns to monitor if not HEX input

THE IBM 704

1949 1957 1972 1985
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Wild Performance Ride (1980s-2010)!

Transistors (millions) Clock Speed (MHz)
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Wild Performance Ride (1980s-2010)!

Transistors (millions) Clock Speed (MHz)
10,000 100,000

1,000 10,000

100
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Wild Performance Ride (1980s-2010)!

Transistors (millions) Clock Speed (MHz)
10,000 100,000
150,08 10,000
100
x % 1,000
. Smaller = Faster
1 X
o e 10
0.1
001 : JUST BUY NEW HARDWARE
N\ WFN N Y AND YOUR CODE RUNS FASTER
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"Metal" Languages
-1980s

il

MONITOR FOR 6802 1.4 9-14-80 TSC ASSEMBLER PAGE 2
oo ORG  ROMY$0000 BEGIN MONITOR
000 8 00 70 smaRT 1bs  Hsmack
+ FeTION: INITA - Initialize ACTA
+ INpU: none
+ ouTeur: none
+ caLLs: none
+ DESTROYS: ace A
o013 REsETA U 400010011
o011 crires EQU 400010001
003 8613 INITA DA A GRESETA  RESET ACIA
<005 7 80 04 ST A AcIA
coos 86 11 IA A #CILREG  SET 8 BITS AND 2 STOP
Coon 27 80 04 STaa aca |
coop 7E 0 71 2P SIGNON GO To START OF MONITOR
+ FUNCTION: INCH - Input character ~ 4
+ INpUT: none
+ oUTPUT: char in ace A Py Ty ;
+ DESTROYS: ace A 2 [
+ ca
* DESCRIPTION: Gets 1 character from terminal
01036 80 04 IeE  1oAA ACIA  GeT SmaTUs
co13 47 ase A SHIFT RDRF FLAG INTO CARRY ¥
cous 24 7 B INCH  RECIEVE NoT READY
<016 56 80 05 IAA ACIAML  GET CHAR ~
<019 84 7% MDA #STF MASK EaRITY
co1e 78 c0 79 ae ovzn  Ecmo ¢ mms
+ FUNCTION: INHEX - INPUT HEX DIGIT AUTONATIC
* TwpuT: none

* QUTBUT: Digit in acc A
"

* CALLS: INCI
e

BJARNE

o Em T S nis M.Ritchi
SN e B Briz K hane D 1.Ritcl

Szl A b o rian w.Kernighan ennis ivi. Kicnie

cnnn CAEI - .

cman GEA i vor e

e n A

FERTE . 3 (N £ SN — e s,

coss 7 coap wmams e o ssn o cowson. oop

cc A
* Returns to monitor if not HEX input

THE IBM 704

1949 1957 1972 1985
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"Irrational Exuberance" Languages
1990s

1991 1993 1995 1995 1990
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HOW MANY BYTES IN...(INT, LIST, DICT)?
python’




(INT, LIST, DICT)?

HOW MANY BYTES IN..






v

4

(INT, LIST, DICT)?

HOW MANY BYTES IN..






Ihey called you Slow!




for i in range(n):
for j in range(n): 3
for k in range(n): I\
C[i][j] += Al[il[k] * B[k][j] 'Fv""]‘iieyca led'you slow!
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6727

1000 — /
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’ 60,000X
MATRIX 10 .
MULTIPLY / slowdown!

Python C parallel loops memory SIMD
optimization instructions



BN

E
e

al,

‘ﬁ.:

. »
NN o
DA
N .
f
- ¥
-
' | —_— 2
» : .
e
4{ :
" . ! - / .
4 B
!
\ -

o -
5 - AN / ~ ~
ANy
) e h\e - e
N v
L0 7 . ~
Feo,
."-
. N .
- . - v
-
> —— “ { Y | e s
~ o - ‘ .v, g
A S
- . h NN,
L N
‘ Wl
& A WD N -
{ Wl a8
i \(’:\“s o :';v\
( A | LA f )
) ' L - b

~2010: THE RIDE IS OVER



The Ride Is Over

Transistors (millions) Clock Speec
10,000 \ 100,000

TRANSISTOR COUNTS .
.| STILLINCREASED ™ :

X
0.1 X w0 x )
X
oot | (MOORE'S LAW) ( FEN
0001 L = o
R KR & © & & 8 38 o =4 1‘3 D 0”8 8 § 8

2005 1
2010 1
2015 -






1

1

131

6

13
156/1
156/1
145/1
112/1
224/1
179/16
326/9
112
112
112
145/142
1

320
32/30
32/30
1

1

153

T O O OO O OO OO OO OO OO0 OO N We ©

.022
.155
.191
.870
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
.014
. 000
. 000
. 000
. 000
.008
. 000
. 000
. 000

import numpy as np

def main():

for i in range(10):

python3 -m cProfile

T IO O O 0O OO 0O OO OO OO0 00000000 O0COEODTO ®©

.022
. 155
.024
.478
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

T IO O O OO OO OO OO0 OO OO OO INWO-O

.307
.216
.191
.870
.146
.069
.069
.069
.069
.069
.066
.066
.024
.016
.014
.011
.010
.010
.010
.010
.009
.008
.007

B~ BN« BN o RN RO B o B AR o B e B e B o BN A I o A B A A I A IR e IO B AS BE A IO NN 6 )

.307
.216
.024
.478
.011
.069
.069
.069
.069
.069
. 004
.007
. 000
. 000
. 000
. 000
.010
. 000
. 000
. 000
.009
.008
. 000

test2-2.py:2(<module>)

test2-2.py:4(main)

{built-in method numpy.array}

{method 'uniform' of 'numpy.random.mtrand.RandomState’
__1nit__.py:1(<module>)

<frozen importlib._ bootstrap>:1002(_find_and_load)
<frozen importlib. bootstrap>:967(_find _and_load _unlocked)
<frozen importlib._bootstrap>:659(_load _unlocked)

<frozen importlib._bootstrap_external>:784(exec_module)
<frozen importlib. bootstrap>:220( _call with_frames_removed)
<frozen importlib._bootstrap>:1033(_handle_fromlist)
{built-in method builtins.__import__}

<frozen importlib._bootstrap_external>:856(get_code)
<frozen importlib._bootstrap_external>:976(get_data)
{method 'read' of ' _io.BufferedReader' objects}

<frozen importlib. bootstrap>:558(module_from_spec)
multiarray.py:1(<module>)

overrides.py:187(decorator)

<frozen importlib. bootstrap_external>:1106(create_module)
{built-in method _imp.create_dynamic}
overrides.py:1(<module>)

_pickle.py:1(<module>)

<frozen importlib. bootstrap>:901(_find_spec)

objects}
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import numpy as np

def main():
in range(10):

for i

X

y

np.array(range(10**7))

np.array(np.random.uniform(@, 100, size=(10%%*8)))



./test2-2.py: % of time = 97.8% out of 30.1s.

Time: Python | native | system

Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)

I B
H = H T H H

hover over bars to see breakdowns; click on coLuMN HEADERS to sort.

TIME MEMORY MEMORY MEMORY MEMORY COPY GPU GPU LINE PROFILE (click to reset order)
average peak timeline activity (MB/s) util. memory ./test2-2.py
> import numpy as np
4 def main():
B for i in range(10):
B I B pniin e 17% 6 X = np.array(range(10**7))
I | e B A HAHAH 83% 253 7 y = np.array(np.random.uniform(0, 100, size=(10**8)))

(/
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4 def main():
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4 def main():

B for i in range(10):
[t 17% 6 X = np.array(range(10**7))
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B D e

hover over bars to see breakdowns; click on coLUMN HEADERS to sort.
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4 def main():

5 for i in range(10):
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Time: Python | native | system  Memory: Python | native § Memory timeline:
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Time: Python | native | system  Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)
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Time: Python | native | system  Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)

I e

hover over bars to see breakdowns; click on coLuMN HEADERS to sort.

./test2-2.py: % of time = 97.8% out of 30.1s.

TIME MEMORY MEMORY MEMORY MEMORY COPY GPU GPU LINE PROFILE (click to reset order)
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4 def main():

B for i in range(10):
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e i A HAHAH 83% 253 7 y = np.array(np.random.uniform(@, 100, size=(10**8)))
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Time: Python | native | system  Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)
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hover over bars to see breakdowns; click on coLUMN HEADERS to sort.
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4 def main():

5 for i in range(10):

17% 6 X = np.array(range(10**7))
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Time: Python | native | system  Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)

B D e

hover over bars to see breakdowns; click on coLUMN HEADERS to sort.
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Time: Python | native | system  Memory: Python | native Memory timeline: (max: 3135.8MB, growth: 3.1%)

B D e

hover over bars to see breakdowns; click on coLUMN HEADERS to sort.
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4 def main():
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6 X = np.array(range(10**7))
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./test2-2.py: % of time = 97.8% out of 30.1s.
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./test2-2.py: % of time = 97.8% out of 30.1s.
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Memory: Python |

hover over bars to see breakdowns; click on coLUMN HEADERS to sort.
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o import numpy as np
4 def main
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./test2-2-optimized.py: % of time = 95.2% out of 23.4s.
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5 for i in range(10
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orts leak volume
(MB/s) per line

TIME MEMORY MEMORY MEMORY MEMORY COPY GPU GPU LINE PROFILE (click to reset order)
average peak timeline activity  (MB/s) util. memory leaky/test-leaky.py
I & 5623 for 1 in range(10000000 ) :
_ possible leak 100% 430 ‘ 562 4 leak.leak("I want to run\nlI want to hide\nI want to tear down the walls

- 1596.0MB (@ 3s); possible leak (0.3
memory: \ o /s)
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~. Scalene - test/issues/test-iss X + v

A Not Secure | http://plasma-umass.org/scalene-gui/ LR *¢ @ [ O :

ﬁgm}%\

cmwilhelm commented 2 days ago - edited ~ © <~

We've started using scalene over at Semantic Scholar (www.semanticscholar.org) as part of our toolsuite for operationalizing
machine learning models. Recently we found a model of ours was cost prohibitive and put an entire product direction in
jeopardy. We generated a set of test data and ran our models with Scalene mounted -- the html output was able to pin point
our squeakiest wheels and help us validate our changes were having an impact. The process was iterative, precise and
repeatable. In the end, we were able to reduce costs by a staggering 92%.

With these models, there is also always the question of whether things would be more cost effective running inference
services on GPUs rather than CPU. Scalene allowed us to quickly ascertain what fraction of our runtime would benefit from
the hardware acceleration, and what CPU-bound code we'd need to pare down to achieve our goals.

o R 7 acT T LITLY T -

[ ] [ ] ' 4 X = np.array(range(10**7

1 y

I

I

np.array(np.random.uniform(@, 100, size=10**8

2 def main2
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® 0 ~~ Scalene - test/issues/test-issu X <+ v

<« > C A Not Secure | http://[plasma-umass.org/scalene-gui/ h vy @ 0O 9 :

/™.

SCALENE

[Select a profile (.json)]

v advanced options
Proposed optimizations

Enter an OpenAl key to enable: | sk- v

O] Optimize runtime performance
O Optimize memory efficiency

Include GPU optimizations

Click on an explosion (3<) to see proposed optimizations for a region of code,
or on a lightning bolt (+*) to propose optimizations for a specific line.

Click again to generate a different one.

Note that optimizations are Al-generated and may not be correct.

Time: Python | native | system  Memory: Python | native Memory timeline: (max: 1.653 GB, growth: 21.0%)

/1 .| M T T

hover over bars to see breakdowns; click on coLuMN HEADERS to sort.

show all | hide all | only display profiled lines
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f SCALENE
 § ] GPU

[Select a profile (.json)]

v advanced options
Proposed optimizations

Enter an OpenAl key to enable: _ v

@® Optimize runtime performance

O Optimize memory efficiency

Include GPU optimizations

Click on an explosion (3£) to see proposed optimizations for a region of code,
or on a lightning bolt (+") to propose optimizations for a specific line.

Click again to generate a different one.

Note that optimizations are Al-generated and may not be correct.

Time: Python | native | system  Memory: Python | native Memory timeline: (max: 1.653 GB, growth: 21.0%)

A N . T T

hover over bars to see breakdowns; click on coLumMN HEADERS to sort.

show all | hide all | only display profiled lines
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[Select a profile (.json)]

» advanced options
Time: Python | native | system  Memory: Python | native Memory timeline: (max: 1.653 GB, growth: 21.0%)

I  anibunRElN:

hover over bars to see breakdowns; click on coLuMN HEADERS to sort.

how all | hide all | only display profiled lines
Vtiest/issues/test—issue3l.py: % of time = 100.0% (2.897s) out of 2.897s.

TIME MEMORY MEMORY MEMORY MEMORY COPY LINE PROFILE (click to reset order)
average peak timeline activity test/issues/test-issue3l.py
. 17 1 Z-import numpy as np

3¢ Zdef mainl():

Proposed optimization:

Vectorize the code to reduce the number of loops and improve performance.
= np.arange(10**7)

= np.random.uniform(@, 100, size=10**8)

< X H#H =




90x speedup

#58 (comment) presents the following code:

for i in range(n_features):
for n in range(n_samples):
subgrad[i] += (- yI[n] *x X[n][i]) if y[n] * (np.dot(X[n], w) + b) < 1 else 0
subgrad[i] += self.lambdal x (-1 if w[i] < @ else 1) + 2 % self.lambda2 * wl[il

Scalene proposes the following optimization:

# Vectorized operations to replace for loops

subgrad[:-1] = np.sum(-y[:, None] * X * (y x (X.dot(w) + b) < 1)[:, None], axis=0)
subgrad[:-1] += self.lambdal * np.sign(w) + 2 % self.lambda2 *x w

subgrad[-1] = np.sum(-y *x (y * (X.dot(w) + b) < 1))

Scalene's proposed optimization accelerates the original code by at least 90x (89 seconds to 1 second, when running 500
iterations), and takes full advantage of multiple cores.
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