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“Premature optimization
IS the root of all evil.”
- Donald Knuth, Turing Award Lecture 1974



“Premature optimization

Is the root of all evil.”
- Donald Knuth, Turing Award Lecture 1974

Not an excuse to write bad code!

1. Get it working

2. Get it working right
3. Test it’s working right
4. Profile it

5. Improve the slow parts, then go to 3



How Python does memory management

Reference counting...

...with a garbage collector.

Memory Allocator is in cPython...
...and in the OS.

Every object has a dictionary of attributes...

...unless you use __slots__ or Cython.



What makes Python slow?

Attribute lookups!

c\oW

for speciesl in long_list:
for species2 in long_list:
distance = ( speciesl.molecule[@].atom[@].x -
species2.molecule[@].atom[@].x )
paste — .
for speciesl in long_list:
x1 = speciesl.molecule([@].atom[@].x
for species2 in long_list:
distance = x1 - species2.molecule[@].atom[@].x
E§C“N newlist = []
for word in oldlist:
newlist.append(word.upper())

el
Fas upper = str.upper()

newlist = []

append = newlist.append

for word in oldlist:
append(upper(word))



How to profile RMG-Py for CPU use

$ python rmg.py -p hexadiene/input.py

MODEL GENERATION COMPLETED

The final model core has 9 species and 8 reactions
The final model edge has 140 species and 317 reactions

RMG execution terminated at Wed Jan 22 14:42:49 2014

Sorted by internal time

Wed Jan 22 14:42:49 2014

Ordered by:
List reduced from 2468 to 25 due to restriction <25>
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objects}
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'rmgpy.pdep.configuration.Configuration' objec
0.000 {method 'copy' of 'rmgpy.molecule.molecule.Molecule' objects}

25919

XS}

internal time

25196711 function calls

/Users/rwest/Code/RMG-Py/examples/rmg/1, 3-hexadiene/RMG.profile

(24439766 primitive calls) in 46.146 seconds
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filename:lineno (function)

rules.py:427 (fillRulesByAveragingUp)

statmechfit.py:332 (hinderedRotor heatCapacity)

{cPickle.dump}
statmechfit.py:357 (hinderedRotor d heatCapacity d barr)

base.py:1105 (getAllCombinations)
{rmgpy.pdep.msc.applyModifiedStrongCollisionMethod}

{method 'isSubgraphIsomorphic' of 'rmgpy.molecule.molecule.Molecule'

adjlist.py:51 (fromAdjacencyList)
rules.py:404 (getAllRules)
{method 'generateCollisionMatrix' of

ts} 6
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main:358:execute registry:50:__ getitem___
100.00% 0.86%

(0.00%) (0.08%)
1 PLY

50.76%
1

main:251:initialize main:552:saveEverything
43.58% 50.76% 5.08%
6 (0.01%)
1

19.04%
2

30.54%
1

main:226:loadDatabase main:706:saveOutputHTML
30.54% 1.29%
(0.05%) (0.00%)
1

1.59%
34

21.71%
34

family:809:addKineticsRulesFromTrainingSet family:931 fillKineticsRulesByAveragingUp rmg:68:load output:52:saveOutputHTML
1.59% 21.71% 7.19% 1.56%
(0.01%) (0.00%) (0.00%) (0.05%)
34 34

0.57% 21.71%
413 34

copy:145:deepcopy
0.92%

rules:427:fillRulesByAveragingUp rmg:125:1oadKinetics
21.71% 21.67% 4.78%
(11.38%) 1926 (0.00%)
477031

(0.31%)
94423

rmg:101:loadThermo
082% /0.79% | 0.859% 0.89% 500% 3.36% 1.859,




model:599:react
14.02% 32
(0.00%) (0.02%)
49 149
14.02% 3.66%
60 72

__init_:275:generateReactions thermo:616:getThermoData
3.74%

(0.00%) (0.00%)
60 84

3.58%
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generateReactionsFromFamilies
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(0.01%)
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thermo:745:getThermoDataFromGroups
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/14 01% 92% 3.44%
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family:1386:generateReactions

thermo:850:estimateThermoViaGroupAdditivity
3.44%

(0.04%)

(0.05%)
2040

228

[13.97%
‘ 3872

family:1435:__generateReactions thermo:773:estimateRadical ThermoViaHBI
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(0.27%)
4181

59
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x 003% gett rmgpy.mole

6594 (0.00%)
85

1.50%
85

molecule:210:generateThermoData
1.50%

(0.00%)
85
1.50%
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family:960:applyRecipe family:1320:isMoleculeForbidden molecule:255:load ThermoData
2.989 5.41% 1.50%

(0.29%) (0.00%)
25634 85

6.12% 1.35%
46832 85

method 'copy’ of

1.84%

1.25%
149

model:164:processThermoData

1.25%
(0.02%)
149

~:0:<method 'toNASA' of
‘rmgpythermo.wilhoit. Wilhoit
objects>

90%
563

model:499:makeNewReaction

84%

model:373:makeNewSpecies

0.93%
144

optimize:1403:fminbound

151%
3296

thermo:961:_addGroupThermoData
1.75%

139879

~0:
‘rmgpy.molecule.molecule. Molecule' base:1135:isMoleculeForbidden J§ molecule:113:loadThermoDataFile | base:842:matchNodeToStructure
b 1.3 3.92%

objects> 5.12%
2.39%
(2.39%)
25919

1.14%
114928

0.23%
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rmgpy.molecule.molecule.Molecule’ gpy.molec
s>
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(2.82%) Sk
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¢
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68019

optimize:1464:_minimize_scalar_bounded
1.01%

1.73%
964

(0.28%)
149

1.87%
1027

groups:101:getReactionTemplate
1.8

7%
(0.05%)
1027

0.93%
14

model:1446:updateUnimolecularReactionNetworks
37.07%

0.15%
63

(0.20%
88

main:358:execute
100.00%

registry:50:_getitem__
86%

(0.08%)
12861

main:251:initialize
50.76%

(0.01%)
1

26:l0adDatabase main:706:saveOutputHTML aveRestartFile
30.54% 1.29% 3.63%
(0.05%) (0.00%) (0.00%)
1 8 9

B7.07% 1.44%
8 145

family:809:addKineticsRulesFromTrainingSet
1.59%

family:931:filKineticsRulesByAveragingUp J rmg:68:load tput:52:saveOutputHTML cPickle.dump>
21.71% 7.19% 1.56% 3.62%
(0.01%) (0.01%)
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(0.00%) [(X) (0.05%) (3.61%)
34 1 9 2

model:240:generateTransportData
36.66 1.45%

0.57%
330 (0.00%) 413
149

pdep:450:update copy:145:deepcopy rules:427:filRulesByAveragingUp rmg:125:loadKinetics Y environment:835:from_string
36.66% 1.45% 0.92% 71% 7 1%
(0.06%) 149 (0.31%) (11.38%) (0.00 (0.00%)
330 94423 477031 1 9

transport:262:getTransportProperties rmg:101-loadThermo
1.4

3.36% 1.85%
475576 (0.00%)
1

17.87% 18.05%
1" 32

0.82%
1429

0.79%
8189

0.85%
177

0.89%
114

5.00%
477031

network:192:calculateRateCoefficients. model:224:generateStatMech .t rules:384:getRule base:1105:getAllCombinations ronment:514:compile
87% 18.05% 1.40% [ 9% 5.05%
(0.08%) (0.00%) 137 (1.44%)
1

32 9 481846

transport:320:getTransportPropertiesViaGroupEstimates
11.60% 1.40%
440 (0.00°
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network:263:setConditions network:740:applyModifiedStrongCollisionMethod Jl_statmech:630:getStatmechData 04:getAllRules __init_:107:loadFamilies
189 11.60% 18.05% 43% 4.78%
(0.02%) (0.00%) (2.69%) (0.00%)
440 32 482343

thermo:399:loadGroups
11.56% 1.76%
440 (0,00%)
1

network:522:calculateMicrocanonicalRates
1.15

statmech:669:getStatmechDataFromGroups
59 0 18.05%
(0.00%)
32
0.89% 1.53%
472 124500

[18.05%
32

thod ~:0:<method ‘mapDensityOfStates' ~:0:<method
icalRateCoefficien of CollisionMatrix of . ¥
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objects> > 2o o
1.62% (0.25%)
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~:0:<method 'reduce’ of

39 0py ISPOS 98 e ype
linalg:139: Ja%t‘C‘)ar,:/AndTransrme linalg:99 Tr-)j\’monwpe numpy.ufunc object
o 1.71%

statmechfit:80:fitStatmech ToHeatCapacity
17.68%

0.02%)
(171%) ¢
158746 82

statmechfit:141:fitStatmechDirect 2 Y 4:loadEntry thermo:270:loadEn
17.45% 30% A44% 0.96%

175210 2 9 (0.06%) (0.04°
2

X o’ ~:0:<method ‘fromAdjacencyList
num anethodison e of unitquantity:321:simplified of 'mgpy.molecule.group.Group'
'pydqed.DQED' objects> SRETIRALA philed 'gpy.- group. p'

17.42% 1.39% objects>

(0.02%)

@ gg%) 2558

15.04%

statmechfit:383:evaluate quantity:182:resc adjlist:51:fromAdjacencyList
15, 9 3.42%

(2.71%)
11767

3.39%
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3.97% 2.39% 0.97%
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statmechfit:357:hinderedRotor_d_heatCapacity_d_barr
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How to profile RMG-Py for memory use

Just run it

- XLS

statistics.xls

en0o ™ statistics.xls

PEHOMH 0 @ - Z-%-F B8 - @ (Q=(Search ins

neet

| A Home  layout  Tables  Charts | SmartArt | Formulas  Data  Review
Ean Font Ngamen: Numer Format Cels Tremes
|, Al » 10 |v = =g abcr DWapTextv Ceneral H. ). . To. (5l AaY. ot
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1 Execution tim¢Core species Core reactions Edge species Edge reaction:Memory used Restart file size (MB)
2 139.520491 5 0 26 16 214.130688 0
3  169.839562 6 1 80 70 242.659328 0
4 178.095639 6 1 84 75 253.657088 0
5  187.592839 6 1 88 79 271.437824 0
6  201.334465 6 1 93 84 259.887104 0
7 233.356402 7 2 150 169 263.737344 0
8  265.418484 8 4 196 239 284.758016 0
9  268.541452 8 4 196 240 261.169152 0
10 279.033994 8 4 198 242 273.956864 0
11 285.383976 9 7 200 260 274.026496 0
12 328.440526 10 10 249 363 310.157312 0
13 352.161246 1 16 283 415 280.141824 0
14  355.457457 12 17 283 430 283.7504 0
15 375.273565 13 21 324 492 284.073984 0
16  421.504672 14 28 438 648 302.526464 0
17
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How to profile RMG-Py for memory use

Just run it
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Memory (GB)
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How to profile RMG-Py for memory use

Take your pick of toolkits, libraries, etc.
Guppy
Meliae

Pympler

10



$ python rmg.py -m example/input. Py

@00 ClassTracker Statistics
' A 6 ﬁle ///Users/rwest/Dropbox/Northeastern/Presem C Reader || A | AL ° "

ClassTracker Statistics

Memory distribution over time

1 Snapshot Memory
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Virtual Memory [MiB]
(=2}

Y% =0 30 a0 50 60 70 80 90
Execution Time [s]

Snapshots statistics



Snapshots statistics

2 core 5 edge species 13 seconds snapshot at 00:00:13.42

Total virtual memory assigned to the program at that time was 2.58 GB, which includes 12.14 KB
profiling overhead. The ClassTracker tracked 4.66 MB in total. The measurable objects including code
objects but excluding overhead have a total size of 0 B.

Class Instance # Total Average size
rmg.model . CoreEdgeReactionModel 1 466 MB 466 MB 0.18
rmg.model Species 7 3.12KB 456 B 0.00

3 core 8 edge species 15 seconds snapshot at 00:00:14.94

Total virtual memory assigned to the program at that time was 2.61 GB, which includes 21 .41 KB
profiling overhead. The ClassTracker tracked 6.87 MB in total. The measurable objects including code
objects but excluding overhead have a total size of 0 B.

Class Instance # Total Average size
.rmg.model.CoreEdegeReactionModel 1 687MB 687 MB 0.26
rmeg.model. Species 11 487KB 453 B 0.00

4 core 8 edge species 16 seconds snapshot at 00:00:16.02
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Other resources

SlideShare.net

e.g. http://www.slideshare.net/g3 nittala/profiling-and-optimization-14511764

Google.com

e.g. “Python memory profiling”
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