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What We Wanted

A language that gets down to the iron, runs at C
sSpeeds, and has no surprises:in generated assembly,
but at the same time guides you along to a clear,
succinct and correct expression of complicated
systems and algorithms.
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What We Wanted
More Concretely

1.Ineffable quality

® Write complicated algorithm

® cither it Is right the first time

® Or It IS very. close, and easy to diagnose and fix
2.LLook at program assembly execution trace

® most Instructions have to do with essence of problem

PNYLAB LLC
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Real Problem for the World

® Stay easy, friendly, interpreter-like

® Yet use all the cycles the computer has to offer to solve
the problem, not for overhead

® [cel this has not been addressed, and not for any good
technical reason

PNYLAB LLC
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Discarded Candidates

e No C, didn’t feelright in the 21st century
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Discarded Candidates

e No C, didn’t feelright in the 21st century

e No C++, didn’t think we were smart enough

PNYLAB LLC
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Within a Stone’s Throw

e Python, gets you everything except performance

® huge deal, wasn't clear there could be a language
that would corral you in- the right direction

® Pyrex, epsilon-away, most of the heavy lifting done

® fast attribute access, exception handling, resource
management - all the essentials for large system

PNYLAB LLC
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Needful 1hings

® No gear shifting to G

e Stay Pythonic, see how far you can push it without
sacrificing performance
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Needful 1hings

® No gear shifting to G

e Stay Pythonic, see how far you can push it without
sacrificing performance

o Naturally leads to a few desiraples

PNYLAB LLC
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Fast Numerics
Essential”?

® Already have linear algebra packages, but...

o [f Python API, Python overnead makes using small
matrices infeasible

e May not have what you want
e | imits and contorts your thinking
® vou jump through hoops to vectorize

® 2 priori, you only consider things that are vectorizable

PNYLAB LLC



=W o

o

L4

"

.y

‘.
3

JdJ4J444,4‘44444ao‘...
ERARRRRRRRRRRARAN

/f/;f (AR RRRRRRRRRRER

JJ,,JJJ,,,,J,,,,,,/
PRSRRRRRRRARR AR RS
JJJJJd,Jlaaala...-
T IO YYY Y
4444444444444.

TI T I I Y YYYYY .y
TYYYY Y YT IYY Y

TY YT YT Y Y Y Yy Yy Yy Yy
.JJJJJJJ T I XTI YN Y N Y Y YYY Y Y

J.JJ/JIJ;/,“,,,,,

; )
.’.‘. TYI I I I Y YN YY
NANAN ARARRARARRRRRRRRE
"eee Y9999 Y Y Yy vy Y
2o Y Y YYYYYYYY Y Yy \
... jddeldtt.::... \
.Jl. Y Y YYYYYY Y Y Y Yy !
.e TYYYY Y Y Y Y Y Y !
29 TYYYYYYYY Y )
»e e Y TYY Y Y Y Y YYYNY Yy
A TYYTYY Y Y Y Y Yy Yy
"*ee FYYYY Y Yy
20 YT YT Y YT Y Y YT Y Yy Yy
AR Y YT Y Y Y Y Y Y Y Yy
”.. J:dela:.«-.. » ' N
e TN Y LYY
000 . WAAAN LA

1)

T I I T T YT YT Yy Y Y Yy Yy Yy vy

L)

i TYY YT Y Y Y Y Y Y Y Y
TY YT YT Y Y Y Yy Yy

JJ JJJ Jfff.ﬂ‘ AN
: WWJ %

-
.

-
.
MTS
o
P

5::

..
L
LD
.
.,
.
"
.o

s
2338
o
‘.

PY
o:o'
%
weese
.o
»
-

' JJ
....14,.J~“JJJJ.JJJJ

Y Y YT YT Y Y YYYY

.
oo
3
P
i':

%

e
.
.

JJJJJJJJJ.Ar
FIIINYYYY

.44

R
Y YT YT YITYIYYYYYS 1™

.....444J4J4JJJJ

YT T YT YT RN YYYYYYS

YT Y Y Y Y Y YYYYYYYYSN
N

Y Y I I YT YT YT YT YYYY Y
YT I ITIYYYOYOOYY Y .
T T T I T IIYYTYYYY Y Y

,,..‘,.4‘4444444444J444JJ
T T T T I YT YT YYYY Y Y Y

RARRARRARR AR R AR .
1T Y T YT YIYIYYYYYYS
T T T T T T T T YT Y Y Y Y Y YYYYYYYSN
y

YT I IYTYIYYTOYIOYTOOOYY
BERERERR R R AR AR R AR
YT T T TN YTYT Y Y NY Y Y Y Y'Y




444444%4 J~JJ.J¢4444444-444..
IRRARRRN ffqu Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

Jqff RS RRRRRRRRRRRE
d UJ TYT YT Y Y Y Y Y Y Y YYN YTy
J TI I T T T T 11
) | Y Y YT YT Y YYYY Y Y Y Y Y
AR RRRRRRRRRRR R R R

JJJJJJJ41444¢.4

TYYYYYYYYYY Yy
T I T PN I YT YNy N Y Yy
JJJ JJ4444444.4...,.

,Q/ XXX k
21 YYYYYYYYYYSY Y Y Y

J/JJJJJddzl......
T I Y YTy Y Yy Yy
AY Y Y Y Y Y Y YN Y YNy

dd.delttt....
: TIYYYYYY Yy
TIIIYT YTy YTy Yy

NYLAB LLC

TIT I T TV
TEYYITYYYYNNY

JJJJJJ;JIJJJI,,,
444.414444.

TN Y Y YYYYYY Y
JJJJJJ‘JJ.JJ-.....,.
JJ“JJJJqqqzaaa_,

! TYYYYYY YN N Y
-dJAJJJJ.a,_1444..
YN Y Y

>

\

.0
..

AYYYYYYYYYY Y Yy
PR RRRRRARRRARE
TIYYY Y YY)
FTYYI YT I IS

N

Y \
TIT Iy
FTYYYYYYSY Y y v
.JJJJJ;;;a/zJ,,,,
TI I 1YOY MY
TIIIINYYY Y
. FIYIYTIYYYY
Y Y Y Y Y Y Y Y Y Y Y
) T I I I YNNI Y Y

f TYII YY1y
FTYYHYYYSYYSY Yy
TYYYYYYY N Yy
JJdddttn....
TITYIYI YNy Y Y
TI I I Y Yy Yy
ALEXLYYIYI LY

y
\

'o%
ote%ste%t
*e%:%s%
eeesesese
$o%%:%

.
.
by

=

.
.

eqese
seesess
PP LI
MILITILILILIS
sesese
LIPS

L)

T YN NS

1111114414444JJJJ
.44444414JJJJJJJ. 4
RARRRRRAAR AR AR RS LYY
Y Y Y Y Y Y YYYYYYYYYS ) Y1 ERRRRRRARRN

RRARARAAR AR R AR R AR RS TYYY) 4JJL44 ) J¢4¢444J JJJJJJJJJJJ,J

Y YI I YYYYY YYYYYY
ARARARARRRARR RN R DALY, X JOOOOOO XXX XY
RERRERERERERRRR R R RN RREN JJJ/JJJJJ;«za;;;;
T T T T YT YT YT YT Y Y Y Y Y Y ™y JJJJJJJJJJJJ:«a...
....,..,.44444444JJJJJ.4J ) » . JJJqJJJJ444444.‘....
T T T T T T T T T T T T T T T T T T T T T T T YT YT YT YT Y Y Y Y Y Y Y YYYNYYYMYYM




TYTYYYYYY Y
.Ja.JJququnqu

vivse

i

6’
i
(34343

L
'o:c

.
"y .
+?
-

eaess
U::
o
. "

.
M3
.
.
.

.
ey
e
..

-
-
.
.
.

.»'
3

.
a’oz
P
e

4444444J444p/ WJI A

.JJJJJ-

,,‘.JJJJmmmﬂﬂ

-

Y
4~44ﬂﬂﬂf.
Y

3

Y YTYYYYYSH

1Y)
. & |

P RERRERRRERERRRERERE
PR RARRRRRRRRR R AR R R AR
AR RRRRRARRRRRR R RN
! UJJ T Y YT YT Y Y Y Y Y Yy IY Y
AR RARE RN
) | Y YT Y YYYYYYSYYY Y
YTY Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
TYYY Y Y Y Y Y YT Y Y Y Y Y Y Yy vy
PR RRRRRRAR AR R R R RS

T YT T YT YT YT Y Y Y Y Yy Yy Yy
JJJJ.JJ44444444444,,.
TIYI I Iy

YY" YN Y Y
PR RN AR RRRRRRRRE

JJJJJletat..
PRRRRRRARR AR

3 ShERE R
JJ JJJJ 4J444J4J44444411;4..,..

4&.4::,,\:,,._
FTYNYYIYYYY Y S
/4441114,,,,

PRSRRRRRRARE
PR RRRRARRRRN
TIY1T113%99%YY
EXEEYLYIIYIYLY

2 B |

\

*TYTYYNY

JJJJ‘AI;«-
TITYY I Y Y Yy Y Yy
YITIYY Y S

3

TITYXYYTYIYIYIYY

TYYYYYYYN Y

2000

» )

T SeBsRRRRRREES
Y

A S oo e
(L OO0 0000000
: : LA A .................".
_ LTS
4 DOO0000000
...4.444444JJJJJJJ
RN

VY Y Yy Yy N A A
‘4444444444444J4J
RRRRRRR RS eS

ALY
YTHNNNYNYNYS

JJ.4.4,44,44.4,
TYYYYYY Y Y Y Y S

qgmqq,a,y,,..
TYYYHYYYNS
JJ/#JJ,444441414.

TYYYTYYYN N Y
44444444..4
TI I N9

JJJI.J/.J........
./JJJ44444444,.

ﬁﬂ4/444441¢,
) TYYYYY YIS
L Y'Y

I ﬂm 44 fﬂﬂﬂ/ﬂﬂﬂﬂ/ )
1) JJJJJ4444114444;;;
T YYY Y Y Y Y Y Y HY Y YYY Y Y Y Y
T YT YT Y YT YT Y Y Y Y Y Y Y YYYY Y Yy




Fast Numerics

BasiC
In Pyrex In-Pex
cdef int caefint
arr=NuMmpy.zeros(ny cdefnaarray<int, n> arr

for rom-0<=E <
artfif=1

Python speed

PNYLAB LLC



Fast Numerics

BasiC
In Pyrex INn-Pex
cdef int caefint
arr=nNumpy.zeros{n) cdefndarray<int, n> arr
for i romiO<=I<ny forEfrom:-0<=i<n:
arrliE=: arrfiy =1

Python speed

PNYLAB LLC



Fast Numerics

BasiC
In Pyrex INn-Pex
cdef int caefint
arr=nNumpy.zeros{n) cdefndarray<int, n> arr
for rom:O<=I<r: forEfrom-0<=Ikn:
artfif=1 artfiy =1
Python speed C speed, as if arr is int”

PNYLAB LLC



Fast Numerics

BasiC
In Pyrex INn-Pex
cdef int caefint
arr=nNumpy.zeros{n) cdefndarray<int, n> arr
for rom:O<=I<r: forEfrom-0<=Ikn:
artfif=1 artfiy =1
Python speed C speed, as if arr is int”

Easily >100x faster
PNYLAB LLC



Viatrix Multiply
Pyrex

cdef void matmult(ndarray. r,
ndarray A, ndarray: B):
caef int I,k
for | from: O<=i<A.dimensions|O]:
for | from O<=j<B.dimensions|1]:

for k from O<=k<A.dimensions|1]:

A=l +AlLKIBIK, ]
PNYLAB LLC



Viatrix Multiply
Pex

cdef void matmult(ndarray<aouble 2d=1r;
ndarray<double 2d>A, hdarray<oouble 2d= B):
caef int I,k
for | from: O<=i<A.dimensions|O]:
for | from O<=j<B.dimensions|1]:
for k from O<=k<A.dimensions|1]:

=i +HALLKBIK )}
PNYLAB LLC
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Viatrix Multiply
Performance

X Times Slower than Pex
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The Gauss-Jordan Sweep
H = SWP[k|G
hir = —1/grs

hik = Rki = Gik )/ Ghkr ) 7 K
hit = hij = Gji = 9k Gki/Gkks ) £ kand [ # k

. _G_l G_1G
SWPI1.2... . plG = I 11912 .
[ p] : GQ]_Glll G22 3% G21G111G12 ¥

PNYLAB LLC



import numpy

| def sweep(x):

n = x.shape[0]

1=20

u n-1
g_k=numpy. zeros(n, "double’)

pivot_product = 1.0
for k in range(l,u+l):
if x[k k] == 0.0:
pivot_product
break
pivot_product *= x[k, k]
x[k. k] = -1.0 / x[k, k]
for j in range(n):
if j

= 0.0

continue
g_k[i] = x[Jj, k]
x[3. k] = x[k, 3] = -x[kk] * g_k[j]
for i in range(n):
continue
for j in range(i+l):
if j

continue
x[d,i] -= g_k[i] * x[k,i]
x[1,3] = x[3,1]

return pivot_product

import numpy
Idef sweep (ndarray<double 2d> x):

cdef int n,luij,k
cdef double pivot_product

n = x.dimensions[0]
1 =20
u = n-1

cdef ndarray<double,n> g_k

pivot_product = 1.0
for k from 1 <= k <= u:
if x{k.k} == 0.0:
pivot_product
break
pivot_product *= x{k, k}
x{k. k} = -1.0 / x{k, k}
for j from 0 <= j < n:
if j

= 0.0

continue
g_kij} = x{j,k}
\{J-k} _— \{k'J}
for i from 0 <= i <
continue
for j from 0 <= j <= i:
if j

continue
x{j,i} -= g_k{i} * x{k,j}
x{1,3}) = x{j,1}

return pivot_product

- -X{k.k} * S—k{J}



Sweep Algorithm
Performance

500

375

250

125

X Times Slower than Pex

Pyrex

Python

10

20 50
Matrix Size (NxN)

100

200

PNYLAB LLC



Sweep Algorithm
Performance

X Times Slower than Pex

500
371
260
250 ot
140
125 o
30
’ Pyrex Python
0
) 10 240 50 100 200

Matrix Size (NxN)

PNYLAB LLC



Sweep Algorithm
Performance

X Times Slower than Pex
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NO Header Flles

You write file.px

cdef class:item:
cdef-doublex;y.z
cdermethitme)-pass

cadetfuncl:pass

Pex produces file.pxd

caelclassiiten:
caefaoublex,y,z
cdef:meth(me)

cdeftuncy)
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NO Header Flles

You write file.px

cdef class:item:
cdef-doublex;y.z
cdermethitme)-pass

cadetfuncl:pass

Pex produces file.pxd

caelclassiiten:
caefaoublex,y,z
cdef:meth(me)

cdeftuncy)

And file.pyx

<... Implementation ...>
PNYLAB LLC
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No Maketiles

main.px ® |n the shell
Yopimportimod Srpexmain:pxX
mod.px

Yopimport:stpniod
submod.px

0SS
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No Maketiles

main.px ® |n the shell
Yopimportimod Srpexmain:pxX
mod.px o Or In Python
Yo pIMPort:Stbmoo mainEpex;pimport(‘main’)
submod.px
PASS
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No Maketiles

main.px ® |n the shell
Y%pimportimod SroeXmairioX

mod.px o Or In Python
JopiMPort:Stbmoo mainEpex;pimport(‘main’)

submod.px e submod gets compiled,

then mod, then main
0asSS

PNYLAB LLC



No Maketiles

main.px
YoPIMPOFtMoa

mod.px
Yopimport:stpniod

submod.px

0SS

® | the shell
Srpex:mainox

o Or in Python
maln=pex.pimport(main’)

® submod gets compiled,
then mod, then main

® [-cels interpreted

PNYLAB LLC



Automatically pickleable
cdef classes
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Automatically pickleable
cdef classes

® [hey are!

® Pex generates the magic - reduce.and  sefstate
methods

® Caveat: can not have G pointer or struct attributes

PNYLAB LLC



Discovered We Wanted More
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Fast Slices

cdef ndarray<double (i mysKiSsart
are{s =44

same as
artrls et =4

out does not pluml through python runtime, just quick
creation of an ndarray header (in G code)

PNYLAB LLC
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Faster Serialization

Pickling
write
cael classitem:zpass
pickle:dumplitem;opentiile: w:))
read
x-=pickleload(open(:file?))

Goes through Python, slow
PNYLAB LLC
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Faster Serialization - FastlO

write

caetitem x-=itemi

X. fastdumpz(openiles - w:))
read

X = pex:createzuninitialized(item)

X fastloadi{opentiile?)
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Faster Serialization - FastlO

write
cdef item:x-=temj)
X.fastdumpzi{opentilesw:))
read
X = pexzcreateztninitializea(item)
X tastioadz(openile’))

>12x faster than pickling, as fast as writing a C struct
PNYLAB LLC
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FastlO
L Imitations

e Can’t dump a Python list

e Can’t dump an ndarray: of Python object
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L Imitations

e Can’t dump a Python list
e Can’t dump an ndarray: of Python object

o All attributes must be either primitive C types (int,
double, etc), or decorated ndarrays
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FastlO
L Imitations

e Can’t dump a Python list
e Can’t dump an ndarray: of Python object

o All attributes must be either primitive C types (int,
double, etc), or decorated ndarrays

® [his Is just for the leafs of your object hierarchy
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FastlO
L Imitations

e Can’t dump a Python list
e Can’t dump an ndarray: of Python object

o All attributes must be either primitive C types (int,
double, etc), or decorated ndarrays

® [his Is just for the leafs of your object hierarchy

e Still, can read/write mammoth data at C speed

PNYLAB LLC
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| ess Vigorous Goredump (1)

Have main.px
COEel Pooi():
cdefintTp=NUEL
RIO]
detfunc:poot)

detmami=rancy
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| ess Vigorous Goredump (1)

Have main.px Guess what happens
cdef poof(): Speximain:px
cdefintTp=NUEL
RIO]

detfunc:poot)

detmami=rancy

PNYLAB LLC



| ess Vigorous Coredump

$ pex main.px

---- BEG BACKTRACE -----=--=-=
Containing Executable File

./main.so

/usr/lib/libpython2.
/usr/1lib/libpython2.
/usr/1lib/libpython2.
/usr/1lib/libpython2.

./main.so

/usr/lib/libpython2.
/usr/1lib/libpython2.
/usr/1lib/libpython2.
/usr/lib/libpython2.
/usr/1lib/libpython2.

python
/1lib/tls/1libc.so.6

python

---— END BACKTRACE -----------

wwww

wwwww

.SO.
.S0O.
.SO.
.SO.

.SO.
.SO.
.SO.
.SO.
.SO.

H R R R

(o O
Oo0oooo

O O OO

Instruction Addr

0x3ACA

0x43991
0x20637
0x721B0
0x205FE

0x37C3
0x780A6
0x7836D
0x92952
0x93924
0x9869E
0x5B2
0x14DE3

0x501

Closest Symbol
pyx _pf 201 func

PyCFunction_ Call

PyObject _Call

PyEval CallObjectWithKeywords
PyObject CallObject

pyx pf 201 main

PyEval EvalCodeEx
PyEval EvalCode

PyRun_ SimpleFileExFlags
PyRun_ AnyFileExFlags

Py Main

main
libc_start_main

(null)
[START]
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Bounds Checking

fle main.px
caef-ndarray<intns:arr
arr{n+1j

run with-bounds checking (about 20 times slower)
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Bounds Checking

fle main.px
caef-ndarray<intns:arr
arr{n+1j
run with-bounds checking (about 20 times slower)

b pex=bmainipx
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Bounds Checking

fle main.pXx
caef-ndarray<intns:arr

arr{n=+1}
run with-bounds checking (about 20 times slower)

b pex=bmainipx

Traceback (most recent call last):
File "main.pyx”, line- 298, in-main.main
—px__ndarray_int_get1(arr,"arr",n+1,'n+1")  ## arr{n+1} | main.px,4
IndexError: Out of bounds index access "n+1"==11 for dimension 1 of "arr" which has length 10
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Compilation Configuration

Setup link with external G libraries inside your file.px
YoWwhencompiling:
envicc.appendiElazavectorZincluae’)

envilinkiappend(:/./Vector/VECIOrSO")
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Compilation Configuration

Setup link with external G libraries inside your file.px
YoWwhencompiling:
env.cciappendi=laisvectorzincluce?)
envilink:append(:/i/vector/Vector.so’)
Then bring in prototypes as usual

cdefexternfrom:vectorn:: ...

PNYLAB LLC
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General Pragma Mechanism

def func(ndarray<int-2ad>Hart);
Jowhencompiling:
SCopEe.pragmasndarray::boundschecks = True
art{nE T RROWS EXCERPTION
Turns on bounds checks

Works by scope, so here pragma applies only to func)

PNYLAB LLC
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Conversion to and from
Dictionaries

® cdef classes opague to ® [-rom Python

Pyth
ython mod=pex.pimportmod’)

® Pex generates todict

and fromdict methods X modtemy

e Define in Pex. mod.px XefromoaiCt({ X7,y 12})

cdefclassiten:

cdefintxy
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Conversion to and from
Dictionaries

® cdef classes opague to ® [-rom Python

Pyth
ython mod=pex.pimportmod’)

® Pex generates todict:

and fromdict methods X modtemy

e Define in Pex. mod.px XefromoaiCt({ X7,y 12})

cdeficlassiitent: prntX:ZtodiCt ()

cdefintx.y out: {'y: 12, 'x': 7}

PNYLAB LLC
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® Pex has no parser, regular expression pased
® | cads to annoying quirks, g
deffunc(a;#comment
olb

® Joined to def funcla, # comment D):, SO syntax error
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(Gotchas

® Pex has no parser, regular expression pased
® | cads to annoying quirks, g
deffunc(a;#comment
olb
® Joined to def funcla, # comment D):, SO syntax error

® Also, no real type system

PNYLAB LLC
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Off the Reservation

® pointers (tool of the devil)
® don't use them
® don’t think you need to
e would like to prohibit them

® structs (use cdef classes instead)

PNYLAB LLC
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Best of Both Worlds

® | uxuriate in Python decadence

® [ists, tuples, dicts, itertools; anything goes
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Best of Both Worlds

® | uxuriate in Python decadence
® [ists, tuples, dicts, itertools; anything goes
® most of the time

® Get down to the iron where it matters

® not much additional pain, lots of performance

PNYLAB LLC
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| essons | earned

® Have enough performance
o INCREFA memory management - fast, good
e Compiler working hard not only OK, but what you want

o \\Vith this setup, someone who only knows Python, can
write C efficient code

PNYLAB LLC
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| essons | earned

e Coredumps change feel of language
® completely
® Sleep Worse
® Wwaste life chasing down horrific memory bugs
® (die younger

® taken away from essence of problem

PNYLAB LLC
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BIig Picture
Going Forward

e Control coredumps

® (Give up pointers, naked memory - access (Hello Fortran!)
® Not as hortible as it sounds
® have fast arrays, add in fast multiple value return
® the only thing you give up: blitting

® allows safe mode guaranteed to catch corruption

PNYLAB LLC
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Going Forward
Safe Mode

® Runs within 3-4x times slower
® (Guaranteed to catch any - memory corruption
® Set a mask at compile time

® bounds checking

® uninitialized variable access

® Keeps track of object creation, detects leaked cycles

PNYLAB LLC
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Wishlist - Performance

® Pragma C_code only

® ast operator overloading

e ast multiple return

® Fast comprehensions: arr={i"I-for i from O<=i<n if %2}

® [0ol color codes source based on whether it’s C or Py

PNYLAB LLC
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Status
Our Shop

e 30 KLOCGC of Pex code (1.4 MLOG generated C)

® 5 people actively using Pex, more soon

PNYLAB LLC



Status
Our Shop

e 30 KLOG of Pex code (1.4 MLOG generated C)
® 5 people actively using Pex, more soon

® Business unforgiving, speed and quality essential

PNYLAB LLC



Status
Availability

¢ Python Software Foundation License (PSF)

e \/Vorks on Unix, Mac (all:-but coredump backtraces),
Windows - probably: close, but who knows

® (et

® pexlang.sourceforge.net

PNYLAB LLC


http://pexlang.sourceforge.net/
http://pexlang.sourceforge.net/

Status
Immediate Future

e \ant to stop heavy development for a year or so
® Happy to help move any features into Cython proper

® Happy to accept any patches

PNYLAB LLC



Conclusion

® [nitial goal

A language that gets down to the iron, runs at G
Speeds, and -has no- surprises:in generated
assembly, but-at the same time guides you along
to a clear, succinct and correct expression of
complicated systems and algorithms.

e Ve feel we are there, and are prepared to live with
rough edges for awhile
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Implementation Details

Fast Numerics

cdef ndarray<int 20=>:A

arr{l;J}

Nt data =rAzdata

INtStO; St
StO:=sAStrides[O]/sizeof(int)
stlE=rAsstrides|1]/sizeof(int)

datalstO > 1+ st1 ” ||
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Implementation Details
Bulld

Root.px
/ \
A.px  B.px
/ \ \
AA.px AB.px |
HHEH
ABA.px
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Implementation Details
Bulld

Root.px In-Python could say
: : Root.A.AB.ABA.func
A.px  B.px
/ \ \
AA.px AB.px |
| /
ABA.px
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Implementation Details
Bulld

Root.px In-Python could say
: : Root.A.AB.ABA.func
A.px  B.px
/ \ \ In Pyrex, same thing!
AA.px AB.px |
| / func could be cdef
ABA.px
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Implementation Details
Bulld

Root.px In-Python could say
: 3 Root.A-AB:ABA.func
A.px  B.px
/ \ \ In Pyrex, same thing!
AA.px AB.px |
| / func could be cdet
ABA.px Root must know all

prototypes of ABA at
compile time
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Implementation Details
Bulld

Root.px
/ \
A.px  B.px
/ \ \
AA.px AB.px |
HHEH
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Implementation Details
Bulld

Root.pXx [t ABA changes
/ \
A.px  B.px
/ \ A\
AA.px AB.px |
B
ABA.px*

PNYLAB LLC



Implementation Details
Bulld

Root.px f ABA changes
A.p/x I;.px need Root recomplile
I \
AA.px AB.px |
s,
ABA.px*
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Implementation Details
Bulld

Root.px [ /ABA changes
A.p/x I;.px need Root recompile
/ \ \ must detect this
AA.px AB.px | oefore Root is
| A imported, else it is
ABA.px* too late
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Implementation Details

Bullo

Root.px
/ \
A.px  B.px
/ \ \
AA.px AB.px |
s
ABA:px*

[ /ABA changes
need Root recompile

must detect this
oefore Root IS
imported, else it is
too late

Must walk import tree in
preorder
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