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“The opinions expressed herein are the author’s own, and do not
reflect any position held by any hypothetical SAGE Foundations or
Benevolent Dictators”
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Examples of bad Pyrex code

(Psssst... load up the wiki in a browser window and show the page
about WritingFastPyrexCode)
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Two key questions I’m interested in:

I How to optimise object construction (and possibly
destruction).

I Optimising arithmetic, in the sense of the “dispatch decision
problem”: when SAGE sees a + b, how does it decide what
to do? How do we get it to do the right thing as quickly as
possible?
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Optimising object construction

I This is a very important and difficult problem.

I Example: when you add two integers, a very large proportion
of the time is spent creating a new Integer object in which to
store the result. Comparatively little time is spent in the
actual addition, or in determining that integer addition is the
operation actually being requested.

David Harvey SAGE architecture, design and coding



Outline
Bad Pyrex code

Low-level optimisations
In-place operators

Optimising object construction
The dispatch decision problem

In the Integer case, several things are to blame:

I mpz init does some memory allocation, this takes far longer
than the actual addition. Perhaps we need to use a different
memory manager. (Note to Joel/Martin: am I imagining
things, or was add raw calling both malloc and realloc?)

I It is necessary to call up the chain of constructors
(EuclideanDomainElement, PrincipalIdealElement,
RingElement, Element, SageObject).

I The way Pyrex actually calls the construction routine doesn’t
seem to be optimal, although I can’t quite figure out exactly
what it’s doing.
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In summary: I have no idea why it’s so slow, and I really
desperately want to find out.
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The dispatch decision problem

I When Python/SAGE sees a + b, how does it decide what to
do? How do we make it fast?

I Current implementation is, in my opinion, somewhat broken.
At one point it possibly tests if A.parent() == B.parent(),
which is potentially very slow. (And I think also incorrect.)

I Current implementation uses isinstance to work out types
of objects. We changed this to PyObject TypeCheck in
add and this doubled the overall speed.
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The next few slides explain what I think is the best solution to the
problem (which we partially implemented yesterday). The problem
with mul is more complicated, but let’s stick to something
simple for the moment.
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First the add function gets called, either from Python or Pyrex.
We don’t have any choice about this.

I For the purposes of this discussion, I’ll assume the function
called was RingElement. add .

I Note that even though add looks like a Python function, it
actually has an optimised calling convention, and no lookup
for “ add ” is performed, so it’s not as expensive to call as
other Python functions.

I The add function can’t make many assumptions about its
arguments. Because of the way pyrex mangles the operand
order, it’s possible that the first argument is a python int and
the second argument is of the expected type (a subtype of
RingElement).
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The first thing add should do is check whether both the
arguments are RingElements, and if so, whether both the
arguments have the same parent (i.e. the parents are identical
python objects).

I This will be far the most common case in practice, and it’s
the case we want to make the fastest, because it gives the
programmer an opportunity to obtain speed by aligning types
properly.

I If YES, then call X. add raw(Y), which will be a cdef
method. Need a fallback mechanism to call a Python version
if no cdef version is supplied.

David Harvey SAGE architecture, design and coding



Outline
Bad Pyrex code

Low-level optimisations
In-place operators

Optimising object construction
The dispatch decision problem

I Therefore, add raw may assume that its arguments have the
same parent.

I Its arguments might not actually have the same type. David
Roe mostly convinced me yesterday that sometimes there will
exist objects with the same parent but different types, and
sometimes it’s best to let the object decide how to add itself
to other objects with the same parent but different type.

I Note that the cdef function signatures have to agree on
descendant classes anyway, so they will all necessarily look like
cdef add raw(RingElement x, RingElement y).
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If we’re not in the fast situation described so far, then we have to
start worrying about how to coerce one argument into the parent
of the other argument. This could be quite similar to the existing
mechanism, with a few changes:

I We should never be testing whether the parents are equal
(==). If they’re not identical python objects, we should be
attempting a canonical coercion.

I This means it becomes illegal to directly add two objects whose
parents are canonically isomorphic but distinct python objects.

I Coercion should be guaranteed to return an object with the
correct parent (not just a parent that is equal).

I The coercion module needs to have its pyrex optimised.
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In-place operators

I Python does support separate inplace operators, like a += b.
(Grep the python source for iadd .)

I I advocate starting to take advantage of them. (Although it
requires a lot of thought.)

I It’s annoying because you have to think about mutability etc,
but the speed advantages of using inplace operations are
sometimes very large.
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