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HPC Ruby: High-Performance Optimizing Compiler

for Ruby based on Static Analysis

KoicHr NAKAMURA, ! Takanumr Nosg,! MaRy INaBafl
and Ke1 Hiraki'!

Computational scientists have been using Fortran and C which are being used
less than before in other fields. Because these languages have low productiv-
ity and optimization of them for massively parallel computers is difficult, it is
important to make high performance computation using high-level languages
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possible. Although, for this purpose, study of dedicated parallel languages and
study of statically-typed functional languages are mainstream, these languages
are not easy to use for computational scientists.

We have been studying high performance computation with Ruby. Giving
high performance to Ruby brings significant benefits since Ruby is widely used
because of its rich functionality and flexibly. This paper proposes a versatile
method of static type analysis that is sufficiently efficient for Ruby. It combines
partial evaluation framework and abstract interpretation framework to make
analysis of dynamic language possible. We have implemented an ahead-of-time
optimizing compiler, HPC Ruby, which performs classical optimization tech-
niques based on the analysis targeting single core processors. HPC Ruby has
achieved hundred times of speed-up against to latest Ruby interpreter in exper-
imentation with Nas Parallel Benchmarks. Its performance has reached almost
90% of performance of C.
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procedure analyze_program(prog):
env < new environment
while prog is not empty do
s < first statement of prog
analyze(env, s)
if is_indeterminable(s)
insert_guard_after(s)
end if
remove s from prog
end while

end
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procedure analyze(env, recv.method(arguments)):
(env, recv_ty) < analyze(env, recv)
if recv_ty = Dynamic
exit(indeterminable statement)
end if
for all a in arguments except block do
(env, a_ty) < analyze(env, a)
end for
ret_ty < Unknown
ret_env < ()
for all r in recv_ty do
f < lookup_method(r, method)
tmp_env < copy env
if f is builtin function
(tmp-env, t) + a(f)(tmp_env,arguments and block)
else
tmp_env < tmp_env U arguments and block
(tmp_env, t) < analyze(tmp_env, body of f)
end if
ret_ty < retty Vit
ret_env < ret_env V tmp_env
end for
return (ret_env,ret_ty)

end
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procedure analyze(env, x = expr):
if x is a constant-variable and not topscope
exit(indeterminable statement)
end if
(env, type) < analyze(env, expr)
return (env U {z = type}, type)
end
procedure analyze(env,if ¢ then el else €2 end):
(env, type) + analyze(env, c)
if type = false or type = nil
return analyze(env, e2)
end if
el_env < copy env
e2_env <— copy env
(el_env,t1) + analyze(el_env,el)
(e2_enwv, t2) + analyze(e2_env, e2)
return (el_envV e2_env,tl V t2)
end
procedure analyze(env,while ¢ body end):
ret_ty < nil
changed < true
while changed do
(env,t) + analyze(env, c)
(env, t) + analyze(env, body)
ret_ty <tV ret_ty
end while
return ret_ty

end
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procedure a(define_method)(env, {class, name, func}):

if class is not a constant-variable or not topscope
exit(indeterminable statement)
end if
add method to env
return (env,nil)
end
procedure a(fix_plus)(env, {a, b}):
if b < {Fixnum, Bignum}
return (env, {Fixnum, Bignum})

else

end if
end
procedure o(fix_times)(env, {n, block}):
ret_ty < nil
if n is constant integer
fori+ 0ton—1do
(env, ret_ty) < analyze(env, block)
end for
else
changed < true
while changed do
(env, t) + analyze(env, body)
ret_ty <tV ret_ty
end while
end if
return ret_ty

end
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