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Ruby

Interpreted
Dynamically-typed
Object-oriented (functional, imperative, reflective)
Blend of Perl, Smalltalk, Ada, Eiffel, Lisp
Created by Yukihiro “matz” Matsumoto in 1995
Several implementations

Ruby – reference
JRuby
IronRuby



  

Ruby (cont)

Everything in Ruby is an object
No primitives

Every operation is a method call
+ : method on Fixnum object

Dynamically-typed and Object-Oriented -> 
dynamic dispatch



  

Dynamic Dispatch

x.foo()
Don't know type of x beforehand
Multiple classes can implement foo
Need to look at runtime type of x to determine which foo 

to call
Identify class of x
Find location of foo within definition of x
Follow super class chain if method not implemented by 

class of x
Metaprogramming facilities

Every operation is method call = time consuming



  

Dynamic Dispatch Optimizations

Lookup caches
Maps (object type, method name) to method 

locations
Cache most recently used lookups
Method call

  Look for entry in cache, use location if found
  Do normal lookup routine otherwise; cache 

result



  

Dynamic Dispatch Optimizations (cont)

Better, but not as good as simple procedure call
Cache lookup

Observation: locality of type usage
Method calls at some particular program point likely 

to be on objects of the same type

Inline caches
Overwrite call to lookup routine with location of 

method
Add type checking code to beginning of method



  

Inline Caches

System Lookup Routine

Interpreter

x.foo()

call lookup routine

System Lookup Routinetypeof(x) != cached(x) ?

foo { 
...

}

x.foo()

call cached foo

cache



  

Dynamic Dispatch Optimizations (cont)

What if types are not relatively constant?
foo = [ 1, false, 2 ]
foo.each do |e| ... e.to_s ... end

Polymorphic call site
Inline cache useless

Actually makes method call even slower due to 
useless cache lookup

Polymorphic inline cache
Extend inline cache to hold multiple lookup results



  

Polymorphic Inline Caches

System Lookup Routine

Interpreter

x.foo()

call lookup routine

System Lookup Routinetypeof(x) != cached(x) ?

foo { 
...

}

y.foo()

call cached foo

cache



  

Polymorphic Inline Caches (cont)

System Lookup Routine

if typeof(z) = cached(x) 
call foo for type x

if typeof(z) = cached(y)
call foo for type x

else
call lookup routine

z.foo()

call PIC stub

x

y

PIC Stub

typeof(z) != cached(y) ?

typeof(z) != cached(x) ?

foo { 
...

}

foo { 
...

}



  

Polymorphic Inline Caches (cont)

At each cache miss, add entry for new type to PIC 
stub

No real need to evict from cache – number of 
types relatively small

Eventually cache will contain all types seen in 
program



  

Project Idea 1

Implement polymorphic inline caches in Ruby
Modify method lookup function to include PIC 
Efficient cache lookup

Problem
Metaprogramming
Add methods to/change methods of class during 

runtime



  

Ruby Metaprogramming

class Duck
        def quack
                puts "quack!"
        end
end

d = Duck.new
d.quack

def d.bark
        puts "bark!"
end

d.bark



  

Project idea 1

Implement polymorphic inline caches in Ruby
Modify method resolution function to include PIC 
Hash table

Difficulty
Metaprogramming
Add methods to class during runtime
Would need to invalidate caches when class is 

modified



  

Diamondback Ruby

Extension to Ruby that adds static type system
Type inference

 Constraint-based analysis
 Inconsistent constraints represents type error

- method not supported
- wrong number of arguments to function

Type annotations (programmer specified)
 “built-in” ruby types

http://www.cs.umd.edu/projects/PL/druby/

http://www.cs.umd.edu/projects/PL/druby/


  

Project idea 2

Use type information from Diamondback Ruby to 
augment process

Main application – monomorphic call sites
Loops over monomorphic arrays

 foo.each do |e| ... end
 If every element of foo has the same type, don't 

even need cache



  

Inline Caches

System Lookup Routine

Interpreter

x.foo() @ loc

call lookup routine

foo { 
...

}

x.foo() @ loc

call cached foo

cache

x



  

Project idea 2

Use type information from Diamondback Ruby to 
augment process

Main application – monomorphic call sites
Loops over monomorphic arrays

 foo.each do |e| ... end
 If every element of foo has the same type, don't 

even need cache

Mapping from program locations to “method 
resolution” function (function pointer)

Normally point to cache-enabled resolver
In above case, replace with jump to actual method



  

Project Idea 3

Benchmarks
Show improvement from caches
Show improvement from DRuby



  

Progress so far...

Learn Ruby
Lots of reading

Papers (DRuby, Rubinius, PIC)
Ruby VM code

.

.

.
Made these slides
Gave this progress report
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http://en.wikipedia.org/wiki/Ruby_%5C(programming_languange)>>
>>
endobj

83 0 obj
<</Type/Annot/Subtype/Link/Border[0 0 0]/Rect[57.1 179.4 770.8 208.4]/A<</Type/Action/S/URI/URI(http://www.hokstad.com/the-problem-with-compiling-ruby.html)>>
>>
endobj

125 0 obj
<</Type/Catalog/Pages 84 0 R
/OpenAction[1 0 R /XYZ null null 0]
/Outlines 102 0 R
>>
endobj

126 0 obj
<</Author<FEFF0073006500740068>
/Creator<FEFF0049006D00700072006500730073>
/Producer<FEFF004F00700065006E004F00660066006900630065002E006F0072006700200033002E0030>
/CreationDate(D:20090506134025-04'00')>>
endobj

xref
0 127
0000000000 65535 f 
0000068079 00000 n 
0000000019 00000 n 
0000000453 00000 n 
0000000473 00000 n 
0000002951 00000 n 
0000068224 00000 n 
0000002972 00000 n 
0000003722 00000 n 
0000006167 00000 n 
0000003742 00000 n 
0000005910 00000 n 
0000005931 00000 n 
0000006147 00000 n 
0000008308 00000 n 
0000008329 00000 n 
0000008545 00000 n 
0000068369 00000 n 
0000008565 00000 n 
0000009208 00000 n 
0000068516 00000 n 
0000009229 00000 n 
0000010185 00000 n 
0000068663 00000 n 
0000010206 00000 n 
0000010972 00000 n 
0000010993 00000 n 
0000013146 00000 n 
0000013167 00000 n 
0000013378 00000 n 
0000068810 00000 n 
0000013398 00000 n 
0000014314 00000 n 
0000068957 00000 n 
0000014335 00000 n 
0000015380 00000 n 
0000069104 00000 n 
0000015401 00000 n 
0000016353 00000 n 
0000069251 00000 n 
0000016374 00000 n 
0000017446 00000 n 
0000069398 00000 n 
0000017467 00000 n 
0000018748 00000 n 
0000069545 00000 n 
0000018770 00000 n 
0000019478 00000 n 
0000069692 00000 n 
0000019499 00000 n 
0000020203 00000 n 
0000069839 00000 n 
0000020224 00000 n 
0000020845 00000 n 
0000069986 00000 n 
0000020866 00000 n 
0000021638 00000 n 
0000070133 00000 n 
0000021659 00000 n 
0000022610 00000 n 
0000070298 00000 n 
0000022631 00000 n 
0000023463 00000 n 
0000070445 00000 n 
0000023484 00000 n 
0000024395 00000 n 
0000070592 00000 n 
0000024416 00000 n 
0000025538 00000 n 
0000070739 00000 n 
0000025560 00000 n 
0000025993 00000 n 
0000070886 00000 n 
0000026014 00000 n 
0000026614 00000 n 
0000071033 00000 n 
0000026635 00000 n 
0000027755 00000 n 
0000071205 00000 n 
0000027777 00000 n 
0000028027 00000 n 
0000074720 00000 n 
0000074880 00000 n 
0000075059 00000 n 
0000074472 00000 n 
0000028048 00000 n 
0000032132 00000 n 
0000032154 00000 n 
0000032361 00000 n 
0000032661 00000 n 
0000032837 00000 n 
0000053646 00000 n 
0000053669 00000 n 
0000053872 00000 n 
0000054515 00000 n 
0000055010 00000 n 
0000066853 00000 n 
0000066876 00000 n 
0000067078 00000 n 
0000067555 00000 n 
0000067890 00000 n 
0000067944 00000 n 
0000071352 00000 n 
0000071412 00000 n 
0000071536 00000 n 
0000071673 00000 n 
0000071811 00000 n 
0000071949 00000 n 
0000072087 00000 n 
0000072225 00000 n 
0000072363 00000 n 
0000072501 00000 n 
0000072639 00000 n 
0000072781 00000 n 
0000072923 00000 n 
0000073065 00000 n 
0000073207 00000 n 
0000073349 00000 n 
0000073491 00000 n 
0000073633 00000 n 
0000073775 00000 n 
0000073917 00000 n 
0000074059 00000 n 
0000074201 00000 n 
0000074343 00000 n 
0000075238 00000 n 
0000075342 00000 n 
trailer
<</Size 127/Root 125 0 R
/Info 126 0 R
/ID [ <5D9DF7C6670838EA2E5275354096D62C>
<5D9DF7C6670838EA2E5275354096D62C> ]
/DocChecksum /079B1840DD3C8DB21D500C5BD0F6627F
>>
startxref
75564
%%EOF


http://www.hokstad.com/the-problem-with-compiling-ruby.html


  

Questions?
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