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About YJIT

● Goal: speedups on real-world software
○ Focus on web workloads, Ruby on Rails

● CRuby codebase is very complex
○ Fall back to the interpreter for anything we don’t support
○ Incrementally increase coverage, get more sophisticated

● Benefits of our approach:
○ Highly compatible with all existing Ruby code
○ Supports latest Ruby features
○ Highly underrated

● Built at Shopify, but fully open source (BSD)
○ We hope to eventually upstream this into CRuby
○ Find ways to help both YJIT and MJIT

https://github.com/Shopify/yjit
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The Space of Ruby JITs

● MJIT
● JRuby
● TruffleRuby
● MIR
● MagLev
● Many more no longer maintained



MJIT

● JIT integrated inside CRuby, based on GCC
● Strengths:

○ Already in CRuby!
○ Compatible with latest Ruby features
○ Good speedups on smaller benchmarks
○ Officially supported on multiple platforms

● Trade-offs:
○ Performs best on synthetic benchmarks (large methods)
○ GCC is not equipped to optimize dynamically-typed code
○ Limited control over codegen pipeline, what GCC does
○ Doesn’t always yield speedups on large programs



● Alternative implementation of Ruby based on Truffle/Graal
● Strengths:

○ In active development
○ Powerful optimizer based on partial evaluation
○ Huge speedups over CRuby on many benchmarks
○ Good support for C extensions

● Trade-offs:
○ Warmup time
○ Memory usage
○ Reimplementation of Ruby, not a drop-in replacement



Language Compatibility

● JRuby
○ Ruby 2.5.7 compatibility, working on 2.6

● TruffleRuby
○ In the work since 2013, tremendous performance
○ Reaching 2.7 compatibility

● LuaJIT
○ Impressive optimizing JIT, well-loved by the community
○ Compatible with LuaJIT 5.1 (Lua at 5.4)

● PyPy
○ Initial release in 2007
○ Clearly faster than CPython in most cases
○ Partially compatible, Python 3.6 syntax (CPython at 3.9)



How YJIT Optimizes Ruby





Ruby Optimization Challenges

● Every operation on every basic type can be redefined
○ Arithmetic ops on integers, floats, etc.
○ The meaning of x != nil

● Methods can be redefined
● Constants are not actually constant
● Callees can read/write locals in callers
● The method call logic is highly complex

○ CRuby implements 11 kinds of method dispatch
● Real-world code has lots of small methods

○ It’s method calls all the way down
○ Inlining is extra challenging

● C extensions API



Lazy Basic Block Versioning

● Research work started during PhD at UdeM
○ Built Higgs, an optimizing JIT for JavaScript
○ Optimizing dynamic languages, eliminating dynamic type checks

● Type specialization without type analysis
○ Traditional whole-program analysis is costly
○ What can we leverage in a JIT context?

● Reimagining of what a JIT compiler could be
○ Traditional JIT compilers are method-based
○ BBV operates at a lower level of granularity
○ Lightweight technique, single-pass

● Small but diverse body of literature











Two Key Components of Lazy BBV

● Versioning of basic blocks
○ Accumulate and propagate (type) information
○ Specialize basic block based on contexts
○ Selective tail-duplication, “unfold” the control-flow graph

● Lazy code generation
○ Lazy tail-duplication
○ It’s like lazy evaluation for code
○ CFG as an infinite data structure
○ Generate code only when needed, truly Just-In-Time
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    # B ...

else

    # C ...
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Proportion of type tests eliminated with BBV vs an idealized type analysis (higher is better)



Deferred Compilation

● In a JIT, often want to specialize code based on run-time types
○ Traditional JITs typically do this by profiling first
○ Two implementations, or two modes of compilation

● Psyco and the unlift operator
○ Promote run-time values into compile-time types

● We call this deferred compilation and type capture
○ Defer compilation as late as possible
○ Pause compilation until we can peek at run-time values



2004



def get(obj, idx)
    return obj[idx]
end

puts get([0, 1, 2], 1)
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Some Early Results



Execution time relative to the interpreter (lower is better)







Time per iteration vs total execution time on railsbench (lower is better)



Compatibility

● ✅ Recently added TracePoint support (thanks Alan Wu!)
● ✅ Passing all CRuby tests (make check)
● ✅ Matching Ruby head in the Shopify Core CI
● ✅ Matching Ruby head in the GitHub backend CI
● ✅ Matching Ruby head in the Shopify’ StoreFront Renderer CI
● ✅ Able to run Shopify’s StoreFront Renderer in production





Performance Bottlenecks in CRuby









● Race cars aren’t just regular cars with more powerful engines
● They also have:

○ More aerodynamic design
○ Channel airflow to cool engine
○ Lighter body (eg: carbon fiber)
○ Racing suspension
○ Racing tires
○ High-performance brakes
○ Special tuning

● For maximum performance, the entire design is highly specialized
● Engineering always involves tradeoffs

Maximizing Performance



Re-engineering CRuby

● To be fast, adding a JIT compiler to CRuby is not enough
○ CRuby was designed with an interpreter in mind
○ Design priorities for an interpreter are different

● For maximum performance, some re-engineering is necessary 🔧
● I am not suggesting that we rewrite all of CRuby :-)

○ Target areas where a JIT compiler needs to interface with CRuby
○ What are the biggest performance bottlenecks?
○ What are some things that would be easy to improve?
○ Help both YJIT and MJIT in the process



● Ruby is object-oriented:
○ Lots of short methods with many method calls in them
○ Lots of instance variable accesses

● Much of the bulk of the machine code we generate is:
○ Method calls (send & leave)
○ Instance variable accesses

● Currently, both of these require many steps
○ Not something a JIT compiler can easily remove
○ The format of objects and stack frames is defined by the interpreter

The Biggest Bottlenecks



Instance Variable Reads in YJIT







Overhead in Ruby ivar Accesses

● Almost all Ruby objects have more than 3 ivars
○ So almost all ivar reads/writes in CRuby need two levels of indirection!
○ This could be fixed with variable-width allocation

● Ruby classes don’t have all the info we need
○ Is the object using an external ivar table? Check flags every time we access an ivar
○ Is the object frozen or not? Check flags every time we write an ivar
○ We could address this by using object shapes

● Two comparisons to check if something is a heap object
○ Necessary because of Ruby’s tagging scheme
○ This check happens all the time

● We have the technology, we can make CRuby better





● Idea dates back to Smalltalk, one of the languages that inspired Ruby
● Won’t go into the details in this talk:

○ My colleague Chris Seaton gave a talk about this earlier today
○ Each object has a shape pointer
○ Shapes are metadata about an object

● Tested and proven technology, used by
○ Chrome’s V8
○ Firefox’s SpiderMonkey
○ WebKit’s JavaScriptCore (Safari)
○ TruffleRuby

● There’s no reason why it couldn’t work for CRuby as well!

Object Shapes







class Foo
    def initialize
        @v0 = 1
        @v1 = 1
        @v2 = 1
        @v3 = 1
    end

    def get_v3
        @v3
    end
end

foo = Foo.new
foo.get_v3

puts YJIT.disasm(Foo.instance_method(:get_v3))



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18] ; read self
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax ; push value on the stack



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
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; check if ivar is Qundef
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1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
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; getinstancevariable (@v3)
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; guard self is heap
1129b85e1:  test al, 7
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; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
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; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known class
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], rcx
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
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1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
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; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
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; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
1129b85dd:  mov rax, qword ptr [r13 + 0x18]
; guard self is heap
1129b85e1:  test al, 7
1129b85e4:  jne 0x11a9b802b
1129b85ea:  cmp rax, 8
1129b85ee:  jbe 0x11a9b802b
; guard known shape
1129b85f4:  movabs rcx, 0x10e742138
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
; guard ivar is on extended table
1129b8608:  test word ptr [rax], 0x2000
1129b860d:  jne 0x11a9b806c
1129b8613:  mov rax, qword ptr [rax + 0x18]
1129b8617:  mov rax, qword ptr [rax + 0x18]
; check if ivar is Qundef
1129b861b:  cmp rax, 0x34
1129b861f:  movabs rcx, 8
1129b8629:  cmove rax, rcx
1129b862d:  mov qword ptr [rbx], rax



; getinstancevariable (@v3)
; guard known shape
1129b85fe:  cmp qword ptr [rax + 8], 0x3973
1129b8602:  jne 0x11a9b804e
1129b8617:  mov rax, qword ptr [rax + 0x18]



Looking Forward



● More sophisticated backend
○ Separate type-specialization logic from codegen
○ Simple register allocator
○ Basic instruction selection
○ Eventual ARM64 support

● Bring object shapes (aka hidden classes) to CRuby
○ Current object model very complex, and not ideal for JITs
○ Could be both simpler and more efficient

Future Plans



Collaboration with Ruby Core Developers

● JITs, being more complex than interpreters, are harder to refactor
○ Stability is good for us

● Some things that could hurt YJIT (& also MJIT)
○ Major changes to the CRuby bytecode
○ Adding complexity and special cases
○ Changing the semantics of method calls
○ More complex instance variable lookups

● YJIT & MJIT have similar needs
○ Our plan is to upstream object shapes separately from YJIT
○ We could design a faster calling convention together
○ Also happy to discuss other improvements to CRuby



Conclusion

● Early in the YJIT project
○ Results still modest
○ Clear path to much bigger speedups

● Building this new JIT inside CRuby
○ Huge compatibility advantage
○ Already passing all the CRuby tests

● Lazy Basic Block Versioning (LBBV):
○ Lazy evaluation for code
○ Capture type information as late as possible
○ Precision advantage
○ Linearization of code



Contact & More

● To learn more about the technology:
○ Simple and Effective Type Check Removal through Lazy Basic Block Versioning.

M Chevalier-Boisvert and M Feeley. ECOOP 2015.
○ Interprocedural Type Specialization of JavaScript Programs Without Type Analysis.

M Chevalier-Boisvert and M Feeley.  ECOOP 2016.
○ Recordings of both talks on YouTube

● If you’d like to reach out and talk about compilers
○ Ping me at maxime.chevalierboisvert@shopify.com
○ Also @Love2Code via Twitter

● Are you looking for a fun, stimulating and flexible work environment?
○ Shopify is hiring!
○ Permanently remote positions
○ Send resume to maxime.chevalierboisvert@shopify.com

YJIT is on GitHub: https://github.com/Shopify/yjit

https://github.com/Shopify/yjit

