
  

Compilers for
Uncooperative Languages

Olivier Flückiger



  



  

print “HelloWorld”

1010101010

Batch Compiler



  

print “HelloWorld”

1010101010

compile-time

run-time

Batch Compiler
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Some Basic Tricks in the Book

Speculative Optimizations

Case Study R



  

Basic Tricks

(not in this book

                                       )



  

Inline Caches



  

function(var s)

    s.width()



  

function (var shape)

    shape.width()

dynamicCall(shape, “width”)dynamicCall(shape, “width”)
 m = shape.proto.lookup(msg)

 invoke(shape, m)



  

function (var shape)

    shape.width()

dynamicCall(shape, “width”)dynamicCall(shape, “width”)
 m = shape.proto.lookup(msg)

 invoke(shape, m)



  



  

function (var shape)

    shape.width()

inlineCacheFail(shape, “width”)



  

function (var shape)

    shape.width()

inlineCacheFail(shape, “width”)



  

function (var shape)

    shape.width()

If obj.proto == Rectangle

    Rectangle::width(shape)

else

    inlineCacheFail(shape, “width”)



  

function (var shape)

    shape.width()

If obj.proto == Rectangle

    Rectangle::width(shape)

else

    inlineCacheFail(shape, “width”)



  

function (var shape)

    shape.width()

If obj.proto == Rectangle

    Rectangle::width(shape)

elif obj.proto == Circle

    Circle::width(shape)

else

    inlineCacheFail(shape, “width”)



  

Hidden Classes



  

point = {}

point.x = 1

point.y = 2



  

point = {}

point.x = 1

if (hasY) {

    point.y = 2

}



  

point = {}

point.x = 1

if (hasY) {

    point.y = 2

}

No static object layout



  



  

point = {}

point.x = 1

point.y = 2

{}

`



  

point = {}

point.x = 1

point.y = 2

{} {x : 0}

`



  

point = {}

point.x = 1

point.y = 2

{} {x : 0} {x : 0, y : 1}

`



  



  



  



  

Specialization



  

function add(a, b)

   return a+b



  

function add(a, b)

   return a+b

add(1, 2)

 

 



  

function add(a, b)

   return a+b

add(1, 2)

add(1.1, 2.2)

 



  

function add(a, b)

   return a+b

add(1, 2)

add(1.1, 2.2)

add(“1”, “2”)
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function add(a, b)

   return a+b

add(1, 2)

add(1.1, 2.2)

add(“1”, “2”)

add : i64, i64 → i64



  

function add(a, b)

   return a+b

add(1, 2)

add(1.1, 2.2)

add(“1”, “2”)

add : i64, i64 → i64

add : d64, d64 → d64



  

function add(a, b)

   return a+b

add(1, 2)

add(1.1, 2.2)

add(“1”, “2”)

add : i64, i64 → i64

add : str, str → str

add : d64, d64 → d64



  

+ simple, no deoptimization needed

- needs complex typesystem



  

Tracing



  



  

interpreter
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go back to interpreter 



  

+ very simple to implement

+ good performance for stable code

+ loop unrolling for free

 

 



  

+ very simple to implement

+ good performance for stable code

+ loop unrolling for free

- traces hard to optimize further

- path explosion



  



  

Speculative Optimizations

Case Study: R



  

Speculation



59

function sorted(x) {
  for (var i = 1; i < x.length; i++)
    if (x[i] < x[i-1])
      return false;
  return true;
}
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function `[]`(x,i) {
  if (typeof(x) != array) error()
    if (typeof(i) != int)
      i = convert(i, int)
  return get(x, i)
}

function `<`(a,b) {
  if (typeof(a) == float) {
    if (typeof(b) != float)
      b = convert(b, float)
    return ltf(a.val, b.val)
  }
  if (typeof(b) == int) {
    …
  …
}

function sorted(x) {
  for (var i = 1; i < x.length; i++)
    if (x[i] < x[i-1])
      return false;
  return true;
}
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function `[]`(x,i) {
  if (typeof(x) != array) error()
    if (typeof(i) != int)
      i = convert(i, int)
  return get(x, i)
}

function `<`(a,b) {
  if (typeof(a) == float) {
    if (typeof(b) != float)
      b = convert(b, float)
    return ltf(a.val, b.val)
  }
  if (typeof(b) == int) {
    …
  …
}

function sorted(x) {
  for (var i = 1; i < x.length; i++)
    if (x[i] < x[i-1])
      return false;
  return true;
}



62

C+
+

V8
 --

n o
-o

p t
 

V8



63

function sorted(x) {
  for (var i = 1; i < x.length; i++)

 
 
    t1 = get(x, i)
 
    t2 = get(x, i-1)
    t3 = t1.val
    t4 = t3.val
    t5 = ltf(t3, t4)
    if (t5) return 0

  return 1
}
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function sorted(x) {
  for (var i = 1; i < x.length; i++)

    DeoptIf(typeof x != floatarray)
    DeoptIf(OutOfBounds x, i)
    t1 = get(x, i)
    DeoptIf(OutOfBounds x, i-1)
    t2 = get(x, i-1)
    t3 = t1.val
    t4 = t3.val
    t5 = ltf(t3, t4)
    if (t5) return 0

  return 1
}
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optimizedoriginal deoptimization

Correctness
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Me: how can this be true?
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Correctness of Speculative
Optimizations with
Dynamic Deoptimization

Olivier Flückiger, Gabriel Scherer, Ming-Ho Yee,
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Northeastern University,
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Writing a JIT
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V1 V2

L1 L1

1. Create identical copy

Writing a JIT Overview
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assume true
   else F.V1.L1 [x=x]

V1 V2

L1 L1

1. Create identical copy

2. Add empty assumes

Writing a JIT Overview
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assume true
   else F.V1.L1 [x=x]

V1 V2

L1 L1

1. Create identical copy

2. Add empty assumes

3. Optimize code
    by adding guards

Writing a JIT Overview
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get(x, i)

 V1     var off = 2
    L0  branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

CopyWriting a JIT
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get(x, i)

 V1     var off = 2
    L0  branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

 V2     var off = 2

    L0  branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

CopyWriting a JIT
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get(x, i)

 V1     var off = 2
    L0  branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

 V2     var off = 2
    L0  assume true
          else get.V1.L0 [x=x,i=i,off=off]
        branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

Adding Empty AssumeWriting a JIT
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get(x, i)

 V1     … 

 V2     var off = 2
    L0  assume true
          else get.V1.L0 [x=x,i=i,off=off]
        branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

Adding Empty AssumeWriting a JIT
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get(x, i)

 V1     … 

 V2     var off = 2
    L0  assume true
          else get.V1.L0 [x=x,i=i,off=off]
        branch (x = nil) L2 L1
    L1  return x[off+i]
    L2  return nil

Constant PropagationWriting a JIT
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get(x, i)

 V1     … 

 V2     var off = 2
    L0  assume true
          else get.V1.L0 [x=x,i=i,off= 2 ]
        branch (x = nil) L2 L1
    L1  return x[ 2 +i]
    L2  return nil

Constant PropagationWriting a JIT
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get(x, i)

 V1     … 

 V2 L0  assume true
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) L2 L1
    L1  return x[2+i]
    L2  return nil

SpeculationWriting a JIT
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get(x, i)

 V1     … 

 V2 L0  assume true
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) L2 L1
    L1  return x[2+i]
    L2  return nil

Writing a JIT Speculation
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get(x, i)

 V1     … 

 V2 L0  assume true
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) L2 L1
    L1  return x[2+i]
    L2  return nil

Writing a JIT Speculation
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get(x, i)

 V1     … 

 V2 L0  assume (x ≠ nil)
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) L2 L1
    L1  return x[2+i]
    L2  return nil

Writing a JIT Speculation
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get(x, i)

 V1     … 

 V2 L0  assume (x ≠ nil)
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) false L2 L1
    L1  return x[2+i]
    L2  return nil

Writing a JIT Speculation
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get(x, i)

 V1     … 

 V2 L0  assume (x ≠ nil)
          else get.V1.L0 [x=x,i=i,off=2]
        branch (x = nil) false L2 L1
    L1  return x[2+i]
    L2  return nil

Writing a JIT Speculation
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get(x, i)

 V1     … 

 V2 L0  assume (x ≠ nil)
          else get.V1.L0 [x=x,i=i,off=2]
 
    L1  return x[2+i]
 

Writing a JIT Speculation
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Proof StructureCorrectness



  

Case Study: R
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Me: how hard can it be?
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I) scopes
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x <- 1

f <- function(a) x + a

g <- function() {

      x <- 2

      f(0)

}

g() # what does this return?
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x <- 1
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x <- 1

f <- function(a) x + a

g <- function() {

      x <- 2

      f(0)

}

g() # what does this return?
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x <- 1

f <- function(a) x + a

g <- function() {

      x <- 2

      f(0)

}

g()  #→ 1
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x <- 1

f <- function(a) x + a

g <- function() {

      x <- 2

      f(0)

}

g()  #→ 1

lexical scope!
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x <- “gotcha”

g <- function(a) {

      x <- 1

      rm(list=a)

      x

}

g(“x”)
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x <- “gotcha”

g <- function(a) {

      x <- 1

      rm(list=a)

      x

}

g(“x”)
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x <- “gotcha”

g <- function(a) {

      x <- 1

      rm(list=a)

      x

}

g(“x”)  #→  “gotcha”

@#$%#$&^
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x <- “gotcha”

g <- function(a) {

      x <- 1

      rm(list=a)

      x

}

g(“x”)  #→  “gotcha”
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x <- “gotcha”

g <- function(a) {

      x <- 1

      rm(list=a)

      x

}

g(“x”)  #→  “gotcha”
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II) promises



100

f <- function(x) {

  print(“a”) 

  x

}

f(print(“b”))
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f <- function(x) {

  print(“a”) 

  x

}

f(print(“b”))  # → “a, b”
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f <- function(x) {

  print(“a”) 

  x

}

f(print(“b”))  # → “a, b”

`print(“b”)`     |     env       |       __result__
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● demo
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R source bytecode

PIR native
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R source bytecode

PIR native
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modeling first-class scopes 
and promises
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Compiler Correctness
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      S – source language
      T – target language
     → – compiler

          if   S → T
     then  S s=t T

(whole program correctness)
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      S – source language
      T – target language
     → – compiler

          if   S → T
     then  S s=t T

(whole program correctness)
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S s=t T

observational equivalence
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S s=t T

observational equivalence

S 

T 



126

S s=t T

observational equivalence

S 

Hello world

T 

Hello world    = 
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Bi-Simulation
S T
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Bi-Simulation

R

S T
find R such that
- S simulates T
- T simulates S
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Bi-Simulation

p

p’
q

q’

R

S T

simulation:
  (p,q)  R∈ R
     p → p’
   ∃ q’ st, q → q’

find R such that
- S simulates T
- T simulates S
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