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"I think of a programming language as a tool to 
convert a programmer's mental images into 
precise operations that a machine can perform. 
The main idea is to match the user's intuition as 
well as possible. […]"

– Donald Knuth
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"Much of my work has come from being lazy. I 
didn't like writing  programs, and so, when I was 
working on the IBM 701, writing programs for
computing missile trajectories, I started work on a 
programming system to make it easier to write 
programs." 

– John Backus
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Dynamic typing

Types are associated with values, not variables



  

Late binding

Names are resolved dynamically



  

The eval function

New code can be generated and loaded dynamically



  

The read-eval-print loop (REPL)

(print (eval (read)))

Code can be written and tested interactively



  

Garbage collection

Without it, LISP would have been highly impractical



  

Why so slow?



  

Garbage Collection

● When LISP was invented, GC was in its infancy
● Mark/sweep is inefficient: traverses all objects
● Stop-the-world GCs cause noticeable pauses
● Semi-space GCs can waste memory

● Half the heap is empty space
● If the heap is near-full, collect all the time
● For better performance, need 4x-7x overhead



  

Dynamic Type Tests

● Operators change meaning based on types
● Different operation based on input types

● For example, the + operator could mean:
● Integer addition
● Floating-point addition
● String concatenation
● Array appending

● Inside each operator hide many type tests



  



  

Property Access

● Objects can grow dynamically
● Properties can be dynamically deleted
● Property enumeration, introspection possible
● Objects behave like hash table

● Map property names (string keys) to values

● Hash table lookups are relatively inefficient
● O(1), but the constant is large
● Requires you store (key, value) pairs



  

eval

● c = a + b
● int + int →int

● string + string →string

● string + int → string

● Would like a sufficiently smart compiler
● i.e.: a compiler that does type inference

● Logical reasoning to eliminate unnecessary type tests

● eval is your compiler's worst nightmare

● eval(read());

● Can redefine any function or global variable, add new code

● The eval function destroys all type information

● In JavaScript, load poses a similar problem



  

LISP: Type Tagging

● In dynamic languages, all values carry a type
● LISP's strategy: steal low bits for type tags

● Heuristic: prioritize, integer and list performance

● For example:
● 32-bit words, lowest 2 bits are type tag
● 00 means integer, 01 means pair, 11 means pointer

● Better performance for common operations
● Faster type tests, less allocations, less memory accesses

● Adds overhead to box/unbox values



  



  



  



  



  



  



  1978: Thomas Knight, Richard Greenblatt and their
CADR LISP Machine



  

The LISP Machine

● Goal: make LISP fast, tailor hardware to LISP

● Dynamic operations optimized in hardware
● Fast path and type tests run in parallel

● Array bound checks in parallel with array access

● Tagged architecture
● Memory words have extra tag bits (metadata)

● Type tags, CDR coding

● Microcoded instructions
● Call overhead as little as 20 cycles

● Some primitives directly in microcode
● Fast incremental garbage collection

● OS written in LISP dialect



  1983: Symbolics 3600 Series “L-Machine”
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Scheme: k-CFA (1981)

● Neil D. Jones, flow analysis of lambda 
expressions

● Logical deduction based on typing rules
● Extract types from untyped expressions

● Eliminate type checks, dynamic lookups

● What about eval?
● In Scheme, has more restricted semantics
● Useful, but less applicable for other languages



  

SELF (1986)

● David Ungar and Randall Smith at Xerox PARC
● "a Smalltalk that was more Smalltalky than Smalltalk"

● Faster than previous Smalltalk implementations
● "Up to half the speed of optimized C" *

● Several key innovations:
● Type feedback, profile-driven optimization
● Inline caches
● Inlining of message sends
● Dynamic deoptimization
● Maps: optimized object layouts



  

a = {x: 1};

b = {a: 1, b: 0.5, c: null};



  

a = {x: 1};

// a = new HashMap();

// a.set('x', 1);

b = {a: 1, b: 0.5, c: null};

// b = new HashMap();

// b.set('a', 1);

// b.set('b', 0.5);

// b.set('c', null);



  

a = {x: 1};

b = {a: 1, b: 0.5, c: null};

class A

x: offset 0

class B

a: offset 0
b: offset 8
c: offset 16



  

a = {x: 1};

a.y = “foo”;

b = {a: 1, b: 0.5, c: null};

class A

x: offset 0

class B

a: offset 0
b: offset 8
c: offset 16



  

a = {x: 1};

a.y = “foo”;

b = {a: 1, b: 0.5, c: null};

eval('delete b.b;');

class A

x: offset 0

class B

a: offset 0
b: offset 8
c: offset 16



  

a = {x: 1};

a.y = “foo”;

b = {a: 1, b: 0.5, c: null};

eval('delete b.b;');

class A

x: offset 0

class B

a: offset 0
b: offset 8
c: offset 16

class A2

x: offset 0
y: offset 8

class B2

a: offset 0
b: deleted
c: offset 16



  



  



  



  

Chrome

● Fast baseline JIT, Crankshaft optimizing JIT
● Maps (hidden classes) for object layouts
● Inline caching
● Type feedback
● Dynamic deoptimization
● On-stack replacement



  

Firefox

● Interpreter, baseline JIT, IonMonkey
● Lazy first parsing
● Lazily generate bytecode on first call
● Maps for object layouts
● Inline caches
● Type feedback
● Dynamic deoptimization
● On-stack replacement



  

Firefox

● Interpreter, baseline JIT, IonMonkey
● Lazy first parsing
● Lazily generate bytecode on first call
● Maps for object layouts
● Inline caches
● Type feedback
● Dynamic deoptimization
● On-stack replacement
● Hybrid type inference analysis



  



  



  

Dynamic languages require dynamic compilers



  

Higgs

● JavaScript VM
● Interpreter
● JIT compiler for x86-64
● Self-hosted runtime library

● Support for most of ECMAScript 5
● No with statement, no getters/setters
● Foreign Function Interface (FFI)

● Platform to try various ideas
● Relatively small codebase (< 50 KLOC)
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Basic Block Versioning

● Similarities with tracing, procedure cloning
● As you compile code, accumulate facts
● Compile multiple versions of code
● Specialize based on accumulated facts:

● Low-level type information (type tags)
● Register allocation state
● Object types, global variable types
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var v = 4294967296;
for (var i = 0; i < 600000; i++)
    v = v & i;

// From the SunSpider bitwise-and benchmark
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var v = 4294967296;
for (var i = 0; less_than(i,600000); i = add(i,1))
    v = bitwise_and(v,i);
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var v = 4294967296;
for (var i = 0; less_than(i,600000); i = add(i,1))
    v = bitwise_and(v,i);

function bitwise_and(x,y)
{

if (is_int32(x) && is_int32(y))
return bitwise_and_int32(x,y); // Fast path

return bitwise_and(toInt32(x), toInt32(y));
}
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var v = 4294967296;
for (var i = 0; less_than(i,600000); i = add(i,1))
    v = bitwise_and(v,i);

function bitwise_and(x,y)
{

if (is_int32(x) && is_int32(y))
return bitwise_and_int32(x,y); // Fast path

return bitwise_and(toInt32(x), toInt32(y));
}

function add(x,y)
{

if (is_int32(x) && is_int32(y))
{

var r = add_int32(x,y); // Fast path

if (cpu_overflow_flag)
return add_double(toDouble(x), toDouble(y));

}

return add_general(x,y);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (is_int32(i) && is_int32(600000))
if (greater_eq_int32(i, 600000)) break;

else
if (greater_eq_general(i, 6000000) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i) && is_int32(1))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (is_int32(i) && is_int32(600000))
if (greater_eq_int32(i, 600000)) break;

else
if (greater_eq_general(i, 6000000) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i) && is_int32(1))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (is_int32(i))
if (greater_eq_int32(i, 600000)) break;

else
if (greater_eq_general(i, 6000000) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0; // when we enter the loop, i is int32
for (;;)
{
   // if (i >= 600000) break;

if (is_int32(i))
if (greater_eq_int32(i, 600000)) break;

else
if (greater_eq_general(i, 6000000) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
if (is_int32(v) && is_int32(i))

v = bitwise_and_int32(v,i);
else

v = bitwise_and(toInt32(v), toInt32(i));

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
v = bitwise_and_int32(v,i);

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
v = bitwise_and_int32(v,i);

// i = i + 1
if (is_int32(i))
{

i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
else

i = add_general(i,1);
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
v = bitwise_and_int32(v,i);

// i = i + 1
i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
v = bitwise_and_int32(v,i);

// i = i + 1
i = add_int32(i,1);
if (cpu_overflow_flag)

i = add_double(toDouble(i), toDouble(1));
}
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var v = 4294967296;
var i = 0;
for (;;)
{
   // if (i >= 600000) break;

if (greater_eq_int32(i, 600000)) break;

// v = v & i
v = bitwise_and_int32(v,i);

// i = i + 1
i = add_int32(i,1);
if (cpu_overflow_flag)
{

i = add_double(toDouble(i), toDouble(1));
NEW_LOOP_VERSION = gen_new_version();
goto NEW_LOOP_VERSION;

}

// If we make it here, i is still int32
}
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A “Multi-World” Approach

● Traditional type analysis
● Fixed-point on types
● At each program point, agree with all inputs
● Pessimistic, conservative answer

● Basic block versioning
● Multiple solutions possible
● Don't necessarily have to sacrifice
● Fixed-point on versioning of blocks
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Research Questions

● How much code blowup can we expect?
● What can we do to reduce code blowup?
● What performance gains can we expect?
● What kind of info should we version with?

● Constant propagation
● Granularity of type info used
● How much is too much?

● What's the effect on compilation time?



  

What does the future hold?



  



  



  



  

What does the future hold?



  

● More advanced CPUs

What does the future hold?



  

● More advanced CPUs
● Smarter compilers

What does the future hold?



  

● More advanced CPUs
● Smarter compilers
● Better language design

What does the future hold?



  



  

Good ideas that caught on

● From LISP:
● Dynamic typing
● Closures
● The REPL

● From Haskell/ML:
● Type inference

● From Smalltalk/SELF:
● Prototypal inheritance
● Duck-typing



  

Good ideas catch on (eventually)

● From LISP:
● Macros, DSLs
● AST manipulation (code is data)

● From Haskell/ML:
● Pattern-matching, non-nullable types
● Constness, purity, immutability

● From Smalltalk/SELF:
● Live programming
● Persistent image
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github.com/maximecb/Higgs

maximechevalierb@gmail.com

pointersgonewild.wordpress.com

Love2Code on twitter
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