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Introduction

JIT Compilation
-c1 compiler
-c2 compiler

-Tiered compilation

C1 Compiler Design
-HIR
-LIR
-Optimizations

-Garbage Collection

-Exception Handling

C2 Overview



Stages of a Java method’s| lifetime

Java bytecodes

Java source code
: iconst_©

int i = @; compile : istore_1 execute
: iinc

: iload 1

: invokestatic f
: if _icmplt 2

: return

do { Java VM
1++;
} while (i < f());




Stages of a method’s lifetime (cont’d)

Compiler’s optimistic assumptions

proven wrong
Deoptimization

# method invocations > THRESHOLD1 or
# method backbranches > THRESHOLD?2

Code cache

Interpreter

Gather profiling information Store machine code

Compile bytecode
to native code



“Just-in-time”

-During Program Execution

-Time is needed to compile “hot”
methods

-profiling at run time

-optimistic optimizations

At compile time

Java : .class
‘ Compiler -

At run time

Native _ T




Compilers in Hotspot

* C1 compiler

— Fast compilation

Client VM
— Small footprint
— Code could be better Tiered compilation
* C2 compiler
— High resource demands Server VM

— High-performance code



SimpleProgram.java

public class SimpleProgram {
static final int CHUNK_SIZE = 1_000;
public static void main(String[] args) {
for (inti=0;i<250; ++i ) {
long startTime = System.nanoTime();
for (intj=0;j< CHUNK SIZE; ++j ) {
new Object();
}
long endTime = System.nanoTime();
System.out.printf("%d\t%d%n", i, endTime - startTime);
}
}
}
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On-Stack-Replacement(OSR)

l:’ interpreter frame

compiled frame




C1 Compiler

Method
warm-up
‘ fime >

Performance

Interpreted C1-compiled

N O L, " I I I I D I B D B S .

.
L

m/ Time VM Teardown



C2 Compiler

Server VM (C2 only)

Method warm-up time

Performance

Interpreted C2-compiled

.
-

m/ Time VM Teardown



Tiered Compilation

Tiered compilation

Performance

Method warm-

up time

Interpreted

Cl-compiled

C2-compiled

Time

VM Teardown



Tiered Compilation (Cont’d)

* Combine the benefits of

— Interpreter: Fast startup
— C1: Fast warmup

— C2: High peak performance
* Additional benefits

— More accurate profiling information

* Drawbacks

— Complex implementation

— Careful tuning of compilation thresholds needed



Tiered Compilation in detail

interpreter cl

basic |
none counters detailed !

common 0 ——> 3 ——> 4

c2 busy O—;—>2—>3—;—>4

method

trivial 0 _ﬁ—' 3

Compilation level

C1: full profiling

C1: no profiling

C1: limited profiling

Interpreter

Typical compilation sequence



Architecture of Java HotSpot VM

HotSpot Java Virtual Machine

Java source code

Just-in-time compilers Native method Garbage collectors

Client compiler (C1) Mark & Sweep

Ahead-of-time
compiler (javac)

Server compiler (C2) ~ Debug information -~
Object maps

accesses

Bytecodes

accesses collects
Interpreter

daccesses

Stack

Heap v

Old generation
Thread N




Structure of Java HotSpot Client Compiler

High-Level IR Low-Level IR

(HIR) (LIR) Machine code

Bytecodes

optimization register allocation



High Level Intermediate Representation(HIR)

Platform independent

SSA form

— One assignment for every variable

Requires two passes over the bytecodes

— Pass 1: Detect boundaries of basic blocks
Simple loop analysis

— Pass 2: Create instructions by abstract interpretation of bytecodes
Link basic blocks to control flow graph

HIR instruction: represents an operation and its result



Static Single Assighnment Form

Java code SSA form

Java code SSA form




HIR Example with Control and data flow

Java code fragment: B1 — basic block
constant "1

int i = 1; FY — control flow

do { i — 9 exception edge
N e e ; instruction

; while (i < £()) B2 .

phil — data flow (inverse)

Bytecodes: —— A

10: iconst 1 add

11: istore 0 '¢ f

12: iinc 0, 1
15: iload 0
16: invokestatic f () I ¢ Y

19: if icmplt 12 jump if "<" exception handler
B ]

invoke f* -—-FM————=




HIR Optimizations

Constant folding

— Simplify arithmetic instructions with constant operands

Local value numbering

— Eliminate common sub-expressions within a basic block

Method inlining
— Replace method call by a copy of the method body

Global value numbering

— Two instructions are equivalent if they perform the same operation on the same operands

Null-check elimination



Low-Level Intermediate Representation (LIR)

Similar to machine code

Does not use SSA forms

— Phi functions of HIR are resolved by register moves

Use explicit operands

— Virtual registers, physical registers, memory addresses, constants

Input to Linear Scan Register Allocator (LSRA)

— Maps virtual registers to physical registers



Machine Code

* Emit appropriate machine instruction(s) for every LIR instruction
* Generate object maps

* Generate debugging information



Garbage Collection

* Uses exact garbage collection technique
* Memory split into three generations
Young generation —For new object
Old generation — For long lived objects



Exception Handling

* Instructions that throw an exception do not end a basic block

* Exception in machine code

— Runtime searches for exception handler



Deoptimization

e Stop the machine code
* Undo the compiled optimizations

e Continue execution of method from Interpreter

void foo() A create() class A |
A p = create(); if (...) void bar() { ... }
p.bar(); return new A(); }
} } else {
return new EB() ; class B extends R {

} void bar() { ... }

} }



C2 Compiler

Highly optimizing compiler
SSA form

IR: Program dependence graph “Sea of nodes”

— No basic blocks, instructions can “float” in the graph
— Explicit control/data dependency
— Allows many optimizations with little effort

— Hard to understand and debug
Many optimizations during parsing

Graph coloring register allocator
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Questions?



