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Compilers VS Interpreters
Compiler
A compiler translates the 
whole program at once*

Interpreter
An interpreter “interpretsˮ a 
program line-by-line*

JIT Compilers & Bytecode
Just-in-time JIT) compilation 
involves compiling code on the fly 
into a faster form (typically machine 
code)

Some languages compile to and then 
interpret a “bytecodeˮ first and then 
execute that instead

JIT compilation is also often used 
with bytecode

15
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Modern Languages are more complex….
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Modern Languages are more complex….
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Part 2
Building a 
Compiler
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An imperative language similar to Java or C, but is 
greatly simplified compared to those languages.



Confidential Copyright ©

Our Language
22

An imperative language similar to Java or C, but is 
greatly simplified compared to those languages.

Function definitions 
and calls



Confidential Copyright ©

Our Language
23

An imperative language similar to Java or C, but is 
greatly simplified compared to those languages.

Function definitions 
and calls

Conditionals and 
loops
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LLVM
A set of reusable compiler and toolchain technologies

● Backend for almost any instruction set
○ ARM, MIPS, x86, and even PowerPC

● Lots of optimizers
● Extensible, strongly typed intermediate representation
● JIT Compilation
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For string and number 
literals (i.e. identifiers, 
key words, etc.)
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Parsing
Analyzing a string of symbols that conform to the rules of some formal grammar

● Build a parse tree/abstract syntax tree
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Context
Context-Free Grammar CFG
 A grammar where each rule is of the form:
 A → γ
 Replace a single non-terminal with a string, regardless of context.)

Context-Sensitive Grammar CSG
 A grammar where rules are of the form:
 αAβ → αγβ
 Replace a non-terminal only when it appears in a specific context.)
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Parser Ambiguity

Tokens 6 / (3 - 1) (6 / 3) - 1

A grammar is said to be ambiguous 
if the grammar has more than one 
parse tree for a given string of 
tokens.

Grammar
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Operators
Operator Associativity

● Binary format (sometimes called “bitcodeˮ)
● A portable, high-level assembly language
● Can be optimized with a variety of transformations 

○ Multiple passes

Operator Precedence
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Operators

6 / (3 - 1) (6 / 3) - 1

Tokens
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Backus–Naur Form BNF Grammar
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Parsing
Many Types
1. Top-Down parsing

a. Predictive parsing/Recursive Descent Parsing
i. The most common kind of hand-crafted parser

2. Bottom-Up parsing
3. Table-based parsing???
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Parsing

Simplified pseudo-code
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Parsing
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Intermediate Code Generation
Intermediate Representation

● Convert AST into a low-level, abstract representation of your program
○ Independent of source language and machine architecture
○ Used for optimization and target code generation
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LLVM IR
Intermediate Representation

● Binary format (sometimes called “bitcodeˮ)
● A portable, high-level assembly language
● Can be optimized with a variety of transformations 

○ Multiple passes
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JIT Compilation
● Compile code “on-the-flyˮ as it is needed

○ Rather than compiling whole programs to disk ahead of time as a traditional compiler 
does Ahead-of-time compilation)

addModule

lookup
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JIT Compilation
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Optimization
We can now produce IR! But itʼs not great….

● Letʼs optimize to get nice, efficient code
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Optimization

Common Subexpression Elimination CSE
Avoid recomputing the same thing — 1  2 was used twice.

 “3Address Codeˮ
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Other Optimizations
Dead Code Elimination

Remove unused or “deadˮ code

Strength Reduction* / Peephole Optimization
Replace expensive operations with cheaper ones
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Other Optimizations
Loop-Invariant Code Motion

Move computations out of loops if they donʼt change per iteration
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Other Optimizations
Loop-Invariant Code Motion

Move computations out of loops if they donʼt change per iteration

Move outside loop

Reduced computation from O(n) → O1

And so much more… seriously….
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Part 3
DEMO!
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Unit Tests
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Next Time….
Remaining Topics
● JIT Compilation
● Syntax/Semantic Analysis

Additional Explorations
● Custom Code Generation

○ MIPS, Arm, etc.
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Fin.
Now go build a compiler…

104

Block diagram 
of each core

Intel Skylake chip
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Context1
L = { a^n b^n c^n | n ≥ 1 }

S → aSBC | abc
CB → HB
HB → HC
HC → BC
aB → ab
bB → bb
bC → bc
cC → cc

(It's a bit technical, but the idea is that the 
grammar carefully keeps the counts of a, b, 
and c equal, which requires context.)


