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Bytecode & CIL

.NET
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Bytecode & CIL

□ Bytecode

□ Source code --(compile)--> Low-level code

□ Designed for a software interprete
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Bytecode & CIL

CIL example:
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using System;

namespace HelloWorld
{

class Program
{

static void Main(string[] args)
{

Console.WriteLine("Hello World!");
}

}
}



Bytecode & CIL

CIL example:
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Bytecode & CIL

CIL example:
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Bytecode & CIL

Minimal vision:
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.assembly Hello {}  

.method public static void Main() cil 
managed  
{       

.entrypoint

.maxstack 1       
ldstr "Hello world!"
call void 

[mscorlib]System.Console::WriteLine(string)       
ret  

}  

Document

CIL Document:

http://www.ecma-international.org/publications/files/ECMA-ST/ECMA-335.pdf


More details about CIL:

Evaluation Stack

Bytecode & CIL
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Bytecode & CIL

Why bytecode?

Imagine work without Bytecode:

Bytecode ---(compile)---> Machine code
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Something about RyuJIT Compiler (Just In Time Compiler):

https://github.com/dotnet/coreclr/blob/master/Documentation/botr/ryujit-tutorial.md#jit-history


Bytecode & CIL

A Deeper insight:
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Bytecode & CIL

Why bytecode -> Performance

Common optimizing phases:

Phase 1 - inlining

Phase 2 - local optimizations

Phase 3 - control flow optimizations

Phase 4 - global optimizations

Phase 5 - native code generation
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Bytecode & CIL

Review again:

14



Bytecode & CIL

Some Modern Idea:

15

More recently, the authors of V8 and Dart have challenged the 

notion that intermediate bytecode is needed for fast and 

efficient VM implementation. Both of these language 

implementations currently do direct JIT compiling from source 

code to machine code with no bytecode intermediary.

https://v8.dev/#mach_code
https://web.archive.org/web/20130512215811/http:/www.dartlang.org/articles/why-not-bytecode/
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FlowGraph

□ FlowGraph

■ Intermediate represention of Methods

■ Nodes: BasicBlock

□ An instruction sequence without jump statement

■ Edges: branch (jump)

□ condition

□ always

□ none

□ switch

□ ...

Flowgraph of while 
statement
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https://github.com/dotnet/coreclr/blob/v3.0.0/src/jit/block.h#L361


Example: bubble sort

FlowGraph
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for (i = 0; i < 6; i++){

for (j = 0; j < 6-i-1; j++){

if (a[j] < a[j+1]){

t = a[j];

a[j] = a[j+1];

a[j+1] = t;

}

}

}



BasicBlock

FlowGraph
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FlowGraph

□ Dominator Tree

■ A block M dominates a 

block N if every path 

from the entry that 

reaches block N has to 

pass through block M.

■ For each block, there is 

only one immediate 

dominator.
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FlowGraph
□ BasicBlock

■ Flags: Mark BB status

□ Imported? 

□ Visited during Opt? 

□ Starts a loop?

□ Rarely run?

□ Allocate Mem?

□ Call a function?

□ …

■ Weights

□ How often will this BB run?
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FlowGraph
□ BasicBlock

■ Flags: Mark BB status

□ Imported? 

□ Visited during Opt? 

□ Starts a loop?

□ Rarely run?

□ Allocate Mem?

□ Call a function?

□ …

■ Weights

□ How often will this BB run?

-----------------------------------------------------------------------------------------------------------------------------------------

BBnum BBid ref try hnd preds           weight    lp [IL range]     [jump]      [EH region]         [flags]

-----------------------------------------------------------------------------------------------------------------------------------------

BB01 [0000]  1                                       1          [000..016)-> BB07 ( cond )              i label target new[] 

BB02 [0001]  2       BB01,BB06            0.5     0 [016..01A)-> BB06 ( cond )              i Loop label target bwd 

BB03 [0002]  2       BB02,BB05            0.5     1 [01A..022)-> BB05 ( cond )              i Loop label target idxlen 

bwd 

BB04 [0003]  1       BB03                      0.5     1 [022..030)                                         i idxlen bwd 

BB05 [0004]  2       BB03,BB04            0.5     1 [030..03A)-> BB03 ( cond )               i label target bwd 

BB06 [0006]  2       BB02,BB05            0.5     0 [03A..042)-> BB02 ( cond )               i label target bwd 

BB07 [0008]  2       BB01,BB06              1         [042..043)               (return)               i label target 

-----------------------------------------------------------------------------------------------------------------------------------------
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FlowGraph
□ BasicBlock

■ Flags: Mark BB status

□ Imported? 

□ Visited during Opt? 

□ Starts a loop?

□ Rarely run?

□ Allocate Mem?

□ Call a function?

□ …

■ Weights

□ How often will this BB run?

-----------------------------------------------------------------------------------------------------------------------------------------

BBnum BBid ref try hnd preds           weight    lp [IL range]     [jump]      [EH region]         [flags]

-----------------------------------------------------------------------------------------------------------------------------------------

BB01 [0000]  1                                       1          [000..016)-> BB07 ( cond )              i label target new[] 

BB02 [0001]  2       BB01,BB06             4       0 [016..01A)-> BB06 ( cond )              i Loop label target bwd 

BB03 [0002]  2       BB02,BB05             2       1 [01A..022)-> BB05 ( cond )              i Loop label target idxlen 

bwd 

BB04 [0003]  1       BB03                       2       1 [022..030)                                         i idxlen bwd 

BB05 [0004]  2       BB03,BB04             2       1 [030..03A)-> BB03 ( cond )               i label target bwd 

BB06 [0006]  2       BB02,BB05             4       0 [03A..042)-> BB02 ( cond )               i label target bwd 

BB07 [0008]  2       BB01,BB06             1          [042..043)               (return)               i label target 

-----------------------------------------------------------------------------------------------------------------------------------------

23



FlowGraph
□ BasicBlock

■ Flags: Mark BB status

□ Imported? 

□ Visited during Opt? 

□ Starts a loop?

□ Rarely run?

□ Allocate Mem?

□ Call a function?

□ …

■ Weights

□ How often will this BB run?

-----------------------------------------------------------------------------------------------------------------------------------------

BBnum BBid ref try hnd preds           weight    lp [IL range]     [jump]      [EH region]         [flags]

-----------------------------------------------------------------------------------------------------------------------------------------

BB01 [0000]  1                                       1          [000..016)-> BB07 ( cond )              i label target new[] 

BB02 [0001]  2       BB01,BB06             4       0 [016..01A)-> BB06 ( cond )              i Loop label target bwd 

BB03 [0002]  2       BB02,BB05            16      1 [01A..022)-> BB05 ( cond )              i Loop label target idxlen 

bwd 

BB04 [0003]  1       BB03                       8       1 [022..030)                                         i idxlen bwd 

BB05 [0004]  2       BB03,BB04            16      1 [030..03A)-> BB03 ( cond )               i label target bwd 

BB06 [0006]  2       BB02,BB05             4       0 [03A..042)-> BB02 ( cond )               i label target bwd 

BB07 [0008]  2       BB01,BB06             1          [042..043)               (return)               i label target 

-----------------------------------------------------------------------------------------------------------------------------------------
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□Code-gen Tree

□Used nearly all-through the JIT phases

■ Represent operation corresponding to the node

■ Other information related to code-gen

GenTree
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GenTree > Overview
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GenTree > HIR
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GenTree > GenTreeNode
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https://github.com/dotnet/coreclr/blob/master/src/jit/gentree.h#L328


STMT (IL 0x000...0x026)

▌ ASG  double // assignment nodes

├──▌ IND  double

│  └──▌ LCL_VAR  byref V03 arg3  // r1

└──▌ DIV  double

├──▌ ADD  double

│  ├──▌ NEG  double

│  │  └──▌ LCL_VAR  double V01 arg1 

│  └──▌ INTRINSIC double sqrt

│ └──▌ SUB  double

│ ├──▌ MUL  double

│ │  ├──▌ LCL_VAR  double V01 arg1 

│ │  └──▌ LCL_VAR  double V01 arg1 

│ └──▌ MUL  double

│ ├──▌ MUL  double

│ │  ├──▌ LCL_VAR  double V00 arg0 

│ │  └──▌ CNS_DBL double

4.0000000000000000

│ └──▌ LCL_VAR  double V02 arg2 

└──▌ MUL  double

├──▌ LCL_VAR  double V00 arg0  // a

└──▌ CNS_DBL double 2.0000000000000000  // 

const double

GenTree > HIR > Example

r1 = (-b + Math.Sqrt(b*b - 4*a*c))/(2*a);
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□Post Order

Depth first, Left to right

□Exception

■ flag GTF_REVERSE_OPS is set

■ Dynamically-sized block

GenTree > HIR > Eval Order
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□ Doubly linked list of GenTree Nodes

■ gtNext/gtPrev

□Execution order: order given by the list

GenTree > LIR

32



□Phase: rationalization

□ In-place transformation

What does in-place mean？

□threaded tree

GenTree > HIR to LIR
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GenTree > HIR to LIR

ADD

Op1 Op2

gtOp1 gtOp2

gtNext: nullptr
gtPrev: nullptr

gtNext: 
nullptr
gtPrev: 
nullptr

gtNext: nullptr
gtPrev: nullptr

GenTreeStmt

m_rootNode
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GenTree > HIR to LIR

ADD

Op1 Op2

gtOp1 gtOp2

gtNext: nullptr
gtPrev: nullptr

gtNext
gtPrev: 
nullptr

gtNext: nullptr
gtPrev

GenTreeStmt

m_rootNode
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GenTree > HIR to LIR

ADD

Op1 Op2

gtOp1 gtOp2

gtNext: nullptr
gtPrev

gtNext
gtPrev: 
nullptr

gtNex
gtPrev

GenTreeStmt

m_rootNode
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GenTree > HIR to LIR

ADD

Op1 Op2

gtPrev

GenTreeStmt

m_rootNode

m_treeList

gtNext

gtPrev

gtNext

gtOp1
gtOp2
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GenTree > HIR to LIR

Op1 Op2 Add

Op3 SubOp4

Statement1

Statement2

m_treeList

m_rootNodem_treeList

m_rootNode
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□Pointer fields set. Enough?

■ Elimination of Assignment Node

■ SSA

■ Elimination of statements

■ ...

GenTree > HIR to LIR
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STMT (IL 0x000...0x026)

▌ ASG  double // assignment nodes

├──▌ IND  double

│  └──▌ LCL_VAR  byref V03 arg3  // r1

└──▌ DIV  double

├──▌ ADD  double

├─ ...

└──▌ MUL  double

GenTree > HIR to LIR > 
Example

t16 = ▌ MUL double $145

┌──▌ t16 double

▌ STORE_LCL_VAR double V07 cse1

t51 = LCL_VAR double V07 cse1 $145

┌──▌ t13 double

├──▌ t51 double

t17 = ▌ DIV double $146

t0 = LCL_VAR byref V03 arg3 u:1 (last use) $c0

┌──▌ t0 byref

├──▌ t17 double

▌ STOREIND double 40
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