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We should forget about small efficiencies, say about
97% of the time: premature optimization is the root
of all evil. *Yet we should not pass up our
opportunities in that critical 3%.”

- Donald Knuth
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TR PERE 5 StringBuilder

string Concat(string a, string b, string c, string d) {
return a + b + ¢ + d;
}

string Concat(string a, string b, string c, string d) {
return new StringBuilder ()
.Append (a) .Append (b)
.Append (c) .Append (d)
.ToString () ;
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AT ER P2 5 StringBuilder

string Concat(int n, string a, string b, string c, string
var s = "";
for (var 1 = 0; 1 < n; 1i++) |
s =s +a+ b+ c+ d;

}

return s;

string Concat(int n, string a, string b, string c, string
var sb = new StringBuilder();
for (var 1 = 0; 1 < n; 1i++) {
sb.Append (a) .Append (b)
.Append (c) .Append (d)
.ToString () ;
}

return sb.ToString() ;



&l



féﬁ:%%"%

T VK
o 5| H2RAY
= D HCEEFLE M
Jdcle %fi, MR GCIE RE
o Har Sk BdE CnZRANE BO
o [HRA!
= ECTERR L, BN S SRE R R

PPk

n S FACAEAR S AS 27 (B A
o A LA <’ZIK$/\L%{9%>
R ORI E O NscELgn




Count

%
> !dumpheap -stat

MT
000007fefb5clfcal

> !dumpheap -mt 000007fefb5clfcal

Address
0000000002641408
00000000026428a8
0000000002642£48
0000000002642£80
0000000002645038

R
o

JUY O

MT
000007fefbclfcal
000007fefbclfcal
000007fefbclfcal
000007fefbclfcal
000007fefbclfcal
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TotalSize Class Name

120 System.Object

Size
24
24
24
24
24
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var currentBytes = GC.GetTotalMemory (true);

var obj = new object(); // Or other types

var objSize = GC.GetTotalMemory (true) - currentBytes;
Console.WritelLine (objSize) ;

// Output:

// 12 in x86

// 24 in x64

GC.KeepAlive (ob7j) ;
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S|

o BRA: HRYT, BEEINX
2.




5| 22N G A0 )

class Person {
private readonly long 1id;

private readonly string name;

}

Object Reference Object Header

Method Table Pointer

Method Table

_id : Int64

_hame : String

-8
—
0
+8
+16
P

String Object




) 1'

5]

class MyTypel
int Fieldl; //
} // 24 bytes

~

class MyType2 {
int Fieldl; //
int Field2; //
} // 24 bytes

class MyType3 {
int Fieldl;
string Field2;
} // 32 bytes

IEAVIChOE AN

addr+8, 4 bytes

addr+8, 4 bytes
addr+12, 4 bytes

// addr+8, 4 bytes
// addr+16, 8 bytes (alignment)
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new int[0]; // 24 bytes (8 header + 8 MT + 4 length + 4)
new int[9]; // 64 bytes (24 + 4 * 9 + 4)

new int[10]; // 64 bytes (24 + 4 * 10)

new int[11]; // 72 bytes (24 + 4 * 11 + 4)

new byte[8]; // 32 bytes (24 + 1 * 8)
new byte[9]; // 32 bytes (24 + 1 * 9 + 7)

new bool[1l]; // 32 bytes (24 + 1 * 1 + 7)
new bool[2]; // 32 bytes (24 + 1

*
N
L

&

new bool[8]; // 32 bytes (24 + 1 * 8)

new string[0]; new string[5]; // 2272
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struct MyStruct {
bool Fieldl; // 1 bit
int Field2; // 4 bytes
bool Field3; // 1 bit
new MyStruct[3]; // 64 bytes (24 + X * 3) => X = 127

> !do 0000000002682e38

Fields:

MT Field Offset Type ... Name
400004a 8 System.Boolean ... Fieldl
400004Db C System.Int32 ... Field?2?

400004c 10 System.Boolean ... Field3
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[StructLayout (LayoutKind.Auto) ]
struct MyStruct {

bool Fieldl; // 1 bit

int Field2; // 4 bytes

bool Field3; // 1 bit
}

new MyStruct[3]; // 48 bytes (24 + 8 * 3)

> !do 0000000002932e38

Fields:

MT Field Offset Type ... Name
400004a C System.Boolean ... Fieldl
400004b 8 System.Int32 ... Field?2

400004c d System.Boolean ... Field3
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class MyItem { }

static IEnumerable<MyItem> GetItems () {
//
}

// Initialization
var alllItems = GetItems () .ToArray():

// Iteration
foreach (var item in allItems) {
// do something with item



AR IVVARISIEREN v I tem Next ; |

// Initialization

MyItem head = null;

foreach (var item in GetItems ()) {
head = new Item { Next = head };

Reverse (head); // optional

// Iteration

for (var item = head; item != null; item = item.Next) {
// do something with item



AU )G

o THWA (AN . TTARNR (HIE)
o faM: D REEVIR], TCEEAHET
7

IS

o 1R BE. CPUZLEA B Y




Sl

JEAR . X m) B 2

abstract class InplacelinkedListNode<T>
where T : InplacelLinkedListNode<T>

T Prev;
T Next;
} // or interface

class InplacelinkedList<T>
where T : InplacelLinkedListNode<T> { }

class MyItem : InplacelLinkedListNode<MyItem> { }
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abstract class InplaceBinaryTreeNode<T>
where T : InplaceBinaryTreeNode<T>

T Left;
T Right;
int Size;
} // or interface

class InplaceAvlTree<T>
where T : InplaceBinaryTreeNode<T> { }

class Myltem : InplaceBinaryTreeNode<MyItem> ({

}
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You might think that building a responsive .NET
Framework app is all about algorithms, such as
using quick sort instead of bubble sort, but that's
not the case. The biggest factor in building a
responsive app is allocating memory, especially
when your app is very large or processes large
amounts of data.

- Roslyn Team



GCin CLR vs. OpenJDK
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// Force compact once
GCSettings.LargeObjectHeapCompactionMode =
GCLargeObjectHeapCompactionMode.CompactOnce;
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// Suppress Gen 2 collection (Workstation only)

// Suppress full (non-concurrent) Gen 2.
GCSettings.LatencyMode = GCLatencyMode.SustainedLowLatencs

GC.TryStartNoGCRegion(...);
// ... No GC will happen here
GC.EndNoGCRegion () ;
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// .NET 4.5.2-
var cpuCounter = new PerformanceCounter (
"Processor",

"% Processor Time",
" Total"):;

for (var 1 = 0; 1 < 10000, i++) {
cpuCounter.NextValue() ;
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Allocated: [691.48 MB; 1.26 M objects]

Group by Interface Group by Namespace

Filter:

Group by Assembly

1= O System.Byte][]

1= 0 System.Int64]]

14 O System.Collections.Hashtable+bucket[]
System.Diagnostics.CounterDefinitionSample
Microsoft. Win32.NativeMethods+PERF_COUNTER_DEFINITION
System.Int32
System.String

Microsoft.Win32.NativeMethods+PERF_INSTANCE_DEFINITION

Allocated bytes = Allocated objects

650,240,538
14,400,000
12,000,000

8,400,000
8,400,000
6,480,168
4,944,144

3,600,000

10,001
150,000

40,000
150,000
150,000
270,007
150,079

90,000
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volid Print (int 1) {
Console.WritelLine("i = " + 1i); // allocations?

void Print (int 1) {
// String.Concat (object ol, object 02)
Console.WritelLine (String.Concat ("1 =", 1)),

void Print (int 1) {
// String.Concat (string sl, string s2)
Console.WriteLine ("1 = " + NNl idalele®@®)) ; // cvoid boxir
}



FVE S Be 4

enum Color { Red, Green, Yellow }

class Light {
public readonly Color Color;

public override 1nt GetHashCode () {

return Color.GetHashCode () ;
}

// allocations?

class Light {

public override 1int GetHashCode () {

return [UERABS IR . GetHashCode (); // avoid boxing
}
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string Concat (int n, string a, string b, string c, string

var sb = new StringBuilder();
for (var i = 0; 1 < n; i++) {
sb.Append (a) .Append (b)
.Append (c) .Append (d)
.ToString () ;

return sb.ToString () ;



string Concat (int n, string a, string b, string c, string
var length = Calculatelength(n, a, b, ¢, 4d);

var sb = new StringBuilder (jikSislegdlsl) ;
for (var i = 0; 1 < n; i++) {
sb.Append (a) Append(b)
.Append (c) .Append (d)
.ToString() ;

return sb.ToString () ;



Roslyn: = StringBuilder

static StringBuilder AcquireBuilder () {
var result = cachedStringBuilder; // [ThreadStatic]
if (result == null)
return new StringBuilder();

result.Clear () ;
cachedStringBuilder = null;
return result;

static string GetStringAndReleaseBuilder (StringBuilder sb,;
var result = sb.ToString();
cachedStringBuilder = sb;
return result;
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voilid DoSomethingNeedsTempArrayOfLength<T> (int n) {
var tempArray = new T[n];

//

abstract class Buffer<T> : IDisposable {
// array like operations
public abstract T this[int 1] { get; set; }

void DoSomethingNeedsTempArrayOfLength<T> (int n) {
using (var tempBuffer = RequestBuffer<T>(n)) {

//
}
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public int OrderId { get; set; }
public string Side { get; set; }
public double Price { get; set; }
// 200+ more fields

} // ~1.2KB

// 50000 instances max, ~60M
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struct OrderData {
public int OrderId
public string Side
public double Price
// 200+ more fields
} // ~1.2KB

// ~60M
static OrderData[] AllOrderData = new OrderData[50000];



bl

ACES| (4

struct Order {
private readonly int index;

)

public int OrderId {
get { return AllOrderData[ index].OrderId; }
set { AllOrderData[ index].OrderId = value; }

public string Side {
get { return AllOrderData[ index].Side; }
set { AllOrderData[ index].Side = value; }

}

} // zero in heap, 4 bytes in stack
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var
for
1

//
//
//
//
//
//
//
//
//

//

JEAR . XN A

L

list = new LinkedList<int> () ;
(var 1 = 0; 1 < 10000; 1i++) {
ist.AddLast (1) ;

class LinkedListNode<int> {
16 bytes head
Prev -> 8 bytes
Next -> 8 bytes
List -> 8 bytes
Value -> 4 bytes
4 bytes alignment

}
48 bytes node to save 4 bytes data

nodes are everywhere 1in heap

—
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class ArrayLinkedList<T> {
private Node[] nodes;

public struct Node {
public T Value;
public 1nt Next;
public int Prev;

}

// "index" is node
public int AddLast (T value) { }

}

// 12 bytes to save 4 bytes data
// nodes are kept closely (probably same cache line) in he
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class ArrayAvlTree<T> {
private Node[] nodes;

public struct Node {
public T Value;
public int Left;
public int Right;
public int Size;

}

// "index" is node
public int Add(T value) { }
}
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public class MyClass {

[MethodImpl (MethodImplOptions.NoInlining) ]
public void NormalMethod () { }

public virtual void VirtualMethod () { }

void CallNormal (MyClass c) {
c.NormalMethod () ;

}

void CallVirtual (MyClass c) {
c.VirtualMethod() ;

}
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vold CallNormal (MyClass c) {
c.NormalMethod () ;

}

488bca mov rcx, rdx
3909 cmp [rcx], ecx ; null check
eB8azadffff call 00007ffe 80cd47b40 (MyClass.NormalMethod (]
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void CallVirtual (MyClass c) {
c.VirtualMethod() ;

}

488bca mov rcx, rdx
488b02 mov rax, [rdx] ; address of method table
48804040 mov rax, [rax+0x40] ; address of methods

£f£5020 call gword [rax+0x20] ; address of target methoc
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static ICollection<T> CreateCollection (IEnumerable<T> iter
return name.ToList () ;

}

In Visual Studio and the new compilers, analysis shows that many of the
dictionaries contained a single element or were empty. An empty
Dictionary has ten fields and occupies 48 bytes on the heap on an x86
machine. Dictionaries are great when you need a mapping or associative
data structure with constant time lookup. However, when you have only a
few elements, you waste a lot of space by using a Dictionary.

- Roslyn Team
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static ICollection<string> CreateReadOnlyMemberNames (
HashSet<string> names) {
switch (names.Count) {
case O:
return SpecializedCollections.EmptySet<string> ()
case 1:
return SpecializedCollections.Singleton (names.First
case 2~6:
return ImmutableArray.CreateRange (names) ;
default:
return SpecializedCollections.ReadOnlySet (names) ;

A

}

return names.ToList () ;



FrugalList/Map in WPF

class FrugallistBase<T> { }

class SingleltemList<T> : FrugalListBase<T> { }
class ThreeltemList<T> : FrugallistBase<T> { }
class SixItemList<T> : FrugalListBase<T> { }
class ArrayltemList<T> : FrugalListBase<T> { }

class FrugalMapBase { }

class SingleObjectMap : FrugalMapBase { }
class ThreeObjectMap : FrugalMapBase { }

class SixObjectMap : FrugalMapBase { }

class ArrayObjectMap : FrugalMapBase { }

class SortedObjectMap : FrugalMapBase { }
class HashObjectMap : FrugalMapBase { }

class LargeSortedObjectMap : FrugalMapBase { }
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class MyCollection<T> : IEnumerable<T> {
public struct MyEnumerator : IEnumerator<T> {

//

public MyEnumerator GetEnumerator () {

//

IEnumerator<T> IEnumerable<T>.GetEnumerator () {
return GetEnumerator () ;

IEnumerator IEnumerable.GetEnumerator () {
return GetEnumerator () ;
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var coll = new MyCollection<int>();

// has allocations:

// 1. ((IEnumerable<int>)coll) .Where(...)
// 2. anonymous method
foreach (var 1 in coll.Where (i => 1 > 0)) {

// Do something

// no allocation
foreach (var i1 in coll) {
if (1 > 0) {
// Do something



1] 2 IDisposable LI

class MyClass {}
private void Done (int 1) {
//
}

public IDisposable DoSomething(int 1) {
//
return Disposables.Create(() => Done(i));
}
}

// Has allocations
using (myClass.DoSomething(10)) {
// Do something

}
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class MyClass {
public struct DoneToken : IDisposable {
private readonly MyClass parent;
private readonly int 1;

public void Dispose () {
_parent.Done( 1);

}

// no allocation

public DoSomething (int 1) {
//

return new DoneToken (this, 1i);
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ValueTask: %t =2k Task
ValueTuple: ¥ = Tuple

Span<T>: Z AL
Strin g/ArraySe ment

ref return: Hi

readonly ref ]
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“ref return

interface IMap<TKey, TValue> {
TValue Get (TKey key);
volid Set (TKey key, TValue value);

volid Increase (IMap<TKey, int> map, TKey key, int n) {
var value = map.Get (key);
map.Set (key, value + n);



ref return

interface IMap<TKey, TValue> {
ref TValue GetRef (TKey key);

}

volid Increase (IMap<TKey, int> map, TKey key, int n) {
map.GetRef (key) += n;
}
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CLRMD

CLRRuntime runtime = ...;
GCHeap heap = runtime.GetHeap() ;

foreach (ulong obj 1n heap.EnumerateObjects()) {
GCHeapType type = heap.GetObjectType (0bj) ;

if (type == null) // heap corruption
continue;

ulong size = type.GetSize (obj);
Console.WriteLine (
"{0,12:X} {1,8:n0} {2,1:n0} {3}",
obj, size, heap.GetObjectGeneration (obj), type.Name,
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