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PellieHpe

. Knacc TvnoB — Habop onepauunmn, He NPMBSA3AHHbLIN K
KOHKPETHOMY TUMy
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PellieHpe

. Knacc tTunos — Habop onepaunmn, He NPUBA3aHHbIN K
KOHKPETHOMY TUMy

. Mpumep Ha Haskell:

class Listable a where -- OnpegeneHue knacca TUNOB
toList :: a -> [Int]
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K/1acCbl TUMOB

. JK3eMmnaap Kaacca TUNOB — peanmsauns onepaumin knacca TMNoB
011 KOHKPETHOro Tuna

. Mpumep Ha Haskell:
instance Listable (Tree Int) where -- 3k3emMnnsap knacca TUMoOB

toList Empty = []
toList (Node x 1 r) = tolList 1 ++ [x] ++ tolList

14



K/1acCbl TUMOB

. Micnonb3oBaHmMe K1accoB TMMNOB — NPOCTO BbI3OB ONepaLunm
Knacca TUMoB KaK 06bIYHbIX DYHKL MK

. Mpumep Ha Haskell:

myTree :: Tree Int -- Co3gaHue 3Ha4yeHUs Tvna
myTree = Node 1 (Node 2 Empty (Node 3 Empty Empty)) (Node 4 Empty Empty)

- - Wcnonb3oBaHue knacca Tuna

main = print (tolList myTree)
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Paznmnyms

Knacc Tnnos NHTepdenc

[TapameTpusyeTca Tunamm PeannsyeTca Tunamu

KaTteropusa Tunos Tun

CraTtu4deckas gucnetyepusayms [AvHamnyeckasa gucnetyepmsauuns
Peannsauna otgeneHa ot Tmna Peannsaunsa — 4actb TUna
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YyeHn4

° [typeclass } 0o = {PROFIT }

. [peﬁemﬁee_peﬂaﬁy} https://github.com/louthy/language-ext
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https://github.com/louthy/language-ext

A Ha MeHblliee 9 He cornaceH!

var result = initial;

foreach (var i in enumerable)
result += 1i;

return result;

}
. copy&Paste

. TCollection<Tltem>
. wegat
- aHecatton
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[loacyeT cymmbl 1000 3n1eMeHTOoB

~array.sum(); =«

23



JTO XOPOLWO UM MIOXO?

Method

Mean Error StdDev Ratio Allocated
us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
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[lefoBCKMI CNOCOD

var sum = 0;
for (var 1 = @; i < _array.Length; i++)
sum += _arrayl[i];

LINQ
for
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B yeMm noaBox?

Method Mean Error StdDev Ratio Allocated
us us us B
LINQ 9.781 0.1939 0.2522 1.00 32

for 1.087 0.0204 0.0191 0.11 -
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COBpeEMEHHOEe CYMMIKPOBaHMe

https: ithub.com/dotnet/corefx/blob/release/2.2/src/System.Ling/src/System/Ling/Sum.cs

public static int Sum(this IEnumerable<int> source)
{
if (source == null)
ThrowHelper.ThrowArgumentNullException(
ExceptionArgument.source);
int sum = 0;
checked
{
foreach (int v in source)
sum += Vv;
}

return sum;
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https://github.com/dotnet/corefx/blob/release/2.2/src/System.Linq/src/System/Linq/Sum.cs

[lekoMnnaaUms

https: ithub.com/dotnet/corefx/blob/release/2.2/src/System.Ling/src/System/Ling/Sum.cs

public static int Sum(this IEnumerable<int> source)

{
if (source == null)
ThrowHelper.ThrowArgumentNullException(
ExceptionArgument.source);
int sum = 0;
checked
{
foreach (int v in source)
sum += Vv;
}

return sum;

IEnumerator<int> e =
source.GetEnumerator();
try
{
while (e.MoveNext())
sum = checked(sum + e.Current);
return sum;

}
finally
{
if (e != null)
e.Dispose();
}
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https://github.com/dotnet/corefx/blob/release/2.2/src/System.Linq/src/System/Linq/Sum.cs

ICTUHHASA CyWHOCTb foreach

IEnumerator<int> e = source.GetEnumerator(); // Annokauus
try
{
while (e.MoveNext())
sum = checked(sum + e.Current);
return sum;

}
finally

{
if (e != null)

e.Dispose();
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ICTUHHASA CyWHOCTb foreach

IEnumerator<int> e = source.GetEnumerator(); // Annokauus
try
{
while (e.MoveNext())
sum = checked(sum + e.Current); // [llposepka repernomHeHuUs

return sum;

}
finally

{
if (e != null)

e.Dispose();
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ICTUHHASA CyWHOCTb foreach

IEnumerator<int> e = source.GetEnumerator(); // Annokauus BupmyaribHbIU 8bI308
try
{
while (e.MoveNext()) // BupmyarnbHbIll 8bI308
sum = checked(sum + e.Current); // [lpogepka nepernosiHeHuUss BupmyarbHblU 8bI308

return sum;

}
finally

{
if (e != null)
e.Dispose(); // BupmyarnbHbIl 6bI308

31



ICTUHHASA CyWHOCTb foreach

IEnumerator<int> e = source.GetEnumerator(); // Annokauus BupmyarbHbIU 8bI308
try
{
while (e.MoveNext()) // BupmyarnbHbIl 8bI308
sum = checked(sum + e.Current); // [lposepka nepenosiHeHuUss BupmyarbHblU 8bI308

return sum;

}

finally // bnok ¢uHanusayuu

{
if (e != null)
e.Dispose(); // BupmyarnbHbIl 6bI308
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LleHa MmopgepHM3aLnm

MpocTo for

LOOOO: xor eax, eax
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
Loo08: test r8d, r&d
Leoob: jle LOO1c

Leeod: movsxd r9, edx
LeO10: add eax, [rcx+r9*4+0x10]
LOO15: inc edx

LOe17: cmp r8d, edx
Leola: jg Loeeed

LOOl1lc: ret

LINQ

LO000 :
Looo1:
Loo02:
LO006 :
Leoob:
Looof:
Loo11:
Leolb:
Leo1ld:
LO023:
Le027:
Le02b:
LO035:
Loe37:
L003d:
Leo3f:
Loo41:
Lo045:
LooAf:
LOO51:
LOO57:
Loe59:
LOO5b:
Loe5f:
LOO69:
Leo6b:
Leo71:
LOO73:
LOO75:
Leo77:
Lee7c:

push rbp

push rsi

sub rsp, 0x38

lea rbp, [rsp+0x40]

mov [rbp-0x20], rsp

xor esi, esi

mov rll, Ox7ffe711d7020
cmp [rex], ecx

call gqword [rip+@x5ald]
mov [rbp-0x10], rax

mov rcx, [rbp-0x10]

mov rll, Ox7ffe711d7028
cmp [rcx], ecx

call qword [rip+@x5aeb]
test eax, eax

jz Lee7d

mov rcx, [rbp-0x10]

mov rll, Ox7ffe711d7030
cmp [rex], ecx

call gqword [rip+@x59f9]
add esi, eax

jo Lee77

mov rcx, [rbp-0x10]

mov rll, Ox7ffe711d7028
cmp [rcx], ecx

call gword [rip+0x59d7]
test eax, eax

jnz Lee4l

jmp Lee7d

call ox7ffec7felc50
int3

Leo7d:
LoO81:
Loo8b:
Loeo8d:
L0093
LO095:
L0099
Loo9%a:
LOO9b :
Lee9c:
L009d:
LooY%e:
Looa2:
LO0a6:
Lovab:
Looaf:
Leob4:
LOob6:
Looba:
Leoc4:
LOOc6:
Leocc:
Loocd:
Lood1:
Leod2:
Leed3:

mov rcx, [rbp-0x10]

mov rll, Ox7ffe711d7038
cmp [rcx], ecx

call qword [rip+@x59c5]
mov eax, esi

lea rsp, [rbp-0x8]

pop rsi

pop rbp

ret

push rbp

push rsi

sub rsp, 0x28

mov rbp, [rcx+0x20]

mov [rsp+0x20], rbp

lea rbp, [rbp+0x40]

cmp qword [rbp-0x10], ©x0
jz Leecc

mov rcx, [rbp-0x10]

mov rll, Ox7ffe711d7038
cmp [rcx], ecx

call qword [rip+0x598c]
nop

add rsp, 0x28

pop rsi

pop rbp

ret

33



A moYyemMy TONbKO 419 OAHOro Trna?

public static T Sum<T>(this T[] array, T initial)

{

var result = initial; ?mo
. o . or
for (var i = 0; 1 < array.Length; i++) anat
result += array[i];

return result;

34



CTONKHOBEHME C pealbHOCTbIO

. Error CS0019: Operator '+=' cannot be applied to operands of type 'T' and 'T'

public static T Sum<T>(this T[] array, T initial)
{
var result = initial;
for (var i = @; 1 < array.Length; i++)
result += array[i];
return result;
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A eCcnu cnoxeHue onpeaeneHo?

public static T Sum<T>(this T[] array, T initial)
where T : +

{
var result = initial;
for (var 1 = 0; i < array.Length; i++)
result += array[i];
return result;
}
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TaK Toxe He paboTaeT

Error CS1031: Type expected

public static T Sum<T>(this T[] array, T initial)
where T : +
{
var result = initial;
for (var 1 = 0; i < array.Length; i++)
result += array[i];
return result;
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Ob0bLWEHHOE CYMMUPOBAHME

public static T Sum<T>
(this T[] array, T initial, ISummator<T> summator)

{
var result = initial;
for (var i = ©; i < array.Length; i++) T
result = summator.Add(result, array[i]); for
return result; generic
}
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CnoxeHue Kak MHTepmemnc

public interface ISummator<T>

{
T Add(T left, T right);

¥
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CyMMaTOp KaKk peanmsaums

public class IntSummator : ISummator<int>

{
public int Add(int left, int right) => left + right;

}

40



Ob0bLWEHHOE CYMMUPOBAHME

Ncnonb3oBaHue: _array.Sum(@, new IntSummator());

public static T Sum<T>
(this T[] array, T initial, ISummator<T> summator)

{
var result = initial;
for (var i = @; 1 < array.Length; i++)
result = summator.Add(result, array[i]);
return result;
}
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HaCKOMbKO 3TO ObICTPO?

Method Mean

us
LINQ 9.781
for 1.087

generic 5.915

Error
us

0.1939
0.0204
0.1158

StdDev
us

0.2522
0.0191
0.1334

Ratio

1.00

0.61

Allocated
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LleHa 0600 LWeHus

public static T Sum<T>
(this T[] array, T initial, ISummator<T> summator)

{
var result = initial;
for (var i = @; i < array.Length; i++)
result = summator.Add(result, array[i]); // BupTyanbHbln BbI30B
return result;
}
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LleHa 0600LWeHnS

MpocTo for

LO000O :
L0002 :
L0004 :
L0008 :
Looob:
Loood:
LO010:
LOO15:
L0117
LoOla:
LoO1lc:

Xor eax, eax
xor edx, edx

mov r8d, [rcx+0x8]

test r8d, r8d

jle LOO1c

movsxd r9, edx

add eax, [rcx+r9*4+0x10]
inc edx

cmp r8d, edx

jg Leeed

ret

C Bbl4€NIEHHbIM CYyMMaTOPOM

Loo0eo:
Loool:
Loo0o2:
Loee3:
Looo4 :
Looe8:
Looob:
Loooe:
Lool0o:
Lee13:
Leo15:
Leel17:
Loola:
Leo1f:
Le022:
Loo2c:
LO02e:

push rdi

push rsi

push rbp

push rbx

sub rsp, 0x28

mov rsi, rcx

mov rdi, r8

xor ebx, ebx

mov ebp, [rsi+0x8]

test ebp, ebp

jle LOO3C

movsxd r8, ebx

mov r8d, [rsi+r8*4+0x10]
mov rcx, rdi

mov rll, Ox7ffe71217060
cmp [rcx], ecx

call gword [rip+@x584c]

Lee34:
Loe36:
Loe38:
Loe3a:
LOe3c:
LOO3e:
Lee42:
Loe43:
Loe44:
Loe45:
Loo46:

mov edx, eax
inc ebx

cmp ebp, ebx
jg Lee17

mov eax, edx
add rsp, 0x28
pop rbx

pop rbp

pop rsi

pop rdi

ret
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HeMHOro Marmm

public static T Sum<T, TSummator>
(this T[] array, T initial, TSummator summator)

where TSummator : struct, ISummator<T>

{
var result = initial; LINQ
for (var i = @; i < array.Length; i++) for
result = summator.Add(result, array[i]); generic
magic
return result;
}
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L s

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 -
generic 5.915 ©0.1158 0.1334 0.61 24

magic 0.921 0.0017 0.0016 0.09 -
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LleHa 00600LWeHNS — HONb?

MpocTo for

LOOOO: xor eax, eax
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
Looo8: test r8d, r&d
Leoob: jle LOO1c

Leeod: movsxd r9, edx
LOO10: add eax, [rcx+r9*4+0x10]
LOO15: inc edx

LO017: cmp r8d, edx
Levla: jg Loeed

LOO1lc: ret

C Marm4yecknum cyMmMaTopom

LOOOO: mov eax, edx
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
LOOO8: test r8d, r8d
Leoob: jle LoO1f

Leeod: movsxd r9, edx
LOO10: mov r9d, [rcx+r9*4+0x10]
Lee15: add eax, road
LO018: inc edx

Leola: cmp r8d, edx
Leold: jg Leeed

LOO1lf: ret
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CyMMaTOp - CTPYKTYpa

public readonly struct IntSummator : ISummator<int>

{
public int Add(int left, int right) => left + right;

}
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CyMMaToOp — napaMeTp Thna

public static T Sum<T, FSUNMatOR> // [Mapamemp muna
(this T[] array, T initial, TSummator summator)

where TSummator : struct, ISummator<T>

{
var result = initial;
for (var i = @; i < array.Length; i++)
result = summator.Add(result, array[i]);
return result;
}

49



CyMMaTop — napaMeTp T1na

public static T Sum<T, FSUNMatOR> // [Mapamemp muna
(this T[] array, T initial, TSummator summator)

where TSummator : struct, ISummator<T> // Cmpykmypa

{
var result = initial;
for (var i = @; i < array.Length; i++)
result = summator.Add(result, array[i]);
return result;
}
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CyMMaTop — napaMeTp T1na

public static T Sum<T, FSUNMatOR> // [Mapamemp muna
(this T[] array, T initial, TSummator summator)

where TSummator : struct, ISummator<T> // Cmpykmypa

{
var result = initial;
for (var i = @; i < array.Length; i++)
result = summator.Add(result, array[i]); // Inline
return result;
}
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[TapameTpbl 060bweHnn B NET

CcbInKun

3Ha4YeHud

OpuH pasmep
OaunH obwmn Kop
BupTyanbHble BbI30OBbI

[MToyTn Kak B Java

CBOM pa3mep y Kaxaoro Tmna
CBOM KO, NOA KaXkabl TUN
CTaTn4yecKkmne BbI30BbI

YHuKanobHo gnda .NET
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CyMMaTop — napaMeTp T1na

public static T Sum<T, FSUNMatOR> // [Mapamemp muna
(this T[] array, T initial, TSummator summator)

where TSummator : struct, ISummator<T> // Cmpykmypa

{
var result = initial;
for (var i = @; i < array.Length; i++)
result = summator.Add(result, array[i]); // Inline
return result;
}

53



var result
for (var i

A HY)KEH N apryMEeHT-CyMMaTOop?

Micnonb3oBaHme: _array.Sum<int, IntSummator>(9);

public static T Sum<T, TSummator>
(this T[] array, T initial, TSummator summator

where TSummator :

default)
struct, ISummator<T>
initial;

@; i < array.Length; i++)
summator.Add(result, array[i]);
return result;

LINQ
for
generic
magic
default
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var result
for (var i

A HY)KEH N apryMEHT-CyMMaTOp?

Micnonb3oBaHme: _array.Sum<int, IntSummator>(9);

public static T Sum<T, TSummator>
(this T[] array, T initial, TSummator summator

where TSummator :

default) // He HyxeH?
struct, ISummator<T>
initial;

@; i < array.Length; i++)
summator.Add(result, array[i]);
return result;



/I Tak conpeT!

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 -
generic 5.915 ©0.1158 0.1334 0.61 24
magic 0.921 0.0017 0.0016 0.09 -
default 0.903 0.0017 0.0018 0.09 -
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CyMMaTOp — CTPYKTypa be3 noneu

public struct IntSummator : ISummator<int>

{
public int Add(int left, int right)

=> left + right;
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A 4TO, TAK MOXHO BbIN107

. Wcnonb3oBaHwue:

_array.Sum(@.AsAdditive());

public static T Sum<T, TSummator>
(this T[] array, Additive<T, TSummator> initial)
where TSummator : struct, ISummator<T>

{
var result = initial;
for (var i = @; i < array.Length; i++)
result += array[i];
return result;
}

LINQ
for
generic
magic
operator
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A 4TO, TAK MOXHO BbIN107

. Mcnonb3oBaHue 6€3 SBHOIO YKa3aHUs TUMNOB-NapaMeTPOB:

_array.Sum<sints—FSummator> (0. AsAdditive());

public static T Sum<T, TSummator>

(this T[] array, Additive<T, TSummator> initial;—FStmmater—summater—
defautE)
where TSummator : struct, ISummator<T>

{
var result = initial;
for (var i = @; i < array.Length; i++)
result += array[i];
return result;
}
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A 4TO, TAK MOXHO BbIN107

. Mcnonb3oBaHue 6€3 SBHOIO YKa3aHUs TUMNOB-NapaMeTPOB:

_array.Sum<ints—FSummators>(0.AsAdditive()); // CmpaHHbIl 8b1308

public static T Sum<T, TSummator>

(this T[] array, Additive<T, TSummator> initial;—FStmmater—summater—
defaudtt) // CmpaHHbIU mun

where TSummator : struct, ISummator<T>

{
var result = initial;
for (var i = @; i < array.Length; i++)
result += array[i];
return result;
}
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A 4TO, TAK MOXHO BbIN107

. Mcnonb3oBaHue 6€3 SBHOIO YKa3aHUs TUMNOB-NapaMeTPOB:

_array.Sum<ints—FSummators>(0.AsAdditive()); // CmpaHHbIl 8b1308

public static T Sum<T, TSummator>

(this T[] array, Additive<T, TSummator> initial;—FStmmater—summater—
defaudtt) // CmpaHHbIU mun

where TSummator : struct, ISummator<T>

{
var result = initial;
for (var i = @; i < array.Length; i++)
result += array[i]; // Onepauyus e obobuweHHoM memooe
return result;
}
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KaK byaTo 4TO-TO NOX0E

public readonly ref struct Additive<T, TSummator>
where TSummator : struct, ISummator<T>

{

Additive(T value) => Value = value;

public T Value { get; }

public static Additive<T, TSummator> operator +
(Additive<T, TSummator> left, Additive<T, TSummator> right)
return default(TSummator).Add(left, right);

public static implicit operator Additive<T, TSummator>(T value)
=> new Additive<T, TSummator>(value);

public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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KaK OyTO YTO-TO NIOX0E

public readonly ref struct Additive<T, TSummator>
where TSummator : struct, ISummator<T>

{

Additive(T value) => Value = value;
public T Value { get; }

public static Additive<T, TSummator> operator + // Onepauyus 0Ors 0606wWeHHO20
muna
(Additive<T, TSummator> left, Additive<T, TSummator> right)
return default(TSummator).Add(left, right);

public static implicit operator Additive<T, TSummator>(T value)

=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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KaK OyTO YTO-TO NIOX0E

public readonly ref struct Additive<T, TSummator>
where TSummator : struct, ISummator<T>

{

Additive(T value) => Value = value;
public T Value { get; } // EOuHcmeeHHOe rone Onsi muna-obepmku

public static Additive<T, TSummator> operator + // Onepauyus 0Ors 0606wWeHHO20
muna
(Additive<T, TSummator> left, Additive<T, TSummator> right)
return default(TSummator).Add(left, right);

public static implicit operator Additive<T, TSummator>(T value)

=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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KaK OyTO YTO-TO NIOX0E

public readonly ref struct Additive<T, TSummator>
where TSummator : struct, ISummator<T>

{

Additive(T value) => Value = value;
public T Value { get; } // EOuHcmeeHHOe rone Onsi muna-obepmku

public static Additive<T, TSummator> operator + // Onepauyus 0Ors 0606wWeHHO20
muna
(Additive<T, TSummator> left, Additive<T, TSummator> right)
return default(TSummator).Add(left, right);

public static implicit operator Additive<T, TSummator>(T value)

=> new Additive<T, TSummator>(value); // [lpospa4yHoe 3asopaqusaHue
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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BULLIEHKa Ha TopTe
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BULLIEHKa Ha TopTe

public static Additive<int, IntSummator>
AsAdditive(this int value)
=> value;
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CUHTaKCHMYeCcKnn onabet

C marnyeckum cyMmmaTopom

L0000 :
LO002:
Looo4 :
LOo08 :
LOoob:
Loood:
LOO10O:
LOO15:
LOO18:
LoOdla:
Loold:
Lool1f:

mov eax, edx

xor edx, edx

mov r8d, [rcx+0x8]
test r8d, r8d

jle Loo1f

movsxd r9, edx
mov r9d, [rcx+r9*4+0x10]
add eax, rad

inc edx

cmp r8d, edx

jg Leeed

ret

C KpacuBbIM CIOXKEeHUEM

Lo000:
Loo0o1:
LoO0O3:
LoO0O7:
L0009 :
Looob:
Looof:
Lo012:
L0114 :
LO017:
Loeolc:
L0020
L0024 :
L0028
Lo02b:
Leo2d:
LoO30:
LOO32:
LOO36:

push rax

xor
mov
mov
xor
mov

eax, eax
[rsp], rax
eax, edx

edx, edx

r8d, [rcx+0x8]

test r8d, r8d

jle

LOO32

movsxd r9, edx

mov
mov
lea
mov
add
inc
cmp

r9d, [rcx+r9*4+0x10]
byte [rsp], 0x0

rlo, [rsp]

byte [r10], o0xeo

eax, rad

edx

r8d, edx

jg Leeld

add
ret

rsp, Ox8
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loMeonaTtns

public readonly ref struct Additive<T, TSummator> where TSummator :

{

Additive(T value) => Value = value;
public T Value { get; }

public static Additive<T, TSummator> operator +

(Additive<T, TSummator> left, Additive<T, TSummator> right)
{

var summator = default(TSummator);

return summator.Add(left, right);

}

public static implicit operator Additive<T, TSummator>(T value)
=> new Additive<T, TSummator>(value);

struct, ISummator<T>

public static implicit operator T(Additive<T, TSummator> value) => value.Value;

LINQ

for

generic
magic
operator
homeopathy
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loMeonaTtns

public readonly ref struct Additive<T, TSummator> where TSummator : struct, ISummator<T>

{
Additive(T value) => Value = value;
public T Value { get; }
public static Additive<T, TSummator> operator +
(Additive<T, TSummator> left, Additive<T, TSummator> right)
{
var summator = default(TSummator); // Huuyezo He MmeHsWUU NUWHUL KOO
return defauttFSummatorysummator.Add(left, right);
}
public static implicit operator Additive<T, TSummator>(T value)
=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
}

71



71 He 3Hato KaK 3To paboTaeT

C marnyeckum cyMmmaTopom

LOOOO: mov eax, edx
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
Looo8: test r8d, r&d
Leoeb: jle LOO1f

Levoed: movsxd r9, edx
Le®10: mov r9d, [rcx+r9*4+0x10]
LO015: add eax, rod
LO018: inc edx

Leela: cmp r8d, edx
Leeld: jg Leeed

LOo1lf: ret

C romeonaTtnyecknMm CymMMaTopom

LOOOO: mov eax, edx
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
LO0O8: test r8d, r8d
Leoob: jle LoO1f

LOodd: movsxd r9, edx
LOO10: mov r9d, [rcx+r9*4+0x10]
LO015: add eax, rod
LOO18: inc edx

Leola: cmp r8d, edx
Leeld: jg Leeed

LOO1f: ret
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Kildce TIlOB Ha Gt

struct
wrapper

typeclass interface

public readonly ref struct Additive<T, TSummator>

o o where TSummator : struct, ISummator<T> |_|NQ
public interface ISummator<T>
{ Additive(T value) => Value = value; fOI'
T Add(T le'Ft, T r‘lght); public T Value { get; } gene-nc
} . . " magic
public static Additive<T, TSummator> operator +

(Additive<T, TSummator> left, Additive<T, TSummator> r‘igoperator
return default(TSummator).Add(left, right); h
omeopathy

public static implicit operator Additive<T, TSummator>(T valtypeclass

=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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JK3eMnngap Knacca Tunos Ha C#

typeclass

struct

wrapping

instance g meiion method

public readonly struct IntSummator :

{

ISummator<int>

public int Add(int left, int right)
=> left + right;

public static Additive<int, IntSummator>
AsAdditive(this int value)
=> value;

interface
struct
instance
wrapping
generic
call
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[IlpMeHeHne KnaccoB TMNOB Ha C#

typeclass
using

generic call

public static T Sum<T, TSummator>

( Ld Ld
S — _array.Sum(@.AsAdditive())
Additive<T, TSummator> initial

where TSummator : struct, ISummator<T> interface
{ N struct
var result = initial; .
for (var i = @; i < array.Length; i++) instance
result += array[i]; Wrapping
return result;

generic
call 75



L(,trl +fJ o [\II‘L' } ‘@mterfacel a %\@

a%a%@\ N

SOL|D
allow

76



LleHa KnaccoB TUMOB Ha C#

. Haskell o6xoauTtcsa 6e3 obepTok

public interface ISummator<T> public readonly ref struct Additive<T, TSummator>

{ where TSummator : struct, ISummator<T>
{
T Add(T 1e‘Ft, T r‘igh‘t); Additive(T value) => Value = value;
} public T Value { get; }

public static Additive<T, TSummator> operator +
(Additive<T, TSummator> left, Additive<T, TSummator> right)
return default(TSummator).Add(left, right);

public static implicit operator Additive<T, TSummator>(T value)

=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value) => value.Value;
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LleHa KnaccoB TUMoOB Ha C#

. Haskell o6xoauTtcsa 6e3 obepTok

public readonly struct IntSummator : public static Additive<int, IntSummator>
ISummator<int> AsAdditive (this int value)
{ => value;

public int Add(int left, int right)
=> left + right;
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LleHa KnaccoB TUMOB Ha C#

. Haskell 06xogntca 6e3 06epTOK 1 SBHOrO YyKa3aHUs
3K3eMnaspa Knacca TMnos

public static T Sum<T, TSummator>
( L3 Ld
I —— _array.Sum(@.AsAdditive())
Additive<T, TSummator> initial
)
where TSummator : struct, ISummator<T>
{
var result = initial;
for (var i = @; i < array.Length; i++)
result += array[i];
return result;
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LleHa KnaccoB TUMoOB Ha C#

. CKBO3b TEPHUN KNPOU3BOAUTENBHOCTH

public readonly ref struct Additive<T, TSummator>
where TSummator : struct, ISummator<T>

{
Additive(T value) => Value = value;
public T Value { get; }
public static Additive<T, TSummator> operator +
(Additive<T, TSummator> left, Additive<T, TSummator> right)
{
var summator = default(TSummator); // Hu4ezo He MmeHswWUU AUWHUU
K0Q
return defautt{FSummaterysummator.Add(left, right);
}
public static implicit operator Additive<T, TSummator>(T value)
=> new Additive<T, TSummator>(value);
public static implicit operator T(Additive<T, TSummator> value)
=> value.Value;
¥
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lobaBneHne Knaccos TMnos B CH

. Knacc tmnos:

concept Num<A>

{

A operator + (A a, A b);
A operator * (A a, A b);
A operator - (A a, A b);
implicit operator A(int 1i);

interface
struct
instance
wrapping
generic
call
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lobaBneHne Knaccos TMnos B CH

. JK3eMmnnap:

instance NumInt

{

int operator + (A a, A b) => a + b;
int operator * (A a, Ab) =>a *b
int operator - (A a, A b) => -a;

implicit operator int(int i) => i;

a
a ;

)

interface
struct
instance
wrapping
generic
call
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lobaBneHne Knaccos TMnos B CH

. lcnonb3oBaHue:

public static A F<A, implicit NumA>(A x)
where NumA : Num<A>
=> X*X + X + 666;

interface
struct
instance
wrapping
generic
call

83



lobaBneHne Knaccos TMnos B CH

concept Num<A> { // Knacc munos
A operator + (A a, A b);
A operator * (A a, A b);
A operator - (A a, A b);

] R ) ) interface
implicit operator A(int i); struct
} instance
instance NumInt { // Ok3emnnsp wrapplng
generic

int operator + (A a, A b) => a + b;
i * - * e call
int operator * (A a, A b) => a * b;

int operator - (A a, A b) => -a;

implicit operator int(int i) => i;

}

publix static A F<A, implicit NumA>(A x) where NumA : Num<A> // ucronb3oeaHue
=> X*X + X + 666;
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[ 2017 } [ C# 10 }
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[ 1epBONCTOYHUK

. https://github.com/dotnet/csharplang/issues/110

86


https://github.com/dotnet/csharplang/issues/110

KaK y4ecCTb nepenoHeHmne?

public struct IntCheckedSummator : ISummator<int>

{
public int Add(int left, int right) interface
{ struct
checked instance
{ wrapping
return left + right; generic
} call
}
¥

public static Additive<int, IntCheckedSummator> AsCheckedAdditive
(this int value)
=> value; g7



LleHa npoBepKn - MUHKMYM

C KpacuBbIM CIOXEHUEM

LOOOO: mov eax, edx
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
Looo8: test r8d, r&d
Leoob: jle LoO1f

Leeod: movsxd r9, edx
LeO10: mov r9d, [rcx+r9*4+0x10]
Lee15: add eax, ro9d
LO018: inc edx

Leela: cmp r8d, edx
Leold: jg Leeed

LOO1f: ret

C NnpoBepKOl Ha NepenoiHeHne

LOOOO: sub rsp, 0x28
LOOO4: mov eax, edx

LOOO6: xor edx, edx

LeeO8: mov r8d, [rcx+0x8]
Levoc: test r8d, r8d
Leoof: jle L0025

Le011: movsxd r9, edx
Le014: mov r9d, [rcx+r9*4+0x10]
Le019: add eax, rad

Le®lc: jo LOO2a

LO@le: inc edx

L0020: cmp r8d, edx

Le023: jg L0111

LO025: add rsp, 0x28
LOB29: ret

LO02a: call ox7ffec7felc50

Lee2f: int3 88



KaK UCKNIOYNTL MepenoiHeHne?

public interface ISummator<T, TIncrement>

{
¥

T Add(T left, TIncrement right);

LINQ

for

generic
magic
operator
homeopathy
typeclass
overflow
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KaK UCKNIOYNTL MepenoiHeHne?

public readonly ref struct Additive<TAccumulator, TIncrement, TSummator>
where TSummator : struct, ISummator<TAccumulator, TIncrement>

{

Additive(TAccumulator value) => Value = value; S—C
public TAccumulator Value { get; } Interrace
struct
public static Additive<TAccumulator, TIncrement, TSummator> operator + instance
{ (Additive<TAccumulator, TIncrement, TSummator> left, TIncrement right) VVfaFHDHWQ
var summator = default(TSummator); gelTerIC
ca

return summator.Add(left, right);

}

public
=>
public
=>

static implicit operator Additive<TAccumulator, TIncrement, TSummator>(TAccumulator value)
new Additive<TAccumulator, TIncrement, TSummator>(value);
static implicit operator TAccumulator(Additive<TAccumulator, TIncrement, TSummator> value)

value.Value;
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KaK NCKNIOYNTL MNepernoiHeHne?

public struct LongIntSummator : ISummator<long, int>

{

public long Add(long left, int right) Eﬁgme

=> left + right; instance

wrapping

} generic

call

public static Additive<long, int, LongIntSummator>
AsAccumulator(this long value) => value;
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KaK NCKNIOYNTL MNepernoiHeHne?

public static TAccumulator Sum<T, TAccumulator, TSummator>
(this T[] array, Additive<TAccumulator, T, TSummator> initial)
where TSummator : struct, ISummator<TAccumulator, T>

{
var result = initial; interface
for (var 1 = @; i < array.Length; i++) struct
result += array[i]; instance
return result; wrapping
generic
; call
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Ox<upaaembint pesynsraT

C KpacuBbIM CIOXEHUEM

LOOOO: mov eax, edx
LO002: xor edx, edx
LOOO4: mov r8d, [rcx+0x8]
Looo8: test r8d, r&d
Leoeb: jle LOO1f

Levoed: movsxd r9, edx
Le®10: mov r9d, [rcx+r9*4+0x10]
LO015: add eax, rod
LO018: inc edx

Leela: cmp r8d, edx
Leeld: jg Leeed

LOo1lf: ret

be3 pucka nepenonHeHuUs

LOOOO: mov rax, rdx
LOOO3: xor edx, edx
LOOO5: mov r8d, [rcx+0x8]
LOOO9: test r8d, r8d
Levoc: jle L0023

LOOPe: movsxd r9, edx
LOO11l: mov r9d, [rcx+r9*4+0x10]
LO016: movsxd r9, rod
LO019: add rax, r9

LeO1c: inc edx

LeOle: cmp r8d, edx
L0O21: jg LO0Le

LOB23: ret
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He TONTbKO NN b MACCUBDI

public interface IIndexator<out T, TIndex, in TIndexable>

{

TIndex GetCount(TIndexable indexable);
T GetItem(TIndexable indexable, TIndex index);

LINQ

for

generic
magic
operator
homeopathy
typeclass
overflow
indexable
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He TONBbKO N b MaCCYBbI

public struct Indexable<T, TIndex, TIndexable, TIndexator>
where TIndexator : struct, IIndexator<T, TIndex, TIndexable>

public TIndexable Value { get; }
public T this[TIndex index]

{
get
{
var indexator = default(TIndexator);
return indexator.GetItem(Value, index);
}
}
public TIndex Count
{
get
{
var indexator = default(TIndexator);
return indexator.GetCount(Value);
}
}

interface
struct
instance
wrapping
generic
call
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He TONTbKO NN b MACCUBDI

public struct ArrayIndexator<T> : IIndexator<T, int, T[]>

{
public T GetItem(T[] array, int index) => array[index];

] ) interface
public int GetCount(T[] array) => array.Length; struct

} instance
wrapping

public static Indexable<T, int, T[], ArrayIndexator<T>> Egﬁym

AsGenericIndexable<T>(this T[] array) => array;
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He TONBbKO N b MaCCYBbI

public static TAccumulator Sum<T, TAccumulator, TSummator, TIndexable, TIndexator>

(

this Indexable<T, int, TIndexable, TIndexator> indexable,
Additive<TAccumulator, T, TSummator> initial

) .
where TIndexator : struct, IIndexator<T, int, TIndexable> interface
where TSummator : struct, ISummator<TAccumulator, T> ?"UCt

{ mstange
var result = initial; LUERRLLE
for (var i = 0; i < indexable.Count; i++) generic

result += indexable[i]; call

return result;

}
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Dumacko

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 -
generic 5.915 ©0.1158 0.1334 0.61 24
magic 9.921 0.0017 0.0016 0.09 -
fiasco 9.600 0.1626 0.1521 0.98 -
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[ OpIE Slc

public struct ArrayIndexator<T> :
IIndexator<T, int, T[]>

{
public T GetItem(T[] array, int index) => array[index];
public int GetCount(T[] array) => array.Length;
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[ OP e ST

public struct ArrayIndexator<T> :
IIndexator<T, int, T[]> // CcbuioyHbll mun

{
public T GetItem(T[] array, int index) => array[index];
public int GetCount(T[] array) => array.Length;
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el e

[MethodImpl(MethodImplOptions.AggressiveInlining)]
public static TAccumulator Sum<T, TAccumulator, TSummator, TIndexable, TIndexator>

(
this Indexable<T, int, TIndexable, TIndexator> indexable,
Additive<TAccumulator, T, TSummator> initial
)
where TIndexator : struct, IIndexator<T, int, TIndexable>
where TSummator : struct, ISummator<TAccumulator, T>
{
var result = initial;
for (var i = 9; i < indexable.Count; i++)
result += indexable[i];
return result;
}
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Bl oo

[MethodImpl(MethodImplOptions.AggressiveInlining)]

public static TAccumulator Sum<T, TAccumulator, TSummator, TIndexable, TIndexator>

(
this Indexable<T, int, TIndexable, TIndexator> indexable,
Additive<TAccumulator, T, TSummator> initial
)
where TIndexator : struct, IIndexator<T, int, TIndexable>
where TSummator : struct, ISummator<TAccumulator, T>
{
var result = initial;
for (var i = 9; i < indexable.Count; i++)
result += indexable[i];
return result;
}

LINQ

for

generic
magic
operator
homeopathy
typeclass
overflow
indexable
inline
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YO0 MHNANHA

be3 pucka nepenonHeHus

LOOOO: mov rax, rdx
LOOO3: xor edx, edx
LOOO5: mov r8d, [rcx+0x8]
Looo9: test r8d, r8d
Leooc: jle L0023

LeOoe: movsxd r9, edx
LeO11: mov r9d, [rcx+r9*4+0x10]
Le016: movsxd r9, rod
Le019: add rax, r9

LOO1lc: inc edx

Leole: cmp r8d, edx
L0021: jg LOe

LOO23: ret

C 0606LeHMEM HA MHAEKCUPOBAHHbIE
KoNneKunm

L0000 : xor eax, eax
LO0B2: xor edx, edx
LOOo4: jmp LOO16

LOOO6: movsxd r8, edx
LOOO9: mov r8d, [rcx+r8*4+0x10]
Loeoe: movsxd r8, r8d
Le011: add rax, r8

LO014: inc edx

LOO16: cmp [rcx+0x8], edx
LOO19: jg LO0O6

LOO1lb: ret
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[Tobenal

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 -
generic 5.915 ©0.1158 0.1334 0.61 24
magic 9.921 0.0017 0.0016 0.09 -
fiasco 9.600 0.1626 0.1521 0.98 -
inline 1.077 0.0104 0.0092 0.11 -
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Lol Boete e

public interface IIndexable<out T, TIndexs;—FErdexater>

{
TIndex Count { get; } LINQ

T this[TIndex index] { get; } for

generic

} magic
operator
homeopathy
typeclass
overflow
indexable
inline
no magic
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Lol Boete e

public readonly struct Indexable<T, TIndex, TIndexable> : IIndexable<T, TIndex>
where TIndexable : struct, IIndexable<T, TIndex>

{
public Indexable(TIndexable indexable) => Value = indexable;
public TIndexable Value { get; }
public T this[TIndex index] => Value[index]; interface
struct
public TIndex Count => Value.Count; instance
} wrapping
generic
call
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Lol Boete e

public struct ArrayIndexable<T> : IIndexable<T, int>

{
internal ArrayIndexable(T[] value) => Value = value;
public T[] Value { get; } interface
struct
public T this[int index] => Value[index]; :
instance
public int Count => Value.length; wrapping
eneric
public static implicit operator ArrayIndexable<T>(T[] array) 9
=> new ArrayIndexable<T>(array); call
public static implicit operator T[](ArrayIndexable<T> value) => value.Value;
}

public static Indexable<T, int, ArrayIndexable<T>> AsIndexable<T>(this T[] array)
=> new Indexable<T, int, ArrayIndexable<T>>(array);
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Lo boete e

public struct ArrayIndexable<T> : IIndexable<T, ints—H+3> // Maccuea e napamempax Hem

{

internal ArrayIndexable(T[] value) => Value = value;

public

public
public

public
=>
public
}

T[] Value { get; } // Cmpykmypa-obepmka 80Kpya CCbIJIO4HO20 muria

T this[int index] => Value[index];
int Count => Value.Length;

static implicit operator ArrayIndexable<T>(T[] array)
new ArrayIndexable<T>(array);
static implicit operator T[](ArrayIndexable<T> value) => value.Value;

public static Indexable<T, int, ArrayIndexable<T>> AsIndexable<T>(this T[] array)
=> new Indexable<T, int, ArrayIndexable<T>>(array);
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Lol Boete e

public static TAccumulator Sum<T, TAccumulator, TSummator, TIndexable>

(

this Indexable<T, int, TIndexable> indexable,
Additive<TAccumulator, T, TSummator> initial

where TIndexable : struct, IIndexable<T, int>
where TSummator : struct, ISummator<TAccumulator, T>

var result = initial;

for (var i = @; i < indexable.Count; i++)
result += indexable[i];

return result;

interface
struct
instance
wrapping
generic
call
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VIHnavH MM He MHNanH?

C BonwebcTBOM

L0000
Lo00O2:
Looo4 :
LOO0O6 :
LOOO9:
LO0Be:
LOO11:
L0114 :
LOO16:
L0019
LeO1b:

Xor eax, eax

xor edx, edx

jmp LOO16

movsxd r8, edx

mov r8d, [rcx+r8*4+0x10]
movsxd r8, r8d

add rax, r8

inc edx

cmp [rcx+0x8], edx
jg Loeo6

ret

Be3 BonwebcTBa

L0000 :
LOOO3:
LOOO5 :
LOOO7:
LOO0a:
Looof:
LOO12:
LOO15:
LoO17:
LOOla:
LOO1c:

mov rax, rdx

xor edx, edx

jmp LO@17

movsxd r8, edx

mov r8d, [rcx+r8*4+0x10]
movsxd r8, r8d

add rax, r8

inc edx

cmp [rcx+0x8], edx
jg Loee7

ret
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K/acc TUMOB: UTEPUPYEMOE

public interface IEnumerable
<out T, out TEnumerator>
IEnumerable<T>
where TEnumerator : IEnumerator<T>

new TEnumerator GetEnumerator();

LINQ

for

generic
magic
operator
homeopathy
typeclass
overflow
indexable
inline

no magic
enumerable
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K/1acc TUMOB: UTEPUPYEMOE

public interface IEnumerable
<out T, out TEnumerator> // [lapamemp-umepamop
: IEnumerable<T>
where TEnumerator : IEnumerator<T>

new TEnumerator GetEnumerator();
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K/acc TUMOB: UTEPUPYEMOE

public interface IEnumerable
<out T, out TEnumerator> // [lapamemp-umepamop
: IEnumerable<T>
where TEnumerator : s&paets—IEnumerator<T>

new TEnumerator GetEnumerator();

113



K/acc TUMOB: UTEPUPYEMOE

public interface IEnumerable
<out T, out TEnumerator> // [lapamemp-umepamop
: IEnumerable<T>
where TEnumerator : s&paets—IEnumerator<T>

new TEnumerator GetEnumerator(); // Hoebiu memoo
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ObepTKa ona nTeprpyembix

public readonly ref struct Enumerable<T, TEnumerator, TEnumerable>
where TEnumerator : IEnumerator<T>
where TEnumerable : IEnumerable<T, TEnumerator>

{
Enumerable(TEnumerable value) => Value = value;
public TEnumerable Value { get; }
public TEnumerator GetEnumerator() => Value.GetEnumerator();
public static implicit operator Enumerable<T, TEnumerator, TEnumerable>
(TEnumerable value)
=> new Enumerable<T, TEnumerator, TEnumerable>(value);
public static implicit operator TEnumerable
(Enumerable<T, TEnumerator, TEnumerable> value)
=> value.Value;
}

interface
struct
instance
wrapping
generic
call
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/ITepaTop Ang MaccuBa

public struct ArrayEnumerator<T> : IEnumerator<T>

{
internal ArrayEnumerator(T[] array) => (_i, _array, Current) = (-1, array, default);
readonly T[] _array;
int _i;
public T Current { get; private set; }
object IEnumerator.Current => Current;
public void Dispose() { }
public void Reset() => throw new NotImplementedException();
[MethodImpl(MethodImplOptions.AggressiveInlining)]
public bool MoveNext()
{
if ((uint)++_i >= (uint)_array.Length)
return false;
Current = _array[_i];
return true;
}
}
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JK3emMnaap ang MaccrBa

public readonly struct ArrayEnumerable<T>

{

: IEnumerable<T, ArrayEnumerator<T>>

interface
internal ArrayEnumerable(T[] value) => Value = value; struct

instance
pUbliC T[] Value { get; } Wrapping

generic
public ArrayEnumerator<T> GetEnumerator() call

=> new ArrayEnumerator<T>(Value);

IEnumerator<T> IEnumerable<T>.GetEnumerator() => GetEnumerator();
IEnumerator IEnumerable.GetEnumerator() => GetEnumerator();
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ObopaymBaHme MmaccrBea

public static Enumerable<T, ArrayEnumerator<T>, ArrayEnumerable<T>>
AsStructEnumerable<T>(this T[] list)
=> new ArrayEnumerable<T>(list)

interface
struct
instance
wrapping
generic
call
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CyMma 6e3 nHaeKca

public static TAccumulator Sum<T, TAccumulator, TSummator, TEnumerable, TEnumerator>

(

this Enumerable<T, TEnumerator, TEnumerable> enumerable,
Additive<TAccumulator, T, TSummator> initial

)
where TEnumerator : IEnumerator<T> interface
where TEnumerable : IEnumerable<T, TEnumerator> struct
where TSummator : struct, ISummator<TAccumulator, T> instance

{ wrapping
var result = initial; generic
foreach (var i in enumerable) call

result += i;

return result;

}
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[TobyemMy Tak gonro?

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 =
generic 5.915 ©.1158 0.1334 0.61 24
magic 0.921 0.0017 0.0016 0.09 -
enumerable 2.693 0.0248 0.0220 0.30 -

120



| paHKMLIA Ha 3aMKe

Mo nHaekcy C utepatopom
. Leoeo: push rbp
LePOO: mov rax, rdx e T e (e
LOOO3: xor edx, edx Leee5: lea rbp, [rsp+0x30]
. Leoa: mov [rbp-0x10], rsp
LOOO5 : Jjmp Leol17 LO@Oe: mov rax, rdx
. Le@11l: mov edx, Oxffffffff
LeOO7: movsxd r8, edx Lee1s: xor red. rad
LO@0a: mov r8d, [rcx+r8*4+0x10] Lo619: Jmp L0621
LO@1b: movsxd r9, r8d
Leeef: movsxd r8, r8d Leele: add rax, ro
Le021: inc edx
Le012: add rax, r8 L@@23: cmp [rcx+8x8], edx
. o3 Le026: jg L0832
Le015: 1nc de Le028: xor r9d, rod
LOO17: cmp [rcx+0x8], edx Lee2b: jmp L6045
. Leo2d: call ex7ffec7fele0d
Levla: J8 LOoO7 Le@32: cmp edx, [rcx+0x8]
. Lee35: jae Leo2d
L@@lC. Pe-t LO037: movsxd r8, edx

Le@3a: mov r8d, [rcx+r8*4+0x10]
Lee3f: mov rod, ox1

Leo45: test r9d, rad

Lee48: jnz Le@lb

Leo4a: lea rsp, [rbp]

Leo4e: pop rbp
LooAf: ret 121



A MOXET, 1Or0BOPUMCA?

[MethodImpl(MethodImplOptions.AggressivelInlining)]
public bool MoveNext()

{
if ((uint)++_1i >= (uint)_array.Length)
return false;
Current = _array[ i];
return true;
}
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A MOXET, 1OroBOPUMCA?

[MethodImpl(MethodImplOptions.AggressivelInlining)]

public bool MoveNext()

{

if ((uint)++ i >= (uint)_array.Length)
return false;

Current = _array[ i];

return true;

LINQ

for

generic
magic
operator
homeopathy
typeclass
overflow
indexable
inline

no magic
enumerable
no borders
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TaMOXHs gaet gobpo!

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 9.781 0.1939 0.2522 1.00 32
for 1.087 0.0204 0.0191 0.11 -
generic 5.915 ©.1158 0.1334 0.61 24
magic 0.921 0.0017 0.0016 0.09 -
enumerable 2.693 0.0248 0.0220 0.30 -
enumerable2 1.136 0.0061 0.0054 0.12 -
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TaMOXHs gaet gobpo!

C XUTpbIM UTEPATOPOM

Lo000:
Loool:
LO0o5:
Loooa:
Loooe:
Loo11:
LO016:
L0019:
Loolb:
Loole:
L0021:
L0023:
L0026:
L0028
Loo2b:
Lee2d:
Lo030:
LO035:
Loo3b:
Loo3e:
Loo40:
Loo44:
Loo45:

push rbp

sub rsp, 0x10

lea rbp, [rsp+0x10]
mov [rbp-0x10], rsp
mov rax, rdx

mov edx, Oxffffffff
xor r8d, r8d

jmp Lee21

movsxd r9, r8d

add rax, r9

inc edx

cmi rcx+0x8], edx

xor r9d, r9d

jmp LO@3b

movsxd r8, edx

mov r8d, [rcx+r8*4+0x10]
mov r9d, oxl

test rod, rod

jnz Leelb

lea rsp, [rbp]

pop rbp

ret

C 06bIYHbBIM UTEPATOPOM

LO00o0:
Looo1:
LO0o5:
Loo0a:
Loooe:
Le011:
Le016:
LO019:
Leo1b:
Loole:
L0021:
L9023:
L9026:
L0028:
Lo02b:
Leo2d:
LO032:
LO035:
Le037:
Lee3a:
Lee3f:
Loo45:
Loo48:
Loo4a:
LOO4e:
LeoAf:

push rbp

sub rsp, 0x30

lea rbp, [rsp+0x30]
mov [rbp-0x10], rsp
mov rax, rdx

mov edx, Oxffffffff
xor r8d, r8d

jmp LO@21

movsxd r9, r8d

add rax, r9

inc edx

cmp [rcx+0x8], edx
jg Lee32

xor r9d, r9d

jmp Lee45

call ex7ffec7fele00
cmp edx, [rcx+0x8]
jae Lee2d

movsxd r8, edx

mov r8d, [rcx+r8*4+0x10]
mov r9d, ox1

test rod, rad

jnz Lee1lb

lea rsp, [rbp]

pop rbp

ret
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ObellaHye BbIMOMHEHO!

public static TAccumulator Sum<T, TAccumulator, TSummator, TEnumerable, TEnumerator>

(
this Enumerable<T, TEnumerator, TEnumerable> enumerable,
Additive<TAccumulator, T, TSummator> initial
)
where TEnumerator : IEnumerator<T>
where TEnumerable : IEnumerable<T, TEnumerator>
where TSummator : struct, ISummator<TAccumulator, T>
{
var result = initial;
foreach (var i in enumerable)
result += i;
return result;
}
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ObellaHye BbIMONHEHO!

public static TAccumulator Sum<T, TAccumulator, TSummator, TEnumerable, TEnumerator>

(
this Enumerable<T, TEnumerator, TEnumerable> enumerable,
Additive<TAccumulator, T, TSummator> initial
)
where TEnumerator : IEnumerator<T>
where TEnumerable : IEnumerable<T, TEnumerator>
where TSummator : struct, ISummator<TAccumulator, T>
{
var result = initial;
foreach (var i in enumerable)
result += i;
return result;
}

127



ObellaHye BbIMONHEHO!

public static TAccumulator Sum<T, TAccumulator, TSummator, TEnumerable, TEnumerator>

(
this Enumerable<T, TEnumerator, TEnumerable> enumerable, LINQ
Additive<TAccumulator, T, TSummator> initial for
) generic
where TEnumerator : IEnumerator<T> magic
where TEnumerable : IEnumerable<T, TEnumerator> operator
where TSummator : struct, ISummator<TAccumulator, T> homeopathy
{ typeclass
var result = initial; overflow
foreach (var i in enumerable) indexable
result += i; inline
return result; no magic
} enumerable
PROFIT
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. SequenceEqual
<
TLeftIndexable<TItem>,
TRightIndexable<TItem>,
TComparator<TItem>
>
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ba3a A4nd cpaBHeHUd

static int[] _array = Enumerable.Range
(0, 1000).ToArray();

static int[] _array2 = Enumerable.Range
(0, 999).Concat(new int[] { © }).ToArray();
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_array.SequencekEqual( _array2);

132



[lefoBCKMI CNOCOD

bool ForSequenceEqual(int[] left, int[] right)

{
if (left == null | right == null || left.Length != right.Length)
return false;
for (var ¢ = @; c < left.Length; c++)
if (left[c] !'= right[c])
return false;
return true;
}
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K/1acC TUMNOB: CpaBHMBaeMoe

public interface IEqualityComparer<T>

{
bool Equals(T lE'Ft, T Plght)’ interface

public int GetHashCode(T obj); struct

instance

} wrapping
generic
call
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CpaBHMBaeMoe: 0bepTKa

public struct Equatable<T, TComparer> : IEquatable<Equatable<T, TComparer>>
where TComparer : struct, IEqualityComparer<T>

{
public override int GetHashCode() => default(TComparer).GetHashCode(Value);
public static bool operator ==(Equatable<T, TComparer> left, Equatable<T, TComparer> right)
{
var comparer = default(TComparer);
return comparer.Equals(left, right);
}
public static bool operator !=(Equatable<T, TComparer> left, Equatable<T, TComparer> right)
{
var comparer = default(TComparer); interface
return !comparer.Equals(left, right); struct
} instance
} wrapping
generic

call 135



JK3eMnaap and Lenbix

public struct IntComparer : IEqualityComparer<int>

{
public bool Equals(int left, int right) => left == right;

public int GetHashCode(int obj) => obj.GetHashCode();

interface
struct
instance
wrapping
generic
call
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ObopaymBaHue

public static Equatable<T, TComparer> AsEquatable<T, TComparer>

(this T value, TComparer )

where TComparer: struct, IEqualityComparer<T>

=> value;
interface
struct
instance
wrapping
generic
call
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ObobueHHbIn SequenceEqual

public static bool SequenceEqual<T, TLeftIndexable, TRightIndexable, TComparer>

(

this Indexable<T, int, TLeftIndexable> left,
Indexable<T, int, TRightIndexable> right,

TComparer comparer = default interface
where TLeftIndexable : struct, IIndexable<T, int> ?thCt
where TRightIndexable : struct, IIndexable<T, int> mstange
where TComparer : struct, IEqualityComparer<T> wrapping

generic
if (left.Count != right.Count) return false; call

for (var i = @; 1 < left.Count; i++)

{
Equatable<T, TComparer> 1 = left[i];

if (1 != right[i]) return false;
}

return true;
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/IcCMoNb30BaHMe

_array.AsIndexable().SequenceEqual(_array2.AsIndexable(), default(IntComparer))

interface
struct
instance
wrapping
generic
call
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XOPOLO, HO Maso

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 13.691 0.1469 0.1302 1.00 -
for 0.894 0.0172 0.0162 0.07 -
indexable 1.775 0.0127 0.0106 0.13 -
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LleHa ogHOW KOMaHabl

Linkn for 0606LWeHHbIN METON
LOO55: movsxd ril@, eax LOO1f: movsxd rilo, eax
Le058: mov rilld, [rcx+rl@*4+0x10] Le022: mov rilld, [rcx+rl@*4+0x10]
Lee5d: cmp eax, rod Le027: cmp eax, rad
LOO60: jae LOO81 LO02a: jae Lo04de
Lee62: cmp rild, [rdx+rl0*4+0x10] Lee2c: mov ri@d, [rdx+rl0*4+0x10]
LeO67: jnz LOO7a Lee31: cmp rlld, riled
LOO69: inc eax LeO34: jnz Lee47
Leeeb: cmp r8d, eax LOO36: inc eax
Lev6e: jg LOOS55 Le©38: cmp r8d, eax
Le070: mov eax, Ox1 Lee3b: jg Leelf
LeO75: add rsp, 0x28 Le03d: mov eax, 0Oxl
LOO79: ret Lee42: add rsp, 0x28
L@O7a: xor eax, eax LOO46: ret
Le®7c: add rsp, 0x28 LO047: xor eax, eax
LOO8O: ret LO049: add rsp, 0x28
LeO81: call ox7ffec7fele0 Leo4d: ret
LeO86: int3 Le0de: call ox7ffec7feled0
Lee53: int3
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YHUBEPCANbHbIV KOMMNAPaTop

public struct DefaultComparer<T> : IEqualityComparer<T>

{
public bool Equals(T left, T right)

=> EqualityComparer<T>.Default.Equals(left, right);

public int GetHashCode(T obj)
=> EqualityComparer<T>.Default.GetHashCode(obj);

interface

struct

instance
wrapping

generic

call 142



Kak aTo paboTtaet?

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 13.691 0.1469 0.1302 1.00 -
for 0.894 0.0172 0.0162 0.07 -
indexable 1.775 0.0127 0.0106 0.13 -
default 2.015 0.0398 0.0609 0.15 -
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KoOMMapaTopHasa Marms

DefaultComparer<int> IntComparer

LeO1f: movsxd rie@, eax LOO1f: movsxd rl@, eax
Le022: mov rild, [rcx+rle*4+0x10] L0022: mov rilld, [rcx+rl0*4+0x10]
Le®27: cmp eax, road LO027: cmp eax, rad

Le02a: jae LOO59 Le02a: jae L0o04e

Leo2c: mov ried, [rdx+rle*4+0x10] Lee2c: mov riled, [rdx+rle*4+0x10]
Lee31: cmp rlld, ried Lee31: cmp rlild, riled
LeO34: setz rieb LOO34: jnz L0047

LO038: movzx rled, rieb LOO36: inc eax

Lee3c: test riled, riled LO038: cmp r8d, eax

Lee3f: jz Lee52 Leo3b: jg Leelf

LO041: inc eax Lee3d: mov eax, Ox1

Le043: cmp r8d, eax LO042: add rsp, 0x28
Leo46: jg Loolf LOO46: ret

Looe48: mov eax, Ox1 LO047: xor eax, eax

Leo4d: add rsp, 0x28 LO049: add rsp, 0x28
LeO51: ret Leo4d: ret

LO®52: xor eax, eax LO04e: call ox7ffec7feleo0
LeO54: add rsp, 0x28 Lee53: int3

LOO58: ret

LOO59: call ox7ffec7e51e00

Leo5e: int3

[
I
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CeKpeT Marmm

public abstract partial class EqualityComparer<T>
: IEqualityComparer, IEqualityComparer<T>

{
// public static EqualityComparer<T> Default is

runtime-specific
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KoMnapaTop A4na 0O beKToB

public struct ObjectComparer : IEqualityComparer<object>

{
[MethodImpl(MethodImplOptions.AggressiveInlining)]

public new bool Equals(object left, object right)
=> left == right;

public int GetHashCode(object obj) => obj.GetHashCode();

} interface
struct
instance
wrapping
generic

I
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He cpaboTana’?

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 43.214 0.8190 0.9103 1.00 -
for 0.916 0.0165 0.0093 0.02 -
indexable 45.750 0.4960 0.2106 1.06 -
inline 1.848 0.0259 0.0216 0.04 -
default 11.355 0.3031 0.2531 0.26 -
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LleHa oByx KOMaHA

Linkn for O606LWeHHbIN MeTOq

LOO55: movsxd rle, eax Le01lc: movsxd rle, r8d

Le®58: mov rll, [rcx+rl0*8+0x10] LOO1f: mov rl@, [rcx+rle*8+0x10]
Lee5d: cmp eax, rod LeO24: cmp r8d, rod

LOO60: jae LOO81 LOO27: jae LOO4AC

Le®62: cmp rll, [rdx+rle*8+0x10] LOO29: movsxd rll, r&d

LeO67: jnz LOO7a Le02c: mov rll, [rdx+rll*8+0x10]
LOO69: inc eax Lee31: cmp rile, ril

Lee6b: cmp r8d, eax LOO34: jnz L0045

Lev6e: jg LOO55 LO®36: inc r8d

LOO39: cmp eax, r8d
LeO3c: jg Lolc
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Mol aeaneEe

DefaultComparer<object>

L®025: movsxd rcx, ril4d

L0©28: mov rdx, [rsi+rcx*8+0x10]
Lee2d: cmp rldd, ebp

LOO30: jae LooO6d

Le032: movsxd rcx, ril4d

LO®35: mov r8, [rdi+rcx*8+0x10]
L@®3a: mov rcx, 0x293cbaf9120
Le®44: mov rcx, [rcx]

Lev47: call qword [rip-0xble6fbd]
Leo4d: test eax, eax

Lev4f: jz LOO6O

LOe51: inc ril4d

LOe54: cmp ebx, rlad

LOO57: jg L0025

ObjectComparer

Le®1c: movsxd rle, r8d

LeO1f: mov rl@, [rcx+rl0*8+0x10]
Lee24: cmp r8d, rod

LOO27: jae LOOAc

LOO34: jnz L0045
LeO36: inc r8d
LO039: cmp eax, r8&d
Le®3c: jg Leolc
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SequenceEquals Ha Knaccax Tnos

. OnTMMM3npoBaHHbIV Nepebop 0b6enx CpaBHMBAEMbBIX
KONEKLUMN, BKTKOYAA PA3HOTUIMHbBIE
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SequenceEquals Ha Knaccax Tnos

. OnTMMM3npoBaHHbIV Nepebop 0b6enx CpaBHMBAEMbBIX
KONEKLUMN, BKTKOYAA PA3HOTUIMHbBIE

. DefaultComparator vs Copy & Paste
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SequenceEquals Ha Knaccax Tnos

. OnTMMM3npoBaHHbIV Nepebop 0b6enx CpaBHMBAEMbBIX
KONEKLUMN, BKTKOYAA PA3HOTUIMHbBIE

. DefaultComparator vs Copy & Paste

. DNIEMEHTbI-CCbIJIKU - BblA€NEHHbI KOMMAPATOP U
arpeccmMBHbIN MHNAWH

152



JKCnaHcus

. Uenb: LINQ 6e3 annokauum
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Select be3 annokaumn

public struct SelectEnumerator<T, TOut, TAtor, TSelector> : IEnumerator<TOut>
where TAtor : IEnumerator<T>
where TSelector : IFunc<T, TOut>

internal SelectEnumerator(in TAtor enumerator, TSelector selector)
=> (_enumerator, _selector, Current) = (enumerator, selector, default);

TAtor _enumerator;
readonly TSelector _selector;

public TOut Current { get; private set; }
public void Dispose() { }

object IEnumerator.Current => Current;
public void Reset() => _enumerator.Reset();

[MethodImpl(MethodImplOptions.AggressiveInlining)]
public bool MoveNext()
{
if (!_enumerator.MoveNext()) return false;
var s = _selector;
Current = s.Invoke(_enumerator.Current);
return true;
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Select be3 annokaumn

public readonly struct SelectEnumerable<T, TOut, TAtor, TAble, TSelector>
: IEnumerable<TOut, SelectEnumerator<T, TOut, TAtor, TSelector>>
where TAtor : IEnumerator<T>
where TAble : IEnumerable<T, TAtor>
where TSelector : IFunc<T, TOut>

internal SelectEnumerable(in Enumerable<T, TAtor, TAble> unwrap, TSelector selector)
=> (Value, _selector) = (unwrap.Value, selector);

public TAble Value { get; }
readonly TSelector _selector;

public SelectEnumerator<T, TOut, TAtor, TSelector> GetEnumerator()
=> new SelectEnumerator<T, TOut, TAtor, TSelector>(Value.GetEnumerator(), _selector);

IEnumerator<TOut> IEnumerable<TOut>.GetEnumerator() => GetEnumerator();

IEnumerator IEnumerable.GetEnumerator() => GetEnumerator();
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/IcCMoNb30BaHMe

. LINQ

_array.Select(n => n + 5).Sum()
. LINQ 6e3 annokauumu

_array.AsStructEnumerable().Select(n => n + 5).Sum()
. JlToboBOM BapunaHT

public static int ForeachSum(int[] array)

{
var sum = 0;
foreach (var n in array)
sum += n + 5;
return sum;
}
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HaCTUYHbIN yCrex

Method Mean Error StdDev Ratio Allocated

us us us B
LINQ 12.530 0.2504 ©0.5282 1.00 48
foreach 1.337 0.0260 0.0329 0.11 -
noalloc 8.618 ©.1710 0.3127 0.69 -

157



LINQ 6e3 annokaumm

-

\_

simple
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performance
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penalty
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JS01epliie

. Uenb: LINQ 6e3 Bbi30Ba fien1eraTtoB B LUK/e
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/IcCMoNb30BaHMe

. LINQ

_array.Select(n => n + 5).Sum();
. LINQ 6e3 annokauumu

_array.AsStructEnumerable().Select(n => n + 5).Sum();
. LINQ 6e3 Bbl30Ba ienieratoB B LiMKAE

_array.AsStructLingable().Select(n => n + 5).Sum(9);
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HaCTUYHbIN yCrex

Method

LINQ

foreach
noalloc

exotic

Mean
us

12.530

8.618
4.316

Error
us

0.2504
0.0260
0.17160
0.0858

StdDev
us

0.5282
0.0329
0.3127
0.2448

Ratio

1.00

0.69
0.35

Allocated

B

48
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HeM elle MOXHO yayYLwnTb LINQ?

. LINQ Optimizer
. LINQ Rewriter
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LINQ Optimizer
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LINQ Rewriter
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164



Generic<T> where T : struct

struct Wrapper { public Class Value { get; set; }}
[MethodImpl(MethodImplOptions.AggressiveInlining)]

public static bool SequenceEqual<T, TLeftIndexable, TRightIndexable, TComparer>
(

this Indexable<T, int, TLeftIndexable> left,

Indexable<T, int, TRightIndexable> right,

TComparer comparer = default

where TLeftIndexable : struct, IIndexable<T, int>
where TRightIndexable : struct, IIndexable<T, int>
where TComparer : struct, IEqualityComparer<T>

if (left.Count != right.Count) return false;
for (var i = @; i < left.Count; i++)
{
Equatable<T, TComparer> 1 = left[i];
if (1 != right[i]) return false;
¥

return true;
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HTO NPOCKNOCh B AOKNa

[monad} % [C# typeclass}

[ } E/% [ first class }
ref struct .
citizen




Bonpochbi?

leo.bonart@gmail.com
https://github.com/Kirill-Maurin/Sample.Struct
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