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Most Important Gotcha
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Most Important Gotcha

The program we write (usually) is not the program
that runs!
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Most Important Gotcha

e [he compiler must preserve the observable
behavior required by C++:

o Compilers reorder and change
operations

o Compilers simplify the code and make it
more performant

o CPU'’s use threading and OOO

execution

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky



mailto:alex.dathskovsky@scylladb.com

[ want to play a game.
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What Would You Do If You Were The Compiler

3 template <unsigned N>

4 unsigned calculate(std::array<int, N> data, unsigned pivot,
5 unsigned factor)

6 {

7 unsigned total = 0O;

8

9 for (unsighed 1 = 0; 1 < N; ++1) {

10 unsigned weight = (factor * factor) + data[pivot];
11 total += data[i] * welght;

12 }

13

14 return total;

15}
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What Would You Do If You Were The Compiler

3 template <unsigned N>

4 unsigned calculate(std::array<int, N> data, unsigned pivot,
5 unsigned factor)

6 {

7 unsigned total = 0O;

8 const auto p = data[pivot];

9
10 for (unsigned 1 = 0; 1 < N; ++1) {
1l | unsigned weight = (factor * factor) + p;
12 total += data[i]' weight;
13 }
14
15 return total;

16}
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What Would You Do If You Were The Compiler

3 template <unsigned N>

4 unsigned calculate(std::array<int, N> data, unsigned pivot,
5 unsigned factor)

6 {

7 unsigned total = 0;

8 const auto p = data[pivot];

9 const auto weight = (factor * factor) + p;
10

11 for (unsigned 1 = 0; 1 < N; ++1) {

12 total += data[1i] * weight;

13 }

14

15 return total;

16}
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What Would You Do If You Were The Compiler

3 template <unsigned N>

4 unsigned calculate(std::array<int, N> data, unsigned pivot,
5 unsigned factor)

6 {

7 unsigned total = 0;

8 const auto p = data[pivot];

9 const auto weight = (factor * factor) + p;
10

11 for (unsigned 1 = 0; 1 < N; ++1) {

12 total += data[1];

13 }

14

15 return total*weilght;

16}
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Where Does The Magic Happens?
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Where Compiler Optimizations Happen

FRONT END
Clang

Parse C++ and check semantics

C++ source — LLVM IR

MIDDLE END
LLVM optimizer

Transform and simplify LLVM IR

LLVM IR — Optimized LLVM IR

Inlining « Dead-code elimination
SROA « SimplifyCFG

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky

-

BACKEND

Target code generation

Select instructions and allocate registers

Optimized LLVM IR = Machine code
x86-64 / ARM
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Algebraic Simplifications
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Algebraic Simplifications: Remove Unnecessary Operations

V &0 - VvV

Original expression Operation removed

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky



mailto:alex.dathskovsky@scylladb.com

Algebraic Simplifications: Result is Known

V * 0 > 0

Original expression Operation removed
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Algebraic Simplifications: Result is Known

V * 1 > V

Original expression Operation removed
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Algebraic Simplifications: constant Folding

(v+1) +3 > v+ (1+3) > Vv + 4

Original expression Regroup constants Fold constants
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Algebraic Simplifications: Cancelation and Folding

((ax * 5 ##DBX * 5) = bx 5 + ax * 5) "2

‘ Cancel+bx*5and-bx*5 ‘

(ax' * 5 QX 5) * 2

‘ Combine the two ax terms ‘

(ax * gO) * 2
‘ Fold 10 * 2 into 20 ‘
ax * 20
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Global Value Numbering
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Global Value Numbering

uint64_t recalc(uint64_t a, uilnt64_t b,
uinté4_t c){
uinté4_t x = a * b;
uint64 t y =a * b + ¢;
return X ANy,
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Global Value Numbering

uint64_t recalc(uint64_t a, uilnt64_t b,
uinté4_t c){
auto product = a * b;
return product A (product + c);
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Global Value Numbering

%4 mul 164 %1, %0
%5 = add 164 %4, %2
%6 = XOor 164 %5, %4
ret 164 %6
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CPU Pipeline Detour
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CPU Pipeline

CPU pipelining
Different instructions, working at the same time

Clock cycle —» 0 4 5 6

Waiting
instructions

i Fetch

Decode
Pipeline <  Fxecute

Memory

Write back

Completed
instructions

Cycle 4: four instructions are in progress at once.

Simplified 5-stage pipeline « ideal flow without stalls
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CPU Pipeline

Alex Dathskovsk

Some instructions take longer

Integer addition vs. multiplication

Clock cycles

Integer addition o W,

¥ Result ready
3+ .

3 cycles

integer muttiplication (1 N N / - ==
axhb

The next dependent instruction must wait for the resulit.

lllustrative latency: addition 1 cycle, multiplication 3 cycles. Actual timings vary by CPU and instruction.

alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsk
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CPU Execution Units

CPU execution units

Instructions waiting for an available unit

[Instruction Instruction ’ \ Instruction ‘ Instruction Instruction

Integer arithmetic Floating-point Specialized Move data to /
& logic arithmetic operations from memory

Execution units are limited.
If the required units are busy, instructions wait.

lllustrative layout — unit types and counts vary by CPU; some CPUs use shared hardware for special functions.
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Operation Simplification
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Strength Reduction

20 uint64_t devide_by_2(uint64_t n){
23 return n/2;
24 }

\ 4

97 uint64_t shift_right_by_1(uint64_t n){
08 Ferunnane=ouils
99 }
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Strength Reduction

"devide_by_2(unsigned long)":
mov rax, rdi
shr rax
ret

~ W N -

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky



mailto:alex.dathskovsky@scylladb.com

Strength Reduction

22 uint64_t devide_by_3(uint64_t n){
23 return n / 3;
24 }

\ 4

26 uint64_t devide_by_3_better(uint64_t n){
27 constexpr double y = 1./3.;

28 return n * y;

29 }
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Strength Reduction

"devide_by_3(uns s :
movabs é” A‘ 4691236517205
mu L '
11[e}Y;
shr
ret
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Division by 3, Without Division

‘ Integer 1/3 =0 ’ Floating-poiqt“/e,
can lose precision

Multiply + shift.
Exact integer resuit.
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Division by 3, Without Division

The magic number is a scaled version of V5.

X > XM — >»65 - x/3

Multiply by scaled V3 Remove the scale

M = [255/3] = OXAAAAAAAAAAAAAAAB
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Bit Operation Simplifications

110 uint32_t foo(uint32_t x) {

111 return ((X & OXOO000OOFFu)
112 ((X & OXOOOOFFOOU)
143 ((X & OXOOFFOO00U)
114 ((X & OXFFOOOO00uU)

115  }
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Bit Operation Simplifications

45 reverse_bytes(unsigned 1int):
46 rev wo, wo
47 et
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Dead Code Elimination
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Dead Code Elimination

31 int dead_code(int x) {

32 // Result 1s never used
33 int unused = X * 42;

34

35 // Unreachable code

36 1f (false) {

37 return x + 166>

38 }

39

410 return x + 1;

41}
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Dead Code Elimination

33 "dead_code(1nt)":
34 lea eax, [rdi+1]
39 ret
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Inlining

int addi(int a) {
return a + 1;

int main(int c, char** argv){
return addi(c);
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main: # @maln
lea eax, [rdi + 1]
ret

- -
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Inlining

int add(int a, int n){
if (n==0){
return a;

¥

return add(a+1, n-1);

int main(int c¢, char** argv){
return add(c, c+10);

}
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_ i

1l add(int, int):

2 lea eax, [rdi + rsi]
3 ret

4 main:

5 lea eax, [2*rdli + 10]
6 ret

. e
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Inlining

Inlining has a budget

The compiler weighs function size against expected benefit.

( L] ° M E ( o o ° A
Default limits TR Higher l|m|ts/
small_function() { ;/ { ‘/j [ small_function() { [
o R | i | l calter() { /J——) |
} I =
large_function() { TS e | :
X '%}
L--l F ’5‘
} =
! Larger functions may stay as calls. 1 o
( GCC | ] g++ =-03 -finline-1imit=1000 demo.cpp = J
= —
Clang | [ clang++ -03 -mllvm -inline-threshold=1000 demo.cpp ]
N = oo = 9

Higher thresholds encourage inlining; they do not force it.

Illustrative values; compiler-specific cost models.
Clang uses an internal LLVM tuning option.

Potentially fewer calls @ Potentially larger code

More aggressive does not always mean faster.
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Compile Time Calculations
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Compile Time Calculations

43 template <std::size_t N>

44 constexpr int sum_array(const std::array<int, N>& values, int multiplier) {
45 int sum = 0O;

46 for (int value : values) {

47 sum += value;

48 }

49 return sum * multiplier;

50 }

i §

Y int main(){

53 constexpr int result = sum_array(std::array<int, 4>{1, 2, 3, 4}, 5);
54 return result;

55 }
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Compile Time Calculations

mov
fleas
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eax,

o0
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Reordering

63 uint64_t reorder(uint64_t a, uint64_t b,

64 uinté64_t c, uinté4_t d)
65 {

66 uinté64_t first = (a * b) + 7;

67 uinté64_t second = (¢ * d) + 9;

638

69 return first A second;

70}
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Reordering

first = a "™ b!
Ll o R
second = ¢ * d;

second += 9;
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-
n
“

1 "reorder(unsigned long, unsigned long, unsigned long,
2 imul Fdi rsi

3 imul Ydx, rcx

4 lea rax, [rdi+7]

5 add rdx, 9

6 Xor rax, rdx

it =
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Reordering

Source order CYCLE 1/9
A=aXxXxb+7 B=cXxd+ 9 result = A XORB

I imul eax, ebx MUL 1 MUL 2 MUL 3

add eax, 7 A multiply idle > idle

imul ecx, edx

ALU - add / xor

add ecx, 9
idle
X0or eax, ecx

Issue: imul eax, ebx

2 3 4 5 6 7 8

Illustrative model - single issue - MUL latency 3 cycles - ADD/XOR 1 cycle
Execution only; no out-of-order scheduling. Not a real-CPU benchmark.
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Reordering

Reordered instructions CYCLE1/9
A=aXxXb+7 B=cxd+9 result = A XORB

imul eax, ebx MUL 1 MUL 2 MUL 3

imul ecx, edx A multiply idle > fell=
add eax, 7

ALU - add / xor
add ecx, 9

idle
Xor eax, ecx

Issue: imul eax, ebx

2 3 4 5 6 7 8

Illustrative model - single issue - MUL latency 3 cycles - ADD/XOR 1 cycle
Execution only; no out-of-order scheduling. Not a real-CPU benchmark.
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Behind the Curtains of “if”’

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky



mailto:alex.dathskovsky@speedata.io
http://www.linkedin.com/in/alexdathskovsky

int func{int x, int y){

it (X = y) 1
| return x-y;
} else {

| return y-x;

&
4
)
6
¥ §
8
9
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Behind the Curtains of “if”

Simplified LLVM IR Control-Flow Graph

int func(int x, int y)

ENTRY - BRANCH

scmp = icmp sgt 132 S%x, Sy

br il %cmp, label %then, label %else

THEN BLOCK ELSE BLOCK
%Sleft = sub nsw 132 %x, %y %Sright = sub nsw 132 %y, %X
br label %merge br label %merge

MERGE - RETURN

%result = phi 132 [ %left, %then ], [ %right, %else |]
ret 132 %result
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Behind the Curtains of “if”

13
14
15
16
7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

>
E—

func(int, int):
push
mov
mov
mov
mov
cmp
jle
mov

mov
jmp

.LBB1_2:
mov
sub
mov

LBB1" 3%
mov
pop
ret

rbp

rbp, rsp

dword ptr [rbp - 8], edi
dword ptr [rbp - 12],

eax, dword ptr
eax, dword ptr

.LBB1_2

eax, dword ptr
eax, dword ptr

[rbp -
[rbp -

[rbp
iFbp-

esi
8]
12]

8]
12]

dword ptr [rbp - 4], eax

.LBB1_3

eax, dword ptr
eax, dword ptr

[rbp =
[rbp -

12]
8]

dword ptr [rbp - 4], eax

eax, dword ptr
rbp
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4]
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Branch Predictor
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Branch Prediction

-

T:'j) Fetch }-P{ -P{ g Memory i

J

o I

B h
@ e | !

p- - Correct prediction ->
pipeline keeps flowing

i il P 5 0)

(branch)

~N
before the branch result

is fully known.

y Wrong prediction ->

flush pipeline, restart,
lose cycles

Alex Dathskovsky | alex.dathskovsk
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Branch Prediction: Simple Example

taken taken taken

AN i i,

not taken strongly weakly weakly strongly
not taken not taken taken taken

g gl

not taken not taken not taken
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Modern Branch Prediction
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Modern Branch Prediction

Base predictor
Quick simple prediction

Provides a fast, always-available
prediction using basic information
(e.g., bias toward taken/not taken).

Used as the default when other
components have no opinion.

TAGE tables

Multi-length history matching

A set of tagged predictor tables,
each indexed with a different
geometric history length.

Short Medium Long Very long
history history history history

==li==f=cg=:

Longer histories capture harder patterns.

Statistical Corrector (SC)
Refine or flip the TAGE result

AY (A

Uses additional weak signals and
confidence information to decide
whether to keep the TAGE prediction
or flip it.

- :
il © s
Extra ; Confidence . Flip or
weak signals information keep

Alex Dathskovsky | alex.dathskovsky@scylladb.com | www.linkedin.com/in/alexdathskovsky

Detects repeating loop behavior,
tracks iteration counts, and
predicts the loop-exit (not taken)
with high accuracy

Iter 1 Iter 2 lter N Iter N+1 (exit)

Not
Taken

Taken Taken Taken
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Branchless Programming
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Branchless Programming

52 int sub2(nt X, int ¥){
DS return x > y 2 X=y : V-X;
54 }
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Branchless Programming: Compiler is Our Friend

8

10
11
12
13
14

sub2(1int, 1int):

mov
sub
sub
cmovge
GEE
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eax,
eax,
esl,
eax,

edl
esi
edl
esl
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Branchless Programming: Compiler is Our Friend

sub(int, 1nt):
mov
sub
sub
cmovge
REE

~N O OB WO N B
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eax,
eax,
esl,
eax,

edl
esi
edli
esil
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Simplify Branches
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Simplify Branches

LLVM / CONTROL-FLOW SIMPLIFICATION

Two tests. One redundant decision.

The outer condition already tells us which way the inner branch must go.

false

C++ SOURCE [ Entry ]
int calculate(int x) { =
if (x > 10) { [ x>10? ]
i (0% =) ) J

return x * 2: true: x > 10

return 0;

L 4

}
x>57?
return x; Always true on this path

} T
1 false
fille Te—) = T =
I ¥

[ return x * 2 ] [ return O ] [ return x ]

UNREACHABLE

Conceptual CFG ¢« Each rounded box is a basic block
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A

4

01 /02
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Simplify Branches

LLVM / CONTROL-FLOW SIMPLIFICATION

One test. Same resulit.

Remove the redundant test and unreachable block; connect directly to the live return.

C++ SOURCE ( Entry ]
int calculate(int x) {
1 (x >10) Y
return x * 2; [ x>107? ]
return Xx;
} true false

A 4 A 4

PROVEN ON THE TRUE PATH

x > 10 implies x > 5 return x * 2 return x

No second decision is needed.

Redundant comparison + dead return removed

Conceptual CFG ¢« Each rounded box is a basic block 02 /02
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Keep Decision But Remove The Branch
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Replace Branches

C++ SOURCE entry:
int choose(bool cond, br il %cond, label %yes, label %no
int a, int b) {
if (cond)
return a; true false
return b;
} yes: no:

ret 132 %a
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ret 132 %b
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Replace Branches

EQUIVALENT C++ EXPRESSION OPTIMIZED LLVM IR
int choose(bool cond, entry:
int a, int b) { %r = select 11 %cond, 132 %a, 132 %b
return cond ? a : b; ret 132 %r
}

One basic block. No conditional br.

true —» choose %a false —» choose %b
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Replace Branches: X86 backend

19 choose(bool, i1nt, 1nt):

20 CSt wo, #0OXx1
2.1 csel wO, wl, w2, ne
22 FEt
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Bypassing Jumps
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Bypassing Branches

Block A

%v = add 132 %x, 5
br label %B

==

Block B

br label %C
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Block C

%r = mul 132 %v, 3

ret 132 %r
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Bypassing Branches

Block A

%v = add 132 %x, 5
br label %C

Direct branch

Block B removed
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Block C

%r = mul 132 %v, 3

ret 132 %r
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Basic-Block Merging
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Basic-Block Merging

Block A ]

mg; eax, :di Block B Block C

a eax, .

e el sy, ?:d gax, y i %mul :ax:c 2 P Next
Xor eax, esi Jmp ’ R )

jmp B J J
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Basic-Block Merging

Block A
mov eax, edi - "
add eax, 5 jumps remove
imul eax, 3 “mp<B_
Xor eax, esi
add eax, 7 from B _Jmp=C_
imul eax, 2 from C
jmp Next

Next
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Loop Idiom

°]0

91 vold set_z(std::vector<uint64_t>& vec){
92 for (auto& v : vec){

93 vV = 0;

94 }

95 }
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5 tail call void @llvm.memset.p@.1i64(ptr align 8 %2, 18 @, 164 %12, il false)

Alex Dathskovsk

alex.dathskovsk

20
21
22
23
24
25
26
27
28
29
30
il
32
33

set_z(std::vector<unsigned long, std::alloca

. LBB3_2:

mov
ldr
ldr
cmp
b.eq
sub
mov
sub
and
add
b

ret

X8, XO

x6, 8 xal

X8, [x8, #8]
X0, X8
.LBB3_2

X8, X8, X0
wl, wzr

X8, X8, #8
X8, X8, #OXFffffffffffffff8
X2, X8, #8
memset

scylladb.com | www.linkedin.com/in/alexdathskovsk
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Loop Idiom

101 unsigned bit_width(uint32_t x) {

102 unsigned bits = 0;
0K while (x !'= 0) {
104 X >>= 1,

105 EEDIESE

106 )

107 return bits;

108 }
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%2 = tall call range(132 0, 33) 132 @llvm.ctlz.132(132 %0, i1l false)

39 bit_width(unsigned IRt ):

40 mov w8, #32

41 clz w9, wo

42 sub wO, w8, w9
43 ret

.
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Loop Idiom

117 size_t length(const char* s) {

118 const char* p = s;
119

120 while (*p !'= "\0')
121 ++p;

122

LS return p. - S;

124  }
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_ '
I

60 %2 = tail call 164 @strlen(ptr noundef nonnull dereferenceable(1) %0)

49 length(char const*):
10 b strlen
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Loop Unrolling
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Loop Unrolling

53 uint64_t sum8(const std::vector<uint64_t>& values) {

54 uinté64_t sum = 0;

5

56 for (uint64_t i = 0; i < 8; ++i) {
57 sum += values[i];

58 }

09

60 return sum;

61 1}
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Loop Unrolling

1 "sum8(std: :vector<unsigned long, std::allocator<unsigned

2 11[e}Y; rdx, QWORD PTR [rdi]

< 11[e}Y; rax, QWORD PTR [rdx+16]

4 add rax, QWORD PTR [rdx+8]

5 add rax, QWORD PTR [rdx+24]

6 add rax, QWORD PTR [rdx]

7 add rax, QWORD PTR [rdx+32]

8 add rax, QWORD PTR [rdx+40]

9 add rax, QWORD PTR [rdx+48]
10 add rax, QWORD PTR [rdx+56]
B | el
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Loop Unrolling

19
20
21
22
23
24
25
26
21
28
29
30
31

.LBB2 1:
add
add
add
add
add
add
add
add
add
cmp
jne
ret

rax,
rax,
rax,
rax,
rax,
rax,
rax,
rax,
rdx,
rdx,

gword
gword
gword
gword
gword
gword
gword
gword
8

16

«LBB2 1
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ptr
ptr
ptr
pLr
ptr
PET
PET
ptr

[FCX
[rex
[gle
[gle
fECX
[rex
[rcx
frex

+ + + + + + + +

8*rdx]

8*rdx
8*rdx
8*rdx
B2rdx
8*rdx
8 *rdx
B rdxX

+ + + + + + +

16]
24]
32]
40]
48]
56]
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.

1 "sum8(std: :vector<unsigned long, std::allocator<unsigned 1
2 11[e}V; rax, QWORD PTR [rdi]
3 movdqu xmm@, XMMWORD PTR [rax+48]
4 movdqu xmm3, XMMWORD PTR [rax+32]
5 movdqu xmml, XMMWORD PTR [rax]
6 movdgqu xmm2, XMMWORD PTR [rax+16]
7 paddq XmmoO, xmm3
8 paddq xmml, xmm2
9 paddq XmmoO, xmml

10 movdga xmml, Xmmo

13 psrldg xmml, 8

12 paddq XmmoO, xmml

13 mov(q rax, xmmo

14 ret
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.

1 "sum8(std: :vector<unsigned long, std::allocator<unsigned
2 mov rax, QWORD PTR [rdi]

3 vmovdgqu ymml, YMMWORD PTR [rax+32]

4 vpaddg ymmi, ymml, YMMWORD PTR [rax]
5 vextractil28 XxmmeO, ymml, Ox1

6 vpaddg xmm®, xmmO, xmml

7 vpsrldg xmmi, xmm@, 8

8 vpaddg xmm@, xmmO, xmml

9 vmov( rax, xmmo

10 vzeroupper

13 Fet
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SIMD: Hints Of Usage

Instruction set Register 64-bit integers per register Loads for 8 elements
SSE2 XMM, 128 bits 2
IND YMM, 256 bits 4
AVX-512 ZMM, 512 bits 8
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SIMD: Performance

SCALAR vs SIMD

Summing 1,024 unsigned 64-bit integers

Measured median runtimes | Speedups relative to scalar unrolled code

g 2000 1,914.8 ns
3
0
]
2 1,500
2
>
£ 990.1 ns
e 1000
= )
(%]
@
o 452.3 ns
£ 500 2
=
=
o

0

Scalar unrolled x8 SSE2 AVX2
1.00x baseline 1.93x speedup 4.23x speedup
Reference runtime 48.3% less time 76.4% less time

Xeon Platinum 8573C VM « GCC 13.3 -O3 « Cached 8 KiB input * 9 batches x 1 million calls = Call overhead included
Substantial VM timing variation: these ratios describe this run, not guaranteed hardware speedups.
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181.8 ns

AVX-512
10.54x speedup

90.5% less time
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SIMD: Complex Options

8 simd: :vec<float, 4> vi([](int 1) -> float {
9 FEEUrNn 1 ER 105 - S i

10

11 simd: :vec<float, 4> v2([](int 1) -> float {
12 Feturn (1 + 105D 0] =)

13

14 auto v3 = vl + v2;

1ks

16 float total = simd::reduce(v3);
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SROA

SROA removes local aggregate storage when its accesses can be analyzed.

BEFORE

Pair p{a, b};

return p.X + p.vy;
P P.Y; .

One local object: p

EEREES
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AFTER

return a + b;

Independent SSA values

e I

No Pair storage needed
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SROA

The values flow directly to the addition instead of through a local struct.

BEFORE
2 stores 2 loads
a b ) P.X P.Yy ]
! J local stack storage J
AFTER SROA
] direct SSA values

a, b
)
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add

add

result

result
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SROA

(
BEFORE - simplified LLVM IR AFTER SROA
%p = alloca { i32, i32 }
%px = getelementptr { i32, i32 }, ptr %p, 132 0, i32 0 %sum = add 132 %a, %b
%py = getelementptr { i32, i32 }, ptr %p, i32 0, i32 1 et oo Fyaen

store 132 %a, ptr %px
store 132 %b, ptr %py
%x = load 132, ptr %px No allocation for p

%y = load 132, ptr S%py No field addresses

\O

ssum = add 132 %x, %y
TN No loads or stores
ret 132 %sum
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SROA

-
1 ARRAY + LOOP

int v[3] = {a, b, c};
int sum = 0;

for (int i=0; i<3; ++i)

sum += v[i];

return sum;

Index changes: v[i]

J

-

.

2 UNROLL THE LOOP

int v[3] = {a, b, c};
int sum = O;

sum += v[0];
sum += v[1];
sum += v[2];
return sum;

Fixed indices: 0, 1, 2

)

e

N

3 SROA + CLEANUP

return a + b + c;

S NENEY

No loop. No array storage.

Just the values.

Unrolling removes the loop. SROA removes the array.
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L B psst... I deleted
your entire loop.
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C++26 Reflections
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Reflection Syntax

AA

REFLECT

Turn a type or entity into metadata

constexpr auto r = *int;

r holds a std::meta::info value

[t 1)

Use the reflected type or entity in code

typename [:r:] value = 42;

Here, this declares an int
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Enumerators Printer

4 enum class Units{Velocity, Acceleration, Distance};
5
6 template <typename Value>
7 static void print(value v) {
8 constexpr auto meta_vals = std::define_static_array(
9 std::meta::enumerators_of(AAValue));
10 template for (constexpr auto e: meta_vals) {
11 if (v == [:e:]) {
i) std: :println("{}", std::meta::identifier_of(e));
1 return;
14 }
15 1

16}
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Parsing Input Arguments

11 struct AppConfig {

12 std::string input; std::string output;
13 int threads = 1; bool verbose = false;
14},

19

16 template <typename T>
17 T parse_args(std::unordered_map<std::string_view, std::string_view> args) {

18 T config{},;

19 constexpr auto context = std::meta::access_context::current(),

20 constexpr auto members =

21 std: :define_static_array(std::meta::nonstatic_data_members_of(AAT, context)),
22
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Parsing Input Arguments

23 template for (constexpr auto member : members) {

24 constexpr auto name = std::meta::identifier_of(member);

25 if (args.contains(name)) {

26 using field_type = [: std::meta::type_of(member) :];

27 if constexpr (std::same_as<field_type, bool>) {

28 config.[ :member:] = true;

29 } else if constexpr (std::same_as<field_type, int>) {

30 config.[:member:] = std::stoi(std::string(args[name]));
S } else if constexpr (std::same_as<field_type, std::string>) {
32 config.[:member:] = args[name];

33 }

34 }

35 }

36

37 return config;

38 }
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QUESTIONS
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THANK YOU FOR LISTENING




