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examples/lesson_01.c :@alpall caloll

#include <limits.h>

#include <stdio.h>

int main(void) {
_Static assert(CHAR BIT == 8, "8-bit bytes required");
_Static assert(sizeof(float) == 4, "4-byte float required");
const size t frames = 48000;
const size t channels = 2;
const size t bytes = frames * channels * sizeof(float);
printf("%szu bytes\n", bytes);
printf("%.9f MiB\n", (double)bytes / 1048576.0);
return 0;

&bqgiall Qs
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0.366210938 MiB
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examples/lesson_02.cpp :&alall calal

#include <cmath>
#include <iostream>
#include <stdexcept>
double celsius(double volts) {
if (!std::isfinite(volts) || volts < 0.2 || volts > 2.8)
throw std::domain_error("volts outside calibration");
const double t = (volts - 0.2) / (2.8 - 0.2);
return std::lerp(0.0, 100.0, t);
}
int main() {
std::cout << celsius(1l.5) << '\n';

}

&bqgiall Qs
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examples/lesson_03.cpp :&alall calal

#include <cstddef>
#include <iostream>
#include <limits>
#include <optional>
std::optional<std::size t> next power(std::size t n) {
std::size t p = 1;
while (p < n) {
if (p > std::numeric limits<std::size t>::max() / 2)
return std::nullopt;
p *= 2;
}

return p; // policy: zero requests get capacity one

}

int main() {
const auto p = next power(1000);
if (p) std::cout << *p << '\n';

&bgiol sl
1024
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examples/lesson_04.c : galpall calall

#include <stdbool.h>

#include <stdint.h>

#include <stdio.h>

bool can write(bool auth, bool owner, bool admin) {
return auth && (owner || admin);

}

int main(void) {
const uint32 t read flag = UINT32 C(1l) << 1;
const uint32 t write flag = UINT32 C(1) << 3;
const uint32 t flags = read flag | write flag;
printf("write flag: %d\n", (flags & write flag) !'= 0);
printf("allowed: %d\n", can write(true, false, true));
return 0,

gédgiall il

write flag: 1
allowed: 1
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examples/lesson_05.c :@alpall calall

#include <stdbool.h>

#include <stdint.h>

#include <stdio.h>

bool size product(size t a, size t b, size t *out) {
if (out == NULL || (a !'= 0 & b > SIZE MAX / a))

return false;

*out = a * b;
return true;

}

int main(void) {
size t bytes = 0;
if (!size product(48000, 8, &bytes)) return 1;
printf("%szu\n", bytes);
printf("rejected: %d\n", !size product(SIZE MAX, 2, &bytes));
return 0;
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384000
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examples/lesson_06.c : @alpall calall

#include <stddef.h>
#include <stdio.h>
size t next ring(size t i, size t capacity) {
/* Precondition: capacity > 0 and i < capacity. */
return i == capacity - 1 ?2 0 : i + 1;
}
unsigned gcd u(unsigned a, unsigned b) {
while (b != 0) {
unsigned r = a % b;
a=Db; b=r;
}

return a;

}

int main(void) {
printf("next: %zu\n", next ring(7, 8));
printf("gcd: %u\n", gcd u(1l2, 18));
printf("scaled: %.1f\n", 384 / 256.0);
return 0;

&bgiall Qs

next: 0
gcd: 6
scaled: 1.5
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#include <cmath>

#include <iomanip>

#include <iostream>

#include <limits>

int main() {
static assert(std::numeric_limits<double>:
static assert(std::numeric_limits<double>:
const double x = 0.1 + 0.2;

«ga Ly olialy)

C++420 /07 guyall
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examples/lesson_07.cpp :&aloll calal

:is iec559);
:digits == 53);

const double after = std::nextafter(1.0, 2.0);
std::cout << std::setprecision(l7) << x << '\n';
std::cout << "equal: " << (x == 0.3) << '\n';
std::cout << "spacing: " << after - 1.0 << '\n‘';

0.30000000000000004
equal: 0
spacing: 2.2204460492503131e-16

&bgiall Qs
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|a-b| <= max(abs_tol, rel_tol x max(|al,|b]))
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examples/lesson_08.cpp :&alall calal

#include <algorithm>
#include <cmath>
#include <iostream>
bool near(double a, double b, double at, double rt) {
if (!std::isfinite(a) || !'std::isfinite(b) ||
Istd::isfinite(at) || !std::isfinite(rt) ||
at < 0 || rt < 0) return false;
const double scale = std::max(std::abs(a), std::abs(b));
if (scale == 0) return true;
// Scale first: avoid overflowing a-b for opposite signs.
return std::abs(a/scale - b/scale) <=
std::max(at/scale, rt);

int main() {
std::cout << near(0.1 + 0.2, 0.3, 1le-12, le-12) << '\n‘';

g_og.le a.‘iLiJI
Juial @il Jaae NaNg ollailll (Ady (189 .adlw pé &aiio olalowy &uaiio logd Ul &jlaoll 03a Juds U
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P[O] = O; P[k+1] = P[K] + x[k]
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#include <stdio.h>
int main(void) {

const int x[4] = {3, 1, 4, 2};
long long p[5] = {0};
for (size t i = 0; i < 4; ++1)

pli + 1] = pl[i] + x[i];
const size t left = 1, right = 3;
printf("range sum: %lld\n", p[right]
return 0;

range sum: 5

«ga Ly olialy)

C11 /09 gyl
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examples/lesson_09.c :@alpall calall
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0 <= lo <= hi <= n; mid = lo + (hi-l0)/2
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examples/lesson_10.cpp :&alall calal

#include <cstddef>
#include <iostream>
#include <span>
std::size t lower(std::span<const int> a, int key) {
std::size t 1o = 0, hi = a.size();
while (lo < hi) {
const std::size t mid = lo + (hi - lo) / 2;
if (a[mid] < key) lo = mid + 1;
else hi = mid;
}
return lo;
}
int main() {
const int a[l = {2, 4, 4, 9};
std::cout << lower(a, 4) << '\n';

}
&agioll it
1
uwig . (uapnll gon wniioll dun Qinilg . (19l aUnuUI8n|;;chaj(}j3xUIL;;uiga Guuoll bhpill
.pbéxaEﬂi@hblcid(Jgad4s+daéhgzyILic:dﬁJuUICAdgﬁLuUI
3920l gl auil
kol ol ladl awabyl aanall alacll (ile gapl Jug lole cleal cuii Ug Blido Ul ohiall Ay
.opoe (nail s gul Joy 9 gy ol il
Ul behd b R
-yoa<ll doudll puual Lub &o flawaj daganoll (14109 59 1 uilaol) lower vusi Qi sy 1alo
85 daanll - 10 &y
aupell dAwil + dadiall &l asyall - C / C++



@lojjlgall ile Jaiwl / 03 A Wy vl

eadl / 11 guyall

ol gulid b Josll 2dgs
.idls gud pf (Josll i 2e
.yuilgs gllall 30 @ada 232y by U i) «d40j)lga juial (18 adeill acluy

212 lanuwo Wliao pe Wl guliyg .l;9j n(n-1)/2 j9j5 cupo pe agj J5 &yaig Ipcu.c N gl awoll joh
Jalacl = 4,096

daudllg &l fgwlg .aul (né udillhio Wawg Lgle ¢uaa (Theta) l Jiosg dylés Ugle 1aa O Jios
.olaalpo cuulg dalire wlngl slakhall aalsllg dsbgioll

sgaiyleg) glaj)l djjlgio cany dpuilg . (1giwo JS 1o O(n) awa aalsy (igiwo 1092(n) gai a0l cuil)
. JolSIL &uipo g Lia dwpo (Heap) dogsllg .na JSiiul &l &l ¢y paub glasl 9o Adg

N Jaaoll pan aha ol apo pé algji

1,000 1,000 499,500

10,000 10,000 49,995,000

.algjlll o = 100 gai (iisi wio 10 Jaaall daclho

6903, 6glnA @uunl
499,500 aupall pé algjlll J$ 33 995, n=1,000 loaic -1
.2 dio 9ai 1l 49,995,000 a3l auny N=10,000 loaic -2

.29j JS duae guuai gile pis)h uoj)lgall ki §oai adg .aleal dpive Ul awall goiy U -3

~ n1og2(n) :p0all 4als :n(N-1)/2 :axpall pe algjll aac

28 duyell GAwil + dadioll aull d=unll - C / C++



Gib /11 gujall A Wy vl

C11/11 gupal

opaull (Ul 65all (o

examples/lesson_11.c :@alall calall

#include <stdio.h>
unsigned levels(unsigned n) {
unsigned count = 0;
while (n > 1) {
n=n/2+n%2; /* ceiling division by 2 */
++count;

}

return count;

}

int main(void) {
printf("levels for 1000: %u\n", levels(1000));
printf("pairs for 1000: %llu\n", 1000ULL * 999ULL / 2);
return 0;

gﬁguﬂleﬂﬂl
levels for 1000: 10
pairs for 1000: 499500
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examples/lesson_12.cpp :&aloll calal

#include <algorithm>
#include <iostream>
#include <iterator>
#include <set>
int main() {
const std::set<int> a{l, 2, 3}, b{2, 3, 4};
std::set<int> common;
std::set intersection(a.begin(), a.end(),
b.begin(), b.end(),
std::inserter(common, common.end()));
for (int x : common) std::cout << x << ' ';
std::cout << '\n';

&bgiall Qs
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examples/lesson_13.c :@alall calall

#include <math.h>
#include <stdio.h>
double any failure(double p, unsigned n) {

if ('isfinite(p) || p < © || p > 1) return NAN;
if (n==0 || p == 0) return 0;

if (p == 1) return 1;

return -expml((double)n * loglp(-p));

}
int main(void) {

printf("%.6f\n", any failure(0.001, 100));

printf("alarm means fault: %.2f%%\n", 100.0 * 99 / 1098);

return 0;
}

gﬁgnﬂleﬂﬂl

0.095208

alarm means fault: 9.02%
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mean = sum / n; sample variance = squared deviations / (n-1)
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examples/lesson_14.cpp :&aloll cilal

#include <algorithm>

#include <cmath>

#include <iostream>

#include <stdexcept>

#include <vector>

double quantile(std::vector<double> x, double q) {

}

if (x.empty() || !std::isfinite(q) || g <0 || q > 1)
throw std::domain_error("invalid quantile input");
for (double v : x) if (!std::isfinite(v))
throw std::domain_error("nonfinite sample");
std::sort(x.begin(), x.end());
const double p = q * static cast<double>(x.size() - 1);
const auto i = static cast<std::size t>(p);
const auto j = std::min(i + 1, x.size() - 1);
return std::lerp(x[i], x[jl, p - static cast<double>(i));

int main() {

}
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std::cout << quantile({1,1,1,2,2,3,4,20,40,100}, .9) << '\n';
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SE = s/ sqrt(n); interval = mean +/- t*SE
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examples/lesson_15.c :@alpall calall

#include <stdio.h>

int main(void) {
const double
const double
const double
const double
const double
printf("mean

mean ms = 50.0;

sample sd ms = 10.0;

n = 100.0;

t95 = 1.984; /* approximate, df = 99 */
margin = t95 * sample sd ms / sqrt(n);
interval: [%.3f, %.3f] ms\n",

mean ms - margin, mean ms + margin);

return 0;
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p ~= (1 - exp(-kn/m))~k
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examples/lesson_16.cpp :&alall calal

#include <cmath>
#include <iomanip>
#include <iostream>
int main() {
const double bits per key = 10.0;
const int probes = 7;
const double occupied = -std::expml(-probes / bits per key);
const double fp = std::pow(occupied, probes);
std::cout << std::fixed << std::setprecision(3)
<< 100.0 * fp << "%\n";
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a dot b = sum(ali]b[i]); cosine = (a dot b)/(|a||b]|)
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examples/lesson_17.c :@alall calall

#include <math.h>

#include <stdio.h>

int main(void) {
const double x = 3.0, y = 4.0;
const double length = hypot(x, y);
if (!'(length > 0) || !'isfinite(length)) return 1;
const double ux = x / length, uy =y / length;
printf("length: %.1f\n", length);
printf("unit: (%.1f, %.1f)\n", ux, uy);
printf("cosine with x-axis: %.1f\n", ux);
return 0;
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unit: (0.6, 0.8)
cosine with x-axis: 0.6
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A(m x k) B(k x n) -=> C(m x n)
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examples/lesson_18.cpp :&alall calal

#include <array>
#include <iostream>
int main() {
const std::array<std::array<double, 2>, 2> a{{
{2.0, 1.0}, {1.0, 3.0}
hbs
const std::array<double, 2> x{4.0, 5.0};
std::array<double, 2> y{};
for (std::size t i =0; 1 < 2; ++1i)
for (std::size t j =0; j < 2; ++j)
y[i]l += alil[j] * x[jl;
std::cout << y[0] << ' ' << y[1] << '\n';
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world_point = translation(rotation(local_point))
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examples/lesson_19.cpp :&alall calal

#include <cmath>

#include <iostream>

#include <numbers>

struct P { double x, y; };

P rotate(P p, double radians) {
const double ¢ = std::cos(radians), s = std::sin(radians);
return {c*p.x - s*p.y, s*p.x + c*p.y};

}

int main() {
P p = rotate({1, 0}, std::numbers::pi / 2);
p.X += 2;
std::cout << p.x << ' ' << p.y << '\n';
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examples/lesson_20.c :@alpall calall

#include <math.h>

#include <stdio.h>

double f(double x) { return (x - 3) * (x - 3); }

int main(void) {
const double x = 5.0, h = le-5;
const double numeric = (f(x+h) - f(x-h)) / (2*h);
const double analytic = 2*(x-3);
printf("analytic: %.6f\n", analytic);
printf("numeric: %.6f\n", numeric);
return 0;
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examples/lesson_21.cpp :&alall calal

#include <iomanip>
#include <iostream>
int main() {
double w = 0;
const double rate = 0.1;
for (int step = 0; step < 100; ++step) {
const double gradient = 2 * (w - 3);

w -= rate * gradient;
¥
std::cout << std::fixed << std::setprecision(6) << w << '\n';
}
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examples/lesson_22.c :@alpall calall

#include <stdio.h>
double f(double x) { return x*x; }
int main(void) {
const int n = 1000;
const double h = 1.0 / n;
double area = 0;
for (int 1 = 0; 1 < n; ++i) {
const double left = i*h, right = (i+1)*h;
area += h * (f(left) + f(right)) / 2;

¥
printf("%.9f\n", area);
return 0;
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yihl gia) albpo (Ul Woe Gligell 3Al aling Wio @il dalel Bud a3y gilel ead oo psi Glice Jaso
.JWil Jiolag

JAasall antipoll &dAll puall

6gh3) 6ghA @yl
.0,0,4,0,0] oyl Jga[0.25,0.5,0.25] lighl pazuwl -1
1,2,1 (18 aallall &1 aala)l olyiall -2
gbn ojlg taisubny Lyila aladl FFT pladiwl wpall gihe)g .6cla) ghaioll angd Jugas FFT s, 3
-t @ladl gile Jgaal @ls

yli]l = 0.25*x[i-1] + 0.5*x[i] + 0.25*x[i+1]
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examples/lesson_23.c :galpall caloll

#include <stdio.h>
int main(void) {
const double x[5] = {0, 0, 4, 0, 0};
for (size t i =1; i < 4; ++1i) {
const double y = .25*x[i-1] + .5*x[i] + .25*x[i+1];

printf("%.1f%s", y, i =32 "\n" : " ");
}
return 0;
}
&dgiall Qi
1.0 2.0 1.0

aulis 6)gn) dypng aldie agan 6acla B 89pL£U|LﬁMSQ9 .doWl jlgall ©la &blgoll hda Juall 13 jany
Al

392301 Ul aul

.ol 3o cja Olug)l puaia .popall SRGB alacl uan Jihall cgAll pud) aanll gualall g% U aé

&lall éeld Jié o
SFFT J uals)l gl jladio log o)l Job Lo 39 4 laaligh (uiluwilul (iadll claull ia

87 daanll + 23 akall
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@319 dpluall aldos)l ae go Jaal elall pladiwll 6alelg bl daog GUall gare apiy Lo s

6513Jlg LAl 65528 12l 138 Jow iAo 8513 30 pe Jai ub JS) sl cllasll (18 anlwall 88U
aaliao alacl duul 6)513Jlg dyiall

095 289 - paie JS) 1280 WL 24 Y 6aalg goa dulac aalg g1 &liSg double o (uisgano goa 2ay
S e garndily aiaall 45131 Aol cuuy pSl ddeall a5l

g 230 138 aplwall 4861 (18 Lgpao GUaill gareg wlwall 8953 g yealll ga huwy clal @aw
&5 U @is) (gulwadl (jlgil SIMD ~uj5g ¢pladiwll éalel Jis gul Glaganoll Opd auuds gunyg .I;cg
-Glai Ay

oAl aibo

v

-> aplwall a8l
89103, ginA @Al
. oud m.;Lo.:lu 512 (0 aaiog l.u 64 (o double pué gui Lu 256 10 Qaio aegiy -1

Julo 2.083 gaj &0a Js lub 24 Qi Gaad Glall Ape 095) «@uli/a180 cub julo 50 aic -2

jQill Jago Jipall abalaiclg baoll olalaslg daxdyioll palillg 6lalao)l pé algngll (AQAT Ad -3
ST gulaall

performance <= min(compute peak, bandwidth x operations/byte)
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#include <stdio.h>

int main(void) {
const double bandwidth = 50e9;
const double bytes per add = 3.0 * 8.0;
const double ceiling = bandwidth / bytes per add;
printf("ideal ceiling: %.3f Gadd/s\n", ceiling / 1e9);
const size t row = 7, col = 3, columns = 20;
printf("row-major offset: %zu\n", row*columns + col);
return 0O;

ideal ceiling: 2.083 Gadd/s
row-major offset: 143

examples/lesson_24.c :galpall calall

&dgiol sl

;;x:(}cjlfld‘éauxciﬂg LdgiucUIngla(JU16+$+ou5UIduu;aﬁdlaUan.CJUAJb U gnliely dwldo daaljul
.alAlaio wlaaio huhai dlnio std::vector déagano hdhas Gillay Ug .ngado (aunAdis

393201 gl sl

olalal Fast-math ahba Joas adg .(jlgilly olaaio Ul Jigail go dailell alnlall JIFAl ey psi
auaiioll mall (ngadag angeoll gwolaoll @yl

&Ll 8eld Jud o

64 pan) 4o 513 Jaw C++ gaas Jag $50 GiB/s acpuw 5 GiB quwo o guliall yuall aall Lo

Sl
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Judwio cja gijlgiall Jodl y1a (nay
Uea Jalay of Josll ganing éun Ul Jlasl $3bj aua5 U
LA aaan diolo gulg «Josll ccawl aiagai gul dujlgioll (gilly P3lgAll Aling

.1-5 aiuws gulioll jlgill Jlé cjag S @i Judiio cja (vl Audil colll Josll cas) Jlaol adgai auwd,
1/(s+(1-5)/N) guliall gl g9 Lole N gog

@iléy ojg Wgng Jawo hwgioy jdiwo oA (1a Jughll (1aall gile poliell aae huwgio Jid ggild by
&AL legg oUAj LY Rt JoRtayill]| .L=lambda*W NIt}

)l 289 .@y20 pé afglw C++ (16 bl Guwg .0ang wlwall U (o=l il axnnll goliil @lsiy
03K &S juiall pe palivg Lo Phw dldie Olpeio

9.14x
5.93x
B .
1.90x

1.00x

— ]

aalg Jole ollole Jlac 4 Jloc 8 Lole 16

6glna) 6glaA @Al

.20 98 Jla=ll go gulas U aae go gjlwuill @ luliuio cul ecae g0 5% oS 13] -1
.1/(0.05+0.95/16) = 9.143 (uliall ¢ il Llole 16 go -2

h.l.b 20 lhwgio Jiw ggild gty (guldoll plAll a4 20 ms cldy huwgiog «Gwli/ il 1,000 aic 3

S = 1/(s + (1-s)/N); L = arrival_rate x mean_time
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examples/lesson_25.cpp :@&alall calal

#include <iomanip>
#include <iostream>

int main() {

const double
const double
const double
std::cout <<

<<
std::cout <<

<<

serial = 0.05, workers = 16;

speedup = 1 / (serial + (l-serial)/workers);
arrival rate = 1000, mean seconds = 0.02;
std::fixed << std::setprecision(3)

"ideal speedup: " << speedup << '\n';

"mean in system: "

arrival rate * mean seconds << '\n‘';

&agiol sl

ideal speedup: 9.143
mean in system: 20.000

adun ylgall 20 gwgl Jac cue Wyal 389 &dla Ul (ilgil chel Jalang Wl Joac coc 138 Jiay

2920l Ul auil

&S poll Culgillg @alapiwlg 8513 Cuspg GLl pi JBy .duan @ls duoj)lgall dyall Olpsioll J=ai U

.Jeifo pps Ul Blino

&l 6ehd b o

J93a clag ol 100% o Jal JUskiwl huwgio (145, U l3lalg Syuliadl g jbwil log N=8g s=.10 yi5 13|
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diogall o Olangl dpus douw cla &y 269 )il gubdo yile pundig wujail huwgio guudidl apny
.Olyjailg oldwuwadl (e

Gaail bl gile @wai d&jacll lolsall Gihg .03a9 wyjadl awé gile ddunoll dalleall Gloleo jad
.Ologleo)l Gy Gl &0a docllo a2y puudilld .aidiuall GUAaIIg jLidllg

libla yUloiill ppndil g<ig Al @il Juausg jan alwl Jio dwlww gl gipanll (ubidl ol dowdl Qling
.udi Lkl 8y Kiall olaabivoll gi bioj dupadl bl s

20 = huwgioll 8.165 = yuldoll X = 40 gal JAao

il Ol ile 63alg 60 Glaleall jad

693, 6ginA @uuAl
.20 9a[10,20,30] wjaill pué huwgio -1

sqrt((100+0+100)/3) = (hey GUYI &w)ail odll oda) gulw ¢ybeo @l pladiwl -2
.8.164966

Glni Q)i ggdgll @) jgug .(40-20)/8.164966 = 2.449490 J dyquuo 40 dadinio doud R YTaY] .3
NETIRVI]

z = (x - training_mean) / training_scale

58 duyell GAwil + dadioll aull d=unll - C / C++



Gib /26 gujall A Wy vl

C++20 /26 guall

opaull (Ul 65all (o

examples/lesson_26.cpp :&aloll calal

#include <cmath>
#include <iomanip>
#include <iostream>
int main() {
const double train[] = {10, 20, 30};
double mean = 0;
for (double x : train) mean += x / 3.0;
double variance = 0;
for (double x : train) variance += (x-mean)*(x-mean)/3.0;
const double scale = std::sqrt(variance);
if (!(scale > 0)) return 1;
const double future = 40;
std::cout << std::fixed << std::setprecision(6)
<< (future-mean)/scale << '\n';

&bgiodl sl

2.449490

sé:g;anglggéhguacbugmg.g+uxdldcgngxdgpiuagﬂ%nﬂﬁuUIgnusuﬂlLﬁhniUIgalﬂa(JuQﬁmUIaUku:
.owipo GLll gile joy gf Lol pudll alley jéiwo 3405 Ul Qlinid SpusIl Glaaail Lol

2922l Ul auil
Julwl hay g)lé 63480 pé @leay ldll gjlgi 1o JUial gl «logleall (ypus 2o dyle jLial d8a gaini Aé
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&Glall éeld Qb o
3 asy 1alold owd J$ el hwgiall pladiwl «(Géail Glow ge aldiue yyadl Glow cuusd 13l
('\u I ; -
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b @x pST aps (1dng - @uball olwall (14 aalg Wegano &ngo Yligh yul &aiio wlya Softmax Jgai
.@iga gl aalgll aic duwl doud JS ol

agunlly daliodl Ol go @aunl .-log(plt]) debhléioll el gosi & ddraiuall iall
anll gl (_J}.QJ a6 Jial aiyleg) 3al Jay Jog(sum(exp(z[jl-m))) - (z[t]-m)

exp(z)/9 «w pé z 995 Waic 1/(1+exp(-z)) épfiuo 3goeny 33 (Ul uinil (1a
Spleoll (pgad (Ul dalinoe aagoil wllainl Jhig .cla wlla (1+exp(z))

[1000,1001,1002] puél épiimo < Uloial

0.6652

0.2447
- I
I
0 &iall 1 &sall

6ghhay 6ghA Al
.binary64 (4 épilo exp wlwn aie gArd ¢11[1000,1001,1002] ol clyjall (1ags -1
.[0.1353,0.3679,1] a5 &l moydg .[-2,-1,0] yile Jaai 1002 ppal -2
.0.407606 gaj &l g% 6pAll aiallg .[0.0900,0.2447,0.6652] (l lasih -3

plil = exp(z[i]-m) / sum(exp(z[j]-m))
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#include
#include
#include
#include
#include

<algorithm>
<array>
<cmath>
<iomanip>
<iostream>

int main() {
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examples/lesson_27.cpp :&aloll calal

const std::array<double,3> z{1000, 1001, 1002};
const double m = *std::max element(z.begin(), z.end());
std::array<double,3> e{};
double sum = 0;
for (std::size t i=0; i<z.size(); ++1i) {
e[i] = std::exp(z[i]-m);
sum += e[i];

}

std::cout << std::fixed << std::setprecision(6);
for (double v :

std::cout << "\nloss:

0.090031 0.244728 0.665241

loss: 0.407606

e) std::cout << v/sum <<
" << std::log(sum)-(z[2]-m) << '\n';

&agiall il

olw dolll daalgll 33a5 i g . oAudll adaell dowdll dalill wiail BYaganoll il GlUAI 0Aa)
JUnanll dnye agpniall Gopall Js adg :Glaill i waally daiiall pé Logits clajag «glal Jasall
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anll ga W Alhnl il Oliulns

Slaubll ¢juing .dL/db = (a-y)*RelLU'(z)g .dL/dw = (a-y)*RelLU'(z)*x :adaoll Oldiiall cpal
Bpif wlaleo Gw dlauugll Glulwall 03a guusell hail

[ z = wx+b ]—>[ a = RelLU(z) ]—>[ L = error™2/2 ]

oudll Lol
Oluwlwall ke
694y 6glnA @Al
.z=1, a=1, L=2 (1ololl jgpall (i) .x=2, w=0.5, b=0, y=3 33 ‘1

i 993 wagoll Jaaall aie RelU W@yyoi9 .a-y=-2 Al duwlwn -2

.b=0.29 w=0.9 gliogall auni 0.1 Ja=o aieg .-2 juaill q)aig -4 gjgll gyai -3

dL/dw = dL/da x da/dz x dz/dw
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examples/lesson_28.cpp :&alall calal

#include <algorithm>
#include <iostream>
int main() {
const double x=2, target=3, rate=0.1;
double w=0.5, b=0;
const double z=w*x+b;
const double a=std::max(0.0, z);
const double dz=(a-target)*(z>0 ? 1.0 : 0.0);
const double dw=dz*x, db=dz;
w -= rate*dw;
b -= rate*db;
const double next=std::max (0.0, w*x+b);
std::cout << "w: " << w << " b: " << b << '\n';
std::cout << "new loss: " << .5*(next-target)*(next-target) << '\n';

gﬁgﬂﬂlaﬂﬂl
w: 0.9 b: 0.2

new loss: 0.5

«qUao (nnd 63alg ghad Guuai gl .0.5 luallg 2 3aall g)allg .auudj y1ololl jgp0ll G0 gyl Qi
Lajla oyl als gile Glap gudg

3932l | il
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.a283)l pe logaA ddio

&lall dehd b o
z=0 aic dauio (and cuiaw 1lalg SRELU pe 8jlall clayail lad (Jholl 138 (16 lolos W Z Gl 13]
Shuall

88 dnanll - 28 &AL
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6ghhay 6ghA Al
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attention(Q,K,V) = softmax(QK~T / sqrt(d)) V
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#include <iostream>

int main() {
const double
const double
const double
const double
const double
std::cout <<
std::cout <<

}
0.25 0.75
17.5

s0=0, sl=std::log(3.0);

m=s1;

e0=std::exp(s0-m), el=std::exp(sl-m);
w0=e0/ (e0+el), wl=el/(ebO+el);
output=w0*10+wl*20;

wl << ' ' << wl << '\n';

output << '\n‘;

examples/lesson_29.cpp :&alall calal

&agiol sl
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512 go wis) psigag (yad laa 7.3 thallg .12.7 <l 8alelg q=127 pdll ey X=20 aic -3

Xx_hat = scale x (quantized - zero_point)
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examples/lesson_30.cpp :&alall calal

#include <algorithm>
#include <cmath>
#include <iostream>
int main() {
const double x=0.26, scale=0.1;
const double rounded=std::round(x/scale);
const double bounded=std::clamp(rounded, -127.0, 127.0);
const int g=static cast<int>(bounded);
const double restored=scale*q;
std::cout << "g: " << q << " restored: " << restored << '\n';
std::cout << "error: " << std::abs(restored-x) << '\n';

&bqgiall Qs
q: 3 restored: 0.3

error: 0.04

o€ I dniiall Gl s std:round padiwsg Lol ggill Jugai 83ganally daioll GLAM Jsai
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#include <algorithm>
#include <cmath>
#include <iomanip>
#include <iostream>
#include <vector>
int main() {
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std::vector<double> x{1,1,1,2,2,3,4,20,40,100};
std::size t n=0;
double mean=0, m2=0;
for (double v : x) {
if (!std::isfinite(v) || v<0) return 1;
++n;
const double delta=v-mean;
mean += delta/static cast<double>(n);
m2 += delta*(v-mean);
}
if (n<2) return 1;
std::sort(x.begin(), x.end());
const auto quantile = [&] (double q) {
const double p=qg*static cast<double>(n-1);
const auto i=static cast<std::size t>(p);
const auto j=std::min(i+l, n-1);

return std::lerp(x[i], x[j], p-static cast<double>(1i));

iz

std::cout << std::fixed << std::setprecision(3);
std::cout << "n: " << n << '\n';

std::cout << "mean: " << mean << " ms\n";

std::cout << "sample sd: "
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<< std::sqrt(m2/static_cast<double>(n-1)) << " ms\n";

std::cout << "median: " << quantile(.5) << " ms\n";
std::cout << "p90: " << quantile(.9) << " ms\n";
std::cout << "max: " << x.back() << " ms\n";
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n: 10

mean: 17.400 ms
sample sd: 31.638 ms
median: 2.500 ms
p90: 46.000 ms

max: 100.000 ms
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#include <stdio.h>
int main(void) {

72

enum { H=5, W=5 };
const double input[H][W] = {
{0,0,0,0,0}, {0,0,0,0,0}, {0,0,9,0,0},
{0,0,0,0,0}, {0,0,0,0,0}
iz
double output[H][W] = {{0}};
for (int r=0; r<H; ++r) {
for (int c=0; c<W; ++c) {
double sum=0;
int count=0;
for (int dr=-1; dr<=1; ++dr) {
for (int dc=-1; dc<=1; ++dc) {
const int rr=r+dr, cc=c+dc;
if (rr>=0 && rr<H && cc>=0 && cc<W) {
sum += input[rr][cc];
++count;

}
}
output[r][c]=sum/count;
}
}
for (int r=0; r<H; ++r) {
for (int c=0; c<W; ++c)
printf("%.1f%s", output[r][c], c==W-1 ? "\n" : " ");
}

return 0;
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#include <array>
#include <iomanip>
#include <iostream>
const std::array<double,5> xs{-2,-1,0,1,2};
const std::array<double,5> ys{-3,-1,1,3,5};
double loss(double w, double b) {
double total=0;
for (std::size t i=0; i<xs.size(); ++i) {
const double r=w*xs[i]+b-ys[i];
total += r*r;
}

return total/static cast<double>(xs.size());

int main() {
const double h=le-5;
const double numeric=(loss(h,0)-loss(-h,0))/(2*h);
double w=0, b=0;
for (int step=0; step<200; ++step) {
double dw=0, db=0;
for (std::size t i=0; i<xs.size(); ++i) {
const double r=w*xs[i]+b-ys[i];
dw += 2*r*xs[i];
db += 2*r;
}
const double n=static cast<double>(xs.size());
w -= 0.1*%dw/n;
b -= 0.1*db/n;
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}
std::cout << std::fixed << std::setprecision(6);
std::cout << "numeric dw at start: " << numeric << '\n';
std::cout << "w: " << w << " b: " << b << '\n';
std::cout << "training loss: " << loss(w,b) << '\n';
std::cout << "prediction at 3: " << 3*wtb << '\n';
}
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numeric dw at start: -8.000000
w: 2.000000 b: 1.000000
training loss: 0.000000
prediction at 3: 7.000000
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#include <algorithm>
#include <array>
#include <cmath>
#include <iomanip>
#include <iostream>
struct Item { char id; double x, y, score, weight; };
int main() {
std::array<Item,3> items{{
{'A',1,0,0,0}, {'B',1,1,0,0}, {'C',0,1,0,0}
I3
const double gx=1/std::sqrt(2.0), qy=9x;
const double temperature=0.5;
double max_score=-1;
for (auto& item : items) {
const double norm=std::hypot(item.x,item.y);
if (!(norm>0) || !std::isfinite(norm)) return 1;
item.score=qgx*(item.x/norm)+qy*(item.y/norm);
max_score=std::max(max_score,item.score);
}
double sum=0;
for (auto& item : items) {
item.weight=std::exp((item.score-max score)/temperature);
sum += item.weight;

for (auto& item : items) item.weight /= sum;
std::sort(items.begin(),items.end(),[](const Item& a,const Item& b){
if (a.score!=b.score) return a.score>b.score;
return a.id<b.id;
1)
std::cout << std::fixed << std::setprecision(6);
for (const auto& item : items)
std::cout << item.id << " cosine=" << item.score
<< " weight=" << item.weight << '\n';
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B cosine=1.000000 weight=0.473186
A cosine=0.707107 weight=0.263407
C cosine=0.707107 weight=0.263407
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