Designing Robust APIs

How to Write C++ Code that’s Safe, Extensible, Efficient & Easy to Use



O60 MHe

= [lyuwy Ha C++ 6onblie 15 nert.

= QOcHoBan WG21 Russia B 2016 BmecTe ¢
@apolukhin.

= B 2016-2019 npeacraBnan npeasioXxxeHus
oT PO B KoMUTETE.

= PykoBoaun pa3paboTKol MOMCKOBOro
ABWKKa B AHOeKce.

= PykoBoaun MHPPaACTPYKTYPOK, MOUCKOM U

ML B O30He.
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https://github.com/apolukhin

Ilna Koro aToT goknan?

= J1n4a Tex, KTo nuweT 6UbInoTeuHblr Kog.

H ,D,FIFI Tex, Yel Kopg TaK UIm nHave 6yp,eT 0OJITO XXUTb UJTN LLUNPOKO NCIMOJIb30BaATbCA.

H ,D,FIFI TEX, KTO XOYET MMCaTb KOO, KOTOPbIM MPUATHO MOJIb30BAaTbCA.

class Buffer {
public:
Buffer(const char *data, size_t size);

Buffer(const Buffer Sbuffer)
: Data_(nullptr)
, Len_(0)
, Pos_(0)

*this = buffer;



Efficiency
Safety

Extensibility
Usability

Xopowwunn APl HaxognT 6anaHc MeXxay BCEMU 3TUMU aCMeKTaMMU.
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[ToyeMy 3TO Ba>KHO?

The Wonderfully Terrible World of C and C++ Encoding APlIs:

Feature Set & vs. Library & boosttext utf8cpp Standard C Standard C++ Windows API
Handles Legacy Encodings o e v
Handles UTF Encodings v v -] o v
Bounded and Safe Conversion API -] v v
Assumed Valid Conversion API 4 v

Unbounded Conversion API v v 4
Counting API ® v
Validation API a

Bulk Conversions v v e e v
Single Conversions v v v v

Custom Error Handling v v v

Updates Input Range (How Much Read™) v v v

Updates Output Range (How Much Written™) v v v v

m  Standard C: it's
m  Standard C++: provides next-to-nothing of its own that is not sourced from C, and when it does it somehow makes it

worse.


https://thephd.dev/the-c-c++-rust-string-text-encoding-api-landscape

[ToueMy 3TO BaXKHO?

Exploiting aCropalypse: Recovering Truncated PNGs:

SimonTime — 2023-01-02 15:28
so basically the pixel 7 pro, when you crop and save a screenshot, overwrites the image with the new version, but

leaves the rest of the original file in its place

RetrOid — 2023-01-02 15:28
ohhhhhhh wow

SimonTime — 2023-01-02 15:28
so if you were to take a screenshot of an app which shows your address on screen, then crop it, if you could recover the

information somehow that's a big deal

IMHO, the takeaway here is that APl footguns should be treated as security vulnerabilities.

Cwm. Back to Basics: C++ API Design - CppCon 2022 by Jason Turner.


https://www.da.vidbuchanan.co.uk/blog/exploiting-acropalypse.html
https://www.youtube.com/watch?v=zL-vn_pGGgY
https://github.com/lefticus

Rule #1:

[MpoekTnpymnte API TaK, 4TOObI €ro Henb34 6b1/10 MCNnob30BaTb
HenpaBWJIbHO

= [lporpamMma gon>kKHa unm paboTaTb KOPPEKTHO, UM 3aBEPLLIATHCH C OLLUMOKOM.

= He go/mMKHO CyLWeCcTBOBaTb MNOC/eAoBaTe/IbHOCTU BbI30BOB, KOTOpPas NPMBOAUT Bally
NporpaMMy B HEKOPPEKTHOE COCTOSAIHME.

= YeMm MeHblie y Bawero APl cnoco6oB 3aBepLlUnTbCA € OWKMOKOM — TeM nydlle, 3a4em

obpabaTbiBaTb OLLINOKK, €CIN MOXKHO cripoeKTupoBaTb API, B KOTOPOM NX HeT?



struct CsvStats {
DateTime startTime;
DateTime endTime;
//

I

class CsvDb {
public:
explicit CsvDb(std:: string view path);

std:: string path(std:: string view tableName);
CsvStats stats(std:: string view tableName);

void setStats(std::string view tableName, CsvStats stats);

b



0N U WN R

struct CsvStats {
DateTime startTime;
DateTime endTime; // Some per-table aggregates: start & end time,
/... // maybe per-column min, max & mean values.

b

class CsvDb {
public:
explicit CsvDb(std::string view path);

std:: string path(std:: string view tableName);

CsvStats stats(std:: string view tableName);
void setStats(std:: string view tableName, CsvStats stats);




struct CsvStats {
DateTime startTime;
DateTime endTime;
//

Ii5

class CsvDb {
public:
explicit CsvDb(std::string view path); // Path do data folder.

O o0 ~NO U WN B

[N
(S

std:: string path(std:: string view tableName);

[N
()

CsvStats stats(std:: string view tableName);
void setStats(std:: string view tableName, CsvStats stats);

(RN
(S




struct CsvStats {
DateTime startTime;
DateTime endTime;
//

Ii5

class CsvDb {
public:
explicit CsvDb(std::string view path);

0O NO UL WN B

std:: string path(std:: string view tableName); // Returns path to table CSV for reading
// OR writing / replacing.

CsvStats stats(std:: string view tableName);

void setStats(std:: string view tableName, CsvStats stats);




CsvStats stats(std:: string view tableName); // Getter & setter for stats.
void setStats(std::string view tableName, CsvStats stats); // Stats are stored in db.info,
I // and flushed on setStats.
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struct CsvStats {
DateTime startTime;
DateTime endTime;
//

Ii5

class CsvDb {
public:
explicit CsvDb(std::string view path);

0O NO UL WN B

std:: string path(std:: string view tableName);

CsvStats stats(std:: string view tableName);
void setStats(std:: string view tableName, CsvStats stats); // Is this safe?




struct CsvStats {
DateTime startTime;
DateTime endTime;
//

Ii5

class CsvDb {
public:
explicit CsvDb(std::string view path);

0O NO UL WN B

std:: string path(std:: string view tableName);

CsvStats stats(std:: string view tableName);
void replace(std:: string view tableName, std:: string view newPath,
CsvStats newStats); // Safer!




CsvReader open(std:: string view tableName);

Csviwriter replace(std:: string view tableName); // WAY safer!
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struct CsvStats {
DateTime startTime;
DateTime endTime;
//

Ii5

class CsvDb {
public:
explicit CsvDb(std::filesystem:: path path); // Use std::filesystem::path for paths!

O o0 ~NO U WN B

[N
(S

CsvReader open(std:: string view tableName);

[N
()

CsvStats stats(std:: string view tableName);
Csvilriter replace(std:: string view tableName);

(RN
(S




struct CsvStats {
DateTime startTime;
DateTime endTime;
//

IE

class CsvDb {
public:
explicit CsvDb(std::string view path);

std:: string path(std:: string view tableName);
CsvStats stats(std:: string view tableName);

void setStats(std:: string view tableName,
CsvStats stats);

S

struct CsvStats {
DateTime startTime;
DateTime endTime;
//
b
class CsvDb {
public:
explicit CsvDb(std::filesystem:: path path);

CsvReader open(std:: string view tableName);
CsviWriter replace(std:: string view tableName);

CsvStats stats(std:: string view tableName);



class Window {

public:
void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size §size);
Size size() const;

void setPosition(const Point &point);
Point position();

//
void initOpenGL();

void bindContext();
void swapBuffers();
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void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size §size);
Size size() const;

void setPosition(const Point &point);
Point position();

//
//
//
// Window properties ...
//
//
//
//
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class Window {

public:
void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size &size);
Size size() const;

void setPosition(const Point &point);
Point position();

/!

void initOpenGL(); // Initializes OpenGL context for this Window.
void bindContext();
void swapBuffers();




class Window {

public:
void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size &size);
Size size() const;

void setPosition(const Point &point);
Point position();

/!

void initOpenGL();
void bindContext(); // Binds this Window's context for the current thread.
void swapBuffers();




class Window {

public:
void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size &size);
Size size() const;

void setPosition(const Point &point);
Point position();

/!

void initOpenGL();
void bindContext();
void swapBuffers(); // Swaps buffers & starts next frame.




class Window {

public:
void setTitle(const std::string &title);
std:: string title() const;

void resize(const Size &size);
Size size() const;

void setPosition(const Point &point);
Point position();

/!

void initOpenGL();
void bindContext(); // O0OPS: assert(_glInitialized); inside.
void swapBuffers(); // Can only be called after a call to initOpenGL().




std:: unique_ptr<OpenGLContext> createOpenGLContext();

class OpenGLContext {
public:

void bind();

void swapBuffers();

//
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Rule #2:
Divide & Conquer: pobuTe!

= [loMHuTe npo S in SOLID.
"The Single-responsibility principle: There should never be more than one reason for a class to
change."

= Ko/nnm4yecTBO BO3MOXXHbIX B3aMMOLENCTBUI (1 6aroB) BHYTPK Kilacca pacTeT Kak KBagpaTt oT
pa3Mepa Knacca. MeHblue Knaccbl — MeHble npobnem!

=  Menkue Knaccbl 1erye YmTaTtb M 0OCO3HaBaATb.

= AHanormyHo paboTaeT n c bubnmotekamu. Knaccol B "nomMorike KnaccoB" HauMHaOT 3aBUCETb
OPYr OT Apyra, CHoBa KBajpaT 3aBucuMocTen n 6arn. [1pobute Ha 6onee Menkmne 6ubnmortexkn!

= 3Ta )Ke JIOrnKa NpMMeHnMa K yHKLMAM.



void parseStrings(const Buffer Sbuffer, std:: vector<std::string> xresult) { // Parses a buffer of null-terminated
size_t pos = 0; // strings.
while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() = 2 & str.front() = '"' & str.back() = '"')
str = str.substr(1, str.size() - 2);

result—push_back(std:: move(str));
pos += size;
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void parseStrings(const Buffer buffer, std:: vector<std::string> xresult) {
size_t pos = 0;
while (pos < buffer.size()) { // Find next null terminator ¢
const char xnextPos = static_cast<const char *>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() = 2 & str.front() = '"' & str.back() = '""')
str = str.substr(1, str.size() - 2);

1
2
3
4
5
6
7
8
)

=R
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result—push_back(std:: move(str));
pos += size;

[ ==
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size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);



void parseStrings(const Buffer buffer, std:: vector<std::string> xresult) {
size_t pos = 0;
while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() > 2 & str.front() = '"' & str.back() = '"')
str = str.substr(1, str.size() - 2); // Unquote a string if it's quoted.

1
2
3
4
5
6
7
8
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result—push_back(std:: move(str));
pos += size;
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void parseStrings(const Buffer buffer, std:: vector<std::string> xresult) {
size_t pos = 0;
while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() = 2 & str.front() = '"' & str.back() = '""')
str = str.substr(1, str.size() - 2);

1
2
3
4
5
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result—push_back(std::move(str)); // Write results &
pos += size; // prepare to parse the next string.

N
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void parseStrings(const Buffer buffer, std:: vector<std::string> xresult) {
size_t pos = 0;
while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() = 2 & str.front() = '"' & str.back() = '""')
str = str.substr(1, str.size() - 2);

1
2
3
4
5
6
7
8
)
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result—push_back(std:: move(str));
pos += size; // BUG: should be pos += size + 1.

N
S W N




void parseStrings(const Buffer &buffer, std::vector<std::string> *result) {
size_t pos = 0;
while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

if (str.size() = 2 & str.front() = '"' & str.back() = '"')
str = str.substr(1, str.size() - 2);

result—push_back(std:: move(str));
pos += size + 1;

VS

std:: vector<std:: string> parseStrings(const Buffer &bhuffer, std:: vector<std::string> xresult) {
MemoryInput input(buffer);

std::string line;

while (input.readlLine(&line, '\0'))
result—push_back(unquote(line));
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while (pos < buffer.size()) {
const char *nextPos = static_cast<const char %>(memchr(buffer.data() + pos, '\0', buffer.size() - pos));
size_t size = (nextPos ? nextPos - buffer.data() : buffer.size()) - pos;
std::string str = std::string(buffer.data() + pos, size);

pos += size + 1;

VS

while (input.readlLine(&line, '\0'))



if (str.size() = 2 & str.front() = '"' & str.back() = '"')
str = str.substr(1, str.size() - 2);

result—push_back(std:: move(str));

VS

result—push_back(unquote(line));



Rule #2:
Divide & Conquer: po6uTe!

=  KaK TO/IbKO BUOUTE CMOXKHbIM KOO — AyMalTe, Kakux abcTpaKkuuii BaM He XBaTaeT!

= J1pobuTb — 3TO elle 1 nNpo cion abctpakymm!

=  Ecnu Ball Kof, BCe elle CNOXXHbIM — ApobuTte ganblue!



template<class 7>
class QFuture {

public:
QFuture(const QFuture Sother);

b

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void

cancel();

T takeResult();
T result() const;

auto
auto
auto

bool
bool
bool
bool
bool

/!

then( Function §&function);
then(QThreadPool *pool, Function &6 function);
then(QObject *context, Function &5 function);

isCanceled() const;
isFinished() const;
isRunning() const;

isStarted() const;

isvalid() const;
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template<class 7>
class QFuture {
public:
QFuture(const QFuture &other); // QFuture is ref-counted.

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void cancel();
T takeResult();
T result() const;

auto then(Function &6 function);
auto then(QThreadPool *pool, Function &&function);
auto then(QObject *context, Function &&function);

bool isCanceled() const;
bool isFinished() const;
bool isRunning() const;

bool isStarted() const;

bool isValid() const;

/!




const_iterator begin() const; //
const_iterator end() const; // Async sequence interface.
QList<T> results() const; //
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template<class 7>
class QFuture {
public:
QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void cancel(); // Built-in cancellation support! *_"
T takeResult();
T result() const;

auto then(Function &6 function);
auto then(QThreadPool *pool, Function &&function);
auto then(QObject *context, Function &&function);

bool isCanceled() const;
bool isFinished() const;
bool isRunning() const;

bool isStarted() const;

bool isValid() const;

/!




template<class 7>
class QFuture {

public:

QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void

T takeResult(); // Waits for completion & moves out the result.

cancel();

T result() const;

auto
auto
auto

bool
bool
bool
bool
bool

/!

then( Function & function);
then(QThreadPool *pool, Function & function);
then(QObject *context, Function &&function);

isCanceled() const;
isFinished() const;
isRunning() const;

isStarted() const;

isvValid() const;

Support for move-only types.




template<class 7>
class QFuture {
public:
QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void cancel();
T takeResult();
T result() const; // Waits for completion & returns a copy of result.

auto then(Function &6 function);
auto then(QThreadPool *pool, Function &&function);
auto then(QObject *context, Function &&function);

bool isCanceled() const;
bool isFinished() const;
bool isRunning() const;

bool isStarted() const;

bool isValid() const;

/!




auto then(Function & function); //
auto then(QThreadPool *pool, Function &6 function); // Continuations.
auto then(Qobject *context, Function & function); //
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template<class 7>
class QFuture {
public:
QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void cancel();
T takeResult();
T result() const;

auto then(Function & function); // Where is this one run? It depends ...
auto then(QThreadPool *pool, Function &&function);
auto then(QObject *context, Function &&function);

bool isCanceled() const;
bool isFinished() const;
bool isRunning() const;
bool isStarted() const;
bool isValid() const;

/!




16
17

template<class 7>
class QFuture {
public:
QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void cancel();
T takeResult();
T result() const;

auto then(Function &6 function);
auto then(QThreadPool *pool, Function §&function);

auto then(QObject *context, Function & function); // Unlike QObject ::connect, this WILL CRASH

bool isCanceled() const;
bool isFinished() const;
bool isRunning() const;
bool isStarted() const;
bool isValid() const;

/!

if you delete the context object.
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bool
bool
bool
bool
bool

isCanceled() const;
isFinished() const;
isRunning() const;
isStarted() const;
isvalid() const;

//
//
// State observers (not all of them).
//
//

45/108



20
21

template<class 7>
class QFuture {

public:

QFuture(const QFuture &other);

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

void

cancel();

T takeResult();
T result() const;

auto
auto
auto

bool
bool
bool
bool
bool

then( Function §&function);
then(QThreadPool *pool, Function &6 function);
then(QObject *context, Function & function);

isCanceled() const;

isFinished() const;

isRunning() const; // How are these two different?
isStarted() const; // Gotta read the sources to figure
isvalid() const;

out ...
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{
( IE
O ;
O ;
<T> O ;
OF
0);
O ;

( b

( y )
( . );

bool isCanceled() const; //

bool isFinished() const; // Why do we even have all these state observers?
bool isRunning() const; // Why not a single State state() function?

bool isStarted() const; //

bool isValid() const; //
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class QWhatExactlyIsThisMonstrosity /* "\ (V) / %/ {

QwhatExactlyIsThisMonstrosity(const QWhatExactlyIsThisMonstrosity &other); // Shared future?

const_iterator begin() const; //

const_iterator end() const; // Async sequence?
QList<T> results() const; //

T takeResult(); // Not so shared future?
T result() const; // Shared future?

// P.S.: Don't even try to read the sources. They'll give you nightmares.
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Rule #3:

TpaTbTe BpeMd Ha npunaymMmbiBaHMe XOopoLnx MMeH!

"There are only two hard things in Computer Science: cache invalidation and naming things." — Phil Karlton

“Clean code reads like well-written prose.” — Robert C. Martin

=  Ecnuv 4TO-TO HE NoslyvYaeTcsa Ha3BaTb HOPMasibHO — 3HAYUT Bbl XOTUTE CTPAHHOIO,
nepenenbiBanTe CBOMN AN3aNH.

= He noppaBanTecb cobnasHy HasBaTb knacc HandlerHelper. Bce, uto 3akaH4YMBaeTca Ha
Helper — aTo Npu3HaHMe rnopa*keHus.

= JlyManTe Hafd TeM, B YeM BOOOLLLE KOHLENTYyalbHas CyTb BalLUMX abCTpaKLUNA.
"Y1o Takoe future?"

®» [lonb3ynTtecb thesaurus.com n ChatGPT.


https://www.thesaurus.com/
http://chat.openai.com/

class QFuturePartl {

void cancel();

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

class QFuturePart2 {
QFuture(const QFuture &other);

void cancel();
T result() const;

class QFuturePart3 {
QFuture(QFuture &other);

void cancel();
T takeResult();
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class QGenerator {

void cancel();

const_iterator begin() const;
const_iterator end() const;
QList<T> results() const;

class QSharedFuture {
QFuture(const QFuture &other);

void cancel();
T result() const;

class QUniqueFuture {
QFuture(QFuture &other);

void cancel();
T takeResult();
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Rule #2 + Rule #3:

NpobneHne n HeMMUHI — 3TO NPO abCcTpaKuumn, a He NpPo Knacchbl!

= Baw Kog — 310 nepeBof abcTpakumii B Bawlen rosiose Ha C++.

= Ecnu B ronoBe HET NopsaaKa, TO B KOAE ero ToXe He byaer.

Y10 Takoe future?

= 3J70 a6CTpaKLI,l/IF| Had BblYNCITEHUNEM.

= Hoatowm a6CTpaKLI,l/IFI Ha KOHTEKCTOM, B KOTOPOM 3TO BblYUCIIEHNE I'IpOl/I3BO,EI,l/ITCﬂ!

template<class 7>
class QSharedFuture {
public:
auto then(Function & function);



Task< TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([](std:: string view jsonData) {
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;
b);
}

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))
.run(globalThreadPool())
.join();
std::print("{}", posts);
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// Returns a Task that will fetch twitter posts with the provided options when run.
Task<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([1(std:: string view jsonData) {
TwitterPosts result;
deserialize(Json:: parse(jsonData), &result);
return result;

});

0O NO U WN PR

}

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))

.run(globalThreadPool())
.join();
std::print("{}", posts);




Task<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts)) // Network::request() also returns a Task!
.then([1(std:: string view jsonData) {
TwitterPosts result;
deserialize(Json:: parse(jsonData), &result);
return result;

});

0O NO UL WN B

}

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))

.run(globalThreadPool())
.join();
std::print("{}", posts);




.then([](std:: string view jsonData) {
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;

1)



void myAwesomeFunction(Network &network) { // Fetch Bjarne's 20 latests posts
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))
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Task<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([1(std:: string view jsonData) {
TwitterPosts result;
deserialize(Json:: parse(jsonData), &result);
return result;

});

0O NO UL WN B

}

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))

.run(globalThreadPool()) // Run in the global thread pool. Can do run(thisThread()) instead!
.join();
std::print("{}", posts);




Task<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([1(std:: string view jsonData) {
TwitterPosts result;
deserialize(Json:: parse(jsonData), &result);
return result;

});

0O NO UL WN B

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))

.run(globalThreadPool())
.join(); // Wait for completion.
std::print("{}", posts);




Task<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([1(std:: string view jsonData) {
TwitterPosts result;
deserialize(Json:: parse(jsonData), &result);
return result;

});

0O NO UL WN B

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))

.run(globalThreadPool())
.join();
std::print("{}", posts); // Print it out.




Task< TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([](std:: string view jsonData) {
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;
b);
}

void myAwesomeFunction(Network &network) {
TwitterPosts posts = fetchTwitterPosts(network, TwitterFetchOptions("@stroustrup", 20))
.run(globalThreadPool())
.join();
std::print("{}", posts);

" Task 1 KOHTEKCT BbiNONTHEHUS OpTOFOHaﬂbeI!

Cm. Working with Asynchrony Generically: A Tour of C++ Executors - CppCon 21 by Eric Niebler.


https://www.youtube.com/watch?v=xLboNIf7BTg
https://github.com/ericniebler

Rule #4:

Co3paBanTe opTOroHasibHbie M B3aMMO3aMeHseMble abcTpaKummn

= JlpobuTte abCcTpaKuMy Ha B3aMMO3aMeHSAEMbIE KYCOUKM.
= Peanunsynte N+M BapuaHTOB Balwlero koga eMecto NxXM,

= BpoxHoBnantecb STL. OpTOroHanbHOCTb AaHHbIX M @aNTOPUTMOB MOXKHO YCMELIHO
pPacnpoCcTpaHUTb Ha O4eHb MHOIMeE NpeaMeTHble obnacTu!

= Ecnumy Bac ecTb ABa CXOXKMUX KOHLLeNTa — AyManTe, OO/KHbI I OHW ObITb B3aMO3aMeHSeMbI.
BbibupainTe nogxogauwimin nofd Bawy 3agady TMn noanMopdusmMa:

= BupTtyanbHble hyHKLUM OS5 AMHAMUYECKOro noanMopdgursma.

=  Qverload sets gna cratmyeckoro nonMMopdm3mMa.



struct TwitterPost {
std::string author;
std::string text;
g

struct TwitterUser {
g
void deserialize(const Json &json, TwitterPost xvalue) {

value—author = json["author"];
value—>text = json["text"];

void deserialize(const Json &json, TwitterUser xvalue) {



VS

// Dynamic polymorphism.

class Deserializable {
public:
virtual void deserialize(const Json §json) = 0;

protected:
~Deserializable() = default;

T

struct TwitterPost : Deserializable {
std::string author;
std::string text;

virtual void deserialize(const Json &json) override {
author = json["author"];
text = json["text"];

iE

struct TwitterUser : Deserializable {

/!

virtual void deserialize(const Json &json) override {
//
}
iE

64 /108



[123456789]1 Move - Examine [+-1 monster or [*_] spot - [Z ] Abort

HHHHHHHF RS R B HHSH
R # HHSHHSHHHHHHHHHHHHH S HHFHHFHH
HHAHHHHHH HH#LOHHH, Lo, # HAAAAANADAAARAANANANNN(AAAAAY
#.o..0.... # #o.0# H.oo L. # HAHHHBHHHHHHHHHHHHHSHHFHHSH
..., HHHHHHS OB K. L. # A #AH#
#....... /.. # . # o A # 4
#0000, HHHHH S HyHH4/ HEHAHHE HUH, B Hi#, ,  HAH
#....... # #.# #.... . # #C....C..... ... .. #....# #
#0000, # HUHHS+HAHAHHSRHS . @ % LW B
#..0..... # .. .. #.oH#..... Covvvnin . #....#*¢
——————————— o, . L HH
A tunnel. | ##
| #AH#

Yug-Saggath, the great blue wyrm.
Hostile. Somewhat experienced. Not
injured. [MJonster memor

Ig skel St:39 Le:26 Wi:20 Dx:25
DV/PV:105/44 H:584(587) P:84(136)
Blessed Satiated Burdened Coward

| R T T T T

# #AAA AAAAAA A AAA AAAAAAA#

Wit 4 HHHHHHHSEE AR R R R HHHH S HH

........ #
HoHHHHAAHRHS
HH#H#H
To:41 Ch:29 Ap:14 Ma:19 Pe:20
Exp:34/7636445 MT Sp:126

N

65/108



class Equipment {
public:
virtual void onUse() = 0;

IE



class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {
public:
virtual void onAttack(Monster &monster) = 0;

//

1
2
3
4
5
6
7
8
9
0
1

[EY

Ig




class VampiricSword : public Weapon {

public:

g

virtual void onAttack(Monster &monster) override {

Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5);
monster.takeDamage(damage);

Damage healing(DMG_DARKMAGIC, damage.amount / 2);
owner().heal(healing);



class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {
public:
virtual void onAttack(Monster &monster) = 0;

//

VoOoONOOUIPH WN

IE

class VampiricSword : public Weapon {
public:
virtual void onAttack(Monster &monster) override {
Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5); // Create a damage instance for 3d5+5.
monster.takeDamage(damage);

Damage healing(DMG_DARKMAGIC, damage.amount / 2);
owner().heal(healing);




class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {
public:
virtual void onAttack(Monster &monster) = 0;

//

VoOoONOOUIPH WN

IE

class VampiricSword : public Weapon {
public:
virtual void onAttack(Monster &monster) override {
Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5);
monster.takeDamage(damage); // Send it to monster, this call updates damage.

Damage healing(DMG_DARKMAGIC, damage.amount / 2);
owner().heal(healing);




class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {
public:
virtual void onAttack(Monster &monster) = 0;

//

VoOoONOOUIPH WN

IE

class VampiricSword : public Weapon {
public:
virtual void onAttack(Monster &monster) override {
Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5);
monster.takeDamage(damage);

Damage healing(DMG_DARKMAGIC, damage.amount / 2); // Heal the player for half the damage dealt.
owner().heal(healing); // Also, it's DARKMAGIC!




class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {
public:
virtual void onAttack(Monster &monster) = 0;

//

VoONOOUTHS WN -

IE

class VampiricSword : public Weapon {
public:
virtual void onAttack(Monster &monster) override {
Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5);
monster.takeDamage(damage);
Damage healing(DMG_DARKMAGIC, damage.amount / 2);
owner().heal(healing);

}
//

I5

class Shield : public Equipment {

public:
virtual void onTakeDamage(Damage &damage) = 0;
//

b




VoONOOUTHS WN -

class Equipment {

public:
virtual void onUse() = 0;
//

g

class Weapon : public Equipment {

public:
virtual void onAttack(Monster &monster) = 0;
//

g

class VampiricSword : public Weapon {
public:
virtual void onAttack(Monster &monster) override {
Damage damage(DMG_PHYSICAL, rollDice(3, 5) + 5);
monster.takeDamage(damage);
Damage healing(DMG_DARKMAGIC, damage.amount / 2);
owner().heal(healing);

}
//

I5

class Shield : public Equipment {

public:
virtual void onTakeDamage(Damage &damage) = 0;
//

15

class SpikedShield : public Weapon, public Shield { //
A oo
15




class Event {
public:
EventType type;



class Event {
public:
EventType type;
Y/
}

class Behaviour { // Behaviours are composable pieces of event-handling logic.
public:
virtual void process(Event xevent) = 0;

//

1
2
B
4
5
6
7
8
9
0
1

(I




class Equipment {
public:
std::vector<std::unique_ptr<Behaviour>> behaviours;

b



// First event: sent to player's items to populate the damage rolls.
class AttackOutEvent : public Event {

public:
std::vector<Damage> damageRolls;
//

};

// Second event: sent to monster's items to apply armor & protection.
class AttackInEvent : public Event {

public:
std::vector<Damage> damageRolls;
//

};

// Third event: sent back to player's items to notify of success / failure.
class DamageEvent : public Event {

public:
std::vector<Damage> damageRolls;
//

};
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class WeaponBehavior : public Behaviour {
virtual void process(Event *event) override {
if (event—type = ATTACK_OUT_EVENT)
return;
AttackOutEvent xe = static_cast<AttackOutEvent *>(event);

e—damageRolls.push_back(Damage(
owner(),
DMG_PHYSICAL,
owner().rollAttack()

));
}

class ArmorBehavior : public Behaviour {
virtual void process(Event *event) override {
if (event—type = ATTACK_IN_EVENT)
return;
AttackInEvent xe = static_cast<AttackInEvent *>(event);

for (Damage &damage : e—>damageRolls)
if (damage.type = DMG_PHYSICAL)

damage.amount = std::max(0, damage.amount - owner().armorClass());

b
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if (event—type % ATTACK_OUT_EVENT)
return;
AttackOutEvent xe = static_cast<AttackOutEvent *>(event);



10
11

WeaponBehavior : Behaviour {
process(Event *event) {
(event—>type ATTACK_OUT_EVENT)

1
AttackOutEvent =*e AttackOutEvent *>(event);

e—>damageRolls.push_back(Damage( // Record a damage roll
owner(),
DMG_PHYSICAL,
owner().rollDamage()

));

ArmorBehavior : Behaviour {
process(Event *event) {
(event—type = ATTACK_IN_EVENT)

1

AttackInEvent =xe AttackInEvent (event);

(Damage &damage : e—damageRolls)
(damage.type DMG_PHYSICAL)
damage.amount std::max(0, damage.amount owner().armorClass());
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if (event—type = ATTACK_IN_EVENT)
return;
AttackInEvent xe = static_cast<AttackInEvent *>(event);



for (Damage Sdamage : e—>damageRolls)
if (damage.type = DMG_PHYSICAL)
damage.amount = std::max(0, damage.amount - owner().armorClass());



class VampiricBehavior : public Behaviour {
virtual void process(Event *event) override {
if (event—>type = DAMAGE_EVENT)
return;
DamageEvent *e = static_cast<DamageEvent *>(event);

int totalDamage = 0;
for (const Damage &damage : e—damageRolls) {
if (damage.source = owner() & damage.type = DMG_PHYSICAL)
totalDamage += damage.amount;

if (totalDamage < 1)
return;

sendEvent(
owner().owner(),
SpellEvent(
owner(),
SPELL_VAMPIRIC_HEALING,
totalDamage / 2

);



if (event—>type = DAMAGE_EVENT)
return;
DamageEvent xe = static_cast<DamageEvent *>(event);



int totalDamage = 0;
for (const Damage &damage : e—>damageRolls) {
if (damage.source = owner() &5 damage.type = DMG_PHYSICAL)
totalDamage += damage.amount;



class VampiricBehavior : public Behaviour {
virtual void process(Event xevent) override {
if (event—>type == DAMAGE_EVENT)
return;
DamageEvent *e = static_cast<DamageEvent *>(event);

int totalDamage = 0;
for (const Damage &damage : e—>damageRolls) {
if (damage.source = owner() &5 damage.type = DMG_PHYSICAL)
totalDamage += damage.amount;

if (totalDamage < 2) // Vampirism kicks in at totalDamage > 2.
return;

sendEvent(
owner().owner(),
SpellEvent(
owner(),
SPELL_VAMPIRIC_HEALING,
totalDamage / 2




15
16
17
18
19
20
21
22

VampiricBehavior : Behaviour {

(Event ) {
(event—type DAMAGE_EVENT)

1

DamageEvent =*e DamageEvent (event);
totalDamage ;
( Damage &damage : e—damageRolls) {
(damage.source @) damage. type DMG_PHYSICAL)
totalDamage damage.amount;
(totalbDamage )
sendEvent( // Send vampiric healing event to the player
owner().owner(), // for half the damage dealt.
SpellEvent(
owner(),

);

SPELL_VAMPIRIC_HEALING,
totalDamage / 2
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Rule #4:

Co3paBanTe opTOroHasibHbie M B3aMMO3aMeHseMble abcTpaKummn

Ha BbiIXxooe nMeeM HEBEPOATHYIHO rmbKocCTb:

auto VampiricSword = WeaponBehavior() & VampiricBehavior();

auto SpikedShield = WeaponBehavior() & ArmorBehavior();

auto CrownOfChaos = ArmorBehavior() & CorruptingBehavior();

auto SwordOfFireballs = WeaponBehavior() & RandomCastBehavior(SPELL_FIREBALL, 0.01);
auto RingOfIce = ResistanceBehavior(DMG_WATER, 0.0) &

VulnerabilityBehavior(DMG_FIRE, 2.0) &
FreezingBehavior();

M Tenepb Ball reMM-ausaiHep 340P0BaETCA C BaMM 3a PyKy!

A elle Mbl Ha caMoM pgene npuaymanu Yactb Entity Component System (ECS). PekomeHgyto
poknapg Brian Bucklew npo Caves of Qud.


https://www.youtube.com/watch?v=U03XXzcThGU

// Fetch twitter posts asynchronously.
Task< TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([](std:: string view jsonData) {
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;

1)
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// Fetch twitter posts asynchronously.
Task< TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
return network
.request(makeNetworkRequest(opts))
.then([](std:: string view jsonData) {
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;

1)

VS

// Fetch twitter posts ... asynchronously?
TwitterPosts fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
auto jsonData = network.request(makeNetworkRequest(opts));
TwitterPosts result;
deserialize(Json::parse(jsonData), &result);
return result;

90/108



VS

// Fetch twitter posts asynchronously!
CoResult<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
auto jsonData = co_await network.request(makeNetworkRequest(opts));

co_return result;
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VS

// Calls allocate a coroutine frame.
CoResult<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {
auto jsonData = co_await network.request(makeNetworkRequest(opts)); // Also allocates.
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VS

// Should be called with co_await, turning caller function into a coroutine ...
CoResult<TwitterPosts> fetchTwitterPosts(Network &network, const TwitterFetchOptions &opts) {

Cm. What Color is Your Function by Bob Nystrom .
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https://journal.stuffwithstuff.com/2015/02/01/what-color-is-your-function/
https://github.com/munificent

Rule #5:

Utepunpyntecnb!

= HaynHalTe C HanMcaHUsa KIMEHTCKOro Koga, NpobyinTe pa3Hble BapmaHTbl API, octaBnaite
TOT, YTO Nyulle NoaxXoauT NOA BalluM Use cases.

®» [Horpa pewenHusa HeT. g npuaTtHoOM rna3sy aCMHXPOHHOCTU HY>XKHa noaaep»kkKa stackful
KOPYTUH U3 KOPOOBKN. M1t MOXKHO CXOANTb Ha AOK/1a @apolukh/n

= |Horga MoXHo nonpaBuTb core language (npueeT mdspan).

= |Horpa y Bac y>ke ecTb nnoxowv APl — He cTecHanTecb nncaTbh aganTtepbl (MpuBeT
std:: chrono).

= Bawa uenb — pocrtatouHo xopowwunin API, cooTBeTCTBYIOLWMI BalLlM TpeboBaHUAM.

NpeanbHbix APl He 6biBaeT.


https://github.com/apolukhin

Cheat Sheet

1. MNMpoekTunpynte API Tak, 4TobbI €ro HeNb3sa 6bIN0 NCNOb30BaTh HEMPABUIIBHO.

Bce Bo3MOo)KHbIe criocobbl UCro/Ib30BaHUS Baiero APl 4o/mKHbBI Ui 0TpabaTbiBaTb KOPPEKTHO, U/ 3aBEPLLIATHCS
oLmnbKou!

2. Divide & Conquer: [dpobuTe!
Ha knaccbl, Ha Mmoayin, Ha byHKLMM, Ha C/10M ab6CTPaKLIMM.
3. TpaTbTe BpeMsl Ha NpuayMbiBaHME XOPOLUMX MMeH!
Ecnv He monyyaeTcs npugymMaTb HOPMasibHOE MMS — 3HaYUT Bbl MPUAYMasIn raoxyro abCcTpaKLUmio.
4. Co3pnaBanTe OpTOroHasibHble M B3auMO3aMeHsAeMble abcTpaKumu.
Xopolee npasBuio KOTOPoe oyt Bceraa BepHO — AaHHbIE OPTOroHasibHbI 1ormuKke. BanoxHosnsavitecb STL!
5. UtepupynTtecsb!

U »xaute cTaTtbio Ha Xabpe.



END



END



