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Modular MCU Development System

Fu Y1

Abstract  In the context of 8/16-bit MCUs and development boards based on them prevail,
this paper detects the inconvenience of using commercially available development boards and
modules, and designs and makes a prototype of an MCU development system called MEDS
to solve it. This system features complete modularity in both hardware and software. Modules
have unified hardware parameters, communicating through I°C bus. Based on event-driven
architecture, the system uses an extension to std: : function in the C++ standard library as
callback interface. It constructs an inheritance hierarchy and abstract module entities to
objects. The open-source system uses C to provide hardware drivers within a unified
interface, and thus general developers can participate in extending it. The system passes the
feasibility testing of an application example, showing the clear program structure and the

convenience of using. It is a solution to the problem and has a broad application prospect.

Keywords MCU, Modular, I’C bus, C++, Generic programming, Event-driven




|
ik

5.3
5.4
BNE

6.1

H >k

TTE T T B ettt 1
T TR G T 2R et 3
BHAE ettt 3
A et 4
IINBE RSt 5
BRUEZEY FRIRIHE TG SEI oo 6
Meds : :FUNCEION MUBEZIT oot 6
MedS 1 2 @VENt FIFE T ittt 8
BRBIHEAT IR T oo 9
Tag DISPALCRING .......vvvevooveereeeee oo 11
SEINAE ......ovooorevoesessssssesssssssee s 12
ZRBITZII oot 13
BRI SR IRE oot 16
BEEPE T oottt 16
BRI oo 17
BZRIEAE ot 17
FUABZEAE oo 19
MEDS HEZE I VLT oottt 20
TEFHIRBIZ oottt 20
LB R oottt 20
MBI ZRZ oo 21
IINBE e 23
I TG EFH SZ B oo 24

I B2 oottt ettt et r et et et rer s 24




0.2 SEFHTZAT oo e e e e e s e r s e 24

BT BEEERE et 28
BT TURR vttt 29
BEFSRE ettt 31
L. meds s tFUNCEION oottt 31
2. MEAS T IRVENT ittt et 49
3. BROEHUH GEIETE Mo 58
A PEFHEZBI oot 62




Hom WIRER

2018 4E, ABRAYCR S 737 MUBLE B 18.60 123501 RAF LRI 32 47
FFTHLA T ) A R, (B 8/16 AL LA — R 2, JF ERARA 1 TR

[12]

10 22
3.7
27

size in billion U.S. dollars

k
v

2012 2015 2016* 2019

@ 3/16-bit @ 32-bit

B 1R LT S R S 4 40
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W& TZ4RTE AR NIE, 8/16 NE NI K RS B .. 5 KM Flash
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by BT REAE TIE RN AT IR TR, bhll, B 5 Arduino Uno AR A — il
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ASEEL T A S A A, T MSStack & —aK CE AT 32 1) 52 UL K
ARG, EXFHEH Arduino IDE JF&, WA RMEH B E0F & KRR &K TH
UlFlow, J&#& ¥ BB LN MicroPython /RSP, #R1f1, X— RF1/ 53T 32 A fr
ML, s & 5t, FF HAUA H MicroPython A4 Refd FH IV HLE, 7ERARRIEALIN 7T S =
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MEDS (Modular Electronics Development System).

2.1 gt

B EREE A S A 4 o PR b, F P R AR O E 7R B B BN
HARDRER S B BT SE W, 402 B A B HUE R B2 OB AS [F] 3
b, B FES O E TG, RO i A S B e TR DU R R A AR
Yo, T RAHLI0 Bl ECE BE, XREE T A BAA LR, 05— 2

T—/MEREE — R L, BT s S, R R Bk T g
FRMFRLL. EEEMEN AVR BAHLE, G 3FagkafiEf: SPL. PCY
USART.

SPI (Serial Peripheral Interface).ck £k /2 — Pl mpd 40 T AP AT B4R, fE R fL 5
/b A 3RGS54, ERMRAEZWRIEE, B2 — ks, IFHEZ WA
WA5 T4, XXPRG) TSR, RIATTIEM .

USART (Universal Synchronous and Asynchronous Receiver and Transmitter) sl 28 /& —
e T FPEEGR D B AT B2, AR R DG, 2 IR15 5B 2R a0 T,
{E B AR R B, 17 HAR 2 5 HLSE AL USART 5 UART A ASCREZ 8%
e, WAL,

I°C (Inter-Integrated Circuit) st 2% /& —Fl X0 TR BT R, R 2 WG 5 LA
WAE, SR 7 AR 10 Aok, fvVF2 ENIFAT LA ST, A A N
BBk SE TR A T SR BT e SR B R A B, FEEA TR
B, RGN SO VE R B AT . SR, ERT AR ZAN AT B AT IR
T, X/& MEDS [ME—i#8, [FIIAEBTT b A2 AT DUEE S X S8 ] jR R . K 22 30 ATLER
SCRF 400kbps (4R, XA AT DAESZ . RHE °C HiA%, 7 [tk ek -
mETLE 112 MREDP, X THRRGRUEE LY T .

FERGE TEH] PC i BRI Ja sy — A T R A R 2 AL A2 A BRI
o AR AR 2 — R 7 %, (Y5 MEDS Wit H BIMHP &, Bl 1 B %
BT B R BRI, RPN RO — A R ME R RS, B
A 4 BFAOHPEE A HERE RS . IR 1 BT AR nT DL B P 4%
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SR, NP RE KK R PR SR AR . QUERARGH MR T —FhE AL
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TIAFMIF R I TEUE, MEDS 48 I R RE R 122 25 M WL R HLDRESR & 1 5C
o FR, XTARBEAH S, NiZHg K APLHERZ SRR R, %4
RGBT 5 3 FF.

8/16 KBy BT & Al RIS FETE 5 A1 C A C++. LS EIEE T8/, C
RHEFAERMES, ERAIITRTIIRCAE L, (ARSI TT R RBLE T
R, XI7H CHAL, T CHREMEERER. RAAkE, BRI
PR B SR O T AL R A B B, RSB B S A i SO R R, B
FHAFIRBEHHLH AT R G5 P 2 1B A B

XEF R AEBT S, S IR AL A SR DU I A oA B [ B PR AR B 30, B
S PR el A OB ER  77 RSe B BT PC B A A IR, Ff T 2 5 K& a2k
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T SEBVAT R, B R BN BT A A FAF AL B R B, R B SIN—JR [H]
&, EDENAR RO . REEREE M E LRSI, (HiR DR [E, AJ5 R
ZHATERAE, M0 CH+11 $24EM lambda RIE,  FRVFLMESSI AT AR &, Rk
PESRBLHT std: - function AT AL IR R B Sk, 2 —MEEOURERISCIL, At 4
% T 45 R A4 B RRIL

BEPALER A AF 2 IR RS S R BERRAS, B R B BN 12 R 457 — R G
1B, WRAZ AN EHTFEAME —NFE, M ANZRHELUER. C#TH delegate &
— WA E T, B delegate SEBIER W AR AT, AR I BN TT AR
BERA o IR LR DU B T DU R RS A ALE, T LB IS R
B AN 53 SLAE AT S W] A8 A S A b, SR C+H+I) std: : function ANSCHF
operator==, boost EISCRYHARATE H, BUONARESZENT, Fr AT szEil,

ST, ST AR R GE, 1S 2R LR TR . ik 8/16 L5l
SCHF CHgfe AR R EE — D2 NS RNE, Y CHpriEE
std::function, H—MEGHEUL R HLIF R RS SRBRAE Y [BRE D2 — el AT
5%

2.3 /NG

Z Ik, MEDS R 2 e, Zsul MEDS )58, G2 TIEETm. 3
SR EPSEEY R S S ) — e 1 SRR IR MEDS S S
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std::function KA SCHF operator==1Mi LiZFHE L ERICHM R B, [, &
HEEGE — o R, ARERN GG A RBHIA S, KRG T ER RN TEE . 7EbriE
FErt, std::bind et 7RG A REUEHG I R, FINGEREGEE S8, AR
std::bind [FJSEHL LR E 24, MELLSINAT operator==F)3C K, K, XX %5 Rk
BHA S R ROZ B AR INTE std: :function ¥ &, Bl meds::function 1. 7EIL
Hhfiz b, meds::event F T35 £ /> meds: : function S, FHSZILBNZSMIME 2 #
T RE .

B meds: :function Fl meds: :event ;& WAL HLF K RAE NS, (HEAITE
HIMAE WA N, B IX AR NAZ B G S S . B 1R 2 9050
meds: : function fll meds: :event FJYFACAY .

3.1 meds::function HJHE

meds: : function s& — MM, HBRSEHCREEN, AFHREMESSH:

1. template <typename>
2. class function;
3. template <typename R, typename... Args>

4, class function<R(Args...)>;

Rl A7 5 4 Bl B D T

1. function() noexcept = default;

2. function(std: :nullptr_t) noexcept;

3. function(const function& _other);

4. function(function&& _other) noexcept;

5. function& operator=(std::nullptr_t) noexcept;

6. function& operator=(function _other);
7. ~function() noexcept;

8. void swap(function&) noexcept;

9.

10. template <typename F>

11. function(F _functor);

12. template <typename F>

13. function& operator=(F _functor);
14.

15. template <typename T, typename M>
16. function(T _obj, M _mem);

17. template <typename T, typename M>

18. void assign(T _obj, M _mem);



19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

explicit operator bool() const noexcept;
R operator()(Args...) const;

template <typename T>
T* target() noexcept;
template <typename F>

const F* target() const noexcept;

template <typename T, typename M>
std::pair<T*, M*> target() noexcept;
template <typename T, typename M>

std::pair<const T*, const M*> target() const noexcept;

template <typename R, typename... Args>
bool operator==(const function<R(Args...)>& _lhs,
const function<R(Args...)>& _rhs) noexcept;
template <typename R, typename... Args>
bool operator!=(const function<R(Args...)>& _lhs,

const function<R(Args...)>& _rhs) noexcept;

template <typename R, typename... Args>

void swap(function<R(Args...)>& _lhs, function<R(Args...)>& _rhs) noexcept;

meds: : function LR KEE D5 C++11 7 std: : function [f2 NI B4

o ASCRFERIMI R R B E N R G, X2 RN meds: : function SCREXT SN
B BB B R, AR AN T

o HEREY assign FASCHF allocator;

o I3 FF target_type J7i2:, IXAERN meds: :function ] HEALEE NN G .

FHEL std: :function, meds::function A PN AN 41 -

o ITMIEMRELS assign ik, HEZ X REL std: :reference_wrapper S
%1 5 — A Bl R R B E RS

e operator==H T A E .

HH, operator==H|3E M i ikeE:

1. P meds: :function LB ANFE, R[A] false;
2. WSRAEER RN RIRTIARE, RIFl false;




4. WHR

3. WUERBREN %2 std: :reference_wrapper SZ], 3R [B] Ho A0 208 (48 41 & 75 4
5,
PRHOO % 8 T HA A S FF operator==[f128%AY, NiR[A] false;
5. WEREREO RINETSHF operator==, IR [EIFHEER,
6. WRALE X RE A RBERES, IEEHE AREH R B IF .

pointer reference_
equal? wrapper?

E§élmeds::function::operator==$ﬂﬁfﬁﬁf¥

3.2 meds::event 4

10.

11.

meds: :event W& — /NN, HIRSEE meds: :function MIE. B 7vEUn

event();

event(const event& _other);
event(event&& _other);

event& operator=(event _other);
~event();

void swap(event& _other);

template <typename F>

event(F _functor);

bool add(const function_type& _func);




12. bool add(function_type&& _func);

13. event& operator+=(const function_type& _func);
14. event& operator+=(function_type&& _func);

15. template <typename... A>

16. bool emplace(A&&... _args);

17.

18. template <typename... A>

19. bool remove(A8&&... _args);

20. event& operator-=(const function_type& _func);
21.

22. bool empty() const;

23. bool empty removing(const function_type& _func) const;
24.

25. void clear();

26.

27. void operator()(Args... _args) const;

28.

29. template <typename F>

30. void for_each(F&& _functor) const;

meds: :event )% 15 C#H Y] delegate Z¥{L, L add Fll remove J5 ki Nl
F£— meds: :function M EHIL, FJFEF T operator+=5 operator-=, N5
MR EAEE LS . operator () Z & A meds: :event SEfILRAF I ZHE L1,
for_each J7VE SRV Pl i 2465k

meds: :event HFYIdE BRI EHESZ — D REON G, F T8 BT S B0 IS5 B o
HE PR INENER —NRAER, ZREOT R, X R oV AR SE
BRI PAT —LEAH RL R AR, EEAn 528 P ) — N7 meds: event WIN—NZATH ]
DABE ECR/ Y 30 SiibR

3.3 RAERE ]

24 meds: : function SEBIHE — AN EREO REREHER UG, TRAFITEIX AN R IKE
BT, PRAE meds: : function SEAFIHE DU M4 (I, ASBE ELHE F R 2800 G AR AH B
B, FTEGINEREER BT . BT 5 IR B A ) 2, R ek X AN S
AT, BB FH BRSO B R AL 20X 28 5 SRR 5 (R #RAE

RO R R TTIEA M, —REH I Prig. A E ST Al
ZHI, R REREBN R, RFRELMSEW. ik, 77X T E A
PR BRI T TR AR v BUR RS 1 L3 eR SO0 G4 D8 R A 1) BR K

1. enum class function_manager_operation




3. target, clone, destroy, compare

4, }s

5. template <typename F>

6. bool function_manager::unary_manager<F>:

7. manager(function_data_wrapper* _dst, const function_data_wrapper* _src,
8. function_manager_operation _op)

9 {

10. switch (_op)

11. {

12. case function_manager_operation::target:

13. {

14. _dst->reinterpret_as<const F*>() = reinterpret_cast<const F*>(
15. object_manager<function_data_wrapper, F>::target(_src));
16. break;

17. }

18. case function_manager_operation::clone:

19. object_manager<function_data_wrapper, F>::clone(_dst, _src);
20. break;

21. case function_manager_operation::destroy:

22. object_manager<function_data_wrapper, F>::destroy(_dst);

23. break;

24, case function_manager_operation::compare:

25. return function_object_compare(*reinterpret_cast<const F*>

26. (object_manager<function_data_wrapper, F>::target(_dst)),
27. *reinterpret_cast<const F*>

28. (object_manager<function_data_wrapper, F>::target(_src)));
29. }

30. return false;

31. }

EANREA 3NMSH Dl — DRI M E IR S —MER
BAE R M AR . R 2SR R AT BE(E ] swtich-case BRI, FE70
T FHAH L 44

BN unary_manager F Tl UL R BT RIE L, 0T G0 E o B R £ 1S L
tH binary_manager AbEE, PN AME 2 584 —31, {8 meds: :function AJ LA
Gt — Hh AL BRSO o

meds : : function SEHITEWI LA LB AE I ORAT BRI EER £, 785 S2f e E bl R4
VIR L 5, X R B A A AR, BN meds: s function T4

1. template <typename R, typename... Args>

2. template <typename F>

10



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

function<R(Args...)>::function(F _functor)
{
if (detail::function_manager::valid_object(_functor))
{
detail::function_manager::unary_manager<F>::initialize
(&data_, std::move(_functor));
manager_ = &detail::function_manager::
unary_manager<F>: :manager;
handler_ = &detail::function_handler::

unary_handler<F, R, Args...>::invoke;

template <typename R, typename... Args>
function<R(Args...)>::function(const function& _other)

: manager_(_other.manager_), handler_(_other.handler_)

{
if (manager_)
manager_(&data_, & other.data_,
detail::function_manager_operation::clone);
}

3.4 Tag Dispatching

meds : : function 3% BN G AT ULy N RIRIGIL: BB RARFAAE

meds : :function LB, PLE BRECH RARSFLE heap I, 1M meds: :function SEHH £
A5 XM BETHERS /N R BT AT BAE heap FIFRES[A], $27F T HERE. X F—A
BARIIBRENT SR, meds: :function PAAIA T SUARAE B R B T2 B R AURFE

10.
11.
12.
13.
14.
15.
16.

using local_storage = std::integral_constant<bool,
std::is_trivially copy_constructible<T>::value
&& sizeof(T) <= sizeof(S)
&& alignof(S) % alignof(T) ==

static void clone(S* _dst, const S* _src)
{ clone(_dst, _src, local_storage()); }

static void clone(S* _dst, const S* _src, std:: true_type)

{
new (reinterpret_cast<T*>(_dst)) T(_src->template reinterpret_as<T>());
}
static void clone(S* _dst, const S* _src, std::false_type)
{

_dst->template reinterpret_as<T*>() =

new T(*_src->template reinterpret_as<T*>());

11




17. }

TEIXBACIYH, local_storage & —ANHgwiFas o 877 AW traits 28, X F BARM
B S, ESN std: i true_type Y std: :false_type. 55— clone B4 —
A local_storage RSB, MEHEHE ARV EE — B =1 clone %L, 73l4bHE
R 0N RAFMEAEAHLAN heap EAOEIL. IXFIEITH A tag dispatching! .

3.5 SFINAE

SFINAE (Substitution Failure Is Not An Error) #& C+H5AR JC 4w FE A 1 —Fh i T4
T3, ROAULERMAS 2, IR SH BRI, R 2T AE N
— AN R

HITHI 2 2 operator==0H @ LN H, FFERN— R EBH operator==, HJ
VLA F] SFINAE K523

1. template <typename T>

2. class function_equality_comparable

3. {

4. private:

5. using one = int;

6. struct two

7. {

8. one unused[2];

9. s

10. template <typename U,

11. typename = decltype(std::declval<U>() == std::declval<U>())>
12. static one test(int);

13. template <typename>

14. static two test(...);

15. public:

16. static constexpr bool value = sizeof(decltype(test<T>(@))) == sizeof(one);
17. };

FEIXANSEIL A, RBAR A E X T AR one 55 two, FFFATR EA TR/ NAFHEE .
test & — MEBBREKE, —MRASECH int, REMEA one KA, F—MRAEE
ZAESH, RIEMEA two KA. XfT—ABARR T R, R PFRGHFANKRA value
FILFEH, ZWiF2s SR test<T> (@) MIREMEZEM ., X T HEL | operator==Hi, FH—
NEFRHA R R, AREERRUOEN, E-ANEBRTE A, F value N
true; X T %A HI operator==i, F—PEBRIILHC KM, test<T>(0) RV
TAMEA, value A false, HIBLSZHL T RALETRH operator==[HE.
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3.6 ZHRMSEIL

—> meds: :event S| T EIRIEZ A meds: s function 52, FEE—MEIE AR
SEFIRAFf# . meds::function SEFIFREAELMFIREMA, MESAEMER, AF%E
BEALYT IR, RIBERE — M7 T . FH b, CHIY delegate /2 I BE R KA MK
ZAESEMIN . FENAFT ARSI, MBI 2, JF HR P S Ig N &4t
SIS, FHHER R AP A R A S AT I RE

std::list &2 DA TR, HEANFEATLKRAHT, BER R T EATE
T3, BB DY — A R . std::forward_list /ANBE BT (] 3 7ERE R 2 o 1
IR WERGES— MR Rim IAARES, WHEHE BRI, HHBRR
B, EEHE R RS IR, i, £ meds: :event g URERE VR

M5, B B ORAF R, 0l HE FBERR 0 Sk 45 AR Y
1. struct node

2. {

3. template <typename... A>

4, node (A&&... _args)

5. : function_(std::forward<A>(_args)...) { }

6. function_type function_;

7. node* next_ = nullptr;

8. -

1E add 5 emplace 7iEH, —> meds::function SLBIHARIE LS ok, R
e A 52 S, H HAREE B H IR EMEA true BIAAEAE, WIESE
RARBII—AT 05, H1Z meds: : function SEHIFEENAF R, F B H B4 M s
.

1. template <typename R, typename... Args>

2. template <typename... A>

3. bool event<R(Args...)>::emplace(A&&... _args)

4. {

5. function_type func(std::forward<A>(_args)...);

6. for (auto cur = delegate_; cur; cur = cur->next_)
7. if (cur->function_ == func)

8. return false;

9. if (!manager_ || manager_(this, event_modifier_operation::add, &func))
10. {

11. auto next = new node(std::move(func));

12. if (back_)

13. {

14. back_->next_ = next;

13




15. back_ = next;

16. }

17. else

18. {

19. delegate_ = next;
20. back_ = next;
21. }

22.

23. return true;

24, }

25. return false;

26. }

remove J7VESCTERER 1 FHRE S HAHEN meds : : function S|, A5 _FiRAH
[ I 70, INEER H IR IX — 15 o

o0

1. template <typename R, typename... Args>

2. template <typename... A>

3. bool event<R(Args...)>::remove(A&&... _args)
4. {

5. auto func = function_type(std::forward<A>(_args)...);
6. auto cur = delegate_;

7. node* prev = nullptr;

8. for (; cur; prev = cur, cur = cur->next_)
9. if (cur->function_ == func)

10. break;

11. if (!cur)

12. return false;

13. if (!manager_ || manager_(this, event modifier_operation::remove, &func))
14. {

15. if (lcur->next_)

16. back_ = prev;

17. auto next = cur->next_;

18. delete cur;

19. if (cur == delegate )

20. delegate_ = next;

21. else

22. prev->next_ = next;

23. return true;

24, }

25. return false;

26. }

RO S AR I BER, FRIRUCA AR — T P K meds : < function £, H
T 2O RFLIIR BMER A B TR [F] void.
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template <typename R, typename... Args>
void event<R(Args...)>::operator()(Args... _args) const

{
for (auto cur = delegate_; cur; cur = cur->next_)

cur->function_(_args...);

}

meds: :event L& fE T for_each ik, % —MEREN GIENSE, WIEERIE

RetF > meds: : function SEBIZT NS R, FoVFR ) XA ZALHEAT H € SRR
bedn, R EMECA AR DL, AR A& 241 lambda 7] ASEIL SOI0 IR [BIEL ) DI RE

10.

11.

12.

13.

14.

template <typename R, typename... Args>
template <typename F>

void event<R(Args...)>::for_each(F&& _functor) const

{
auto cur = delegate_;
for (auto cur = delegate_; cur; cur = cur->next_)
_functor(cur->function_);
¥

15




FHIUE AR O S AR

Mz [ ER VLA P, RERRRCT SO A% kg, REAEH
(B U B R SAR D, (E N EE25 & BIAR RN DL, A ZE R HLEAT 702K
PER—AIHRI TP RSE, | RIFREHRT S5 MEDS 99 e, {HREKH
IRV CNERRIEE T, RN IEAAAE 28T AR CH4ifE. 1 i MEDS
AEEMER, JRE APTMH] CIESEHS .

4.1 FE/ IS

BREP BN EEN 6em, B/NTEREY 4.5em,  PITA B SRR RN AR Z AN RS Y
BHULE . T RN RRRER, 20 EIARIETEECE 4 £ 90 FEE HEE, AiLY
IR IERRCE 4 £ 90 FEE HERE. X REORMRER, 7 ECE 2 AT SRR
fr B SRR IR R ERXFERIBEE T, bz (8] AE fdfs, Ao,

N T @A, BRI AT RN Smm B, B MR A 55 E A
HAZ 3mm L, HAOHEEPLYY Smm, BIER AR B0 IXEeFLA AT P2 de
M3 #822, PCB W] H [ R £E — BUAH R RS R 5 7 JERHR b, [ R i R 2% B 24
[, M.

o I pE@®

' o W 11T
I:,trlm

- Uhjsjk:__
”—ej}ikklljﬁ

rj! J'Ul

K 5 PCB [& & 75 52 /7R b
HEET SHERE AR 4 N5, M EBITFEMN AL A48 GND () . SCL (I°C
4f) . SDA (PCH¥E) 5 VCC (+5V HJR) . I MRE IR R 2k o R
e FAE — N TFEES D, HAHZEEE %, HHE R s YR a] LA BT IE B it
H .
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4.2 FRBRIZE

MH I L, BEHAT LAy e P AT G RE (0 A% oAbl 5 AT DL 08 P 4 B
IR, R SARRS . i GRS IR RAT A% ORER, T AR B A 7 ZE i 3 3
LBAETAR, WAEEIE. [EAERARZ, EHARBRAPLRS, W Arduino FIT AR
b, A MEDS PEJf s b IR, AR B DR R AR . B U, T
RARTEH T RO fy

EJRR B, MEDS i H A 5 M.

O, (] ATmega328P L5 HL, 5l 74T 10 M, 55 A5

LED ##itl, ## 8 NH & LED 5 2 4~ RGB LED:;
MRS SRR, MRER 2 MIEREEE, A 4N LED TH T RS E;
R, Mk 8 D 6mm AR S 2 MR L

WA R, WiE BLE 4.0 5HAMB T SRS, O S —DEA R

PSSR A PR EYE: SN S . X E P AXT MEDS i S/, 41 LED

REHUA i YR I A AT SN R M o — SRR RI N S N S el R B v, andE

R

FEIXFP 3 RTTVE T, AR a] AU R R i 8 4 2K

1 MK
N FH AR
it % U
i H A LD BEX o N B HH B R
. ‘ LED ik
NG| U e N Fo AR e W AR R
NS B AR L

43 s

£ 5 PC B ERIBRAEMIR AL i2ch v, A LRUF A

{

A v~ W N R

typedef struct

uint8_t size;
uint8_t* data;

} i2c_data_t;

typedef void (*i2c_callback_t)(i2c_data_t*);
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8. void i2c_init(uint8_t _address, i2c_callback_t _func);

9. void i2c_interrupt();

10. void i2c_address(uint8_t _address);

11. void i2c_send(uint8_t _address, uint8_t _length, const uint8_t* _data);

12. uint8_t i2c_receive(uint8_t _address, uint8_t _length, uint8_t* _data);

P typedef X TR, i2c data_t & —Fh&5ifik, @85 —NERS 817
BRF IR KN, —ANREHEBIEE: i2c_callback_t /2 RBUIREI A, SHN

i2c_data_t $8%l, iR[Fl void.

i2c_init I THIE6M PC BEAIR B, AMASH: _address WK T 8 fir %
R, FOR PCHubk, SALUZUA 05 _func AFIHREL, ZALFRSLEL ML 3L
24 i2c_data_t FRET TR size N o I, FoRIXE—DTWMNARAE, SOt [E] e
HNZACERIENE B H 8 data Frigiia &, BN size AR 2 size
Ik o i, FoRIX A FRMBCRIE, Lot [ R R data 3HL size DY,
FFAEEEAE L. IR EAE TR W hBER A, R AR TR, Rl e HE T ReA
2R

i2c_interrupt /& I°C TN 0. W5 A T R 55 F2 e 9l PR AE i S JE SO, 2
WA PTRERITE OTHAT IR RIS, B TR RS RE P I A i B R B0 AL, B
MR ENE, FETPATREF A W RS AR, TRl B bR S BUER
g, 0 HEREE TN, TN IR B R R P IR S AR, P B
PH i2c_interrupt BREL,

i2c_address RVFFEFFERTUGAK 58 LG U8 AN 1°C Mkl .

i2c_send HFfeE Bt/ RiE—EKEMNEE, =124 address NHIRK
S PC il _length AKEEIEAIKSE; _data MBI RIEZIRIRE . B4R
IEFEIERHZEN), Rk IR BRI B2 X d, R R KIS

i2c_receive H T MFeE & &l —w KEMEIE, A =122 _address NH
PRI PC il _length NEHUCEUR KL _data 38 IR A7 BTS2 B 2 (A1 1)
BEF. SATLURPHZER, DAEZMXETE. IS E A RER R, R EHE SRR
BRI EIE T .

PLE RS EREAEE D, BT REBRAEMSZIg, WX RN, 25 MH
DMA %, HSEBLE, 5#OTK. N TARKRAIT &, S&E8ERSLIEAR
M, (BEORY 1, 1415 MEDS f] LLg{TEAFKTF & L.
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4.4 HAbHMF

R 177 S ERAE LS, I — SRR SRR A HUT A PR I, g
25, R ADC 4. RBNEHEMHE T SeRE (R B ARAE, DhReidb, boands b H4g
TR S KA T AT e, BT S A R A SE O RE, Bzt BJR
PERSER. EEERE, WERRME T DT LRI, (R T X e R
PERIREFP AR 2 5 o

19




¥ MEDS HEZR 5% it

MEDS /& tH £ B LR R 5, M I REEs, BTREYe b 3 bt Bl ) i
(5, H—sE MR, BT TR R AT .

Bt B B PR, 5% TERT BT R i SO . IS LB Th
WL J7E R R, T TR G P 8 o K 5 R B 5 T P TR B

I 5
5.1 BHIRSNE

T AR SR A DG EERL Sy MEDS (B IRE) )=, OB R R
MREFHEAERX —RZ b R—ERAR R FHLT G B ERIES — K APL 2t
T MEDS I217 fir b T DR, AT G %k,

RiRZ A N AR R BE 22 1R 36 A 20 S B RO N SE 2 AT R s AR, H
Ja X, RO R AR IRAN R 2 B PR K B R R R g
) CHE s, TR AR P AN I C++, BRIt I 30 0 2 BE - #5 4F
ik, B R RS el PR AREER 73 0l 58 Ao

5.2 N HBBVEH)Z

R FIREERAT 3 T A U OB 2 ROk I s IR BRI, EiE
I IR I 2 A AR O ROR B . B R R B B R R, BB
A HATRE P B S 2k B3R 3 FhiAf: RO BB MR B IE (MT) -
RN IR EH (MR) N AR A A% OB HUAE (SR A — b (1 K 41
HAT @ ks, B AT R SO VEAIA, I g7 XU AL A

Instruction: Requested:

byte @ description index range description
0x00~0x0F reserved byte @ Bx08~0xFF button ©~7 pressed
Ox10~0x11 turn red LED off/on byte 1 Ox00-~0x083 switch @~1 status

Ox14~0x15 turn green LED off/on
Ox20~0x21 disable/enable buttons released event Callback:

Bx22~0x%23 disable/enable buttons pressed event byte @ description

Ox38~0x37 disable button ©~7 released event Bx00~0x0F reserved

0x38~0x3F enable button 8~7 released event Bx18~0x17 button @~7 released
Ox40~0x47 disable button @~7 pressed event Bx18~0x1F  button @~7 pressed
Ox48~0x4F enable button 8~7 pressed event 0x20~0x21  switch 0~1 turned off
Bx50~0x51 disable switch @~1 changed event 0x28~0x29 switch @~1 turned on

@x58~0x59 enable switch 8~1 changed event

6 AR &
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MT $d 15— 7 W RN AT IOERAE, BlEJa AT REA 4 T3 1 e, dss— A
TRGE . IXEEARFRNTR S TR IS 717 Al BRG] AOVE L A ex1e | exFF,
oxee % oxeoF JTRE TS, W T HE PC b, MR B,

MR Hf (4% 2 A B AT E SCo R A 2 R T A I8, 75 B0
BRBUAE ST I — N A3, AR B U B 2R 2

SR B4 1 28— 70 N N AELAE 1°C A2k E Rk, BE S B BdEAS S i B 47

E X o
CBEHAEER) 7E9%T Observer Pattern HTF 18 A4 HY 7 /b7 A FR R 41150, BT[] 1)

HHE PR EMEREAR/N, £ MEDS 1, BT 8 A HUAGH 1 5dE & — R ki, —#K
{EFHERL A, B SR Hf&dm 45 B, Jois H T MR #:4E. 2hm, X THETEHIEE
ATREBCN Ik U, FR R T DA, BARMRME . &S, miE T
o

B ESL A app.h BEIRGEECOANR

void app_init(uint8_t _address);
extern void receive(uint8_t _size, uint8_t* _data);
extern uint8_t request(uint8_t* _data);

void send(uint8_t _size);

U A W N R

extern uint8_t* buffer;

app_init FT¥IhML, B35 IP’C WIS Bl s B0 Mt

receive fl request 75 E N R 7 SEHLIHEE T, 4340 BE MT 5 MR #5245 H (1) 5k
P&, data NEHE, _size Fl request AR [AIME A KN,

send PRALE R ERIZEHRE, _size WA/, BENAFELE buffer 1, W TFHRN
o [Mfr BIHAAFIBCEdE, o5 St

IR B2 5 I 3 S T PR VSR APL, T LABREE O S0 5 S BESAR Y .
5.3 B OHRHU R =

BRBEAE AT I T AL R o« BV O 1) UML 28K, B¢ 3 DL

s 7 IR e B E Lo
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7 ARGk AR R

Module NFTAREHNELSE, ROMRIEFRRIT S SUE PC Mk i) i ok 4
CoreModule 54k 7K H Module 28, KIRIZOMBEHA LY ; AppModule R4k /K H Module
K, R OBEIAE iR H R RN R, ST REBREL callback, FEoR[ElE. LA
E 3 RER IR K.

ModuleCollection ZR[5L45 modules 43 AppModule SEfI) 5|, € 3L T handle
Jiik, MAEBARE YR callback. AHRHE, AppModule ZRIHIE B H0KE this
FREHF M4 modules. I2c ZEHUSEW i2c BHLSLRIRAE, Wi REH B 7%
callback yEMEIE, HA i@ T modules i M handle J5if%-

HI T Co+hr vHE R 7 A ) 4 26 B0 G =l Jo B A 25 A8 B8 (R0 4 A B o St
DRl X 2 4 JRy AR A A P AR S B i, DAORAIER 51 AR B AE A 2 BT 4n b

[16]

KRR N AL (3 G 4R 4k 7K 1 AppModule 2K, iy 4 # N ModuleXXX,
XXX NI A7 RS . TS AppModule H ) callback ik, A MINIE
PERRLIAE T ik b A0 B [R5 8, HARBEEO ik B 2, B Ui AppModule 1%
Tk

TR ANAL, B X—NFEHSHEE, BN YyyEventArgs, HA Yyy
AR AFR . — ST VAR, ket feb . PRI B R, A
TR E R T S KRR R ok, MO TR BRI S, s AR S 3k 5L
Preb, FRAE R B 1 Sk se 51

[F] i BR B meds: cevent /E N, FEMRSEN

void(std: :reference wrapper<ModuleXXX>, YyyEventArgs), %% meds::function
6, H lambda RiAX A S51E[ ] (ModuleXXX&, YyyEventArgs) {...}, 5 C#+HF)H
22



241 object sender, EventArgs e ZRfl. WIRAIFOLSH, 1 C++14 briE T AE
%[ ](auto, auto) {...}, FENNfEE.

WO Fh 5 4% K H CoreModule 2, H HIME— A% OB 4 FR A ModuleCOR,

B BN 2 T — N4 N core HISEHI . ModuleCOR AL T HAE MR 2L BHYR 1) 77
12, AFEHEE. GPIO. ADC. H %%, LRSS MR .

5.4 /NgE

F=m R RESNNA T MEDS FJ&AE875 . meds::function 5 meds: :event
AR ATHHE BT S B APLL TR R, SLEA R —
MY SIS B R HIT R RS, HoNFf s MEDS AlRERI N 5, JF
FA—N R FH SR B E IX — e B T AT 1
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FNTE NS N S

HET, MEDS {48 B, XERE AR AR, E, Bitd i
ZEAEE AT DA IS SR, KN P HI BN RS ERGUKREK
#E, e UNAETFZSE.

6.1 NMHZR

MEDS J& N T MR B T AR i BT, BRI AR — R X T K
W o BEEAL LS S AN B R P AR LKA A2k 55 B2 2% (R R P Jhi R e At
HoK,  AERE RS B (AR ST, A OO T AR, SRR AT TER I
SKITTIER RS B ThEe Lok AF N —IFERSE, HBR TREE S, IE AT B b B
ESIF AT o IF B R ZLESF IR, TF R ] LeRE MEDS FRJ565 At
@&

N RESR R P CTE S9SN, RS T SIS T, BB & A
RIS AR S, AT A — DTSR R 5, T RE AR DU RA I
#| MEDS 4 eATalid . — N A B i, REASOMSIRE, mtRess i A .
SIRACF SRR BRI T EEERAF 102, fE MEDS 288 h st ik i, AT el
TFmH, BN S—4bHT MEDS f1°F &

AR Iy RIS R TR h aRi Y, A IXEeks s MEDS 7] LLFE TAE
ERNIRT. d AR SR BT E L, BN TR AT, MEDS fE TRE IS X
JRAZRA M B BB B 6o A7 dh ERNEAUREE 14K, MEDS S+ 33
DR 5 3 BB A B D RE W] LU T R E O AR R, PR RSt . [RII
MEDS {845 1 3&E B AR, B B 5] 1) 10 S AT fE it B s ] Tolkzil
ARG AT LLKE MEDS [URERIE Y R GE A B, REIT AT LA A SRR I B B
KAEH MEDS. i R n] SR EOR 707 M, ARt w] DAAE 5 2 4 i it _E b AT 12
o

6.2 N FH LA

BOREL K MEDS 58— MR AT H . BUSIEH Bk (AT 4

EATEAFH T 4 AMEE: O, LED Bidh, g seiith St Bl
M b, —Ngite LED fE YRR AR E— A LSR5 iE s A, /T
FAE—A ADC ¥ 1 |5 LED B FRPAN 4% LED ML, Bt - — Nk 5)
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TPRAENETT R 8 ML L 8 NEFT, 4% NI, LED #idh | —/MT=iE,
(7 I e ) AR SRR IR BRI 45 AR I [ i 22 IS B AT RIS e s 3Rt
WS, FTATAT IR A, S 35 BRGS0 .

R ‘_rl‘-"’ e

&l 8 Hl MEDS #4 2 [#135 H
SEREARRD WLF 3R 4, 31X B G 2 yH
MBI R GO R, @I RE S A

auto& led = meds::ModuleLED: :abstract(0x20);
auto& bzr = meds::ModuleBZR::abstract(0x30);

auto& btn = meds::ModuleBTN: :abstract(0x40);

main P A ] lambda VENT T ANFAF, 0 RIARIEF I SHHAT AR, $R300T

R F AT B H A A AR -

10.
11.
12.
13.

14.

btn.Slide += [](meds::ModuleBTN&, meds::SlideEventArgs e) {

switch (e.what)

{

case meds::SlideEvent::off:
btn.button().enable();
btn.Button -= onButtonChanged;
led.bar().set(9);
led.rgb().off();
bzr.buzzer().off();
break;

case meds::SlideEvent::on:
btn.Button += onButtonChanged;
btn.button().disable();
led.rgb().random();
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15.
16.
17.

A W ON R

A W N R

ma1n

B
J&
7]

break;

s
BEJS, ARAE AT ERES, BRI kA, DAL IR A RS «

if (btn.slide(1).status())
btn.Slide(btn, meds::SlideEventArgs(1l, meds::SlideEvent::on));
core.Adc(meds: :AdcEventArgs (0, core.adc(@).status() ?

meds: :AdcEvent::higher : meds::AdcEvent::lower));

e, FEFPRM T, FFREASEER:

btn.slide(1).enable();
core.adc(@).enable(meds: :AdcEvent: :window, 128);

while (1)
FERXAME 5, fEALHIRR AR T B s

1 I }
I I I
i i i
i i i
i | i
I i
i i
[} }
I I
| i
] }
i |
callback— Py i
i
display— P
- ——return=~— .
i
—-return-—— :
] }
| i
| i

TAEEE M 3 B A RAREAMEG, IR A AR R ) 4R 5 T el 4 1

BB IR, W E AR, Rk, SRR b b
Yot FEHATHRLI EE K EL . main BB SR, R FEEVILAL K
— AN DAORIERE P FF B8 AT o A0 R T B0 B BCAR BE DRAE A BT 22 42, main BR3K

DA R i A .
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FEFF AW LUIEH TAEN, B R Ao . XA S5 ], MEDS HEZE1H
BT RAT I Ak, WS AXERBL, FERPERTEN, P TAEAER Rt
BrEcGe, JESE RS BB, B T

Pbr b, ZATHPWREAEZ, — AR U A L8810 10 1R L%
H, HAESWRAEROR EBAEEN. ST ESANTE, a7 DU T Ak )
AL, (AL R G E B (S, AR E e et s & R, T
B tE HRe/E R — R A ML B BRI, Mi{E H MEDS AT DL LRS- & 32 FF,
WEPE 53 BT I R PR AIRRR &, (ERE P S TEIE T, FRENA S . Bz, A
MEDS A Py R VF 28 F]
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AR A HITARBATRI T ST, KBTI i 5 iy B sk, MR

FtE D45 REE

LR BRI B I N R, MARERHR . BEA it rIf
SEHL, SE/K T MEDS MRAL, IRt TERN AR, RSt S

EHEMIEE TS TTA -

1.

H C++%%'5 T meds: : function fll meds: :event P PEEMN, FIEY B T i
FEH std: :function [NINRE, Ja3& FIAH AT SCEL 7 280 DI6E. WA TE C++

GwAEHIE M, AT LA I B AR I RAEE
St — P g AL I B A LR SR SEILT S, AERT— 2R LA b vt IF )
PR TIRA, B0k 77 RAGW AT EITR. B E . AT, MR
7 ATRAE G HORTAAE R R, SN T I A

SR, B 2 JRAY, MEDS ik A 5e k.

RS- g i AE A% Lo B L 5 B TR R PP oy, AR B 59 e
ARG AAAEVE IR, QR 20T v 7 SN 1), 520 2R 8 P S A
BERIAR, BHEE SRR, fEIELRR b DLSEEL—> 58 B 1
Hs

H RIS A ORI SRS, AR PR A TR, T k5 18 AR LU BSRR
£l o

Kk, AT 5E% MEDS, LU LAEFREEMK:

AN, U SCELR AO4RTY, SR EHR G LA AL R, SRR AT SR
BRI 2, BEM S5 H0E, AGREFE. 2k

£ MEDS 41 K& H, Bigthi1Z 5 R/ 51y, JFRIEMAIN @I e E

Y,
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b =%
"B ATACHS WA
meds: :function

function.h

#include "pch.h"

#ifndef MEDS_FUNCTION_H

#define MEDS_FUNCTION_H

#include <exception>
#include <type_traits>
#include <utility>

#include <memory>
#include "../refwrap/refwrap.h"

namespace meds

{

template <typename>

class function;

template <typename R, typename... Args>

class function<R(Args...)>;

namespace detail

{

template <typename... Args>

struct function_argument_type { };

template <typename Arg>

struct function_argument_type<Arg>

{

using argument_type = Arg;

s

template <typename Fst, typename Snd>

struct function_argument_type<Fst, Snd>

{

using first_argument_type = Fst;
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44.
45.
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48.
49.
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59.
60.
61.
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63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

using second_argument_type = Snd;

s

class function_data_field
{
public:

using data_type = void*;

template <typename T>

T& reinterpret_as()

{ return *(T*)this; }

template <typename T>

const T& reinterpret_as() const

{ return *(const T*)this; }

private:

data_type data_field;
¥

class function_data_wrapper
{
public:
using first_type = function_data_field

using second_type = function_data_field

template <typename T>

T& reinterpret_as()

{ return *(T*)this; }

template <typename T>

const T& reinterpret_as() const

{ return *(const T*)this; }

first_type * get_first_ptr ()
{ return std::addressof(first_field); }

second_type* get_second_ptr()

E}

E}

{ return std::addressof(second_field); }

const first_type * get_first_ptr () const

{ return std::addressof(first_field); }

const second_type* get_second_ptr() const

{ return std::addressof(second_field); }

template <typename T>

T& reinterpret_first_as ()

{ return *(T*)std::addressof(first_field); }
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82. template <typename T>

83. T& reinterpret_second_as()

84. { return *(T*)std::addressof(second_field); }

85. template <typename T>

86. const T& reinterpret_first_as () const

87. { return *(const T*)std::addressof(first_field); }
88. template <typename T>

89. const T& reinterpret_second_as() const

90. { return *(const T*)std::addressof(second_field); }
91.

92. private:

93. first_type first_field ;

94. second_type second_field;

95. };

96.

97. enum class function_manager_operation

98. {

99. target, clone, destroy, compare
100. };

101.

102. template <typename T>
103. class function_equality_comparable
104. {

105. private:

106. using one = int;

107. struct two

108. {

109. one unused[2];

110. };

111.

112. template <typename U,

113. typename = decltype(std::declvalcU>() == std::declval<U>())>
114. static one test(int);

115. template <typename>

116. static two test(...);

117.

118. public:

119. static constexpr bool value = sizeof(decltype(test<T>(0))) == sizeof(one);
120. };

121.

122. template <typename T>
123. typename std::enable_if<is_reference_wrapper<T>::value,
124. bool>: :type

125. function_object_compare(const T& _lhs, const T& _rhs)
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126. {

127. return std::addressof(_lhs.get()) == std::addressof(_rhs.get());
128. }

129. template <typename T>

130. typename std::enable_if<!is_reference_wrapper<T>::value

131. && function_equality_ comparable<const T&>::value,
132. bool>: :type

133. function_object_compare(const T& _lhs, const T& _rhs)
134. {

135. return _lhs == _rhs;

136. }

137. template <typename T>

138. typename std::enable_if<!is_reference_wrapper<T>::value

139. && !function_equality comparable<const T&>::value,
140. bool>: :type

141. function_object_compare(const T& _lhs, const T& _rhs)
142. {

143. return false;

144. }

145.

146. struct function_manager

147. {

148. using manager_type = bool (*)(function_data_wrapper*,

149. const function_data_wrapper*, function_manager_operation);
150.

151. template <typename S, typename T>

152. class object_manager

153. {

154. private:

155. using local_storage = std::integral_constant<bool,
156. std::is_trivially copy_constructible<T>::value
157. && sizeof(T) <= sizeof(S)

158. && alignof(S) % alignof(T) == ©

159. >3

160.

161. public:

162. static void initialize(S* _tar, T&& _obj)

163. { initialize(_tar, std::move(_obj), local_storage()); }
164.

165. static const void* target(const S* _tar)

166. { return target(_tar, local_storage()); }

167.

168. static void clone(S* _dst, const S* _src)

169. { clone(_dst, _src, local_storage()); }
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static void destroy(S* _tar)

{ destroy(_tar, local_storage()); }

private:
static void initialize(S* _tar, T&& _obj, std::true_type );
static void initialize(S* _tar, T&& _obj, std::false_type);

static const void* target(const S* _tar, std::true_type );

static const void* target(const S* _tar, std::false_type);

static void clone(S* _dst, const S* _src, std::true_type );

static void clone(S* _dst, const S* _src, std::false_type);

static void destroy(S* _tar, std::true_type );

static void destroy(S* _tar, std::false_type);
¥

template <typename S, typename T>
class object_manager<S, reference_wrapper<T>>

: public object_manager<S, T*>

{

public:
static void initialize(S* _tar, T*&& _obj) = delete;
static void initialize(S* _tar, reference_wrapper<T> _wrap);
static const void* target(const S* _tar);

¥

template <typename F>

class unary_manager

{
public:
static void initialize(function_data_wrapper* _tar, F&& _fun);
static bool manager(function_data_wrapper* _dst,
const function_data_wrapper* _src, function_manager_operation
¥

template <typename T, typename M>

class binary_manager

{
public:

static void initialize(function_data_wrapper* _tar,
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214. T&& _obj, M&& _mem);

215.

216. static bool manager(function_data_wrapper* _dst,

217. const function_data_wrapper* _src, function_manager_operation _op);
218. };

219.

220. template <typename T>

221. static typename std::enable_if< std::is_convertible<T, bool>::value,
222. bool>: :type

223. valid_object(const T& _obj)

224. { return _obj; }

225. template <typename T>

226. static typename std::enable_if<!std::is_convertible<T, bool>::value,
227. bool>: :type

228. valid_object(const T& _obj)

229. { return true; }

230. };

231.

232. struct function_handler

233. {

234. template <typename R, typename... Args>

235. using handler_type = R (*)(const function_data_wrapper&, Args...);

236.

237. template <typename F, typename R, typename... Args>

238. class unary_handler

239. {

240. public:

241. static R invoke(const function_data_wrapper& _ptr, Args... _args);
242. }s

243. template <typename F, typename... Args>

244 class unary_handler<F, void, Args...>

245, {

246. public:

247. static void invoke(const function_data_wrapper& _ptr, Args... _args);
248. }s

249. template <typename F, typename R, typename... Args>

250. class unary_handler<reference_wrapper<F>, R, Args...>

251. {

252. public:

253. static R invoke(const function_data_wrapper& _ptr, Args... _args);
254. }s

255. template <typename F, typename... Args>

256. class unary_handler<reference_wrapper<F>, void, Args...>

257. {
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258. public:

259. static void invoke(const function_data_wrapper& _ptr, Args... _args);
260. };

261.

262. template <typename T, typename M, typename R, typename... Args>

263. class binary_handler

264. {

265. public:

266. static R invoke(const function_data_wrapper& _ptrs, Args... _args);
267. }s

268. template <typename T, typename M, typename... Args>

269. class binary_handler<T, M, void, Args...>

270. {

271. public:

272. static void invoke(const function_data_wrapper& _ptrs, Args... _args);
273. }s

274. template <typename T, typename M, typename R, typename... Args>

275. class binary_handler<reference_wrapper<T>, M, R, Args...>

276. {

277. public:

278. static R invoke(const function_data_wrapper& _ptrs, Args... _args);
279. }s

280. template <typename T, typename M, typename... Args>

281. class binary_handler<reference_wrapper<T>, M, void, Args...>

282. {

283. public:

284. static void invoke(const function_data_wrapper& _ptrs, Args... _args);
285. }s

286.

287. template <typename R, typename... Args>

288. class function_invoker

289. {

290. public:

291. static inline R invoke(const function<R(Args...)>* _fun,

292. Args... _args);

293. };

294. template <typename... Args>

295. class function_invoker<void, Args...>

296. {

297. public:

298. static inline void invoke(const function<void(Args...)>* _fun,

299. Args... _args);

300. };

301. };
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class bad_function_call

: public std::exception

{

public:
bad_function_call() = default;
virtual ~bad_function_call() = default;
const char* what() const noexcept override
{ return "bad_function_call"; }

¥

. template <typename R, typename... Args>

class function<R(Args...)>

: public detail::function_argument_type<Args...

{
public:

using result_type = R;

function() noexcept = default;
function(std::nullptr_t) noexcept

: function() { };
function(const function& _other);
function(function&& _other) noexcept
{ swap(_other); }
template <typename F>

function(F _functor);

template <typename T, typename M>

function(T _obj, M _mem);
~function();

function& operator=(std::nullptr_t);
function& operator=(function _other)
{ swap(_other); }

template <typename F>

function& operator=(F _functor);

template <typename T, typename M>

void assign(T _obj, M _mem);

void swap(function&) noexcept;
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346.

347. explicit operator bool() const noexcept;

348.

349. R operator()(Args...) const;

350.

351. template <typename T>

352. T* target() noexcept

353. { return const_cast<T*>(const_cast<const function*>(this)->target<T>()); }
354. template <typename F>

355. const F* target() const noexcept;

356.

357. template <typename T, typename M>

358. std::pair<T*, M*> target() noexcept

359. { return *reinterpret_cast<std: :pair<T*, M*>*>(

360. const_cast<const function*>(this)->target<T, M>()); }
361. template <typename T, typename M>

362. std::pair<const T*, const M*> target() const noexcept;
363.

364. template <typename R1, typename... Argsil>

365. friend bool operator==(const function<R1(Argsl...)>&,
366. const function<R1(Argsl...)>&) noexcept;
367.

368. private:

369. detail::function_data_wrapper data_;

370. typename detail::function_manager::manager_type manager_ = nullptr;
371. typename detail::function_handler::handler_type<R, Args...> handler_
372. = nullptr;

373.

374. template <typename R1, typename... Argsil>

375. friend class detail::function_handler::function_invoker;

376. };

377.

378. template <typename R, typename... Args>

379. bool operator==(const function<R(Args...)>& _lhs,

380. const function<R(Args...)>& _rhs) noexcept;
381. template <typename R, typename... Args>

382. bool operator!=(const function<R(Args...)>& _lhs,

383. const function<R(Args...)>& _rhs) noexcept
384. { return !(_lhs == _rhs); }
385.

386. template <typename R, typename... Args>

387. void swap(function<R(Args...)>& _lhs, function<R(Args...)>& _rhs) noexcept
388. { _lhs.swap(_rhs); }

389.
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#include "function_impl.cpp"

#tendif
function_impl.cpp
#include "function.h"

#include <new>

namespace meds

{

namespace detail

{

template <typename S, typename T>
void

function_manager::object_manager<S, T>::

initialize(S* _tar, T&& _obj, std::true_type)

{

new (reinterpret_cast<T*>(_tar)) T(std::move(_obj));

¥
template <typename S, typename T>
void

function_manager::object_manager<S, T>::

initialize(S* _tar, T&& _obj, std::false_type)

{

_tar->template reinterpret_as<T*>() = new T(std::move(_obj));

template <typename S, typename T>
const void*
function_manager::object_manager<S, T>::
target(const S* _tar, std::true_type)
{

return (const T*)_ tar;
¥
template <typename S, typename T>
const void*
function_manager::object_manager<S, T>::
target(const S* _tar, std::false_type)
{
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return _tar->template reinterpret_as<const T*>();

template <typename S, typename T>
void

function_manager::object_manager<S, T>::

clone(S* _dst, const S* _src, std::true_type)

{

new (reinterpret_cast<T*>(_dst)) T(_src->template reinterpret_as<T>());

}
template <typename S, typename T>
void

function_manager::object_manager<S, T>::

clone(S* _dst, const S* _src, std::false_type)

{

_dst->template reinterpret_as<T*>() =

new T(*_src->template reinterpret_as<T*>());

template <typename S, typename T>

void

function_manager::object_manager<S, T>::
destroy(S* _tar, std::true_type)

{

_tar->template reinterpret_as<T>().~T();

¥

template <typename S, typename T>

void

function_manager::object_manager<S, T>::
destroy(S* _tar, std::false_type)

{

delete _tar->template reinterpret_as<T*>();

template <typename S, typename T>

void

function_manager::object_manager<S, reference_wrapper<T>>::

initialize(S* _tar, reference_wrapper<T> _wrap)

_tar->template reinterpret_as<T*>() = std::addressof(_wrap.get());

template <typename S, typename T>

const void*
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82. function_manager::object_manager<S, reference_wrapper<T>>::

83. target(const S* _tar)

84. {

85. return _tar->template reinterpret_as<const T*>();
86. }

87.

88. template <typename F>
89. void

90. function_manager::unary_manager<F>::

91. initialize(function_data_wrapper* _tar, F&& _fun)

92. {

93. object_manager<function_data_wrapper, F>::initialize(_tar, std::move(_fun));
9. }

95.

96. template <typename F>
97. bool
98. function_manager::unary_manager<F>::

99. manager(function_data_wrapper* _dst, const function_data_wrapper* _src,

100. function_manager_operation _op)

101. {

102. switch (_op)

103. {

104. case function_manager_operation::target:

105. {

106. _dst->reinterpret_as<const F*>() = reinterpret_cast<const F*>(
107. object_manager<function_data_wrapper, F>::target(_src));
108. break;

109. }

110. case function_manager_operation::clone:

111. object_manager<function_data_wrapper, F>::clone(_dst, _src);
112. break;

113. case function_manager_operation::destroy:

114. object_manager<function_data_wrapper, F>::destroy(_dst);

115. break;

116. case function_manager_operation::compare:

117. return function_object_compare(*reinterpret_cast<const F*>
118. (object_manager<function_data_wrapper, F>::target(_dst)),
119. *reinterpret_cast<const F*>
120. (object_manager<function_data_wrapper, F>::target(_src)));
121. }

122. return false;

123. }

124.

125. template <typename T, typename M>
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126. void
127. function_manager::binary_manager<T, M>::

128. initialize(function_data_wrapper* _tar, T&& _obj, M&& _mem)

129. {

130. object_manager<function_data_wrapper::first_type, T>::initialize
131. (_tar->get_first_ptr(), std::move(_obj));

132. object_manager<function_data_wrapper::second_type, M>::initialize
133. (_tar->get_second_ptr(), std::move(_mem));

134. }

135.

136. template <typename T, typename M>
137. bool
138. function_manager::binary_manager<T, M>::

139. manager(function_data_wrapper* _dst, const function_data_wrapper* _src,

140. function_manager_operation _op)

141. {

142. switch (_op)

143, {

144. case function_manager_operation::target:

145. _dst->reinterpret_first_as <const T*>() = reinterpret_cast<const T*>
146. (object_manager<function_data_wrapper::first_type , T>::
147. target(_src->get_first_ptr()));

148. _dst->reinterpret_second_as<const M*>() = reinterpret_cast<const M*>
149. (object_manager<function_data_wrapper::second_type, M>::
150. target(_src->get_second_ptr()));

151. break;

152. case function_manager_operation::clone:

153. object_manager<function_data_wrapper::first_type , T>::clone
154. (_dst->get_first_ptr (), _src->get_first_ptr ());

155. object_manager<function_data_wrapper::second_type, M>::clone
156. (_dst->get_second_ptr(), _src->get_second_ptr());

157. break;

158. case function_manager_operation::destroy:

159. object_manager<function_data_wrapper::first_type , T>::destroy
160. (_dst->get_first_ptr());

161. object_manager<function_data_wrapper::second_type, M>::destroy
162. (_dst->get_second_ptr());

163. break;

164. case function_manager_operation::compare:

165. return function_object_compare(*reinterpret_cast<const T*>
166. (object_manager<function_data_wrapper::first_type , T>::
167. target(_dst->get_first_ptr ())),

168. *reinterpret_cast<const T*>
169. (object_manager<function_data_wrapper::first_type , T>::
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target(_src->get_first_ptr ())))
&& function_object_compare(*reinterpret_cast<const M*>
(object_manager<function_data_wrapper::second_type, T>::
target(_dst->get_second_ptr())),
*reinterpret_cast<const M*>
(object_manager<function_data_wrapper::second_type, T>::
target(_src->get_second_ptr())));
¥

return false;

template <typename F, typename R, typename... Args>

R
function_handler: :unary_handler<F , R , Args...>::
invoke(const function_data_wrapper& _ptr, Args... _args)
{
return (*_ptr.reinterpret_as<const F*>())(std::forward<Args>(_args)...
¥
template <typename F, typename... Args>
void
function_handler: :unary_handler<F , void, Args...>::
invoke(const function_data_wrapper& _ptr, Args... _args)
{

(*_ptr.reinterpret_as<const F*>())(std::forward<Args>(_args)...);
¥
template <typename F, typename R, typename... Args>
R
function_handler::unary_handler<reference_wrapper<F>, R , Args...>::
invoke(const function_data_wrapper& _ptr, Args... _args)
{

return (*_ptr.reinterpret_as<F*>())(std::forward<Args>(_args)...);
¥
template <typename F, typename... Args>
void
function_handler: :unary_handler<reference_wrapper<F>, void, Args...>::
invoke(const function_data_wrapper& _ptr, Args... _args)

{

(*_ptr.reinterpret_as<F*>())(std::forward<Args>(_args)...);

template <typename T, typename M, typename R, typename... Args>

R
function_handler: :binary_handler<T , M, R, Args...
invoke(const function_data_wrapper& _ptrs, Args... _args)
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return (_ptrs.reinterpret_first_as<const T*>()->*

*_ptrs.reinterpret_second_as<M*>())(std::forward<Args>(_args)...

¥
template <typename T, typename M, typename... Args>
void
function_handler: :binary_handler<T , M, void, Args...
invoke(const function_data_wrapper& _ptrs, Args... _args)
{
(_ptrs.reinterpret_first_as<const T*>()->*
*_ptrs.reinterpret_second_as<M*>())(std::forward<Args>(_args)...
}

template <typename T, typename M, typename R, typename... Args>
R

function_handler::binary_handler<reference_wrapper<T>, M, R , Args...

invoke(const function_data_wrapper& _ptrs, Args... _args)

{

return (_ptrs.reinterpret_first_as<T*>()->*

*_ptrs.reinterpret_second_as<M*>())(std::forward<Args>(_args)...

}

template <typename T, typename M, typename... Args>

void

function_handler::binary_handler<reference_wrapper<T>, M, void, Args...

invoke(const function_data_wrapper& _ptrs, Args... _args)

{

(_ptrs.reinterpret_first_as<T*>()->*

*_ptrs.reinterpret_second_as<M*>())(std::forward<Args>(_args)...

template <typename R, typename... Args>
inline R
function_handler: :function_invoker<R, Args...>::
invoke(const function<R(Args...)>* _fun, Args... _args)
{
if (!_fun->manager_)
throw bad_function_call();
detail: :function_data_wrapper ptr;
_fun->manager_(std::addressof(ptr), std::addressof(_fun->data_),
detail::function_manager_operation::target);
return _fun->handler_(ptr, std::forward<Args>(_args)...);
}
template <typename... Args>
inline void

function_handler: :function_invoker<void, Args...>::
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258. invoke(const function<void(Args...)>* _fun, Args... _args)

259. {

260. if (!_fun->manager_)

261. return;

262. detail::function_data_wrapper ptr;

263. _fun->manager_(std::addressof(ptr), std::addressof(_fun->data_),
264. detail::function_manager_operation: :target);

265. return _fun->handler_(ptr, std::forward<Args>(_args)...);
266. }

267.

268. }

269.

270. template <typename R, typename... Args>
271. function<R(Args...)>::

272. function(const function& _other)

273. : manager_(_other.manager_), handler_(_other.handler_)
274. {

275. if (manager_)

276. manager_(&data_, & other.data_,

277. detail::function_manager_operation::clone);
278. }

279.

280. template <typename R, typename... Args>
281. template <typename F>
282. function<R(Args...)>::

283. function(F _functor)

284, {

285. if (detail::function_manager::valid_object(_functor))
286. {

287. detail::function_manager::unary_manager<F>::initialize
288. (&data_, std::move(_functor));

289. manager_ = &detail::function_manager::

290. unary_manager<F>::manager;

291. handler_ = &detail::function_handler::

292. unary_handler<F, R, Args...>::invoke;

293. }

294, }

295.

296. template <typename R, typename... Args>
297. template <typename T, typename M>

298. function<R(Args...)>::

299. function(T _obj, M _mem)

300. {

301. if (detail::function_manager::valid_object(_obj) &&
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detail::function_manager::valid_object(_mem))

{
detail::function_manager::binary_manager<T, M>::initialize
(&data_, std::forward<T>(_obj), std::forward<M>(_mem));
manager_ = &detail::function_manager::
binary_manager<T, M>::manager;
handler_ = &detail::function_handler::
binary_handler<T, M, R, Args...>::invoke;
¥

template <typename R, typename... Args>

function<R(Args...)>::

. ~function()

{
if (manager_)

manager_(&data_, nullptr, detail::function_manager_operation

template <typename R, typename... Args>
function<R(Args...)>&
function<R(Args...)>::
operator=(std::nullptr_t)
{

this->~function();

manager_ = nullptr;

template <typename R, typename... Args>

. template <typename F>
. function<R(Args...)>&
. function<R(Args...)>::

. operator=(F _functor)

{
this->~function();

new (this) function(std::forward<F>(_functor));

. template <typename R, typename... Args>
. template <typename T, typename M>
. void

. function<R(Args...)>::

assign(T _obj, M _mem)

{
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this->~function();

new (this) function(std::forward<T>(_obj), std::forward<M>(_mem));

template <typename R, typename... Args>
R
function<R(Args...)>::
operator()(Args... _args) const
{
return detail::function_handler::function_invoker<R, Args...>::invoke

(this, std::forward<Args>(_args)...);

template <typename R, typename... Args>
void
function<R(Args...)>::

swap(function& _other) noexcept

{
using std::swap;
swap(data_, _other.data_);
swap(manager_, _other.manager_);
swap(handler_, _other.handler_);
¥

template <typename R, typename... Args>
function<R(Args...)>::
operator bool() const noexcept

{

return manager_;

template <typename R, typename... Args>
template <typename F>
const F*
function<R(Args...)>::
target() const noexcept
{
if (manager_ == &detail::function_manager::unary_manager<F>::manager)
{
detail::function_data_wrapper ptr;
manager_(&ptr, &data_, detail::function_manager_operation::target);
return ptr.reinterpret_as<const F*>();

}

return nullptr;
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template <typename R, typename... Args>
template <typename T, typename M>
std::pair<const T*, const M*>
function<R(Args...)>::

target() const noexcept

{
if (manager_ == &detail::function_manager::binary_manager<T, M>::manager)
{
detail::function_data_wrapper ptr;
manager_(&ptr, &data_, detail::function_manager_operation::target);
return { ptr.reinterpret_first_as<const T*>(),
ptr.reinterpret_second_as<const M*>() };
}
return { nullptr, nullptr };
¥

template <typename R, typename... Args>
bool
operator==(const function<R(Args...)>& _lhs,

const function<R(Args...)>& _rhs) noexcept

{
if (_lhs.manager_ != _rhs.manager_)
return false;
return _lhs.manager_(
const_cast<detail::function_data_wrapper*>(& lhs.data_), & rhs.data_,
detail::function_manager_operation::compare);
¥
}

meds: :event
event.h

#include "pch.h"

#ifndef MEDS_EVENT H
#define MEDS_EVENT H

//#include <forward_list>

#include "../function/function.h"

namespace meds
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template <typename>

class event;

template <typename R, typename... Args>

class event<R(Args...)>;

enum class event_modifier_operation

{

add, remove, clear,

_destroy, _clone

s

template <typename>

struct event_modifier_args;

template <typename R, typename... Args>

struct event_modifier_args<R(Args...)>

{
using operation_type = event_modifier_operation;
operation_type operation;
using function_type = function<R(Args...)>;
const function_type& function;

¥

namespace detail

{

template <typename... Args>

struct event_argument_type { };

template <typename Arg>

struct event_argument_type<Arg>

{

using argument_type = Arg;

}s

template <typename Fst, typename Snd>

struct event_argument_type<Fst, Snd>

{
using first_argument_type = Fst;

using second_argument_type = Snd;
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using object_type =

typename remove_reference_wrapper<first_argument_type>::type;

using pointer_type = object_type*;

using event_type = second_argument_type;

s

struct event_manager

{
template <typename F, typename R, typename...

class modifier_manager

{
public:

static void* manager(const event<R(Args...

Args>

)>* _event,

event_modifier_operation _op, const function<R(Args...)>* _func);

}s

template <typename T>

static typename std::enable_if< std::is_convertible<T, bool>::value,

bool>: :type
valid_object(const T& _obj)
{ return _obj; }

template <typename T>

static typename std::enable_if<!std::is_convertible<T, bool>::value,

bool>: :type
valid_object(const T& _obj)
{ return true; }

s

template <typename R, typename... Args>
class event<R(Args...)>
: public detail::event_argument_type<Args...>
{
public:
using function_type = function<R(Args...)>;
event() = default;
event(const event& _other);
event(event& _other)
{ swap(_other); }
template <typename F>

event(F _functor);
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99.

100. ~event();

101.

102. event& operator=(event _other)

103. { swap(_other); }

104.

105. void swap(event& _other);

106.

107. bool add(const function_type& _func)
108. { return emplace(_func); }

109. bool add(function_type&& _func)

110. { return emplace(std::move(_func)); }
111. event& operator+=(const function_type& _func)
112. { add(_func); return *this; }

113. event& operator+=(function_type&& _func)
114. { add(std::move(_func)); return *this; }
115. template <typename... A>

116. bool emplace(A&&... _args);

117.

118. template <typename... A>

119. bool remove(A&&... _args);

120. event& operator-=(const function_type& _func)
121. { remove(_func); return *this; }

122.

123. bool empty() const

124. //{ return delegate_.empty(); }

125. { return !delegate_; }

126. bool empty_removing(const function_type& _func) const;
127.

128. void clear();

129. //{ delegate_.clear(); }

130.

131. void operator()(Args... _args) const;
132.

133. template <typename F>

134. void for_each(F&& _functor) const;

135.

136. private:

137. void* modifier_ = nullptr;

138. void* (*manager_)(const event* _event, event_modifier_operation, const
function_type*) = nullptr;

139. //std::forward_list<function_type> delegate_;

140. //typename std::forward_list<function_type>::iterator back_ =

delegate_.before_begin();
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141. struct node

142. {

143. template <typename... A>

144. node(A&&... _args)

145. ¢ function_(std::forward<A>(_args)...) { }
146. function_type function_;

147. node* next_ = nullptr;

148. };

149. node* delegate_ = nullptr;

150. node* back_ = nullptr;

151.

152. template <typename F, typename R, typename... Args>
153. friend class detail::event_manager::modifier_manager;
154. };

155.

156. template <typename R, typename... Args>

157. void swap(event<R(Args...)>& _lhs, event<R(Args...)>& _rhs) noexcept
158. { _lhs.swap(_rhs); }

159.

160. }

161.

162. #include "event_impl.cpp"

163.

164. #endif
event_impl.cpp

1. #include "event.h"

2.

3. namespace meds

4. {

5.

6. namespace detail

7. {

8.

9. template <typename F, typename R, typename... Args>
10. void* event_manager::modifier_manager<F, R, Args...>::

11. manager(const event<R(Args...)>* _event, event_modifier_operation _op,

12. const function<R(Args...)>* _func)

13. |

14. switch (_op)

15. {

16. case event_modifier_operation::_destroy:

17. delete reinterpret_cast<F*>(_event->modifier_);
18. break;
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19. case event_modifier_operation::_clone:

20. return new F(*reinterpret_cast<const F*>(_event->modifier_));
21. case event_modifier_operation::add:

22. case event_modifier_operation::remove:

23. case event_modifier_operation::clear:

24. return (*reinterpret_cast<const F*>(_event->modifier_))

25. (*const_cast<event<R(Args...)>*>(_event),

26. event_modifier_args<R(Args...)>{_op, *_func}) ?

27. const_cast<void*>(reinterpret_cast<const void*>(_event)) : nullptr;
28. }

29. return nullptr;

30. }

31.

32. }

33.

34. template <typename R, typename... Args>

35. event<R(Args...)>::event(const event& _other)

36. : manager_(_other.manager_), delegate_(_other.delegate_)
37. {

38. if (manager_)

39. modifier_ = manager(&_ other, event_modifier_operation::_clone,
40. nullptr);

41. //auto prev = delegate_.before_begin();

42. //auto cur = delegate_.begin();

43. //auto end = delegate_.end();

44, //for (; cur != end; ++cur)

45. // prev = cur;

46. //back_ = prev;

47.

48. // TODO

49. }

50.

51. template <typename R, typename... Args>

52. template <typename F>

53. event<R(Args...)>::event(F _functor)

54. {

55. if (detail::event_manager::valid_object(_functor))
56. {

57. modifier_ = new F(std::move(_functor));

58. manager_ = &detail::event_manager::modifier_manager<F, R, Args...>::
59. manager;

60. }

61. }

62.
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template <typename R, typename... Args>

event<R(Args...)>::~event()

{

if (manager_)

manager_(this, event_modifier_operation::_destroy, nullptr);

while (delegate_)

{

auto next = delegate_->next_;
delete delegate_;

delegate_ = next;

template <typename R, typename... Args>

void event<R(Args...)>::swap(event& _other)

{

using std::swap;

swap(modifier_, _other.modifier_);

swap(manager_, _other.manager_);

swap(delegate_, _other.delegate_);

swap(back_, _other.back_);

//template <typename R, typename... Args>

//bool event<R(Args...)>::add(const function_type& _func)

VA
//
//
//
//
//
//
//
//
//
/1}

for (const auto& f : delegate_)
if (_func == f)
return false;
if (!manager_ || manager_(this, event_modifier_operation::add, & func))
{
back_ = delegate_.emplace_after(back_, _func);
return true;

}

return false;

template <typename R, typename... Args>

template <typename... A>

bool event<R(Args...)>::emplace(A&&... _args)

{

function_type func(std::forward<A>(_args)...);

for (auto cur = delegate_; cur; cur = cur->next_)

if (cur->function_ == func)
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107. return false;

108. if (!manager_ || manager_(this, event_modifier_operation::add, &func))
109. {

110. //back_ = delegate_.emplace_after(back_, func);
111. auto next = new node(std::move(func));

112. if (back )

113. {

114. back_->next_ = next;

115. back_ = next;

116. }

117. else

118. {

119. delegate_ = next;

120. back_ = next;

121. }

122.

123. return true;

124. }

125. return false;

126. }

127.

128. template <typename R, typename... Args>

129. template <typename... A>

130. bool event<R(Args...)>::remove(A&&... _args)
131. {

132. auto func = function_type(std::forward<A>(_args)...);
133. //auto prev = delegate_.before_begin();
134. //auto cur = delegate_.begin();

135. //auto end = delegate_.end();

136. //for (; cur != end; prev = cur, ++cur)
137. // if (*cur == func)

138. // break;

139. //if (cur == end)

140. // return false;

141. auto cur = delegate_;

142. node* prev = nullptr;

143. for (; cur; prev = cur, cur = cur->next_)
144. if (cur->function_ == func)

145. break;

146. if (!cur)

147. return false;

148. if (!manager_ || manager_(this, event_modifier_operation::remove, &func))
149. {

150. //if (++cur == end)
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151. // back_ = prev;

152. //delegate_.erase_after(prev);
153. if (!cur->next_)

154. back_ = prev;

155. auto next = cur->next_;

156. delete cur;

157. if (cur == delegate_)

158. delegate_ = next;

159. else

160. prev->next_ = next;

161. return true;

162. }

163. return false;

164. }

165.

166. template <typename R, typename... Args>
167. bool event<R(Args...)>::empty_removing(const
168. {

169. //auto iter = delegate_.begin();

170. //return !delegate_.empty() && ++iter ==
_func;

171. auto cur = delegate_;

172. return delegate_ && !delegate_->next_ &&
173. }

174.

175. template <typename R, typename... Args>
176. void event<R(Args...)>::clear()

177. {

178. while (delegate_)

179. {

180. auto next = delegate_->next_;
181. delete delegate_;

182. delegate_ = next;

183. }

184. }

185.

186. template <typename R, typename... Args>
187. void event<R(Args...)>::operator()(Args...
188. {

189. //for (const auto& f : delegate_)
190. // f(_args...);

191. auto cur = delegate_;

192. for (auto cur = delegate_; cur; cur =
193. cur->function_(_args...);

function_type& _func) const

delegate_.end() && *delegate_.begin(

delegate_->function_ == _func;

_args) const

cur->next_)
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template <typename R, typename... Args>
template <typename F>
void event<R(Args...)>::for_each(F&& _functor) const

{
//for (const auto& f : delegate_)
// _functor(f);
auto cur = delegate_;
for (auto cur = delegate_; cur; cur = cur->next_)

_functor(cur->function_);

(PR SS HE SR BN

core_i2c.h

#ifndef MEDS_CORE_I2C_H

#define MEDS_CORE_I2C_H
#include "../stdcpp/cstdint.h"

namespace meds

{

struct I2cData

{
explicit I2cData(uint8_t _address);
I2cData(uint8_t _address, uint8_t _length, uint8_t* _data);
uint8_t address;
uint8_t length;
uint8_t* data;
¥

class I2c final
{
public:
I2c(const I2c&) = delete;
I2c(I2c&&) = delete;
I2c& operator=(const I2c&) = delete;

I2c& operator=(I2c&&) = delete;

static I2c& instance();
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I2c& operator<<(const I2cData& _packet);

I2c& operator>>(I2cData& _packet);

private:

static I2c* instance_;

I2¢();
}s

extern I2c& i2c;

#endif

module.h
#ifndef MEDS_CORE_MODULE_H
#define MEDS_CORE_MODULE_H

#include "../stdcpp/cstdint.h"

namespace meds

{

class Module

{
public:

Module(const Module&) = delete;

Module(Module&&) = delete;

Module& operator=(const Module&) = delete;

Module& operator=(Module&&) = delete;

virtual ~Module() = 0;

uint8_t address();

virtual void address(uint8_t _address) = 0;

void red (bool _on);
void yellow(bool _on);
void green (bool _on);

void blue (bool _on);

protected:
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Module(uint8_t _address);

virtual void set_led(uint8_t _which, bool _on) = 0;

private:
uint8_t address_;

s

#endif

core_module.h
#ifndef MEDS_CORE_CORE_H

#define MEDS_CORE_CORE_H

#include "module.h"

#include "collection.h"

namespace meds

{

class CoreModule

: public Module

{
public:
virtual ~CoreModule() override = ©;
using Module::address;
virtual void address(uint8_t _address) override final;
protected:
CoreModule();
s
¥
#endif

app_module.h

#ifndef MEDS_CORE_APP H
#define MEDS_CORE_APP_H

#include "module.h"
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namespace meds

{

class AppModule
: public Module

{
public:
virtual ~AppModule() override;
using Module::address;
virtual void address(uint8_t _address) override final;
protected:
friend class ModuleCollection;
AppModule(uint8_t _address);
virtual void callback(uint8_t _size, uint8_t* _data) = 0;
virtual void set_led(uint8_t _which, bool _on) override final;
¥
¥
#endif

collection.h

#ifndef MEDS_CORE_COLLECTION_H

#define MEDS_CORE_COLLECTION_H

#include "../i2c_avr/i2c.h"

#include "app_module.h"

namespace meds

{

class ModuleCollection final

{

public:
ModuleCollection(const ModuleCollection&) = delete;
ModuleCollection(ModuleCollection&&) = delete;
ModuleCollection& operator=(const ModuleCollection&) = delete;

ModuleCollection& operator=(ModuleCollection&&) = delete;
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~ModuleCollection();
static ModuleCollection& instance();

template <typename F>

void for_each(F&& _functor);

private:
friend class I2c;

friend class AppModule;

static constexpr uint8_t high_max = 14;

static constexpr uint8_t low_max = 8;
static ModuleCollection* instance_;
AppModule** modules_[low_max];
ModuleCollection();

static void callback(i2c_data_t* _packet);

static uint8_t address_low(uint8_t _address);

static uint8_t address_high(uint8_t _address);
void handle(i2c_data_t* _packet);

void add(AppModule* _module);
void change(uint8_t _original);

s

extern ModuleCollection& modules;

#tendif
I S 451

main.cpp

#include "../meds_cor/cor.h"
#include "../meds_led/led.h"

#include "../meds_bzr/bzr.h"
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#include "../meds_btn/btn.h"

using meds::core;

auto& led = meds::ModuleLED: :abstract(0x20);

auto& bzr = meds::ModuleBZR: :abstract(0x30);

auto& btn = meds::ModuleBTN: :abstract(0x40);

uintl6_t freq[] = {
262, 294, 330, 349, 392, 440, 494, 523

s

void onButtonChanged(meds: :ModuleBTN&, meds
{
switch (e.what)
{
case meds::ButtonEvent::released:
led.bar(e.which).turn(0);
bzr.buzzer().add(freq[e.which]);
break;
case meds::ButtonEvent::pressed:
led.bar(e.which).turn(1);

bzr.buzzer().remove(freq[e.which]);

break;
}
¥
int main()
{

core.green(1);

bzr.led().mode(meds: :ModuleBZR: : LedMode

btn.Slide += [](meds::ModuleBTN&, meds:

switch (e.what)

{

case meds::SlideEvent::off:
btn.button().enable();
btn.Button -= onButtonChanged;
led.bar().set(0);
led.rgb().off();
bzr.buzzer().off();
break;

case meds::SlideEvent::on:
btn.Button += onButtonChanged;
btn.button().disable();

::ButtonEventArgs e)

::level);

:SlideEventArgs e) {
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led.rgb().random();

break;

¥
core.Adc += [](meds::AdcEventArgs e) {
switch (e.what)
{
case meds::AdcEvent::lower:
led.brightness(1);
bzr.brightness(1);
bzr.volume(1l);
break;
case meds::AdcEvent: :higher:
led.brightness(3);
bzr.brightness(3);
bzr.volume(2);

break;
¥
if (btn.slide(1).status())
btn.Slide(btn, meds::SlideEventArgs(1l, meds::SlideEvent
core.Adc(meds: :AdcEventArgs (0, core.adc(@).status() ?

meds: :AdcEvent::higher : meds::AdcEvent::lower));

btn.slide(1).enable();

core.adc(0).enable(meds: :AdcEvent: :window, 128);

while (1)

>
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