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Part 0. Context

Message-Passing and (Re)Actors
- Same-Thread Processing, no thread sync within
- Benefits
Mostly non-blocking Processing
- Non-blocking CAN be simpler than blocking
- Interactions between main program flow and return processing



Message-Passing

Do not communicate by sharing memory;
instead, share memory by communicating.
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Message-Passing Benefits

Message-Passing Allows For:
- simpler programming
- in particular,'avoiding cognitive overload
when trying to deal with both business logic
and thread sync simultaneously
- determinism, which in turn allows for:
- testability
- production post-mortem analysis
- replay-based regression testing
- better performance, scalability, and concurrency
- no contention points
- avoiding expensive thread context switches
- better temporal locality
- Shared-Nothing rulezz



(Re)Actors

(Re)Actors:
- one way to implement message passing
- a.k.a. Actors, Reactors, Event-Driven Programs, and
ad-hoc Finite State Machines
- widely used
- GUI, gamedev, HPC
- from WM_* to Node.js

While from now on we’ll be speaking only about (Re)Actors -
most of our findings are generalisable to more generic
message passing.

Exception: allocator-related serialisation



(Re)Actors as One Way to Do Message-Passing

Generic (Re)Actor

class GenericReactor {
virtual vold react (const Eventé& ev) = 0;

b
Infrastructure Code - Event Loop
GenericReactor* r =

reactorFactory.createReactor(...);
while (true) { //event loop
Event ev = get event ()

//from select (), libuv,
r—>react (ev) ;

}
Specific (Re)Actor

class SpecificReactor :public GenericReactor {
vold react (const Eventé& ev) override;

}r




Mostly-Non-Blocking Processing

Non-Blocking Code:
- Has a bad reputation because of perceived coding complexity
- However, we need to distinguish two very different scenarios:
1. We don't need to process anything while waiting for the result.
- we're doing non-blocking processing ONLY for
performance. Non-blocking code complexity indeed
increases compared to blocking code.

2. We DO need to process events while waiting for the result.
Example - waiting for the Internet.
- Non-blocking code is ugly
- Blocking code (which needs threads+sync)iis even worse.



Mostly-Non-Blocking Processing

Mostly Non-Blocking Processing:
- non-blocking ONLY when we DO need to process
intervening events while waiting
- blocking when we can postpone intervening events
while waiting
- example - local disk/DB accesses can often be made
blocking without risking to stall forever.

It is INTERACTIONS between main control flow
and processing of returned values which are of
interest.



Part 1. Handling Non-Blocking Returns

Holy Grail: non-blocking looking almost like blocking
- Caveat: Interactions.
- Requirement to mark potential flow interruptions.

Take 1. Plain messages
Take 2. void RPCs

Take 3. OO-style Callbacks
Take 4. Lambda Pyramid
Take 5. Futures

Take 6. Code Builder

Take 7. Stackful Coroutines/Fibers
Take 8. co await




“lItem Purchase” Example
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“lItem Purchase” Example

Blocking Code:

bool CashierReactor: :purchaseltem
int item id, int connection 1id) {
int user id = get user id(connection 1id);

bool db ok = /dbPurchaseltem(db reactor id,
user id, item 1id);
1if('db ok)
return false; Stubs Generated from IDL
REACTORID gameworld reactor id =

flnd_gameworld for user(use/_id);
bool gameworld ok = gameworldAddItem
gameworld reactor 1id,

user id, item 1id);

return gameworld ok;

}



“lItem Purchase” Example - Non-Blocking Interactions

IMPORTANT Caveat:

bool CashierReactor: :purchaseltem (
int item id, int connection 1id) {
int user 1d = get user id(connection 1id);

int some data = this->some data;
bool db ok = dbPurchaseltem(db reactor id,
user id, item id);

assert (some data == this->some data);
if (!db ok) wY
return false; MAY fail in non-blocking code

REACTORID gameworld reactor 1id =
find gameworld for user (user 1id);

bool gameworld ok = gameworldAddItem (
gameworld reactor id,

user id, item 1id);
return gameworld ok;

}



“lItem Purchase” Example - “Holy Grail”

“Holy Grail” Non-Blocking Code:

bool CashierReactor: :purchaseltem (
int item id, int connection 1id) {
int user 1d = get user id(connection 1id);

int some data = this->some data;
bool db ok =(REENTRY dbPurchaselItem(db reactor 1id,
user id, item 1id);

assert(some data == this->some data);
if (1db ok) w
return false; MAY still fail, but at least we can see it

in advance
REACTORID gameworld reactor 1id =
find gameworld for user (user 1id);

bool gameworld ok =(REENTRY gameworldAddItem (
gameworld reactor id,

user id, item 1id);
return gameworld ok;

}



“Item Purchase” Example - Take 1. Plain Messages

Take 1:

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id , int item_id)
user_request id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;
}
}i

class CashierReactor {
map<int,PurchaseRgData> purchase_item requests;

public:
void react(const Eventé& ev);
};

void CashierReactor::react(const Event& ev) {
switch( ev.type ) {
case CASHIER_ PURCHASEITEM REQUEST:
{

const Msg& msg = ev.msg;

int user_request_id, item_id;

tie(user_request_id, item_id) =

cashierPurchaseltem request_parse (msg) ;
int user_id = get_user_id(ev);

int request_id = new_request_id();

Msg msg2 =
dbPurchaseItem request compose (
request_id, user_id, item_id);

send msg_to(db_reactor_id, msg2);

purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,

PurchaseRgData (user_request_id,
user_id, item id));
break;

}

case DB_PURCHASEITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool db_ok;
tie(request_id, db_ok) = dbPurchaseltem parse (msg) ;
auto found =
purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if (!'db_ok) {
Msg msg3 =
cashierPurchaseltem response_compose (
found->second.user_request_id, false);
send msg_back_to (user_id, msg3);
purchase item requests.erase(found);
break;

}

REACTORID gameworld reactor_id =
find gameworld for user(
found->second.user_id) ;

Msg msg4 =
gameworldAddItem request compose (
request_id,
found->second.user_id,
found->second.item_id);

send msg_to(gameworld reactor_id, msg4);

found->status =
PurchaseRgData: :Status: :GameWorldRequested;

break;

}

case GAMEWORLD ADDITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool gw_ok;
tie(request_id, gw_ok) =
gameworldAddItem response_parse (msg) ;
auto found = purchase_item requests.find(
request_id) ;
MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“lItem Purchase” Example - Take 1. Plain Messages

struct PurchaseRgData { .
enum class Status { DBRequested, GameWorldRequested };
Status status; o

int user_request id;
int user_id;

ety struct PurchaseRgData {

PurchaseRgData (int user request id ,
int user_id , int item id)

e i T enum class Status { DBRequested,

status = Status: :DBRequested;
}

Y

R GameWorldRequested };

map<int, PurchaseRgData> purchase_item requests;

BUBLIC: et Events v Status status;

};

voigiizzl(li:‘:;l?;a’;:o;:: ;react(const Eventé& ev) { i n t u s e r re que s t i d ;
L______J L______J

case CASHIER_ PURCHASEITEM REQUEST:
{
const Msg& msg = ev.msg; U U
int user_request_id, item_id; S e
tie(user_request_id, item_id) = 1 4
cashierPurchaseltem request_parse (msg) ; L d
int user_id = get_user_id(ev);

ng ma i = memremest_id(); int item 1id M
L J

dbPurchaseItem request compose (
request_id, user_id, item_id);
send msg_to(db_reactor_id, msg2);
purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,
PurchaseRgData (user_request_id,

o Y PurchaseRgData (int user request id ,
e s mog  enmr int user id , int item id)

const Msg& msg = ev.msg;
int request_id;

bool db_ok; ] u

TR . - mchaseton st : user request id(user request 1id )

auto found = [ ] ,
purchase_item requests.find(request_id); - - - - -

MYASSERT (found != purchase item requests.end());

u u u u u u
- —— user id(user id ), item id(item id ) ({
if Dg;:bﬁ:];; i -——— -—— - —— - -
PRy s status = Status: :DBRequested;
send_msg_back_to (user_id, msg3);
purchase_item requests.erase(found);

break; }
}

REACTORID gameworld reactor_id =

find gameworld for user( °
found->second.user_id) ;

Msg msg4 = 1 4
gameworldAddItem request compose (
request_id,

found->second.user_id,
found->second.item_id);
send msg_to(gameworld reactor_id, msg4);
found->status =
PurchaseRqgData: :Status: :GameWorldRequested;
break;

}

case GAMEWORLD ADDITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool gw_ok;
tie(request_id, gw_ok) =
gameworldAddItem response_parse (msg) ;
auto found = purchase_item requests.find(
request_id) ;
MYASSERT (found != purchase_item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“Item Purchase” Example - Take 1. Plain Messages

Take 1:

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id_, int item id)
user_request id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;

Boilerplate:

class CashierReactor {

:::i:t::,purchaseRqDatv purchase_item_requests; c 1 a s S C a s h i e rRe a c to r {

void react(const Eventé& ev) ;
};

o caserRancios cesc ot Tanis ) map<int, PurchaseRqData>

switch( ev.type ) {
case CASHIER_ PURCHASEITEM REQUEST:

[P purchase item requests;

int user_request_id, item_id;
tie(user_request_id, item_id) =
cashierPurchaseltem request_parse (msg) ;
int user_id = get_user_id(ev);
int request_id = new_request_id();
Msg msg2 =
dbPurchaseItem request_compose ( bl = °
request_id, user_id, item_id); l I l c
send msg_to(db_reactor_id, msg2); p ®
purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,

e T volid react(const Eventé& ev);

break;

N oo

}
case DB_PURCHASEITEM RESPONSE: }
{
const Msg& msg = ev.msg;
int request_id;
bool db_ok;
tie(request_id, db_ok) = dbPurchaseltem parse (msg) ;
auto found =
purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if (!'db_ok) {
Msg msg3 =
cashierPurchaseltem response_compose (
found->second.user_request_id, false);
send msg_back_to (user_id, msg3);
purchase item requests.erase(found);
break;

}

REACTORID gameworld reactor_id =
find gameworld for user(
found->second.user_id) ;

Msg msg4 =
gameworldAddItem request compose (
request_id,
found->second.user_id,
found->second.item_id);

send msg_to(gameworld reactor_id, msg4);

found->status =
PurchaseRgData: :Status: :GameWorldRequested;

break;

}

case GAMEWORLD ADDITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool gw_ok;
tie(request_id, gw_ok) =
gameworldAddItem response_parse (msg) ;
auto found = purchase_item requests.find(
request_id) ;
MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“lItem Purchase” Example - Take 1. Plain Messages

Take 1

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id_, int item id)
: user_request_id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;

Boilerplate:

class CashierReactor {
map<int,PurchaseRgData> purchase item requests;

- S volid CashierReactor: :react(const Eventé& ev) {
switch( ev.type ) {
oo SRR T case CASHIER PURCHASEITEM REQUEST:

const Msg& msg = ev.msg;

int user_ request id, item id;

tie (user_request id, item id) =
cashierPurchaseltem request parse (msg) ;

int user_id = get user id(ev);

int request id = new_request id();

Hee nggu;chaseItem _request_compose ( con S t MS g & ms g = ev ‘ ms g ;

request_id, user_ id, item id);
send msg_to (db_: reactor id, msg2)

[ | [ | | u
purchase item requests. 1nsert( [ ]
pair<int, PurchaseRgData>(request id, l n u S e r r e que S l 4 l em l Y 4
PurchaseRgData (user_ request_id, Pre— Pr—. -
user_id, item id));

) e tie(user request id, item id) =

[P cashierPurchaseItem request parse (msg)

i int user_id = get user_id(ev)

e (o atne 2o tenregests <20, » int reques t_id = new reques t_id ()

Msg msg2 =
dbPurchaseItem request compose (
request id, user 1id, item id)
e send msg to(db reactor id, msg2)
S e o 16, et — *purchase item requests. .insert(

one

if (!'db_ok) {
Msg msg3 =
cashierPurchaseltem response_compose (
found->second.user_request_id, false);
send msg_back_to (user_id, msg3);
purchase_item requests.erase(found);
break;

}

REACTORID gameworld reactor_id =
find gameworld for user(
found->second.user_id) ;

Msg msg4 =
gameworldAddItem request compose (

Error-pr

PurchaseRqgData: :Status: :DBRequested) ;
PurchaseRqgData: :Status: :GameWorldRequested;
break;

! pair<int, PurchaseRqgData>(request id,

case GAMEWORLD ADDITEM RESPONSE:

{
const Msg& msg = ev.msg;
conet egt mzg = evones PurchaseRgData (user request 1id,

bool gw_ok; - ——

tie(request_id, gw_ok) = ] [ [

gameworldAddItem response_parse (msg) ; d t d
auto found = purchase_item requests_glnd( u S e r 1 , l em l ) )
request_id) ; - -
MYASSERT (found !'= purchase item requests.end());

MYASSERT (found->status == b re ak ®
PurchaseRgData: :Status: :GameWorldRequested) ; 1 4

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);

break; XX



“lItem Purchase” Example - Take 1. Plain Messages

Take 1:

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id_, int item id)
user_request id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;
}
}i

class CashierReactor {
map<int, PurchaseRgData> purchase_item requests;

public:
void react(const Eventé& ev);

};

void CashierReactor: :react(const Eventé& ev) {
switch( ev.type ) {
case CASHIER_ PURCHASEITEM REQUEST:
{

const Msg& msg = ev.msg;

int user_request_id, item_id; .

tie(user_request_id, item_id) = .
cashierPurchaseltem request_parse (msg) ; .
int user_id = get_user_id(ev);

int request_id = new_request_id();

Msg msg2 =
dbPurchaseItem request compose (

pon Lo, e i, sTen i) case DB_PURC HASEI TEM RE SPONSE :

purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,
PurchaseRgData (user_request_id, {

user_id, item_id));
break;

}

<{:ase DB_PURCHASEITEM RESPONSE: con S t MS g & ms g — ev ) ms g ;

const Msg& msg = ev.msg;
int request_id;

[ [
22:?::23::1;:_id, db _ok) = dbPurchaseItem parse (msg); l n t re que S t l d ;
o

auto found =
purchase item requests.find(request id);
MYASSERT (found != purchase item requests.end()) ; b l db °
MYASSERT (found->status == o o o
PurchaseRgData: : Status: :DBRequested) ; | 4
if(!'db_ok) { —

e spuchasaTten sasponss_coaposs tie (reques t_ id, db_ok ) =

found->second.user_ request id, false);
send msg_back_to(user_ id, msg3);

purchase item requests.erase (found) ;
i dbPurchaseltem parse (ms
}
REACTORID gameworld reactor_id =
find gameworld for user( -
found->second.user_id) ; au o oun —
Msg msg4 =
gameworldAddItem request compose (

P e 1 purchase item requests.find(request id);

found->second.item_id);
send msg_to(gameworld reactor_id, msg4);

found->status = ' -
PurchaseRgData: :Status: :GameWorldRequested; o l I I l -
°

break;

}

S — purchase item requests.end())

{

N o

N oo

const Msg& msg = ev.msg;

T av o - MYASSERT (found->status ==

gameworla.AddI tem response_ parse (msgq) ;
auto found = purchase_item requests.find(

rseEs (o oot roqvet.and () PurchaseRgData: : Status: :DBRequested) ;

MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“lItem Purchase” Example - Take 1. Plain Messages

Take 1:

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id , int item_id)
user_request id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;
}
}i

class CashierReactor {
map<int, PurchaseRgData> purchase_item requests;

public:
void react(const Eventé& ev);
};

void CashierReactor::react(const Event& ev) {
switch( ev.type ) {
case CASHIER_ PURCHASEITEM REQUEST:
{

const Msg& msg = ev.msg;

int user_request_id, item_id;

tie(user_request_id, item_id) =

cashierPurchaseltem request_parse (msg) ;
int user_id = get_user_id(ev);

int request_id = new_request_id();

Msg msg2 =
dbPurchaseItem request compose (
request_id, user_id, item_id);

send msg_to(db_reactor_id, msg2);

purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,

PurchaseRgData (user_request_id,
user_id, item_id));

break;

}

case DB_PURCHASEITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool db_ok;
tie(request_id, db_ok) = dbPurchaseltem parse (msg) ;
auto found =
purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if (!db_ok) {

Msg msg3 = .
cashierPurchaseltem response_compose (
found->second.user_request_id, false); o

send msg_back_to (user_id, msg3);
purchase_item requests.erase(found); oeoo
break;

} u '
REACTORID gameworld reactor_id = 1 f ( ° db Ok ) {
L]

find gameworld for user(
found->second.user_id) ;
Msg msg4 =
gameworldAddItem request_compose ( 000
request_id,
found->second.user_id,
found->second.item_id);
send msg_to(gameworld reactor_id, msg4);
found->status =
PurchaseRgData: :Status: :GameWorldRequested;
break;

}

case GAMEWORLD ADDITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool gw_ok;
tie(request_id, gw_ok) =
gameworldAddItem response_parse (msg) ;
auto found = purchase_item requests.find(
request_id) ;
MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“Item Purchase” Example - Take 1. Plain Messages

Take 1:

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request_id;
int user_id;
int item_id;

PurchaseRgData (int user_request_id ,
int user_id_, int item id)
user_request id(user_request_id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;
}
}i

class CashierReactor {
map<int, PurchaseRgData> purchase_item requests;

public:
void react(const Eventé& ev);
};

void CashierReactor::react(const Event& ev) {
switch( ev.type ) {
case CASHIER_ PURCHASEITEM REQUEST:
{
const Msg& msg = ev.msg;
int user_request_id, item_id;
tie(user_request_id, item_id) =
cashierPurchaseltem request_parse (msg) ;
int user_id = get_user_id(ev);
int request_id = new_request_id();
Msg msg2 =
dbPurchaseItem request compose (
request_id, user_id, item_id);
send msg_to(db_reactor_id, msg2);
purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,
PurchaseRgData (user_request_id,
user_id, item_id));
break;

}

case DB_PURCHASEITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool db_ok;
tie(request_id, db_ok) = dbPurchaseltem parse (msg) ;
auto found =
purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;

. [
if (1db ok) { ®
Msg msg3 =
cashierPurchaseltem response_compose ( .
eee

found->second.user_ request id, false);
send msg_back_to(user_ id, msg3);
purchase item requests.erase (found) ;
break;

} -
Sg Ims —
REACTORID gameworld reactor_id =

find gameworld for user(

o cashierPurchaseltem response compose (

gameworldAddItem request compose (

request_id,

found->second.user_id, =

Founa >2econa Ly found->second.user request i1d, false) ;
send msg_to(gameworld reactor_id, msg4); L , | 4
found->status = ——— -

PurchaseRgData: :Status: :GameWorldRequested;

. send msg back to(user id, msg3);

case GAMEWORLD ADDITEM RESPONSE:

—— purchase item requests.erase(found);

int request_id;
bool gw_ok;

tie(request_id, gw_ok) = °
gameworldAddItem response_parse (msg) ; l e a 4

auto found = purchase_item requests.find(
request_id) ;
MYASSERT (found != purchase_item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ; L AL

Msg msg2 =
cashierPurchaseItem response_compose (
found->second.user_request_id, gw_ok);

send msg_back_to (user_id, msg2);
purchase item requests.erase(found);
break;



“Item Purchase” Example - Take 1. Plain Messages

Take 1 (70 LoC): “Holy Grail” (10 LoC):

struct PurchaseRgData {
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_request id;
int user_id;
int item_id;

PurchaseRqgData (int user_ request_id ,
int user_id , int item_id)
user_request id(user_request id ),
user_id(user_id ), item id(item_id ) {
status = Status::DBRequested;
}
}s

class CashierReactor {
map<int,PurchaseRgData> purchase_item requests;

public:
void react(const Eventé& ev);
};

void CashierReactor::react(const Eventé& ev) {
switch( ev.type ) {
case CASHIER PURCHASEITEM REQUEST:
{
const Msg& msg = ev.msg;
int user_request_id, item_id;
tie(user_request_id, item_id) =
cashierPurchaseltem request_parse (msg) ;
int user_id = get_user_id(ev);
int request_id = new_request_id();
Msg msg2 =
dbPurchaseltem request_compose (
request_id, user_id, item_id);
send msg_to(db_reactor_id, msg2);
purchase item requests.insert(
pair<int, PurchaseRgData>(request_id,
PurchaseRgData (user_request_id,
user_id, item id));
break;

}

bool CashierReactor: :purchaseItem (
int item_id, int connection_id) {

int user_id = get_user_ id(connection_id);

bool db_ok = REENTRY
dbPurchaseItem(db_reactor_id,
user_id, item id);

case DB_PURCHASEITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool db_ok;
tie(request_id, db_ok) = dbPurchaseltem parse (msg) ;
auto found =
purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if('db_ok) {
Msg msg3 =
cashierPurchaseltem response_compose (
found->second.user_request _id, false);
send msg_back_to (user_id, msg3);
purchase item requests.erase(found);
break;

! REACTORID gameworld reactor_ id =
find gameworld for user (user_id);

if (!db_ok)

return false;

REACTORID gameworld reactor_ id =
find gameworld for user(
found->second.user_id);
Msg msg4 =
gameworldAddItem request_compose (
request_id,
found->second.user_id,
found->second.item_id);
send msg_to (gameworld reactor_id, msg4);
found->status =
PurchaseRgData: :Status: :GameWorldRequested;
break;

}

bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor_id,
user_id, item id);

case GAMEWORLD ADDITEM RESPONSE:
{
const Msg& msg = ev.msg;
int request_id;
bool gw_ok;
tie(request_id, gw_ok) =
gameworldAddItem response_parse (msg) ;
auto found = purchase_item requests.find(
request_id);
MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :GameWorldRequested) ;

Msg msg2 =
cashierPurchaseltem response_compose (
found->second.user_request_id, gw_ok);

return gameworld ok;

send msg_back_to (user_id, msg2);
purchase_ item requests.erase(found);
break;



“lItem Purchase” Example - Take 2. Void-only RPC calls.
Take 2:

struct PurchaseRgData { // same as for Take 1
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_request_id;
int user_id;
int item id;

PurchaseRgData (int user_request_id ,
int user_id , int item id)
user request id(user_request id ),
user_id(user_id ), item id(item_id ) {
status = Status: :DBRequested;
}
}i

class CashierReactor {
map<int,PurchaseRgData> purchase_ item requests;

public:
void cashierPurchaseltemRequest (REACTORID peer_ reactor,
int request _id, int item id );
//...
}i

void CashierReactor: :cashierPurchaseIltemRequest (
REACTORID peer reactor, int request_id,
int item _id ) {
int user_ id = get user_ id(peer_reactor);
int request id = new_request_id();
dbPurchaseItemRequest (db_reactor_id,
request_id,
user_id, int item_ id):;

purchase_ item requests.insert(
pair<int, PurchaseRgData>(request id,
PurchaseRgData (user_ request_id,
user_id, item_id));

}

void CashierReactor: :dbPurchaseItemResponse (
REACTORID peer_ reactor, int request_id,
bool db_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if('db_ok) {
REACTORID user_reactor =
find user_reactor_id(found->second.user_id);
cashierPurchaseltemResponse (user_reactor,
found->second.user_request id, false);
purchase item requests.erase(found);
return;

}

REACTORID gameworld reactor_id =
find gameworld for user (found->second.user_ id);
gameworldAddItemRequest (gameworld reactor_ id, request_id,
found->second.user_id, found->second.item id) ;
found->status =
PurchaseRgData: :Status: :GameWorldRequested;

}

void CashierReactor: :gameworldAddItemResponse (
REACTORID peer_ reactor, int request_id,
bool gw_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_ item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :GameWorldRequested) ;

REACTORID user_reactor =
find user_reactor_id(found->second.user_id);
cashierPurchaseItemResponse (user reactor,
found->second.user_ request_id, gw_ok);
purchase_item requests.erase(found);



“lItem Purchase” Example - Take 2. Void-only RPC calls.

[a ke .
o
o
struct PurchaseRgData { // same as for Take 1 ()
enum class Status { DBRequested, GameWorldRequested }; ®

Status status;
int user request id;

i struct PurchaseRgData {//same as for Take 1

int item id;

o enum class Status { DBRequested,

user request id(user_ request id ),
id id ), it id (it id
iatie < SiatastbuRaquased; | GameWorldRequested };
}

& Status status;

class CashierReactor {

map<int, PurchaseRgData> purchase_item requests; i n t u s e r_re e s t_i d ;

public:
void cashierPurchaseltemRequest (REACTORID peer_ reactor,

int request_id, int item id ); int user id ;
int item id;

//...
};

void CashierReactor: :cashierPurchaseltemRequest (
REACTORID peer reactor, int request id,
int item id ) {
int user_ id = get user_ id(peer_reactor);
int request id = new_request_id();

purchassTEanRduest (db_resctor_id, PurchaseRgData (int user request id ,
user_id, int item id); = . = . = = e
purchase_ item requests.insert( l n t u s e r l d 4 1 n t 1 tem l d )
pair<int, PurchaseRgData>(request id, - = = = N
PurchaseRgData (user_request_id, ° u s e r_re que s t—l d ( u s e r_re que s t—l d—) y

user_id, item id)) i °

}

void CashierReactor: :dbPurchaseTtenResponss user id(user id ), item id(item id ) {

REACTORID peer_ reactor, int request_id,

autgogiugg_:k;uichase_item_requests .find(request_id); S ta tu S - S ta tu s : : DBRe que s ted ;

MYASSERT (found != purchase item requests.end()):;
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ; }
if('db_ok) {
REACTORID user_reactor = }

find user reactor_id(found->second.user_ id);
cashierPurchaseltemResponse (user_reactor,
found->second.user_ request_id, false);
purchase item requests.erase(found);
return;

}

REACTORID gameworld reactor_id =
find gameworld for user (found->second.user_ id);
gameworldAddItemRequest (gameworld reactor_ id, request_id,
found->second.user_id, found->second.item id) ;
found->status =
PurchaseRqgData: :Status: :GameWorldRequested;

}

void CashierReactor: :gameworldAddItemResponse (
REACTORID peer_ reactor, int request_id,
bool gw_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_ item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :GameWorldRequested) ;

REACTORID user_reactor =
find user reactor_id(found->second.user_id);
cashierPurchaseItemResponse (user reactor,
found->second.user_ request_id, gw_ok);
purchase_item requests.erase(found);



“lItem Purchase” Example - Take 2. Void-only RPC calls.
Take 2:

struct PurchaseRgData { // same as for Take 1
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_request_id;
int user_id;
int item id;

PurchaseRgData (int user_request_id ,
int user_id , int item id)
user request id(user_request id ),
user_id(user_id ), item id(item_id ) {
status = Status: :DBRequested;
}
}i

[
class CashierReactor { o
map<int, PurchaseRgData> purchase item requests; I rp ®

public: u
YOt requese 1a, int suemd): D peSEeacter class CashierReactor {

//...

X map<int, PurchaseRgData>

void CashierReactor: :cashierPurchaseIltemRequest (
REACTORID peer reactor, int request id, =
int item id ) { h t t °
int user_ id = get user_ id(peer_reactor); Purc a s e 1 em reque S S 4
int request_id = new_request_id(); S— S—
dbPurchaseItemRequest (db_reactor_id,
request_id,
user_id, int item_ id):;

|
purchase_item requests.insert( P'llb I J c: ™
°

pair<int, PurchaseRgData>(request id,
PurchaseRgData (user_ request_id,

} user_id, item_id)); Voi d
void Cashierfeactor: :dbPurchaseltenResponse cashierPurchaseltemRequest (REACTORID

bool db_ok) {
auto found = purchase_item requests.find(request_id);

MYASSERT (Eound->status oo~ T 0 peer reac tor,
L]

PurchaseRgData: :Status: :DBRequested) ;

if('db ok) { - - - - -
REACTORID user_reastor = int request id, int item id ) ;
find user_reactor_id(found->second.user_id); ’ 4
cashierPurchaseltemResponse (user_reactor,
found->second.user_ request_id, false);
purchase item requests.erase(found); e e o
return;

} }
REACTORID gameworld reactor_id =
find gameworld for user (found->second.user_ id);
gameworldAddItemRequest (gameworld reactor_ id, request_id,
found->second.user_id, found->second.item id) ;
found->status =
PurchaseRgData: :Status: :GameWorldRequested;

}

void CashierReactor: :gameworldAddItemResponse (
REACTORID peer_ reactor, int request_id,
bool gw_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_ item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :GameWorldRequested) ;

REACTORID user_reactor =
find user_reactor_id(found->second.user_id);
cashierPurchaseItemResponse (user reactor,
found->second.user_ request_id, gw_ok);
purchase_item requests.erase(found);



“lItem Purchase” Example - Take 2. Void-only RPC calls.

Take 2:

struct PurchaseRgData { // same as for Take 1

};

enum class Status { DBRequested, GameWorldRequested };
Status status;

int user_request_id;

int user_id;

int item id;

PurchaseRgData (int user_request_id ,
int user_id , int item L id)
: user_request id(user_request id ),
user_id(user_id ), item 1d(1tem id ) |
status = Status::DBRequested

}

class CashierReactor {

};

map<int, PurchaseRgData> purchase_item requests;

public:
void cashierPurchaseltemRequest (REACTORID peer_ reactor,
int request_id, int item id );

//...

void CashierReactor: :cashierPurchaseltemRequest (

}

REACTORID peer reactor, int request id,
int item id ) {
int user id = get user id(peer_ reactor);
int request id = new_request id():;
dbPurchaseItemRequest (db_reactor_ id,
request id,
user_id, int item id);

purchase item requests.insert(
pair<int, PurchaseRgData>(request id,
PurchaseRgData (user_ request_id,
user_id, item id));

void CashierReactor: :dbPurchaseItemResponse (

}

REACTORID peer_ reactor, int request_id,
bool db_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :DBRequested) ;
if (!db_ok) {
REACTORID user_reactor =
find user . " reactor _id(found->second.user_id);
cashlerPurchaseItemResponse(user reactor,
found->second.user_ request_id, false);
purchase item requests.erase(found);
return;

}

REACTORID gameworld reactor_id =
find gameworld for user(found >second.user_id) ;
gameworldAddItemRequest (gameworld reactor_ id, request_id,
found->second.user_id, found- >second. item id);
found->status =
PurchaseRqgData: :Status: :GameWorldRequested;

void CashierReactor: :gameworldAddItemResponse (

REACTORID peer_ reactor, int request_id,
bool gw_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_ item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :GameWorldRequested) ;

REACTORID user_reactor =
find user reactor_id(found->second.user_id);
cashlerPurchaseItemResponse(user reactor,
found->second.user_ request_id, gw_ok);
purchase_item requests.erase(found);

Bmlerplate'

>1nt request id = new request id();
dbPurchaseItemRequest (db reactor id,
request id,
user id, int item id)

prone

>purchase item requests.insert (
pair<int, PurchaseRgData>(request id,
PurchaseRgData (user request id,
user id, item id))

Error-

Boilerplate:

auto found
purchase item requests.find(request id)
MYASSERT (found !=
purchase item requests.end())
MYASSERT (found->status ==

PurchaseRgData: : Status: :DBRequested)



“lItem Purchase” Example - Take 2. Void-only RPC calls.
Take 2 (50 LoC): “Holy Grail” (10 LoC):

struct PurchaseRgData { // same as for Take 1
enum class Status { DBRequested, GameWorldRequested };
Status status;
int user_ request id;
int user_id;
int item id;
PurchaseRgData (int user_request_id ,

int user id , int item id)
user request id(user_request _id ),
user_id(user_id ), item id(item_id ) {
status = Status: :DBRequested;

}

};

class CashierReactor {
map<int,PurchaseRgData> purchase_ item requests;

public:
void cashierPurchaseltemRequest (REACTORID peer reactor,
int request _id, int item id ); N
//. ..
};

void CashierReactor: :cashierPurchaseltemRequest ( bool CashierReactor: :purchaseItem(
REACTORID peer_reactor, int request_id, int item_id, int connection_id) {
int item _id ) {
int user_id = get user_ id(peer_reactor);
int request id = new_request_id();
dbPurchaseItemRequest (db_reactor_id, bool db_ok = REENTRY
request_id, dbPurchaseItem(db_reactor_id,

user_id, int item_id); user_id, item id);

int user_id = get user_id(connection_id);

purchase_ item requests.insert(
pair<int, PurchaseRgData>(request id,
PurchaseRgData (user_ request_id,
user_id, item_id));

}

void CashierReactor: :dbPurchaseItemResponse (
REACTORID peer_ reactor, int request_id,
bool db_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_item requests.end());
MYASSERT (found->status ==
PurchaseRgData: :Status: :DBRequested) ;
if ('db_ok) { if ('db_ok)
REACTORID user_reactor =
find user_reactor_id(found->second.user_id);
cashierPurchaseIltemResponse (user_ reactor,
found->second.user_request id, false);
purchase item requests.erase(found);

return false;

return;
}
REACTORID gameworld reactor_id = REACTORID gameworld reactor_ id =
find gameworld for user(found->second.user_ id); find _gameworld for user(user_id);
gameworldAddItemRequest (gameworld reactor_ id, request_id, bool gameworld ok = REENTRY
found->second.user_id, found->second.item id) ; gameworldAddItem (
found->status = gameworld reactor_id,
PurchaseRgData: :Status: :GameWorldRequested; user_id, item_id);

}

void CashierReactor: :gameworldAddItemResponse (
REACTORID peer_ reactor, int request_id,
bool gw_ok) {
auto found = purchase_item requests.find(request_id);
MYASSERT (found != purchase_item requests.end());
MYASSERT (found->status ==
PurchaseRgData: : Status: :GameWorldRequested) ;

REACTORID user_reactor =
find user_reactor_id(found->second.user_id);
cashierPurchaseltemResponse (user_reactor, return gameworld ok;
found->second.user request_id, gw_ok);
purchase_item requests.erase(found);



“lItem Purchase” Example - Take 3. OO Callbacks.
Take 3:

class DbPurchaseItemCallbackA

: public DbPurchaseItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item_id;

public:
DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseltemReply>& reply handle |,
int user_id , int item id )
DbPurchaseItemCallback(r), reply handle(reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool db_ok) override;

};

class GameworldAddItemCallbackA
public GameworldAddItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item id;

public:
GameworldAddItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )
GameworldAddItemCallback (r),
reply handle (reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool gw_ok) override;

};

void CashierReactor: :cashierPurchaseltem
shared ptr<CashierPurchaselItemReply> reply handle,
int item _id) {

int user_ id = get user id(reply handle);

auto cb = new DbPurchaseItemCallbackA (
this, reply handle,
user_id, item id);

dbPurchaseItem(cb, db_reactor_id,
user_id, item id);

}

void DbPurchaseltemCallbackA: :react(bool db ok) {
if (!'db_ok) {
reply handle->reply(false) ;
return;
}
REACTORID gameworld reactor_id =
get_reactor()->find gameworld for user (user_id);
auto cb = new GameworldAddItemCallbackA (
get_reactor (), reply handle,
user_id, item id);
gameworldAddItem(cb, gameworld reactor_id,
user_id, item_id);

}

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 3. OO Callbacks.

Take 3: Boilerplate:

class DbPurchaseltemCallbackA

: public DbPurchaseItemCallback { Cl ass Db PurChas e I temcal lbaCkA

shared ptr<CashierPurchaseItemReply> reply handle;

int user_id; : public DbPurchaseItemCallback ({

int item_id;

public: shared ptr<CashierPurchaseltemReply>

DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_, reply handle ;
int user_id , int item id ) —
: DbPurchaseItemCallback(r), reply handle(reply handle ), - - o
user_id(user_id ), item id(item_id ) { lnt user_ld v
} | ] | ] L}
int item id;
void react(bool db_ok) override; =

};
class GameworldAddItemCallbackA pUb l 1 C :

: public GameworldAddItemCallback ({

i:irle:l:gitizc-tashierPurchaseI temReply> reply handle; Db PurCha S e I temca l lbackA ( Re a c to r * r -

int item id: shared ptr<CashierPurchaseItemReply>&
public: reply_handl e_ V4

GameworldAddItemCallbackA (Reactor* r,

int uesr id , ine itemia) L opHenEie int user id , int item id )
plgf’ﬁ“dil(?dﬁiaﬁfiii_f‘d’(tm . : DbPurchaseItemCallback (r),
y oo T T T T reply handle(reply handle ),
| void react(bool gu_ok) override; user id(user id ), item id(item id ) {
void CashierReactor: :cashierPurchaselten( }

shared ptr<CashierPurchaselItemReply> reply handle,
int item _id) {

int user_id = get_user id(reply handle); void react (bool db ok) override;
auto cb = new DbPurchaseItemCallbackA ( —
this, reply handle, } ;

user_id, item id);
dbPurchaseItem(cb, db_reactor_id,
user_id, item id);

}

void DbPurchaseltemCallbackA: :react(bool db ok) {
if (!'db_ok) {
reply handle->reply(false) ;
return;
}
REACTORID gameworld reactor_id =
get_reactor()->find gameworld for user (user_id);
auto cb = new GameworldAddItemCallbackA (
get_reactor (), reply handle,
user_id, item id);
gameworldAddItem(cb, gameworld reactor_id,
user_id, item_id);

}

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 3. OO Callbacks.
Take 3:

class DbPurchaseItemCallbacka

: public DbPurchaseItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item_id;

public:
DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )
: DbPurchaseItemCallback(r), reply handle(reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool db_ok) override;

Boilerplate:

class GameworldAddItemCallbackA
e e S T ST A e P class GameworldAddItemCallbackA
int iceaia; : public GameworldAddItemCallback {
Bt shared ptr<CashierPurchaseltemReply>

GameworldAddItemCallbackA (Reactor* r,

shared ptr<CashierPurchaselItemReply>& reply handle_, o
int user_id , int item id ) reply_handle ’
: GameworldAddItemCallback (r), = .
reply handle (reply handle ), I n t u S e r 1 d ;

user_id(user_id ), item id(item_id ) {

) int item_id;

void react(bool gw_ok) override;
};

public:

void CashierReactor: :cashierPurchaseItem/(

Tt st iy rrunchassitemieplyr reply_handle GameworldAddItemCallbackA (Reactor* r,
int user_ id = get user id(reply handle); Shared_P tr<caShierPurChase I temReP1y>&
auto cb = new DbPurchaseItemCallbackA (
this, reply handle, reply handle 4
user_id, item id); . — . - . .
dbPurchaselten(ch, db_reactor id, int user id , int item id )
} ) ) : GameworldAddItemCallback(r),
vo:ic; (l!DglP)izlczl)laTeItemCallbackA: :react (bool db _ok) { rep ly—handl e ( reply_handl e_) ,
rovarn, eTeply (fatee)s user id(user id ), item id(item id ) {
;EACTORID gameworld reactor_id = }

get_reactor()->find gameworld for user (user_id);
auto cb = new GameworldAddItemCallbackA (
get_reactor (), reply handle,
user_id, item id); - ( ) - .
gameworldAddItem(cb, gameworld reactor_id, VOld reaCt bOOl gW_Ok Overrlde 4
user_id, item_id); }

N~ oo

}

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 3. OO Callbacks.
Take 3:

class DbPurchaseItemCallbackA

: public DbPurchaseItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item_id;

public:
DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )
: DbPurchaseItemCallback(r), reply handle(reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool db_ok) override;

};

class GameworldAddItemCallbackA
: public GameworldAddItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item id;

public:

GameworldAddItemCallbackA (Reactor* r,
shared_ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )

: GameworldAddItemCallback(r),

reply handle (reply handle ),
user_id(user_id ), item id(item_id ) {

| Somewhat-Meaningful:

void react(bool gw_ok) override;
volid CashierReactor: :cashierPurchaseltem

};

void CashierReactor: :cashierPurchaseItem (

o e e e B Ae shared ptr<CashierPurchaseltemReply>
int user_ id = get user id(reply handle); reply handle /
auto cb = new Db.PurchaseItemCallbackA( . : — :
S int item_id) ({
e eer_ia7 stam 13) int user id = get user id(reply handle) ;

}
void DbPurchaseltemCallbackA: :react(bool db ok) { autO Cb = new DbPurChaseItemcallbaCkA (

if ('db_ok) { this , reply_handle -

reply handle->reply(false) ;

return; - . -
) | user id, item id) ;
REACTORID gameworld reactor_id = — —
get_reactor()->find gameworld for user (user_id); -
auto cb = new GameworldAddItemCallbackA( dbPurChaS e I tem ( Cb 4 db reac tor ld J
get_reactor (), reply handle, . = . . .
user_id, item_ id); user id, item id);
gameworldAddItem(cb, gameworld reactor_id, — —
user_id, item_id); }

}

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 3. OO Callbacks.
Take 3:

class DbPurchaseItemCallbackA

: public DbPurchaseItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item_id;

public:
DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )
: DbPurchaseItemCallback(r), reply handle(reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool db_ok) override;

};

class GameworldAddItemCallbackA
: public GameworldAddItemCallback ({ o
shared ptr<CashierPurchaseItemReply> reply handle; S o m ew at- M ea n I n g u ®
int user id; o
int item id;

public: volid DbPurchaselItemCallbackA::
GameworldAddItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_, re a c t ( b o o l db o k ) {

int user_id , int item id )
: GameworldAddItemCallback(r), - '
reply handle (reply handle ), 1f ( . d-b Ok) {
user_id(user_id ), item id(item_id ) {

} reply handle->reply(false) ;

void react(bool gw_ok) override; °
. return;

void CashierReactor: :cashierPurchaseltem }
shared ptr<CashierPurchaselItemReply> reply handle,

int item id) ( REACTORID gameworld reactor id =

int user_ id = get user id(reply handle);
auto cb = new DbPurchaseItemCallbackA ( get reaCtOr ( ) _>
this, reply handle, - _— -
user_id, item id); find gameworld for user (user 1id);
dbPurchaseItem(cb, db_reactor_id, — — — —

user_id, item_id); auto cb = new GameworldAddItemCallbackA (

}

void DbPurchaseItemCallbackA: :react(bool db ok) { e t reac tor re l handl e
if('db ok) { — 4 — 4
repl§_hand1e->rep1y (false) ; - - - .
reply b user id, item id);
}
REACTORID gameworld reactor_id = gameWOr ldAddI tem (Cb /
get reactor()->find gameworld for user (user_id); .
auto cb = new GameworldAddItemCallbackA (
get_reactor(), reply handle, gameworld_reaCtor—ld 4
user_id, item id); u = = o
gameworldAddItem(cb, gameworld reactor_ id, u S e r 1 d J 1 tem 1 d) Y 4

user_id, item_ id);
} }

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 3. OO Callbacks.
Take 3 (40LoC): “Holy Grail” (10 LoC):

class DbPurchaseItemCallbackA

: public DbPurchaseItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item_id;

public:
DbPurchaseItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseltemReply>& reply handle |,
int user_id , int item id )
DbPurchaseItemCallback(r), reply handle(reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool db_ok) override;

};

class GameworldAddItemCallbackA
public GameworldAddItemCallback ({
shared ptr<CashierPurchaseItemReply> reply handle;
int user_id;
int item id;

public:
GameworldAddItemCallbackA (Reactor* r,
shared ptr<CashierPurchaseItemReply>& reply handle_,
int user_id , int item id )
GameworldAddItemCallback (r),
reply handle (reply handle ),
user_id(user_id ), item id(item_id ) {

}

void react(bool gw_ok) override;
}; bool CashierReactor: :purchaseItem (
int item_id, int connection_id) ({
void CashierReactor: :cashierPurchaseItem/(
shared ptr<CashierPurchaselItemReply> reply handle,
int item _id) {

int user_id = get_user_id(connection_id) ;

int user_ id = get user id(reply handle);
auto cb = new DbPurchaseItemCallbackA (
this, reply handle, bool db_ok = REENTRY
user id, item id); dbPurchaseItem(db_reactor_id,
dbPurchaseItem(cb,_db_reacf;r_id, user_id, item id);
user_id, item id);
} if (!'db_ok)

void DbPurchaseltemCallbackA: :react(bool db ok) {
if('db ok) { return false;

reply handle->reply (false) ;
PLY_ Ply( ) REACTORID gameworld reactor id =

} return; find gameworld for user (user id);
REACTORID gameworld reactor_id =

get_reactor()->find gameworld for user (user_id);
auto cb = new GameworldAddItemCallbackA ( bool gameworld ok = REENTRY
get reactor(), reply handle, gameworldAddItem(
user id, item id) ; - gameworld reactor_id,
= =3 . user id, item id);
gameworldAddItem(cb, gameworld reactor_id, - -
user_id, item_id);
} return gameworld ok;

void GameworldAddItemCallbackA::react(bool gw_ok) {
reply handle->reply(gw_ok) ;
}



“lItem Purchase” Example - Take 4. Lambda Pyramids.

Take 4:

void
CashierReactor: :cashierPurchaseItem (
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);
dbPurchaseItem(db reactor id,
user id, item id,
[=] (bool db ok) {
if('db ok) {
reply handle->reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gameworldAddItem (
gameworld reactor id,
user id, item id,
[=] (bool gw_ok) {
reply handle->reply(gw ok);
})
L) ;



“lItem Purchase” Example - Take 4. Lambda Pyramids.

Take 4 (12 LoC): “Holy Grail” (10 LoC):

void bool CashierReactor: :purchaseItem

CashierReactor: :cashierPurchaseItem (
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);
dbPurchaseItem(db reactor id,
user id, item id,
[=] (bool db ok) {
if('db ok) {
reply handle->reply(false);
return;

}
REACTORID gameworld reactor id =

find gameworld for user (user id);

gameworldAddItem (
gameworld reactor id,
user id, item id,
[=] (bool gw_ok) {
reply handle->reply(gw ok);
})
L) ;

int item id, int connection id) {

int user 1id =
get user id(connection id);
bool db ok = REENTRY
dbPurchaseItem(db reactor 1id,
user id, item id);
if ('db ok)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user 1id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;



“Item Purchase” Example - Take 5. Futures.

Take 5:

void CashierReactor: :cashierPurchaselItem (
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);
ReactorFuture<bool> db ok =
dbPurchaseItem( this, db reactor id,
user id, item id);
ReactorFuture<bool> gw ok (this);
db ok.then ([=] () {
if('db ok.value()) {
reply handle->reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gw ok = gameworldAddItem (
this, gameworld reactor id,
user id, item id);

});

gw_ok.then ([=] () {
reply handle->reply(gw ok.value()) ;
});
}



“Item Purchase” Example - Take 5. Futures.

Take 5:

void CashierReactor: :cashierPurchaselItem (
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);
ReactorFuture<bool> db ok =
dbPurchaseItem( this, db reactor id,
user id, item id);
ReactorFuture<bool> gw ok (this);
db ok.then ([=] () {
if('db ok.value()) {
reply handle->reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gw ok = gameworldAddItem (
this, gameworld reactor id,
user id, item id);

});

gw_ok.then ([=] () {
reply handle->reply(gw ok.value()) ;

}) s
}



“Item Purchase” Example - Take 5. Futures.

Take 5: “Holy Grail”:

bool CashierReactor: :purchaseItem (
int item id, int connection id) {

void CashierReactor: :cashierPurchaseItem (
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);
ReactorFuture<bool> db ok =
dbPurchaseItem( this, db reactor id, bool db ok = REENTRY

int user 1id =
get user id(connection id);

user id, item id);
ReactorFuture<bool> gw ok (this);
db ok.then ([=] () {
if('db ok.value()) {
reply handle->reply(false) ;
return;

}
REACTORID gameworld reactor id =

find gameworld for user (user id);

gw ok = gameworldAddItem (

this, gameworld reactor id,

user id, item id);

});

gw_ok.then ([=] () {

reply handle->reply(gw ok.value()) ;

}) s
}

dbPurchaseItem(db reactor 1id,
user id, item id);

if(!db_pk)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor 1id,
user id, item id);
return gameworld ok;



“lItem Purchase” Example - Take 5. Futures.

Take 5:

void CashierReactor: :cashierPurchaseltem
shared ptr<CashierPurchaseItemReply>
reply handle,
int item id) {
int user 1id =
get user id(reply handle);

r re<bool> db ok =
Recaiggzrf::::eize;? zhi sTodb_reactoh U n I [ ke Std fUtu re < >l
user_id, “iten_idee® more like folly::Future<>

ReactorFuture<bool> gw ok (this);
db ok.then ([=] () {
if('db ok.value()) {
reply handle->reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user(user id) ;
gw ok = gameworldAddItem (
this, gameworld reactor id,
user id, item id);

});

gw_ok.then ([=] () {
reply handle->reply(gw ok.value()) ;

}) s
}



“lItem Purchase” Example - Take 6. Code Builder.

Take 6: “Holy Grail”+Exceptions:

bool CashierReactor: :purchaseItem (

int item id, int connection id) {
int user id =

get user id(connection id);

void CashierReactor: :cashierPurchaseltem(
shared ptr<CashierPurchaselItemReply>
reply handle, int item id) {
int user id = get user id(reply handle);
RectorFuture<bool> db ok;
ReactorFuture<bool> gw ok;

CCode code(
ttry ( try {
[=10){
bool db ok = REENTRY
db_ok = giPurchiseIFzm( dbPurchaseItem(db reactor id,
reactor_id, user id, item id);

usgﬁ_id, item id);
by
waitFor (db ok),
[=]1 O { if ('db_ok)
reply handle.reply(false);
return eexit () ;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gw_ok = gameworldAddItem (
gameworld reactor id,
user id, item id);

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);

},

waitFor (gw ok),

[=1 O { - return gameworld ok;
reply handle.reply(gw ok.value()); }

)/}ttry catch( std::exception& x ) {
.ccatch( [=] (std: :exception& x) { \ LogException (x) ;

LogException (x) ;

} }
) ; //CCode

}



“lItem Purchase” Example - Take 6. Code Builder.

Take 6a: “Holy Grail”+Exceptions:

void CashierReactor: :cashierPurchaseItem ( bool CashierReactor: :purchaseItem (

shared ptr<CashierPurchaseItemReply> int item id, int connection id) {
reply handle, int item id) ({ int user 1id =

int user id = get user id(reply handle) ; get user id(connection id);

RectorFuture<bool> db ok;
ReactorFuture<bool> gw ok;

CCODE
TTRY try {
db ok = dbPurchaseltem( bool db ok = REENTRY
db_reactor_id, dbPurchaseItem(db reactor id,
user_id, item id); user id, item id);
WAITFOR (db ok) — —
if('db ok.value()) { if ('db ok)
reply handle.reply(false); return false:
return eexit(); ’
}
REACTORID 1 1d =
CTO gameworld reactor_id REACTORID gameworld reactor id =

find gameworld for user (user id);
gw_ok = gameworldAddItem (
gameworld reactor id,
user id, item id);
WAITFOR (gw_ok)
reply handle.reply(gw ok.value());
ENDTTRY

CCATCH } |
LogException (x) ; catch( std: :exception& x ) {

ENDCCATCH LogException (x) ;
ENDCCODE }

find gameworld for user (user 1id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;



Take 7. Stackful co-routines/fibers.

Take 7: “Holy Grail”+Exceptions:

void CashierReactor: :cashierPurchaseltem( bool CashierReactor: :purchaselItem

shared ptr<CashierPurchaseltemReply>
reply handle, int item id) {
int user id = get user id(reply handle);

ReactorFuture<bool> db ok (this);
ReactorFuture<bool> gw ok (this) ;

try {
db ok = dbPurchaselItem/(
db reactor id,
user id, item id);
WAITFOR (db ok) ;
if(!'db ok.value()) {
reply handle.reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gw_ok = gameworldAddItem (
gameworld reactor id,
user id, item id);
WAITFOR (gw_ok) ;
reply handle.reply(gw ok.value());
}
catch(std: :exceptioné& x) {
LogException (x) ;
}
}

}

int item id, int connection id) {

int user id =
get user id(connection id);

try {
bool db ok = REENTRY

dbPurchaseltem(db reactor id,
user id, item id);

if(!db_pk)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;
}
catch( std: :exceptioné& x ) {
LogException (x) ;
}



Take 7. Stackful co-routines/fibers.

Take 7: “Holy Grail”+Exceptions:

void CashierReactor: :cashierPurchaseItem ( bool CashierReactor: :purchaselItem
shared ptr<CashierPurchaselItemF "> int item id, int connection id) {
reply handle, int item id) '

int user id = get user id(re’ 4 o dle) ; int user id =
”\ get user id(connection id);
ReactorFuture<bool> db ok '\\

ReactorFuture<bool> gw o} ,
o

Ny
try { { try {
db ok = dbPurchasel Q bool db ok = REENTRY
db reactor % dbPurchaseltem(db reactor id,
1)

user id, " user id, item id);
WAITFOR (db ok) ;
if('db ok.valu

repl§_hand] ‘
return; \Q
} Q

if(!db_pk)
return false;

REACTORID O cld reactor id = REACTORID gameworld reactor id =
find ¢ * d for user(user id); find gameworld for user (user id);
gw ok = ,rldAddItem ( bool gameworld ok = REENTRY
@ /orld reactor 1id, gameworldAddItem (
* ¢ id, item id); gameworld reactor id,
WAI" _ok); user id, item id);
re dle.reply(gw ok.value()); return gameworld ok;
} }
ce 1: :exceptioné& x) { catch( std: :exceptioné& x ) {

2

.Y ixception(x); LogException (x) ;
} }
} }



Take 7x (DON'T DO IT):

void CashierReactor: :cashierPurchaseItem (
shared ptr<CashierPurchaseItemReply>
reply handle, int item id) {
int user 1id =
get user id(reply handle);

try {
bool db ok = dbPurchaseItem/(

db reactor 1id,
user id, item id);
if('db ok.value()) {
reply handle.reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
gw_ok = gameworldAddItem (
gameworld reactor id,
user id, item id);
reply handle.reply(gw ok.value())
}
catch(std: :exception& x) {
LogException (x) ;
}

Take 7. Stackful co-routines/fibers.

“Holy Grail”+Exceptions:

bool CashierReactor: :purchaseItem (
int item id, int connection id) {

int user id =
get user id(connection id);

try {
bool db ok =(REENTRY

dbPurchaseltem(db reactor id,
user id, item id);

if(!db_pk)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;
}
catch( std: :exceptioné& x ) {
LogException (x) ;
}
}



Take 7x (DON'T DO IT):

void CashierReactor: :cashi Qb Ttem (
shared ptr<CashierPurcb "
reply handle, int it O
int user 1id =
get user id(reply o

qb, .or 1id =
'x\ 2r (user id);
'Q~ am (

ctor id,
m id) ;
4w_ok.value());

Take 7. Stackful co-routines/fibers.

“Holy Grail”+Exceptions:

bool CashierReactor: :purchaseItem (
int item id, int connection id) {

int user id =
get user id(connection id);

try {
bool db ok =(REENTRY

dbPurchaseltem(db reactor id,
user id, item id);

if(!db_pk)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;
}
catch( std: :exceptioné& x ) {
LogException (x) ;
}
}



“Item Purchase” Example - Take 8. co_await.

Take 8:

void CashierReactor: :cashierPurchaseltem (

“Holy Grail”+Exceptions:

bool CashierReactor: :purchaseItem

shared ptr<CashierPurchaseItemReply>
reply handle, int item id) {

int user 1id =
get user id(reply handle);

try {
bool db ok =(co await dbPurchaseItem

db reactor 1id,
user id, item id);
if('db ok.value()) {
reply handle.reply(false);
return;
}
REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gw ok =co await
gameworldAddItem (
gameworld reactor id,
user id, item id);
reply handle.reply(gw ok.value())
}
catch(std: :exceptioné& x) {
LogException (x) ;
}
}

}

int item id, int connection id) {

int user 1id =
get user id(connection id);

try {
bool db ok =(REENTRY

dbPurchaseItem(db reactor id,
user id, item id);
if ('db ok)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = 'REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;
}
catch( std: :exceptioné& x ) {
LogException (x) ;
}



“Item Purchase” Example - Take 8. co_await.

Take 8:

void CashierReactor: :cashierPurchaselItem (

“Holy Grail”+Exceptions:

bool CashierReactor: :purchaseItem

shared ptr<CashierPurchaseItemReply>
reply handle, int item id) {

int user 1id =
get user id(reply handle);

try { “
bool db ok =i(co awe Q' 1rchaselItem

db reactor
user 1d, e O
if('db ok.value (’
reply handle

return; O Q
) N

REACTORID r o ’D ld reactor id =
find ga’ {\ . for user (user id);
bool gw »_await
gamew 4ddTtem (
ga.. w~orld reactor id,
user id, item id);
reply handle.reply(gw ok.value())
}
catch(std: :exceptioné& x) {
LogException (x) ;

d) ;

}
}

}

int item id, int connection id) {

int user 1id =
get user id(connection id);

try {
bool db ok =(REENTRY

dbPurchaseItem(db reactor id,
user id, item id);
if ('db ok)
return false;

REACTORID gameworld reactor id =
find gameworld for user (user id);
bool gameworld ok = 'REENTRY
gameworldAddItem (
gameworld reactor id,
user id, item id);
return gameworld ok;
}
catch( std: :exceptioné& x ) {
LogException (x) ;
}
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Current Proposals

Part 2. Current Standard Proposals
and Implementation Wishes

Current proposals:

- co_await, currently billed as “stackless coroutines” (formerly
Resumable Functions); current proposal is N4663
- probably the best one for our purposes (though see above

re. potential to avoid REENTRY markers, and serialisation)
- stackful coroutines, current proposal is N3985.

- not too bad, but REENTRY is absent, and no idea how to implement

cross-platform serialisation
- Resumable Expressions (PO114R0).

- difficulties enforcing REENTRY-style markers
- hidden mutex(!) when emulating co_await

- Call/CC (P0O534R0):
- IMO too low-level to be used directly at app-level




Implementation Wishes

Part 2. Current Standard Proposals
and Implementation Wishes

Implementation Wishes:

- we DO need to see those points where state can suddenly change
- in this regard, | am a big fan of Suspend-Out model; please do
NOT throw it away on the premises such as those in PO114R0.

- we DO need serialisation
- as serialisation is not realistic for now, AT LEAST we need to (a) be
sure that await-frames are using ONLY allocator, and (b) able to
override default allocator for lambdas/await-frames/...
- as soon as serialisation (via static reflection or whatever-else) is

available - we need it for both lambdas and for await-frames
- we DO need coroutines to be thread-agnostic

- no mutexes in implementation, PRETTY PLEASE

- mutexes has been seen more than once to cause BAD bugs in
WG21-related code



On Dangers of Mutexes

P0114R0 emulating await: “Holy Grail”+Exceptions:

void CashierReactor: :cashierPurchaseltem ( bool CashierReactor: :purchaseItem
shared ptr<CashierPurchaseItemReply> int item id, int connection id) {
reply handle, int item id) {
int user 1id =
get user id(reply handle); int user 1id =
get user id(connection id);
try {
bool db ok =iawait (dbPurchaseItem try {
db reactor 1 bool db ok ={ REENTRY
user 1d, itemV ; dbPurchaseItem(db reactor id,
if('db ok.value()) { user id, item id);

reply handle.reply(false);
return; up to 1M CPU cycles extra cost
} - i
REACTORID gameworld reacjy©Or id = <Rea"y Blg OUCh' /> r id =
find gameworld for r (user id); find gameworld for user (user id);
bool gw ok = lawait ( bool gameworld ok ={ REENTRY
gameworldAddItem ( gameworldAddItem (
gameworld reactor id, gameworld react~» 34
user id, item id)); user id, item i
reply handle.reply(gw ok.value()) return gameworld ok;
} }
catch(std: :exceptioné& x) { catch( std: :exception& x ) {

LogException (x) ; LogException (x) ;
} }
} }



On Dangers of Mutexes

From PO114RO0:

void run() {
struct state saver {
waiter* prev = active waiter ;

~state saver() {
active waiter = prev; }
} saver;
active waiter = this;
std: :lock guard<std::mutex> lock (mutex );
nested resumption = false;
do run() ;

W MAY call f.resume() while mutex is locked

W In turn, MAY lead to a deadlock
on one single recursive mutex

<Even Bigger Ouch! />

Disclaimers:

- Code in PO114R0 is convoluted enough, so | might have
misread it

- More importantly, mutex-related problems MIGHT be
fixable (or MIGHT be not)



TL;DR:

- we (as in “quite a few developers out there, including,
but not limited to, gamedevs, financial devs, and HPC
devs") DO need(a way to handle non-blocking returns

- the whole point of handling non-blocking returns is
to allow interaction with the current state.
- as a result - we DO need a way to clearly see when

the state has a potential to change (REENTRY marker).

- out of all the available and proposed options - none is
pertect.
- some options are ugly, some don’t have this way-to-
see-potential-to-change, and quite a few cause
trouble when we’re trying to serialise them.

co await is our best shot

Summary



Slides Are Available at github.com/CppCon/
CppCon2017, cppcon2017.sched.com, and ithare.com

Questions? Questions?
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