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[MnaH npe3eHTauuu

1 Mogenu pacnpegeneHHbIX cuctem
2 [Mpobnemsbl cyuwecteoBaBwmnx SDK
3 OcHoBHble koHUenumn Roren
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MapReduce n Streaming



MapReduce n Streaming

MpoLiecchbl onuckIBatOTCA HAbopom
MPOCTLIX KUPMUYMKOB

NHdpacTpykTypa aaet
» [Opu3oHTanbHOe MacluTabupoBaHue

»  OTKa30yCcTOM4YMBOCTb



MapReduce

[MakeTHasa obpaboTka bonbLmx Tabnmy,

.~ APACHE |
N Scoon 2% YTsaurus



MMpumMmep npouecca

« [laHo: gaHHbIEe O 3anpocax Nosfib3oBaTenen

« 3agava: nocTpouTb Npounb NHTEPECOB
nonb3oBareneun

Query Userld Userld
YMHbIe yKkasatenu 1412 1412
std::format 1412

Kpacka ons mebenu 1412

UserProfile

{"C++": 2, "pemoHT": 1}



MapReduce: map

Query Userld
YMHble ykasatenu 1412
[leTckme KpoccoBKU 2109
std::format 1412
Kpacka ons mebenu 1412
driokesbl 2109
Berosern 2109

Category Userld
C++ 1412
[etn 2109
C++ 1412
PeMoHT 1412
Can 2109
[etn 2109



MapReduce: shuffle

Category Userld
C++ 1412
[eTtn 2109
C++ 1412
PemoHT 1412
Cag 2109
[etn 2109

Userld Category
2109 [etu
2109 Capn
2109 [etn
1412 C++
1412 C++
1412 PemoHT



MapReduce: reduce

Userld Category Userld Category

2109 Oen —P 2109 {"netn": 2, "capn": 1}
2109 Cap 1412 {"C++": 2, "pemoHT": 1}
2109 [letn

1412 C++

1412 C++

1412 PeMoOHT



Streaming

Ob6paboTka NOTOKOB JaHHbIX B peXnme
(OKOMno) pearnbHOro BpeMeHU

. Spcnr‘lgZ
Flink Streaming




Streaming: map

{"Userld": 1412, "Query": "asan"} — {"Userld": 1412, "Category": "C++"}



Streaming: shuffle

{"Userld": 1412, "Category": "C++"} | =——— |



Streaming: stateful map

{"Userld": 1412, "Category": "C++"} —>

{"C++": 2, "pemoHT": 1} ?* {"C++": 3, "pemoHT": 1}



W"
®
[MpoOnembl

cywecTtBoBaBLwnx SDK



MapReduce

// API B MMIEpaTMBHOM CTUIIE

client->MapReduce ("//input", "//tmp", make unique<TMapperl> (), make unique<TReducerl>());

client->MapReduce ("//tmp", "//output", make unique<TMapper2>(), make unique<TReducer2>());

// HeymoBHO onuceBaTh pipeline'wl BHUMCIIEHUMA
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MapReduce

// API B MMIEpaTMBHOM CTUIIE
client->MapReduce ("//input", "//tmp", make unique<TMapperl> (), make unique<TReducerl>());

client->MapReduce ("//tmp", "//output", make unique<TMapper2>(), make unique<TReducer2>());

// HeymoBHO onmceiBaTh pipeline'bl BHUMCIIEHUM :
// 1. HyXHO ynpaBJIATb BPEMEHHEMM TalOiauiiamu

// 2. HyXHO OTCJIeXMBATh, KOT'Ja MOXHO 3alyCTUTb OUEPENHY OINepaluio



MapReduce

// OmviH KJjlacC Ha IMpoliecc,
// CTaIuM COeIMHATCS depes KOHOUIM
class TProcessor : public IProcessor {

void Process (TMessageBatch &messageBatch) override {

¥



MapReduce

// OmviH KJjlacC Ha IMpoliecc,
// CTaIuM COeIMHATCS depes KOHOUIM
class TProcessor : public IProcessor {
void Process (TMessageBatch &messageBatch) override {

¥

// 1. Boobume HeT BO3MOXHOCTU ONMUCHBATH pipeline'n



MapReduce

// OmviH KJjlacC Ha IMpoliecc,

// cTammMyM COeNUHAKNTCH uUepes KOoHburu
class TProcessor : public IProcessor {
void Process (TMessageBatch &messageBatch) override { ... }

¥

// 1. Boobume HeT BO3MOXHOCTU ONMUCHBATH pipeline'n

// 2. XoueTcd yMeThb 3amnyckaTb OOMH kKom M B MapReduce, m B Streaming



Bo3MoOXHble pelueHus

YQL — SQL Apache Spark,
On4a pacnpeneneHHbIX CUCTEM Apache Beam

SQL n C++ HeynobHO nHTerpupoBaTtb Java, Python



S

Roren: oOCHOBHbIe
KOHUenuuu



MapReduce

auto pipeline = MakeYtPipeline( "some.cluster.ytsaurus.tech" );
TPCollection<TQueryLogProto> logs = pipeline | YtRead< TQueryLogProto>("//logs/queries/2023-05-24");

TPCollection<TKV< int, std::string>> userToCategory = logs | ParDo([] ( const TQueryLogProto & log) {
return TKV<int, std::string>{log.user id(), ResolveCategory(log.query())};

}) s

TPState<int, TUserProfileProto> pState = MakeYtPState(std::nullopt, "//profiles/2023-05-24" ) ;

userToCategory | StatefulParDo (pState,
[] (const TKV<int, std::string>& input, TOutput<void>&, TUserProfileProto & profile) {

(*userProfile.mutable interests()) [input.Value()]++;

1)

pipeline.Run() ;



MapReduce

auto pipeline = MakeYtPipeline( "some.cluster.ytsaurus.tech" ); // XpaHut rpad BeUMCIIEHUN

pipeline.Run(); // MoxeT 3amnyCTUTb BHUMUCJIEHUS Ha BHOPAHHOM CHUCTEMEe



MapReduce

TPCollection<TQueryLogProto>

TPCollection<TKV< int, std::string>>



MapReduce
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// Cwomcrea PCollection (PCollection ot Parallel Collection):



MapReduce

TPCollection<TQueryLogProto>
TPCollection<TKV< int, std::string>>

// Cwomcrea PCollection (PCollection ot Parallel Collection):

// 1. Hesnbs34 y3HATHL CBOMCTBA KOJUJIEKLUU



MapReduce

TPCollection<TQueryLogProto>
TPCollection<TKV< int, std::string>>
// CmoiicTtBa PCollection (PCollection or Parallel Collection):

// 1. Hesnbs34 y3HATHL CBOMCTBA KOJUJIEKLUU

// 2. Hemb3sg umMTaTh WM NOMCATH DSJIEMEHTEH



MapReduce

TPCollection<TQueryLogProto>
TPCollection<TKV< int, std::string>>

// Cwomcrea PCollection (PCollection ot Parallel Collection):
// 1. Hesnbs34 y3HATHL CBOMCTBA KOJUJIEKLUU
// 2. Henb3dg UuMTaTh WM NMCATH SJIEMEHTEH

// 3. MoxHO mnpuMeHaTh PTransform’rr, nojsilyyas HOBBE KOJIJIEKLUNU
’ S/



MapReduce

| YtRead< TQueryLogProto > (

| ParDo (

| StatefulParDo (
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// 1. NpeobpasywrT PCollection’w



MapReduce

| YtRead<TQueryLogProto >(

| ParDo (

| StatefulParDo (

// 1. NpeobpasywrT PCollection’w

// 2. lpuMeHeHue uyepes omepaTop pipe (aHasormuHo std::ranges mimu shell)



MapReduce

| YtRead<TQueryLogProto >(

| ParDo (

| StatefulParDo (

// 1. NpeobpasywrT PCollection’w
// 2. lpuMeHeHue uyepes omepaTop pipe (aHasormuHo std::ranges mimu shell)

// 3. B MOMEHT MNpMMEHEHMS HMKAKOM padOoTH HE MNPOUCXOOUT



MapReduce

TPCollection<TQueryLogProto> logs = pipeline | YtRead< TQueryLogProto>("//logs/queries/2023-05-24");



MapReduce

TPCollection<TKV< int, std::string>> userToCategory = logs | ParDo([] ( const TQueryLogProto & log) {
return TKV<int, std::string>{log.user id(), ResolveCategory(log.query())};
}):



MapReduce

TPState<int, TUserProfileProto> pState = MakeYtPState(std::nullopt, "//profiles/2023-05-24" ) ;

userToCategory | StatefulParDo (pState,
[] (const TKV<int, std::string>& input, TOutput<void>&, TUserProfileProto & profile) {
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MapReduce

TPState<int, TUserProfileProto> pState = MakeYtPState(std::nullopt, "//profiles/2023-05-24" ) ;

userToCategory | StatefulParDo (pState,
[] (const TKV<int, std::string>& input, TOutput<void>&, TUserProfileProto & profile) {

(*userProfile.mutable interests()) [input.Value()]++;



MapReduce

auto pipeline = MakeYtPipeline( "some.cluster.ytsaurus.tech" );

auto pState = MakeYtPState (std::nullopt, "//profiles/2023-05-24");
pipeline
| YtRead< TQueryLogProto>("//logs/queries/2023-05-24");
| ParDo([] (const TQueryLogProto & log) {
return TKV<int, std::string>{log.user id(), ResolveCategory(log.query())};

)
| StatefulParDo (pState,
[] (const TKV<int, std::string> &input, TOutput<void> &, TUserProfileProto é&profile) {

(*userProfile.mutable interests()) [input.Value()]++;

})s

pipeline.Run(); // Yxe pewmnau YacTb OpoBJEM



YTOo ypanochb cpoenaTtb

» Kopg moxHo 3anyckaTb Ha BigRT, YT unu nokansHo



YTOo ypanochb cpoenaTtb

» Kopg moxHo 3anyckaTb Ha BigRT, YT unu nokansHo

° yhyquuuu4nepemcnonb3OBaHmeKona

// BBLIO
for (auto& message : messageBatch) {
if (message.Unpack()) ++Metric ("UnpackOk");
else ++Metric("UnpackError");
TSplitter splitter (message); std::string view eventBytes;
while (splitter.Next (&eventBytes)) { ... }
}
// Crajo
ReadMessageBatch () | Unpack() | Split() |






pipeline.Run()

*  OnTuMmusnpyet n otobpaxaet PTransform'bl
Ha ©a3oBble onepauum CUCTEMBI

« 3anyckaeTt UcCnosiHeHne Ha pabounx MalLmnHax

Unpack () | Split() | ParDo(...) | StatefulParDo (...

\ ) \

Y ) 4

Map Reduce



[locTaBKa Koga



[locTaBKa Koga

« Konunpyem GuHapHUK



[locTaBKa Koga

« Konunpyem GuHapHUK

 Tonbko Linux



[locTaBKa Koga

« Konunpyem GuHapHUK
« Tonbko Linux

 CrtaTtTnyeckas NMHKOBKa



Nlokanusauusa Kkoga

logs | ParDo([] (const TQueryLogEntry& logEntry) {

auto category = ResolveCategory(logEntry.query()):;

return TKV<int, std::string>{logEntry.user id(), category};
})



Nlokanu3auua Kkoaa

// 2ToT ykaszsarejib OyINeT OTIPaBJIeH Ha CEepBep, KakK UMCIIO.
// Tak MOXHO TepelaTh Ha CepBep OYHKIMI M HUMUETO HEe BaxBaTHBAKIYD JIAMOIY .

R (*) (const T&) fPtr = £;



Nlokanu3auua Kkoaa

// 2ToT ykaszsarejib OyINeT OTIPaBJIeH Ha CEepBep, KakK UMCIIO.
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R (*) (const T&) fPtr = £;



Nlokanu3auua Kkoaa

struct TCategoryResolver : public ITransform {
TCategoryResolver () ;

TCategoryResolver(...);
void Do (const std::string& in, TOutput<std::string>& out) override;

void Save (IOutputStreamé& output) const override;

void Load(IInputStreamé& input) override;



Nlokanu3auua Kkoaa

template <typename TTransformImpl>
std::unique ptr<ITransform> Create() {

return std::unique ptr<TTransformImpl>();

std::unique ptr<ITransform> (*fPtr) () = &Create<TCategoryResolver>;



MUcnonHeHue Koaa

// BumosHsgeT Map, MCIOJIb3yd INEePemaHHy [I0JIb30BaTEJIbCKYD (OYHKIIMO

void RunMap () {

uint64 t userFunctionPtr = ...;



MUcnonHeHue Koaa

// BumosHsgeT Map, MCIOJIb3yd INEePemaHHy [I0JIb30BaTEJIbCKYD (OYHKIIMO

void RunMap () {
uint64 t userFunctionPtr = ...;

// HamoMHMTEe, Kakasd CurHarypa Owula y userFunction?



MUcnonHeHue Koaa

struct IRawOutput {
virtual void Do (const void* row) = 0;

}i

struct IRawParDo : public IRawOutput {
virtual void Start (const std::vector<IRawOutput*>& outputs) = 0;
virtual void Do (const void* row) = 0;

58



MUcnonHeHue Koga

template <typename TInput, typename TOutput>
struct TRawParDoImpl : public IRawParDo {
void Do (const void* row) override {
T result = Function (*static cast<const TInput*>(row)):;
Outputs .Add (&result);
}
TOutput (*Function ) (const TInputé&); // Tlepemaercsa B Save/Load kKak UMCIIO.

std::vector<IRawOutput*> Outputs ; // 3Banonusercs B Start().



MUcnonHeHue Koaa

struct IRawOutput {
virtual void Do (const void* row) = 0;

bi

struct IRawParDo : public IRawOutput {
virtual void Start (const std::vector<IRawOutput*>& outputs) = 0;
virtual void Do (const void* row) = 0;

bi

// 1. He HYXHO [OMHUTbL MCXOIOHYID CUTHATYPY OYHKIIMI.

// 2. MOXHO CKJIEMBATBH I[IOJIb30BATEJIbCKME OGYHKUMM B paMmkax onrtmMmsaumii (Unpack ()

Split()).



MUcnonHeHue Koaa

// BumosHsgeT Map, MCIOJIb3yd INEePemaHHy [I0JIb30BaTEJIbCKYD (OYHKIIMO

void RunMap () {

auto rawParDo = ...;
rawParDo->Do (
// 3mecb HaMm HyXkeH volid* Ha NPOUMTAaHHEM M3 YTsSaurus OOBEeKT.

// Ho cHauajla eTo Hamo MNPOYMTaTh U IeCepuau30BaTh.



MUcnonHeHue Koaa

struct TRowVtable {

using TUniDataFunction = wvoid (*) (void*);

using TDeserializeFunction = void (*) (std::string view, void ¥*);
using TSerializeFunction = std::string (*) (const void *);

size t DataSize = 0;

TUniDataFunction DefaultConstructor = nullptr;
TUniDataFunction Destructor = nullptr;
TDeserializeFunction Deserialize = nullptr;
TSerializeFunction Serialize = nullptr;

// TlepemaéMm 3Ty CTPYKTYPY Ha CepBep Kak Habop LEeJEX 4YuCel.



MUcnonHeHue Koaa

template <typename T> void Deserialize(std::string view, T¥*);

template <typename T>
TRowVTable MakeRowVTable () {
TRowVtable vtable;
vtable.DataSize = sizeof (T);
vtable.DefaultConstructor = [] (void* data) {
new (data) T;
}i
vtable.Destructor = [] (void* data) {
T* d = reinterpret cast<T*>(data);
d=>~T() ;
}i
vtable.Deserialize = &Deserialize<T>;

return vtable;



UcnonHeHue Koaa

void RunMap () {
auto rawParDo = ...;
auto inputRowVtable = ...;
auto outputRowVtable = ...;

std::vector<char> rawRow (inputRowVtable.DataSize);
inputRowVtable.DefaultConstructor (rawRow.data()) ;

rawParDo->Start (std: :vector{CreateMapReduceWriter (outputRowVtable) }) ;
for (std::string view serializedRow : ReadInputData()) {

inputRowVtable.Deserialize (rawRow.data());

rawParDo->Do (rawRow.data ()) ;

inputRowVtable.Destructor (rawRow.data ()) ;



MUcnonHeHue Koaa

auto rawParDo = ...; // TlonmyyaeMm M3 OKPYyXeHMS OOYHKLMIO C OM3HEC—-JIOTUKOMU
auto inputRowVtable = ...; // u RowVtable mig BXOOHOT'O M BEIXOIHOT'O THUIIOB

auto outputRowVtable = ...;



MUcnonHeHue Koaa

std: :vector<char> rawRow (inputRowVtable.DataSize); // Tenepb B rawROW JI€XMT OOBEKT

inputRowVtable.DefaultConstructor (rawRow.data()); // BXOIOHOTO THUIIA



MUcnonHeHue Koaa

rawParDo->Start (std: :vector{CreateMapReduceWriter (outputRowVtable.Serialize)});

// """ UCHOJNb3Yys Cepuayn3aTop BEIXOOHOTO Tula cos3maém RawOutput



UcnonHeHue Koaa

for (std::string view serializedRow : ReadInputData()) {
inputRowVtable.Deserialize (rawRow.data());

rawParDo->Do (rawRow.data ()) ;



MUcnonHeHue Koaa

inputRowVtable.Destructor (rawRow.data()); // He 3abuhBaeM NOUMCTUTHL Hall OOBEKT



4% YTsaurus

https://qithub.com/ytsaurus/ytsaurus/tree/main/yt/cpp/roren

https://qithub.com/ytsaurus/ytsaurus

Bonpochbi?

Amutpun Epmonos,
Anpekc



https://github.com/ytsaurus/ytsaurus
https://github.com/ytsaurus/ytsaurus/tree/main/yt/cpp/roren

