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Ðîçðîáëåíèé ïðîöåñ ðåàëiçàöi¨ REST (Representational State Transfer �ïåðåäà÷à
ðåïðåçåíòàòèâíîãî ñòàíó�) API (Application Programming Interface �ïðîãðàìíèé ií-
òåðôåéñ çàñòîñóâàííÿ�) ç âèêîðèñòàííÿì ðiçíèõ ìîâ ïðîãðàìóâàííÿ. Äëÿ ðåàëiçàöi¨
ñåðâåðà íà Python âèêîðèñòàíî áiáëiîòåêó Django. Ñåðâåð íà Golang ðåàëiçîâàíèé íà
ïiäñòàâi ñïåöiàëiçîâàíîãî ïàêåòà net/http. Íà TypeScript âèêîðèñòàíèé ïiäõiä ðåàêòèâ-
íîãî ðîçøèðåííÿ. Ðåàëiçîâàíà âåðñiÿ íà ñïåöiàëiçîâàíié øâèäêiñíié ìîâi ïðîãðàìóâàí-
íÿ Erlang. Ïðîâåäåíî ïîðiâíÿëüíèé àíàëiç øâèäêîäi¨ ðîçðîáëåíèõ áåê-åíä äîäàòêiâ.
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1. Âñòóï

Øâèäêîäiÿ âèñîêîíàâàíòàæóâàíèõ áåê-åíä äîäàòêiâ ¹ âàæëèâîþ õàðàêòåðèñòè-
êîþ ïðîãðàìíèõ ñèñòåì. Íàïðèêëàä, ñèñòåìà îáñëóãîâóâàííÿ ôiçè÷íèõ òà þðèäè÷-
íèõ îñiá áàíêó, ïðîãíîç ïîãîäè, íîâèííi ñèñòåìè òà òîðãiâåëüíi îíëàéí-ìàéäàí÷èêè.
Ðîçãëÿíåìî áåê-åíä ðîçêëàäó çàíÿòü äëÿ ñòóäåíòiâ, ÿêèé òàêîæ ïîòðåáó¹ âèñîêî¨
øâèäêîäi¨.

Îäíèì ç íàéïîøèðåíiøèõ âàðiàíòiâ ðîçðîáêè áåê-åíä çàñòîñóíêiâ ¹ REST API
ïiäõiä [1]. API ñèñòåìè ïîòðåáóþòü áóäü-ÿêi êîìïàíi¨ òà îðãàíiçàöi¨, ÿêi íàâ÷àþòüñÿ
ïðàâèëüíî óïðàâëÿòè âëàñíèìè öèôðîâèìè ìîæëèâîñòÿìè â óìîâàõ âèñîêî øâèä-
êiñíèõ çìií öèôðîâèõ ñåðåäîâèù. Çáåðåæåííÿ äàíèõ äîäàòêó îðãàíiçîâàíî â äîêó-
ìåíòî-îði¹íòîâàíié ñèñòåìi óïðàâëiííÿ áàçàìè äàíèõ � MongoDB [2].

Âàæëèâî äëÿ øâèäêîäi¨ áåê-åíä äîäàòêó âèêîðèñòàòè àðõiòåêòóðó ìiêðîñåðâiñiâ
ÿê ðîçïîäiëåíó ñèñòåìó ïðîñòèõ ìîäóëiâ, êîæåí ç ÿêèõ âèêîíó¹ îêðåìèé ôóíêöiîíàë.
Âiäîêðåìëåíiñòü êîæíîãî ìiêðîñåðâiñó ðåàëiçó¹òüñÿ çà äîïîìîãîþ ïðîãðàìíî¨ ïëàò-
ôîðìè Docker, ùî ãàðàíòó¹ ðîáîòó êîæíî¨ ÷àñòèíè äîäàòêó ó âëàñíîìó ñåðåäîâèùi
òà öiëêîì âiäîêðåìëåíî âiä îïåðàöiéíî¨ ñèñòåìè [3]. Êðiì âiäîêðåìëåíîñòi, ìiêðî-
ñåðâiñíà àðõiòåêòóðà çàáåçïå÷ó¹ ïðîñòîòó ìàñøòàáóâàííÿ íàéáiëüø íàâàíòàæóâàíèõ
÷àñòèí ñèñòåìè.

Âiäîìî, ùî áóäü-ÿêà ñó÷àñíà ìîâà ïðîãðàìóâàííÿ ìà¹ êiëüêà áiáëiîòåê äëÿ
ðåàëiçàöi¨ REST API ïiäõîäó. Ìè ðåàëiçó¹ìî ïiäõiä ç âèêîðèñòàííÿì ìîâ � Python,
Golang, TypeScript òà Erlang [4]. Python áóâ âèêîðèñòàíèé ÿê íàéáiëüø ïîïóëÿðíà
ìîâà ïðîãðàìóâàííÿ [5]. Golang âèêîðèñòàëè òîìó, ùî íàéáiëüø øâèäêî ðîçâèâà¹òü-
ñÿ [6]. Erlang ÿê ïðåäñòàíèê ôóíêöiîíàëüíèõ ìîâ ïðîãðàìóâàííÿ âèÿâèâ íàéáiëüøó
ñòàáiëüíiñòü çà îñòàííi 20 ðîêiâ ó òàêèõ êîìïàíiÿõ: Nortel, T-Mobile, RabbitMQ,
WhatsApp, Nintendo, Samsung òà áàãàòî iíøèõ [7]. Õîðîøèìè ïðèêëàäàìè âèêîðèñ-
òàííÿ Erlang â Óêðà¨íi ¹ äîäàòêè Ïðèâàò24 òà eHealth.
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JavaScript/TypeScript � îäíà ç íàéíàäiéíiøèõ ìîâ ïðîãðàìóâàííÿ äëÿ áåê-åíä-
ñåðåäîâèùà [8]. Çà îñíîâó ïðîöåñó ðåàëiçàöi¨ REST API áóëî âèêîðèñòàíî íàéïîøè-
ðåíiøó äëÿ áåê-åíä ïðîãðàìóâàííÿ ìîâó Python. Áiáëiîòåêà Django äîáðå ïðèñòîñî-
âàíà äëÿ ðîçðîáêè âèñîêîíàâàíòàæåíèõ ñåðâåðiâ. Iíøà âèêîðèñòàíà ìîâà ïðîãðàìó-
âàííÿ, ÿêà íàáóâà¹ øàëåíî¨ ïîïóëÿðíîñòi � Golang. Âîíà òàêîæ ÷óäîâî ñïðàâëÿ¹òüñÿ
ç âåëèêîþ êiëüêiñòþ çàïèòiâ, àäæå áóëà ðîçðîáëåíà íå òàê äàâíî, òà ïiä ÷àñ ¨¨
ïðî¹êòóâàííÿ áóëî âðàõîâàíî áiëüøiñòü íåäîëiêiâ êîíêóðåíòiâ. Âèêîðèñòàííÿ Type-
Script äëÿ REST API ñòàëî ñóòò¹âî åôåêòèâíiøèì ç çàñòîñóâàííÿì ðåàêòèâíèõ
áiáëiîòåê, ùî òàêîæ äàëî çìîãó TypeScript áóòè íà ðiâíi ç iíøèìè âèêîðèñòàíèìè
ìîâàìè ïðîãðàìóâàííÿ ó ñôåði áåê-åíäó. Òàêîæ ðîçãëÿäà¹òüñÿ ðåàëiçàöiÿ íà ñïåöià-
ëiçîâàíié ìîâi ïðîãðàìóâàííÿ Erlang, ÿêà áóëà ðîçðîáëåíà ñàìå äëÿ áåê-åíä ïðîã-
ðàìóâàííÿ êîìïàíi¹þ Erricson [9]. Øâèäêîäiÿ ðîçðîáëåíèõ äîäàòêiâ ïåðåâiðÿ¹òñÿ
óíiâåðñàëüíèì iíñòðóìåíòîì òåñòóâàííÿ JMeter. JMeter � öå iíñòðóìåíò äëÿ
âèêîíàííÿ íàâàíòàæóâàëüíèõ òåñòiâ. Âií íàïèñàíèé íà ìîâi ïðîãðàìóâàííÿ Java
[10].

2. Ðåàëiçàöiÿ íà Python

Python áóëî âèáðàíî ó çâ'ÿçêó ç éîãî ðîçïîâñþäæåíiñòþ òà ëåãêiñòþ îñâî¹ííÿ äëÿ
ïî÷àòêiâöiâ. Âàæëèâó ðîëü ïîïóëÿðíîñòi öi¹¨ ìîâè äåìîíñòðó¹ âåëè÷åçíà êiëüêiñòü
ðîçðîáëåíèõ áiáëiîòåê i ïðîäîâæåííÿ ñòàáiëüíîãî âäîñêîíàëåííÿ ìîâè òà áiáëiîòåê.

REST API ðåàëiçîâàíèé ìîâîþ Python ïiä ìiêðîôðåéìâîðêîì Django. Ãîëîâíà
ïåðåâàãà âèêîðèñòàííÿ Django ó öié ïðàöi � ìîæëèâiñòü óïðàâëiííÿ RESTful çàïè-
òàìè òà äåòàëüíà äîêóìåíòàöiÿ. RESTful � öå iíòåðôåéñ, ùî ïiäòðèìó¹ áåçïå÷íèé,
íàäiéíèé òà åôåêòèâíèé îáìií iíôîðìàöi¹þ çàâäÿêè ñòàíäàðòàì ïðîãðàìíî¨ âçà¹ìî-
äi¨ [11]. Êîðèñòóâà÷iâ ôðåéìâîðêó ïîíàä ìiëüéîí. Öå çàáåçïå÷ó¹ ïîñòiéíå îíîâëåííÿ
ôðåéìâîðêó, ùî i ïiäòðèìó¹ ïîïóëÿðíiñòü òà ïîòðåáó ó òàêîìó iíñòðóìåíòi.

3. Ðåàëiçàöiÿ íà Golang

Golang ðîçðîáëÿëàñÿ ÿê ñïåöiàëiçîâàíà ìîâà äëÿ áåê-åíä ïðîãðàìóâàííÿ. Âàæëè-
âiñòü ¨¨ ðîçðîáêè ó âèðiøåííi ðîçïîâñþäæåíèõ ïðîáëåì ñó÷àñíîãî ïðîãðàìóâàííÿ,
òàêèõ ÿê íåêîíòðîëüîâàíi çàëåæíîñòi, ïîâiëüíà îáðîáêà(ïîáóäîâà) ïðîãðàì, òðóä-
íîùi ðîçðîáêè ïðîãðàìíîãî çàáåçïå÷åííÿ òà ïðîáëåìè ìiæìîâíî¨ âçà¹ìîäi¨ [12].
Îòîæ îñíîâíèìè âèìîãàìè, ÿê íàñëiäîê ïåðåâàãàìè, ñòàâ ñïðîùåíèé i çðîçóìiëèé
ñèíòàêñèñ. Îñîáëèâó îáëàñòü çàñòîñóâàííÿ Golang ñòàíîâëÿòü çàïèòè ïðîòîêîëó
HTTP. Ïðîòîêîë HTTP ïðàöþ¹ íàä TCP. Ìè ìîæåìî íàïèñàòè ïðîãðàìó, ÿêà
ïðèéìà¹ àáî íàäñèëà¹ çàïèòè çà ïðîòîêîëîì TCP i íàäñèëàòè òà îòðèìóâàòè çàïèòè
çà ïðîòîêîëîì HTTP. Îäíàê ó çâ'ÿçêó ç òèì, ùî öåé ïðîòîêîë, â öiëîìó, ñôåðà
Iíòåðíåò âiäiãðà¹ âàæëèâó ðîëü, óñi âiäïîâiäíi ôóíêöi¨ ðîáîòè ç http áóëè âèäiëåíi
â îêðåìèé ïàêåò net/http [13]. Äàëi íàâåäåíî ôðàãìåíò êîäó íà Go îáðîáêè çàïèòiâ:

// ôóíêöiÿ ñòâîðåííÿ íîâîãî ìàðøðóòó äëÿ HTTP-çàïèòiâ

func HandleRequests() \{

router := mux.NewRouter().StrictSlash(true)

router.HandleFunc(

"api/schedule/\{group\}", GetSchedule).Methods("GET")
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log.Fatal(http.ListenAndServe(":port", router))

\}

4. Âèêîðèñòàííÿ ðåàêòèâíîãî ïiäõîäó íà TypeScript

TypeScript, ó íàø ÷àñ, ¹ îäíi¹þ ç íàéóíiâåðñàëüíiøèõ ìîâ ïðîãðàìóâàííÿ, àäæå
ç ¨¨ äîïîìîãîþ ìîæíà ðîçðîáëÿòè ôðîíò � i áåê-åíä äîäàòêè. Òóò âèêîðèñòàíî
ñåðâåðíó ïëàòôîðìó Node.js, ïðèçíà÷åíó äëÿ âèêîíàííÿ ìåðåæåâèõ âèñîêîïðî-
äóêòèâíèõ äîäàòêiâ, ÿêi íàïèñàíi íà ìîâi TypeScript [14]. Ñåðâåð REST API
ðåàëiçîâàíèé çàñîáàìè ìîäóëÿ Express òà ïiäõîäó ðåàêòèâíîãî ïðîãðàìóâàííÿ.
Ðåàêòèâíiñòü � öå àñèíõðîííiñòü, ïî¹äíàíà ç ïîòîêîâîþ îáðîáêîþ äàíèõ [15]. Äàëi
íàâåäåíî ôðàãìåíò êîäó íà TypeScript, ùî ðåàëiçó¹ îáðîáêó çàïèòiâ:

// ðåàëiçàöiÿ îòðèìàííÿ äàíèõ çàñîáàìè ðåàêòèâíîãî ïiäõîäó

app.get('/', async (req: Request, res: Response) => \{

const url = mongoURL;

const client = new MongoClient(url);

try \{

await client.connect();

const database = client.db(dbName);

const collection = database.collection(collectionName);

const query = \{group\_name: groupName\};

const document = collection.find(query).toArray();

const result = rxjs.from(document);

result.subscribe((x: any[]) => \{;

res.send(x);

\});

\} catch(error) \{

console.error('Error:', error);

res.status(500).send('Internal Server Error');

\} finally \{

client.close();

\}

\});

5. Ðåàëiçàöiÿ íà Erlang

Ó ìîìåíò ïîñòiéíîãî ðîçâèòêó òåõíîëîãié âàæëèâî âèêîðèñòîâóâàòè ïîòóæíîñòi
äîñòóïíèõ àïàðàòíèõ ìîæëèâîñòåé ç íàéáiëüøîþ åôåêòèâíiñòþ. Äëÿ ìàêñèìàëüíî
êîðèñíîãî âèêîðèñòàííÿ ðåñóðñiâ ðîçðîáëåíà âóçüêîñïåöiàëiçîâàíà ìîâà ïðîãðà-
ìóâàííÿ � Erlang [9]. Öÿ ìîâà ïðîãðàìóâàííÿ âèðiøó¹ ïðîáëåìè ðîçïîäiëåíèõ,
âiäìîâîñòiéêèõ i ïàðàëåëüíèõ ñèñòåì, ÿêi ïðàöþþòü ïðè êðèòè÷íèõ îáìåæåííÿõ.
Äëÿ ïðîñòiøî¨ ðîáîòè ç ìîâîþ áóëî äîäàíî ñòàíäàðòíó áiáëiîòåêó ìîäóëiâ i øàá-
ëîííèõ ðiøåíü � ôðåéìâîðê Open Telecom Platform. Âàðòî çàçíà÷èòè, ùî
íàäâàæëèâîþ çäàòíiñòþ Erlang ¹ çàìiíà êîäó ïiä ÷àñ áåçïåðåðâíî¨ åêñïëóàòàöi¨
äîäàòêiâ [9].

6. Àíàëiç îá÷èñëþâàëüíèõ åêñïåðèìåíòiâ

Äëÿ çðó÷íîãî òåñòóâàííÿ íàâàíòàæåííÿ ðîçðîáëåíèõ ñåðâåðiâ âèêîðèñòîâó¹òüñÿ
ïîïóëÿðíèé iíñòðóìåíò JMeter [10].
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Ó òàáë. 1 íàâåäåíî ðåçóëüòàòè âèêîíàííÿ 2000 çàïèòiâ äëÿ 5 ç'¹äíàíü ïðè ìàêñè-
ìàëüíîìó ÷àñi î÷iêóâàííÿ 10 ñåêóíä äëÿ êîæíîãî ðåàëiçîâàíîãî ñåðâåðà.

Òàáëèöÿ 1

Ðåçóëüòàòè âèêîíàííÿ 2000 çàïèòiâ äëÿ 5 ç'¹äíàíü

Python Golang TypeScript Erlang
Çàãàëüíèé ÷àñ, õâ 23,63 24,9 12,48 0,026
Çàïèòiâ/ñåê 2,59 2,53 2,87 923
Çàòðèìêà, ñåê 3,91 3,29 2,01 0,00352
Ïðîïóñêíà çäàòíiñòü, ÊÁ/ñåê 282 564,3 244,34 2510

Ðèñ. 1. Ãiñòîãðàìà ÷àñó âèêîíàííÿ çàïèòiâ

Ðèñ. 2. Ãiñòîãðàìà çàòðèìêè íàäñèëàííÿ âiäïîâiäåé
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Ðèñ. 3. Ãiñòîãðàìà êiëüêîñòi çàïèòiâ çà ñåêóíäó

Ðèñ. 4. Ãiñòîãðàìà ïðîïóñêíî¨ çäàòíîñòi ñåðâåðiâ

Òàáëèöÿ 2

Ðåçóëüòàòè âèêîíàííÿ 4000 çàïèòiâ äëÿ 10 ç'¹äíàíü

Python Golang TypeScript Erlang
Çàãàëüíèé ÷àñ, õâ 24,15 25,08 30,18 0,16
Çàïèòiâ/ñåê 2,53 2,47 2,89 309,1
Çàòðèìêà, ñåê 3,98 3,41 4,7 0,02527
Ïðîïóñêíà çäàòíiñòü, ÊÁ/ñåê 269,75 558,1 195,4 971,9

Ðîçãëÿíåìî ãðàôiêè çàãàëüíîãî ÷àñó âèêîíàííÿ çàïèòiâ ñåðâåðàìè (ðèñ. 1), çàò-
ðèìêè âiäïîâiäåé âiä ñåðâåðiâ (ðèñ. 2), êiëüêiñòü çàïèòiâ çà ñåêóíäó (ðèñ. 3) i ïðî-
ïóñêíó çäàòíiñòü ñåðâåðiâ (ðèñ. 4).

Ó òàáë. 2 íàâåäåíî ðåçóëüòàòè âèêîíàííÿ 4000 çàïèòiâ äëÿ 10 ç'¹äíàíü ïðè
ìàêñèìàëüíîìó ÷àñi î÷iêóâàííÿ 10 ñåêóíä äëÿ êîæíîãî ðåàëiçîâàíîãî ñåðâåðà.
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7. Âèñíîâîê

Ðåçóëüòàòè òåñòóâàííÿ çàñâiä÷óþòü, ùî áåê-åíä, ñòâîðåíèé ñïåöiàëiçîâàíîþ ìî-
âîþ Erlang, ìà¹ íàéêðàùó øâèäêîäiþ. Ôóíêöiîíàëüíèé ïiäõiä äî ðåàëiçàöi¨ REST
API ç âèêîðèñòàííÿì iíòåðôåéñó ïåðåäà÷i ïîâiäîìëåíü â ðåàëiçàöi¨ ïàðàëåëüíî¨
îáðîáêè äàíèõ ïîÿñíþ¹ ïåðåâàãó öi¹¨ ìîâè íàä iíøèìè ìîâàìè ùîäî øâèäêîñòi
âèêîíàííÿ. Ðåàëiçàöiÿ REST API çàñîáàìè óíiâåðñàëüíèõ ìîâ ïðîãðàìóâàííÿ
Python, Golang i TypeScript ïðîäåìîíñòðóâàëè ìàéæå îäíàêîâó øâèäêîäiþ. Â
íàñòóïíèõ äîñëiäæåííÿõ ïëàíó¹òüñÿ âèêîðèñòàòè ðîçïîäiëåíi ñèñòåìè êåøóâàííÿ
áåê-åíä äîäàòêiâ ç õìàðíèìè òåõíîëîãiÿìè. Î÷iêó¹òüñÿ, ùî òàêi ïiäõîäè çíà÷íî
ïiäâèùàòü øâèäêîäiþ REST API äîäàòêó.
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COMPARATIVE ANALYSIS OF THE USE
OF SPECIALIZED PROGRAMMING LANGUAGES

IN HIGH-LOAD APPLICATIONS
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Performance is the key characteristic of high-load back-end applications, such as �nance
systems, news services, social networks, Internet of Things systems, online trading, online
gaming, and educational system. The process of implementing REST (Representational
State Transfer) and API (Application Programming Interface) using various programming
languages was developed. To implement the server in Python, we used the Django library,
which is suitable for developing high-load servers. The Golang server is implemented on
the basis of a specialized net/http package. The TypeScript approach is based on reactive
extension and the Express module. The version in a specialized high-speed programming
language Erlang is implemented using a standard library of modules and template solutions
� Open Telecom Platform. Data storage is organized in the document-oriented MongoDB
system. A comparative analysis of the performance of the developed back-end applications
was carried out. For testing, a tool with the function of performing load tests � JMeter �
is used. The choice of programming language depends on the speci�c requirements of the
project. Each language has its own advantages and disadvantages.

Key words: REST API, RESTful, Python, Golang, net/http, TypeScript, Erlang.


