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Ðîçãëÿíóòî âåáñêðàïiíã ÿê iíñòðóìåíò çáîðó iíôîðìàöi¨ ïðî ïîñëóãè îíëàéíîâèõ
êíèãàðåíü i ïðîâåäåíî ïîäàëüøèé àíàëiç öi¹¨ iíôîðìàöi¨ äëÿ ôîðìóâàííÿ îïòèìàëü-
íîãî çà öiíîþ çàìîâëåííÿ. Âèÿâëåíî íåäîëiêè âiò÷èçíÿíèõ îíëàéíîâèõ ñåðâiñiâ äëÿ
êóïiâëi äðóêîâàíî¨ õóäîæíüî¨ ëiòåðàòóðè. Çîêðåìà, íåìà¹ çìîãè îòðèìàòè íàéêðàùó
çà öiíîþ ïðîïîçèöiþ íà çàïèò ùîäî êóïiâëi íàáîðó êíèã íå â ìåæàõ îäíi¹¨ êíèãàðíi.
Äåòàëüíî îïèñàíî ðîçðîáëåíèé íà ìîâi Python ç âèêîðèñòàííÿì áiáëiîòåêè Beautiful-
Soup ïðîòîòèï âåáñêðàïåðà äëÿ îòðèìàííÿ öií íà êíèãè é óìîâè äîñòàâêè ç ñàéòiâ
îíëàéí-êíèãàðåíü. Çàïðîïîíîâàíî äâà ïiäõîäè äî ôîðìóâàííÿ íà ïiäñòàâi öèõ äàíèõ
çàìîâëåííÿ ñïèñêó êíèã çà ìiíiìàëüíî ìîæëèâîþ öiíîþ. Ïåðøèé  ðóíòó¹òüñÿ íà
ïåðåáîði âñiõ ìîæëèâèõ êîìáiíàöié çàìîâëåíü, äðóãèé âèêîðèñòîâó¹ ïîøóê øëÿõó íà
îði¹íòîâàíîìó ãðàôi. Ïðîãðàìíà ðåàëiçàöiÿ öèõ ïiäõîäiâ äîäàíà äî ôóíêöiîíàëüíîñòi
âåáñêðàïåðà, ùî äàëî çìîãó óñóíóòè çãàäàíèé âèùå íåäîëiê i çàáåçïå÷èòè ÿêiñíî
íîâèé ñåðâiñ. Ïðîàíàëiçîâàíî ÷àñîâi õàðàêòåðèñòèêè ïðîäóêòèâíîñòi çàïðîïîíîâàíèõ
ïiäõîäiâ çà ðiçíèõ ãiïîòåòè÷íèõ îáñòàâèí. Íà ïiäñòàâi öüîãî àíàëiçó âèðîáëåíî
ðåêîìåíäàöi¨ ñòîñîâíî âèáîðó åôåêòèâíiøîãî ïiäõîäó çàëåæíî âiä îòðèìàíèõ äàíèõ.
Âõiäíèìè äàíèìè äëÿ ñêðàïåðà ¹ ïåðåëiê êíèã iç çàçíà÷åííÿì êiëüêîñòi ïðèìiðíèêiâ,
ÿêó áàæà¹ ïðèäáàòè êîðèñòóâà÷. Íà âèõîäi êîðèñòóâà÷ îòðèìó¹ ñóêóïíiñòü URL-
àäðåñ äëÿ ïðèäáàííÿ êíèã. Ó öüîìó âèïàäêó ãàðàíòó¹òüñÿ ìiíiìàëüíî ìîæëèâà
çàãàëüíà âàðòiñòü çàìîâëåííÿ (âðàõîâóþ÷è âàðòiñòü äîñòàâîê) íà ïåâíié ìíîæèíi
îíëàéí-êíèãàðåíü. Íàâåäåíî ðåçóëüòàò ðîáîòè ðîçðîáëåíîãî âåáñêðàïåðà íà ïðèêëàäi
òåñòîâîãî çàìîâëåííÿ. Äàíi âèêîðèñòîâóâàëè ç ÷îòèðüîõ êíèãàðåíü, òåõíi÷íi ñëóæáè
ÿêèõ íàäàëè äîçâië íà àâòîìàòèçîâàíå îïðàöþâàííÿ ¨õíüî¨ iíôîðìàöi¨. Äëÿ çìåíøåí-
íÿ ÷àñó âèêîíàííÿ ïðîãðàìè âèêîðèñòàíî áàãàòîïîòîêîâiñòü. Çàçíà÷åíî ìîæëèâi
íàïðÿìè ðîçøèðåííÿ ôóíêöiîíàëüíîñòi ïðîãðàìíîãî ïðîäóêòó òà éîãî çàñòîñóâàííÿ.

Êëþ÷îâi ñëîâà: ïîøóê iíôîðìàöi¨, âåáñêðàïiíã, îïòèìiçàöiÿ, Python.

1. Âñòóï

Äëÿ ïiäâèùåííÿ åôåêòèâíîñòi ñâî¹¨ äiÿëüíîñòi ïiäïðè¹ìñòâà, óñòàíîâè é iíøi
îðãàíiçàöi¨ àêòèâíî âèêîðèñòîâóþòü iíôîðìàöiþ, çîêðåìà, îòðèìàíó ç îíëàéí-ðå-
ñóðñiâ. Ùîá àâòîìàòèçóâàòè çáèðàííÿ òàêî¨ iíôîðìàöi¨, çàçâè÷àé çàñòîñîâóþòüñÿ
iñíóþ÷i ïîøóêîâi ñèñòåìè àáî âëàñíîðó÷ ðîçðîáëåíi ÷è ïðèäáàíi ïîøóêîâi ìàøèíè,
ôóíêöiîíóâàííÿ ÿêèõ  ðóíòó¹òüñÿ íà òåõíîëîãi¨ âåáñêðàïiíãó. Âåáñêðàïiíã � öå
òåõíîëîãi÷íi iíñòðóìåíòè äëÿ âèéìàííÿ òà ñòðóêòóðèçàöi¨ äàíèõ ç Iíòåðíåòó äëÿ
ïîäàëüøîãî àíàëiçó [1]. Ïiäõîäè äî çáèðàííÿ é îáðîáêè äàíèõ ç âèêîðèñòàííÿì
âåáñêðàïiíãó äåòàëüíî ïîäàíî ó ïðàöÿõ [2�4]. Îñîáëèâîñòi òà ïðèêëàäè âèêîðèñòàí-
íÿ âåáñêðàïiíãó äëÿ âèðiøåííÿ êîíêðåòíèõ çàäà÷ ç îïðàöþâàííÿ iíôîðìàöi¨ íåîä-
íîðàçîâî ñòàâàëè ïðåäìåòîì íàóêîâèõ äîñëiäæåíü, íàïðèêëàä, [5�14]. Ïðàâîâi é
åòè÷íi àñïåêòè âåáñêðàïiíãó îïèñàíi ó [15,16]. Äîñòóïíiñòü i ïðîñòîòà âèêîðèñòàííÿ
ãîòîâèõ iíñòðóìåíòiâ i áiáëiîòåê äëÿ âåáñêðàïiíãó (BeautifulSoup, Cheerio, Jsoup,
Scraping-Bot, Scrapy, Selenium òîùî) äà¹ çìîãó íå òiëüêè íàóêîâöÿì i ôàõiâöÿì
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ç iíôîðìàöiéíèõ òåõíîëîãié, à é ïåðåñi÷íèì êîðèñòóâà÷àì, çíàéîìèì ç îñíîâàìè
ïðîãðàìóâàííÿ, ðîçðîáëÿòè ñâî¨ íåâåëèêi ïðîãðàìíi ïðîäóêòè äëÿ âèðiøåííÿ âëàñ-
íèõ ïîòðåá: âiäîáðàæåííÿ òåìàòè÷íèõ íîâèí, ïåðåâiðêè íàÿâíîñòi òîâàðó òà ïîðiâ-
íÿííÿ öií â îíëàéí-ìàãàçèíàõ, ïîøóêó äåøåâèõ àâiàêâèòêiâ, êâèòêiâ íà òåàòðàëüíi
äiéñòâà òîùî [17�19].

Ïåðåäóìîâîþ öüîãî äîñëiäæåííÿ ñòàëà îáìåæåíiñòü ôóíêöiîíàëüíîñòi iñíóþ÷èõ
âiò÷èçíÿíèõ îíëàéíîâèõ ñåðâiñiâ äëÿ êóïiâëi êíèã. Ðåçóëüòàòè Google-ïîøóêó çà
ïðiçâèùåì àâòîðà, íàçâîþ êíèãè òà ñëîâîì �êóïèòè� � öå çàçâè÷àé ïîñèëàííÿ íà
âåá-ñòîðiíêè îíëàéíîâèõ êíèãàðåíü. Äëÿ òîãî, ùîá âiäøóêàòè êðàùó ïðîïîçèöiþ,
ïîòðiáíî ïî÷åðãîâî ïåðåõîäèòè íà öi ñòîðiíêè. ßêùî âðàõóâàòè, ùî äî öiíè íà
êíèãó ïîòðiáíî äîäàòè âàðòiñòü äîñòàâêè, òî ðóòèíè ëèøå áiëüøà¹. Çàïèò çà
ôðàçîþ �ïîðiâíÿòè öiíè íà êíèãè� âèäà¹ äâà ðåëåâàíòíi ðåçóëüòàòè � ïðîïîçèöiþ
ïîðiâíÿòè öiíè âiä ìàðêåòïëåéñó Óêðà¨íè prom.ua òà çíàéòè ïîòðiáíó êíèãó â
iíòåðíåò-êðàìíèöÿõ Óêðà¨íè íà ñàéòi book�nder.com.ua. Ïðîòå öi ïðîïîçèöi¨ äàëåêi
âiä äîñêîíàëîñòi. Çîêðåìà, âîíè íå âðàõîâóþòü âàðòiñòü äîñòàâêè òà äàþòü çìîãó
ïîðiâíÿòè öiíè òiëüêè íà îäíó êíèãó.

Çðîçóìiëî, ùî äëÿ ìiíiìàëüíî¨ çà öiíîþ êóïiâëi êiëüêîõ (áàãàòüîõ) êíèã íåäîñ-
òàòíüî çíàéòè íàéêðàùó ïðîïîçèöiþ ïî êîæíié ïîçèöi¨. Àäæå, ÿêùî òàêi ïðîïîçèöi¨
�ðîçêèäàíi� ïî ðiçíèõ êíèãàðíÿõ, òî äîâåäåòüñÿ çàïëàòèòè çà äîñòàâêó ç êîæíî¨.
Iíîäi òðîõè äîðîæ÷à öiíà íà äåÿêi êíèãè ìîæå êîìïåíñóâàòèñÿ ìåíøîþ êiëüêiñòþ
äîñòàâîê. Áiëüøå òîãî, äåÿêi êíèãàðíi çàáåçïå÷óþòü áåçêîøòîâíó äîñòàâêó çà óìîâè
çàìîâëåííÿ íà ïåâíó ñóìó, ùî òàêîæ ïîòðiáíî âðàõîâóâàòè. Òàêi îñîáëèâîñòi ìîæíà
ïðîäîâæóâàòè: çíèæêè äëÿ çàðå¹ñòðîâàíèõ êîðèñòóâà÷iâ, ïîñòiéíèõ êëi¹íòiâ òîùî.
Çi çáiëüøåííÿì îáñÿãó çàìîâëåííÿ òà êiëüêîñòi îíëàéí-êíèãàðåíü êiëüêiñòü âñiëÿêèõ
ìîæëèâèõ âàðiàíòiâ çðîñòà¹ i áåç ñïåöiàëiçîâàíîãî ïðîãðàìíîãî çàáåçïå÷åííÿ âæå íå
îáiéòèñÿ.

Ó öié ñòàòòi îïèñàíî ïðîòîòèï ðîçðîáëåíîãî âåá-ñêðàïåðà äëÿ îòðèìàííÿ ç
îíëàéí-êíèãàðåíü öií íà êíèãè é óìîâè äîñòàâêè, çàïðîïîíîâàíî òà ïðîãðàìíî
ðåàëiçîâàíî äâà ïiäõîäè äî ôîðìóâàííÿ íà îñíîâi öèõ äàíèõ çàìîâëåííÿ ñïèñêó
êíèã çà ìiíiìàëüíî ìîæëèâîþ öiíîþ.

2. Ôîðìóëþâàííÿ çàäà÷i òà çàãàëüíèé îïèñ àëãîðèòìó

Âõiäíèìè äàíèìè çàäà÷i ¹ ïåðåëiê êíèã (iç çàçíà÷åííÿì êiëüêîñòi ïðèìiðíèêiâ),
ÿêi áàæà¹ ïðèäáàòè êîðèñòóâà÷. Îñíîâíèì ðåçóëüòàòîì � URL äëÿ êîæíî¨ êíèãè,
ïåðåéøîâøè çà ÿêèì, êîðèñòóâà÷ ìîæå ïðèäáàòè ¨¨. Ðåçóëüòóþ÷à ñóêóïíiñòü URL-
àäðåñ ìà¹ ãàðàíòóâàòè ìiíiìàëüíó çàãàëüíó öiíó çàìîâëåííÿ íà ïåâíié ìíîæèíi
îíëàéí-êíèãàðåíü (ââàæà¹òüñÿ, ùî ÷àñòèíè çàìîâëåííÿ ìîæóòü âèêîíóâàòèñü ó
ðiçíèõ êíèãàðíÿõ), âðàõîâóþ÷è âàðòiñòü äîñòàâîê. Äîäàòêîâèìè (ñóïðîâiäíèìè)
ðåçóëüòàòàìè ¹: öiíà, çà ÿêîþ áóäå ïðèäáàíî êíèãó; âàðòîñòi çàìîâëåíü ó êîæíié
êíèãàðíi ç óðàõóâàííÿì êiëüêîñòi ïðèìiðíèêiâ, öií òà óìîâ äîñòàâêè; çàãàëüíà
âàðòiñòü çàìîâëåííÿ.

Çàãàëüíèé àëãîðèòì ðîçâ'ÿçêó öi¹¨ çàäà÷i ïîäàìî ó âèãëÿäi äâîðiâíåâîãî ñïèñêó.

1. Ç÷èòóâàííÿ âõiäíèõ äàíèõ (ÿêi êíèãè òà ó ÿêié êiëüêîñòi ïîòðiáíî ïðèäáàòè).

2. Îòðèìàííÿ iíôîðìàöi¨ ïðî íàÿâíiñòü òà öiíó äëÿ êîæíî¨ êíèãè ó êîæíié
êíèãàðíi:

� ôîðìóâàííÿ URL ïîøóêîâîãî çàïèòó çà àâòîðîì i íàçâîþ êíèãè íà ñàéòi
êíèãàðíi;
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� îòðèìàííÿ HTML-êîäó ñòîðiíêè ç ðåçóëüòàòàìè çàïèòó;
� ôîðìóâàííÿ ñïèñêó ïîñèëàíü íà êíèãè, âiäîáðàæåíi â ðåçóëüòàòàõ çàïèòó;
� ïî÷åðãîâèé ïåðåõiä çà ïîñèëàííÿìè çi ñôîðìîâàíîãî ñïèñêó òà âåðèôi-
êàöiÿ àâòîðà òà íàçâè äî òîãî ìîìåíòó, äîêè íå îòðèìà¹ìî HTML-êîä
ïîòðiáíî¨ êíèãè àáî íå çðîáèìî âèñíîâîê ïðî ¨¨ âiäñóòíiñòü ó öié êíèãàðíi;

� çáåðåæåííÿ öiíè êíèãè òà URL-àäðåñè äëÿ ¨¨ çàìîâëåííÿ çà óìîâè âñòà-
íîâëåííÿ ¨¨ íàÿâíîñòi.

3. Îòðèìàííÿ iíôîðìàöi¨ ïðî óìîâè äîñòàâêè ç êîæíî¨ êíèãàðíi:

� îòðèìàííÿ HTML-êîäó ñòîðiíêè ç óìîâàìè äîñòàâêè;
� âèéíÿòòÿ òà çáåðåæåííÿ iíôîðìàöi¨ ïðî âàðòiñòü äîñòàâêè;
� âèéíÿòòÿ òà çáåðåæåííÿ iíôîðìàöi¨ ïðî ñóìó çàìîâëåííÿ, ïî÷èíàþ÷è ç
ÿêî¨ äîñòàâêà áåçêîøòîâíà, ÿêùî òàêà ïîñëóãà íàäà¹òüñÿ.

4. Ôîðìóâàííÿ ìíîæèíè âñiëÿêèõ ìîæëèâèõ âàðiàíòiâ çàìîâëåíü.

5. Îá÷èñëåííÿ çàãàëüíî¨ âàðòîñòi çàìîâëåííÿ äëÿ êîæíîãî âàðiàíòó.

6. Çíàõîäæåííÿ òà âiäîáðàæåííÿ âàðiàíòó çàìîâëåííÿ, ÿêîìó âiäïîâiäà¹ ìiíi-
ìàëüíà âàðòiñòü.

Êðîêè òà îñîáëèâîñòi öüîãî àëãîðèòìó äåòàëüíiøå îïèñàíi ó íàñòóïíèõ äâîõ
ðîçäiëàõ i ñóïðîâîäæóþòüñÿ ôðàãìåíòàìè ïðîãðàìíî¨ ðåàëiçàöi¨ íà ìîâi Python 3.

3. Îòðèìàííÿ äàíèõ ç îíëàéí-êíèãàðåíü

Âèêîíàííÿ ïðîãðàìè ðîçïî÷èíà¹òüñÿ çi ç÷èòóâàííÿ âõiäíèõ äàíèõ ç òåêñòîâîãî
ôàéëó order.txt, êîæåí ðÿäîê ÿêîãî ÷åðåç ïåâíèé ðîçäiëþâà÷ (ó íàøîìó âèïàäêó öå
êðàïêà ç êîìîþ) ìiñòèòü ïðiçâèùå àâòîðà, íàçâó êíèãè òà êiëüêiñòü ïðèìiðíèêiâ, ÿêó
áàæà¹ ïðèäáàòè êîðèñòóâà÷. Ââàæàòèìåìî, ùî ôàéë order.txt çàïîâíåíèé êîðåêòíî.
Íà îñíîâi iíôîðìàöi¨ ç íüîãî çà äîïîìîãîþ ôóíêöi¨ get_order_list() ôîðìó¹òüñÿ
ñïèñîê çàìîâëåííÿ order_list ÿê ñïèñîê ñëîâíèêiâ ç êëþ÷àìè �id� (ïîðÿäêîâèé íîìåð
êíèãè ó çàìîâëåííi), �author� (àâòîð), �title� (íàçâà) i �amount� (êiëüêiñòü):

def get_order_list(filename, sep=";"):

id_, list_ = 0, []

with open(filename, encoding="utf-8") as order:

for line in order:

info = line.split(sep)

list_.append({"id": id_, "author": info[0].strip(),

"title": info[1].strip(),

"amount": int(info[2].strip())})

id_ += 1

return list_

order_list = get_order_list("order.txt")

Çàçíà÷èìî, ùî òóò i íàäàëi ó íàâåäåíèõ ôðàãìåíòàõ êîäó äëÿ åêîíîìi¨ ïðîñòîðó
ñâiäîìî ïîðóøåíî äåÿêi ðåêîìåíäàöi¨ ÐÅÐ 8, òðè êðàïêè ïîçíà÷àþòü ïðîïóùåíèé
êîä, à òàêîæ ââàæà¹òüñÿ, ùî óâåñü êîä ìiñòèòüñÿ â îäíîìó ôàéëi.

Îòðèìàííÿ iíôîðìàöi¨ ïðî öiíó êíèãè òà óìîâè äîñòàâêè ðåàëiçîâàíî ó âèãëÿ-
äi ôóíêöié get_price() i get_delivery(), ÿêèì ïåðåäà¹òüñÿ äîìåííå iì'ÿ ñàéòó, àâòîð
i íàçâà êíèãè, òà, çà ïîòðåáè, iíøi íåîáîâ'ÿçêîâi àðãóìåíòè: êîäóâàííÿ ñèìâîëiâ,
íàçâó ïàðñåðà, äàíi äëÿ àâòîðèçàöi¨ òîùî. Äëÿ åôåêòèâíîãî âèêîðèñòàííÿ öèõ
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ôóíêöié ñòâîðåíî êîíôiãóðàöiéíèé ñëîâíèê hosts, êëþ÷àìè ÿêîãî ¹ äîìåííi iìåíà
ñàéòiâ êíèãàðåíü, à çíà÷åííÿìè � iíøi ñëîâíèêè, ÿêi ìiñòÿòü íåîáõiäíi äëÿ âèêîíàííÿ
ïîøóêó çíà÷åííÿ àðãóìåíòiâ. Òèïîâèé ôðàãìåíò ñëîâíèêà hosts ìà¹ òàêèé âèãëÿä:

hosts = {"bookclub.ua":

{"encoding": "windows-1251",

"parser": "html.parser",

... },

... }

Êîæíîìó êëþ÷ó ñëîâíèêà hosts âiäïîâiäà¹ îêðåìèé áëîê if ó òiëi ôóíêöié
get_price() i get_delivery(). Öå ïîâ'ÿçàíî ç òèì, ùî íàïèñàííÿ óíiâåðñàëüíîãî
ñêðàïåðà, ÿêèé áè âèéìàâ ïîòðiáíó iíôîðìàöiþ ïðî êíèãó é óìîâè äîñòàâêè ç ñàéòó
áóäü-ÿêî¨ êíèãàðíi, âêðàé ñêëàäíà çàäà÷à. Àëå óñi öi áëîêè ïðàöþþòü çà îäíàêîâèì
çàãàëüíèì àëãîðèòìîì, ÿêèé ðîçãëÿíåìî äåòàëüíiøå íà ïðèêëàäi îòðèìàííÿ öiíè
êíèãè.

Ïåðøèé êðîê öüîãî àëãîðèòìó ïîëÿãà¹ ó ôîðìóâàííi URL ïîøóêîâîãî çàïèòó ÿê
êîíêàòåíàöi¨ äîìåííîãî iìåíi ñàéòó êíèãàðíi (host), âiäíîñíîãî øëÿõó äî ïîøóêîâî¨
ñòîðiíêè (search_path) i âëàñíå ïîøóêîâîãî çàïèòó (query), ÿêèé çà çàìîâ÷óâàííÿì
çáiãà¹òüñÿ ç íàçâîþ êíèãè:

url = f"https://{host}{search_path}{query}"

Äëÿ ïðàâèëüíîãî ïåðåäàâàííÿ â URL ñèìâîëiâ êèðèëèöi i ïðîáiëiâ, ç ÿêèõ
ñêëàäà¹òüñÿ òåêñò çàïèòó, âèêîðèñòîâó¹òüñÿ îäíà ç ôóíêöié quote() àáî quote_plus()
ìîäóëÿ parse áiáëiîòåêè urllib (âèáið ôóíêöi¨ çàëåæèòü âiä ïðèéíÿòîãî íà ñàéòi
ñïîñîáó êîäóâàííÿ):

from urllib.parse import quote, quote_plus

query = quote_plus(title, encoding=hosts[host]["encoding"])

# àáî query = quote(title)

Äàëi, âèêîðèñòîâóþ÷è ìîäóëü request áiáëiîòåêè urllib, îòðèìó¹òüñÿ HTML-êîä
ñòîðiíêè ç ðåçóëüòàòàìè ïîøóêîâîãî çàïèòó, íà ïiäñòàâi ÿêîãî ñòâîðþ¹òüñÿ îá'¹êò
BeautifulSoup [20]:

from urllib.request import urlopen, Request

from bs4 import BeautifulSoup

html = urlopen(Request(url, headers={"User-Agent": "Mozilla/5.0"}))

obj = BeautifulSoup(html.read(), features=hosts[host]["parser"])

Çàñòîñîâóþ÷è äî öüîãî îá'¹êòà ìåòîä �nd_all(), ìàòèìåìî ñïèñîê òåãiâ, ÿêi
ìiñòÿòü ðåçóëüòàòè ïîøóêîâîãî çàïèòó:

tags = obj.find_all(tagname, classname, limit=3)

Òóò tagname � òèï òåãó (çàçâè÷àé �div� àáî �span�), classname � çíà÷åííÿ àòðèáóòà
class öüîãî òåãó, limit � îáìåæåííÿ íà ìàêñèìàëüíó êiëüêiñòü ðåçóëüòàòiâ ïîøóêó
(ïîòðiáíà êíèãà ìàéæå çàâæäè ¹ ñåðåä ïåðøèõ).

Îáõîäÿ÷è ïîåëåìåíòíî ñïèñîê tags, âèêîíó¹ìî òàêi äi¨ äëÿ êîæíîãî åëåìåíòà
(item):
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1. Çàñòîñîâóþ÷è îäèí ÷è êiëüêà ðàçiâ ìåòîä �nd(), ïåðåõîäèìî äî òåãó, ÿêèé
ìiñòèòü ïîñèëàííÿ íà âåáñòîðiíêó êíèãè, ÿêå îòðèìó¹ìî ÿê çíà÷åííÿ àòðèáóòà
href òåãó <a>:

url = item.find(...).find("a").attrs["href"]

2. Ïåðåõîäèìî çà îòðèìàíèì íà ïîïåðåäíüîìó êðîöi ïîñèëàííÿì.

3. Øóêà¹ìî òåãè, ÿêi ìiñòÿòü iíôîðìàöiþ ïðî àâòîðà òà íàçâó êíèãè, òà ïåðåâi-
ðÿ¹ìî, ÷è âiäïîâiäà¹ âîíà çàçíà÷åíié ó çàìîâëåííi (çíà÷åííÿ àðãóìåíòiâ author
i title ïåðåäàþòüñÿ ôóíêöi¨ get_price() ïiä ÷àñ ¨¨ âèêëèêó). ßêùî âèÿâèëîñÿ,
ùî ìè ïîòðàïèëè íà âåáñòîðiíêó íå òi¹¨ êíèãè, òî ïåðåõîäèìî äî íàñòóïíîãî
åëåìåíòà ñïèñêó tags i çàíîâî âèêîíó¹ìî äi¨, ïî÷èíàþ÷è ç ïóíêòó 1. Iíàêøå �
ïåðåõîäèìî äî âèêîíàííÿ íàñòóïíîãî ïóíêòó.

4. Çíàõîäèìî òåã, ÿêèé ìiñòèòü iíôîðìàöiþ ïðî öiíó êíèãè, îòðèìó¹ìî öþ
iíôîðìàöiþ ìåòîäîì get_text(). Âèêîðèñòîâóþ÷è çðiçè àáî ðåãóëÿðíi âèðàçè,
âèéìà¹ìî çíà÷åííÿ öiíè òà êîíâåðòó¹ìî éîãî ó ÷èñëîâèé òèï.

5. Ïîâåðòà¹ìî îòðèìàíi ó ïóíêòàõ 1 i 4 çíà÷åííÿ url òà öiíè (price). ßêùî ñïèñîê
tags ìàòèìå íóëüîâó äîâæèíó àáî íiêîëè íå äîñÿãíåòüñÿ ïóíêò 4, òî ôóíêöiÿ
get_price() ïîâåðíå çà çàìîâ÷óâàííÿì çíà÷åííÿ None, ÿêå îçíà÷àòèìå, ùî íà
ñàéòi êíèãàðíi íåìà¹ iíôîðìàöi¨ ïðî çàòðåáóâàíó êíèãó.

Ùîá çáiëüøèòè øâèäêîäiþ, ñêðàïiíã êîæíîãî ñàéòó ðåàëiçîâàíî â îêðåìîìó
ïîòîöi:

from threading import Thread

def thread(order_list, host):

for item in order_list:

args = (item["author"], item["title"], host)

price_info[item["id"]][host] = get_price(*args)

delivery_info[host] = get_delivery(host)

price_info = {key: {} for key in range(len(order_list))}

delivery_info = {key: None for key in hosts.keys()}

threads = [Thread(target=thread, args=(order_list, host))

for host in hosts]

for item in threads:

item.start()

for item in threads:

item.join()

Ó ïiäñóìêó ìàòèìåìî çàïîâíåíèìè äâà ñëîâíèêè � price_info i delivery_info.
Êëþ÷àìè ïåðøîãî ç íèõ ¹ iäåíòèôiêàòîðè êíèã (¨õíi ïîðÿäêîâi íîìåðè ó ñïèñêó
çàìîâëåíü), à çíà÷åííÿìè � iíøi ñëîâíèêè, êëþ÷àìè ÿêèõ ¹ äîìåííi iìåíà ñàéòiâ
êíèãàðåíü, à çíà÷åííÿìè � êîðòåæi, ÿêi ìiñòÿòü öiíó êíèãè â êíèãàðíi òà ïîñèëàí-
íÿ íà ñòîðiíêó äëÿ çàìîâëåííÿ öi¹¨ êíèãè (àáî çíà÷åííÿ None ó ðàçi âiäñóòíîñòi
êíèãè â êíèãàðíi). Êëþ÷àìè äðóãîãî ñëîâíèêà ¹ äîìåííi iìåíà ñàéòiâ êíèãàðåíü, à
çíà÷åííÿìè � êîðòåæi, ÿêi ìiñòÿòü âàðòiñòü äîñòàâêè òà ñóìó çàìîâëåííÿ, ïî÷èíàþ-
÷è ç ÿêî¨ äîñòàâêà áåçêîøòîâíà (ÿêùî ïîñëóãè áåçêîøòîâíî¨ äîñòàâêè íåìà¹, òî
öåé åëåìåíò êîðòåæà äîðiâíþ¹ çíà÷åííþ inf ç ìàòåìàòè÷íîãî ìîäóëÿ math, òîáòî
íåñêií÷åííîñòi).
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4. Àíàëiç äàíèõ: ïîøóê çàìîâëåííÿ ìiíiìàëüíî¨ âàð-

òîñòi

Ðîçãëÿäàòèìåìî çàìîâëåííÿ ÿê êîðòåæ tpl åëåìåíòiâ, iíäåêñè ÿêèõ çáiãàþòüñÿ
ç iäåíòèôiêàòîðàìè êíèã, à ñàìi åëåìåíòè äîðiâíþþòü iäåíòèôiêàòîðàì êíèãàðåíü,
ÿêi îòîòîæíþþòüñÿ ç iíäåêñàìè ñïèñêó markets êëþ÷iâ êîíôiãóðàöiéíîãî ñëîâíèêà
hosts:

markets = list(hosts.keys())

Òîäi ìíîæèíà âñiëÿêèõ ìîæëèâèõ âàðiàíòiâ çàìîâëåíü äîðiâíþ¹ ìíîæèíi ðîçìi-
ùåíü ç ïîâòîðåííÿìè iäåíòèôiêàòîðiâ êíèãàðåíü ïî k åëåìåíòiâ, äå k � êiëüêiñòü êíèã
(íå ïðèìiðíèêiâ) ó çàìîâëåííi. Ùîá çàîùàäèòè ïàì'ÿòü, çàìiñòü ôîðìóâàííÿ öi¹¨
ìíîæèíè ñòâîðåíî iòåðàòîð gen_orders, ÿêèé ãåíåðóâàòèìå ¨¨ åëåìåíòè �íà ëüîòó�,
íå çàïèñóþ÷è â æîäíó ñòðóêòóðó:

from itertools import product

gen_orders = product(range(len(markets)), repeat=len(order_list))

Òåïåð ïîøóê ìiíiìàëüíîãî çà öiíîþ çàìîâëåííÿ çâîäèòüñÿ äî êëàñè÷íîãî àëãî-
ðèòìó ïîøóêó ìiíiìóìó, ÿêèé ìîæíà ðåàëiçóâàòè, íàïðèêëàä, òàê:

min_price, order = inf, None

for tpl in gen_orders:

p = price(price_info, delivery_info, tpl)

if p and p[0] < min_price:

min_price, order = p

Ó íàâåäåíîìó âèùå ôðàãìåíòi êîäó âèêîðèñòàíî ôóíêöiþ price(), ÿêà ïîâåðòà¹
âàðòiñòü ïåðåäàíîãî âàðiàíòó çàìîâëåííÿ i çàïèñ öüîãî çàìîâëåííÿ, çãðóïîâàíîãî çà
êíèãàðíÿìè:

def price(price_info, delivery_info, order):

shop_numbers, book_numbers = len(markets), len(order_list)

orders = [[] for _ in range(shop_numbers)]

# ãðóïóâàííÿ çàìîâëåíü çà êíèãàðíÿìè

for i in range(len(order)):

orders[order[i]].append(i)

# îá÷èñëåííÿ âàðòîñòi çàìîâëåííÿ çà öiíàìè íà êíèãè:

prices = [0 for _ in range(shop_numbers)]

for shop in range(shop_numbers):

for book in orders[shop]:

try:

amount = order_list[book]["amount"]

prices[shop] += price_info[book][markets[shop]][0]*amount

except:

return False # òàêèé âàðiàíò çàìîâëåííÿ íåìîæëèâèé

# óòî÷íåííÿ âàðòîñòi çàìîâëåííÿ ç óðàõóâàííÿì äîñòàâêè:

if orders[shop]:

if prices[shop] < delivery_info[markets[shop]][1]:

prices[shop] += delivery_info[markets[shop]][0]

return sum(prices), orders
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Ó ïiäñóìêó ó çìiííié order ìàòèìåìî çàïèñ ìiíiìàëüíîãî çàìîâëåííÿ ó âèãëÿäi
ñïèñêó, iíäåêñàìè ÿêîãî ¹ iäåíòèôiêàòîðè êíèãàðåíü, à åëåìåíòàìè � ñïèñêè iäåí-
òèôiêàòîðiâ êíèã, ÿêi ïîòðiáíî çàìîâèòè ó öèõ êíèãàðíÿõ. Çàãàëüíà (ìiíiìàëüíà)
âàðòiñòü çàìîâëåííÿ çàïèñàíà ó çìiííié min_price.

Ãåíåðóâàííÿ âñiëÿêèõ ìîæëèâèõ ðîçìiùåíü ç ïîâòîðåííÿìè ìà¹ íåäîëiê � çi
çáiëüøåííÿì êiëüêîñòi êíèãàðåíü i îáñÿãó çàìîâëåííÿ çíà÷íî çðîñòà¹ ÷àñ âèêîíàííÿ
ïðîãðàìè. ßêùî ïðèïóñòèòè, ùî êîæíà îêðåìà êíèãà íàÿâíà íå ó êîæíié êíèãàð-
íi, òî ìíîæèíó âñiëÿêèõ ìîæëèâèõ âàðiàíòiâ çàìîâëåíü orders ìîæíà çìåíøèòè äî
ðåàëüíî¨ êiëüêîñòi (ëèøå òi âàðiàíòè, ÿêi ìîæëèâî âèêîíàòè), ïîäàâøè ¨¨ ÿê ìíîæè-
íó øëÿõiâ ó äåÿêîìó îði¹íòîâàíîìó ãðàôi.

Âóçëè çãàäàíîãî ãðàôà ðîçìiùåíi íà k + 2 (k � êiëüêiñòü óíiêàëüíèõ êíèã ó
çàìîâëåííi) ðiâíÿõ, ÿêi íóìåðóþòüñÿ, ïî÷èíàþ÷è ç 0. Íà íóëüîâîìó ðiâíi ¹ ¹äèíèé
ñòàðòîâèé âóçîë v0. Íà íàñòóïíèõ k ðiâíÿõ ðîçìiùåíi îñíîâíi âóçëè ãðàôà vij .
Iíäåêñ i, ÿêèé çìiíþ¹òüñÿ âiä 1 äî k, ïîçíà÷à¹ íîìåð ðiâíÿ i ¹ ôàêòè÷íî çáiëüøåíèì
íà îäèíèöþ iäåíòèôiêàòîðîì êíèãè ó çàìîâëåííi. Iíäåêñ j, ÿêèé çìiíþ¹òüñÿ âiä 1
äî êiëüêîñòi êíèãàðåíü, ¹ çáiëüøåíèì íà îäèíèöþ iäåíòèôiêàòîðîì êíèãàðíi. Íà
îñòàííüîìó ðiâíi ãðàôà ¹ ¹äèíèé çàêëþ÷íèé âóçîë. Ðåáðà ãðàôà áóäóþòüñÿ çà
òàêèì ïðàâèëîì: ÿêùî ó êíèãàðíi ç iäåíòèôiêàòîðîì j − 1 ¹ â íàÿâíîñòi êíèãà ç
iäåíòèôiêàòîðîì i−1, òî ó âóçîë vij âõîäÿòü ðåáðà ç óñiõ âóçëiâ ïîïåðåäíüîãî ðiâíÿ.
Ó öüîìó âèïàäêó ó çàêëþ÷íèé âóçîë âõîäÿòü ðåáðà ç óñiõ ïîïåðåäíiõ âóçëiâ, ÿêi
âiäïîâiäàþòü êíèãàðíÿì, ó ÿêèõ ¹ â íàÿâíîñòi îñòàííÿ êíèãà çi ñïèñêó çàìîâëåíü.
Íèæ÷å íàâåäåíèé êîä äëÿ ïîáóäîâè ìàòðèöi ñóìiæíîñòi òàêîãî ãðàôà (ç íàñêðiçíîþ
íóìåðàöi¹þ âóçëiâ) çà äàíèìè, îòðèìàíèìè íà ïiäñòàâi ñêðàïiíãó:

def build_adj_list(data, shop_list):

books, shops = len(data), len(shop_list)

adj = {node: [] for node in range(books*shops+2)}

for i in range(shops):

if data[0][shop_list[i]]:

adj[0].append(i+1)

for j in range(books-1):

for i in range(shops):

for k in range(shops):

if data[j+1][shop_list[k]]:

adj[j*shops+i+1].append((j+1)*shops+k+1)

for i in range(shops):

if data[books-1][shop_list[i]]:

adj[(books-1)*shops+i+1].append(books*shops+1)

return adj

adj = build_adj_list(price_info, markets)

Òåïåð äëÿ ïîøóêó ìiíiìàëüíîãî çà öiíîþ çàìîâëåííÿ âèêîðèñòàíî ðåêóðñèâíó
ôóíêöiþ íà îñíîâi çàãàëüíîâiäîìîãî àëãîðèòìó ïîøóêó â ãëèáèíó. Óñi ìîæëèâi
øëÿõè íå çáåðiãàþòüñÿ � çáåðiãà¹òüñÿ ëèøå îäèí øëÿõ, ÿêèé âiäïîâiäà¹ ïîòî÷íié
ìiíiìàëüíié âàðòîñòi çàìîâëåííÿ. Çíàéøîâøè iíøèé øëÿõ (òîáòî, âàðiàíò çàìîâ-
ëåííÿ), çà äîïîìîãîþ ôóíêöi¨ price() îá÷èñëþ¹òüñÿ éîãî âàðòiñòü i ïîðiâíþ¹òüñÿ ç
ïîòî÷íîþ ìiíiìàëüíîþ âàðòiñòþ. Öå äà¹ çìîãó çàîùàäèòè ïàì'ÿòü êîìï'þòåðà:

def find_min(graph, start, end):
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global min_price, order

if start == end:

p = price(price_info, delivery_info, route_to_order(route))

if p and p[0] < min_price:

min_price, order = p

else:

for node in graph[start]:

if not visited.get(node, False):

visited[node] = True

route.append(node)

find_min(graph, node, end)

visited[node] = False

route.remove(node)

visited, route = {}, []

min_price, order = inf, None

find_min(adj, 0, max(adj.keys()))

Ó òiëi ôóíêöi¨ �nd_min() âèêîðèñòàíî ôóíêöiþ route_to_order(), ÿêà ïåðåòâî-
ðþ¹ øëÿõ ïî ãðàôó â òàêå ïîäàííÿ çàìîâëåííÿ, ÿêå ñïðèéìà¹ ôóíêöiÿ price():

def route_to_order(route):

order=[]

for node in route[:-1]:

if node>len(markets):

order.append((node-1)%len(markets))

else:

order.append(node-1)

return order

Òàêèé ïiäõiä çà óìîâè íå íàÿâíîñòi îêðåìèõ êíèã ó äåÿêèõ êíèãàðíÿõ ìiñòèòèìå
ìåíøó êiëüêiñòü åëåìåíòiâ ïîðiâíÿííî ç ïîïåðåäíiì. Îñîáëèâî öå ñòîñó¹òüñÿ âèé-
ìàííÿ äàíèõ ç âåëèêî¨ êiëüêîñòi êíèãàðåíü àáî äîâîëi âåëèêèõ çà îáñÿãîì çàìîâëåíü.
Ùîïðàâäà, ó äðóãîìó âèïàäêó ìîæå âèíèêíóòè iíøà ïðîáëåìà, ïîâ'ÿçàíà ç ïåðåðà-
õóíêîì âàðòîñòi äîñòàâêè ÷åðåç çáiëüøåííÿ âàãè âiäïðàâëåííÿ.

Çàçíà÷èìî, ùî íå çàâæäè ìåíøà êiëüêiñòü âàðiàíòiâ îçíà÷à¹ ìåíøèé ÷àñ âèêî-
íàííÿ ïðîãðàìè. ßê ç'ÿñó¹ìî ó íàñòóïíîìó ïiäðîçäiëi, äîñÿãòè ìåíøîãî ÷àñó
âèêîíàííÿ ïðîãðàìè ìîæíà ëèøå çà ïåâíîãî ðiâíÿ ðîçðiäæåíîñòi ìàòðèöi ñóìiæíîñ-
òi, ÿêèé ìîæíà íàáëèæåíî îöiíèòè, íàïðèêëàä, ÿê âiäíîøåííÿ ñóìàðíî¨ êiëüêîñòi
âiäìiííèõ âiä None çíà÷åíü ó ñëîâíèêàõ-çíà÷åííÿõ ñëîâíèêà price_info äî äîáóòêó
êiëüêîñòi êíèãàðåíü íà êiëüêiñòü óíiêàëüíèõ êíèã ó çàìîâëåííi.

Äëÿ âiäîáðàæåííÿ iíôîðìàöi¨ ïðî ñêëàä øóêàíîãî îïòèìàëüíîãî çà öiíîþ çàìîâ-
ëåííÿ ó çðó÷íîìó äëÿ ñïðèéíÿòòÿ âèãëÿäi âèêîðèñòàíî ôóíêöiþ display(), êîä ÿêî¨
íå íàâîäèìî ç ìiðêóâàíü éîãî íèçüêî¨ iíôîðìàòèâíîñòi.

5. Ïðèêëàä çàñòîñóâàííÿ

Ïîòî÷íà âåðñiÿ ðîçðîáëåíîãî âåáñêðàïåðà âèéìà¹ äàíi ç ÷îòèðüîõ ñàéòiâ, òåõíi÷íi
ñëóæáè ÿêèõ íàäàëè äîçâië íà êiëüêàðàçîâó àâòîìàòèçîâàíó îáðîáêó ¨õíüî¨ iíôîðìà-
öi¨ ÷åðåç ôîðìó çâîðîòíîãî çâ'ÿçêó: îíëàéí-êíèãàðíi �Âèäàâíèöòâà Ñòàðîãî Ëåâà�
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(https://starylev.com.ua), êíèæêîâèõ iíòåðíåò-ìàãàçèíiâ �Êëóá ñiìåéíîãî äîçâiëëÿ�
(https://bookclub.ua) i Yakaboo (https://www.yakaboo.ua) òà êíèæêîâî¨ iíòåðíåò-
ïëàòôîðìè BamBook (https://bambook.com). Ðîçãëÿíåìî éîãî çàñòîñóâàííÿ íà
ïðèêëàäi òàêèõ âõiäíèõ äàíèõ (âìiñò ôàéëó order.txt):

Êiäðóê; Äîêè ñâiòëî íå çãàñíå íàçàâæäè; 3

Ëèñ; Îáiòíèöÿ; 1

Øêëÿð; Õàðàêòåðíèê; 2

Ðóòêiâñüêèé; Äæóðè i ïiäâîäíèé ÷îâåí; 1

Êóíäåðà; Íåñòåðïíà ëåãêiñòü áóòòÿ; 2

Êðèæàíiâñüêà; Òiíi; 2

Ó ïiäñóìêó îòðèìàíî òàêèé âàðiàíò íàéìåíøîãî çà öiíîþ çàìîâëåííÿ (ñêðàïiíã
çäiéñíþâàâñÿ 17 ÷åðâíÿ 2020 ðîêó):

bookclub.ua:

"Äîêè ñâiòëî íå çãàñíå íàçàâæäè" (Êiäðóê): 3 * 125.0 = 375.0 ãðí.

URL: https://bookclub.ua//catalog/books/pop/product.html?id=51399

"Îáiòíèöÿ" (Ëèñ): 1 * 99.0 = 99.0 ãðí.

URL: https://bookclub.ua//catalog/books/pop/product.html?id=51853

"Õàðàêòåðíèê" (Øêëÿð): 2 * 125.0 = 250.0 ãðí.

URL: https://bookclub.ua//catalog/books/pop/product.html?id=51855

Äîñòàâêà: 0.0 ãðí.

yakaboo.ua:

"Äæóðè i ïiäâîäíèé ÷îâåí" (Ðóòêiâñüêèé): 1 * 130.0 = 130.0 ãðí.

URL: https://www.yakaboo.ua/ua/dzhuri-i-pidvodnij-choven-trilogija-

dzhuri-kniga-3.html

"Íåñòåðïíà ëåãêiñòü áóòòÿ" (Êóíäåðà): 2 * 150.0 = 300.0 ãðí.

URL: https://yakaboo.ua/ua/nesterpna-legkist-buttja.html

"Òiíi" (Êðèæàíiâñüêà): 2 * 120.0 = 240.0 ãðí.

URL: https://yakaboo.ua/ua/tini.html

Äîñòàâêà: 40.0 ãðí.

Çàãàëüíà âàðòiñòü çàìîâëåííÿ: 1434.0 ãðí.

Çàóâàæèìî, ùî ïiä ÷àñ ñêðàïiíãó âèéìàëàñÿ âàðòiñòü äîñòàâêè äëÿ ñëóæáè
äîñòàâêè �Íîâà ïîøòà�, çàçíà÷åíà íà ñàéòàõ êíèãàðåíü. Ïðîïîçèöi¨ iíøèõ ñëóæá
äîñòàâêè, à òàêîæ ìîæëèâà âàãà âiäïðàâëåííÿ äî óâàãè íå áðàëèñÿ.

Ëåâîâó ÷àñòêó ÷àñó (òðîõè áiëüøå 20 ñåêóíä) çàéíÿëî âèéìàííÿ äàíèõ ç ñàéòiâ.
Òàêîãî äîñèòü ñïðèéíÿòëèâîãî äëÿ êîðèñòóâà÷à ÷àñó âäàëîñÿ äîñÿãòè çàâäÿêè
âèêîðèñòàííþ áàãàòîïîòîêîâîñòi. Ó ðàçi âèêîíàííÿ ïîøóêó ïî óñiõ êíèãàðíÿõ â
îäíîìó ïîòîöi çàòðà÷àëîñÿ áëèçüêî îäíi¹¨ õâèëèíè. Ïîøóê ìiíiìàëüíîãî çà öiíîþ
çàìîâëåííÿ òðèâàâ 0.03 ñåêóíäè çà âèêîðèñòàííÿ ïåðøîãî ïiäõîäó (áóëî çãåíåðîâàíî
4096 ðîçìiùåíü ç ïîâòîðåííÿìè, ÿêi ðåïðåçåíòóþòü âñiëÿêi ìîæëèâi çàìîâëåííÿ)
òà 0.005 ñåêóíäè çà âèêîðèñòàííÿ äðóãîãî (çíàéäåíî 324 øëÿõè íà ãðàôi, ÿêi
âiäïîâiäàþòü òèì çàìîâëåííÿì, ÿêi ìîæëèâî âèêîíàòè).

Äëÿ òîãî, ùîá ïîðiâíÿòè çàçíà÷åíi âèùå ïiäõîäè, íà áiëüøié êiëüêîñòi êíèãàðåíü
áóëè âèïàäêîâî çãåíåðîâàíi òåñòîâi äàíi òà ïîðiâíþâàâñÿ ÷àñ ãåíåðóâàííÿ ðîçìiùåíü
i øëÿõiâ, âiäïîâiäíî. Äëÿ 10 êíèãàðåíü i 9 óíiêàëüíèõ êíèã â ðàìêàõ ïåðøîãî
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ïiäõîäó 109 âñiëÿêèõ ìîæëèâèõ âàðiàíòiâ çàìîâëåíü ãåíåðóâàëèñÿ â ìåæàõ 1,5
õâèëèí. Çà óìîâè ãiïîòåòè÷íî¨ íå íàÿâíîñòi êîæíî¨ êíèãè â òðüîõ ç öèõ êíèãàðåíü
çàñòîñóâàííÿ äðóãîãî ïiäõîäó äàëî çìîãó çìåíøèòè ÷àñ âèêîíàííÿ (çàòðà÷åíèé íà
ãåíåðóâàííÿ øëÿõiâ íà ãðàôi) ìàéæå âäâi÷i, à ó ÷îòèðüîõ êíèãàðíÿõ � ùå ïðèíàéìi
âòðè÷i. Ïðîòå ïðè íåâåëèêié ðîçðiäæåíîñòi ìàòðèöi ñóìiæíîñòi ãðàôà ñèòóàöiÿ
ïðîòèëåæíà � çà óìîâè ãiïîòåòè÷íî¨ íå íàÿâíîñòi êîæíî¨ êíèãè ëèøå ó äâîõ êíèãàð-
íÿõ ÷àñ âèêîíàííÿ çðîñòàâ ó 2,5 ðàçà.

6. Âèñíîâêè

Íà ïiäñòàâi àíàëiçó íàÿâíèõ âiò÷èçíÿíèõ îíëàéíîâèõ êíèæêîâèõ ñåðâiñiâ áóëî
ç'ÿñîâàíî, ùî æîäåí ç íèõ íå äà¹ çìîãè ñôîðìóâàòè íàéäåøåâøå çàìîâëåííÿ
íàáîðó êíèã, âðàõîâóþ÷è iíôîðìàöiþ íå â ìåæàõ îäíi¹¨, à ç áàãàòüîõ êíèãàðåíü,
à òàêîæ êîìáiíóþ÷è ðiçíîìàíiòíi ñïîñîáè äîñòàâêè. Ðîçðîáëåíèé ó ìåæàõ öüîãî
äîñëiäæåííÿ ïðîòîòèï âåáñêðàïåðà óñóâà¹ öåé íåäîëiê i ¹ çðó÷íèì iíñòðóìåíòîì äëÿ
ôîðìóâàííÿ îïòèìàëüíîãî çà öiíîþ çàìîâëåííÿ ùîäî íåâåëèêèõ îáñÿãiâ äðóêîâàíî¨
ëiòåðàòóðè â îíëàéí-êíèãàðíÿõ. Ðåçóëüòàòè éîãî âèêîíàííÿ ñàìîäîñòàòíi, à äëÿ
çàïóñêó ïîòðiáåí ¹äèíèé âõiäíèé àðãóìåíò � òåêñòîâèé ôàéë àáî ñïèñîê çàìîâëåííÿ
ç òðüîõ ïîëiâ: àâòîð êíèãè, íàçâà êíèãè òà êiëüêiñòü ïðèìiðíèêiâ.

Ôóíêöiîíàëüíiñòü âåáñêðàïåðà ìîæå áóòè ðîçøèðåíà øëÿõîì àâòîìàòèçàöi¨ âiä-
êðèòòÿ ðåçóëüòóþ÷èõ URL ó áðàóçåði (äëÿ öüîãî äîñòàòíüî ìîæëèâîñòåé ìîäóëÿ
Webbrowser) òà íàòèñêàííÿ êíîïîê òèïó �Äîäàòè äî êîøèêà� äëÿ ôîðìóâàííÿ
çàìîâëåííÿ (òóò äëÿ âçà¹ìîäi¨ ç áðàóçåðîì íàéêðàùèì âáà÷à¹òüñÿ âèêîðèñòàííÿ
ïàêåòó Selenium). Ñòîñîâíî çáiëüøåííÿ êiëüêîñòi êíèãàðåíü äëÿ âåáñêðàïiíãó, òî äëÿ
äîäàâàííÿ êíèãàðíi äîñòàòíüî íàïèñàòè äëÿ íå¨ îêðåìó íåçàëåæíó ôóíêöiþ/áëîê.
Íàÿâíèé êîä, îêðiì çàïèñó ó êîíôiãóðàöiéíîìó ñëîâíèêó, çìiíþâàòè íå ïîòðiáíî.

Ùîá óíèêíóòè ìîæëèâèõ ïðîáëåì, ÿêi ñòîñóþòüñÿ ïîðóøåííÿ ïðàâ iíòåëåê-
òóàëüíî¨ âëàñíîñòi, ïåðåä âèêîðèñòàííÿì âåáñêðàïåðà ðåêîìåíäó¹òüñÿ ïîäáàòè ïðî
âiäïîâiäíi äîçâîëè, îñêiëüêè ìàéæå óñi îíëàéíîâi êíèãàðíi ó ôàéëi robots.txt (Ñòàí-
äàðò âèíÿòêiâ äëÿ ðîáîòiâ, Robots Exclusion Standard [21]) êîðåíåâîãî êàòàëîãó ñâî¨õ
ñàéòiâ äåêëàðóþòü çàáîðîíó íà âèêîðèñòàííÿ êîðèñòóâàöüêèõ àâòîìàòèçîâàíèõ
ðîáîòiâ. Îñîáëèâî öå ñòîñó¹òüñÿ âèïàäêiâ ïîäàëüøîãî ïóáëi÷íîãî ÷è êîìåðöiéíîãî
âèêîðèñòàííÿ îòðèìàíèõ äàíèõ.

Îïèñàíi ïiäõîäè òà àëãîðèòìè ìàþòü íàâ÷àëüíå çíà÷åííÿ, îñêiëüêè äàþòü çìîãó
îáiçíàíèì ç ïðîãðàìóâàííÿì òà çàöiêàâëåíèì ó âåáñêðàïiíãó êîðèñòóâà÷àì ðîçðîá-
ëÿòè ñâî¨ ïðîãðàìíi ïðîäóêòè.

Íàóêîâî-ïðàêòè÷íå çíà÷åííÿ âåáñêðàïåðà ïîëÿãà¹ ó òîìó, ùî âií çàáåçïå÷ó¹
ÿêiñíî íîâèé, ïîðiâíÿíî ç iñíóþ÷èìè, ñåðâiñ i ìîæå ñëóãóâàòè îñíîâîþ äëÿ ðîçðîáêè
ïîòóæíiøîãî ïðîäóêòó, ÿêèé çìîæóòü âèêîðèñòîâóâàòè íà ïîñòiéíié îñíîâi îðãàíi-
çàöi¨, äîòè÷íi äî äðóêîâàíî¨ ïðîäóêöi¨ � êíèæêîâi ìàãàçèíè, áiáëiîòåêè, ëiòåðàòóðíi
êëóáè òîùî.
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The article considers web-scraping as a tool for collecting information about online
bookstore services and further analysis of this information to form the best-priced order.
The shortcomings of domestic online services for the purchase of printed �ction are identi-
�ed. In particular, it is not possible to obtain the best price o�er on request to purchase a
set of books at more than one bookstore. A web scraper prototype to obtain book prices
and delivery terms from online bookstores is developed in Python using the Beautiful-Soup
library. The two approaches to formation on the basis of these data of the order of books at
the minimum possible price are suggested. The �rst approach is based on a generation of
all possible combinations of orders, the second one uses path searching on a directed graph.
Software implementation of both of them is added to the the web scraper functionality,
which made it possible to eliminate the above-mentioned shortcoming and provide a qual-
itatively new service. Time characteristics of the productivity of the proposed approaches
are analyzed under various hypothetical circumstances. Based on this analysis, recommen-
dations are made for choosing a more e�ective approach depending on the data obtained.
The input for the scraper is a list of books indicating the number of copies the user wants
to purchase. As a result the user receives a set of URLs to purchase books. This URLs
guarantees the minimum possible total cost of the order (taking into account the cost of
delivery) at a �xed online bookstores. The output of the developed web scraper is given
on the example of a test order. The data were taken from four bookstores whose technical
services gave permission for automated processing of their information. Multithreading is
used to reduce program execution time. Possible directions of expanding the functionality
of the application and its using are also indicated.

Key words: information retrieving, web scraping, optimization, Python.


