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B.A. Pe3Hu4YeHKO

PexkypcusHbin SQL

Paccmampusaiomess  6o3modicHocmu  s3biKd
SOL no ¢opmynuposanuio pexypcusHwvix 3a-
npocos. Hanuuue pexypcuu ¢ SOL nozeonsiem
8bIPAdNCAML 8 IMOM A3bIKE NPOU3BONbHYIE
unmencuonanvHvie npasuna sAsvika Datalog
0edyKmueHvIx 6a3 OaHHBIX.

Posensaoaromoca moxcrusocmi mosu SQL no
GPOopMYNI0BAHNIO PEKYPCUBHUX 3ANUMIE.

Hasenicmo pexypcii ¢ SQL nadae mosiciusicms supasicamu y yiti Mogi 008inbHi inmencionanwni npasuna mosu Datalog oedyxmus-

HUX 6a3 OaHux.

Possibilities of SQL language concerning recursive queries formulation are considered. Recursion availability in SQL gives possibil-
ities to express arbitrary intestinal rules of deductive database Datalog language.

Kawuessle ciioBa: pekypcuBHblil SQL , nenykTuBHas 6a3a JaHHBIX, 361K Datalog

Pekypcus Obuta BBemeHa B SQL s mopuep-
’KaHUsST BO3MOXKHOCTH WHTEHCHOHAJIBHBIX IIPABUI
nenykTuBHOW 0as3pl maHHBIX. Kak m3BectHo [1],
UMeeTcsl TPH BHJA HMHTCHCHOHAIBHBIX TPAaBHUJ B
JNeTyKTUBHOW 0a3e JaHHBIX: MPOCTHIC, pEKyp-
CHBHBIC W C OoTpumaHusmu. [IpocTele mpaBmia n
CHeUUalbHBIE TpaBWia C OTPUIAHUSIMH MOJ-
HOCTBIO BBIPa3HMBbI B CTAHIAPTHOM (0€3 peKypCcHn)
SQL. Bxmouenne pexypcun B SQL mpuBenmo k
TOMY, YTO BCE BO3MOXKHOCTH JACTYKTHBHBIX WHTCH-
CHOHAITFHBIX NIPABWII BBIpa3uMbl B SQL.

B naHHO# cTaThe pacKphIBAlOTCS BO3MOYKHOC-
U pexypcuBHOro SQL Ha MHOTOYHCIEHHBIX TPH-
Mepax.

WITH [RECURSIVE
uMa_nomsanpoca 1

]
(

B cranmapre SQL—99 6put0 pacummpeno orpe-
JIeJIeHne 3amnpoca. Ero CMHTaKkcHC NpPHHS CIeNy-
FOIIIUM BU/I:

[bpasza WITH] s3anpoc

31ech MOJ 3ampoc MoApazyMeBaeTcsa CTaHaap-
THOE ITOHMMaHue 3anpoca. B cBoro ouepens dpasza
WITH, koTopast MoxeT pacronaraTbcs B Hadaje
3ampoca, UCHOIb3yeTcs Ui JOCTH)KEHHS CIeNy-
FOIUX LIENEH:

e ONHCaTh MNOJ3ANPOCHl, KOTOPBIE MHOTOKPAaTHO
UCTIOJIL3YIOTCS B CAMOM 3aIlpoce, ¢ TeéM, YTOOBI K
HUM (TI0J3ampocaM) MOXKHO ObUIO oOpamaTbes B
3arpoce no UMEHH;

® OIHCATh PEKYPCUBHOE BBINIOJIHEHHE 3aIIpOCa.

Ora ¢pa3a wuMeeT CHeAyOIUNA HEMHOTO
YIPOUIEHHBIA CHHTAKCHC:

(cimcok_umeH cToyfuos 1) ]

AS (momszanpoc 1) [xXapaKTeprCTUKMU Ioucka 1]
[,mMa nopsanpoca 2 (CHMCOK MMEH CTOJOLOB 2)
AS (momsampoc 2) [XapaKTepuUCTHMKM Homucka 2]]..

JapaiiTe paccMOTpHM CIeAyIOIIUi (QparMeHT
3ampoca:

WITH B AS
(SELECT FROM A
UNION ALL
SELECT FROM A,V ...)
SELECT

DT0 HepeKypcHuBHBIN 3anpoc. Eciu Teneps Mol
B HEM 3aMEHUM «V» Ha «B» TO OH 10 opMe Ipeo-
OpasyeTcs B peKypCHUBHBIN:

WITH B AS
(SELECT FROM A
UNION ALL
SELECT FROM A,B ...)
SELECT....

UTo0OBl SIBHO yKa3aTh, YTO 3TO PEKYypPCUBHBIN
3alpoc, a HE CcllydallHOe COBIAJEHUE, BBOIUTCS
K1r04eBoe ¢jioBo RECURSIVE ::

WITH RECURSIVE B AS

(SELECT FROM A
UNION ALL
SELECT FROM A,B ...)
SELECT. ...
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Ecam 310 KiIIOYEBOE CJIOBO HCIIONB3YETCS B
TOM CiIy4ae, KOoTJa KOHTEKCT 3ampoca He SIBIIIETCS
PEKYPCUBHBIM, TO €CTh:

WITH RECURSIVE B AS

(SELECT FROM A
UNION ALL
SELECT FROM A,V 2)
SELECT....

TO KJIFOYEBOE CIIOBO UTHOpHpyeTca. C Apyrou
CTOPOHBI, €CIIN KJII0UYEBOE CJIIOBO HE MCIONb3YyeTCs,
OJTHAKO 3aIllpoC SABIISETCS PEKYPCHBHBIM, TO 3TO
paccMarpuBaeTcs Kak OIIMOKa.

IIpn BBIUKCIEHHMH PEKYPCUBHOIO 3aIpoca
Ipeanonaraercs, 4YTo cHavajia tabnuua B mycras.
IIpy nepBOM pEKYpCHBHOM BBIIOJIHEHUH 3TOTO
3ampoca Tabnuia B moayduT pe3ynbTaT BBIIOIHE-
Hus nojazamnpoca SELECT FROM A .
Tak KaK BTOPOHM MOA3aNpoC AAacT IMyCTOE 3HAYCHHE
B CBSI3U C TE€M, YTO OH CChUIAETCS Ha MYyCTYIO Tad-
nuny B. Bce mocieayromue peKypCcUBHBIE BBIYUC-

JICHUSl WUCHOJNB3YIOT UMEHHO 3TOT BTOpPOW MoJ3a-
Ipoc, Tak Kak OH MMEET PeKypCHBHOE OIpeserne-
Hue Tabmumel B uepes camy ceds. Ha xaxmom ure-
PallMOHHOM IUKJIE TEKYIIee COCTOsHHUE TaOnuIpl B
UCTIONB3YeTCs Uil (GOPMHUPOBAHUS €€ HOBOTO COC-
TOSHUA. Takoe BBIYMCIICHHWE 3aBEpIIaeTCs TOTIa,
KOTJ]a O4epeHOl LUK MOCTpoeHus Tabnuisl B He
MPUBOIUT K TIOPOXKACHUIO HOBBIX CTPOK B A3TOH
Tabiuue.

PaccMoTpuM psi pUMEPOB HCTIONB30BAHMS
PEKYPCHBHBIX 3alpOCOB.

1.Ilpumepsl peKypCHBHBIX 3alPOCOB: peii-
COBBIE 110JIEThI

[lycte mmeeTcst Tabiauiia PeiCOBBIX IIOJICTOB
FLIGHTS, KoTOopas IIOMHUMO I1ap rOpoJIOB, MEXIY
KOTOPBIMU OCYLIECTBIISIIOTCS IIOJIETHI, CONEPKUT
nHGOPMALIUIO O CTOUMOCTH Honera. OnpeneneHue
TabJIMLBl U ee coAep XKuMoe MpuBeAeHo Hmxe. Ha
puc. 1 Taxke mpuBeIeHa CXeMa PerCcOBBIX MoJe-
TOB.

CREATE TABLE FLIGHTS
(FromCity varchar(15),
ToCity varchar(15),

Cost

numeric(4));

SELECT * FROM FLIGHTS;

FROMCITY

MockBa
MockBa
MockBa
MockBa
MockBa

MuHCK
Kummues

Kuesn

PocrToB

9 cTpox BHOPAaHO

50

Kumunes

TOCITY COST
MMHCK 50
Kuesn 70
Kummyues 80
PocTOB 80
Cumbepornob 100
KummHe s 40
Cumbepornoib 10
CuMbeponons 40
CuMbeponons 30

(. MockBa
(D Poctos

OCumdeponons

Puc. 1 PeiicoBric moJIeTHI
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1.1 Pexypceus ¢ HaKomIeHHEM

[lyctp HEOOXOAMMO HAWTH IIEHYy caMoro me-
meBoro mepesnera U3 MockBel B CuMQepornons.
Jlnda perieHus 3Tol 3aJa4M cCHavyasa cjiexyeT MocT-
POHTH PEKYPCHBHBIHN 3alpOC, KOTOPHIHA OBl BBIYHC-
JISUT BCE JOCTHKUMBbIE 13 MOCKBBI ropoJia ¢ yKasa-
HUEM CTOMMOCTH IOJIeTa C YYE€TOM pa3IHYHBIX

MapupyToB mnepeneta. 1 3areM B OCHOBHOM 3a-
poce HeoOXoAuMO OyJeT HAaWTH CTPOKY C KOHE-
HBIM ToponoM «CuM(epononb» U ¢ MHUHUMAIb-
HBIM 3HAY€HHEM CTOMMOCTH. BOT kak 3TO BBITIIS-
JUT B cTanaapre SQL:

WITH RECURSIVE REACHABLE (FromCity, Destination, To-

tal Cost) AS

(SELECT FromCity, ToCity, Cost

FROM FLIGHTS
WHERE FromCity =
UNION

SELECT inn.FromCity,

outt.Cost

FROM REACHABLE inn,
inn.Destination = outt.FromCity

WHERE
)

"MockBa’

outt.ToCity, inn.Total Cost +

FLIGHTS outt

SELECT FromCity, Destination, MIN(Total Cost)

FROM REACHABLE
WHERE
GROUP

Uto0bl 10Ka3aTh, Kak 3TOT PEKYPCHBHBIN 3a-
MPOC BBIYMCIAETCA, NPEICTABUM €ro B BHUJIE He-
CKOJIBKHUX HEPEKYPCUBHBIX, 3allOMHHAS PE3YJib-
TaThl MPOMEKYTOYHBIX IIarOB B OTIENbHBIX Ta0-
JIALAX.

Destination = 'Cumbepormnomns’
BY FromCity, Destination;

Coznamum Tabnuiyy REACHABLE u 3amom-
HUM B Hell pe3ysIbTaThl IEPBOTO 3aMpoca PeKypCcruu
(crosmiero i (o) MIPEIOKCHUS UNION):

CREATE TABLE REACHABLE (FromCity, Destination, Total Cost) AS
(SELECT FromCity, ToCity, Cost

FROM FLIGHTS

WHERE FromCity = ’'Mocka’);
FROMCITY DESTINATION TOTAL COST
MockBa MMHCK 50
MockBa Kuer 70
MockBa Kumynuen 80
MockBa PocTOB 80
Mockea CrMdeponosb 100

3to HavanbHas (aza, Mbl TIOJYYMIH BCE TOPO-
Jla, UMEIOLIUEe HEeMOCPEACTBEHHbIE peiickl u3 Moc-

KBbl. Ternepb MOCMOTPUM, YTO JAET 3alpoc, CTOs-
mui mociie UNION:

SELECT inn.FromCity, outt.ToCity, inn.Total Cost + outt.Cost
FROM REACHABLE inn, FLIGHTS outt

WHERE inn.Destination = outt.FromCity;
FROMCITY TOCITY INN.TOTAL COST+OUTT.COST
MockBa KnmmHes 90
MockeBa CumMbeponob 110
MockeBa Cumbeponob 90
MockeBa CuMbeponosb 110
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DTO Te ropoaa, K KOTOPEIM MOXHO T00paThCs Coznaaum Tabnauiyy REACHABLEZ2, KoTopas
13 MOCKBBI € OTHOM IIEPECAKOM C IOACYETOM CY- sBIsIeTca 00beaqnHeHneM REACHABLE ¥ mocien-
MMapHO¥W CTOMMOCTH IiepesneTa u3 MOCKBBI B 3TOT HEro 3ampoca.
TOPOI.
CREATE TABLE REACHABLE2(FromCity, Destination, Total _Cost) AS
(SELECT * FROM REACHABLE
UNION
SELECT inn.FromCity, outt. ToCity, inn.Total_Cost + outt.Cost
FROM REACHABLE inn, FLIGHTS outt
WHERE inn.Destination = outt.FromCity);
BoT kak oOHa BBITJIAIONT
FROMCITY DESTINATION TOTAL COST
MockBa Kues 70
MockBa Kummues 80
MockBa Kummues 90
Mockea MuHCK 50
Mockea PocToB 80
Mockea Crmbeponoinb 90
Mockea Cumbeponoinb 100
Mockea CrumMmbeponoinb 110
Hakosnel, BBIIOJHUM €llI€ OJUH LIMKJI PEKYp- poaa, TOCTHKUMBIE U3 MOCKBBI HEIOCPEACTBEHHO,
CUHU ¢ co3maHueM Tabimuel REACHARLE3 Ha oc- a TaKKe 3a OIHY U JBE Nepecagku.

HoBe REACHABLE2 m FLIGHTS. Ilonyyum ro-

CREATE TABLE REACHABLE3 (FromCity, Destination, Total Cost) AS
(SELECT * FROM REACHABLEZ2

UNION
SELECT inn.FromCity, outt.ToCity, inn.Total Cost + outt.Cost
FROM REACHABLEZ inn, FLIGHTS outt
WHERE inn.Destination = outt.FromCity);

FROMCITY DESTINATION TOTAL_COST
MockBa Kuen 70
MockBa Kunmues 80
MockBa Kummues 90
MockBa MUHCK 50
MockBa PocToB 80
MockBa Cumbepornonnb 90
MockBa CuMbeporosb 100
Mockea CuMpepornosb 110
[Tocnenyromue peKypcUBHBIE BBIYHCICHUSA Tenepr BBIMOJIHUM OCHOBHOH 3ampoc (HO TOJIEKO
HMYETO HOBOT'O HE aAyT, TaK KakK B Halmel cxeMe 110 OTHOILLIEHUIO K REACHABLE3):

HET MapIIpyToB ¢ 0ojee 4eM ABYyMs IepecajKaMu.

SELECT FromCity, Destination, MIN(Total Cost)
FROM REACHABLE3

WHERE Destination = ’Cumbeponosn’
GROUP BY FromCity, Destination;

FROMCITY DESTINATION MIN (TOTAL COST)
MockBa Cumbepornonnb 90
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HNmenHo Takoil pe3ymbTarT MOIDKEH OBLT OBl
BBIJATh PEKYPCUBHBIA 3ampoc. MuUHUMaNbHAs
CTOMMOCTb Tiepesieta u3 MockBsl B CuMdepononsb
—90.

1.2 Pekypcusa u coeounenue maoauy,

[IpuBenemM mpumep pEeKypcUH ¢ HECTaHIAPT-
HBIM COEIMHEHHEM TaOJIHII.

3anpoc. Haiitu Bce MapmpyThl MeXIy TOpO-
JaMd W KOJUYECTBO MPOMEXYTOUHBIX TOPOJIOB,
AMEIONIMX  peWchl 33  TpaHuiy. TaOmuna
ABROAD CITIES COACPXHT CIHCOK TOpOJOB,
HAMEIOIINX PEHUCHI 33 TPAHULLY.

WITH RECURSIVE REACHABLE (FromCity, ToCity, Abroad count) AS

(SELECT FromCity,

FROM FLIGHTS
UNION ALL

SELECT inn.FromCity,

ToCity,

0

outt.ToCity,

-— Ilpu HEoOxomuMOCTH 10OaBIsIEM TOPOI, IMEFOIINI PEHCHI 3a TPaHUILY
Abroad count + CASE WHEN ABROAD CITIES.Name IS NULL

FROM REACHABLE inn
INNER JOIN

ON

ON

)
SELECT * FROM REACHABLE

Tak kak He Bce peichl MPOXOIST Yepe3 ropo-
7la, WMEIOIHe peichl 3a TpaHHIly, TO BMECTO
OOBIYHOTO COEAMHEHHsS CJEelyeT WCIOIb30BaTh
BHEIlIHEe coeluHeHue. Eciu mpeamnonoxurs, 4ro

FROMCITY TOCITY
Kuesr CumMmbeponosib
Knumues CumMmbeponosib
MuHCK Kuummues
MmHCK CumMmbeponosib
MockBa Krer
MockBa Krummuesn
MockBa Krummuesn
MockBa Muuck
MockBa PocTos
Mockea Cumbepomnonb
Mockea Cumbepomnonb
MockBa CuMmbeponosib
PocToB CumMmbeponosib

13 cTpok BHOPAHO.

1.3 OTpunanue u rpynnupoBaHue B peKyp-

CUH

Kak CICOyCeT H3 TCOpUU ACAYKTUBHBIX 6a3

TaHHBIX, PEKYPCHUBHBIE 3aIIPOCHI C OTPHUILIAHUEM HE
BCerja SIBJIAIOTCS BbluuciauMbiMU. He Oynem Bra-
BaThCsl B MOAPOOHOCTH 3TOTO BOMpOCa, a MPOCTO
chopMyIupyeM YTBEP)KICHUE, KOTOPOE yKa3bIBa-

THEN 0 ELSE 1

END AS Abroad count

(FLIGHTS outt LEFT OUTER JOIN ABROAD CITIES
(outt.FromCity =ABROAD CITIES.name))
(inn.ToCity = outt.FromCity)

tabmuua ABROAD CITIES COJEpPKHT Topoja
Mocka, KueB, Munck, KumuneB, T0 pe3ynbrat
BBIYHCIICHHUS 3TOT0 PEKYPCHBHOTO 3ampoca Oynaer
CJIE Ty FOIIIHM:

ABROAD COUNT

ONNPFP OO OOKF OOOo

€T, KOTJja UMEHHO OTPHIIAaHHE B PEKypCHUH SBIIsIe-
TCS TOTTYCTUMBIM:

Ompuyanue 6 pekypcuu paspeuumo, eciu OHO
(ompuyanue) npumensemcs K mabauyam,
mopbule AGNANMCA NOJHOCMBIO U38ECHHbIMU (MO
ecms yice 8bIMUCTEHbL).

[IpuBenemM mpumep OTpULIAHUS.

KO-
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3anpoc. Haiitu ropona, KOoTopsle SBISIOTCS J1OC-
THOKMMBIMU U3 JPYTUX TOPOJIOB KpoMe MOCKBBI.

with RECURSIVE Reachable From (FromCity, ToCity) AS

(SELECT FromCity,
FROM  Flights
UNION

ToCity

SELECT inn.FromCity, out.ToCity

FROM
WHERE
)

Reachable From inn,
inn.ToCity = out.FromCity

Flights out

SELECT * FROM Reachable From

SELECT * FROM Reachable From WHERE FromCity = ’Mocksa’;

EXCEPT

FROMCITY TOCITY
Kues CrumMmbeponoinb
Kuumuers CuMmbeponosb
MuHCK Kuumuesn
MuHCK CrumMmbeponoinb
PocTos CumMmbepornonb

5 cTpok BHOPAHO.

OTH K€ 3aMeyaHusl OTHOCATCS K TPYIIUpPOBa-
HUIO M arperaTHbIM (QYHKIUSAM, 8 IMEHHO:

Ipynnuposanue u acpecamuvie  ynkyuu
credyem NpuMeHAmMb  MOALKO K NOJAHOCBIO
U38eCmubIM (MO ecmb yiHce GblUUCIeHHbIM) MaD-
JUYam.

2. [IpuMepsl peKYPCHUBHBIX 3alIPOCOB: KOM-
IJIEKTAUA H3AeTHi

CymiecTByeT LENblil Kiacc 3aJady Ha CTPYyK-
Type JaHHBIX, KOTOpaSI OIINCBIBACT MHOFprOBHe-

CREATE TABLE PART PART

BYI0O KOMIUICKTAIIMIO M3JCINMA, KOTJAa W3ACIus
BKJIIOYAIOT B CBOM COCTaB JPYrue U3IEIHs, KO-
TOpHIE, B CBOIO OYEPENlb COCTOAT U3 TPEThUX H3JIe-
Tl u Tak panee. llpudyeM BXOXIEHHWE OIHOTO
U3JIETUS. B IPYTO€ MOXKET XapaKTEepPU30BaThCS pas-
JUYHBIMH CBoOiWicTBaMH. Bo Bcex paccMarpu-
BaeMBbIX Jiajiee MpUMepax TaKuM CBOMCTBOM Oyner
KOJIMYECTBO BXOJSINIUX B W3JCTUEC NPYTUX W3-
nuit. CxeMa UCIoIb3yeMOH KOMIUICKTAIIUHN [IPUBe-
JIeHa Ha pUC. 2, a TalJMIBI UMEIOT CJeayroliee
oTIpe/ieTIeHHe H COJZICPIKAMOE:

(Major CHAR(3), Minor CHAR(3), Qty NUMBER(2));

MAJOR MINOR QTY

pl P2 2
pl P3 3
pl r4 2
P2 P3 3
P2 PS 2
r3 PS5 4
Pr3 Po 2
ré r3 5
p4 Po6 2
r7 P8 3
p7 P9 2

11 cTpok BHOPAHO.

(o1 D
8
OO

Puc. 2. I'pad-cxeMa KOMIUICKTAIIMA U3 IETHIA
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2.1 BeruucjieHre NPOMeKyTOYHBIX KOJIHYe-
CTBEHHBIX XapaKTEePUCTHK

JlaBaiiTe Ha 3amaHHOM Tpade KOMIUICKTAIHH
U3JCTU TOJCYNTAaeM KOJIMYECTBO HEOOXOIUMBIX

WITH RECURSIVE PX
(SELECT Major,
FROM
WHERE pp.Major =
UNION ALL

SELECT pp.Major,
FROM  PX,
WHERE pp.Major
)

SELECT Major,

Minor,

Minor,
PART PART pp

pp.Minor,
Part Part pp

neTaned (u3genuil) B 3aBUCUMOCTH OT IYyTH HX
TIOCTIDKEHUS OT KOPHEBOW BEPIIIHHEL:

(Major, Minor, AS

Qty

Qty)

IPlI
PX.Qty * pp.Qty
PX.Minor

Qty FROM PX;

PesynbTaT OyIeT CJIeOYOUMM :

MAJOR MINOR QTY

pl P2 2
pl P3 3
pl p4 2
P2 P3 6
P2 Pb 4
p3 PS5 40
p3 pP5 12
p3 pP5 24
r3 Po 12
P3 Po6 20
P3 p6 6
p4 P3 10
r4 P6 4

13 cTpok BHOpPAaHO.

OOBSICHUM CMBICT MOJYYEHHOI'O pe3yJbTara
Ha TIpUMepe TPeX CTPOK, UMEIOIIUX B MEPBBIX IBYX
cTonbuax 3HaueHus P3 U PS5 (OHU BBLAETIEHBI JKU-
pHbIM mpudpToM). OT KOpHS M A0 BEpIIMHBI P3
HUMEETCS TPU MyTH.

Ecnu npocnenoBars no nepsomy nytd, pl —
P2 — p3, TO NOIYYUM 6 K3EMIULIPOB U3AETHS P3,
a TaKk KaK KaxIblid p3 CONEP>KUT MO 4 3K3eMIUIsIpa
W3MIenus pS, TO 00IIee KOJMIECTBO PS5 CTAHOBHUTCS
paBHBIM 24.

Bropoii yTts, pl — p3 maet 3 sx3emmsipa p3,
a 3HayuT 12 3K3eMILIAPOB pS.

Hakownen, tperuii nmyts, pl — p4 — p3, maer
10 sx3eMIusipoB p3, U cinepoBaTenbHO 40 dK3EMII-
JSIPOB pS.

2.2 UToroBble KOJIMYeCTBEHHbIE BbIYMCJIE-
HUS

B mpenpigymeM mpuMepe MBI MOTYYHIH KO-
JUYECTBO JIeTael, HEOOXOANMBIX COTTIACHO CYIIe-
CTBYIOIIUM ITyTSIM, BEIYIIUM K OTHM JeTansM. Te-
mepb He MpeACTaBiIseT TPyAa MOJACUYUTATh OOIee
KOJIMYECTBO JIeTallell KaJIOro THIIA, KOTOpHIE
BXOJISIT B COCTaB BCETo H3Jenus. [Ipu 3TOM TEKCT
pexypcuBHOro 3ampoca Bo ¢paze WITH ne uzme-
HsieTca. MeHsieTcs TOJBKO TEKCT OCHOBHOTO 3a-
poca, Kak 3TO MOKa3aHO HIKE.
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WITH RECURSIVE PX (Major, Minor, Qty) AS
(SELECT Major, Minor, OQty
FROM  PART PART pp
WHERE pp.Major = 'pl'

UNION ALL
SELECT pp.Major, pp.Minor, PX.Qty * pp.Qty
FROM PX, PART PART.pp

WHERE ©pp.Major
)

SELECT Minor AS PART,

FROM
GROUP

PX
BY Minor;

PX.Minor

SUM(Qty) AS TOTAL QUANTITY

OKOHUATEJILHEIM pPe3yJjbTaT CJIeOYIOUn:
PART TOTAL QUANTITY

P2 2
P3 19
r4 2
P5 80
p6 126

2.3 Henopupoeanue ghuxmueHvix usdeauii

Kommnekrauust wu3nenuii MoXeT Ipeanona-
rath, UCXOAA W3 TeX WJIM HWHBIX COOOpaKeHHIA,
BKJIFOUEHUE TaK Ha3bIBaeMbIX (DUKTHBHBIX W3JIE-
quid. IX peanbHO HET, HO OHM BBOJATCS, HANpH-
Mep, JUid ynoOcTBa myTeM O0beIWHEHUS HECKOIb-
KUX JeTaJiel B HCKYCCTBEHHBIN arperat (KOM-

@@

TUIEKT). B CBS3M € 3THM B HEKOTOPBIX CIy4asxX Mo-
SBISIETCS HEOOXOAMMOCTH ITPOM3BECTH KOJIMYECT-
BEHHBIC BBIYMCICHUS Oe3 ydeTra TaKuX HCKYCCT-
BEHHBIX arperatoB. MOXKHO TaKkke cKa3aTb, 4TO
9TO 3a7aya M3MEHEHHS CTPYKTYpPbI Tpad-cxemsl,
KOT/Ia HEKOTOpBIE M3 €€ BepIINH YNAISIOTCS, Kak,
HampuMep, Ha puc. 3.

pl

Puc. 3. 3MeHeHne CTPYKTYpHI Tpad-CXeMbl

[IpuBeneM mpumMep, KaKk MOKHO BBIPa3uTh Ta-
KHe W3MEHEeHHs] B PEKypCHUBHBIX 3ampocax. s
3TOTO BOCIIOJIB3yeMCsl TIPUBEEHHON HIDKe TaOiu-
Lel, B KOTOPOM, B YaCTHOCTH, UMEETCS yKa3aHUE

TOrO, KaKUe WMEHHO JIETalIU SBIAIOTCS (DUKTHB-
HbIMH (cTos0er Dummy, AeTanu pP3 u p4).
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CREATE TABLE PARTMASTER
(Pno CHAR(3), Pname CHAR(10), Plevel CHAR(8), Dummy

CHAR(5));
PNO PNAME PLEVEL DUMMY
pl ryaBHas KOpeHb HeT
P2 [OoJKa HeT
P3 KOMILJIEKT1 na
P4 KOMILJIEKTZ2 na
PS5 nozmnopxa JIUCT HeT
pP6 yToJIOK JIUCT HeT

6 CTpOkK BHOPAHO.

Bort kak BBITJIAAUT BBIYMCIICHHUEC KOJIMYCCTBA ILCTaJIeI‘/'I C YAQAJICHHUEM IMPOMEKYTOUYHBIX (l)I/IKTI/IBHI)IX BEp-
IH.

WITH RECURSIVE PPX (Major, IsNewArc, Minor, Qty) AS
(SELECT Major, pm.Dummy, Minor, Qty
from  PART PART pp, PARTMASTER pm

where pp.Major = 'pl' and pp.Major = pm.Pno
AND pm.Dummy = 'HeT'
UNION ALL

SELECT CASE pm.Dummy
WHEN 'ma' THEN ppx.Major ELSE pp.Major
END, --- Major

pm.Dummy, -
IsNewArc
pp.Minor, -—-— Minor
CASE pm.Dummy
WHEN 'zma' THEN ppx.Qty * pp.Qty ELSE pp.Qty
END --—- Qty
FROM ppx, PART PART pp, PARTMASTER pm
WHERE pp.Major = ppx.Minor and pp.Major = pm.Pno
)
SELECT DISTINCT ppx.Major, ppx.Minor, ppx.Qty,
ppx.IsNewArc
FROM ppx, Partmaster pm
WHERE ©ppx.Minor = pm.Pno AND pm.Dummy = 'HeT

1

PesyJbTaT BHUMCJIJEHUS PEKYPCUBHOTO Banpoca CJEenyolm:
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MAJOR ISNEWARC MINOR

rl HeT P2
rl na P3 10
pl HeT p3
pl HeT p4
rl na P5 40
pl Ioa PS 12
rl oa P6
pl na pPo
pl Ioa p6 20
P2 HeT P3
P2 HeT j<}S)
P2 na j<}S) 12
P2 na Po

13 cTpox BHEHOPaHO.

3aech Kaxkzaas mapa JeTaled CTOUTCS MO
CIIEAYIOIIEMY TIPUHIIUTLY:

e 1iepBasi JeTanb HE SBISETCS (UKTHBHOM, a
BTOpasi MOKET OBITh (PUKTHUBHOIA;

e Tappl JeTajell MMEIT HEMOCPEJICTBEHHYIO
CBSI3b, WJIM MEKIY HUMH HAaXOAUTCS JIFOO0OE KOJH-
4ecTBO (PMKTHBHBIX JICTAJICH.

Cronber; ISNEWARC yKa3bIBaeT, IMEIOTCS JTH
MEXKJIy COOTBETCTBYIOIIMMH THapaMu (UKTUBHEIC

QTY

BepiuHbl. Ctonber; QTY AaeT KOJIHYECTBO BTOPOH
JIeTaly B MIEPBOH C YYETOM OJTHOTO M3 BO3MOYKHBIX
MyTeH UX CBA3M.

Hakoner, ocHOBHOIi 3alipoc OTOHWpaeT U3 pe-
3yJlbTaTa PeKypCHUBHOIO 3alpoca TaKhe CTPOKH, Y
KOTOPBIX BTOpasi A€Tallb HE sIBJIsETCS (GUKTUBHOI:

MAJOR MINOR QTY ISNEWARC
pl P2 2 HeT
pl PS5 40 ma
pl j<}S) 12 na
pl pPo6 4 ma
pl p6 20 nma
pl Po6 6 ma
P2 P5 12 nma
P2 P5 2 HerT
P2 Po6 6 ma

9 cTpok BHOPAHO.

2.4 B kakux arperatrax HCIOJIb3yeTCsl Jie-
TaJab?

WNHTrepecHol 3aadyeil sABISETCA OIPEAEIICHHE
TOTO, B KaKMX HMMEHHO arperarax HCIHOJb3yeTcCs
3aJlaHHas JeTalb WM arperar. MakTHUECKH 3TO
03HA4aeT MOCTPOEHUS TaKOro IOJMHOXECTBA 3a-

JTAHHOM CTPYKTYpBI arperupoBaHMs, KOTOpas Co-
JIEPKUT BCE IyTH, BEAyIIHEe OT KOPHEBOW BEp-
LIMHBI B 33/1aHHYIO.

Humxe mnpuBoguTcss peKypcHBHBIN 3ampoc,
BBIYHCIISIIOIIMKA BCE TAphl BEPIIWH, JEKalle Ha
IIyTSIX U3 KOPHEBOH BEPILUHBI B BEPILUHY P5:
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WITH RECURSIVE PX

(SELECT Major,
FROM

PART PARP pp

WHERE pp.Minor = ’'pb5’

UNION

SELECT pp.Major,
PART PART pp
WHERE ©pp.Minor =
Minor FROM PX;

FROM  PX,

SELECT Major,

(Major, Minor) AS
Minor
pp.Minor

PX.Major)

PesysibTaT BHUMCJIEHUS 3anNpoca CJeIyoWm:

MAJOR MINOR

p2 pS
p3 p5
pl p3
p2 p3
p4 p3
pl p2
pl p4

8 CTpoOk BHOPAHO.

B 3ampoce Mb1 ucnonp3oBanu UNION, 94TOOBI
B OTBETE OTCYTCTBOBAJIM OJMHAKOBBIE IApPBI BEP-
IIVH, €CTIH OJIHU U Te ke pedpa MPUCYTCTBYIOT B
pa3aMuUHBIX MyTsSX. Eciau nyOnuKaThl HYXXHBI, TO
ciienyeT ucrnoap3oBatb UNION ALL.

3. XapakTepHCTHKH MOUCKA

KoHcTpykiust XxapaKTeprCTHKH _TOUCKa 3aja-
ercst B0 ¢paze WITH Tonpko mpu ompenenenuun
pexypcuBHOro 3anpoca. OHa 1no3BossieT crenudu-
UPOBATh HANpaBJICHUE IOWCKAa [0 HepapXuye-
CKOHM CTPYKType W/WIHM pearnpoBaHHe Ha HaIM4YHe
IIUKJIOB ¥ UMEET CJICAYIOIINI CHHTAKCHC:

CYCLE cnmcok cCToJIOLOB LMKJIIA

bpaza odmkcauum umkia |
bpaza_ HamnpasBJiIeHMSA MOMCKaA |
bpasza ¢mkcaumm LMKIIa
bpasa HamnpaBJieHMA MOMCKaA

Paccmotpum 3t ¢pasbl.

3.1 ®ukcanus HAJTNYIHS IUKJIOB

Pexypcust MokeT UMETh OECKOHEUYHBIE ITUKJIBL.
[MpuBogumas Hmwke Qpasza CIAyXKUT IS TPEIo-
TBpAIEHUS TUKIIOB:

SET MMH_CTon6ua_OTMeTKM_uMKna TO 3HAYEHME OTMETKM LMKJIIa
DEFAULT 3HaueHMre OTMETKM OTCYyTCTBUA uukja USING cTosber nyTu

[TapameTpsl 3TOH (pa3bl O3HAYAIOT CIELYIO-
niee:

® rapameTp CIHMCOK_CTOJIOIOB IIHKJIa
YKa3bIBaeT, HA 3HAYCHUSIX KaKUX CTOJIOLIOB CIeNy-
€T BBISIBIISITH YCJIOBHE HAJTMYHE LIUKIIA.

® C TIOMOIIBI0 MMsSI_CTOJNIOIa OTMETKH IHKIIA
3aJ1aeTCsl UMl JIOTIONTHUTENBHOTO SIBHO HE OTpee-
JICHHOTO CTOJIOIA pe3yiIbTUPYIOIIeH TaOiHIbl, B
KOTOpoM OyneT (opMUpOBAaTHCS MNpPU3HAK TOTO,
9TO OOHAPYKCH ITHKIT.

® 3HAYEHUE OTMETKH IIMKJIA YKa3blBaeT, Ka-
KOE€ UMEHHO 3Hau€HHE B ITOM CTOJIOLIE COOTBETCT-
ByeT 3Tol oTMmeTke. Kpome TOro, ¢ momolursio

(¢pas3el DEFAULT 3agaeTcs 3HaYCHHE CTOJIOLA OT-
METKHA IHKJIa, KOTOPOE€ CBHUAETENBCTBYET, HYTO
LUKIT He OOHApYKEH.

e ¢ oMol ¢pa3sl USING 3amaeTcs UM
€IIe OJHOTO JOTIOJIHUTENBHOTO CTOJIONAa pe3yiib-
TUPYIOIIeH TabIUIBI, KOTOPBIA OyZET HCIOIb30-
BaThCs JUIsl COXpaHEHHUS MH(POpMAIMK, He0OXOau-
MO [T BRISIBJICHHUS HATMYHS IAKJIA.

IlpuBeneHHBIN najiee TpPUMEP MOXKET HUMETh
0ECKOHEUYHYIO TETIIO, €CIM CaMW JaHHbIE HOCST
IUKITUYEeCKHUI XapakTep (00paTuTe BHUMaHUE, YTO
B 3allpOCE€ MBI UCHOIB3yeM MpeiiokeHue UNION
ALL) .
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WITH RECURSIVE PX (Major, Minor) AS
(SELECT Major, Minor FROM PART PART WHERE Major = 'pl'
UNION ALL
SELECT PX.Major, PART PART.Minor
FROM PX, PART PART WHERE PART PART.Major = PX.Minor)
SELECT Major, Minor FROM PX

Kak nokasano B cneaytoniem 3ampoce, ppaza CYCLE moxkeT ucrmonb30BaThCs sl IPEIOTBPAIICHHS 33~
IUKJTBAHUS BBIMOJHEHHS 3apoca

WITH RECURSIVE PX (Major, Minor) AS
(SELECT Major, Minor FROM PART PART WHERE Major = 'pl'
UNION ALL
SELECT PX.Major, PART PART.Minor
FROM PX, PART PART WHERE PART_PART.Major = PX.Minor)
CYCLE Minor SET CycleMark TO 'l' DEFAULT '0O' USING Path
SELECT Major, Minor FROM PX

UToOBl TOHATH CMBICT 3allPOCOB, MOAOOHBIX 3arpocoB 0e3 ¢pazpl CYCLE. [t mpeapaymero
mpenpIIymemMy, cogepxamux ¢pasy CYCLE, aB- 3aIpoca SKBUBAJICHTHBIM SIBIISIETCS NPUBEICHHBIN
TOPBI PEKYPCUBHOTO SQL MPEASIOKHIINA CUHTAKCH- HwKe. B HeMm 100aBiIeHHBII TEKCT NPUBENEH XKHUP-
YecKHe TpaBWiia OMNpEACTICHUS JKBHBAJCHTHBIX HBIM IIpU(TOM:

WITH RECURSIVE PX (Major, Minor, CycleMark, Path) AS
(SELECT Major, Minor, 'O', LIST{ROW(Minor) }
FROM PART PART WHERE Major = 'pl') AS CRNI (Major, Minor)
UNION ALL
SELECT Major, Minor,
CASE WHEN ROW (Minor)IN (SELECT P.* FROM
TABLE (Path) P)
THEN '1l' ELSE '0O' END,
CONCATENATE (Path, LIST {ROW(Minor) })
FROM (SELECT PART_PART.Major, PART_PART.Minor,
PX.CycleMark, PX.Path
FROM PX, PART PART
WHERE PART_PART.Major = PX.Minor) AS
CRN2 (Major, Minor, CycleMark, Path)
WHERE CycleMark <> '1'
)
SELECT Major, Minor, CycleMark FROM PX

Hanpumep, eciiu Tabnuna PPA umeeT criemyromiee conepKumMoe:
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MAJOR MINOR
o o2 (oL
pl p3

€ s B
¥ # ®
D6 p3 / )

Puc. 4 I'pad-cxema tabmuisr PPA
TO IPUBOJUMBII 1ajee 3ampoc:

WITH RECURSIVE PX (Major, Minor, CycleMark, Path) AS
(SELECT Major, Minor, 'O', LIST {(Major, Minor)}
FROM PPA WHERE PPA.Major = 'pl'
UNION ALL
SELECT PPA.Major, PPA.Minor,
CASE WHEN (PPA.Major,PPA.Minor) IN
(SELECT *
FROM TABLE(LIST_APPEND{Path,
(PPA.Major, PPA.Minor) }))
THEN '1l' ELSE 'O’
END,
LIST_APPEND{Path, (PPA.Major, PPA.Minor)}
FROM PX, PPA
WHERE PPA.Major = PX.Minor AND PX.Major <> 'p2' AND
PX.CycleMark = '0'
)
SELECT Major, Minor, CycleMark, Path FROM PX
ORDER BY Major, Minor DESC;

cosmaeT CJenyolyln Tabamily :

MAJOR MINOR CYCLEMARK PATH

pl p4 0 {(pl, pd )}

pl p3 0 {(pl, pP3 )}

pl p2 0 {(pl, p2 )}

p3 p6 0 {(pl, P3 ), (P3, pP6 )}

p3 p6 1 {(pl, P3 ), (P3, pP6 ), (P6, P3 ), (P3,
p6 )}

p3 p5 0 {(pl, P3 ), (P3, P5 )}

p3 P> 0 {(pl, P3 ), (P3, P6 ), (P6, P3 ), (P3,
p5 )}

po6 p4 0 {(pl, P3 ), (P3, P6 ), (P6, P4 )}

6 p3 0 {(pl, P3 ), (P3, P6 ), (P6, P3 )}

p6 p2 0 {(pl, p3 ), (P3, pP6 ), (P6, P2 )}
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Takum  oOpasoM, 1o Hammuuio | B
CYCLEMARK nns mapst (p3, p6) MOKHO ompe-
JIeNTATH HAJTN9re IIKIIA.

3.2Hanpaenenue noucka
PekypcuBHbIe 3ampockl paboTaloT ¢ Uepapxu-

YCCKUMH CTPYKTypaMH OaHHBIX. B »ToMm clydae
KOPEHB

OO @

uMeeTcs ABa croco0a IMOWCKa JaHHBIX B TaKOW
CTpyKType (00X0ma MaHHBIX B CTPYKTYpE): B IIy-
OWHY W B IIMPHHY, KaK 3TO MOKa3aHO Ha PUC. 5.

KOPEHb

ORONN©

Puc. 5. BapuanTel HanpaBiieHUi MOKWCKa IaHHBIX: a) B TIIyOUHY; 0) B IIUPUHY

CrHHTaKkCHC PEKYPCHBHOTO 3aIlpoca MperocTa-
BIISIET BO3MOXHOCTb YKa3aTbh, KAKOH M3 3THUX IBYX
BAPUAHTOB CJIEAYyET MPUMEHUTh. 11 3TOro HcIo-

SEARCH {DEPTH |
SET cTosben_ ypoOBHA

KiroueBsle cnoBa {DEPTH | BREADTH}
FIRST yKa3blBalOT, OyAeT JIM NPOU3BOIUTHCS
MOUCK B TIyOMHY Win muprHy. @paza BY UCHOIb-
3yeTcst Uil yKa3aHus YIOPSIAOYEHHOCTH CTPOK
TaOJIUIBI, UCTIONB3YEMON Ul Tepexona OT OJHOU
CTPOKH K JIpYTO# B mpenenax oJHOro ypoBHS (I1o-
WCK B IIMPHWHY) WU BBIOOpa CTPOKH Ha CIIEAYIO-
IeM ypOBHE Hmepapxu# (TMOucCK B rimyouny). Crin-

WITH RECURSIVE
(SELECT Major,
union all

SELECT PPA.Major,
PPA WHERE PPA.Major =

FROM PX,

Jb3yeTCs CIEYIoIas KOHCTPYKIMS HalpaBJICHUS
IIOHCKA:

BREADTH} FIRST BY cnmcok crneundmkauuy COPTUPOBKM

COK crieun(HUKaN COPTUPOBKH MUAESHTHYEH CIIHC-
Ky coptupoBku ¢passl ORDER BY. Hakower,
(paza SET mpenocraBiser BO3MOXKHOCTh YKa3aTh
UM JJONIOJIHUTEJIBHOTO CTOJI0A PE3yIbTUPYIOLIEH
TaOJHIIBL, B KOTOPOH OyneT (hopMUpPOBATHCS HOMEP

YPOBHSI  pAaCHOJOXKEHHsS] OUYepEeTHOW BEPIIUHBI
HepapXUIeCKOr CTPYKTYPHI JaHHBIX.
IIpuBenem nmpumep:
PX (Major, Minor) AS
Minor FROM PPA WHERE Major = "pl’

PPA.Minor
PX.Minor)

SEARCH BREADTH FIRST BY MAJOR, MINOR SET

ORDERCLMN
SELECT Major,

Minor FROM PX

ORDER BY ORDERCLMN;

4. BoJiee cJI0KHAsI CTPYKTYPa pPeKypCHBHO-
ro 3ampoca

Jlo cux mop Mbl paccMaTpuBajd IOBOJBHO
IPOCTYI0 CTPYKTYPY PEKYpPCUBHBIX 3aIpOCOB.
[IpuBenem npumepsl 6oJiee CI0XKHBIX CTPYKTYP.

HepBbeI BUJ YCJIIOKHCHUSA 3aKJIIOYACTCA B UC-
MOJIb30BAHUHN B PCKYPCHUBHBLIX 3allpoCaX MHOI'UX
Or€paTopoB HaJd MHOXECTBAMH, KaK OJOTO IIO-
Ka3bIBACTCs HUXKC:
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WITH RECURSIVE result table (...) AS
(onepann 0
<omepaTop Han MHOXecCTBaMu 1>
omepaHng 1
<onepaTop Hal MHOXeCTBamm 2>
omnepaHmn 2
<omepaTop Han MHOXeCcTBaMu 3>

omepaHn n-1
<omepaTop Han MHOXeCcTBaMM n>
omnepaHm n

)

SELECT ... FROM result table;
3neck npenmnonaraercs, 4to onepan_0 o0s3a- [anee, pekypcuBHblE  3alpoChl  MOTYT
TEJHHO SBISETCS HE PEKYPCHBHOM YacCTBIO 3aIpo- BKJIAJIIBATHCS, HANIPUMEP, TaK, KaK STO JEMOHC-
ca. TpHUpyeTCs Aaliee:
WITH RECURSIVE T1 (...) AS
(SELECT ... FROM ... operand 0
UNION set operator 1
SELECT ... FROM T1, T2 ... operand 1
UNION set operator 2
(WITH RECURSIVE T3 (..) AS
(SELECT ... FROM T4 operand 3
UNION set operator 4
SELECT ... FROM T3, T5 operand 4
UNION set operator 5
SELECT ... FROM T1, T6 operand 6
)
)
)
SELECT ... FROM T1;
5.PexypcuBHBIe peACTaBIeHUS SBIISIETCSL PEKYPCHUBHBIM, CIEAYET CIEAYIOIIUM
PeKypCHBHBIMH TAKXKE MOTYT OBbITh TIPEJICTAB- 00pa3oM HCIONB30BaTh CI0BO RECURSIVE :

JICHHUS. I[J'ISI YKa3aHuss TOro, 4To HpPEACTABJICHUC

CREATE RECURSIVE VIEW mmMma npexncTaBjieHUsa [ (COMCOK VMMEH CTOJIOLOB) ]
AS zBamnpoc [WITH [CASCADE | LOCAL] CHECK OPTION];

UToObl OH JICHCTBUTENBHO CTAll PEKYPCUBHBIM, 3anpoca: «Halitu Bce ropona, K KOTOPbIM MOYKHO
€ro 3ampoc JOJDKEH HUMETh BUA 3ampoca (pasbl JIOJIETETh U3 33JaHHOTO TOpOJia», UMEET CIIEYIO-
WITH pexypcuBHoro 3anpoca. Hampumep, npen- LU BUJ:

CTaBJICHHUE, KOTOPOEC COOTBETCTBYET BBIYUCICHUIO
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CREATE RECURSIVE view Reachable From (FromCity, ToCity)

AS
SELECT FromCity, ToCity
FROM Flights
UNION
SELECT inn.FromCity, out.ToCity
FROM Reachable From inn, Flights out
WHERE inn.FromCity out.ToCity;

Temeps, ecmu HEOOXOAMMO HAWTH TOponaa, K
KOTOpPBIM MOXHO Jojererb u3 KueBa, Hamo
CIIEAYIOMIUM 00pa3oM BOCIOJB30BATHCS CO3/aH-
HBIM TIPEJICTABICHUEM:

SELECT *
FROM Reachable From
WHERE Source = ’'Kuer’;

IIpuBeneM anbTEpHATUBHBIA CUHTAKCHUYECKHU
BapHaHT OMHUCAHMS PEKYPCUBHOTO IPEICTaBICHHUS.
On nmMeer crienyromnryto Gopmy:

CREATE VIEW mma mpencrTaBjieHUsa AS

WITH RECURSIVE wmma TaOiniel (CHMCOK VMEH CTOJIOLOB) AS

(zanpoc)

SELECT cnmucok _mMeH cToJybuoB FROM mmsa Tabaniiel

ITo cytH 3T0 O3Ha4aET, 4YTO MOMKHO HE UCIIONb-
30BaTh (pasy RECURSIVE B 3arojIoBKe ompene-
JICHUA MNPEACTaBJICHUA, HO IMPU 3TOM B Kad€CTBEC

3ampoc: «HaliTi Hanbosee JOPOTOCTOSIIUE TIepe-
JIETHl MEXy TTapaMu TOPOJIOB» MOXKET OBITh Mpel-
CTaBICH C IIOMOILBIO CIEIYIOLIEro IpeAcTaBile-

€ro 3arpoca CJICAYCT UCIOJIb30BATh OOJIHBINA CUH- HHA:
TaKCUC PEKYpPCUBHOrO 3ampoca. Tak, Hampumep,
CREATE view REACHABLE VIEW (FromCity, ToCity, MaxCost) AS
WITH RECURSIVE REACHABLE_FROM (FromCity, ToCity, Total_COSt) AS
(SELECT FromCity, ToCity, Cost
FROM FLIGHTS
UNION
SELECT inn.FromCity, out.ToCity, inn.Total Cost + out.Cost
FROM REACHABLE FROM inn, Flights out
WHERE inn.ToCity = out.FromCity

)
SELECT FromCity,
FROM REACHABLE_FROM
GROUP BY inn.FromCity,

ToCity, MAX(Total Cost)

out.ToCity;

Torpma mis MOJIy4YCHUS MaKCHUMAaJIbHOH CTOMMOCTH nepescta nu3 MockBEI B CI/IM(l)epOHOJ'IL CJIeayeT BOC-

MOJIb30BATHCA CICAYIOIINUM 3alIpOCOM:

SELECT MaxCost FROM REACHABLE VIEW

WHERE

6. Pazinunble BUABI pEKypCcuH

CylIecTBYIOT IB€ KaTErOPUHU PEKYPCUU: KaTe-
ropus B3aMMHOCTH U Kareropus JuHenHoctu. Ka-
TEropus B3aMMHOCTH BKIIIOYAECT NPSIMYIO U B3anM-
HYIO PEKYPCHIO, a KaTeropus JUHEUHOCTU: JTMHEH-
HYI0 U HenuHeHyro. Bce aTu BuUAbl pekypcuu
npmmanMmBSQLHOHHO&Wmﬂmomﬂﬂwm&

FromCity = "Mockra’

AND ToCity = 'Cumbeponons’;

6.1 Ilpamas u 63aumnas pexKypcus

Bce paccMoTpeHHBIE 10 CHX TOp 3aIlpOChl OT-
HOCSATCS K Pa3HOBHUJHOCTU TPSIMOH (HEMOCpenCT-
BeHHOU) pekypcuu. CyThb npsamou pekypcuu 3a-
KITIOYAeTCs B TOM, YTO TabJHIIa PEKYPCUBHO OTIpe-
nensieTcs yepe3 camy cebs. OmpeneneHue TabIui
MOCPENICTBOM 63AUMHOU PeKypCcuu 3aKITI0YacTcsl B
TOM, YTO, Hampumep, TabiauIa A ompeneiseTcs
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yepe3 Tabnuiy B, a Tabmuua B, B cBolO ouepens,
gepes Tabmuiry A.

Hampumep, ompenemenue nByX IpencTaBie-
HU EVEN (N) wm ODD (M), coaepKaliux 4eT-

HBIC W HCYCTHBLIC YHCJA, BBIPpAXKACTCA YCpPE3
CJICAYIOIIUE B3aUMHO-PEKYPCHUBHBIC OIIPEACTICHUS:

CREATE RECURSIVE view EVEN(N) AS
(VALUES (0) UNION SELECT M + 1 FROM ODD)
CREATE RECURSIVE view ODD (M) AS
(SELECT N + 1 FROM EVEN )

Illpumeuanue VALUES (0) — 3TO KOHCTPYKTOpP
TaOJHIIBI, COCTOSILEH M3 OJHOTrO CTONONA, conep-
JKaIlero eMHCTBeHHOe 3HadeHue — 0.

Torma mpu cregyromeM OOpalieHnd K Tpe-
craBiennto EVEN(N):

with RECURSIVE

EVEN (N) AS (VALUES(0)

ODD (M)

SELECT * FROM EVEN WHERE N < 12;
MBI osryanM uncia: 0, 2, ..., 10.

To e camMoe MOXKHO 3alHcaTh C IOMOIIBIO
¢dpas3et WITH cnenyrommm oOpazom:

UNION SELECT M + 1 FROM ODD),
AS SELECT N + 1 FROM EVEN)

SELECT * FROM EVEN WHERE N < 12;

JagaiiTe paccMoTpuM elie oauH Oojee Tpaan-
LUOHHBIM npuMep. IIpeanonoxum, 4To MMEHTCS
JIBE CJICAYIOIINE TaOIUIBI:

EMP (EmpId, EmpName, DeptId) -
TabJIMIIA CITY)KAIUX, COJepKaIas UIACHTU(DUKATOP
ciayxamero (EmpId), ero umsa (EmpName) u
CCBUIKY Ha ero oraen (DeptId),

DEPT (DeptId, MgrId) - Ttabmuna oT-
NIeNIOB, cojiepKamas wuiaeHTH(HUKaTop oOTAena
(DeptId) M CCBUIKY Ha ¢€ro MeEHeIKepa
(MgrId) u3 TabaHIb! CIIy)KalluX.

Tabmumpr ompeneneHsl TakMM 00pa3oM, YTO
JUISL HaXOXAeHUs: ID MeHemKepa Clay>Kaulero, Ime-
pea KOTOpBIM OH (Chy»amui) mojgordereH (Tad-

with RECURSIVE

nuna REPORTS TO), HE0OX0AMMO 0OpaTUTHCS K
Tabnmuie otaenoB. Jlanee, s MOTYYCHUS CICTY-
IOLICH WTepalMy MOJOTYETHOCTH YIOOHO HMETh
Tabmuiy BELONGS TO, KoTopas Uil KaXIOro
MEHEKEpa COACPIKUT BCE OTECIIbI, 32 KOTOPhIC OH
otBevaeT. J[Jsi moCTpoeHus 3TOW TaOIMIBI HAa OC-
HOBaHUM Tabmuupl DEPT HE0oOXOIMMa TaKXKe
tabnuna REPORTS TO. Takum o0pa3om, 3TH ABe
TaONUIBI ONPENENOTCS pekypcuBHO. OOpaTum
Balllec BHUMAHUE Ha TO, YTO JUIsl BBIYMCIICHUS pPe-
KypCHH HEOOXOAMMBI 00€ TaONuIpl, JaXe eCiH
PE3yIABTUPYIOIIUN 3aMpoc KCIOIb3YeT HHpOpMa-
LIMIO TOJIBKO M3 OOHOM M3 HUX. BOT KaKk BEITVISLAUT
3Ta PEeKypCHs:

REPORTS TO (EmpId, EmpName, MgrId) AS
(SELECT EmpId, EmpName, MgrId

FROM DEPT,
WHERE
UNION

SELECT e.EmpId,

FROM EMP e,

WHERE e.DeptId

)y

EMP
DEPT.DeptId = EMP.DeptId

e.EmpName, b.MgrId

BELONGS TO b
= b.DeptId
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BELONGS TO (DeptId, MgrId)
(SELECT d.DeptId,

AS
r.MgrId

FROM DEPT d, REPORTS TO r

WHERE d.MgrId

)

r.EmpId

SELECT * FROM REPORTS TO;

6.2 Jluneiinasn u HeauHeinasa peKypcuu

Jluneiinas pexypcus

Bce paccMmoTpeHHBle [0 CHX TOp peKyp-
CHUBHBIC 3ampochl OBUTH JHHEWHBIMH. Pexyp-
CUBHBIN 3aIlpoC SABJISACTCS JuUHeliHbIM, eCITH TabIu-
1a, ompejenseMas pPEKypCHUBHO, COENUHSETCS B
3armpoce TONBKO OAWH pa3 (TO eCTh OHA Tepedrc-
nsietcs Bo ppaze FROM Tonpko oqun paz). Kpome
TOTO, JIMHEWHAs peKypcHs Mpelrnoaraer, 4ro pe-
KYpCUBHO ofpejienseMasl Tadlula He MOXET OJl-
HOBPEMEHHO HCITONIb30BaThcsl BO (pazax FROM
KaK caMOro peKypCHBHOI'O 3alpoca, Tak U BO BCEX
ero moj3amnpocax. JTH K€ IpaBuiIa IPUMEHSIIOTCS

IUI B3aUMHO OIIPEIEsieMbIX PEKypCHBHBIX Tal-
nun. Ecnu olHO U3 3TUX YCIOBHM HapylIaeTcs, TO
peKypcus sBiIsieTcsl HelduHeHHoH. OTMeTuM, 4To
MHOTI'OKpaTHasi CChUIKA Ha PEKypCHBHYIO TaOIHIly
He 0053aTeNbHO O3HAYaeT, YTO PEKYpCHUs HeNu-
HeitHas. [IpuBenem mpumep. Ilycte mMeercs Tab-
muna TRAINS, umeromas cronomsr FromCity u
ToCity u ykasslBaeT mapbsl TOPOJIOB, MEXIY KO-
TOPBIMU UMEETCS JKEJIE3HOJOPOKHAS CBsI3b. Toraa
3anpoc: «Halitu Bce ropona, IOCTMKMMBIE W3 T.
BacunpkoB 6o 1o jxene3Hoi gopore, ud0 aBua-
TPaHCIIOPTOM» UMEET CIEAYIOIIUN BUI:

WITH RECURSIVE REACHABLE BY TRAIN PLANE (FromCity, ToCity) AS
(SELECT f.FromCity, f.ToCity
FROM FLIGHTS £
WHERE f.FromCity = ’Bacuibkos’
UNION ALL
(SELECT t.FromCity, t.ToCity
FROM TRAINS t
WHERE t.FromCity = 'Bacuibkos’
UNION ALL
SELECT rtp.FromCity, f.ToCity
FROM REACHABLE BY TRAIN PLANE rtp, FLIGHTS £
WHERE rtp.ToCity=f.FromCity
UNION ALL
SELECT rtp.FromCity, t.ToCity
FROM REACHABLE BY TRAIN PLANE rtp, TRAINS t

WHERE rtp.ToCity=t.FromCity

)
)

SELECT * FROM REACHABLE BY TRAIN PLANE;

OTO0 TUHEWHBIH 3apoc HE CMOTPSA Ha TO, YTO B
HEM HMMEETCA JBE CChUIKHM HAa PEKYPCHBHO OIIpee-
JIIEMYIO TaOIUITy
REACHABLE BY TRAIN PLANE.

OO6patum Ballle BHUMaHUE €lIe Ha OJIHY OCO-
OEHHOCTBH 3TOrO 3ampoca, KOTopas HE MMEET OT-
HOIIEHHWE K JIMHEHHOCTH pekypcuu. Bce a0 cux
[IOp NPHUBOJUMBIE PEKYPCUBHBIE 3aIllpOCHI, OTHO-
csmecs K tadbmuie FLIGHTS, MMEIOT THIIMYHOE
peKypcuBHOE onpezencHue. MiMeercst B BUly, 4TO
BBIYHCJIEHUS HAaYMHAIOTCS ¢ HEKOTOPOM MCXOJHOU
COBOKYIIHOCTH CTpOK TaoOmuiel FLIGHTS, Ko-

TOpBIE BBIONHSIOT POJb TaK Ha3bIBaeMOro Oasuca
PEKYpPCHBHOTO BBIYHCIICHHSA. 3aTeM 3TOT 0asuc
pacmmpsieTcs AONMOJHUTEIHHBIMH CTPOKAaMU B Ka-
KJIOM IMKIIE PeKypcuu. DTo OOBIYHBIN Cilydail pe-
Kypcud. TeM He MeHee, KaKk BHJHO W3 IPEIbITY-
IIeT0 3ampoca, BO3MOXXHBI BApHAHTHI, Korja 0asuc
PEKYPCUBHOTO BBIYMCIICHUSI MycToM. Tak Kak T.
BacunbkoB He MMEET Macca)kKUPCKOro a’poropTa,
TO IEPBBIM MaplIpyT MyTEIIECTBUA OYIET BBINOJI-
HEH >XEJIC3HOJOPOXKHBIM TPAHCIOPTOM, U 0a3uc
PEKYpPCUBHOTO 3apoca OKaKETCS IIYCTBIM.
Henunennan pexypcus
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[IpumepoM HETUHEHHOW pPEKYPCUU MOXKET
OBITH 3aMpPOC, CTPOSIIIHA MTOCIETOBATEIIHFHOCTD TH-
cen dubonayun. HarmoMHuM, 4TO IMOCIIen0BaTENIb-
HOCTb YHCEJI Ha3bIBaeTCS IOCJICA0BATEIHLHOCTHIO
duboHayyH, ecau KaXKIbIi YIEH dTOM MOCIea0Ba-
TEJTHHOCTH PaBeH CyMME IBYX IMPEAIIECTBYIOUTHX

yyieHoB. HavanbHbIe YyKcIa TakoM ITOCIeI0BaTe/Ib-
HOCTM paBHb 1, 1, 2, 3, 5, 8, 13,..

PexypcuBHOE mpencraBiieHHe, CTpOSAIIEE Ta-
KyH IIOCJIEAOBAaTEIbHOCTh, WMEET CIIEAYIOLIHNMI
BUJI:

CREATE RECURSIVE view Fibonacci (N, F) AS

VALUES (0,0),
UNION
SELECT N + 1,

(1,1)

p.F + pp.F

FROM Fibonacci p, Fibonacci pp

WHERE

CospaBaemast Tabnuua Fibonacci B mepBom
CTOJIOLIE COJEPKUT TIOPSIKOBBIE HOMEpa CTPOK,
KOTOPBIE HMCHOJB3YIOTCA B PCKYPCHBHOM BbIUHC-
JICHWH, a BTOPOW CTONOEl — COOCTBEHHO 4HMCIIA
duboHauym.

DTO peKypcHBHOE ONpeeNieHne SIBISETCS He-
JMHEHHBIM, TaK KaK PEKypCHBHO co3JaBaeMas
tabnuna Fibonacci coeaunsiercst cama ¢ co0oi.

(p.N - 1)

= pp.N;

OTMmeTHM, YTO HelHWHEHHBbIE PeKypPCUBHBIE 3a-
MIPOCHI SIBIISIIOTCA JOBOJBHO PEOKUMH M B OOJIb-
IIMHCTBE CIy4YacB OHM MOTYT BBIPAXKATHCSA JIH-
HEWHbIMU 3anpocamu. Hampumep, BbluncieHue
yucen DOuOOHAYYM MOXKET OBITH MPOU3BEICHO C
ITOMOUIBIO CIEXYIOIIEr0 JTUHEHHOTO PEKYPCUBHOIO
NIPEACTaBICHMUSL:

CREATE RECURSIVE view Fibonacci2 (N1, Fl1, N2, F2) AS

VALUES (0,0, 1,1)

UNION
SELECT N1 + 1,

F1 + F2, N1 +2, F1 + 2 * F2

FROM Fibonacci2 p

Hakownen, cneayer 3aMeTuTh, 4TO ONUCAHHBIE
BBIIIE JIB€ KATETOpUU DPEKYPCHi, B3aUMHOCTH WU
JINHEHHOCTH, SBISIIOTCS  IIOJHOCTBKO — HE3aBH-
CUMBIMHM Jpyr OT Jpyra. PeKypCUBHBII 3a1mpoc
MOKET OBITh MPSIMO WJIM B3aUMHO PEKYPCHBHBIM H
B TO € caMoe BpeMs — JIN0O JTHHEHHBIM JIH00 He-
JINHEHHBIM.
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