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Hijerarhijski upit

PL/SQL

~_

Relacijska baza podataka Strukturirani podatak
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CONNECT BY ... START WITH ... PRIOR

NOCYCLE START | WITH |5('condition
Y LciEtl g yp— D2t
CONMECT (o BY { condition }»
~{ NOCYCLE B
START b WITH {5 condiion }» CONNECT | BY condition

for rec in (select * from some_table) loop
if FULLFILLS START _WITH_CONDITION(rec) then
RECURSE(rec, rec.child);
end if;
end loop;

procedure RECURSE (rec in MATCHES _SELECT _STMT, new_parent IN field_type) is
begin
APPEND _RESULT _LIST(rec);
for rec_recurse in (select * from some_table) loop
if FULLFILLS CONNECT_BY _CONDITION(rec_recurse.child, new_parent) then
RECURSE(rec_recurse,rec_recurse.child);
end if;
end loop;
end procedure RECURSE;
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|zvedba

Redoslijed izvodenja:

1.

2.
3.

Prvo se izvode JOIN instrukcije (bilo iz FROM ili
WHERE dijela)

Evaluira se CONNECT BY uvjet
Evaluira se preostali dio WHERE izraza

Opis izvodenja:

1.

2.
3.

Selekcija onih redaka koji zadovoljavaju START
WITH uvjet

Selektiraj djecu svakog korijenskog ¢vora

Prema CONNECT BY uvjetu selektira prvo djecu
c¢vorova iz 2, a zatim to ponovlja sukcesivno

Svi preostali WHERE uvjet se izvrSavaju pojedinaéno
na dobivenim recima (ne uklanjaju se apriori djeca
¢vora koji ih ne zadovoljava)

Reci se vracaju u poretku prema slici — hijerarhijsko
stablo
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Mogucnosti

Operator:
« PRIOR
« CONNECT _BY ROOT

Pseudokolone:

« LEVEL

« CONNECT BY ISCYCLE
« CONNECT BY ISLEAF

Funkcije:
« SYS CONNECT _BY _PATH

KljuCne rijeci:
« NOCYCLE

Redoslijed prikaza:
« ORDER SIBLINGS BY

tradicija. znanje. odgovornost.

PRIOR operator:

Jedan od izraza u CONNECT BY mora biti
oznacen PRIOR operatorom kako bi
naznacio roditelja

U viSestrukim izrazima u uvjetu dovoljno je
navesti ga samo jednom, ali moze i viSe
puta

Unarni operator istog prioriteta kao unarni +

i -, evaluira neposredni sljedni izraz na
vrijednost roditelja trenutnog retka

Uglavnom se koristi uz operator jednakosti ,
ali moze i uz druge operatore uz mogucnost
beskonacne petlje

KONCAR



Jednostavan primjer

create table item (
id number primary key,
txt varchar2(25) not null

);

create table composition (
id number primary key,
txt varchar2(25) not null

);

create table part_to_composition (
id_composition references composition not null,

id_item references item,
id_non_item references composition,
cnt number(5) not null check (cnt > 0),

list_price number,

);

check (id_item is null and id_non_item is not null or id_item is not null and id_non_item is null)

Row # [ID |TxT

L= B O

1 item 1
2 item 2
3 item 3
4 itern 4
5 item 5
R item &

[ S B w LRy B R S T S ]

| Row & [ID |TXT
1 camp 1

2 camp 2
3 comp 3
4 comp 4
S ocamp S
& prod 1
7 prod 2
g prod 3

Row # |ID_COMPOSITION |ID_ITEM |ID_NON_ITEM |CNT |LIST_PRICE

[tem Composition
PK |Id |g PK |ID
—»
Txt TXT

Part To Composition

id_composition
id_item
id_non_item
cnt

list_price

L R B = (R ) T

= e e e e e e e
L B = L "I o B iy e

—
o

L e L o ) B B G - TR L N N LS O L R L% T )
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Z
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1
£
z
1 Z
2 1
4
1
3 1
4
] 1
4 1
1
a 1
3 Z
1
2
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Hijerarhijski graf

/ ‘\'!f*c

odgovornost.

KONCAR
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SYS CONNECT _BY_PATH (column, char)

« Daje put od korijena do konkretnog djeteta
« Validan samo u hijerarhijskim upitima
« Putanja je razdvojena proizvoljnim znakom

SELECT LEVEL, Row # |LEVEL |PATH cnT |
LPAD ("', 2*LEVEL - 1) 1 1 3 o
| SYS_CONNECT BY PATH (NVL (composition.txt, item.txt), ') path, __ L icamg [2x]
"[lent]| %'|| 7" cnt 2 2 Jcomp 3fcomp 1 [2x]
FROM part_to_composition LEFT JOIN item ON part_to_composition.id_item = 3 3 Jcomp 3fcomp 1fikem & [3x]
N item.ID _ 4 3 Joomp 3fcomp Licemn 4 [2x]
LEFT JOIN composition ON part_to_composition.id_non_item = =

composition.ID 5 2 Jcomp 3fitemn 2 [2x]
START WITH id_composition =7 & 1 jcomp S [1x]
CONNECT BY id_composition = PRIOR id_non_item; 7 2 jcomp Sfcomp 3 [1x]
g 3 fecomp Sfcomp 3fcamp 1 [2x]
9 4 fcamp Sicamp 3fcamp 1fitern 6 [3=]
10 4 Jcomp Sfcomp 3fcomp Lfitemn 4 [2x]
11 3 Jcomp Sfcomp 3fitem 2 [2x]
12 2 Jcomp Sfitem 2 [x]
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CONNECT BY ROOT

* Unarni operator
« Za zadano polje vraca korijensku vrijednost

Row # |LEVEL |PATH [KORIEN |cNT |
fcamp 3 comp 3 [2x]

1
2 2 Jfeomp 3fcomp 1 comp 3 [2x]
SELECT LEVEL, 3 3 Jcomp 3fcomp 1fitem & comp 3 [3x]
! E'\:’/\ASDC(ON?V*EI&E'VE\_/ Pl}\ TH (WL \. 1) path 4 3 Jcomp 3fcomp 1itemn ¢ comp 3 [2x]
> _BY NVL (composition.txt, item.txt), /') path, .

CONNECT_BY_ROOT NVL(composition.txt, item.txt) korijen, g 2 feomp 3fitem 2 CSIEE [2x]
"'l ent|| x"|| 7" cnt & 1 Jcomp S comp 5 [1x]
FROM part_to_composition LEFT JOIN item ON part_to_composition.id_item = 7 2 fcomp Sfcomp 3 conmp S [1x]
item.ID g 3 [comp Sfcomp 3fcomp 1 comp S [2x]

LEFT JOIN composition ON part_to_composition.id_non_item = R R P R
composition.ID a 4 Icamp Sicamp 3fcamp 1fitem & comp S [3x]
START WITH id_composition =7 ‘ ) 10 4 jcomp Sfcomp 3fcomp Lfitem 4 comp 5 [2x]
CONNECT BY id_composition = PRIOR id_non_item; 11 5 {comp Sfcomp 3fitem 2 comp 5 [2x]
12 2 Jfcomp 5fitem 2 comp 5 [#x]
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CONNECT BY ISLEAF

« Pseudokolona koja vraca 1 ukoliko je trenutni redak list stabla definiranog
hijerarhijskim upitom

SELECT LEVEL,
LPAD ("', 2*LEVEL - 1)
|| SYS_CONNECT_BY_PATH (NVL (composition.txt, item.txt), '/') path,
CONNECT_BY_ROOT NVL(composition.txt, item.txt) korijen, connect_by_isleaf,
‘[llent|| % 7 ent
FROM part_to_composition LEFT JOIN item ON part_to_compaosition.id_item =
item.ID
LEFT JOIN composition ON part_to_composition.id_non_item =
composition.ID
START WITH id_composition =7
CONNECT BY id_composition = PRIOR id_non_item;

Row # |LEVEL |PATH [KORIIEN |CONNECT_BY_ISLEAF |CNT |
1 jromp 3 comp 3 0 [2x]
2 2 Jeomp 3fcomp 1 comp 3 0 [2x]
3 3 Jcomp 3fcomp 1fitem & comp 3 1 [3x]
4 3 Jcomp 3fcomp 1fitem 4 comp 3 1 [2x]
5 2 [comp 3fikem 2 comp 3 1 [2x]
& 1 jcomp S comp 5 0 [1x]
7 Z  fcomp Sfcomp 3 comp 5 0 [1x]
g 3 Jcomp Sfcomp 3fcomp 1 comp 5 0 [2x]
9 4 fcomp Sfcamp 3fcamp 1fitem 6 comp S 1 [3x]
10 4 Jcomp Sfcomp 3fcomp 1fitem 4 comp 5 1 [2x]
11 3 Jcomp Sfcomp 3fitem 2 comp 5 1 [2x]
12 2 Jcomp 5fitem 2 comp 5 1 [4x]
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CONNECT_BY_ISCYCLE

« Pseudokolona koja vrac¢a 1 ukoliko trenutni redak ima djece koja su

ujedno i njegovi preci, tj. dio je ciklusa

SELECT LEVEL,
LPAD ("', 2*LEVEL - 1)
|| SYS_CONNECT_BY_PATH (NVL (composition.txt, item.txt), '/') path,
CONNECT_BY_ROOT NVL(composition.txt, item.txt) korijen, connect_by_isleaf,
‘['llent]| %"|| 7"cnt
FROM part_to_composition LEFT JOIN item ON part_to_composition.id_item =
item.ID
LEFT JOIN composition ON part_to_composition.id_non_item =
composition.ID
START WITH id_composition =7
CONNECT BY id_composition = PRIOR id_non_item;

[17: (Errar): ORA-01436: COMMECT BY loop in user daka

SELECT

START WITH id_composition =7
CONNECT BY NOCYCLE id_composition = PRIOR id_non_item;

LEVEL,

LPAD ("', 2*LEVEL - 1)
|| SYS_CONNECT_BY_PATH (NVL (composition.txt, item.txt), '/') path,
CONNECT_BY_ROOT NVL(composition.txt, item.txt) korijen, connect_by_iscycle,
‘[lent]| x|l 7" cnt

FROM part_to_composition LEFT JOIN item ON part_to_composition.id_item =

item.ID

LEFT JOIN composition ON part_to_composition.id_non_item =

A

[N
0

composition.ID
where connect_by_iscycle=1

Row # |LEVEL |PaTH

[KORIIEN |CONNECT BY_ISCYCLE [chT |

3 foomp 3fza ciklusfcomp 5 comp 3 1 [2x]
3 Joomp Sfcomp 3)za ciklus comp 5 1 [2x]
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ORDER SIBLINGS BY

 Cuva poredak strukture
« Sortira djecu na istom nivou prema danom kriteriju

SELECT LEVEL,
LPAD ("', 2* LEVEL - 1)
|| SYS_CONNECT_BY_PATH (NVL (composition.txt, item.txt), '/') path,
CONNECT_BY_ROOT NVL(composition.txt, item.txt) korijen, connect_by_iscycle,
‘['llent]] %"|| 7"cnt
FROM part_to_composition LEFT JOIN item ON part_to_composition.id_item =

item.ID
LEFT JOIN composition ON part_to_composition.id_non_item =
composition.ID
Row # |LEVEL |PATH [KORIIEN |CONNECT_BY_ISCYCLE |CNT |

START WITH id_composition = 7 1 [comp 3 carmp 3 0 [2x]
T B oy ompostion - PRIOR 0o e e 2 jmodft 0 (24
3 3 Jcomp 3fcomp 1fitem 4 comp 3 0 [2x]

4 3 Joomp 3fcomp 1fitem & comp 3 0 [3x]

5 2 fcomp 3fitem 2 comp 3 0 [2x]

& 2 Jcomp 3)za ciklus comp 3 0 [2x]

7 3 [comp 3/za ciklusjcomp 5 comp 3 1 [2x]

g 4 fcomp 3iza ciklus/comp Sfitem 2 comp 3 0 [4x]

9 1 Jjcomp S comp 5 0 [1x]

10 2 Jcomp 5fcomp 3 comp 5 0 [1x]

11 3 Jromp Sfcomp 3fcomp 1 comp 5 0 [2x]

1z 4 Jcomp &fcomp 3fcomp 1fitem 4 comp 5 0 [2x]

13 4 Jeomp Sf/comp 3fcomp 1item & comp 5 0 [3x]

14 3 [comp Sfcomp Sfikem 2 comp 5 0 [2x]

15 3 [comp Sfcomp 3)za ciklus comp 5 1 [2x]

16 2 fcomp Sfitem 2 comp 5 0 [4x]
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Explain plan tablica

explain plan <into table_name> for neki_sql_upit;

explain plan for select
level, substr(lpad(’’, 2*level-1) ||

nvl(composition.txt, item.txt), 1, 40) txt,

‘[l ent] x|l T"cnt
from part_to_composition left join item on
part_to_composition.id_item = item.id

left join composition on

part_to_composition.id_non_item = composition.id
start with id_composition = 7
connect by id_composition = prior id_non_item;

select
substr (Ipad("’, level-1) || operation || ' (|| options ||
),1,30 ) "Operation”,
object_name
"Object”
from
plan_table
start with id =0
connect by prior id=parent_id;

select plan_table_output from
table(dbms_xplan.display(‘'my_plan_table',null,'serial’))

s

yes

reparse?

OPEN

—— * PARSE

query? yes describe? 3 Y& DESCRIEE | 4—

no no
no yes
DEFINE

yes
na

FETCH
no
yes exscute no yes
others?
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CIM (Common Information Model)
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Struktura CIM modela

1 1 1 1 |
Generation LoadModel Outage Protection SCADA
RS
~ Cd Cd
S~ae N i S ,,/
RN \\\ & ,/' e
~ .\I—I & ] & |
IEC 61968 DAY - N
inancia
Wires Meas
1 1
Assets Documen- i ol —
tation I /’
: /’ Energy
_IV A Scheduling
1 1
Topolo ]
Consumer Core2 PoIogY
/7 \ Reservation
/ \\
] ] — 4 J_I
ERP Work
Support Core Domain Market
Operation
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CIM objektni model

Connector

T

Naming

Terminal

ConnectivityNode

ConductingEquipment

/N ‘

Company

]

PowerSystemResource

JAN

EquipmentContainer

/\

BusbarSection

Switch

Breaker

GroundDisconnector

Disconnector

BasePower

SubControlArea

Equipment — X

Substation

BaseVoltage

VoltagelLevel

TransformerWinding < PowerTransformer

i
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CIM relacijski model

Company

Naming

PowerSystemResource

Terminal

-

+

O=- ConnectivityNode

O0<4

EquipmentContainer |—

Equipment | |

PowerTransformer

?

SubControlArea

o]

ConductingEquipment

O

Substation

—

Bay

aYa)

o

+ A
.

1 O
@)

BasePower

J

BaseVoltage

!

A
)
M\
\
\

VoltagelLevel

4’7/

Connector

Switch

TransformerWinding

BusbarSection

Disconnector

GroundDisconnector
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Mapiranje objektni model -> relacijski model

L Sr— - ConductingEquipment
Objektni model: B v (Care] o
C . .|+ phases : PhaseCode -
] S -
. Conductor .
.|+ blch : Susceptance :
"1+ bch  : Susceptance j
-1+ glch  : Conductance :
- "1+ gch o Conductance j
ACLinesegment =g+ length : LongLength i
e x : Resistance j
NE . Resistance :
B . Reactance j
+ x0 : Reactance :
Relacijski model: EEEY
|COMDUCTORTYPE_ID |BOCH |BCH |GOCH |GCH |LENGTH |R RO | [xa |
_16ebB0207 17484 57,5995 3,3919559 14,292712
_#91e43605cc41ac 105,5992 1,399235 4,271351%8
_40245h00bezhda: 0 0,76955598 2,0448999
_l07ealf45ac74aa ] 3,749548 4, 2277403
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Modeli mapiranja

- Jedna tablica sa svim atributima (vlastitim i naslijedenim)

- Vise tablica povezanih relacijama 1..*

- Vise tablica povezanih relacijama 1..1

tradicija. znanje. odgovornost. KONéAH



Podaci za razmjenu

<cim:Substation ID="Mracl1"
cim:PowerSystemResourceName=“Mracl1">
<cim:MemberOfCompany resource="#HEP">
<cim:Contain>
<cim:Breaker ID="Q1"
cim:PowerSystemResourceName=“Q1"
cim:Manufacturer="Koncar"
cim:NormalOpen="true"/>
</cim:Contain>
</cim:Substation>
<cim:Company ID="HEP" CompanyName="HEP OPS" >
<cim:CompanyDescription>
Hrvatska elektroprivreda — Operator prijenosnog sustava
</cim:CompanyDescription>
</cim:Company>
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CIM metamodel

meta_CIM

meta_Packages

p
(
\
\
\

C
[\ [\

meta_Relations

meta_Tables meta_DataTypes

1 0

;
JAA

meta_Attributes

—

meta_CimCat
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Hijerarhija klasa

Class

BasePower
Basevoltage
CurveSchedule

PSR Type
CurveSchedFormula
it

Terminal

Company

PowerSyste mResource
CurveSchedData
SubControlarea
ConfrolHouseEquiprment
EquipmentContainer
Equiprment
Yoltagelevel
Substation

Bay
ConductingEquipment
SteamSupply
Primefover
CTTemphnCurye
SteamTurbine

[ W Sy Y A

Parentclass |P|:|siti|:|r'| |F'au:kage

MNaming 0 Core

BasePower 0 Core

Base'oltage 0 Caore

Maming 1 Core

MNaming 1 Core

MNaming 1 Core

MNaming 1 Core

Maming 1 Core

MNaming 1 Core

MNaming 1 Core

MNaming 1 Core
PowerSystemResource 2 Core
PowerSystemResource 2 Core
PowerSystemResource 2 Core
PowerSystemResource 2 Core
EquipmentContainer 3 Core
EquipmentContainer 3 Core
EquipmentContainer 3 Core

Equipment 3 Core
PowerSystemResource 2 Generation Dynamics
PowerSystemResource 2 Generation Dynamics
CurveScheduls 2 Generation Dynamics
Primetover

[ T S F

3 Generation Dynamics

L I U SRR, R

PowerSystemResource |
(Core)
2]
JAN

Equipment |_
(Core)

Switch

VoltageControlZone

TapChanger

HeatExchanger

EquipmentContainer
(Core)

GeneratingUnit
(Production)

PowerTransformer

ProtectionEquipment
(Protection)

EquivalentSource

Ground

CompositeSwitch

Substation
(Core)
7|

VoltageLevel
(Core)
7

Bay
(Core)
o

DCLineSegment
Conductor Wi
ACLineSt it
TransformerWinding IEE
CustomerMeter
EnergyConsumer K e
7|
StationSupply
Rectifierinverter (LoadModel)
2]
i oal
(LoadModel)
2]

‘ ingCondEq

oad

Connector

GroundDisconnector

LoadBreakSwitch

Disconnector

Breaker

Fuse

Jumper

Compensator

BusbarSection

Junction

(LoadModel

SynchronousMachine

StaticVarCompensator

)
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Primjer 1: Atributi entiteta

Afiribute |TVDE create or replace function f_attributes(p_table VARCHAR2)
(3 BasePower ID PK return VARCHAR2
| BasePower basePower ApparentPower is
| |BaseVoltage BasePower_ID PK v_table VARCHAR2(30);
| |asevoltage ID PE v_pos NUMBER;
Basevoltage nominalvoltage woltage v_ind NUMBER;
ey Substation_ID PK v_select VARCHAR2(2000);
m Bay Yoltagelevel_ID K begin
] Bay D = select position into v_pos from meta_tables
: Bay Cat_busBarConfiguration Busbar Configuration where tablerealname = p_table;
Bay Cat_breakerConfiguration Breaker Configuration
: Bay bayEnergyieasFlag Boalean v_select := """ || UPPER(p_table) || ";
Bay bayPowerteasFlag Boolean
— for v_ind in 1..v_pos loop
select parenttablename into v_table from meta_tables
where tablename = upper(v_table);
v_select:=v_select || ", " || " || upper(v_table) || "";
end loop;
A 4T TRIBUTEREALNAME v_select:= "select distinct attributerealname from
i meta_attributes '
|| || * where tablename in (" || v_select || *)'
| |bayPowerheasFlag || * order by attributerealname';
_Cat_breaker(:onﬁguraltion return v sele ct:
Cat_busBarConfiguration -
: description end;
j(]
n name
| |pathiName
| [PSRType D select distinct attributerealname from meta_attributes where tablename in (‘BAY",
_iﬁztgaetﬁ;;ﬂt)m 'EQUIPMENTCONTAINER', 'POWERSYSTEMRESOURCE', 'NAMING') order by attributerealname

tradicija. znanje. odgovornost.
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Primjer 1: Hijerarhijski upit

create or replace view v_classhierarchy as
select connect_by root tablerealname leafclass, parentclass, position
from
(select position, DECODE(parentclass, classname, NULL, classname) parentclass, classname
from v_classes)
connect by prior parentclass = classname
order by 1, 3 desc

create or replace view v_attributes as

select leafclass, attributerealname, classname, position from v_classhierarchy, meta_attributes
where upper(tablerealname) = classname

order by leafclass, position desc, attributerealname

| AT TRIBUTEREALMAME

bayPowerteaask|ag

Cat_breakerConfiguration

select distinct attributerealname from v_classhierarchy | |cat buskarConfiguration
where leafclass = 'Bay" || ?;scrlptmn
order by 1 |

name

pathMame

| |PSRType_ID
Substation_ID
| |voltagelevel_ID

| LEAFCLASS PARENTCLASS POSITION

| |Bay By 3

| |Bay EquipmentZontainer 2

| |Bay PowerSystemResource 1

| |Bay Maming 0

| |Breaker Breaker 3

|| Breaker Switch 4

| |Breaker ConductingEquiprment 3

| |Breaker Equiprnent 2

= Breaker PowerSystemBResource 1

| |Breaker Maming 0

| |BusbarSection  BusbarSection 3

- BusbarSection  Connector 4
ZP|LEAFCLASS ATTRIBUTEREALMAME |CLASSHAME POSITION

Bay bavErergyteasklag Bay 3

| Bay bayPovwerieasFlag Bay 3
| Bay Cat_breakerConfiguratic Bay 3
| Bay Cat_busBarConfiguratior Bay 3
[ |Bay D Bay 3
[ |Bay Substation_ID Bay 3
| Bay YaoltageLevel_ID Ban 3
| Bay (] EquipmentZontair 2
| Bay 1D PowerSystemRes 1
| Bay PSR Type_ID PowerSystemRes 1
| Bay aliasharme Marning 0
: Bay description Marming u]
- Bay 1D Marming u]
- Bay name Marming u]
| |Bay pathMarne Marning 0
| |Breaker ampRating Breaker 5
| |Breaker jin] Breaker 5
| |Breaker inTransitTirme Breaker 5
| |Breaker Cat_normalOpen Switch 4
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Primjer 2: Putanja klasa

Naming.PowerSystemResource.Equipment. ConductingEquipment.Switch.Breaker

Naming
PSR vl_tablename:= 'Breaker’;
T vl_result:= vl_tablename;
. loop
Equipment select parenttablename, position into vl_parenttablename,
vl_position from meta_tables
T where upper(tablename) = upper(vl_tablename);
) vl_tablename:= vl _parenttablename;
CondEquip vi_result:= vi_tablename || ' || vI_result;
A exit when vl_position = 1;
end loop;
Switch
Breaker
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Primjer 2: Hijerarhijski upit

CREATE OR REPLACE VIEW V_CLASSHIERARCHY
(POSITION, TABLEREALNAME, LEAFCLASS)
AS
select position, tablerealname, connect_by root tablerealname leafclass
from (select position, tablerealname
DECODE (parenttablename, tablerealname, NULL, parenttablename) parenttablename
from meta_tables where instr(tablename, ' ') = 0)
connect by prior parenttablename = tablerealname

create or replace function f_get classpath return VARCHARZ2
is
vl_result VARCHARZ2(255);

Position |TableMame FarentTableMame | beg n ]
Hareaker S for c_classes in
4 Switch ConductingEgquipment (select position, tablerealname from v_classhierarchy
3 ConductingEquipment  Equipment where leafclass = 'Breaker’ order by position) loop
2 Equiprment PowerSystemResource if c_classes.position =0 then
1 PowerSystermResource  Naming vl_result:= vl_result || c_classes.tablerealname;
0 Maming Maming else
vl_result:= vl _result || "."|| c_classes.tablerealname;
end if;
end loop;
return vl_result;
end;
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O €éemu smo govorili

. UVOD

Il. HIJERARHIJSKI UPITI

lll. EXPLAIN PLAN TABLICA

IV.COMMON INFORMATION MODEL

V. ZAKLJUCAK
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