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Jesnuka n nobosbluarba y AejTabes eHLIHY

Epxke, jaue, bosbe (Adaptive query processing)

AyTOMaLKW TJYHUHT

[pad 6a3e nogataka

H Y #tarabical8



Jesnuka n nobosbliarsa Y AejTabe3 eHLINHY

* HoBe yrpaheHe ¢dyHKUMje
 STRING_AGG, CONCAT_WS, TRANSLATE, TRIM

 KomaHga CREATE OR ALTER

« [ejtrabes eHMH nobosbluakba
 ONLINE ALTER COLUMN
Resumable Index Rebuild

H Y #tarabical8



Adaptive Query Processing

SQL Server 2016 (1 npeTxoaHe Bep3unje)

HakoH WwTO je nnaH HanpaBrbeH, CBa U3BPLUEHA YNUTA KOPUCTE Taj nnaH u3
Kewa, 6e3 nkakee npomMeHe

- WcTtun onepatopm

- Wcra konnunHa poperbeHe memopuje

SQL Server 2017

Adaptive Query Processing

— [lo npBun nyT go3BorbaBa ce MHTepakumja namely npowueca ontuMmmnsaumje 1 n3spLieH-a
ynuTa

— [leo ynuta ce n3BpLUaBa TOKOM Kpeupara nnaHa

— Axypupa ce Beh kelumpaHu nnaH HakoH BULLECTPYKOr n3BpLleHa ynuTa (3a caga camo
aTpudyt Memory Grant)

— YBoawu ce HoBu onepaTop Adapter Join Operator
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Adaptive Query Processing

* Interleaved Execution
« Batch Mode Memory Grant Feedback

» Batch Mode Adaptive Join
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Interleaved Execution

 OaHocn ce Ha MCTB® (Multi Statement Table Valued
Function)
* Ako ynut uma MCTBO:

¢ onTMMM3auuja ce ctTonumpa
* M3BpLUaBa ce no3me dyHKUMje 1 yTBPhHyje TauHa KapANHAAHOCT
* npouec onTMMmM3aumje ce HacTaB/ba

* Enwnor: npumepeHnjn nnaH (ymecto kapaunHanaHoctn 100
MMaMO TauHy KapAWHaIHOCT)

* Tpowkosu: mano Buwe LMY TpolwkoBa 360r n3epLlaBaka
no3mea GyHKUMje, ann y NOTAYHOCTU NPUXBaT/bUBY
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MTVF Execution — SQL Server 2016

Query 1: Query cost (relative to the batch): 100%
SELECT o©l.0rderID, ocl.UnitPrice, ol.5tockItemID FROM S5ales.Orderlines ol INNER

r @3

JOIN dbo.SignificantOrders() £f1 ON £1.Id = ol.QOrderID WHERE PackageType

SELECT [ o— Sequence — [SI'_abllef_Value:r::mc]ti;] Actual Number of Rows 73595
! 5
Cost: 0 % Cost: 0 % e s Estimated Number of Rows 100
Sort "I Wested Loops D — ' Hested Loops ———— : Table Scan
Cost: 1 % {Inner Join] {Inner Join) [SignificantOrders] [£l]
Actual Number of Rows 220054 STl Cost: 1 % Cost: 1 % Cost: 1 %
Estimated Number of Rows 1055.88
™ Index Seek (NomClustered)
[OrderlLines] . [FE_Sales_OrderI.:ines_O_
Cost: 5 %
—— Key Lookup (Clustered)
[OrderLines] . [PE_Sales OrderLines]..
Cost: B8 %

Table 'Worktable'. Scan count @, logical reads @, physical reads @, r
Table 'OrderLines’'. Scan count 73595, logical reads 865656, physical
Table '#AE4E6FE7'. Scan count 1, logical reads 119, physical reads 0,

CPU time = 937 ms, elapsed time = 2445 ms.
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MTVF Execution — SQL Server 201/

Query 1: Query cost (relative to the batch): 100%
SELECT o0l.0rderID, ol.UnitPrice, ol.StecckItemID FROM Sales.Orderlines ol INNER JOIN dbo.SignificantOCrders() fl ON f1.Id = o0l.0OrderID WHERE PackageTypeID

Fr 3

SELECT [ e— s nee Table Valued Funection
T [SignificantOrders] [£1] Actual Number of Rows 73595

Cost: O & Cost: 10 % Cost: 1 % Estimated Number of Rows 73595

23

L ——
sore  ——— Hash Manch  Table Scan
Cost: 79 % (Inner Joim) [SignificantOrders] [f1]
Actual Number of Rows 220954 k= Cost: 2 % Cost: 1 %

Estimated Number of Rows T77075

2 &

. 4" Hash Match Index Sesk (NonClustered)
Filte L—
Co * Or M (Inner Join) [OrderLines] . [FE Sales OrderLines P
t:
= Costz 1 % Cost: & %

im

| ] Colummnstore Index Scan (HonClustere..
[OrderLines] . [NCCX Sales OrderLines .
Cost: 1 &

Table 'OrderLines'. Scan count 3, logical reads 388, physical reads 0, r¢
Table 'OrderLines'. Segment reads 1, segment skipped ©.

Table 'Worktable'. Scan count @, logical reads @, physical reads @, read
Table 'Workfile'. Scan count @, logical reads @, physical reads @, read-:
Table '#AF429428'. Scan count 1, logical reads 119, physical reads @, re:

CPU time = 594 ms, elapsed time = 1480 ms.
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Batch Mode Memory Grant Feedback

* AXypupa MEMOPW FPEHT MapameTap y naaHy n3BpLUeHa
HaKOH LUTO je MJiaH HanpaB/beH

* [lpaTn n3BpLLEHE 1N aKO je peanHa notpeba 3a MEMOPUjOM
3HauyajHO Beha nam Mmarba 04 OHe Yy MaHy, NpepadyHaBa je u

axkypwupa

« AKO BpegHOCTW ocuuayjy, bndep ce camoykmaa
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Batch Mode Adaptive Join

* Hoswu onepaTtop - Adaptive Join

« Owmoryhaa n3top mnamehy Hash Join n Nested Loop Join
onepaTtopa M TO HakOH LUTO Ce CKeHnpa ynas

o [eduHuwe kputnuHy BpegHocT (threshold) koja ce kopuctm
3a O4NIYKY KOjU OZ ABa onepartopa ga ce KOPUCTU

« Kpehe kao Hash Join n ako HakoH CKeHUMpama ynasa Huje
pocturHyT threshold npenasm y Nested Loop Join

* Heku he ynutn npoduntnpatm 3axsasbyjyhni 0BOM naaHy,
BehuHa Hehe

 Moxe aa ce cycneHayje

H Y #tarabical8



Batch Mode Adaptive Join

CREATE OR ALTER PROCEDURE dbo.GetSomeOrderDeatils
@UnitPrice decimal(18,2)

AS

SELECT o0.0rderID, o.OrderDate, ol.OrderLinelD,
ol.Quantity, ol.UnitPrice

FROM Sales.OrderLines ol

INNER JOIN Sales.Orders o ON ol.OrderID = o0.0rderID
WHERE ol.UnitPrice = @UnitPrice;

GO

EXEC dbo.GetSomeOrderDeatils 112;
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Batch Mode Adaptive Join

EXEC dbo.GetSomeOrderDeatils 112;

SELECT o0.0rderlID, o.C0rderDate, ol.0rderlLinelIDl, ol.Quantity, ol.UnitPrice FROM Sale:
Miza=zing Index (Impact 49.4219): CREATE NONCLUSTEERED INDEX [<Name of Mi=sing Index,

ok iy

f——— Adaptiwve Join =———— Columnstore Index Scan (NonClustere_ 1
SELECT (Tnmer Jein] [OrderLines] . [RCCK_Sales OrderLines.
Fost: 0 % Cost: 0 % Cost: 50 %
Adaptive Join
Chooses dvnamically between hash join 2 — %
and nested loops. 3
P Filter $———"1 Index Scan (NonClustersd)
Cost- 0 & [Orders] . [ixl] [o]
Physical Operation Adaptive Join ) Cost: 46 %
Logical Operation Inner Join Actual Number of Rows 73595
Actual Join Type [ HashMatch I 3 [fh Estimated Number of Rows 73595
Actual Execution Mode Batch o a1 Sesk (C1 @
= . usters ndsx a usters
Etlll'liltl.‘..d Join Type HashMatch [Orders] . [PK Sales Orders] Number of R .
Is Adaptive True Cost: 100 % Actual Number of Rows
Estimated Execution Mode Batch Estimated Number of Rows 1
Adaptive Threshold Rows 97,309
Actual Number of Rows 1004
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Batch Mode Adaptive Join

EXEC dbo.GetSomeOrderDeatils 1;

SELECT o.0rderID, o.0OrderDate, ol.OrderlLinelIDl, ol.Quantity, ol.UnitPrice FROM Sale:s
Mizs=zing Index (Impact 49.4219): CREATE NONCLUSTERED INDEX [<Name of Missing Index,

Py i

e Rdaptive Join —— | Columnstore Index Scan (NonClustere.. 1
c: [;I % {Innexr Join) [OrderLines] . [NOCX Sales OrderLines..
T
= Cost: 0 & Cost: 50 %

Adaptive Join )
Chooses dvnamically between hash join %

and nested loops,
" Index Scan (NonClustered)

o c;;itenr . [Orders] . [ixl] [o]
Physical Operation Adaptive Join Cost: 46 %
Logical Operation Inner Join Actual Number of Rows 0
Actual Join T NestedLoo 3 ﬁﬁl Estimated Number of Rows 73595
Actual Execution Mode Batch
Ctimated JonType___Faaich  Cporeeres 1807 0% (Gl
Is Adaptive True Cost: 100 %
Estimated Execution Mode Batch Actual Number of Rows 32
Adaptive Threshold Rows 97,309 Estimated Number of Rows 1
Actual Number of Rows 32
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Batch Mode Adaptive Join - Disable

OPTION (USE
HINT( 'DISABLE_BATCH_MODE_ADAPTIVE JOINS'));

ALTER DATABASE SCOPED CONFIGURATION
DISABLE_BATCH_MODE_ADAPTIVE_JOINS = ON;
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Query Store in SQL Server 2017

* Query Store captures walt stats (24 walt stats
categories)

* Tuning Recommendations
» Automatic Tuning
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Query Store in SQL Server 2017

WAIT: RESOURCE
Query Execution SEMAPHORE — Query Execution
MEMORY

Query Execution
Started

WAIT:
Query Execution PAGEIOLATCH_SH
— Buffer 10

Query Execution
Finished
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AyTOMaTCKO noeLlaBare nepdopmMaHCcH

[1Be onuuje
OdpnajH: Akumje npeanaxe sys.dm_db_tuning_recommendations

OHnajH: Kagrog ce AeTekTyje perpecuja nnaHa aytomarcku ce opumpa
nocnegxwn gobdap nnax

ALTER DATABASE CURRENT
SET AUTOMATIC_TUNING (FORCE_LAST_GOOD_PLAN = ON);
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AyTOMaTCKO noeLlaBare nepdopmMaHCcH

Connect~ ¥ *§ = | &

@ eme e - TNMSSQLSERVEROT (SOL Server 14.0,1000.169 - IC

=]

®H #

®HEHB

B B

=

[ Databases

1] System Databases

1] Database Snapshots

@ NewDB

W WideWorldimporters

1] Database Diagrams

I Tables

1 Views

1| External Resources

I Synonyms

1] Programmability

[ Query Store
Overall Resource Consumption
Top Resource Consuming Queries

Cueries With Forced Plans

Queries With High Variation

Tracked Queries

1| Service Broker

[ Storage

1 Security

@ WideWorldimportersDW

I Security

11 Server Objects

] Replication

] PolyBase

1 Always On High Availability

1 Management

I Integration Services Catalogs

=3 SOL Server Agent (Agent XPs disabled)

5] XE Profiler

O &EBE

OIEEEBHBBE

BHEHE

SELECT * FROM Sales.Orders o INMER JOIM Sales.Or.. 1 0

forced planid ¥ force

a0 @)
601
Plan Id
40
2
20
s %/

21002017 27.092017  03.10.2017  09.10.2017 15102017  21.10.2017
24002017 30002017 06102017 12102017 18.10.2017

Query 1: Query cost (relative to the batch): 100%
SELECT * FROM Sales.Orders o INNER JOIN Sales.Orderlines ol

Ea Force Plan | 33

ON o.0rderID= ol.0OrderID INNER JOIN Sales.OrderLines olZ ON cr._.|:

tc] l

o] (]

SELECT = Nasted Loops H: d Loops H d Loops Hested Loop:
Cost: 0 & {Inner Join) (Inner Join) {Inner Join} ({Inner Join
) Cost: 0 % Costz 0 % Cost: 0 % Cost: 0 %
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[pad base nogartaka

« [pe ce kopucte rpad baze
« Genome assembly software, Chemical graph theory (CGT)
* Finding the shortest path or best possible routes in road networks

* Airline information systems, fraud detection, recommendation eng?ines,
garbage collectors in programming languages, model checking (all
possible states and checking if the code is OK), checking mathematical
conjunctions, solving puzzles and games, identity and access
management, Internet of Things

« Kaga ce kopucTte rpad 6asze?

« Kaga ce kopucTe nogaum Koju Cy Xmjepapxmnjckm noBesaHu

« Kaz Mopaw goap>kaBall KOMMIEKCHE BULLE MpeMa BuLle penauuje
« Kag ce aHanusmpa ncnpenn

« Kag cy nogaun BULLECTPYKO yrHexheHu

« Kag xohew aga manupaw y OO mozen un ga HanpaBuLLI agxoK anamkaumjy
WA NPOTOTMNM
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Tpxuwrte rpad 6a3a nogaraka

Neo4j

Azure Cosmos DB
FlockDB
OrientDB

DSE Graph
Amazon Neptune

AllegroGraph
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[padoBun y CQJ1 Cepaepy 2017

* HoBu TMNnoBu Tabena
Tabene usoposu (Node)
Tabene vBnue (Edge)

* Hosa knaysyna MATCH
FRCM nodel, edge, neodel

WHERE MATCH nodel- (edge)-—>node?

FROM nodel nl, edge 2, neode2 n2
WHERE MATCH nl-(e)->n2
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[padoBun y CQJT Cepaepy 2017
NEMO

DirectedBy

Francis Ford

Coppola The Godfather: Partll

ReleaseYear: 1974

Actsn Actsin

Movie

Actor

Scarface

Al Pacino Robert De Niro

ReleaseYear: 1983 Actsin
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duamosm Pagowa bajuha y MG

SELECT TOP (5) Movie.Name AS dunm, Movie.ReleaseYear AS loauHa
FROM graph.Movie, graph.DirectedBy, graph.Director

WHERE Director.Name = 'Rados Bajic'

AND MATCH (Movie-(DirectedBy)->Director)

ORDER BY TloauHa DESC;

onnm foanMHa
Double Trouble 2016
For King and Homeland 2015
Selo gori... i tako 2009
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Omubern mymum Pagowa bajuha

SELECT TOP (10) Actor.Name AS lnymauy

FROM graph.Movie, graph.DirectedBy, graph.Director, graph.Actor,
graph.ActsIn

WHERE Director.Name = 'Rados Bajic'

AND MATCH (Movie-(DirectedBy)->Director)

AND MATCH (Actor-(ActsIn)->Movie)

GROUP BY Actor.Name ORDER BY COUNT(*) DESC;

Stevan Maric

Rados Bajic

Ljiljana Stjepanovic
Milorad Mandic-Manda
Olga Odanovic
Nedeljko Bajic

Neda Arneric

Nenad Okanovic
Jelena Bajic Jocic
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OmuibeHn naptHepu Pagola bajuha

SELECT TOP (10) a2.Name AS Wme, COUNT(*) AS KokollyTa

FROM graph.Movie, graph.ActsIn, graph.Actor al, graph.ActsIn ActsIn2, graph.Actor a2
WHERE al.Name = 'Rados Bajic'

AND MATCH (al-(ActsIn)->Movie)

AND MATCH (a2-(ActsIn2)->Movie)

AND a2.Name <> 'Rados Bajic'

GROUP BY a2.Name ORDER BY KokollyTa DESC;

Ume KokollyTa
Velimir 'Bata' Zivojinovic
Dragoslav Lazic

Stevan Maric

Mladen Vranesevic

Nedeljko Bajic

Olga Odanovic

Predrag Vranesevic

Alenka Rancic

Arsen Dedic

H Y #tarabical8
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OrpaHundersa y CQJ1 Cepsepy 2017

Transitive closure

« useful feature that gives you all paths between two nodes or answers questions
such as May | fly from Linz (Austria) to Stavanger (Norway)? or How can | reach
Liverpool from Belgrade?

* In Cypher (Neo4j's graph language), you can use the filter expression MATCH
path = Belgrade -[*]-> Liverpool to get all paths from Belgrade to Liverpool

Shortest path between two nodes
« A special case of transitive closure is the shortest path functionality

* In Cypher: MATCH (c1:City {name: "Belgrade"}), (c2:City
{name:"Liverpool"}), path = shortestpath((c1)-[:FLIGHT*]->(c2))

Polymorphism

 ability to find all nodes connected to a given node (you have to write recursive
queries with UNION)

PageRank

« gives us a measure of the importance of a node within a graph structure
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XBaJj1a Ha MnaXr-u
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