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6. Basic Algorithms for DB Operations

B Database parameter

B Complexity of basic algorithms

B Unary operations (Scan, Selection, Projection)
B Binary operations: Set operations

B Computation of Joins
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Classification

| s

Set-0riented Interface

Data System

Record—-Oriented Interface

Internal Record Interface

Storage System

SBI

System Buffer Interface

Buffer Management

FI

File Interface

Operating System

$D|

Device Interface
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Database Parameters

B Consideration of complexity (O(n?))

B Cost estimation/evaluation (concrete)

B Database parameters as basis

B Stored in the data dictionary of the DBS
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Database Parameters (ll)

B n,.. Number of tuples in relation r

B ). Number of blocks (pages), containing tuples from r
B s,.. (average) size of tuples from r

B /.. Blocking factor (tuples from r per block)

_bs

fr

Sy
with bs block size
B tuples of one relation are packed tightly in blocks:
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Database Parameters (lll)

B V(A,r): Number of different values for attribute A in
relation r: V(A,r) = |ma(r)

B Ais primary key: V(A,r) = n,

B SC(A,r): selection cardinality; average number of
result tuples for o 4—.(r) with x € m4(r)

B Key attribute A: SC(A,r) =1

B General:
Ny

V(A,r)

SC(A,r) =

Further information: Branching factor of B-Tree indices,
height of tree, number of leaf nodes

VL Databases Il — 6-5



Complexity of Basic Algorithms

Assumptions

Indices realized as B™-Trees

Dominant cost factor: Block access (on secondary

storage)

Access on secondary storage for intermediate

relations as we
Intermediate re

Intermediate re
buffer

ation at first for each (basic) operation

ation (hopefully) to a large extent in the

Some operations (set operations) on set of addresses

(TID lists)
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Main Memory Algorithms

Important for throughput of the overall system, because
they are frequently used

B Comparison of tuples
(For duplicate detection, specify sorting order, ...)
realized iterative by comparison of single attributes,
firstly attributes with high selectivity

B TID access
TID within main memory: Usual approach for resolving
Indirect addresses
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Access on Records

B Relations: internal identifier Rel | D

B Indices: internal identifier | ndex!| D

¢ Primary index, e.g., I(Per sons( PANr)) )
for A = a at most one tuple per access is provided

¢ Secondary index, e.g., I(Borrow ng( PANr)) )
Ex.: PANr = 4711 provides in general several tuples

Index access: Result usually as TID list(s)
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Access on Records (Il

B fetch-tuple : direct access on tuple using TID value
tuple is loaded to tuple buffer

fetch-tuple (Rel I D, TI D) — tupl e buffer

B fetch-TID : Determine TID for (primary key) attribute
value

fetch-TID (I ndexI D,attri bute value) - TID

B Further operation on relations and indices: Scans
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Example in SQL

sel ect =
from CUSTOVER
wher e CNane =’ Br own’

B Query for equality on a key
B put: used here for displaying the result

current TID : =

f et ch- TI D{ CUSTOVER- CNane- | ndex, ‘Brown');
currentBuffer: =

fetch-tupl e( CUSTOVER- Rel ati onl D, currentTID);
put (current Buffer);
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External Sorting Algorithms

sort
Andreas| 24 Andreas| 24
Gunter | 42 P -7 | Dieter 4 \ Bera | 77 Andreas| 21
Andreas| 24 |~ Gunter | 42 o Chris . Andreas| 24
Dieter | 4 g Seter | 4 \ Berta | 77
Chris 7 Berta | 77 = Chris
Berta | 77 |- -;> Chris 7 / Gljlrllttaer 22 Dieter
Elle 36 2 Elle 36 o Dieter
Tamara| 99 é g Dieter | 11
Dieter o Dieter Andreas| 21 Elle 36
Mario | Mario Dieter | 2 Gunter | 42
Peer | 43 Tamara| 99 ? Dieter | 11 / Mario 9
Dieter | 11 |+ g Mario 9 Peer | 43
Andreas| 21 ‘. |Andreas| 21 Peer | 43 Tamara| 99
N | Dieter | 11 / Tamara| 99
Peer | 43

External sorting by merging; Complexity: O(n logn)
operations for ordering (during merge process)
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Unary Operations

Scan traverses tuples of a relation

B Full table scan traverses all tuples of a relation in
arbitrary order
Costs: b,

B Index Scan uses index to select tuples in sorting order
Costs: Number of tuples plus height of index

Comparison

B Full table scan performs better by exploiting the
blocking

B Index scan performs better in the case that only few
data are needed (but worse for reading many tuples)
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Operations on Scans

B Open full table scan
open-rel-scan (Rel ati onl D) — Scanl D
returns Scanl Dthat can be used for identification for
the following operation

B Initialize index scan
open-index-scan (I ndex| D,M n,Max) — Scanl D
returns Scanl D; M n and Max determines range of
range query

B next-TID provides next TID; scan cursor is increased
B end-of-scan returns true, if no TID is left for the scan
B close-scan
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Example: Scan

sel ect =

from Persons

wher e sur nane bet ween ' Heuer’ and
' Jagel | owsk’
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ExamEIe: Full table scan

current Scanl D : = open-rel -scan(Persons-Rel ati onl D);
current TID : = next-TI D current Scanl D) ;
whi | e not end-of-scan(current Scanl D) do
begi n
currentBuffer :=
fetch-tupl e(Persons-Rel ationl D, currentTID);
| f current Buf fer.Surnane >= ' Heuer’
and currentBuffer. Surnane <= ’Jagel | owsk’
t hen put (currentBuffer);
endi f ;
currentTID : = next-TID(current Scanl D) ;
end,;
cl ose (current Scanl D) ;
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ExamEIe: Index Scan

current Scanl D : =
open- i ndex-scan( Per sons- Sur nanme- | ndex| D,
' Heuer’ ,’ Jagel | owsk’ ) ;

current TID : = next-TID(current Scanl D) ;
whi | e not end-of-scan(current Scanl D) do
begi n

currentBuf fer :=
fetch-tupl e(Persons-Rel ationl D, current TI D) ;
put (current Buffer);
current TID : = next-TID(current Scanl D) ;
end;
cl ose (current Scanl D) ;
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Selection

B exact search, range selections, complex, composed
selection criteria

B Composite predicate ¢ composed from atomic
predicates (exact search, range query) with and, or,
not

Tuplewise approach

B Given o,(r)

B Relation scan: For all ¢ € » compute ¢(t)

B Complexity O(n,.), more precisely b,
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Selection: Conjunctive Normal Form

B Apply access path to complex predicates = analyze
and transform (suitable) ¢

B For instance, transform ¢ to conjunctive normal form
CNF; consists of conjunctives

B Select conjunctive (heuristically), which can be good
analyzed by an index(e.g., A = ¢ In the case that index
on A exists)

B Analyze selected conjunctive; for resulting TID list, all
other parts of CNF are analyzed tuplewise

B Alternative: Analyze several suitable conjunctives and
Intersect the resulting TID lists
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Selection: Filter Methods

B For filter method all conditions are set to true , which
are not supported by an access method

B Resulting predicate: ¢'.
B =o0,(r) can now be analyzed using indices

B o,(r") on the (hopefully much smaller) intermediate
result »* can now be analyzed using the tuplewise
approach

B Filter methods are only suitable, if ©" actually reduces
the data amount (attention with disjunctions)

VL Databases Il — 6-19



Projection

B Relational algebra: with duplicate elimination

B SQL: no duplicate elimination, if not required with
distinct (modified scan)

B With duplicate elimination:
¢ Sorted output of an index is helpful for duplicate
elimination
¢ Projection on indexed attributes without access on
stored tuples
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Projection (1)

B Projection 7y (7):
1. r have to be sorted by X

2. t € r are dded to the result, in the case that
t(X) # previous (t(X))

B Time complexity: O(n, logn,)
B If r is already sorted by X: O(n,)
B Key K C X:O(n,)
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Scan Semantics

B Scan-based (positional) change operations: Definition
of scan semantics ~» Effectiveness on subsequent
scan operations

B Example: Deletion of current record

B States: before first record, point to a record, between
two records, behind last record, in empty set

B Furthermore: Transition rules for states
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Scan Semantics (I1)

Halloween problem (System R):
B SQL statement:

updat e enpl oyee e
set salary = salary  1.05

B Record-oriented analysis using index scan on
lemployee(Sal ary) and immediate index update

B Without specific precautions: infinite number of salary
Increases
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Binary Operations: Set Operations

Binary operations mostly realized on the basis of tuplewise
comparison of particular sets of tuples

B Nested-Loops technique or loop iteration

¢ The inner relation r is completely traversed for
every tuple of an outer relation s

¢ Complexity: O(ng * n,)
B Merge technique or merge method

¢ r and s (sorted) are traversed stepwise In the given
tuple order

¢ Complexity: O(ns + n,)

¢ If sorting has to be carried out: Sort-Merge
technique

¢ Complexity: n, log n, and/or n,logn,
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Set Operations (Il)

B Hash methods
¢ Smaller relation in hash table

¢ Tuples of second relation are assigned to
comparison fellow using a hash function

¢ ldeally complexity O(n, + n,.)

VL Databases Il — 6-25



Classes of Binary Operations

I

4 )
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Classes of Binary Operations (Il

Result extensi- || Compliance for | Compliance for
ons all attributes some attributes
A Difference r — s Anti-Semi Join
B Intersection r N s Join, Semi Join
C Difference s — r Anti-Semi Join
AUB Left Outer Join
AuC Symmetric Diffe- | Anti Join

rence

(r—s)U(s—r)
BUC Right Outer Join
AuBUC Union r U s Full Outer Join
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Union with Duplicate Elimination

Union by insertion
B Variant of Nested-Loops techniques

B Create copy of one relation r, with name 17,
subsequently insert tuples ¢, € ry in 75 (time complexity
depends on organisation form of copy)

Specific technigues for the union
B Concatenate r and s
B Projection on all attributes of the concatenated relation

Time complexity: O((n, + ny) x log(n, +n,)) (like projection)
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Union (I1)

Union through merge technigues (merge-union )
1. Sorting of » and s (if unsorted)

2. Merging of r and s
B /. crsmallerthant, € s: add ¢, to the result, read
nextt, €r
B {. < r biggerthant, € s: add ¢, to the result, read
nextit, € s

B { —t.:addt, tothe result, read next ¢, € r and
ts € s respectively

B Time complexity: O(n, x logn, + ny x logn,) with
sorting, O(n, 4+ ns) withot sorting

VL Databases Il — 6-29



Computation of Joins

Variants
B Nested-Loops Join
B Block-Nested-Loops Join
B Merge Join

B Hash Join

O
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Nested-Loops Join

Double loop iterates over all ¢; € » and all ¢; € s for an
operation r i s

>, S:
for each t, €r do
begi n
for each t, €s do
begi n
I T ot ts) then put(t.-t,) endif
end

end

VL Databases Il — 6-31



Nested-Loops Join with Scan

R1Scanl D : = open-rel-scan(R1llID);
R1TID : = next-TID(Rl1Scanl D) ;

whi | e not end-of-scan(RlScanl D) do
begi n

RlBuffer := fetch-tuple(RllI D, R1TID);

R2Scanl D : = open-rel -scan(R21 D) ;
R2TI D : = next-TID(R2Scanl D) ;
whi | e not end-of-scan(R2Scanl D) do
begi n
./* Scan on i nner relation */
end;
cl ose (R2Scanl D);
R1TID : = next-TID(R1Scanl D) ;
end;
cl ose (R1lScanl D);
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Nested-Loops Join with Scan (1)

/[ Scan on i nner relation */
R2Buf fer := fetch-tupl e(R2lI D, R2TI D) ;
| f R1Buffer. X = R2Buffer.Y
then insert into RES
(R1. Buf fer. Al,
R2. Buf f er. B1,
endi f ;
R2TI D : = next-TI D(R2Scanl D) ;

.., RlL.Buffer.An, Rl.Buffer.X
., Rl.Buffer.Bm;

Improvement: Nested-Loops Join connects all ¢; € » with
the result ox—, (x)(s) (good for index on X in 75)
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Block-Nested-Loops Join

Iteration takes place on blocks instead of tuples

for each Bl ock B, of r do
begi n
for each Bl ock B, of s do
begi n
for each Tuple t.€ B, do
begi n
for each Tuple t; € B; do
begi n
I T (., ts) then put (¢, -ts) endif
end
end
end
end

Costs: b, * b,

VL Databases Il — 6-34



Merge Techniques

X = RN S; if unsorted, first of all sorting of » and s
according to X

1. t.(X) <ts(X), read nextt, e r
2. t.(X) > ts(X), read next t, € s

3. t.(X) =ts(X), connect ¢, with ¢, and all successors of
ts, which are identical with ¢, according to X

4. For the first t/ € s with ¢/ (X)) # t,(X) starting with
original t, the same procedure is repeated with the
successors of t/ von t,, aslong as t,.(X) = t/.(X)
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Merge Techniques: Complexity

B All tuples with same X-value: O(n,. x ny)
B X iskeyof RorS: O(n,logn, + nslogny)
B |n the case of (pre)sorted relations even: O(n,. + ny)
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Merge Join with Scan

B Join attributes of both relations have key characteristic

B mn(X) and max( X) : minimal and maximal stored
value for X respectively
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Merge Join with Scan (ll)

R1Scanl D : = open-i ndex-scan( RLXlI ndexl D,
mn(X), max(X));
R1TI D : = next-TI D(RLScanl D) ;
RiBuffer := fetch-tuple(Rll D, R1TID);
R2Scanl D : = open-i ndex-scan( R2YI ndexl| D,
mn(Y), max(Y)),
R2TI D : = next-TID(R2Scanl D) ;
R2Buffer := fetch-tupl e(R2lI D, R2TI D) ;
whi | e not end-of - scan( R1Scanl D)
and not end-of -scan(R2Scanl D) do
begi n
... /* merge x/

end;
cl ose (RlScanl D);
cl ose (R2Scanl D) ;
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Merge Join with Scan (lll)

[* merge x/
| f R1Buffer.X < R2Buffer.Y
then RLITID : = next-TlI D RlScanl D) ;

RiBuffer := fetch-tuple(RllI D, R1TID);

else if RlBuffer. X > R2Buffer.y

then R2TID : = next-TID(R2Scanl D) ;
R2Buf fer := fetch-tuple(R2lI D, R2TI D) ;

el se insert 1 nto RES

(RL.Buffer.Al, ..., RL.Buffer.An, Rl.Buffer.X

R2.Buffer.Bl, ..., Rl.Buffer.Bm;

R1TID : = next-TID(R1Scanl D) ;

RiBuffer := fetch-tuple(RllI D, R1TID);

R2TI D : = next-TI D( R2Scanl D) ;

R2Buffer := fetch-tupl e(R2I D, R2TI D) ;

endi f;
endi f:
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Join by Hashing

B |dea:

¢ Exploiting available main memory for minimizing the
accesses on secondary storage

¢ Locating join fellows by hashing
¢ Queryssuchasr X, 4—,p s
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Classical Hashing

B Preparation: Smaller relation becomes r

B Procedure

1. Tuples of r are read into main memory using scan
and inserted into hash table A using hash function
h(r.A)

2. If H is full (or r is read completely):

Scan on S and lookup for join fellow with A (s.B)

3. If scan on r is not finished:
H 1s restructured and a scan is executed on S again

B Complexity: O(b,. + p x by) with p as number of scans on
S
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Partitioning using Hash Function

B Tuples from r and s over X are ,hashed” in common
file with & blocks (buckets)

B Tuples in same bucket are connected using a join
algorithm
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Partitioning using Hash Function (II)

N

max

join

join

join

ANV

e SWANN

join

max
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Partitioning using Hash Function (lll)

for each ¢, 1n r do
begi n
i = h(t.(X));
H! := H] Ut.(X);
end:
for each t, in s do
begi n
i = h(ts(X));
H? := H? Uty (X);
end;
for each £ 1in 0...max do
Hp > H};
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Comparison of Technigues

Nested—-Loops Join Merge Join Hash Join
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Aggregation & Grouping

B Queries:
sel ect A, count(*)
fromT
group by A

B Algebra operator: veount).a (7 (%))

B Implementation variants:
¢ Nested Loops
¢ Sorting
¢ Hashing
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