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Study of Query Optimization Methods for Data on Tertiary Storage
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Abstract The management of DBMS on tertiary storage is becoming more and more important with
the development of applications, not only because tertiary devices are used to archive data, but also
the amount of data that application has to deal with is increasing rapidly. The cost model and query
optimization method of current disk based database management system can’t deal with massive data
on tertiary storage. A cost model which can evaluate relational operations for tertiary resident data is
proposed. The cost of various relational operations can be deduced through the cost definitions of
several basic data accessing pattern and the costs of two pattern combination operators. To further
improve query efficiency, multiple relation copies are stored on the tertiary storage with different
organization methods. The cost model can also evaluate the cost of the same relational operation on
different relation copies. Two query optimization methods are also proposed, which can not only
choose the most efficient implementation algorithm for relational operators, but also choose the most
I/O efficient copy of the relation on tertiary storage. The experimental results show that query
efficiency for tertiary resident data can be greatly improved by adapting the proposed cost model and
the query optimization methods. The introduction of relation copies demonstrates the feasibility of

improving query efficiency at the cost of using more storage space.
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Table 1 Cost Model of Relational Operations

=1

XERBEHRMNRER

Relational Operation

Data Access Pattern

Alias

Select(U) —W s_s(U) Xs_s(W)

NL-join(U,V) =W s_s(W) Xm_sWU.n, uni, V) Xs_s(W)
hash_build(U)—H |} s_s(U) Xnest(H |1 yran)
hash-join (U ,V)—>W
attr_sep(U)—>H |1
ASJ WU, V)—>W

s_s(U) Xnest(V |1 ,s5_s+seq)

(K2<i<<n) X 5 _s(W)

CDT-GH WU ,V)—>W build_hash(U,H) Xs_s(V) Xs_s(W)

NDTWU,V)—>W build_hash(U,H) Xs_s(V) Xs_s(W)

build_hash(U,H)

build_hash (U, H) +build_hash(V,H)+s_s(H)+s_s(H) Xs_s(W)

attr_sep(U, H)

attr_sep(U, H) +attr_sep(V,K) +hash_join (H1,K1,C) +s_s(H2<i<<n) +s_s
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Begin

D For i=1 To k Do

@ If R: on disks Then

©) S_Map. put (R;, MinAcs(R;), Cost

(MinAcs(R:)))

@ Else

® For j=1 To \C(R,)| Do

©® S Map. put(R,, MinCover(R,),
Cost(MinCover(R;))

@ For i=1 To S_Map. length—1 Do

® For j=i+1 To S_Map. length Do

©) T,=S_Map. getTable(i)

T;,=S_Map. getTable(j)

() If T,.tableName | = T,;. tableName

Then / * Different table * /

@ E = new Entry (Join (T;, T;),
AcsMthd (T;), AcsMthd (T;),
MinjoinCost(T;, T;))

® C_Map. put(E)

2 C Map. setMaxEntrySize(2)

| * now we are joining two tables % /

@® While S_Map. isEmpty() ==FALSE Do

® Costmin=co

@  Foreach Cin C_Map Do

@® T Map. add (All tables in S_Map

which have join attribute with C)
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() If T _Map.isEmpty()==TRUE Then
T Map=all copies in S Map which
are not copies of relations in C
| * Catestian product * /
@  Foreach T in T Map Do
) If MinJoinCost (T, C)<MinJoinCost
(C, T) Then

@ If MinJoinCost (T, C)<<Costmin
Then

@ Costmin=Min] oinCost(T, C)

@ T =AcsMthd (T)

E = new Entry (Join (T, C).

AcsMthd(T), C, Costmin)

@D Else

@ If MinJoinCost (C, T) <Costmin
Then

29 Costmin=MinJoinCost(C, T)

@0 T =AcsMthd (T)

@D E=new Entry (Join(C, T,.).C,

AcsMthd(T), Costmin)
32 C_Map. add(E)
3 S  Map. removeAllCopies ( Ty,.
tableName)
&%) C _Map. setMaxEntrySize (C _ Map.
getMaxEntrySize()+1)
K5) C _ Map. removeEntries (C _ Map.
getMaxEntrySize() —1)
Return C_May. getMinCostEntry()
End
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Begin

@D For i=1 To k Do

@ If R, on disks Then

® S _Map. put (MinAcs (R;), cost
(MinAcs(R)))

@ Else

® For j=1 To |C(R) | Do



X RAF SRS = QAT AR 009 200 DL 16 D7 ik i E T

1383

©® S Ma. put(R;, MinCover(R;), cost
(MinCover(R;))

@ Costmin=co

® For i=1 To S_Map. length—1 Do

@ For j=i+1 To S Map. length Do

W) T,=S_Map. getTable(i)

@ T,=S_Map. getTable(j)

) If T..tableName | =T,.tableName
and MinJoinCost(T,, T;)<<Costmin
Then

(B Costmin=Min]JoinCost(T;, T;)

o) E.. =new Entry(Join(T;, T;),

AcsMthd (T,), AcsMihd (T;),
Costmin)
® S Map. removeAllCopies
(E.in. getLeftTable(). tableName)
S Map. removeAllCopies
(E.in. getRightTable(). tableName)
@ While S Map. isEmpty() ==FALSE Do
Costmin= oo
@ Foreach entry T in S Map Do

) If MinJoinCost (E,.., T) <Costmin
Then

@ Costmin=MinJoinCost(E;, » T)

@ Toin=T

@  E..=new Entry(Join(E,.,» Tun)s Euus

AcsMthd(T,,) . Costmin)

2 S _ Map. removeAllCopies ( E.,.
tableName)

@ Return E,,, and Costmin

End
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Table 2 Data Organization Method of LINEITEM (Schema of Relation Copy)
%2 X ZLINEITEM AR AKX (X RZBEWEKX)

Copy id

Copy Schema

1 LINEITEM(l _orderkey. L_ partkey, |_suppkey, [ _linenumber, [ _quantity, [_extendedprice, |_discount, [ _tax, [

returnflag. [_linestatus, [_shipdate, [_commitdate, [_receiptdate, [_shipinstruct, [_shipmode, |_commit)

2 LINEITEM_ 1(rowid,l_orderkey), LINEITEM_ 2(rowid, [_partkey), LINEITEM_ 3(rowid, l_suppkey), LINEITEM_4
(rowid, [_linenumber), LINEITEM _5 (rowid, [_quantity), LINEITEM _6 (rowid, l_extendedprice), LINEITEM _7

(rowid, I_discount) , LINEITEM_8 (rowid, [_tax), LINEITEM_9 (rowid, [_returnflag), LINEITEM _ 10 (rowid, [
linestatus) , LINEITEM_ 11 (rowid, [_shipdate), LINEITEM _12 (rowid, [_commitdate), LINEITEM 13 (rowid, [
receiptdate) , LINEITEM_14 (rowid, [_shipinstruct) , LINEITEM_15(rowid, [_shipmode), LINEITEM 16 (rowid, [

commit)

3 LINEITEM_1(l_orderkey, l_partkey, [_suppkey, [_quantity, |_extendedprice, |_discount), LINEITEM_2(l_tax. I

returnflag. l_linestatus, [_shipdate, [_commitdate, [_receiptdate, l_shipinstruct, [_shipmode, |_commit)
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Fig. 1 The error ratio between the estimated value.
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value of disk join value and real value of tertiary join.
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The management of DBMS on tertiary storage is becoming more and more important with the development of applications,
not only because tertiary devices have been used to archive data, but also the amount of data that application has to deal with is
increasing rapidly. Despite the decrease in secondary storage prices, the data storage requirements of these applications cannot
be met economically using secondary storage alone. Tertiary storage offers a lower-cost alternative. But till now, commercial
database systems are optimized for performance with primary and secondary storage. Tertiary storage, if included in the
system, serves only as a backup medium or slow store from which data is first moved onto disks and then the DBMS operates
on it as though it were disk resident data. Tertiary devices differ significantly from magnetic disks, in particular, they are not
random access devices and media switch times are several orders of magnitude higher. Due to these differences, optimizations
that work well for magnetic disks can result in disastrous performance on tertiary storage. So we need to study query

optimizations required by tertiary storage system,



