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Querz Processing Strategies for Distributed Database Systems

l.0 INTRODUCTTION

cern to I'eSearchers ip the fielg of distributeg databage Systems,
Simply Stated, the Problem ig zg follows: Once a user initiates a

query, the system has to determine the best PoOssible Sequence ang

Most Previonsg models for studyingrquery Processing [BERNSPlJ,
[WONGE1] [HEVNEA]] assumed 3 totally reliable network with Sites
Containing non-duplicate and nNon-fragmenteg relationsg. The query
Processing Strategy Proposed by [ROTHNJlJ involveqd the transmission
of all the Necessary datg to a controg Site for assembly ang Pro-—
cessing, - With the yse of a reducer, basgeq on the Semijoin operator
Concept, improvements in the Performance of this Strategy were
achieveq, refer to [BERNSPl]. The system defined in [HEVNEAl] ig
slightly less restrictive; in that i+« allows for pPOssibly redundaet
Portions of the database, In a Sequel to it,_ [APERSP]] indicateg
that relation fragments_may be considered ag relations for distriby-
tion.  The only allocation constraint ig that all qaes must be
€ither locally of Jlobally accessible frop any network node,
Nevertheless, the Subject of fregments was later dropped from
further consideration,

Recently_{YUCl] Proposed 3 mede], where 3 relation may have‘a
number of hOrizontal diejoint fragmentg Or may have & number gof

copies, but not both,



2.0 DISTRIBUTED DATABASE MODEL

The model we Propose consistsg of 3 distributed database System,
allocated a priori across sites which M3y Oor may not pe all inter-
connected, Furthermore, at any given time one or more sites'may be
down or are ®Xperiencing delays due to line contentién. The values
of these last two parametarsg of the model are generated dynamically
by a Distributeqg System Simulator'(DSS), described in detail in sec-
tion 2.4,

Each gsite consists of 3 database, 3 DBMS and an Optimizer. The
database ig viewed logically in the relational data model, It may
have horizontal disjoint ffagments, Copies of relations and/or uni-
que relations. A relational DBMS is physically resident at each
site. VAll incompatibilities affecting the flow of Fequests emanategd
from the initiaz query are assumed resolved. Thus, the distributed
processiﬁg of a Jquery ig Supported by compatible DBMSg. Once 2
query is received by the system the'Optimizer determinesg the best
strategy for Processing it, This latter area is the fbcus of our
current research efforts,

2.1 Model Implementation Environment

The environment that Supports the implementatidn of the above
described model consists of a vax 11-780 under vMs, a-special Soft-
ware Product calleqd Dialogue Management System (DMS) . ang a database

management System calleqd MDB. The last two products'developed’at

Within DMs we employ the multiprocess exXecution environment,

which allows the simultaneous eXecution of more than one Process, A



Process can be defined freely. In our pParticular case the following
Processes were established: Each host computer in the network is a
Process. The MDB Corresponds to g distinct Process, as is the Dig-
tributeqd SystemISimulator'(DSS). Finally, the Optimizer, that det-
ermines the Processing Strategy for a query, 1is also defined as 3
brocess. Processes are individually activated (for instance for
editing purposes), communicatioﬁ establishegd between two or more
Processes and/or simultaneously executed, The latter accomplished
by means of the DMS multiprocess exXecution environment facility.
Figure 1 depicts the resource configuration for an emulation of 3
distributed database with four sites.

As seen fronm Figure 1 the Optimizer and DBMS, defined as pro-
cesses 5 ang 7 fespectively, wilj communicate with cach of the four
sites Oor host computers.. While the Distributed System Simulator
'(process 6) has a single eohnection, as it supplies traffic statys
information to the Optimizer at the time a query is received. The
logical interface @MONg processes ig accomplished by means of the
Dialogue Management System facility,

2.2 Dialogue Management System

A Dialogue Management System (DMS) is a Special software facil-

versity for Creating, modifying, ang testing human-computer inter-

faces, DMS has been implementeg [EHRICR]1] using a variation of the

rendezvous concept [USDOD1] in which two Processes must Synchronize
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ENTRY is the control eXecutive of DMS, and a1l DMS Processes are
Subprocesses of the process running ENTRY. Since it . ig a VAX/vMS
implementation, the interprocess communication-mechanism is called j
mailbox, which is a portion of non-paged physicai memory. Each pPro-
Cess has one Fequest mailbox whose name ig based upon its process
identification code, which ig a unigque number assigned by the oper-
ating system to the process when it ig Created, An  image never
writes to its own mailbox, which 1s treated as read only by its pro-
cess, “In each Process exXcept the one running ENTRY, mailboxes are
Serviced by Software interrupts called 3 Synchronous System trapg
(AST"s) . Thus, mailboxes are read almost instantaneously with one
exXception,. When data (ag OPPosed to control information) i1s being
transferred ASTs are disabled in the receiving procegs until the
received data can be copied to its finazi destination to ftee the
receive buffer,

Two processes are required top synchronize at the beginning of
each interprocess dialogue. If process a reéuests a dialogue with
Process B, A sends B a request and hibernateg until B gives A its
attention, Then A ang B can.communicate freely, but with two const-
raints. 1p order to receive information from B, A must issue 3 col-
lection request to B at some point befora information is desired
from B, Thisg permits A tq initiate concurrent dialogues.with sev-
eral processes and then order the processas f;om which it desires
responses, The second constraint is'that if B makes a thirg party
request‘to c, it may only do  so when A has finished'transmitting

data to B. Otherwise B would not hpe able to distinguish data



received from A from data received from cC. With the eXception of
the preceding caution, A and B may freely exchange data in either
direction as long as they choose.

As an executor received Tequests, they are queued internally
and then serveq according to their prlorltv. Once a request isg
served, the rendezvous ig in effect until both processes decide to
end the dialogue, With such an implementation the organization of
an executor ig quite simple, since it queues only requests and car-
ries out only one interprocess dialogue at a time,

To complete the description of the DMS execution environment, a
brief account of the communications that take place internally is
given next, Suppose that image A is ;3 computational Program and
that image B is 3 dialogue executor, When a yser runs ENTRY, the
user gives A”g name in the defaultr dialogue, and its process is
Created. When A exXecutes a REQUEST, A Creates a mailbox ang informs
ENTRY that it has done so, Since A has never communicated with B
before, A asks ENTRY for the name of B g mailbox ENTRY, however,
has no knowledge of B either, so' it creates a Process that rune B.
As soon as B executes an ACCEPT, B creates.a mailbox ang informs
ENTRY. Next, ENTRY checks whether any image needed B”g mailbox
name, and it 1mmed1ately Sends the information to A, whose Process
is hibernating A wakes up. and now tequests service from B and
waits for acknowledgement, which comes immediately, Since B‘e pro-
cass is.hibernating. ' Then data exohanéee follow. If A later
requests service from B again, ENTRY is not queried Since A remem-
bers B S mallbox name.. For a detail account of the DMS multiprocess

execution enVironment refer to [EHRICRl}



2.3 Mini Databage System (MDB)

Polytechnic Institute ang Statg Uhiversity, for relational data-
bases, It is Presently running on DEC VAX-11/780 with the VAX/vMs
Operating systen. The system handles up teo 41 relations, each rela-
tion may have from 1 to 36 attributes, The MDB provides a variety
Of commands which enable users to:

1. Define, load, store and drop relations;'

2. Load andg Store files of tuples into ang from a relations.

5. Rerun commands or use an editor to modify them.

6. Exécute filesrof comménds.

The MDB command language consist of 22 different commands., The -
user can enter commands one at a time interactively or can edit the
commands into filesg which will pe referenced and run in a'program—

like fashion. The Data Manipulation Language (DML) commands enables

to perfornm Operations such as insert, modify, retrieve"and_delete
individual tuples, Command Manipulation;(CM) giveS'instruétions to
the MDB regarding £hé users terminal Session and the usé of Data
Definition'Lahuage (DDL) and pMmr, commands., Additonally, - VAX DCL
commands can bhe entered while running the MpRm program. This is an

extremely useful feature, since the used deesg not need to leave the

MDB environment to submit 3z DCL command.



2.4 Distributed System Simulator

The Distributed System Simulator (DSS) tepresents g software
Product that creates random data on the status of each host compu-
ter”s local Processing activities and the traffiC'across the network
in general. A DSS is therefore 3 simulator that denerates, among
other things, data about queue length for both local Processing and
data tranSmission/reception for each host and among all connecting
hosts respectively, The connectivity Property is defined regardless
of the means by wﬁich these host computers actuélly communicate. We
can thus have hosts communicating through phone lines, dedicafed
high speeq lines, satellite or any other existing:mode. The main
function of the DSS is to provide, at the time a query is received,

& snapshot of the distributed system”s Operating condition, resgem-

esisting systems.

The Optimizer uses the information it receives from the DSS to
identify only those-quéry Processing strategleé that are both feasi-
ble and timely. Feasible in the Sense that indeed the host is oper-

ational, both for 1oeal Processing and/or data communications,

rarticular way satisfies the user’s résponse time requirement..
Therefore, if 3 query processing-strategy is feasible, but involves
excessive delays in local,processinq and/or dat&.transmission, it is
eliminated_from.further consideration. In the event of a déadlockn
namely none of the identifieqd Strategies are timeiy, the wuser is

prompted for a decision on either to incrgase the acceptabile level






3.0 OPTIMIZER: A CONCEPT

buted relationa: database System, functionally responsible for det-
ermining the overall sequence of relational Operations and defining

the combination of local (those that refar to a Pparticular Site)

In order to build the Conceptual framework that will facilitate
achieving the above étated Objective we need to define Means of
Iepresenting hoyw a query flows through the System ang define, within
this flow, the role of the Optimigzer, A query isg ©XPressed in rela-
tional termsg using Oberations sych aS, selection, Projection, join
and semijoin, The relationship between these operafors is not upi-
due, since the same fesult £an be obtainegd by applyin§ the operators
in a slightly~ different order [CcHUWL ] . Since these relationships
can be depictegd by graphsg called query treeg [HEVNEAL) and given the
pe;mutability Properties of relational Operators [EGYHACl], in most
nNon trivial cages there will be more than one query tree that pro-
duces the Correct answer, A sample Set, consisting of three permyt-
ability Properties of Semijoins, ig giﬁen in Appendié A. Examining
all the permutabiiity Properties of relational Operators take up
time angq Storage, and is therefore undesirable. The first major
task of the optimizer is therefore to reduce the total number of
Possible feasible query trees, Among the most obvioﬁs-heuristic
rules in.distributed query tree optimization we have: |

(i) Duplicétes, unless otherwisge Specified, have to be elimi-

nated at every level of the query tree, since duplicates

increaSe_both Processing ana communication costs,



(ii) a sequence of selectionsg of Projections can be combinegd to
form a single selection_or Projection.

(iii) 1n certain cases, W€ can combine 3 cartesian‘product and
an adjacent selection to make a join. - Similarly, joins
and adjacent projections can be combined to form semi-
joins.

(iv) Performihg selections at the botteon level of 3 Jquery tree

level,

(v)_ In an unary Operation, output . volume of data ig always
less than the input volume df déta; Hence, the Placement
of unary operators at the lowest leve: Possible wil3
reduce the volume of data flow from bottom to top.

(Vi) If the result of a common subexpression is not 3 large
felation, then it ean Be read from the Secondary memory in
much lesgs time than it takes to.compute it. |

Other heuriS£ic rules to Support  thisg activity are reported in

[CHUOW1 ] and [BGYHACI]. The Optimizer merely adtomaﬁes their imple-
Mentation ang determines the reduceqd set of feasible-query trees to:
be considered fﬁrther. 'Since in diétributed daﬁabase'sysﬁems it is
oftén desirable tq perform a group of operations-ét a single'site

and then transmit the results to other_site(s} . for further Process-~

groups called local operation groups [CHUWL]. These arrangements
‘are represented'by query procéssing graphs, which consist of execy-

tion-nodes, storagernodeS'and arcs. The execution node'represents



execution of 3 local Cperation droup performed at a single site.
The storage node Fepresents a fije stored at 3 Specific site, Arcs

connecting the execution nodes represent datga communication between

input data to the execution nodes, Therefore, 3 query processing
draph not only represents 4 Sequence of operations for brocessing
the query, but alse provides the information about a single opera-
tion or groups of operations to he performed at the Same site or at

different Sitesg,

groups, there are many possible query graphs for a given query tree,
Some of these are discardeqd by the Optimizer ag infeasible, based on
informatiqn Supplied by the Distributed System Simulator (refer to
Section 2.4y, For inStance, there might be an excessive delay in
either sending/receiving data between any two sitesg and/or procesé-,
ing an Operation locally at+ 4 ‘particular Site. Therefore, the
actual state of the'network, diven by the DSs, determines-which are
the feasible query processing_graphs and which shoulgd not be consig-
ered any further unless the user ig Prepared to resubmit the query
at a later time. At this point in the.flow of the query the optim-
izer implementsg a second set of heuristic rules, éuch as those
defined by [EGYHACZ], reducing_the original set oné-more time, ’Some
Properties of duery processing‘graphs useful in the reduction pro-
ceSs‘are discussed further by [CHUW1] . |

In summary, at this point in the_analysis'of Possible strate~



set of query Processing graphs. Among them, we adre to select the
one that minimizes gz given cost function. Such a cost function can
be found in [CHUW1]T. The above described flow is shown pictorially

in Pigqure 2,

-13<
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4.0 IMPLEMENTATION

The theoretical constructs described above are 1in an early
~stage of implementation, particularly as it refers to £he Distri-
buted System Simulator and the Optimizer. The other components of
the system, namely the Dialogue Management System Facility, the MDB:
database management system and the physical distributed database,
are fully operational and are under going tests to ascertain their
connectivity potential wiﬁhin the DMS multiprocess execution envi-

ronment,

~
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I. PERMUTABILITY_PROPER?IES CF SEMIJOINS
The Permutability Properties of Semijoins with Oother unary ang
blnary Operations are developed by comblnlng Unary operators (selec-
tion, prOJectlon) and binary operators (difference, lelSlon, union,

lntersectlon, join angd sem1301n) in a Particular order.

The notation to be used is ag follows:
Relations: A, B and C
PROJECTION (97 ). Projects its operand into the set of attributes s,
SELECTION (Cfﬁ‘): Selection condition P.
DIFFERENCE ( - ) e left hand side relation miﬁus right hahd side

relation

DIVISION ¢ - ) left hand side relation divided by the right hand
side relatlon

UNION ( U

INTERSECTIONY 13 )

NATURAL JOIN (A D= 8y applicable only when both a and B  have
columns that are named by attributes.

SINGLE‘DOMAIN SEMIJOIN (AS*CB) =7TA(AENQB)

(3 XB) =1, (abIB)

Let us con51der the selscticon and projection oneratlons

(1) Semijoin w1th adjacent selections When a Selection ig

B), fCIIOWS:a:selection condition-p an exchange is feagi-

ble only if all the attrlbutes in condition P are attri-

18-



(i1)

butes of relation A, While, if a Semijoin on B, i.e., (ADL

B), fdllows a selection condition P an exchange js feasi-
ble only if 311 the attribyteg in condition P are attri-
butes of relation B. Both of_these-bidirectional trans-
fbrmétibné are illustrated in Figure I,

Semijoin with adjaéent projectiop;_ When a projeétion'is
followed-by a seﬁijoin we can eééhénge them without modif-
¥ing the resultant query, The bidirectional transforma-
tion shown in FigureI: can be performed.only if all the
attributes deleted in the projection do not intersect with

the semijoin-g Selection attributes.

-1 9—‘_1 .
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The left to right transformation
above can be performed only if all
the attributes in conditian p are
attributes of relation B.

The left to right transformation above
can be performed only if all the
attributes in condition p are attributes
of relatiom A.

(a5 (0)

FIGURE I Semijoin with adjacent selection
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The left to right transformations can be performed only if all
the attributes deleted 1in the projection do not intersect with the
semijoin”s selection attributes.

FIGURE II Semijoins with adjacent projection
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2.

Two Identical Binary Operations in Sequence

(1) Two semijoin Ooperations in sequence: Since semijoin oper-

ations are commutative and associative, if we project on

the same set of attributes on both operations we

exchange the relations that project back after the join
operation. In FigureIIllthey correspond to relations B and

C. The bidirectional Lransformation holds for both equal-

ity and inequality semijoins.

i
V

) D 2y

I\ SR

FIGURE III Semijoin operations in sequence



-3,

Semijoin Operations with other binary operators

(1)

Semijoin and union: Semijoin can not always be permuted

with a subsequent union Operation, i,

2.1

(AP B) U CFAauUBP (ay ¢

If a union operation is operated before a semijoin, the

sequénce of operations results in a
perform the semijoin, The
files are Produced after gz union
accompanied by 3 semijoin gives a
The sequence of operations mentioned

Some cases bhut it is not universal.

% Semijoin and Join

Semijein can be Permuted with join ir we

<ondition P. " Thus,

(AD<z)ib<dc = (ADIC) <R

Figure 1v depicts the above property,

larger set than if we
reasoﬁ* is that large
Oreration which whep
large set of tuples.
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FIGURE IV Semijoin and Join
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