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I. Introduction

Considerable skill is required to use current comouter systems
today in order to handle and nrocess high volumes of information st
maximum speed and zinimum cost. It has been demonstrated (8) that
the systems architecture and the data-base characteristics hishly
determine those two factors. 3Since data-bases and system architec-
tures are very important elements in our highly computerized sccilety,
a methodolozy is necessary to evaluate thelr characteristics in order
t0 determine the most attractive architecture in terms of economics
and »erformance. This methedolozgy may be develored in several ways.

o~ « .

For example, if for someone it is very imgoriant Lo obtain

=4
N

ast

3]

esnonse tine to gueries, we nmust consider the type of DBEMS to be
& ] 2

1

ristics of the data-bass.

%,

utilized as well as the physical charact

6]

In addition, the achisvement of concurrency throuzh a network of
diztributed processors sinould be considered. Cn the cother hand, if
for somsone it is more important to save money rathsr than to obtail:

t resnense tine then s/he would probably e litile interested in

o
iy
W
0

the use of concurresncy but would pay nuch attextion the data-base
charsacteristics since they zreatly determine the cost. In order to
nrovide a solution the user must balance his requirements between
rzsponse tilime and cost.

In thig study we have tried to provide a
bases than those used by Sloninm (3) in order to have a wider get of
results vhich can serve as basis 7oz fufure work I1n tais area.

Qur zoals in this study were tc determine:

(1)



1) ZTow changes in the size of the data-base affect the response
time and cost? and,

2) How changes in the record length affect the response time and
cost?
The reswvonse time and cost were calculated using two forms of

nrocessing, centralized and concurrent.

2



II. Background

This study iz a ceontinuation of work verformed independently by
Cardenas (1) and Slonim (8)e Cardenas (1) analyzes the performance
of centralized DBEMS architecture. 1In his research Cardenas analyzes
a model of an inverted file orzanization to obtain estimates of ave=
rage retrieval time and total storage performance. The models that
he describes take into account storage structure and search of the
indexes, statistics of contents of the data-base, logical complexity
of the gqueries and nacroscopic device parameters. Cardenas quantifies
the influence of these factors upon the performance of datz base sys-
tense.

The research carried out by Slonim (8) is related to the usge of
the GDIMA (Generalized Distributed Information Manazement Architectu-
re) architecture., Slonim's model makes use of all the parameters
used vy Cardenas plus new parameters which malze nossi:le the use of
concurrent vrocessing. Both Cardenas and 3lonim werked with the ave-
rage access time for retrieval using four kinds of query complexities.
Slonim also considered the cost incurred in the use of distributed

processing against centralized processing.

(3}



ITI. The Mpdels

The models used in this study are thoss models described by Car-
denas (1) and Slonim (8). The equations for concurrent processing
developed by Slonim have been modified slizntly in order to provide a
closer correspondence to equations of Cardenas., In this section we
are goilng to describe the set of equations developed by Cardenas for
centralized processing and the set of mcdified equations used for con-
current processing. Finally the set of equations used for cost will
be described.

Aprendix A presents several tables describing all the parameters
used in the diffeorent sets of equations described in this section.

The structure of the logical I/0 of an information system is de-
termined by the type and amount of logical storase regquired. These
factors can not be fixed, dut can ve estimated according to a series

r——

of equations develcped by Tardenas (1). His

3]

quations are limited to
inverted files. 3lonim (8§) chose t2 cozpare seguential with concu-

&

rrent processing ia terms of their perfcrmance on inverted flles. The

o

reliacility of Zardenas' squations hos been confirmed by others
researchers in the field (3).

2.1 3torage Paraneters (fgilmated)

i hey-value l=ngth (XL7IX): specifies an average fized

(a)

iy

ixe

iength for liey~valusz,.

LRI o=

ke &

(3.1)

whare ORD is the word-lenzth 72r a particular comnputer, and ZLAVE is

(4)



the average key-value length over the inverted keys used to query the
data-base. The "plus" indicates that the result of the division is

rounded to the next pigher integer, The "minus" is soing to indicate
g g

+

that the result is trunczted to the next lower integer.

<
]

(b) Plocking Factor (Key=-value Incdex Zlock).
spr = | _ZLOSKW _ -
“tt T |KLFIX + 2 Ta2)

where BLOCKW is the 3lock-length in words.
(¢) Reserve Spaces (Key-value Index 2lock). 10 percent reserve=-

spaces Jor key=-value index-block

eer — | 3FI
BEr = [ 1""0'] ' (A%
+

the choice of 10 percent is arvitrary but convenient. An szavirocnment
in which the volﬁmes of insertions is high may demznd more than 1C
vercent,

{(d) Storaze Requirement (Xey-value Index Vzlue). The nunmber of

key-valus blocks required to store the index-block is iadicated by

m I,
e 1M Ev—,.

g N
NKEY
z: NVAL(I)
. - { I=l
SRI = | 557 =731 (3.4)
- -+

where NVAL(I) is the numver of different key-values associatad with
each key=name {(I), and JEKEY 1s tile numver of key-names in which inver-
sion is carried out {(i,e., the number of invarted kRKey-names).

2 oLa0CKI1E acwer ’dCCESS on -lock).
(e) Plocking Tactor (. 1on Zlock)

(5)



The 2FA is the blocking-factor for accession vpointers.

(f) Reserve Spaces (Accession Block).

~. — | BFA
3k = ["‘“10 ] (3.6)
(10 percent reserve=-spaces for accession-pointers).
(g) Storage Requirement (Accession 3lock). The number of
accession pointer-blocks required is given by Egq. 3.7:
gy = | NKEY * NREC
< BFA - RSA (3.7)
+
where M2ZIC is the total numver of reccrds in the data-base.
(h) Zlocking Factor (Data Block).
wom — | BLOCKC ,
e RLAVE (3.8)

where TLCCIS is the block-lenzth in bytes and RLAVE is tihe average
Zey-value lensth For the nurmher of access-key names (i.e., JKEY).

(1) Reserve Spaces (Data Zlock)e.

RSD :*L‘fo"L (3.9)

(10 percent reserve-spaces for data-records).
(j) Storage Requirement (Data Zlocks). The average space

required for the data-records is expressed DY Ige. 3.10:

NTREC
37D - RSD {3.10)
.+.

(k) Total Storage Neguirement, The total average storage require-

SRD=

a2 Inverted Or

]

ment for th anizotion ig expressed by Ege 3.11:

(¥

m

TSR =1 4+ S2I 4+ 324 + SRD (Bell)

O

(6)



3.2 User Requirements
There are four complexities of query. Each of these requires a
separate algorithm for the calculaticn of average response-time, These
four alzorithms are dependent upon the storaze parameter esquations
given above, the I/0 parameters, storage devices, and the following
three equations.
The first establishes the average list-length for a cuery.
— 7]
LSTAVE =| et = HEEC

PRy

E: HVAL(I)

I=1 (3.12)

where WEKEY is the number of access-xey nemes inverted and ¥ZEC is the
totzl number of records., IVAL(I) is the number of unique key-values
for the (I)th kev.

The second eguation establishes the number of data-dlocks accessed

by a sinzle query.

X = SRD*(1=(1=(1/3RD))**K) (3.13)

D=

This expression gives the average number of bdlocks KD which contain
e retrieved, where SRD is the storage requirement

the ¥ records to

O

for data-vlocizs, and ¥ characterizes the query-compleXity.
The third equation estaclishes the averaze number of accession-

blocks reguired to hol:i the average length-list (i.e., LITAVE).

L3TAVE
A SFA (3.1%)

-~

In order to2 commute averaszs access time, estinatszs of tare

i
¥

units of tinme zre nesded:



L TT’ the average time to access a block or page (e.Zes a track).
2e TI’ the average time to intersect two blocks of accesion numbers
or pointers to records.
D TC’ the average time to compare an access key or key-value.

These estimates depend of course on specific device environments.
As indicated in table A.II the values used here are: TTzleO msec,

Tc = l.5 msec, and TI:=50 msec. These values can be adjusted to
describe the vhysical characteristics of any sscondary storage devices.
The search stratesy, and consequently, the average access time
are a function of the complexity of the retrieval requiremeants, The

parameters ACI, ICR and RCR are suvnplied by the user or, preferally,
should be obtained from measurements of the incoming queries.
2.3 Algorithms for Centralized Processing. (1)

Complexity 1: the query demands that the atomic conditionm A will

have the form

i

tem-nane ﬁ 5 > Value
-

\ ’

where Item~name is the key-name or attibute-rarme in the COBOL-record
sense, or the domain in the tubular or relational sense
Algorithm 1:

Step 1. Read track-index: T

Step 2. Search track-index: TC*LogZSRI

Ster 3., Read hery-value block: TT

Step L. Search key=value Slocx: TC*LogZEFI

4= =

tep 5. Read zccession pointer list:

(8)



Trox | LSTAVE
* BFA |

Step 6. Read data blocks: T, , X

T D

Equation 3.15 represents the averaze access-tinme for a guery of

Complexity 1.

= e S ; STAVE| 4 3
ACCTM To (Logy, SRI + Log, 3FI) + Ty 24—%&&&&LJ-+ Ly asec

: EFA |,
(3.15)

where Xp = SRD*(1=(1=(1/S3D))**K)

K = LSTAVE

Conplexity 2: An ifem-condition A is a disjunction of ateomic

conditions Al or A, OF seee Ai P Aj, such that each Ai reflects

2
the same item nanme (key-name or domain). ACI is defined as tiae
number 0f atomic conditions per ltem condition I.

Exanmple: Ase 20 or Aze 21, where ACI 2

Algorithm 2:

Step 1+ Read track index: TT

Stev 2. Ssgarch track index block: T, * Log, S3I

bl

<
U
[AV]

S3tep 3. Read zey=value blocit: TT

Step 4. Search zey=value block: T, * Log

s 8y ST

~

Step 5. Reneat step &L for each of the ACI atomic conditions
(lzey-names)

Step €. Read and merge (OR) accessicn lists:
T m % fx *
(Tp+ Tq) * ACT * X,

Steo 7. Read data blocks: T

® X

T D

(%)



Equation 3,16 represents the average access~tizme for a query of
Complexity 2

ACCTM = T, (Logz SRI + (ACI = LongFI)) +

To (24 ACT * X, + X+ Tp * (ACI * X,) msecs (3.18)

A

where K = ACI * LSTAVE
Complexity 3: A record-conditicn R is a conjunction of itenm

conditions I1 and I2 and ..s I eses and Izl such that each I reflects

m
a distinct item-name. ICR is defined as the numbaer of item conditions
per record condition R.

Example: (Age > 20) and (Sex = Female)

where ICR = 2, (ACIl= ACI 1) s

2-‘
Algorithm 3:
Step l. Read track index: T,

Sten 2., Search track index block: TC * Log2 BFI

Stev 3. Read key-value block: T,

Sten 4. Search key-value block: Tc * Log2 BFI

Ster 5., Reneat step 4 for each of the ACI atowmic conditions.

Step 5. Repeat step 2 tarough 5 for each of the ICR item
conditions. |

Step 7. Read, merge (OR) and intersect (AND) acceszion lists:

Step 8. Read data vlocks: TT #* XD

Equation 3.17 revresents the average access-time for a query of

Compnlexity 3.

(10)



* ICR (Log2 SRI 4+ (ACT = Log;2 BFI)) +
‘ ICR
T (L 4+ ICR 4 XD} + Z ACIi | * I{A (TT a TI) {317
i=1
where K LSTAVE * ACI
Complexity 4: A query=condition 3, is a disjunction of record
conditions, Pl or Ra Or ssss Ri ass OF Rj‘ RCQ 1s defined as the
number of record conditions ner cuery conditicn Q.
Example: [(Age > 18) and (Sex = Female)] or [(ﬁge = 20)

and (3ex = Male) and (Class = Senior or

Zlass = Zraduate) ]

Alporithm 4:

Step 1. Read tracl index: TT

Step 2. Search track index tlock: Tc * Loga SRI

Step 3. Read key-value block: T,

Step 4. Search key-volue block: TC ® Log2 BrI

Step 5. Repeat stepn 4 for all atomic conditions reflecting
the same kKey-name,

Steo &. Tepeat steps 2-5 for esch one of the different

Ley-nzmes appearing in the aquery.

Sten 7. Zead, merge (OR) and intersect accession lists:

ICR
AL * nOQ % ] 7 :
Y. a0Td RCQ * X, (Tn+ Tp)
i=1
Step 8. Read data blocks: T, * I

g D

Tguation 3.18 rep»resents the average access=time for z gquery of

(11)



ACCTM =7, * ICR (Loga =1 (ACT * ngQ + Loga 3FIY)
ICR
fahe] 't * 0 % Y m T
+ Tp (14 ICR +X) + i§1ACI RCQ * X, (Tp+ Tp)
msec (3.18)
CQ
wheras K= Z CAELY * LSTAVE
=1 Y |

Alzorithms for concurrent processing.

A
I

These alsorithms are based on the ones develoved by Slonim (8)
for the use of the 3DIMA architecture. In these alzorithms various
parts of the data base processing are distributed to multiple micro-

Drocessors.

<3
[+

cmplexity 1:

b *

Sten 1. 3tore tracik-index, key-value blocx and accesgione-
volater list in a micronrocessor: T,
Step 2. Search traci-index: 7., * Log2 SRI
Stey 3. Search key-value black: T, * Log, ZT1
o R

Ster 4. Read da.a-blocks =nd use as many microprocessors as
needed Irom Drocessor-n»ool: TT * 7 /P
Tquaticn 3.19 revresents the averaze zccess-time for a query
of complexity L.

ATITM =T, * (Log, SRI+ Log, IFI) 4 (T * (3 + X /P)) (3.19)

where P is the nuabzr of processcrs required for input/outosut.
¥V and X, are estimsted in the szme way that were estimated for
centrzlized vwrocessing. In a query of this complenity, the concurrent

nrgcesszors work only oa the I/0.

(12)



Complexity 2:

Step 1. 3tore track-index and key=-value in aicroprocessor: T,

F

Step 2. Bearch track-index block: TC * Log2 SRI

Step 3. Search key-value block: T, * Log2 2FI

Step L. Assign to each ACI a microproc or and revezt step 3
for each of the ACI: T. * | &L « Log aFI
s AI\JI 2
Sten 5. lerge accession-lists: ATI ( 7.) i
AT ~T I

Stev 6. Tead data-blcck and use as many processors as needed

*r
from pro¢essor pocl: T, , D
P

Zquation 3.20 represents the average access-time for a query of

complendity 2.

402 = 7. | Log. S®I ACT o

2 (o [ s ]
. ACT s, ~ Al L.

Toy { S+ ST Y Xt T )R Tr | Tror Xy {3420

where TACI 1s the. number of concurrent processors assigned to an

item-condition,

Xy = 8FD (1-(1- (Gﬁj,)KJ
wvhere ¥ = 20T * LITAVE

In this cozplexity of query tae concurrent processors work on
an item=-condition cndé on the I/C.

Complexity

Step 1. Assign to each ACI z microzrocessor: CACZI

Step 2, Assizn to each ICR a micronrocessor: 2ICH

in
ot
@
Yo
WA
-
45

tore track-index and key-value in gz aieronrocessor:

Step 4. Search tracik-index tlock for each CICR:

(13)

)



*Ien (TC * Log2 Z5L)
Step 5. Search key-value tlock for each CACI for each of the
CIGRy CILCR (CACT * TC *dLog;2 BFI)
Step 6. Read, merge (OR) and intersect (AND) accession list:
CICR
T, Locacii| , 7, X,
- i=1
Sten 7. Tead data-block and use as many nicroprocessors as
needed from processcr pocl: T w XD/P
Bquation 3.21 represents the average access-time for a query of
complexity 3.
ACCTH = %4 [ = *( Loz, S3T + { Lt ) * Log, BFI) +
+
1 1,] IR At facr
m( *(m3+ —13-))+(ﬁ-:1 ICR*(XA *(Tl-}- TI”
+ +
(3.21)
whers CICR is the aumber of concurrent nrocessgors assigned to an ICRE.
XD and K are calculated in the same way that was <one for complexity 2.
Complexity 4:
Step 1. Assign to each ICR a nmicrovrocessor: ZICR
Step 2+ Assizn to each ACT a nmicroproceszor: CAZD
Stev 3. Assizn to each WCY a nicroprocessor: IRCG
Step 4. BStore track-index and xzey-values in microprocessor: TT
Ster 5. Search track-index dblock: T, * (Loga S0 * JICR
Step 6. Search key-value tlock:
Tg * (CACI(CRCG(Log, BFI))) * CICR
Sten 7. Read, merge {0R) intersect accession list:

(14)



CICR

7, * | L cAcIi  cmeq * X,
i=1

Step 8. Read data-block anc use as many processors as required

X

M # e

g

from processor pooi: T

Equation 3.22 represents the average access-time for a juery of

complenity 4.

f
acems - 7 [ 102 ACT Yol
= %o 222 ) # | Loz, sar | 822 )+ | 22| * Loz, BFI)+
c ( Tn, &g, a8t | == )+ { Tree |, * L% B I)
%
1+ [FE] ¢+ (2] ]+
ACT . e RCA2 . ; }
b oTC w | a2k - *| m - .
cacL), CICR ( TEL L 2 Pt tr (3¢22)

where X = ACI * RCQ * LSTAVE

.= 52D * (1-(L-(1/3RD))**K)

and JRC3 = number of concurrent p»rocessors assigned to RCYJ.

In this complexity of query the concurrent »rocessors work on
record-ccondition query and item-condition record and a condition itenm
and on the I/0.

3.5 Algorithus for Cost

+

In a2 normal working environment, cost is as irportant

o}

5 access

time. Slonim (8) zives great importance to this point and e descri-

3

bes the equations that must be used to calculate the cost for ceatra-
lized and concurrent processing. For CPU-~cost in the centralized sys-

tem Slonim used prices caarged by ths Xansas State University computer

center (6). For the microproscessors he imposed a single price for all

n

0}

varieties of processor (35,000 ezch) such price includes development-

ite

i

costs and the manufacture's pro

(15)



Equations 3.23 through 3,27 (8) provide a means of calculating
such costs for both sequential and concurrent processing.

Eqﬁation 3.23 gives the CPU-cost for sequential processing on a
large centralized machine (ITEL AS5 at Kansas State University):

CPU SER. CO3T = [(9¢ PER SECCND) * (ACCESS TIME/SEC)] + (B+23)

ko.o37¢ * CORE SIZE/SEC) * (ACCESS TIME/SEcﬂ

Equation 3.24 is a general equation for calculating cost-ver=-
second on a nicroconmputer:
COST PER SEC, = [(NO. OF YZARS) * (NO. OF MONTHS) * (¥O, OF
DAYS) * (N0O. OF SEC)]///[(ﬁUMBER OF PR0OCE3S0RS)

* (CCST PER PRCCESSOR)] (3e.24)

Equation 3.25 provides the cost of CPU in concurrent processing:
C0ST OF CO¥C. CPU/SEC = (COST PER SEC) * (CONC. ACCESS TIME)

(3.25)

Bquation 3.26 calculates storage-costs. 1t is assumed that both
the sequential and concurrent processors use the same storage=-
devices:

STORAGE COST/SEC = (C2O0ST PR TRACK) * (YUMBER OF TRACKS)

# (ACCESS TINE) (2.26)

Equation 3.27 provides the total cost of processing:

TOTAL £CST/SUZRY = CPU CCST + STCRAGE CCST (3.27)

The values used in this report for the parameters of these
equations are shown in Appendix 4.
In this chapter we have described ecuations for storage-require-

ments, access=times and costs ‘or ceatralized and concurrent

(18)



processing, Equations 3.1 through 3.11 described the storage-
requirenents needed in the processing of data~bases workinzg under
centralized or concurrent architectures. These equations are exer-
cised in next chapter to calculate the storage rsquirements for the
five groups of data-bases under study. The equations 3.15 through
3.18 described the four query complexities for centralized process-
ing, Equations 3.19 throuzsh 3.22 described the equations developed
in this study for concurrent processing. The reason of the develop=-
ment of this new set of eguations was to have a group of equations
which could be easily related to the equations ziven by Cardermas (1)
for centralized processing. Finally ecuations 3.23 through 3.27
described the equations used for calculating both centralized and
concurrent costs. In Chapter IV all the equations described here are
exe:cised and the results and aralysis of the experiments are given

in Chavter V.

(17)



IV. The Experiment

In this seciion we describe the datsa-bases used in this study
and the cost and performance experiments performed on the data-bases,.
4.1 Parametsrization

The first step carried out in ocur exveriments was to determine
the values for storage rsquirements using the equations 2.1 threouzgh
3.11. After that we proceed to compute the access=-time for centra-
lized processing for the different levels of complexity using the
characteristizs for each data-base utilized by 3lonim (8) by means
of equations 3.1% throuch %2.18 then the concurrent nrocessing
verformance equations (Zg. 3.19-3.,22) were exercised on the various
data~bases. The next step was to use the cost equations (Zg. 3.23-
3.27) to compare the costs incurred in centralized and concurrent
processing. To finish with cur experiments we calculated the
improvement of response-time centralized asainst concurrent processing,
Likewise the improvement in cost is calculated and the resulis are

ziven in perc

M

ntasees
L.2 Description of the Zata-bases

Cardenas (1) in his research worked witih € data bases, each with
different characteristics, the experiments were cazrried out on
lnverted files, Such files are of the structured class, and the
validity of the exneriments i1s therelore somewhat limited. On the
other hand, inverted files are comaon to DEMS and more generalized
infoermation systzms. Moreover, Cardenas selected invertasd “iles

because he found that performance on these was indicative of perfor-

(18)



mance on other type of files. The experiments carried out in this
report have been restricted to inverted files only because of a lack
of comparative statistics for other tyves of files. 1In this study
we use 8 data-bases as did Slonim (8). All of these data-bases have
a single structure (i.e., inverted file), but the contents differ in
each case. The results of the experiments are analyzed according to
four factors:

i) Storage Structure: the storage recuirements for the value-
index block, the access block, the data~block, and the sum of these
requirements.

ii) Access-time and cost for the four aquery complexities.

iii) Access-tine for the fourth query-complexity at various
levels of concurrency.

iv) Costs for the fcourth query-comvlexity at various levels
0f concurrency.

4,2,1 System-Statistics and Parameters used

Throughput is detaermined in large nart by design constraints
designed by the user. Slonim (8) defines five standard categories
of resnorse time: 'Mexmcellent, or almost instantaneous; very :z00d,
less than two ssconds; good, two to four seconds; averaze, greater
than four seconds vut less than fiftsen; and noor, greater than
fifteen seconds".

Ancther decisive factor which determines taroughout is the size

of the data=base. In cur evperiments we us2 several grouns of data:
the first sroup which we call "Normal' has the same characteristics

used by Cardenas and Slonim; the second zroup which wes call SmgllM

has a change in the number of records (NREC) of eacn data=base, we

)
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used 500 records in each data-base remaining without change the
other varameters; the third group which we call "Large" uses 51000
records in each data-base remaining without change the other
parzieters; the fourth group which we call "Short!" has a record
length of 20 characters in each data-base remaining its aumber of

1

records and other characteristics equal to the Yormal group; the last
group is called "Long" and it has a record length of 300 character
in 2ach data-base again remaining the number of records and other
characteristics equal to the Normal group. The value of ths para=-
meters choosen for the last four zrouvs were determined uponr previous
exrerlence, Although is well known that a "Small' data-base can be
gmaller than 300 records or a "Large!" data~base can be composed of
millicn of records, however, we decide to work with the mentioned
values, since they are well within the range of exwisting data bases.
A final factor influencing throughput is the frequency of
queries of each level of complexity.
Tables A.II and E.I show the characteristics of

used by Cardenas. "Those same characteristics and values were used

in this study in order to have a starting peint to work with., The

A

valuaes and characteristics used for data-bases 7 and 3 were obhtained

from the set of data bases described by Slonim (8),
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{("Mlormal"”, "3mall®", "Large", "Short", and "Long") are given
Appendix B.
In this Chapter we described how the enperiment was carried out.

torage=requirenents Tor the five

-4
=]
L]

L

D
o

o

3
3
-
33
o)
.
e
oy
[
{n

T™irst of a2l1i

grouvs of datz-bases. Then we proceed to ¢lizpuile tis access-iinme for



the four query comwvlexities for centralized =orocessing using the five

iy

grouvs of data-bases described. After that was computed the access=-
time for the four query complexities for concurrent nrocessing at
four levels of concurrency. At the first level 8 micronrocessors
wore added to dezl with I/0 functions. At the second level 4 micro=-
nrocessors more were added to deal with atomic-conditions. At the

third level 20 nmicroxnrocessors were added to deal with item~condi-

)

ticns and at the fourth level of concurrsncy 40 micronrocessors more
were added to deal with record=conditions. Access-times at the four
levels of concurrency were calculated for the five zroups of data-

bases. Finally the cost incurred iIn centralizsd anéd concurrent nro-

cescing was -zorputed.

(21



Ve Results and Analysis

In Phis section an analysis of the results obtained with the
experiments carried out in section IV is presented,
5.1 Analysis of Storage-Structures

Tables 5.1 through 5,5 list storage requirements for each group
of data=bases, calculated according to equationsz 3.1 throuzh 3.11.
Tizures 5.1 through 5,5 present ithe totals in graphic form. The
meaning for all the parameters and synbols utilized in this chapter

are given in Appendixz A.

Jt

A) "Normal" Group: (see tables 5.1 and B.l and figure 5.1)

Y

Jata-tase 1l requires more trackzs for the index-bloclk than the otaer
data~vases, the reason is that it has longsr key-~values length.
Data=base 2 requires less totzl storage reguirements than data-base
L1, z2lthoucgh they have the same number of records data-base 2 uses
much less traciks “or *the index-block. Data-tase 3 utilizes the same
toraze for index-block and accession=block that data=base 2 and the
storaze for data-blocizs is bisger in data-base 3 than data-base 2
since data-base 3 has wore records giving as rssuli mere ictal
storaze regquired. Data-base 4 is the largest data-base in this
sroup since it has much more number of records than the other data-
tases, howevery its storags requiirements are not the larger, this is
due to the fact trhat its record-length is the shortar of the grour.

-

Data~base 5 naz an imporiant increment of storase reauirements with

resno2et t0 data-bases 1, 2, 3 and 4 tThis due to tie fact that this

iata-baze iz the second largest data-page utilizine a recerd lengta



