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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.
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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.
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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
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oAy | KLFIX| BFI RS | SRt | BFA | msA | sea | BED | RSD sRD | TOTSR
1 2 | 447 45 8 1790 | 179 1 | 123 | 13 34 57
2 1 | 59 60 1 1790 | 179 10 | 123 | 13 34 46
3 1 | 59 60 1 1790 | 179 14 | 15 | 12 51 67
4 1 | 596 60 3 1790 | 179 47 | 127 | 13 | 163 214
5 1 | 59 60 1 1790 | 179 60 45 5 | 398 460 .
6 1| s9 60 1 1790 | 179 4 26 3 57 63
7 1 | s96 60 1 1790 | 179 4 45 5 33 39
8 1| 596 60 1 1790 | 179 60 26 3 | 691 753
TABLE 5.1

Total Storage Requirements for DBMS 1 through 8

(23)
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Graphic Representation of the Total Storage Requirements for '"Normal™ Group
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much bigger than the others data-bases. Data-base 6 utilizes the
smallest number of records in the group but the bigger record length
those factors give as result a relative small storage requirement.
Data-base 7 has the same number of records that data-base 6 but it
uses a shorter record length giving as result the smallest storage
requirements of the group. Data-base 8 utilizes the largest storage
requirements among the set of data bases this is due to the fact
that it is a2 large data base combined with a long record length.

B) "Small" Group: (see tables 5.2 and B.2 and figure 5.2)
Data=base 1 utilizes the bigger storage for index~block this is due
to the fact that its number of distinct kzey-values and average
key-value length are the greatest in the set, however, its storage
required for data-block ranges in the lower levels since its record
length is one of the lower lengths. Data-base 2 utilizes the
minimum total storage requirements the reasons are that the number
of distinct key-values., the average key-value length and record-
length are small compared with data-base 1. Data-base 3 and &4
utilizes almost the same storage requirements that data-base 1 does,
the analysis can be the same one done for data-base l. Data-base 5
and 7 utilize almost same storage requirements since both are
similar data-bases their total storage required are bigger than data-
bases 2, 3 and 4 because the record lemgth utilized by data-bases 5
and 7 is greater than the others. Data-bases & and 8 utilize the
maximum total storage required for this group the reason is that
they have the longsr record length among the data-bases.

¢) "Large" Groun: (see tables 5.3 and 2.3 and figure 5.3)

This zroup in general presents the largest storage requirements

(25)



gﬁgg KLFIX { BFI RSI SRY BFA RSA SRA BFD RSD SRD | TOTSR
1 2 447 45 8 1790 179 3 1213 13 8 20
2 1 596 60 1 1790 179 2 123 13 8 12
3 1 596 60 1 1790 179 2 - 115 12 8 12
4 1 596 60 3 176¢C 179 2 127 13 8 14
5 1 596 60 1 1790 179 3 45 5 20 25
6 1 596 60 1 1790 179 2 26 3 35 39
7 1 596 60 i 1790 179 2 45 5 20 24
8 1 596 60 1 1790 179 3 26 3 35 40
TABLE 5.2

Total Storage Requirements for DBMS 1 through 8

(26)
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among the five groups the reason is that this group utilizes the
greatest number of records. Data-base 1 as in the last two groups
continues with the greatest storage requirements for index-~blocks
since it contains the greatest number of distinect key-values and
key-value length, the storage for accession blocks ranges in the
higher levels this is due to the fact that the number of inverted
keys for this data-base is greater than for the other data-bases.
Data=base 2 presents a decrease in the total storage this is due to
the number of inverted-keys which are smaller in this data=base than
data-base 1, Data-base 3 has an increment in the storage for data-
blocks since the record length for this data base is =ligthly longer
than data-~base 1 and 2 which gives a larger total storage. Data-base
4 presents an increment of storage for index-blocks, the storage for
accession blocks remains as in data-~base 2 and 3 but it has a decre-
ment in storage for data-blocks giving as result the minimum total
storage requirements for this grouv. The reason of the decrement in
storage for accession blocks is that the length of the record iz the
smaller in the group. Data-base 5 has increments of accession=block
storage and data-blocks storage, this is because there exist incre=-
ments in the number of inverted keys and in the record length of this
data=base. Data=base 6 has a big increment of total storaze require=-
ments due to the fact that the record length is the longer in the
group. Data=-Yasa 7 has a decrement in the total storage since the
record length has also a decrement. Data=-base 3 utilizes more
storage than the other data bases. The reason is that it has incre=-
ments in the storage for accession-blocks and the storage for data-

block remains at the same level that data=base 7.

(28)



gigg KLFIX | BFI RSI SRl | BFA | RsA | sea | mED | msD srp | ToTSR
5 2 | 447 45 8 1790 | 179 | 190 | 123 | 13 | 464 663
2 1 | 596 60 1 1790 | 179 | 127 | 123 | 13 | 4s4 593
3 1 | s9 60 1 1790 | 179 | 127 | 15 | 12 | 49 625
4 1| 59 60 3 1790 | 179 | 127 | 127 | 13 | 448 579
5 1 | 596 60 1 1790 | 179 | 190 45 5 11275 | 1467
6 1 | 59 60 i 1790 | 179 | 127 26 3 |2218 | 2347
7 1 | 59 60 1 1790 | 179 | 127 45 5 {1275 | 1404
8 1 | 596 60 1 1790 | 179 | 190 26 3 Ja2is | 2410
TABLE 5.3

Total Storage Requirements for DBMS 1 through 8

("Large" Group or NREC = 51000)

(29)
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D) "Short" Group: (see tables 5.4 and B.4 and figure 5.4)
Data-base 1 utilizes a high number of tracks for index-block due to
its high value of key-value length and high number of distinct key-
values, storage for accession blocks and data-blocks is not high
since it is a medium datajbase in this group. Data-base 2 utilizes
less storage for accession-block than data-base l. The reason for
this is that the aumber of inverted keys is less in this data-base;
therefore, the total fequirements for storage are less. Data-base 3
has an increment in the total requirements. Data-base 4 has incre-
ments of storage in index-block, accessilon-block and data-block due
to the fact that this data~base utilizes a2 greater number of distinct
key=-values than do data-base 2 and 3. In addition, the number of
records is the higher of the group all this gives as result an incre-
ment in the total storage requirements. Data-base 5 and 8 are
similar in characteristics therefors their storage requirements are
the same, both of them utilize the maximum amount of total require-
ments in this group, this is because the number of inverted keys
combined with the high number of records they have given as result a
large total storage reguirements. Data~base 6 and 7 utilize the
minimum total storage requirements. Tais is due to the fact that
both of them are small data-bases with small number of Inverted keyse

E) "Long" Group: (see tables 3.5 and B.5 and figure 5.5)
Data-base 1 utilizes more number of tracks for index-block than other
data=bases due to its high value of key-value length and high number
of distinct key-values, the average list-lenzth is the ninimum since
its number of distinct key-values is the higher in the group. 3Since

data-base 2 has a reduction in its number of inverted keys this

(31)



ﬁigg | xwerx| ex Rst | srt | ®Fa | msA | sra | BFD | RsD SrD | TOTSR
1 2 | 447 45 8 1790 | 179 | 14 537 | 54 8 31
2 1 | s96 60 1 1790 | 179 | 10 537 | 54 8 20
3 1 | 596 60 1 1790 | 179 | 14 537 | 54 11 27
4 1 | 59 60 3 1790 | 179 | 47 537 | 54 39 90
5 1 | 59 60. | 1 1790 | 179 | 60 537 | 54 33 95
6 1 | 59 60 1 1790 | 179 4 537 | 54 3 9
7 1 | 596 60 1 1790 | 179 4 537 | 54 3 9
8 1 | s96 60 1 1790 | 179 | 60 537 | 54 33 95
TABLE 5.4

Total Storage Requirements for DBMS 1 through 8

("Short" Group or RLAVE = 20)

(32)
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patt | xurrx| mrr st | skt | BrA | msa | sra | mEp | ReD SRD | TOTSR
1 2 | 447 45 8 1790 | 179 14 13 2 | 335 358
2 1| 596 60 1 1790 | 179 10 13 2 | 335 347
3 1 596 60 1 1790 179 14 13 2 447 493
4 1| 59 60 3 1790 | 179 47 13 2 |1689 1740
5 1| 59 60 1 1790 | 179 60 13 2 |uss | 1507 .
6 1| 596 60 1 1790 | 179 4 13 2 | 118 124
7 1 | 596 60 ' 1790 | 179 4 13 2 | 118 124
8 1| 59 60 1 1790 | 179 60 13 2 |15 | 1507
TABLE 5.5

Total Storage Requirements for DBMS 1 through 8

("Long" Group or RLAVE =800)
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data-base requires less siorage than data-base 1. Data-base 3
presents an increment in its storage resquirements since it is a
larger data-base. Data-base 4 requires the higher number of blocks
in the group. The reason for this is that it is the largest data-
base in the group. Data-base 5 and 8 are similar in characteristics;
therefore, their storage requirements are the same. Since data-base
& and 7 are the smallest in the group both of them utilize the
minimum storage requirements.
5.2 Analysis of Access-~time

Access~times were obtalned for the five groups of data-bases
treated in this study, those access-times smbrace the four query

r 3,

t
{1

complexities described by equations 3.19 tarough 3.22 in chap
In this sectiorn we are going 10 analyze only the asccess-times
obtained for gqueries of complexity 4 at different levels of concu=-
rrency, we chose only this complexity because it is the umost common
kind of query complexity made by users in the DBMS environment,
hAccess-times for complexities 1y &€ and 3 are given in Apvendix C.
5+2.1 Levels of Concurrency

In our study we emulate the research carried out by Slonim (&)
by using the same concurrency levels that he used, those levels are

21llows:

iy

as
A) First Level: This level utilizes 8 processcors, all of them
are dedicated to the I1/0, since I/0 is the bottlemeck in most infor-
mation systems, the function of those processors is to alleviate
that problem. Those processors are indicated by "P" in equations
3,19 thrcugh 3.22, this first level of concurrency affects only the

access-time 1 in the four guery complexities.

(36)



B) Second Level: Here the number of concurrent processors is
increased. DBesides the 8 processors working in the I/0, 4 processors
are added, one for each atomic conditicm per item-condition. Those
processers are indicated by "CACIM™ in equations 3.20 through 3.22.
This second level of concurrency affects only the access-tinme 2, 3
and 4 of complexities 2, 3 and &.

C) Third Level: Here the level of concurrency is increased
again by adding 20 processors more, each of which is dedicated to
an iteme-conditicn per record-condition. Thnose processors are
denoted hy M"CICR" in equations 3.2l and Z.22. This third level of
concurrency affects only access-time 3 and 4 of complexities 3 arnd L.

D} Feurth Level: Here the level of concurrency is increased
by addirg LU »nrocessors more, each of which is devoted to a record-
condition per gquery condition., ‘those urocessors are denoted by
"CRCG"™ in aguation 3.22. This fourth level of conmncurrency affszeis

nly access~%ine 4 of complsxity L.

Table S.5 shows the number of processors required at esach level

for each complexity (access-time). In all cases; the maximum nunber

By

of nrocessors 1s intreduced at esach level,

Complexity
Level 1 2 3 L
|
1 8 8 8 i &
i
2 8 L& 12 12
2 8 12 32 32
4 3 12 22 72
Tab.l.e 5.6

Number of Processors utilized at each Level

(37}



In the following section will be described the tables, graphics

~3

F
=

els ¢of corncurren-

‘._-

and analysis for the complexity 4 at differents
ey, for the five szroups of data bases utilized in this study. The
analysis will consist of a comparison between the results obtained
for centralized processing against concurrent processing., All the
improvemnents shovn are relative to the prior level of concurrencye
Selel Access=times for "Normal" Group

} First Cencurrency Level: (see tables 5.7 and 5.8 and fizure

-

5¢6) The improvements reached by concurrent over secuential process-
ing were only cf imrortance for data-~bzses 4, 5 and 3 which are th
large data-bases of the grouv, less significant improvements were
cbtained for the smeller data-bases. The access-times for data-bases
5 and 8 were reduced by 100 percent and more; for the smaller datae
bases, reductions were between 10 and 13 percent., The introduction
of the 8 processcrs for handling I/0 operations in the concurrent
?rocassing had little effecct, ALl nonge tizes remained iz the
"noor'" category.

and fizure

o=

o
o

B) Second Concurrency Level: {sss tables 5.7 and 5.

5.6) At this level the improvemeats in response times were very
consideravle for all data-tases. The grestsst lmprovements were
registered in the smaller data-bases,
nore than 10C percent. Data=-bases 5 and 8 still remain in the

"woor" category whils all the other fell in the "averaze" catszgory.

) Third Concurrency Level:s {see tables 3.7 and 5.8 and figure

2 added to deal with atomic condi-

i)

5.5) When 20 processsrs nuore a

E redu

0
m
(. R

tlons the access~iin tremendously in all data-bases

®

until reach category of Ygood" for data-bases l, 2, %, 6 and 7.



CONC. CENT. FIRST SECCND THIRD FOURTH
DATA EVEL 1 8 12 32 72
BASE PRCCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PROCESSORS
1 30.030 27.055 ! 11.388% 3.240 0952
2 30.112 27wl 37 11.410 3.246 0952
3 3l.812 274350 11.622 3.458 1.165
4 43,022 284759 13.032 4,851 2567
5 66,512 314687 15.960 7796 5.502
6 324410 27424 11.697 3533 1.229
7 30.012 27,125 11.397 34233 0.940
8 95.812 5550 19.622 11.458 94165
TABLE 5.7
Access Time/Sec. for Query Complexity Four
Centralized and Concurrent Processing
"Normal' Group
CONC. CENT. FIRST SECCND TEIRD FOURTH
e 1 8 12 32 72
BASE PROCESSCR | PRCCESSORS | PROCESSORS PROCZSSCRS PROCESSORS
i 0 10.99 137.57 251 48 239.26
2 0 10.96 13783 25150 240.96
3 0 16.31 135.32 2356.09 196,82
4 0 49 .39 120.87 158.09 89.36
3 0 10990 98,54 104672 41465
& 9] 18,18 13443 23107 1 185.14
7 0 10.64 138.00 252452 i 243.93
8 0 171.03 30,15 L2 i 25,01
TABLE 5.8

v
%

of Improvement for Access Time Concurrent

(39)
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Data-base 8 the only data-ba#e with an improvenent of less than 100
percent, data-btases 4 and 5 have an improvement of 158 and 104
respectively. Data-bases 4, 5 and 8 still continue in the "average"
categorye.

D) Fourth Concurrency Level: (see tables 5.7 and 5.8 and
figure 5.6) This is the highest level of concurrency (72 processors),
the reducticon in access-times still rermaln high for smaller data-
bases (more than 200 percent of improvement), data-bases 4, 5 and &
have hardly improvements of 89, 41 and 25 percent respectively. The
access~times fell info the category of "excellenti" ifcr data-bases I,
2 and 7; "very-good" for data-bases 3 and 6; "good" for data-baze 4
and "average" for data-bases 5 and £. The improvement for each
level it is obtained with respect to its onrior level.

S5.2.3 Access~tine for "Small" Group

A) First Concurrency Level: (see tables 5.9 and 5,10 and
figure 5.,7) Very little improvements are recorded for all data-btases
at this level of concurrency, the highest improvement is recorded
for data-bases 6 and 8 (11 percent) anc the lowest for data=bases 1,
2, 3, and 4 (2 percent). Data-~bazes 5 and 7 had an improvenment cf 6
percent. 4t this level the effect of concurrency is not very
effective, all the times remain as in the centrallzed processing in
the "poor" category. That reans that the response time for small
data-bases is hardly improved when they are concurrently wcrking
with 3 microprocessors.

B) Sscond Concurrency Level: (see tables 5.9 and 5.10 and
figure 3.7) The improvements recorded at this level are very signi-

ficant in a2ll the data=bzges. The reduction reached in their access-

(41)



CENT. FIRST SECOND THIRD FOURTH
1 8 12 32 72
PROCESSOR PROCESSORS PROCESSCRS PROCESSORS PROCESSORE
27 430 264730 11.063 2.915 0.630
27.512 264,812 11.085 24921 C.627
27512 26.812 11.085 24921 0.627
27.512 26.822 11.094 2.923 0.630
28.712 26.962 13.2355 3.071L 0.777
F0.211 27150 1l.422 34253 0.565
28.712 264962 11l.235 3,071 0.777
30.212 27150 1r.422 3.258 Ce965
TABLE 5.9
Access Time/Sec. for Query Complexity Four
Centralized and Concurrent Processing
"Small™ Group
CENT. FIRST SECOND THIRD FCURTH
X 3 12 32 72
FROCESSOR PROCESEORS PROCESSORS PROCESSORS PROCESSQRS
0 2.61 141.61 279.51 362469
0 2.61 141.87 279+49 265.86
G 2.51 Thle87 27949 36585
0 2.37 141.77 27945k 363.96
0 De49 139498 ZES 8 2954253
0 Ll 137 469 250.58 23761
o 649 129,98 265.84 © 295,23
0 11.27 137 .69 250.58 237,61

TAELE S.lC

(42)
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times ranges between 137 and 141 percent. Now the time for all of
them {211 in the category of "average".

C) Third Concurrency Level: (see tables 5.9 and 5.10 and
figure 5.,7) Very significant improvements were recorded again at this
level, the access~times were reduced in 200 percent and more in all
the cases. The times fell now in the category of "goad",

D} Fourth Concurrency Level: (see tables 5.9 and 5.10 and
figure 5.7) Cnce again the improvements recorded show a great gain-
ing in the times reduction. Data-bhases 1, 2, 3 and 4 had an impro-
vement of more than 360 percent. Likewise data-bases 5, 6, 7 and 8
had an important improvement (237 to 255 percentj but net as high
as the first four. All the times fell in the category of Yexcellent',

As conclusion we can say that the respomnse-time for this group
with 800 records in the 8 data-bases was hardly improved with the
introduction of the first concurrency level, The second level
recorded better response~times in the 8 data-bases; the improvement
reached was of 250 percent and more. In the third level the
improvements in response time were nlgher than the second level.
Data~bases 1, 2, 3 and 4 were the more bemefitted (279 percent in
the four data-bases) this was due to the fact that they had record
lengths shorter tkan the other data-bases. Data-bases 5 and 7 had
an improvement in their response-times of 265 percent while data-
bases & and 8 had arn improvement of 250 percent. The difference in
improvements is due to the fact that data~-bases & and 2 had longer
record lengths than data-bases 5 and 7. The fourth comcurrency
level brought improvaments in resmonse time for data-bases 1, 2, 3y

44 5 and 7 with resvect to its prior level. Data-bases 5 and & were
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less benefitied at this concurrency level, however, the improvements
reached were tremendous ia all cases (237 percent minimum improve-
ment, 365 the maxdmum improvement).
5e2.4 Access-time for "Large' Group

A) First Concurrency Level: (see tables 5.1l and 5.12 and
figure 5.8) The improvements recorded for this level are tremendous=-
ly high in comparison withk the other levels of concurrency. Here

Y

were registered reduction of access-time 5T up to 350 percent which

>

is something very iaportant at tiis level since for tihe others

‘ata=vases 5 and 3 were the

E

zroups it hardly reaches 10 percent.
more favored, in this group they nave the largest record length.
Data-bases 1, 2, 3 and 4 had an improvement of 120 percent and more,
meanwhile data-bases 5 and 7 had an improvesnmeat of 260 percant. ALl
the times were in the "poor" categorye.

B) Second Concurrency Level: (see tables 5.11 and 5.12 and
figure 5.8) Here the reducticn of access-time was not as high as in
the first lsvel, the improvemsnt ranges tetweenr 40 and 94 percent.
Eere, contrary to what havpnened in the first level, the data-bases 6
and 3 were the ones which had the louwer irprovement (40 percent).

The tetter improvement was for deta-bases L, 2, 3 aand 4 (83 to %4
percent), The response-time still coatizmues in the "poor" category
for all the group.

£) Third Concurrency Level: {szee tables 5.11 and 5.12 and
fizure 5,8) Here again we found improvements of less than 100 percent
which 1z not bad, but certainly nut 23 300d as the third level in the
other groups. The higher improvements were again for data-bases 1,

2, 3 and 4 (90 tc 37 percent) as in second level. In second term
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CONC, CENT. FIRST SECOND THIRD FQURTH
hary WEVEL I 8 12 32 72
BASE PROCESSOR | PROCESSORS | PROCESSORS | DPROCESSORS | PROCESSORS
1 73.025 32,420 16.762 84615 64330
2 73.112 TZ.0l2 16.785 g.621 6.327
3 76.312 32,912 17.185 9.021 6.727
4 71.522 32.322 16.594 8a423 64130
5 154.212 42.650 26.922 18.758 16.465
6 248,430 She427 38.699 30,535 28.242
7 154,212 42.650 26.922 18,758 16.465
8 248,512 544437 38.710 30,546 28,252
TABLE 5.11
Access Time/Sec. for Query Complexity Four
Centralized and Concurrent Processing
"Large'" Group
CONC. |  CENT. FIRST SECOND THIRD FOURTH
P i 3 8 12 32 72
BASE PROCESSCR | PROCESSORS | PRCCESSCRS | PROCESSORS | PROCESSORS
1 0 125.17 9347 ke 56 36409
2 0 124,87 93.69 GL«59 36,25
3 0 131.86 91.51 90.49 34410
4 C 121.27 L.73 G700 3740
5 0 261457 38.42 L3.52 13.92
6 0 356444 40.64 25.73 8.11
7 0 26157 5842 L3.32 12,92
8 0 356451 40462 26472 Budl

o,

12

TABLE 5.12

of Improvement for Access Time Concurrent against Centralized
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yere the improvements for data-bases S and 7 (43 vercent) and im the
last term data-bases 6 and 8 only won 26 percent of improvement., The
times fell in the following categories: data-bases 1, 2, 3 and &
"averaze'" all the others in the ''poor'.

D) Fourth Concurrency Level: (see tables 5.11 and 5.12 and
figure 5.3) Contrary to what happened in others gzroups at this level
of concurrency, this group recorded a low imprevement in the § data-
bases. The nigher as in the pricr level of concurrency was recorded
for data-bases 1, 2, 3 and 4 (34 to 38 percent). Data-bases 5 and ?
again recorded the same improvement (13 percent). Data-bases & and &

m

once again recorded the lower improvement (8 percent). The timss for
data-bases 1, 2, 3 and 4 fell in the "average" category, all the
other remain in the "poor" category.

In conclusion the processors dedicated to the I/0C were of great
importance. When 8 processors were used to deal with I/0 cverations
the highest improvements in respoase time were rescorded. When 4
nrocessors more were added to deal with atomic-corditions the improve=
ments were not as dramatic as in the first level, =zevertheless the
acsess—times were reduced in almost one half. At thae point whers 20
processors more were dedicated to deal with item-conditions the
improvement in response time was not very szood in all the cases.
‘Data-pases 1, 2, 5 and 4 hardly reach a disainishing of one half, all
th2 others khad little improvement. At fourth concurrency level when
40 processors more are dedicated to deal with record-conditions the
imrrovement reaches the lower level, whi:zh means that large data-

bases do not have hizh imvrovements even at high levels of concurren-

av, Data-bases with same number of rec¢srds and same record lengths
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gave always same access-times, this is the case of data-bases 5 and 7
and 6 and 8. Finally, we can say that large data-bases with long
record lengths had the poorest benefits in this group.

Se2e5 Access=times for "Short" Group

A) First Comcurrency Level: (see tables 5.13 and 5.14 and fi-
gure 5.9) At this level the effects recorded by the use of concurren-
cy were not very high. The highest improvement (10 to 12 percent)
was reached by the large data-bases 44, 5 and 8 and the lowest (0.37
percent) for small data-bases & and 7 the other three data~bases had
an improvement of 2 to 3 percent. All the times remain in the "poor"
category,.

B) Second Concurrency Level: (see tables 5.13 and S.14 and
figure 5.9) JYere the improvement was tremendous for each data-base.
Better improvements were recorded for small and medium data-bases
(141 to 142 percent), larger data-bases recorded 136 to 138 percent.
ALl the response times dropped into the "average" category.

C)} Third Concurrency Level: (see tables 5.13 and 5.14 and
fizure 5.,9) This level showed great improvements, 246 nercent and
more for each data-base. All the response times dropped into the
N"good" categ0rye

D) Fourth Concurrency Level: (see tables 5.13 and 5.14 and
figure 5.9) At this level wvery higk improvements were reccrded for
the small data=bases 6 and 7 (405 percent). Data-base 4 the largest
in the group, recorded the lower ilmprovement (225 percent). Medium
size data-bases’;ecorded an important improvement of 3&4 to 365
percent, The response time for data-base 4 belcngs now to the cate-

ory of "vary zcood", all the cthers belong te the '"excellent'" cate-

o)
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CONC. CENT. FIRST SECOND THIRD FOURTH
- EVEL 1 8 12 32 72
ASE PROCESSOR | PROCESSORS PROCESSORS | PROCESSORS | PROCESSORS
1 27 « 130 26.730 11,063 2,915 0e630
2 27+518 26.812 11.085 2.921 0.627
3 27.812 26,850 11.122 2.958 0.665
4 30.522 27.209 11.482 3.311 1.017
5 30.012 27125 11.397 3233 0940
6 27.012 264750 11.022 2.858 Ce563
7 27012 264750 11,022 2.858 Ca365
8 30.012 27 4125 11.397 M 0.940
TABLE 5.13
Access Time/Sec. for QJuery Complexity Four
Centralized and Concurreant Prcocessing
"Short" Group
CONC. CENT. FIRST SECOND THIRD FCURTH
LEVEL 1 2 2
DATA L 8 12 32 72
BASE PRCCESSOR PRCCESSORS PROCESEORS PROCESSCRS PROCESSCRS
1 0 2.61 141.61 279.51 362,69
2 0 2.61 141.87 279 o149 265.56
3 0 558 141,43 275.59 344 W81
5 0 10.64 138.00 25252 243453
7 0 C.97 142,69 285.55 405484
TABLE 5.14
of

9

of Improvements for Access Time Concurrent against Centraliced
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As conclusion for this zroup we can say that data-bases ranging
from small (1296 records) to large (18573 records) having as special
characteristic the same record length (20 characters) will gain very
importants improvements when they work at levels 2, 3 and 4. The
first level of concurrency recorded very little improvements (less
than 1 percent) for the small data~vases & and 7; better improvement
(2 to 3 percent) was recorded for medium data-bases 1, 2 and 3 and
nuch better but still too low improvements (10 to 12 percent) for
large data-bases L4y 5 and 3, as the reader can see, when were intro=-
duced 8 processors to deal with I/C functions the results were not
satisfactory. At the second, third and fourth level the improve-
ments were high, which means thst the functions performed by the
rrocessors dedicated to deal with atomic-conditions, item-~conditions
énd record-conditions had an important role at their respective
levels, when those levels ware executed the data-bases which had the
nizher improvement were small data-bases which is contrary tco what
happened at level 1.
5.2.6 Access=-times for "Long" Croup

A) First Concurreancy Level: (see tables 5.15 and 5.1t and
fizure 5.10) The improvements in response time reccrded at this
lovel were very important for the large data-bases 4, 5 and 8 (286
to 282 percent). BSmall data-bases 6 and 7 reached only 32 to 35
vercent and the medium size dzta-vases 1, 2 and 3 recorded from 59
to 124 percent respectively. All the response times were in the
category of "poor'.

B) Second Concurrency Level: (see tables 5.15 and 5.16 and
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CONC. CENT. FIRST SECOND TRIRD FQURTH
A EVEL 1 8 12 32 72
.
ASE PROCESSOR PROCESSORS PRCCESSORS PROCESSQRS PROCESSIRS |
i 464580 29,124 15456 54309 3.024
2 59.245 30779 15,051 £.887 Le594
3 73.163 32.518 16,791 8.627 By oo
4 L57+853 43,113 274385 13,215 15,921
3 171.204 bh 774 29,046 20.882 13.589
6 384245 28..154 12.426 L2562 1269
7 38.245 28 154 12.426 Le262 1.269
8 171,204 Ly o774 29.046 20.882 18.58%
TABLE 5.15
Access Time/Sec. for Query Complexity Four
Centralized and Concurrent Processing
"Long' Group
CONC. CENT. FIwpsT SECOND THIRD FOURTH
LEVEL 1 3 1 72
DATA T 3 2 32 i
BASE PROCESSOR ¢+ PROCESSORS PROCESSORS PROCESSORS PROCESSCRS
1 0 59.93 115.43 133445 7556
2 0 92.48 104.49 118.54 4991
3 ¢ 124.99 93466 Gh.E3 36,22
4 o} 26613 5743 LZ2.51 Laebs
3 o] 282.37 Shell 39.09 12.33
6 0 35.84 126,57 191.55 116445
7 0 35.84 126.57 151.5% 116445
8 0 282.37 Shellh 3909 12433

TABLE 5.16

% of Improvement for Access Time Concurrent against Ceatralized
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figure 5.10) The improvements recorded here were important for small
data-bases 6 and 7 (126 percent) and medium data-bases 1, 2 and 3
with 116, 104 and 93 percent respectively, less important for large
data-bases 4, 5 and 8 (54 to 57 percent). Only response time 1, 6
and 7 fell into the '"average" category all the others remain in the
"poort,

¢) Third Concurrency Level: (see tables 5.15 and 5.16 and
figure 5,10) Data=bases 6 and 7 reccrded the highest improvement
{191 percent). Medium data-bases 1, 2 and 3 were reduced in their
access~times by 153, 118 and 94 percent respectively. Data-bases 4,
5 and 8 recorded the lowest improvements only 42, 39 and 39 percent
respectively. The respcnse times were as follow: data-bases 1, 2,
3, 6 and 7 were in the Maverage" category; all the others continue
in the "poor" category.

D) Fourth Concurrsancy Level: (see tables 5,15 and 5.16 and
figure 5.10) Less important improvements were recorded at this level
in all data-bases, however, small data-bases continue having a
reduction in their access«times of more than 100 percent which is of
great importance. Data-bases of medium size like 1, 2 and 3
reported a reduction of 75, 49 and 36 percent respectively; only the
larze data-bases 4, 5 and 8 did not get important ilmprovements 13,
12 and 12 percent respectively. The response times were as follow:
data=-bases & and 7 fell irnto *the "very good" category. Data=base 1
in the "good" category. Data-bases 2 and 3 in tae Y"average" and
rest in the "poor' category.

We can conclude that at first level of concurrency the access=-

times were more strongly aifected in thoss cases where the size of
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the data-base was larger than the others ones. This is due to the
fact that the combination of a large data=base with long record-lengih
is well handled in its I/0 functioms by 8 processors. Whenr smzll
data-bases with long record-length are utilized the I/0 functions
still have some bottlenmeck as in centralized processing. When the
second, third and fourth levels were exercised the improvements
recorded were always nmore significant for small data-bases; medium

and large data-bases had from light gains to biz decrements in the
improvement of the access-times,

It must be pointed out that the "Small" and "Short" groups had
almost the same bezavior in their access~times thecugh they were data=-
bases with different characteristics. The small number of records
in the "Small" group was compensated by its different record lengths
and in the "Short" group the short record lensth was compensated by
its different data-hases sizes. Graphics for this five groups are
described by figures 5.6 through 5.10.

53 Analysis of Costs

The following analysis of costs 1s carried out for the five
groups of data-bases utilizing centralized and concurrent processinge.
The cost that is mentioned in this report corresponds to the cost
per query made to the data~bases
5.3,1 Costs for "Normal" Group: (see tables 5,17 and 5.18 and
figure 5.11) The cost recorded for concurrent processzing is always
higher than for centralized processing. At first level of concu-
rrency the gains were higzher for large data-bases 5 and 8, this can
be explained simply: the cost for eight extra vrocessors is smaller

than the cost of runninzs a large centralized machine. Costs for
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CoNC. CENT. FIRST SECOND THIRD FOURTH
s LEVEL 1 8 e 32 72
RASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PROCESSORS

1 4e29 3.66 | 1.03 0.11 0.01

2 427 3.67 1.03 eIl 0.0L

3 4,58 3.71 105 Greld UL

4 6.83 3.94 1.20 C.el? 0.04

5 12.19 holi2 1450 029 0.10

6 4465 57 1.06 0.12 0.01
; 7 Le23 3467 Lel05 4% 00T
i 8 20,37 5.03 1.91 Q.47 020

TARLE 5.17
Dest/B for Query Complexity Four Cemtralized

L

and Concurrent Processing

"ormal' Grougp

CONC. CENT. FIRST SECOND TELRD l FOURTH
- X g 12 32 72
DATA (
BASE °ROCZSSOR | PROCESSORS | PROCESSORS | PRCCESSCRS | PROCESSORS
1 0 17,2 SeE 836.3 1 1000.0
2 o T8, ; 256,3 835.3 |  1000.0
P 0 23y | 253.3 8355 1600.0
i
4 ! 733 | 228,3 605.8 325,0
3 0 175.7 | 194.6 41742 190,0
6 0 25.3 250,0 753.3 1100.0
7 0 15.2 25643 83643 1000.0
8 0 204 09 163%,3 30643 135.0

% of Improvament

-
ior

TARBLE 5.18

Jost Concurrent against Centralized
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centralized processing ranges from $4.23 to §20.37 whereas for
centralized at first concurrency level ranges from $3.66 to $5.03.
When twelve processors were used the cost was reduced im all the
cases and now the cost ranges from 31.03 to 3L.91. Large data-bases
had higher costs than small data-bases, this is due to the fact that
large data-bases require more storage-space. At third level the

cost for concurrent processing was reduced tremendously; all thae
costs range between $0.11 and 30.47. Better cost was recorded for
small data=bases since they require less storage. ‘When the fourth
level was utilized the cost=beneflt showed a very impvortant improve=-
ment for daté-bases with small storage-reguirements. Likewise large
data-bases had a signifizant decrement in their costs; the improve-
ment with relation to the third level was from 135 to 325 vesrcent.
5.3,2 Costs for "Small" Group: {see tables 5.19 and 5.2C and figure
5.12) The cost for running this group of data-bases in a large
centralized conputer ranges from $§3.31 to 34.27, the same group,

when was runned with 8 nrocessors dedicated to deal with I/0 funce
tions recorded low improvemeats irn all the cases from 5.2 to 16.3
percent; which mean a reducticn in the cost from 19 to &80 cents. At
the second concurrency level better improvements were recordsd in
relation to the first level they ranged from 256 to 265 percent, the
four processors added started to realize the bhenefits of concurrency,
the cost was now little lower for data-bases with skort record
lengthe. The third level brought very high decrements im the cost for
running the group; the improvementis were Tetween 30C and 1000 perceat
which constitutes a fabulous saving when processing is carried out at
this level. When the group was running at the full concurrency level
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Cost/% for Query Complexity Four Centralized

"Small" Group

CONC. CENT. FIRST SECOND THIRD FOURTH
bary EVEL 1 8 12 32 72
BASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PROCESSORS

1 3.82 3.61 0.99 0.09 0.009

2 5.81 3.62 0.99 0.09 0.009

3 3.81 3.62 0.99 0.09 0.009

4 3.81 3.62 1.00 0.09 0.009

5 4.01 3.64 1,00 0.10 0,011

6 .26 3.67 1.03 0.1l 0,014

7 4.0L 3,64 1.0% B ol C.01L

8 Le2? 3.67 1403 Q.11 0.014

TABLE 5.19

and Concurrent Processing

CCNC. CENT. FIRST SECOND THIRD FOCRTH
i = 1 8 12 32 )
BASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS ! PROCESSCRS
1 0 5.8 26446 1000.0 900 +0
2 0 5.2 265.5 10C0.0 900.0
3 0 5.2 265.5 1000.0 900 .0
4 0 5.2 262.0 101%.1 500.0
5 0 10.1 26440 $00.0 809.0
6 0 16.0 25643 33643 68547
7 0 10.1 25043 910.0 809.0
8 0 1643 256.3 33643 68547

fald

TABLE 5.20

% of Improvement for Cost Concurrent against Csesniralized
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the improvements reached were also very high for each case but lower
than the third level. Data-bases 6 and 8 which were the ones with
longer record length, they recordsd the zminimum improvements in their
costs, contrary to this short and medium record lengths shown better
improvements.

5¢3.3 Costs for "Large" Group: (see tables 5.21 and 5.22 and figure
5.13) This group recorded the highest cost for centralized processinge.
At the first lsvel we found that larze data-bases 5, 6, 7 and 2 with
long record lenzih recorded the highest improvements amcng the four
concurrency levels, this mean that data-bases with similar characte=-
ristics to those of the data-base mentioned will have much better
cost=benefit when 8 processors are dedicated to the I/0 functions.
Costs wera dropped from $13.96 to $94.02 for centralized processing
20 84.55 to $8.66 for this first level. The improvement rscorded at
+he second concurrency level was much lower for data-bases with long
record length the explanation to this is because the bigger-storage-
requirements for those data-bases. The third concurresncy level
showed the second better improvement among the levels, zere the

zains in the cost were higher for data-bases wilth short record lengthe.
The cost was dropped from $X.51 to $4.41 for twelve ovrocessors to
30.33 to $1.76 for thirty two processors. The improvements in cost-
benefit at fourth level of concurrency were not too high although
still of importance; data-bases with long record length as in second
and third level were the ones with less improvement the explanstion
is the same given above, greater stecrage-reguirements, this level of
goncurrency dropred the costs for this group in moderate fashion

ranging from 30,12 to $0.14 for data-bases 1, 2, 3 and 4 (which have
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CONC. CENT. FIRST SECOND THIRD FOURTH
s KEVEL 1 8 12 32 72
ASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PROCESSORS

1 14,87 Lo 59 1.61 O34 Cel3

2 14437 .58 1.61 O34 0.13

3 15.25 o6l 1.65 0436 Oull

4 13.96 4.55 1.58 0«33 0.12

5 4343 6.38 2.81 0.90 048

§ 92 o43 8.62 Le39 1e74 1.08

7 42.83 6435 2,30 0.89 0.47

8 94,02 3466 Lol 1.76 1.10

TABLE 5.21

Cost/§ for Query Complexity Four Centralized amd Concurrent Procesgsing
WLarge Group

"

coNe. CENT. FIRST SECONT THIRD TOURTH

DATA LEVEL i 8 12 32 72

BASE PROCESSCR | PRCCESSORS | PROCZSSORS | PROCESSORS | PROCESSORS
1 0 % 223.9 ? 185.0 37345 161.5
2 0 2137 | 184 373.5 1561.5
3 0 228.6 181.2 5843 157.1
4 0 206.8 187.9 37847 175.0
5 0 580 .7 127.0 212.2 37.5
6 0 972.2 96.3 152.2 6L.1
7 0 570 ok 126.7 214.6 89.3
8 0 985.6 9643 15045 6040

TABLE 5.22

% of Improvement for Cost Concurrent against Centralized
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short record length) to $0.47 to $1.10 for data-bases 5, 6, 7 and 8
with long record length,.

5.3+4 Costs for "Short" Group: (see tables 5.23 and 5.24 and fizure
5.14) The use of concurrency in this group did not pay great improve-
ments at the first level. The better cost was recorded for data-base
4 which is the largest data-base, at this level small data-bases &
and 7 had an improvement of 3.3 percent sach. Medium size data-bases
1, 2, and 3 recorded 6.6, 5.8 and 7.1 percent respectively. Large
data-bases had an improvement between 19.5 and 2l.4. The second
concurrency level had significant improvements in all the cases,

they rangs from 254 to 265 percent. The ccst dropped from $3.61 to
43,69 {first level) to 50.99 to 41.04 for this level. The reason for
this is that the processors dedicated to deal with atomic conditions
reduced the access-time tremendously therefore the cost was reducede
The third and fourth levels had very impresive inmprovements. They
range from 587 to 1025 percernt which brought down the cost to very
low levels. The cost for processing this group at third concurrency
level is as follow: $0.09 for the small data-bazes 6 and 7; $0.09% to
$0.10 for medium data-bases 1, 2 and 3 and j30.11 for large data=bases,
whereas for the fourth level ranges from $0.008 to $0.016., After the
first level the larger data-bases L4, 5 and 8 started to cbtain lower
cost-benefits this was due to the fact that they utilize more storage.
S.3.5 Costs for "Long" Group: (see tables 5.25 and 5.26 and fizure

Zs
«15) The first concurrency level showed up an izmportant improvecment

1

in medium and large data-bases, between 100 and &34 percent. Data-
beses of small size recorded only an improvement of 45 to 49 percent.

Cost were droeped greatly at this level. At the second level the



CONC. CENT. FIRST SECOND THIRD FOURTH
s EVEL 1 8 12 32 72
BASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSCRS | PROCESSORS

! 3.85 3.61 0.99 0.09 0.009

2 3.83 3.62 0.99 0.09 0.009

3 3.39 3.63 1.00 0,10 0010

4 A 3459 1,04 0.11 0,016

5 440 3.68 1.03 Gk 0.015

6 273 3.61 0.99 0.09 0.008

7 3.73 261 0.99 0.09 0.008

5 b o440 3.68 1.03 0.11 0,015

TABLE 5.23

Cost/% for Query Complexity Four Centralized and Concurrent Processing
"Short" Group

CCNC CENT. FTIRST SECOND THIRD FCURTHE

T VEL 1 8 12 32 72

BASE PROCESSCR PROCESSORS FROCESSORS PRCCESSCRS PROCESSORS
1 0 66 2646 100040 50040
2 0 548 265.6 100040 300 +0
3 0 7.1 256340 900.0 500.0
& 0 21 i 25448 845.4 587.5
5 0 19.5 257 .2 83643 633.3
6 0 3.3 264.6 100040 1025.0
7 0 3.3 26446 1000.0 1025,0
8 0 19.5 257.2 83643 633.3

TABLE 5.24

% of Improvement for Cost Concurrent asainst Centralized
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CONC. CENT. FIRST SECOND THIRD FOURTE

bATA EVEL 1 8 12 32 72

BASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PROCESSORS
1 8.06 4,03 1.25 0.19 0.05
2 10.19 La.26 L.40 0.25 0.08
3 13.65 4455 1.59 0.33 0.12
4 33.36 6413 2494 0.98 0.55
5 49.31 6471 3405 1.01 0455
6 5,72 3.92 1.19 0417 0.04
7 5472 3.83 1.13 Oulh 0.03
8 49431 Goi1 3.05 1.01 0.55

TABLE 5.25

Cost/§ for QJuery Complexity Four Centralized and Concurrent Processing
"Longh" Group

CONC. CENT. FIRST SECOND THIRD FOURTH
hams SEVEL 1 3 i3 32 78
BASE PROCESSOR | PROCESSORS | PROCESSORS | PROCESSORS | PRCCESSORS

1 0 100.0 | 22244 5578 280.0

2 0 139.2 20k.2 460.0 212.5

3 0 200.0 13641 381.8 175.0

4 0 4452 108.5 200.0 78.1

5 0 63448 120.0 201.9 83.6

6 4549 2294 500.0 325.0

? 0 49.3 238,9 7071 36646

8 0 63448 120.0 201.9 83.6

TABLE 5.26

% of Improvement for Cost Cozcurrent against Centralized
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improvement was important too in all the cases were reported improve-
ments between 108 and 238 percent, thnerefore, the cost was reduced
from 33,82 to $6.71 (for first level) to $1.13 to %3.05 for this
level, The small data=-bases & and 7 were the ones with more cost=-
benefit since the processing of them was the cheaper of the group,
this was due to the fact that they require less storage. The third
level recorded the higher cost for this group. Costs were dropped
tremendously for small and medium data-bases from 371 to 707 percent,
data-bases with more storage-requirements had less but still
important improvements (200 percent}. At full level of concurrency
there was a significant decrement in the cost-benefit of the group,
however, the improvement was still important for data-bases of small
and medium size 175 to 325 percent.

After all the analysis carried out for times and costs we
conclude that concurrent processing was always faster and cheaper
than centralized processing. The different characteristics of the
five groups analyzed did not affeect that fact. As access-tinmes are
very closely correlafed with costs, the smaller the time during
which it is necessary to use the CPU and secondary storage-=devices,
the lower the cost.

All the improvements were taken with respect to the prior level
of concurrency. As can be gseen times and costs were closely correla-
ted to data-base characteristics. The longer the number of records
and the longer the record length the slower the response time and the

nigher the cost.
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VI. Conclusion

Summary.

In this study we have continued with the research initiated by
Slonim (8) by using his concurrent equaticns for access-times and
costs and recurring to the equations for centralized processing given
by Cardenas (1).

In our study we made zn emulation to the research carried cu

ot

by
Slonim (8) by comparing centralized nrocessing against concurrent but
in cur case we used five groups of data=bases which were named:
"WHormal', "3nall", “Large'", "Short'" ard "Long". The "Hormal" group
has identical characteristics to the set of data-basos used by

Slonim the reason of this was to have a scolid basis to start with.
The "Small" grour kas a variation in the number of records of each
data=base oI the group, it was set up to 300 records in ithe eight
daeta=-bases, remaining all the otaer characteristics unchanged. Ths
HLarge'" zsroup is Jistinguished because of its large data-bsses; zach
data-base was augrmentsd to 51000 records, others characteristics

+

emain without change. The "Short" znd "Loncs!" srouns have & ¥varia-
L& - =

L |

ticn only in their record lengths, using 20 and 800 charactars
respectively the other characteristics were unchanged.

Iz this study we do not analyze tae equations given ¥ Cardenas
(1) and Slonim (&) they are only described and used in the same way
that those researchers did. A new set of equations for access-time
was developed for concurrent »rocessing. This zroup of equations
(Eqe 35.19 throush 3.22) are based on the equations zivsn by Sloznizm (3),
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These new equaitions provide a group of equations more closely related
to the equations for centralized »rocessing ziven by Carderas (1l).
The first part of this study was to verify the times and costs
recorded in the Slonim's research for concurrent processing and also
to determine the times recorded in the Cardenas' research for centra-
lized processing. The second part was the experiment, here we used
the five groups of data-bases described above. Each group was tested
using centralized and concurrent processing at four levels of concu=-
rrencye. There were four concurrency levels. First concurrency level:
here were assigned 8 microprocessors to alleviate the bottleneck
produced by I/0 overations in an infomation system. Second concu=-
rreacy level: here were added 4 microprocessors more to deal with
atonic-conditions per item-congdition. Third ccncurrency level: There
were added 20 micronrocessors more dedicated to dezl with item-condi-
ticns ver record-condition. TFourth concurrency level: There were
added 40 microprocessors wore dedicated Lo deal vwith record-condi-
tions per query=-conditions. For the experinments with centralized

rze centralized machine.

#
P
§‘)

processing 1t is assumed the use of
The experiments carried out in this study remorted four accesse
times for centralized and concurreni precessing, tias last mentioned

at each level of concurrency; those access=-times corressond to sach

i

kind of guery conplexity. For centralized processing toe query coll=-

L

plexity is ziven by equations 3.15 throuzh 3.18 and for concurrent
processing the cuery ceomplexity is ziven by equations 3.19 throuszh
Fe2Z2e¢ 'az first level of cuery conpleuity is when the user does not

use any gueslification in tlhs query done to fhe data-base. The sscond

s when the uszer is zllowed to use besides to

b

level ¢f comnlexity
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iogical cperators the relational operator COR in the queries made to
the dataz-base. The third query complexity vpermits the use of logical
operators and the relational cperator AND. In fourth query cozplevi-
ty level the user is allowed to use logical operators and the
relational operators AND and CR in his query. In this study all the
tables and fizures shown in Chapter V are referred only to the fourth
kind of query complexity since we considered that this is the most
usual query in the DEMS environment. Improvements in access-tinmes
were cclculated for the fourth gquery complexity at all levels of
concurrency for the five grouvs of data-bases, those lmvrovements
are given in Chapter V. Tables Ior the other three query complexi-
ties at four levels of concurrency for the five groups under study
are given in Aoppendix C.

Another part of this study was dedicated to costs. In this
area we utilized the equations given by Slonim (8) for the computa-
tion of costs incurred in the »rocessing of centralized and distribu-
ted architectures. The costs were calculated for the four query
complexities at all levels of cencurrerncy Zor thz five groups of
data~bases, We chose to analyze only complexiiy ifour at all concu-

rrency levels the reasons of this are the same given for accesse

H
o

times. The improvement 1n cost was calculated fo he fourth
comvlexity at all levels, the imnrovement at any speciflc concurrency

level is calculated to itz pricr level.
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Analysis.,

The results recorded in this study lead us to conclude that
concurrency at any level iz a poweriul alternative for those who
perfom in ceantralized environments. Cecst and response-time depend
on data-base characteristics. The user nmust balance the data-base
characteristics and the level of concurrency in order to obtain the
nexinum cost-benefit and the ninimum response=-time. In our study we

nave seen that a higher concurrency level does not always record the

<
| d

best luprovementis in time or cost with respect to its prior level
of concurrency, however, higher concurrency levels recorded always
lower times therefore lower costs. 3ince times and costs are close-
1y correlated, the smaller the time during which it is necessary o
hold the CPU and secondary storage-devlices, the lower the cost.

The system's architeciure affects greatly the throughput, any

systen in ordasr to achieve maximum throuzhput must minimize the

-

respouse-tize, in our study, thisz, -7ras alweys obtained at full con-

9]
=

rrency level. That is, 1if the system has the maxinmum number of
availavle processors working concurrentiy then will be recorded the
maxinun throuzhput. In this study we have seen how the access-tine
of any data=base not only depends on a single factor such as size
but also on g related group of factors such as record length and
architecture of the system. Centralized processing invarizbly leads
10 slow access=-timeg and high costs, concurrsni processing always

racorded better access=-times and lower costs,.
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Future Work.

Further study of the effects of various characteristics of
data-bases on concurrent vincessing is required.

The study carried out in Chanter V may be reveated using
different test cases, varylng other characteristics of the data-
Dases in order to see how access-time and cost are affected for
those new characteristics.

In this study we utilized only data-bases with a single struc-
ture (i.e., inverted file) but the study could be repeated for
unstructured data-bvases like relational data-bases.

For this study it was assumed that the system consisted of
homogeneous software and hardware; this stimulates interest in how
access~time and cost will be affected using heterozeneous hardware
and software?

This study is only concerned with access-times zrnd costs for
retrieval from a data-base; further research c¢zn also study the

updating of a data=base,
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TABLE I.

Parameters and Symbols Used

Farameters Estimated:

RLFIX Fixed key~value length

BFI Blocking factor (key-value index block)

RSI1 Reserve space {key-value index bdlock)

SRI Storage requirement (key-value index vlocks)
BFA 3locking factor (accession block)

SRA Storage requirerent {accession blocks)

BFD Blocking factor (data block

Rsb Reserve space (data olock)

SRD Storage rsguirement (data blocks)

L3TAVE Average list length for the NEEY keys

XA Averages number of accession blocks reguirzd to hold

the average list length

XD Average number of data blocxs accessed per guery
TOTSR Total storage requirement
ACCTM Averaze access tinme

Query Transszsction Characteristics:

ATT Average number of atomic conditions per
itea condition (ACI = 5)

ICR Averaze number of item conditions ner
record condition (ICR = L)
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RCQ

NKE

Average number of record condition per
guery coudition (RCG = 8)

Tumber of access key names inverted

Data Base Statistics:

HREC

RLAVE

KLAVE

NVAL

DKV

Nlumber of records

Average record length

Average key-value length for the JKEY keys
NMumber of unique key-values, Ith key

Total number of unigue key-values for th

5}

JKEY keys

TABLE II.

Device Parameters and Symbols Used

Zlock length in characters, 10740 characters
Alock lengta in words, 1790 words

Word length in characters, 6 characters

Average time to access a block, track or page,

120 msec

Average time to compare an access key {(key-value),
1.5 msec

Average time to intersect two tlocks of acceszion

numbers (pointers to records), 50 nsec
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TABLE III.

Parameters Used in Cost Equations

Core Size/sec.: 128 K

No. of Years: - 5 Years

No. of Months: ' 12 Montasg

Ho. of Days: 25 Days

Yo. of Seconds: 3600 Sece

Cost per Processors: 35,000.00

Cost per Track: 0.0001¢

Access Time/sec.: (Calculated by equations

3.15 through 3,18)
Number of Processors: (3iven by System's Architecture)

Number of Tracks: (Calculated by equation 3,11)
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DB

R 1 2 3 4 5 6 7 8
NREC 3676 3676 5239 18573 15888 1296 1296 15888
NKEY 6 4 4 4 6 4 4 6
DKV 2914 496 483 1175 271 466 466 271
LSTAVE 8 30 43 63 " 352 11 11 352
KLAVE 10 q 4 3 4 4 4 4
RLAVE 87 87 93 84 236 404 236 404
KLFIX 2 k| 1 1 1 1 1 1
BFI 447 596 596 596 596 596 596 596
RSI 45 60 60 60 60 60 60 60
SRI 8 1 1 3 1 1 1 1
BFA 1790 1790 1790 1790 1790 1790 1790 1790
RSA 179 179 179 179 179 179 179 179
SRA 14 10 14 47 60 4 4 60
BED 123 123 115 127 45 26 45 26
RSD 13 13 12 13 5 3 5 3
SRD 34 34 51 163 398 57 33 691
TOTSR 57 46 67 214 460 63 39 753

TABLE B.1

Data Base Characteristics and Results for "Normal" Group
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pEsc—D B 1 2 3 4 5 6 7 8
NREC 800 800 800 800 800 800 800 800
NKEY 6 4 4 4 6 4 4 6
DKV 2914 496 483 1175 271 466 466 271
LSTAVE 2 6 7 3 " 18 7 7 18
KLAVE 10 3 4 3 4 4 4 4
RLAVE 87 87 93 84 236 404 236 404
KLFIX 2 1 1 1 1 1 1 1
BFI 447 596 596 596 596 596 596 596
RSI 45 60 60 60 60 60 60 60
SRI 8 1 1 3 1 1 i 1
BFA 1790 1790 1790 1790 1790 1790 1790 1790
RSA 179 179 179 179 179 179 179 179
SRA 3 2 2 2 3 2 2 3
BFD 123 123 115 127 45 26 45 26
RSD 13 13 12 13 5 3 5 3
SRD 8 8 8 8 20 35 20 35
TOTSR 20 12 12 14 25 39 24 40

TABLE B.2

Data Base Characteristics and Results for "Small" Group
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DB

o 1 2 3 4 5 6 7 8
NREC 51000 51000 51000 51000 51000 51000 51000 51000
NKEY 6 4 4 4 6 4 4 6
DKV 2914 496 483 1175 271 466 466 271
LSTAVE 105 411 422 174 1129 438 438 1129
KLAVE 10 3 4 3 4 4 4 4
RLAVE 87 87 93 84 236 404 236 404
KLFIX 2 1 1 i § 1 1 1 1
BFI 447 596 596 596 596 596 596 596
RSI 45 60 60 60 60 60 60 60
SRI 8 1 1 3 1 1 1 1
BFA 1790 1790 1790 1790 1790 1790 1790 1790
RSA 179 179 179 179 179 179 179 179
SRA 190 127 127 127 190 127 197 190
— 123 123 115 127 45 26 45 26
RSD 13 13 12 13 5 3 5 3
SRD 4564 464 496 448 1275 2218 1275 2218
TOTSR 663 593 625 579 1467 2347 1404 2410

TABLE B.3

Data Base Characteristics and Results for "Large" Group
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DB

DESC. 1 2 3 4 5 6 7 8
NREC 3676 3676 5239 18573 15888 1296 1296 15888
NKEY 6 4 4 4 6 4 4 6
DKV 2914 496 483 1175 271 466 466 271
LSTAVE 8 30 43 63 " 352 11 11 352"
KLAVE 10 3 4 3 4 4 4 4
RLAVE 20 20 20 20 20 20 20 20
KLFIX 2 1 1 1 1 1 1 1
BFI 447 596 596 596 596 596 596 596
RSI 45 60 60 60 60 60 60 60
SRI 8 i 1 3 1 1 1 1
BFA 1790 1790 1790 1790 1790 1790 1790 1790
RSA 179 179 179 179 179 179 179 179
SRA 14 10 14 47 60 4 4 60
BFD 537 537 537 537 537 537 537 537
RSD 54 54 54 54 54 54 54 54
SRD 8 8 11 39 33 3 3 33
TOTSR 31 20 27 90 95 9 9 95

TABLE B.4
Data Base Characteristics and Results for "Short" Group (85)




pese 2B 1 2 3 4 5 6 7 8
NREC 3676 3676 5239 18573 15888 1296 1296 15888
NKEY 6 4 4 4 6 4 4 4
DKV 2914 496 483 1175 271 466 466 271
LSTAVE 8 30 43 63 " 352 11 11 352
KLAVE 10 3 4 3 4 4 4 4
RLAVE 800 800 800 800 800 800 800 800
KLFIX 2 1 1 1 1 1 1 £
BFI 447 596 596 596 596 596 596 596
RSI 45 60 60 60 60 60 60 60
SRL 8 1 1 3 1 1 1 1
BFA 1790 1790 1790 1790 1790 1790 1790 1790
RSA 179 179 179 179 179 179 179 179
SRA 14 10 14 47 60 4 4 60
BFD 13 13 13 13 13 13 13 13
RSD 2 2 2 2 2 2 2 2
SRD 335 335 447 1689 1445 118 118 1445
TOTSR 358 347 493 1740 1507 124 124 1507

TABLE B.5

Data Base Characteristics and Results for "Long" Group
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APPENDIX C

Access Times and Costs for Query

Complexities 1, 2 and 3
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"Large" Group

(88)

DB 7 3
ACCT 1. 2 3 4 5 6
1 1,00 2.31 2,25| 5.57 23.68 1.33 1.27 | 27.89
2 3.32 437 6404 | 14499 | 40e34 4e58 3.72 64470
3 6.08 7e13 8,80 1775 | 43.09 734 Gel8 6746
TABLE C.l
Centralized Access Times for Query Complexities 1,2 and 3
""ormal" Group
DB
8
ACC L 2 3 4 5 6 7
1 0.47 0.77 0.78 0.56 1.50 Ce9% 0.90 | 1l.71
2 1.55 1.80 1.80 1.69 2«29 3.22 2467 | 4425
3 be3l 4+ 56 4eS56 | 4445 575 5.98 2«43} 7,00
TABLE C.2
Centralized Access Times for Query Complexities 1,2 and 3
"Small" Group
o 1 2 3 4 5 6 7 8
ACCTM :
1 9.72 | 27.60 28476 | 14472 | 75024 | L4004 | 37.37 | 88.81
2 32,47 | 46,87 | 49.92| 39.38 |126.99 [140.16 | 105.62 [20543
3 35,23 | 49.62 52467 | 42414 |129.75 |142.91 | 108438 208,18
TABLE Cla3

fentralized Access Times for Query Complexities 1,2 and 3




DB i
ACCT) : z 3 4 5 § 7 8
1 0.82 1.09 1.39 346 3.61 0.61 De61 Fsb1
2 1.82 1l.81 2eld 4a.92 L.e31 1,31 1.31 L4e31
3 4457 4457 4487 7«68 707 4«07 4,07 707
_ TABLE Cub4
Centralized Access Times for Query Complexities 1,2 and 3
"Short" Group
DB
Plolepel z g 3 4 5 § 7 8
-1 1.06 3415 Lol 6452 3l.54 1.37 1.37 ] 3l.54%
2 4460 13,01} 18446 29.86 | 102.75 Selt6 5.46{102.75
3 7326 15,76 21.22 22.62 | 105.51 8e22 8.22[105.51

TABLE Cl5

Centralized Access Times for Query Complexities 1,2 and 3

"Long" Group
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Concurrent Access Times for Query Complexities 1,2 and 3

"Tormal" Group (32 Processors)

(90)

DB 2
ace 1 2 3 b4 5 6 7 g
1 0-1-!-0 0056 0068 009? 3023 ch-i-j-{- OOLI-.} 5076
2 1.30 l.43 1.64 2476 5.93 1.46 1455 8.98
3 3,96 4.09 430 Seb3 8.59 Lel2 4,01 11.63
TABLE C.6
Concurrent Access Times for Query Conplexities 1,2 and 3
"Normal" Group (8 Processors)
DB
ACCTA 1 2 3 4 5 6 7 8
1. 0.40 0.56 0.568 0.97 3.23 Oelih 043 3.76
2 0.81 0.94 1.15 2.27 Seltly 0.97 0.86 848
3 2,01 2e13 2e33 346 6.62 24,15 2,04 .67
TABLE C.,7
Concurrent Access Times for query Complexities 1,2 and 3
"Normal” Group (12 Processors)
B .
7 8
| AcCTN 1 2 3 4 5 6
1 0.40 056 0.68 Q.97 Beld P Okl Oek3 3.76
2 0.81 0494 1,15 2427 Selh 0.97 0.86 Belt8
3 1.561 1.74 1.95 3.07 6e24 1.77 1.66 9.28
TABLE C.8




"3mall" Group (12 Processors)

(91)

DB /
ACC 1 2 3 4 5 6 7 8
1 Q&40 056 0.68 Ce97 2.23 Oeitls Oe43 3.76
2 0.81 009’-{- 1015 2027 S-L}LI- 009? 0586 8-2-5—8
3 Lw Bk 1.74 1.95 2.07 be2L 1.77 1,66 3.28
TABLE C49
Concurrent Access Times for Guery Complexities 1,2 and 3
"Normal" Group (72 Processors)
DB
ACOTH 1 2 3 4 5 6 7 8
1 0.53 037 Ce37 0.3 Do4B Ce39 0.328 O.48
2 1.08 1.1l 1l.11 1,10 1.26 1.29 l.22 lal2
3 3474 377 Bed T 576 3.92 3.95 2,88 4,08
TARLE CL.l10
Concurrent Access Times for S3uery Complexities 1,2 and 3
nSmall" Group {8 Processors)
DB 5
 acoTY 1 2 . 3 4 5 ] 7 8
1 0033 0-3? 0037 '3‘43L o-',-i—6 0-39 0.58 O-L}S
2 D59 Q.62 0462 0.61 0.77 0.80 0.73 033
3 1.79 1.80 1.80 1.3C 195 1,98 1.91 2.11
TABLE Cl.ll
Concurrent Access Times for Query Complexities 1,2 and 3




DB
ACCT 1 P 3 4 3 6 7 8
: Ce33 037 0437 O34 Oe46 039 0.38 048
2 0659 Q0a.62 0.62 0«6l 0677 0«80 0.73 093
3 1.39 | 1.s42| Lek2| ekl | 1457 ] 1.60| 1.53] 173
TABLE C.l2
Concurrent Access Times for Query Complexities 1,2 and 3
"Small' Group (32 Processors)
DB
ACCTH 1 2 3 4 3 6 7 8
1 033 Ce37 0.37 0.34 Ou4b 0839 0.33 Oel48
2 0.39 Q.62 0.52 b 077 0.80 073 092
3 1.39 le42 l.42 l.41 1.57 1460 1.53 1,73
TABLE C.l3
Concurrent Access Times for Query Complexitises 1,2 and 3
"3mall" Group (72 Processors)
B &
8
coT 1 2 ' 3 & 5 & 7
1 1.49 3472 %.87 2.11 G.67 5028 LeOL | 11,37
2 1-}.95 6&?5 7015 5-81 16 .76 18 cj-l-l 14009 2—6-57
3 7 «brd; o4O 9.78 8448 19.42 21.06] 16.75| 29.22

TABLE C.l4

Concurrent Access Times for Query Complexlties 1,2 znd 3

"Large" Group (8 Processors)
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Concurrent Access Times for Query Complexities 1,2 and 3

"Large" Group (72 Processors)

(93)

DB , 8
Acc 1 2 3 4 5 6 7
1 1.49 3.72 3,87 2ell 9.67 5428 404 11,37
2 L4 6e25 6.64 5¢32 16.27] 17.92 13.06 26,07
3 565 7 olth 782 6451 17.45] 19.10 14.78 27«26
TABLE C.15
Concurrent Access Times for Query Complexities 1,2 gnd 3
nLarge" Group (12 Processors)
DB
ACCTN 1 2 3 4 5 6 7 8
1 1.49 3672 2.87 2l Q.67 5.28 4,94 11.37
2 Lelb 6.25 Gebl 5 b2 16,270 17.92 | 13,06 26407
3 5.26 705 70isls 6.12 17.07) 18.72 1} 14440 26.87
TABLE C,.l6
Concurrent Access Times for QJuery Complexities 1,2 and 3
"Large" Group (32 Processors)
DB
7 8
ACCTY 1 2 | 3 4 5 £
l 101}9 5.72 _2/.87 2-11 9-6? 5.2& =l+n9£+ ll.}?
2z Lali6 625 Bablh 5.32 16427 17.94 13.06( 26.07
3 S5el26 705 7ab4b bel2 17.07 18.78 14.L0| 26487
TABLE C.17




DB
scem T 2 3 4 5 6 7 8
P 0.38 Oel4l Oully 0,70 0.72 0435 0e35 0.72
2 1.11 1.11 1.15 1.50 l.43 1.05 1.05 1l.43
3 3.78 | 3.77 | 3481 | 4417 | 4408 | 3.71| 3.71|  4.08
TABLE C.18
Concurrent Access Times for Query Complexities 1,2 and 3
"Short" Group (8 Processors)
S 1 2 3 4 5 6 7 g
1 0.38 Qull] Oohh 0«70 0.72 0e35 0.35 0.72
2 0e63 0.62] 066 1.01 0.94 0456 0e56 QeG4
3 1.82 1.81 l.84 2+20 Zald 174 1.74 2.12
TABLE C.19
Concurrent Access Times for Query Complexities 1,2 and 3
"Short!" Group (12 Processors)
D3
3 7 8
ACCTY 4 2 3 4 5 6
3 0.38 Q41 Doty 0670 O.72 035 0e35 072
2 0e63 .62 0.66] 101 0.9 0456 0456 Q.94
3 le43 l.42 l.46 1.81 l.74 1.36 1e36 1.74
TABLE C.20

Concurrent Access Times for Query Complexities 1,2 and 3

Short" Group (32 Processors)
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foncurrent Access Times for Query Complexities 1,2 and 3

"Long”'Group (12 Processors)

(95)

DB 8
AC 1 2 3 4 5 & 7
1 0«38 041 Oelths 0.70 Q.72 0.35 035 0.72
2 0463 0e62 0.66 1.01 094 0e56 0.56 Ce9h
3 lalt3 leo42 l.46 1.81 l.74 1.36 136 1.74
TABLE C.21
Concurrent Access Times for Query Complexities 1,2 and 3
"Short" Group (72 Processors)
4 i 2 3 4 & 8 7 8
ACCTM
i Oell 0466 0.83 1.09 L4421 Oelply O 44 Le.21
3 Lol3 5.17 585 7:29| 16439 Le23 Le23 1635
TARLE Ce22
Concurrent Access Times for Query Complexities 1,2 and 3
"Long" Group (8 Processors)
B , 5 7 8
ACCTN 1 2 _ 3 4 3 8
i Ol Q.66 0,83 1.09 Le2l | Oeb4h Oeolily Le2l
2 0.97 2402 2e70 La13| 13.24 1.08 1.08 13.24
3 2el? 3.20 3489 5«32 1heb2 2426 2.26 1hei2
TABLE Ce23




DB g
sceT 1 2 3 4 3 ) 7
1 Qasll Cebb 0.83 1.09 La.21 Ol O.44 4.21
2 097 2.02 270 Lel3 13.24 1.08 1.08 13,24
3 Laf7 2.82 350 Le93 14.04 1.88 1.38 14.04
TABLE Ce24
Concurrent Access Times for Query Complexities 1,2 and 3
"Long" Group (32 Processors)
B -
ACCT b 2 3 4 3 & 7 3
1 Oell 0.66| 0683 1.09 Le2l Qelids Oualtt | he21
2 0097 ! 2002 2.?0 4-13 13.21{» 1008 1.08 131»2'-}
3 1.77 2482 3.50 Le93 14,04 1.88 1.88 | 14.04
TABLE C.25

Concurrent Access Times for Query Complexities 1,2 and 3

"Long" Group (72 Processors)
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DB
. 1 2 3 4 5 6 7 g
1 0.14 032 Deb6| 0.88 Le3h 0.19| 0s17 5.93
2 047 0e62 0.87] 2.38 7439 0.651 0.52 | 13,76
3 0.87 1.01 1.26| 2.81 7490 1.05] 0.91 | 14.34
TABLE C.26

Cost for Query Complexities 1,2 and 3 "Normal” Group (Centralized)

DB
oSt 1 2 3 4 5 6 7 8
1 0.06 0.10 0.,10] 0.07 0.21 0.13| 0.12 Oe2l
5 0.21 0.25 0.25] 0.23 Ou4l Oult5| 0437 0«60
3 0.60 0ub63 0.62| 0,61 0.80 0.84] 0.75 0499

TABLE Ce27

Cost for Query Complexities 1,2 and 3 "Small" Group (Centralized)

DB
COST X 2 3 4 5 8 7 8
1 1.98 Sel43 Se7h 2487 21.37 14,90 { 10.38 33.60
2 6561 9.21 G497 | 7469 | 36,07 | 52414 | 29.34 | 77.72
3 Tl .76 10.52 Be23 36485 53617 | 2010 7877
TABLE C.28
Cost for Query Complexities 1,2 and 3 "Large" Group (Centralized)
DB q -
COST 1 2 3 4 5 ] 7 3
1 0,10 | 0.15 0,19 0.50 | 0e53 ] 0.08| 0.08| 0.53
2 0.25 Ca25 029 0.72 Ceb3 0.138 0e18 0e63
1 3 Oub4 0.63 0,68 1.1l2 1,03 Qw56 0.56 1.03
TABELE C.29

Cost for Query Complexities 1,2 and 3 "Short" Grour (Centralized)
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DB

. 1 2 3 4 5 6 7 8

1 0418 | 0u54 | 0483 1.37 | 9.08 | 0.20| 0.20{ 9.08

2 0,79 | 2.23| Z.u4| 6.31 | 29.60 | 0.81| 0.81| 29.60

3 1427 | 2471 3.96| 6.89 | 30.39 | 1.23| 1.23| 30.39
TABLE C.30

Cost for Query Complexities 1,2 and 3 "Long" Group (Centralized)

DB
1 0.05 0.07 0.09 0.13 CelS 0,05 0.05] 0453
2 0.17 0.19 Oe22| 037 082 0419 0.18 1.27
3 0e53 0+55 C.58 0.74 1,19 055 OeBh| 1a65
TABLE Ce3l
Cost for Query Comnlexities 1,2 and 3 "Normal" Group (8 Processors)
DB
COST % 2 3 4 5 & 7 8
1 0.05 0.07 0,09 ] 0.13 Oe45 0.C5 0.05) 053
2 0.07 0.08 0.10 0,20 051 0.08 0.07 082
3 0.18 019 0.21 0«31 0.62 0el9 0418 0.94
TABLE Cl32
Cost for Query Complexities 1,2 and 3 "Normal" Group (12 Processcrs)
DB
8
oS8T 1 2 3 4 5 6 7
1 0.05 0.07 | 0409 0.13] 0Oei5 0.05 0.051 0453
P .07 0.08 0.10 0420 Ce51 0,08 0.07] 0.82
L 3 0,05 0,05 | 0,06 0.11| Q.23 0406 0.05} 0438
TABLE C.33

Cost for Query Complexities 1,2 and 3 “Normal" Group (32 Processors)
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DB
COST 1 2 3 4 5 6 7 8

1 0.05 0.07| 0,09 0.13 0eis5 0.05 0.05| 0453

2 0.07 0.08| 0.10 0.20 051 0.08| 0.,07] 0.82

3 005 0.05| 0.06 0.1l 023 0.06 0.05| 0.38

TABLE Ca34

Cost for Query Complexities 1,2 and 3 "Normal" Group (72 Processors)

DB
COST 1 2 3 4 5 6 7 8
1 0404 0405{ 0405 004 0.06 0405 0.05| 04,06
2 Owelh 0.15| 0.15 Owell 0417 0.37 0.16] 0,19
3 0450 0.51] 0.51 0450 0e53 0e53 0«52 ©a55
TABLE C435

Cost for Query Complexities 1,2 and 3 "Small" Group (8 Processors)

Cost for Query Complexities 1,2 and 3 "Small"

COSTDB 1 2 3 4 5 6 7 8
1 04,04 | 0.05| 0405 | 0.04 | 0406 0.05] 0.05] 0,06
2 0,05 | 0405| 0405 | 0405 | 0.06| 0.07| 0.06f 0.08
3 0,16 | 0.16] 0416 | 0416 | 0417 0.17| 0417 0.19
TABLE C.36

Group (12 Processors)

DB

COST 1 2 3 4 3 6 7 8
L 0.04 C.05 0.05 0404 0.06 0.06 0405] 0.06
2 005 Q.05 0.05 005 006 0.07 0.06 0.08
3 0.04 CoOL | Q.04 0.04 Ce05 0.05 0.05] 0.05

TABLE C437

Cost for Juery Complexities 1,2 and 3 '"Small" Group (32 Processors)
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DB .
COST 1 2 3 4 5 6 7 8
1 0004 0005 0005 ' 0004 0006 0.05 0005 0006
2 Q.05 0.05 0.05 0.05 0.06 0,07 ] - 0.06 0.08
3 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05
TABLE C.38

Cost for Query Complexities 1,2 and 3 "Small" Group (72 Processors)

Cost for Query Complexities

1,2 and 3 "Large" Group

DB
COST L 2 3 4 5 6 7 8
1 0,21 0.52 Q«54 0.29 leltiy 0.83 Oe73 1.80
2 O-?O 0095 1;00 Otgl 2-50 2091 2010 4;22
3 1.0? 1032 1.58 1.19 2.90 3.53 2-49 +.65
TABLE C.3%5

(8 Processors)

COSTDB 1 2 3 4 5 6 7 8
i 0.2l | 0452 | 0u54| 0.29| Llo4h | 0483] 0.73] 1.80
2 Ouli3 | 0460 | 0.63] 0450 1.70 | 2.03| 1.41] 2.97
3 0.54 | 0.71] 0.75] 0462] 1.82 | 2.161 1.53] 3.11

TAELE C.40

Cost for Query Complexities 1,2 and 3 "Large" Group

(12 Processors)

DB i
M 1 2 3 4 5 6 7 8
1 0.21 | 0.52] 0.54!  0.29] 1.u4] 0.83] 0.73 1.80
2 0el43 | 0450] 0.63] 0.50 1.70] 2.03]  1.41] 2.97
3 0.21 ] 0.28] 0.29] 0.24] 0.82] 1.07] 0.68]{ 1.55
TABLE Co41

Cost for Juery Complexities 1,2 and 3 "Large" Group (32 Processors)
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DB E

COSD 1 2 3 4 5 6 7 8 |

1 0e21 | 0452 0u54] 0.29] 1eht | 0.83]| 0473| 1.80

2 0.43 | 0.60| 0.63] 0.50| 1.70 | 2.03| 1lo41] 2.97

3 0.21 | 0.28| 0.29| 0.24] 0.82 | 1.07| 0.68] 1.55
TABLE C.42

Cost for Query Complekities 1,2 and 3 "Large" Group (72 Processors)

DB
COST L 2 3 4 5 6 7 8
1 0.05 0.05 0.06f 0409 009 C.0% 0.04 O.C
& 0al5 0el5 0.15 0.20 019 Oull Cely 0.19
3 Ce51 0.51 0«51 0e55 055 0.20 0450 0.5
TABLE Ca43

Cost for Query Complexities 1,2 and 3 "Short'" Group

(3 Processcrs)

Cost for Query Complexities 1,2 and 3 "Short" Group

DB -
COST 1 2 3 4 3 6 7 8
1 0.05 Ce05 0.06 0,09 0.09 0.04 0.04 009
2 005 0405 0.06] 0.09 0.08 0.05 0.,G5 0.08
3 0.16 De16 016 0.20 0.19 0415 Q.15 0.19
TABLE C.uk

(12 Prccessors)

DB
cosT 1 2 3 A 5 6 7 8
1 PN 0.05 0.06] 0,09 Q.09 0.04 0«04|{ 0.09
2 0.05 0.05 0.06| 0.09 0,08 0,05 0.051 0.,08
3 0404 0«04 0.04 | 0.06 Q.06 0«04 0.04] 0.06

TABLE C.45

Cost for Juery Complexities 1,2 and 3 "Short" Group (22 Processors)
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DB
COST 1 2 3 4 5 6 7 8
1 0«05 005 0.06 0.09 0.09 0«04 Q.04 009
2 0‘05 0005 0006 0.09 0008 0.05 0.05 0008
3 0.04 0.04 0.04 0.06 0.06 0.04 0.04 0.06
TABLE Cl.46

Cost for Query Complexities 1,2 and 3 "Short'" Group (72 Processors)

DB

. i 2 3 4 5 6 7 8
1 0.05| 0409] 0411 | 0.15| 0463| 0.06 | 0.06 ] 0.63
2 0,20 { 0.34| Ouhh | 0465 | 2.06| 0.22 | 0.21 ] 2.06
3 0457 | 0471 0481 | 1.03| 2.46{ 0458 | 0.57 | 2.46

TABLE Co47
Cost for Query Complexities 1,2 and 3 "Long"

Group (8 Processors)

DB ; .
. 1 2 3 4 5 6 7 8
1 0.05 0409 0.11] 0.15 0e63 0.06] 0.06 0.63
2 0409 0.18 0+425| Oobk 1,39 0.10| 0.09 1.39
3 0.20 0429 0.36] 0.57 1.51 0621] 0.20 1.51
TABLE Co48

Cost for Query Complexities 1,2 and 3 "Long" Group (12 Processors)

DB
COST 1 2 3 4 - 6 7 8
1 0.05 0«09 0s11l| 0C.l5 Q.63 0.06 0.06 0463
2 0.09 0e18 0e25] Ouky 139 0.10 0.09 1.39
3 0.06 0.10 Oel3| 0425 0.68 0.06 0.06 0468
TABLE Ca49

Cost for Query Complexities 1,2 and 3 "Long" Group (32 Processors)
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DB

COST 1 2 3 4 5 6 v 8
1 0.05 0.09 (o el 0el5 0.63 0,06 0.06] 0.63
2 0,09 0.18 0.25 Oolily 1.39 0.10] 0,09} 1.39
3 0,06 C.10 Del3 Je25 068 Ce06 0.06 D.68
TABLE Ce50

Cost for Query Complexities 1,2 and 3 "Long" Group (72 Processors)
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Abstract

As computer users become more familiar with the capabilities of
the equipment, they prefer to be responsible for thelr own activi-
ties - that is, operate their ovm equipment (under their own sets of
priorities and schedules, within their own budget) and use their own
data bases. Since today's couputers - particularly microcozpaters
and minicomputers - have reached the point where the cost of
acquisition is small, many business organizations which were working
under centralized processing are now changing to distributed data
Processing.

In this report data base characteristics and system architecturs
are the two main factors under 'study. Since these two factors
greatly determine cost and throughput, it is intended to present hare
a comparison between centralized and coxmcurrent processing in crder
to see how the performance in response=time and the tenefits in cost
are affected when data-bases with different characteristics are used

in both centralized and concurrent processing.



