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to TNGRES. Rdb. and S1032, l7ATATRTEVE 

VAXs- was included. 

a produrt riirreaatly iiscd on many en erg^ Sy~tenns’ 

Section 2 of this report gives a brief description of the f ~ i ~  datalrase prerhcts. The terhmique 

employed in evaluating relative pTforma;lwe is presrnted in Sect. 3. Section 4 wntains a dcscription 

uf the operatirig enviionanenit. Thaw I database dcsig~n. operatiorib, m d  resdts are preserhxl in 

Sect. 5, and those of Phase TI. i t 1  Sert. 6. General ohservations and a comparisnr: of featiwrs me 

rliscrisaed in the h a 1  sertion. 

Thtw is ciinently much i n t ~ e s t  in the technirpze of henchmarking, with st8u&s iude r  way arid 

pap i s  appearing in the Ii t~rati ire~ I have ref;.&ed fmn using the term benchmark, vrhich presumes 

a standard; I know of EO such measuremmt for relational datahave perfornlmse. Moreover, a better 

hdirator of the iwfulness of database management bystems is thei- performam? of realistic fmctions 

on an actud database; that is the basis of this stincly. 



Although the priniaxy iuterest was in relational database management systems, this stiitly 

included S 1032, wMi% is rel;ttiond-Eke rather tlim rclatiuid, arid DAT.ATIaEV"E, which is UIA s 

database mmagerneut system but a query language and rppnrt generator with relat.ional capabiiities. 

The other two products, INGRES arid Rdb, are fidly functional rrla&iond tlat8abase management> 

sy s i  e m .  

It is important to notp the version of each product sirice evaiuatioii results arc dependent 

upcm the so€tware, me vdid fur one point k t h e .  and can be expected to  chxnge with prorotluct 

development. Results reported herein pmtain t80 the following: 

3 





3. METHOD 

The approach of t h i s  study was to hasr evduation on expectrtf use, Rxal data i l~icl  d&aibzLse 

operatiom pmtinent t o  the testing environment were wed. 

5 



6 Me thnd 

dependent 011 the t>pe of database operatinn. Sirnipax results WPIC found for a31 four s y s t ~ m s  evd- 

uaatted. Against, one datahaw process, CPTJ usage by the competing proccss fnr a fixed tinre WRS 

reduced by 50% for high 1/0 operations. With five datahaw processes esecuting, the GPU usage 

for the competing process W A E  reduced by 85-88q. 



4. OPERATING ENVXRONMENT 

The oprratinig envirownmt is a n  important cansidcration in perfonnanw. Cmr cannot Pxpwt 

the sane performance when the products are tested on a V d U  11/'730 with two megabytes of memory 

mid VAX 11/780 wit& ei&t megabyfrs or w h i  the rvarlzing set sise is 1613 paps vprsiis tme of 

1c124 pagel. 

Fig73rr 4.1 shows the operating envirunment of tfJs study. 

................................................................................................. 

Fig. klt. Operating environment for testing database prsducte. 

................................................................................................. 



Prior t o  this stiidy, a database cornmiffre with members from the Department of Energy mag- 

netic h s i c i a  energy Iabnratorics had tlecidpd to  irdrgrate rektticmd datahasc. technology into their 

data arqilmisition and analysiz, fimctions beiug done more and more on "AX.. For fairly ohviorii; rea- 

sons, such as similxity of environment, sharing of codes, persoiimel, and data, i t  was hoped that a 

cornintin system would b e  uwd zt :lac laboratorit.,. With the specid constraintp and germd rcquity- 

nnrnts of this ixser group in niind. an wduatiorl of t b r  systems, IKGRES, Rdb, aad 31032, was 

rutlertaken. These sybtem -were selected hecaiisc of their fiiunrtionality, availability for evaluation, 

and compatibility with iiscr C X ~ ~ K ~ W W  and pxisthg softwarre, 

a 
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Pig. 5.1. Database design for MFE. 
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10 Phase 1 

................................................................................................. 

Number of Records 

SUMSET N3ISET MAGSET’ TOTAL 

1 827 676 827 2330 

2 8270 6760 8270 23300 

3 33080 27040 33080 93200 

................................................................................................. 

5.2. DATABASE P)EP‘I[MTPON AND STORAGE 

5.2.1. lNGRES 
Before using INGRES, a VAS user must be made an aixthorked IKGRES laser hy the INGRES 

system manager or database administrator using the IN(XES iicility ACCESSDB. This illuctrates 

the point ir~adr earlier of c m t r d  control in INGRES. It is a190 nrressaqy for a specid IXGRES 
arcount to  be created on all devices on which INGIlES datahasps will reside. Dat&ases are stored 

in subdirectories in the INGXES.E)ATA directory, not Hnr users’ areas. 

Prior to invoking INGRES, a iiser m w t  run the INGRES utility procedurc CREA‘TEDU. This 

is execiitd at VMS monitor level. The name of a new datahaw is the only ixiput. CREATEDB 
create3 a directory in 1P;iC;RXS.DATA containimng 19 files that are WGRES rehtions and will contain 

database nietaclata comprising the data dictionary fcir n\*’GRES. f i g u r e  5.3 is a directory of the  area 

residting from “CREATEDB W X . ”  Data are llatm stored in this same =pa, one file per relation. 

Figure 5.4 is a listing of the ro~niii;uid File iiscd in defining and loading the MG4ET r e l a t h .  

The “copy” command wahles IJY(X.ES to  interface with VAX RMS. With “copy.” it is possihle to 

move data from a n  RMS He into an INGRES relation and a990 t o  move data t o  m HMS file from 

an INGRES relaficm, To copy data from an RMS file, the mr mn\t be o w  of the foIlowini; typrb: 

(I) variable length with cmriagi. return, or (2 )  fixed Lng%:th wihb no carriage contcd, If mi of R 

correct type, the RMS CONVERT utility van be  used t o  ccinvcrt the Me. 

INGRES doctirnentakon recommends that data he loaded into a relation w i h  sequentid or heap 

striirtwe. The relation may subseqwntly be modified to alternative structures with the ‘‘modify” 

corn-iniud. Figure 5.4 shows that MAGSETS strmctrue was modified from heap to ISAAq resulting 

in ordering of MAGSET on the integcr f i ~ l d  SROTXTRa, the piimaxy itidex. 



Phase I 11 

............................................................... .................................. 

12 

12 

8 

52 

4 

28 

4 

4 

28 

20 

25 

28 

12 

4 

28 

12 

28 

20 

20 

(3-AFR-I985 

9-APR-1985 

9-APR-1985 

S-APR,-lS86 

9-APE-1986 

%APE-1985 

9--4PR-1885 

9-APR 1985 

4APR,-1985 

9-APR-1985 

8-AI'R- 1985 

9-Am-1986 

I)-APR-1986 

9-A.m- 1985 

9-XPR-1985 

!3-)-APR- 1986 

9-APR-1985 

%APR-1985 

9-AP€s,lcs85 

1417 

1417 

14:17 

14: 17 

14:17 

14:17 

14:17 

14: 17 

1417 

14: 17 

14: 17 

1 4  17 

14:17 

14A7 

14: 17 

14: 13 

14: 17 

14: 17 

14:17 

Fig. 5.3. CREATEDB MFE directory. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . ~ . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . , . . . . .  

5.2.2. Rdb 

In Rdb, all database deklition milst be dolie through Rdl ~ ' b  interactive utility prowlure, Rpb- 

tiond Datatme Operator (RDO). A command file of RDO comiriands for defining M4GSET is been 

in Fig. 5.5. Sirrce default settings were taken, the t h e e  tmlinrg yaxametws w1Gi:h may hr sperifid 

iu tiata9jase cMnition are uot shown. The parameters uumbrr of hffers  1201, buffer s i x  [3 pages], 

arid page sieP 12 blo&s]determine the phpicd storage of the database f i l~ .  The user is advised 

to take the ciefitult values except in rases such as a record too largr. fur a page or usage hninated 

by FL particular type of transaction. In the latter case, this fniKrr parameters car1 be modified for 
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The SNP file is a snaphot f i l e  used i r r  READ ODLY transartions If surh tramactions arp 

Xarsr, thiq file may grow t o  thousands of blocks; and although the space il; reurbed during bu1)sequent 

trnrisartion-+, it is not released. 

The R D 0  command ANALii'ZE is used to exarniue the database. FI~UPP'S 5.6 am1 5.7. disglayq 

priicluied bl tlnp ANALYZE command, show idornnattion about M F E . R ~ ~ J  afler datababe d~firition 

m r l  before storing user data. 

....................................................................................... 

f: D B 6 I N G I CES 
i D E ZP E L A  T I 0 N.--F I E L 0 S 
F D B $ R C I - A :  I U N S  

P 2 B 3 ?: I I W - P  E L A T  I 0 N S 

.......... 
x 

Total Used 
Space S p a c e  

0 .F 
Cf w 
B D 

- - - - -  - - ^ _ I  

l i  1: 
6 9  

5 8  ? c 
- I. 
/ i  

2 5  ? 2  
2 5  3 2  
1 7  75 
9 4  9 3  

B B 

................................................................................................. 

................................................................................................. 
S p a c e  ut:lization analysis - completed at 31-MAY-1935  1 7 : 1 2 : 5 D . 2 2  
2 6 1  d a t a  pages, e a c h  p a g e  i s  2 b l a c k s  l o n g  
A v a i l a b l e  d a t a  s t o r a g e  a r e a  i s  7 0  p q r c e n t  utilized 

#data pages _ _ _ - I _ _ - _ _ _ _ _ _ _ - - _ _ - - - - - - - - - - - - - .  ~ ~ .I.. ~ . _ l l - s - . - - - - L - -  : , ' used  - - -  _ -  

9i3 - 1 m r x  
8 0  - 9f?% 
7 0  - DB% 
6 R  - 78% 
50 - 6 W %  
4 3  -- 581: 
3 8  - JUS:  
2 8  - 301: 
1s - L'B% 
0 - lox 

6 6  
6 6  
3 4  
2 
4 
1 

4 3  
0 
0 
45 

................................................................................................. 

In adifition to the data dictionary within the Rdb database, rnetadata will d s o  be stored in the 

Common Data Dictionmy (CDD) if it i s  present on the VAX. The CDD is updated automatically 

upon initial. database definition. In subsqwnt  database usage, ddkition inotlifira,tiar~~ age made 



5.2.3. 531032 

The corninand file shown in pig. 5.9 was used in d~fkhig and loading MAGSET in SlU32. 

File WE.DMJ3 was crpated. For t8€ie version (3.0) of 51032 used in tllis study, it i s  a< cffjcient in 

subsequent database usap for datasets to be defined separately, crmting DPV1S fileb, as it is far all 
relatiom t o  he >tored as a databasr in m e  DAdB fills. 

S1032 is the only system wit,h the recornmexdatihn to  index wide loading. It, is sonrmvkiat, more 

e%ciet  t o  index (keg) at load time. than t o  store data into a sequential Mile md then index, hi 

generating, inahtainkig, a i d  using S1032, indexes were found 1x1 he very efficient. 

The irrkractive LOAD cornmaid is t,hs most eficient way to read claka fiorn  as^ ItMS file 

and store t k m  in an S1032 dataset,. The fiwmat of the data in m i  RMS file is descri1:ilsed in a 

record descriptor using either the ATTRIDUTE or the TtD cornmad. As seen in Fig. 5.9, interrid 

and ext,ernd data formats can h c  described in the A T T D U T E  cumm.md. There are occaLsions, 

howewr, whm t,he RD comnmd, whir31 provides more tiexibility, nrust be nsed. 

5.2.4. Fcdorr~rance and Size 

Table 5.1 shows the system wage statistics fur dehimg and loading elie h44GSET relatimi 

consisting of 827 records in the tbree database systL'rtls. The same relative yerfornnanc,e was seen 

pith the other two relations a i t f  with the lager &&?E databases; s1032 did the tahk b 15 20$% less 

tiew. 
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................................................................................................. 
in%e!gar*l ashotnum 

real*& lambda, lihd ,be t  d i , b e t p ~ ~ , t a e ~ ; t d i , b ~ ~ f e q , ~ ~ ~ e 8 i ,  taaeeq 

Pig. 5.8. P d i d  biting of FORTRAN program used t o  load M-AGSET in Rdb. 

................................................................................................. 



................................................................................................. 

create database mfe outpu9; sye$aysdevice: Crab. elfi321ntfe 

dafabaase mfe 

dataset magnet 

attribute rrhotnum or an integer keyed length 13 

attribute lambda or lam real Lengfh i$ 

attribute lfhaf real 3Lqth 16 

attribute betpdi real length 16 

attribute betpeq real length 1$ 

sttribute bettdi xeal length id 
attribute betteq real length Xb 
attribute tiauedi real bengkh 15 
attribute taueeq real length I$ 

enddat aaet 

end-dar; abase 

Fig. 5.9. Command file bo define and load MAGSET in SIOS%. 

................................................................................................. 

As seen in Table 1.2, SI032 databases are the srrrallest of the t h e .  TKis advantage dccrr-asses 

larger data dirtionmy overhead amtciated with INGRES and w i t h  inereaskg Clatahascs size. 

Rclb databases is fired to a certain elrtmt, tlnLs becoming less significants with larger databases. 

5.3. OPERATIONS 
In selecting the operations to use with t h e  YFE tlatahse, relatitural operators were tested on 

experiment d data. The  selected 16 operatioris corriprising Phase P yer€ormonce evduation appear 

on the fohvixtg pages. Operations are described, syntax for each system given, and. performance 

nieasurertkents for each of the three databases tabulated. Nnnibers 1,2, and 3 iu the following tables 

refer to the databases of 2,330, 23,300, and 93,200 records, respectively. 



Counts .... ̂ I___ _- .......... __-___ .... -II___- 

mmea 

Page Bts 

INGRES : 18 : 16 182 162 785 

Rdb : 18 : 16 3 112 166 

51032 : 16 :13 45 5% 362 

. _ - _ _ _ _ - ^ _ . ~ - .  BIlfIJg 
__I__ __I. System Elapsed CPTJ 

' Here and in the following tables, t ime  i s  expressed in the fon.ut hhmm E :  vith !eailing zeroes omitted. ?he+inns 
of second4 are given when the mrasmd tim is less than m c  second. 

Database size 
(disk blocks) 

..... 23500 ~ 93200 SysLella 2330 ......... 

XNGRES 1000 64% 24432 

Rdb 1682 8222 29824 

696 5460 21852 
II__ .... 

S I032 

The syntax shown i s  for interactive retrieval to the terminal (Sk-S$OUT?UT). The perfoorrrrmce 

figwrs for oprations which retrieve a, large number of records are for output to a31 EMS sequential 

cbisk file. 

Operations for S1032 were run from command proccrd-mrs containing SI032 interactive com- 

mands. INGRES operations alsn WWP executed from command procedures of interactive commmds; 

however, statistics ohtained referred only t o  the INGRES barkrnd process. Even though the back- 

end process accounts for most of the resowce usage, collecting total lasage data required ernbedding 

the coninzands in a host bagnage and using system scrvir~  routines to gather stakistics on both 

prorcsses. The tabulated ~ u m b t m  for INGlXfZS are the total for both processes and are for use 

of DJGFCES from FORTRAN. Tlir large buffcrcd I/O coiuits axe incurwd. because of data being 

passed by mailbox from the INGIGSS barkend process t o  the FOl?TRAK progam. E~playiELg data 

during an  interactive INGRXS session uses the same m ~ ~ h m i s m .  Retrieving into another relation 

requires no transfer of data between the two INGFtES processes; neither r l r m  the interactive readbig 

OF writing of an RMS fie. For such opemtiorLs, buffered I/O is negligible. 



A31 operations W B ~ P  mpressed in R,DO syntax ad nm, but RDo is not a practicd too1 for 

evduitting performanoca. Within EDO, t8he ordy way to  dt%er.rmine systmn m a p  i3 with c ontml-T. 
BCraU5r there is no hthis  interface, all uutyut nivst bP t o  the terminal or mto a r c h h n .  After 

testing wlth RDO, the r-ommaids were rmbecltlerl in a F<’#ITRAN prcigm.ur aml dl performasice 

r i i e i i ~ u r t w e  rits obtained fromi fwwtion of the yrogara. 

For the most part, the following query syntax mud tahrrlat~d performance sfatistirs rquire  no 

r~xplaiatiiin. Conirrwuts a r t s  kic.lucled a,s footnotes whrre chrifkation is needed. Tabulated ditta 

~ h m  thr  rr?lative performancr of the three systrms and the relationship of perfcmnasw EO databast. 

 sir^ within a system. A b  exppcted, an incre%i: in database s b e  resdts in a correspcmditrg irirrease 

iu resyonst, time (and GPXJ dime). Hmvwrr, in most c.ases the ratio uf responsr tirtreh was someavltlat 

lrss than the ratio of numbers of records in thr database. There was no rigniticmt diffiwnce auiong 

the % b e e  produrts in this respect. 

Overall, Rdb exhibited thp hest performance. For oprratiuns on one relation, dl three systems 

were cumimrable. In the casr’ of &ibd agpegate operations (9, 10, I l l ,  S1032 did better t h ~ i  

Rdh, which hi turn perftarned much better t1im INGRES. Operations 8, 12, 14, 15, 16 tesi the 

jairi operation capability. Bwause SI032 does not yet support a j h  opesation, its performance was 

sig~lific~mtly poorer than INGRES and Rdh. Figxrt: 5.111 graphilicdly illustrates thtw r t w h  for fhe 

database uf 93,200 records. 



An operation on one relation 
Sdert,iirg (projecting) three fields fiom whole relation 

lNGE1ES: range of s is sumset‘ 

retrieve ( s .sbutmrxn, sip,  s .pheat) 

\e 

Rdb: for s in mmwt 

pint s.shotmm, s.ip, s.pbat 

endfor 

Sb032: set seannset 

fiild all1 

print shntmm, ip, phrat 

......-.11_ ___ ............... I __ ... ... 

Elapsed CPU ~ Buf I/O Ipir I/O Page fits 

INGRES 1 :or :06 195 96 260 

2 i:ni :55 1882 959 354 

3 422  31.12 75u5 3848 348 

Rdb 1 :08 :06 9 90 527 

2 1:02 :51 14 755 5 13 

3 405 3:24 35 21363 507 

S1032 1 :10 :08 4 127 145 

2 1 2 3  1: 12 13 1226 166 

3 5126 441 40 a9:3 1 43 



(Smie  a5 Operation 1 except? be1ectin.g 17% of the recordb) 
An oprratioa on  on^ relation 
Selecting tlaw fie1;lds from 17% of the rwartlls bawd on an 

iritlexd field 

Rdb : for s in sunset with s.uheams=l 

print s s h o t n m ,  s.ip, s.phezd 

end-fx 

nine 

INGRES I 

2 

3 

R-db 1 

2 

3 

51032 1 

2 

3 

:03 

:I6 

:59 

:02 

; 54 

:55 

:ill 

:In 
: 42 

44 54 dl9 

327 434 436 

127'2 1766 444 

1 47 21 

2 382 71 

5 1662 36 

4 52 77 

6 478 75 



ZE POL,P Pt” 

8T 81,TT TT 

81 61 T P 

ZQP 618S 9929 

POP 04‘6 9991 

06 €91 

E 

z 
T ZGOTS 
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OPER4TION 4 

Ip;iGRXS: 

Rdb : 

s1032: 

An operation or1 one relation 
I’viinimum of an indexed field‘l 

r a g e  of s is s u m s e t  

retrieve (minip=min(s.ip)f 

\s 

print min L;.ip of s in sumset 

Alternative syntax (1): print inin s.ip of s in sumset with s i p  > 0 

Altmiative syntax (21: for first 1 s in su~iiset sorted by sip 

print s ip  

endfor 

set sumset, 

find dl 
sort ip 

print ip 

“M system have the five aggregate fimctions: iininmm, nlaxinxun, average, total, and count. At this point in their 
devdoyment. it appears that indexes are not used efficiently with aggregate feuictiom. With Rdb and 51032. the 
examples below show that perfomlance improves with altenlativc syntax. 



24 Phase I 

INGRES 1 

2 

3 

Rdb 1 

1" 

l b  

2 

2" 

26 

3 

3" 

36 

5: 1032 1 

1' 

2 

2' 

3 

3c 

'Tinre 

: 02 

: 18 

1:11 

: 02 

:00.7 

:00.03 

:25 

:03 

:00.08 

159 

:I1 

:oo . 1 

:01 

: 06 

:02 

: 57 

: 08 

3:46 

CPU _____ 

:02 

:12 

:49 

:01 

:00.5 

:00.03 

:12 

103 

:00.04 

:49 

:09 

:00.06 

:0 1 

:05 

:02 

:39 

:07 

2:37 

counts 

Buf P/O m I/O Page fits 

7 93 427 

7 917 426 

7 3677 426 

70 

16 

0 

697 

47 

2 

2776 

122 

3 

12 

10 

7 

18 

18 

10 

15 

53 

11 

3 12 41 

0 112 16 

3 34 77 

0 1095 10 

3 118 319 

0 4377 12 

~ 

"Use of alternative syntax (1) .  

'Use of alternative Gyntax (2). 

'Use of aggregate fimction $min. 



OPERATIOX 5 

An operation on one relation 
Mnirniirn of an indexed field over 17% of the rrl;ut.ion 

sdert,ecl. on an indexed field 

JNGRES: range of s is nunset 

retrieve (mirrip=min (s.ip where s.ub.beams=l)) 

\g 

MI, : print min s.ip of s in sumset with s.abeams=l 

$1032: set s1lmset 

INGRES 1 :02 :01 11 50 453 

2 :I1 :06 11 ' 422 45 1 

3 A3 :23 11 1734 453 

Rdh 1 :01 :IW.4 0 46 9 

2 :08 :03 0 374 11 

3 :34 : 15 0 1623 10 

S1032 1 :0 1 :01 3 1 II  

lC $2 :o 1 1 35 11'2 

2 :03 :02 3 33 19 

2a : 15 : 10 1 45 1 6 

3 :08 :06 3 117 43 

3" 1:LM :37 1 1782 52 

*Use of aggregate fanction $min. 



OPER,4TION 6 

INGILES: 

Rdb: 

51032: 

AIL operation on onr relation 
Mninmni of mi indexed field oyer 8.3% of the relation 

selected on an indexed field 

range of s is sumset 

retrieve (minip=ininl(s.ip where s.nhea.rns !=I)) 

\g 

print min s.ip of s in sumset with s.nbeams ( } 1 

set sumset 

find nbeams ne 1 

print $min(ip) 

sort ip 

getrecord 

prliut ip 

INGRES 1 

2 

3 

R,db 

S1032 1 

1" 

2 

2' 

3 

3" 

TillW Counts 

CPU B d I / Q  DirI/O ___. .. _ _  .- 
-- 

Page flt s 
_I _....._..__I I__. 

Elapsed 

: 04 

:32 

208 

:03 

:25 

1:39 

:01 

:OF, 

:03 

: 49 

:09 

316 

:02 

: 16 

1:03 

:Q1 

: 13 

:51 

:Q1 

:04 

:02 

:35 

:07 

2: 19 

7 

7 

7 

0 

0 

0 

3 

1 

3 

1 

3 

1 

93 

916 

3677 

T2 

698 

2777 

1 

110 

34 

1069 

118 

4271 

441 

433 

439 

6 

7 
7 

4 

2 

50 

4 

133 

8 

'Use of aggregate function Smin. 



AIL operatioil on one relat,ion 
Chmplex aggregat,e 

INGFBS: range of s is sumset 

retrieve (minip=mira(s.ip where s.ip > a;vg(s.ip)) 

t?4 

Rdb: print 1niPl s i p  of s in sumset with sip > average su.ip of su in sumset 

Altmnative syntax: print min si11 of s in siimset with s.ip > 0 md s.ip > average su.ip 

of su in sumset with su.ip > 0 

S1032: set surriset 

find all 

va.rSiabli: x real 

Irt x=$ave(ip) 

h d i p g t x  

sort ip 

getare cord 
print ip 

print $iiun(ip) 
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. . . . . . . . Time ___ _...-. 
Counts 

rnGR,E s 1 

2 

3 

Rrlh 1 

la 

2 
0 0  

3 

3" 

S1032 1 

l b  

2 

2 b  

3 

3b 

Elapsed ~- 

:05 

: 46 

3:03 

:05 

:01 

:50 

:07 

3: 1s 

:24 

:05 

:0& 

: 43 

1:11 

249 

439 

CPU 

:03 

:27 

1:48 

:03 

:G1 

:25 

:06 

l:4C 

:21 

:04 

:OG 

:31 

:50 

2:03 

318 

B d  I/O 

7 

7 

7 

^ 

0 

0 

0 

0 

0 

0 

3 

1 

3 

1 

3 

1 

Dir I/O _____ 

1 7 7  

1823 

7345 

140 

16 

1394 

95 

5553 

244 

113 

188 

1129 

1868 

455'2 

7519 

Page flts 

44.3 

-142 

44 1 

12 

12 

18 

18 

13 

13 

63 

116 

63 

305 

254 

415 

"Use of alteniative qwry syntax. 

bUse of aggregate fiurrtion $nlin 



A j o h  of two relatiom on an indexed field 
Selecting (projwting) one field from each relation 

rmge of s is simiset 

rmge of n is nbiset 

retrieve (s.shotnum, nnbeans) where s.s~otri~iiz-li.shotnum 

\s 

for s ~JI sumsat, cross n in nbiset over shotnwn 

print s. shotnum, n.ribeams 

endfor 

set sumset, 

filld ill1 

for each record. do 

map t u  nbiset via shotnum 

for mch record do 

write suinsetshotniim, nbiset.nbmms 

endfor 

endfor 

' T h e  print conmad in S O 3 2  ( ~ 3 . 0 )  can be used only with fields f'rorn one relation. To outpat Eel& from different 
relations, "WRITE" iiuist he iised hi single record nwde. 
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INGRES 1 

2 

3 

Rdb 

51032 

counts 

Elapsed 

:09 

1:25 

626 

:05 

: 47- 

3:27 

: 52 

10:03 

38:32 

CPU 

:07 

1:11 

5 2 8  

:04 

: 42 

2:49 

:47 

9: 22 

3441 

105 

942 

3764 

1 

4 
24 

Dis I/O 

130 

1227 

4976 

50 

267 

1068 

170 

1644 

6590 

Pa,ge Rts . . . . . . _. . . . 

631 

1295 

1697 

110 

760 

6201 

185 

170 

2!35 
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OPERATION 9 

A global aggregatea 
Selecting 17% of relation 1 based OIL an indexed field 
An aggregate function on relation 2 

INGXtES: r q c  o€ s is sumset 

range of n is nbiset 

retrieve (niun=coimt (s.slilotnuni where s.shotnurn=n.shotnum arid n.nloeams-1)) 

l g  

RClb : print count d s in mumset cross n in nbiset over shotnum with n.bc;m;as=1 

S1032: set nbiset 

fiund ribcams eq 1 

map t o  sumset via shotnum 

print $count 

Time COUrlt s 

CFU IBuf I/O Elapsed Page f i t s  

INGRES 1 

2 

3 

:c)G 

:40 

2:45 

:04 

:28 

1:48 

19 

19 

20 

95 
688 

2620 

1039 

1047 

1099 

nab 1 :o 1 

:13 

:32 

5 
211 

92 1 

11 

181 

149 
2 
3 

S IO32 1 

2 

:02 

:08 

:3Q 

:01 

:07 
:26 

18 

234 

974 

54 

218 

99 

““Global aggregate” refers to the evaltiation of an aggregate or shtistical function on records in one relation grouprd 
according to a field in another relation. It i s  implemented hi very different ~ x y s  in these products: LWGRES h t  
forms a cartesian product of the two relations; Rdb uses nested loops; and S1032 here uses only indexes. 



A global aggregate 
Selecting 83% of relation I bawd OA an indexed field 
An aggregate function on relation 2 

Rab: print comit of s in sumset cross n in nbiset over shotnum with ~ . d ~ i ~ i p 1 ~  { ) 1 

S1032: set nbisd 

f irrdl  nheams ne 1 

map t o  sumet  via shotniirn 

print $count 

Time counts 

PNGRES 1 

2 

3 

Rdb 1 

2 

3 

51032 1 

2 

3 

Elapsed . . .. . . . . . .- 

:lo 

1 3 4  

8:3G 

:02 

:2 1 

1:38 

:o 1 

:10 

:5 1 

CPU - 

:07 

1:16 

5:15 

:02 

:17 

1:12 

:01 

: 10 

:39 

Buf I f0  .._____I 

17 

32 

64 

Dir l/O 

145 

1288 

5142 

3 ’9 

235 

965 

7 

137 

544 

Page flts . .... 

938 

1591 

2302 

17 

620 

4676 

19 

23 

24 



h globit8 aggregate 
Selecting 40% of relation 1 based cui ai indexed fieid 
An aggegate functicni an relation 2 

Rln,: print count of n hi nbiset cross s in wmet over shdrmn with s.ip hrtweeu 20f3.0 and 300.0 

S1032: set sumset 

find ip between 200.0 and 300.0 

map t o  nbiset via shotaurn 

print $cornit 

CljllIlt s Time 

Buf I/O -- Page fits Elapsed 

LYGRES 1 

2 

3 

:06 

:55 

359  

17 

18 

54 

147 

12413 

5018 

937 

154.3 

2302 

:09 
1:15 

5:18 

Rrlh 1 

2 

3 

:06 

1:17 

5:30 

:03 

:23 

2:oo 

203 

3162 

13313 

24 

276 

627 

S1032 1 

2 

3 

:02 
:15 

1 :oo 

:02 

: 14 

:56 

19 

253 

l o a  

13 

2% 

69 
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OPERATION 12 

A join of two relations on a n  indP5:cd field 
Selecting 40?6 of relation 1 based on an indexed field 
Selecting (projecting) one f ie ld  from each relation 

JJY'GRES: range of s is sumset 

range of n is nbiset 

retrieve (n.shotnuni, s.ip) where n.shotnurn=s.shotnum and sip >= 200.0 and yip <= 300.0 

\g 

Rdb: for s in sumset cross n in nbiset over shotnum with s.ip between 200.0 and t300.0 

print n s h o t n m ,  s.ip 

cndfor 

S1032: set sumset 

find ip between 200.0 and 500.0 

for ewh record do 

map to  nbiset via shotmim 

for each record do 

mite nbiset.shotnram,ip 

ena.for 

endfor 



IKGR ES 1 

2 

3 

Rdb 1 

2 

3 

S1032 1 

2 

3 

Time COUtltS 

Elapsed 

:1)8 

I: 15 

5:22 

: 07 

1:28 

6: 13 

:23 

4: 27 

17: 13 

CPIJ 
I_ 

:06 

: 55 

4:04 

:M 

:40 

2:42 

:20 

3:s 

1435 

Bllf I/O 

55 

458 

1797 

1 

11 

17 

2 

3 

10 

Dir I/O Page flts 

129 6-56 

1214 1033 

4917 1989 

202 71 

3171 244 

13353 117 

12 E $5 

1266 58 

5072 89 
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A global aggegate' 
Project on an indexed field 
Aggregate firletmion on relittion 2 

a\JC,RES: range of s i s  sumset 

range of n is nhiset 

retrieve (n.nbearns, mm-count (s.shotxum by n.nbeams 

whew s.shotn~m=n.shotTlum)) 

\g 

Rdb : for p1 in nbiset reduced to n.nbeams 

print mnbeams, cornit of s in swnset with s.zibt)ams=n.d4eams 

ennd-for 

S1032: set nbiset 

find 
map to slimset via shotram 

vahies nbeanis 

._. . .... . . .. . . . . . . . . . .. counts .-.... Time 
I 

INGFtES 1 

2 

3 

Rdb I 

2 

3 

SI032 1 

2 

3 

Elapsed 

:19 

2:40 

10:23 

:0 1 

:08 

:36 

:02 

:12 

:55 

CPTS -__ 

: 13 

2:11 

8: 43 

:0 1 

:07 

:33 

:01 

:I1 

:42 

Buf 1/0 

38 

'79 

118 

0 

0 

0 

0 

0 

0 

Dir 'hi0 

231 

1870 

7259 

15 

34 

194 

16 

240 

1000 

Page flts 

1264 

2316 

3417 

1'9 

131 

12 

20 

55 

192 

=Recause of the content cf this database, the j o i n  may 130 on r i t h e r  B ~ l d  qhotnrvli or nheairs 



OPERATIO3X 14 

A join of all t h e  relations iu the datahaw 
Selecting 2OYh of rdaticm P based 0x1 an indexed Eeld 
Splectting (projectiugl fields from relacticxis 2 am1 3 

IwC%ES: range of s is sumset 

range of n is xibiset 

silrige of m is magset 

retrieve (sshotnum, in.lariibda) where s.shc,tnunn=n fihotnum 

md s.shotnurn=m.shotnum and n.nlx+ams==l 

\g 

S1032: set nbiset 

find Itbeams eq 1 

map to sumset via shotnrim 

for e& record do 

map to magset via shotmim 

for each record do 

write siimsc:t.sliotniim, latrtlxla 

eiidfor 

endfor 



INGRES 1 

2 

3 

R.db I 

2 

3 
S1032 1 

2 

3 

Time 

Ehps e d CPU 
____.I .... 

:08 :OG 

1:04 :51 

3:32 2:34 

$3 :02 

:33 :24 

135 123 

:15 : 12 

3:18 2 4 2  

8:28 6:43 

Cormts 

Page Rt,s . . . .. . .. _. ni T/O _- Euf 9 / 0  

36 

239 

856 

1 

1 

4 

2 

2 

5 

94 

835 

3346 

46 

403 

862 

104 

1167 

4910 

650 

743 

10 14 

263 

2399 

3385 

53 

79 

192 



1 

4 

22 

2 

5 

4.7 

61 

622 

2098 





84 

727 
2715 

$2 

11 

17 

2 

3 

B 





4% 
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Table 6.1. Debing, loading, and indexing T W D B  
(4 Relations) 

Disk 

System Elapsed mu 3Uf I/O @rir I/o Page f l ts  Blocks 

D"R" 2703 1942 577 19448 8585 11030 

INCRES 20:21. 12:55 4789 13415 1033 1 6628 

Rdb 1928 1354 3 16 9392 7967 8827 

51032 1 1% la08 741 4264 5650 563 1 

Time c1.ounts 

IREAD WRITE 

s 1022 id: 18 3:40 13348 13712 4727 

"Iu tables anad figures DATATICIEVE will he abbreviated to DTR. 

not differentiate between the buffered and direct I/O; I/(> statistics are block rends and writes, as 

indicated. 

Takhg the PDF-10 word size of 36 bits into account, it is seen that the 51022 database size izl 

hytps is very close to  that of 51032. A PDP-10 wcwd contains four &bit bytes or five 7-bit byfes. 

S1022 stores text as 5 bytes per word. A Mock co~ifiists of 128 words or 640 bytes of text comptwd 

to the VAX's 512 bytes per block. 

Indexing the PHOTO relation (12 keys) accounted for apptproxirnately one-hidf the elapsed time 

€or INGFLES and Rdh. SI> mwy iudexes UP urdikely in these two systems, but the dt.sigxi of 

" D B  preserved Sldl22 indexes. Indexes are not ah essential to INGRES aid Rdl~ as they me 

t o  DATATFUEVE and S1032. No operations in the former two require inckxcs; performazicr may 

be improved with the use of indexes, but they me never necessary. With S1032, data rnmipdation 

lmguage and operations axe dependent on data structure; indexes we required in borne caes.  Indexes 

are a l s o  necessary for some operations in DATATRIEVE. 

The nurnhers for DATATRJEVE in Table 6.1 resulted from rmtructurirng tfic. data in DATA- 
TRIEVE and then using the RMS utility procedure GONYERT for indexing. Table 6.2 contrasts in- 

dexing by CCNVEEtT with indexing by DATATMEVE for the two relations PHOTO and XPR'IMNT, 
kt all cases, data were f i r s t  restructured ly D A T A m \ r E .  'ET& includd converting some ASCZI: 
fields to numeric and eliminating soirie fields. Table 6.2 inakes c lwr  the ilnporrtant, p o h t  that DATA- 
'IWEVE is not a database management, system. It is a query language and report writer and shodd 
be used for its intended purpose; it interfacers with RMS, Rdh, and DB34.S. Databases s h ~ ~ u l d  be 

maintained a d  t m e d  by the system in ivhidi they reside. 



__. .__ . ........_ 1 _ 1 . - ~  .................. I._.- 

C O U n t S  .... I .......... Time ___ 

Relation -- ......_ Elapsed CPU h f  ......... I/O Dip. I/O Page flts 

PHOTO 
DTR & CONVEKF 10:41) 7:5$ 316 5541 4/1-25 

DTX 1:46:31 24:06 1562 334535 5 16 

XPRWT 
DTR ‘Q CONVERT 11:10 8:30 102 9910 1390 

D r n  52~10 1731 105 1 120123 514 

The impart upon resoiu7t-e usage does not end with the iuitbl laad, Databases indexed by 

DATATRXEtX generally require more spaw (44% more for XPRMYT) nparl pedorm less effici~ntly 

in suhspqucrmt usage. hriming larger direct I/O coumts became of I)A’MTRIEVE’s bucket size of 

two blocks. 

3. BI*EEIFZ.ATIONS 
A set of 26 operat,iom to Le uspd with TES‘YDB was dehwd. The following type3 of operation.; 

were included; select, project, join, aggregate, sort, appmd, delpti.. nnodifs, and tdynamic database 

r~.;trriciuring. Resdts from sdect  aid project operaaticw, W C ~ C  written to (1) the SCTCPII, (2) RMS 

film, and (3) database relations. Where applicable. oprrations were repeated for l%, IO%, an? 

20(% of a relAion. Operations wew performed on the indexed d a h b  ; indexes were ddeted; thrn 

operatian.: w ~ r e  repeated, w b r e  pnssibl~., on the seqtneatid databsse. 

Bll opwations wrre executed from the interactive lamg-uagp of Rarh system. This was in keeping 

with the Phase 11 goal of evahaatinn on the basis of common 21022 usage. Recorded results SP for 

the INGRk.5 backend process; howvex, exyericnce - d h  Pbase I c ~ s u r w  that for types of operaf8inna 

imsdindi-d in Pbase XI the INGRES f io~itmd process cantributes ordy negligibly to the system usa+y 

statistiw DATATRIEVE m m  usrd with hoth RMS and Rdb 111 addition, Rdb operatioxis, Shrre 

yossihk, were executed wing RDO. 

A sepresmtatiue simple of the 26 operations is presented the sections that follcw. Discussion 

d S 0  i d i l d e S  QptTatiOIiS not ShO%Tl 

6.3.1. Sekction and 1’mjection 
The relation PHOTO was used for select a d  project operatiom. Selection was based on 

thp vahc of an indexed field. Foiu fields (52 bytes) were prnjerted m d  ~ r i t t m  t n  the terminal 



................................................................................................. 

S 1032 set, cls PHOTO 
find c3v beg Y 
initialize 3 DIIY.LIS 
print on 3 nrcrne, nddr, a c t ,  wo 
release 3 

fig. 6.2. Syntax for retrieval to an RMS file. 

................................................................................................. 

Some hair: differences among the four systems axe pointed out in these operations. E'ornlmg 

a relation is a natural operation in LNGRES. Field descriptions are am~med fir-om the  existing 

relations hi which the fields reside. For the c)tber systems, a rehtiim mud br explicitly defined prior 

to storing data in it. With Rdb, this removes 501ne spnntaueity from dtttalme wtivity; if using ai 

€&& database from DATATREVE, the mer cannot ret& retrieved information in an Rdb relation 

unless the relation had been anticipated and previoilsly defined using RDO. 



$8 Phase II 

................................................................................................. 
An operat.?-iose on OIW relatkni ( S O 0 0  records) 

Selection of 20% of the relat,ion based on an intlrxed field 
Projection of 4 fields (32 hytes) t o  a relation 

E)'TR with RMS Define domain DTVY using DWY.REC on UWY.DAT 
Define record 'BIVYREC using 

05 iiamr pic 
05 aadr pic :[E]: 
05 acrt usage is long. 
05 wu pic x(8). 

01 DIVYrnC.  

G f i n e  file DIVY; 
Ready D I W  write 
DW=s)NOTO with div staxting with "k-" 

Rdb/DTR 

s1032 

range of p is photo 
retrieve into &vy (p.name, p.addr, p.acct, p.vo) where p.r&v-'Y"y 
\g- 

define relation DIV-Y. 
name datatype is text, r d  &e 25. 
ad& datatype is text of size 15. 
x e t  datatype i s  signed lonpvord. 
wo datatype is tex t  of size 8. 

end DTVY rclation. 
€or p in PHOTO with p.&v starting with "Y" 
store d in D I W  using 

d.name==p.rmne; 
d.d&=p.addl; 
d.acct=p.acct; 
d.wo==p.wo; 

end-s tore 
endfor 

FoUowiaig definition of DlVY from RDO: 
For PHOTO with div starting with "k-" 
store divy using 

begk 
name-name 
d&=addr 
acct-mct 
TV0=3V* 

end 

set ds PEiOTO 
find div beg Y 
create ds DTVY 
attribute mine text 25 
attribute ad& text 15 
attribute acct integer 
attribute w'o text 8 
end-dat wet 
set datqset phct!to 
dump ds-output DIS'Y 

.Q. Syntax for retrieval t o  R relation. 

................................................................................................. 



Table 6.3. Bebrievd t o  a relation 

System Elapsed CPTJ Banf I/O Dir I/Q Page flts 

:09 

:13 

:13 

11 

11 

11 

144 

872 

178 

12 
9 

7 

: 12" 

:2@ 

: 2 v  

:06 

:f3 

:11 

F3 

64 

61 

1426 

879 

436 

435 

56 1 

55 1 

Rdb,RDOd 

Rdb,/DTR 

SI032 

:31) 

:36" 

:16 

A7 
933 

w 
270 

161 

:29 

:30 

26, 

18 

1044 

4999 

224 

133 

:46 

:40c 

: 17 

:45" 

:11 

:32 

18 

18 

431 

981 

46 

61 1 

=AD 

795 

WRITE 

106 Sl022 :OS :0 1 

'Selecthag. on a primary index. 

bSeledinE on secondary index. 

cSelectiriy on an unindexed field. 

dStatistics &om using control-? on$ one 110 *e given. 

Writing selected information to ai RVS file is a two-step process in INGRES. "he information 

must first he written to a relation. In RDO it cannot be dune at all; RMS files cannot he read or 

writ8tea frorn RDO. 

The different treat<ment of indexes was dluded to in Sect. 2. In Rdb mid S1032, there is 

no coricept uf prhnary versus secondary indexes; all indexer are created equal. In D-4TATRYEVE 
and IT?GRES with ISAM relations, the primary index is a clustering index and bas im edge on 

performance over a 3 7  secondary indexes. This is sharply illustrated in Tables 6.3 and 6.4. It is 

interesting to note that response time is sigiiificantly better for selection Iswed on an urlkeyed field 

than on a field having a secondary index defined. In the latter case, the increased buffered I/O 



50 l h n s c  I1 

Tabk 6.4. Retrieval to m W S  6Be 

Time C O l l n t S  

.................. .....-....I____ .. .___. __ 

I_____. ................ 

Syst ern Elapsed CPU BuF 119 Dir I/O Page Rts 

DTR with RMS : lZa  :09 

256 : 13 

: 1SC :14 

: 09 

:35b : 16 

:2GC : 15 

51032 : 16d :I1 

:41“ :32 

s LO22 : 12 :04 

4 

4 

4 

4 

4 

4 

4 

READ 

793 

89 

8 1G 

123 

1 7’3 

906 

463 

8 15 

345 

436 

860 

31 

21 

22 

697 

814 

824 

32 

17 

116 

31 

counts are incurred because the seconda2=y intlrx i b  searched as well a4 the bast- rdatinn, ~,vbis.h i s  

not ordered by the indcxed field. 

I)A’I’ATRIETJE does not attempt query optimizatiorr; it exewtes what the iiw prescribes. 

TNGRES does hdve a QIWJ uptimiser; however, here is an operation it does not seem to optimize. 

Retrieving 20G/t, of a 5000-record rdatirm tiwell o m  a field which has a secoxillary index dr f ined,  the 

sbnve tahlps int5rate q 3 t h ? i T a , T i O I l  sbodd result in disregard of the index. 

“his pattern of a prhary index behg hettar than x m  h k x  better than secondary index wai 

tiof seeu in st.1~ctio.rr of IC; ant1 1 0 %  of the relation. As shown in Table 6.5, the primary index dways 

exc~lled, but thr  4econdary imlex gave m a &  better response t h e  than the unkeyed field. 

When DATATIUEYE is used for the sel~r t ion of ‘20% OF the Rtfb relatinn, the  index has a 

negative effect; XIowevw, Table 6.5 shows the berwfit of the k d ~ x  when selecting fewer records. 

’3%~ gw”iLtP4t improvemerit from the use of indexes is seen in S1032, where the introduction of an 



intiex results iu decreases iu response time of S2%, 71%, nnd 62% for 1% 10% arid 20% retrievd, 

respectively. 

Table 6.5. Retrieval t a  8~ relaticin 
(Response time) 

s 1032 d $6 :i2 : 17 
C :35 :41 : 45 

“Selectkg on p r h q  index. 

b~etecting OIL s e c o n w  index. 

“Selecting on alp imiudexed tield. 

dSelectiny o n  au hidexed field. 

l ’ ltie re1atiom.l operator *‘prc+ct’‘ is commonly defined implying U I ~ ~ ~ I I ~ I I P S S .  341 DATATHEJX 

and Rdh, thr reduce conirriafld effects projert with un iqueness .  In ad&tion, a wrt order baaed n n  the 

orderiug of the ri.diice fields is iniphcit in DAT+4TRIESE 1, IIL’GRES the d~-inclusivc~ “retrieve,“ 

will1 the clulualier %nkp,” projects ctiitpit to tkip t e r m i d  but not to a, relatiom; there is no 

retzieve unique into.” Projecting to a relation i5 accomplished by “retrieve into” with t2w M a d t  

storage structure for relations srt to hash, which means d.riyliic*atr rowvb asp rmioved. SlW2 has 110 

project command: a proredure with explicit looping is rtqtirrd. The 6ai ie  is trile for fL022. These 

two systems show longer response tirnrs than the vtlier sgsterns. Altbwgh the  resgoa~3e time for 

SlO22 is 30% lesb than that of 51032, tht. GPTJ time is reduced by 84% presumably due tu differ& 



accouiting algorithms for the PDP-10 and VL4X Figure 6.4 shows projection syrit,ax and Tablr 6.6 

the corresponding performajlm. 

................................................................................................. 
Project (uniyiw) 3 fields of one relation 

DTR with RMS Print PHOTO rednced to DIV, ACCT, SACCT on PROJECT.LIS 

INGrtES rangr of p is PHOTO 
set r e t i d o  “hash” 
retrieve into proj (psliv, p.a,cct, p.saret) sort by p.&v, p.acrt, p.aarct 
copy proj (div-cO, a,cct=cO, sarct=cOnl) into 

“ ‘sys~is~rc : [E(aan~. IN~RES]  PROJECT.LIS,~PX~~~ 
\g 

Rclb,k DO (To a relation rather than am RMS fib) 
for p in PHOTO recluretl t o  p.div, p a c t ,  p.srtcct 

sorted by p.div, pacct, psarct 
store pr in proj using 

pr.div=-p ~ l i v  
pr.arrt=p.acct 
pr .s acrt =p. sac ct 

ends t Qre 
endfor 

Rdb/DTR, Same as DTFt with RMS 

S 1032 set CIS PHOTO 
hit 3 PROJE;CT.LIS 
Begin 

Find all 
Sort div a r r t  sacct 
Variable odiv Text 3 initidly ’’ ’’ 
Variable oacct, osacct integer initidly 0 
For each PHOTO record dn 

If swct ue osacct then 
write on 3 div, acct, sacct 
Let macct=w-ct, oar ct=arrt, o&v;udiv 

ELSE- x r t  ne oarct then 
=.rite on 3 cEr, arrt, sacct 
Let oacct=acrt, odiv-div 

write on 3 cliv, a r c t ,  sarct 
Let ci div=cliv 

ELSElF div I ~ P  odiv then 

EiiD-IF 
ElVDPOK. 

EKD 

................................................................................................ 



Tabk 6.6. Projection 

System Elapsed mu 
coulit 5 

Buf I/O Dir fJO Page flts 

17 3866 250 

29 4% 886 

400 852 

3 341 747 

18 4739 640 

READ WRITE 

6676 3w 

6.3.2. Joins 

The join of mo3t interest aid use, the eqilijoin ( h e d  on equality of a commoii field), is presentrd 

in Sect. 5.3, Qperatims 8, 12, 14, 15, 16. Three o€ the 26 operatioils of Phase II are a h  P c p i i j o i n s .  

The order of p~sformance was the same as in Phase I: Rdb (RJDO arid DTR), INCXES, S1032. [The 

version (3.0) of ,51032 iriclucled in thib irivmtigatinn does uot have a t rue  job.] In ttwtis of elapsed 

am1 CPTJ time. DATATmVE with RMS ISAM files showrcl sig-rlificantly poorer perfirmanre tahm 

the other three systema. Join operatiom in 51022 were approximately 31% faster than in 51032, 

but they w e n  soniewhat sltwer than in Rdb m~d LVGRES. In SUI32 a d  51022 i n d ~ s r d  field5 are 

ne-essay for a joiu. En D.ATAnmVE,joir<irig mer unkeyed. tiel& is possible 1m.t may 1.w impractical; 

a join which took 2 miniitts 50 s*,corids elapsd time for keyed fieldr in DATATRSEVE was stopprtl 

incomplete after 12 h m ~ s  insing unkeyed fields. TEs swne join in Rdb over k ~ y e t l  fields took 60 

seconds, and over ulkeyed fields, 3 minutes 40 seconds. Whether or not the joining fields werr keyed 

made virtually no difference t o  I N G E S ;  the ehpsed time of 1 minute 8 second5 occurred in both 

cases. 

When ai eqifljoiu is performed. data are retriever1 from t h e  two relatiom only if the  joirling 

fields have matrhing vducs. Sometimes, howwr,  in joining two relations it is ixbefid tu retrieve data 

from a relation wbther or not a matdl i q  found. This t y p  of join is c d e d  an outer join. Figure 6.5 

a d  Tabl~ 6.7 summarize the muter join hrluded in Phase 11. Data were retriwcd from PHOTO 

arid, if corresponding data were present, d s o  from DFJNAM. 

There is niuch variety in the implementation of ai outer join. RDO does not prwide one. The 

other three systems haidle it in very different ways: a view in DATATREJ%, a pmcechre with 

looping in 51032, and delete, append, and intermediate relations in INC4RES, 'The resulting RhfS 



................................................................................................. 
Outer JOIN 

DTR with RMS define domain view1 of photo, divnam 
01 photoflds occurs for photo. 

05 name &om photo. 
05 phone fromphoto. 

05 joizifld occurs for clivnilrn with 

09 divname from &nam 

md Rdb 

05 neea fioIll photo. 

photorec. div-&vnimmxer.div. 

S1032 

range o f p  is PHOTO 
range of d is DIVWAM 
set retiuto “heap” 
retrieve into BEL1 (p.div, p.narne7 p.phom, p.need, d.ciivname) 

retrieve into REV2 (pdiv, p.name, p.phone, p.need) 
rang? of sl is REL1 
range of r2 is REL2 
delate r2 where r2.&v=cl.rliv 
append t o  REL1 (r2.&v, ~2.nanw, r2.phonc, r2.need) 
retrieve into RE;LJ (rl.nam~, rl.photir, rlmeed, rl.&vname) 

copy FELJ (name=sO, p h o n e - x ~  need= 0. &vname=eOd) 

where p.&v=d.div 

sort by rl.xtme 

into “ s y b $ ~ s t ~ c  :KA4NT\IAN.IN(:RES] OUTER dOIii.LIS,tmt” 
\g 

set ds PHOTO 
init 3 OUTER JO1N.LIS 
f id  dl 
sort name 
for each PHOTO record do 

map to  UXVNAM via div 
if $ nrct eq o then 

else 

end .if 

m i t e  on 3 name, phone, need 

write on 3, name, phorne, need. divname 

end-for 

................................................................................................. 

me contltitteil 5000 records except horn LVGEUGS, where duplicate rows were eliminated in forming 

the relation REL3. 



Table 6.7. Outer J0J.N 

System Elapsed CPU Euf I/<) DE r/o Page fits 
111.- - 

DTR with RMS 5:27 2:05 36 8878 746 

ZNGrnS 3:48 2 3 2  ~~ 2806 2999 

Rdb,DTR 158 1:49 18 449 3763 

s io32 7:s 6 2 1  16 4932 106 

READ WRITE 

SI022 3: 40 :45 6994 1020 

6.3.3. Mhintenance Operatioms 
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Tabla: 6.8. Modification of a field over whole relatian 

......... II__ ....__ ._ ~ ........- L 

n i n e  cotmts ... .._.I__ 

System Elapsed CPTJ Buf I/O Dir I/O Page Rts 

DTR with RMS 26:40" 9:49 

1:32b 1:21 

51032 

950" 931 

1:30b 1:05 

14:08" 657 

3:15b 2:40 

10:422" 929 

3:30" 2:07 

51022 1555" 1:43 

0 

32 1 

89 

46 

503 

73 

18 

0 

READ 

22600 

74862 21 

12 

26217 439 

1201 453 

21074 13290 

12% 1763 

14862 317 

733 210 

"Modiqing indexed field. 

bModifying an unindexed field. 

Deleticru of rerord9 was bnrrd on a field v d w  rekction: all records in the i-rhtim PHOT9 
with div="K20." This resulted in the removal of 31 records, 0.6% of the relakion. In ETGRES 
and S1032, deletion was much fader 0x1 the indrxed relations, presumddy clue to the initid sear4r 

having more impart than index maintenance for such a small nuinher of records. In SP022, this 

operation was i n s t a s t a n e o u ~  whether indexed or note Rdb from DAT.4TREVE required more tinit- 

for the indexed relation than the mindexed. The exeruticm time fur BXT-4TRlEVE with RMS was 

30 seconds, which wab significantly slower than the other sybtems. T h e  dirrct 1/0 usage was a l a  

much greater. 

The appenil operation ronristed of adding 0 x 1 ~  Inurdred record5 in an RMS sequential file to  

the relation XPRXXT. This operdtiou cuiild iiot be performed in Rdh f p o r ~ i  RDO became of the 

lack of a n  EEMS interface. 

The records iwre added to  XPRLWT with three indexes d e h d  and also to  Xl'RhNT with 

all indexes deleted. Peiforrnaxice wds significantly better for thr urlixidexed relation. Execution time 

is shown in Table 6.9. 
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................................................................................................. 

D?a with RMS ready ,YIR&G-T write 

€or XFRMNT modify using ip=ip*1.05 and Rdb 

S 1032 

for x in X P R W T  
modify x using x.ip=l.@*x.ip 

ead_rrint%fy 

endfur 

set ds XPRWT 
find dl 
change is (ip"l.05) 

Fig. 6.6. Modification of a Eeld over whole relation. 

................................................................................................. 

Table 6.9. Append operation execution time 

Execution time 

Index ecl. Unindexed 

F?db/DTR :41 :I5 

s1032 : 17 :04 

s 1022 :08 :02 

As for modifications to  the structure of the database, relational systems proponents claim it can 

he done, and moreover, done easily and dynamically. Certably indexes can be added and deleted at 

will; relations likewise with facility. (The latter is a matter of course with DATATRDEVE where each 

relation is a separate domain.) But what about altering structure internal to a relation, adding a 





7. GENERAL OBSERVATIONS AND COMPARISON OF FEATURES 

In t h i h  final section, general crbservations arc' given, many of which arc. already ohvious from 

Sects. 5 and 6.  Also, features and functions not inrhideed elsewbere in this report are dimwed. AS 

stated earlier, the pxoducts vdl not br usigwd a rauking; however, e o ~ i d u s i o r ~ ~  are &awn pwtakhg  

to their rrlativr perforniilncr , ease of me, and relationd fuurt2iondity. 

In compazison with the other three products, INGKES with its forms, graphs, utility prnre- 

dwes, a id  interactive aud embedded query language -is the most complete system. It conforms 

closely to  the relationd model, as does R c ~ ,  hut it is a Inore mature product with 1wr interfaces 

Mly developed aad integrated into the system. INGRES r e w e s  rmre renrralized control aud mort. 

effort from both the INGmS system rnaaager a i d  the VMfS manager. It is  he only tine of the 
products with it &e restr-irtion likely to cawe c-nnrern- --maximum rewrd size of 2008 bytes. All the 

products are q&e liberal in the numbers of relations, fields, rerods, and hidexes allowed. 

Indews haw a greater impact on performawe of S1032 ani1 DATATT2JEVY1: thdn uf INGRES 
and Rdb. S1#32 is efficient in  use w d  inaintenmnce of indrxrxs. The same good performance is 

seen with all indexes and not, as in DATATRE;VE and to  a lass exteat in XYGRES, only with the 

primary index. 

Data nianipufation language is prohably mime siihjert t o  perbond praference thati m y  other 

cmipont.nt of a databasr mcumgement system. S1032's lmgua,g,gr is 1~0th a positive factor md a 

npgative one. It is very natural, ~ i i e ~ i n g  cori~~rsational aud reat-lahle, yet not verbow. It permits 

extemive m e  of abbreviations, which reduces readabiity but facilitates iuteractinn. The data ma- 

nipulation language of SI032 is the most procedural of the proriueth tested. This has the advantage 

d being more like f a d i m  programming langiiageb ard affording Hexikdity in rleselcqing pror edurrs. 

Ch the other hand, this is viewed as a disadvantage on the hasis of the relational model a d  its 

vorizbulary of set operations. 

Language in INGItES imrl Rdh is itadepeuciPnt of ciiitabasr structurr. An operation is eqresbed 

one way aid can he parformed whether or not indexes axe ddinrd. The queqr optimizer determines 

the execution path. En DA'TATREVE and S1032, however, language is dependent on data structuw, 

and there is no query optimizer. Especially in S1032, different swyntax i s  required for indeses. Lark of 

a query optimizer means the r o m m u d  lmgrrage must iustruct the system in how to tlo tlir oprrattion 

i ts well as tell the system what residts are wanted. 

III Sects. 5 and 6 ,  thpre were many examples of the iaterartive data dcfkition and n~anipdation 

languages. Fi,mes 7.1, 7.2, aud 7.3 show t h e  tibe of these l a g ~ i a g e s  wit,'h a host progxmnning 

language, in this case FORTRAN. DATA'IXJEVE is not included because it piits' not a part of 

Fhase I, where the host Irlnguagc interface was evaluated. It has a callable interface and &uh is 

similar to S1032. 

59 
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................................................................................................. 

%# ingsea d e  

821 range of tl i5 sumset 

tt range of 11 i a  nbiset 

................................................................................................. 

................................................................................................. 

................................................................................................. 



................................................................................................. 

eonrmon/S1832-cmw/ num-of -rete 

integer*& nwreofxece 

1 

type 2 .  Blunther of records: ’ I n m o f s e c s  

................................................................................................. 

As seen in these exaniples, IXGFES aid Rdb cormirnannds are ernljedded in the host laqgiage 

program. Preprocessorb, which traaslate and optimize the database cornmaids, axe provivided for 

many of the VMSsupported languages. One set of conunands serves the user in both interactive 

work and datdmse access through a program. This is a more tightly coupled iiit<erfaw than that 

of S1032. In S1032, a set of 23 cdlahle procetlures constitutes the host language interface. In 

addition to leaning new ccrmmlrnds, the 51032 programmer must bo cmctmed with ftuEers and 

statir memory, especially when transferring niiich,data betwren t h  program and the datal-me. 

Not having its own access method keeps DATXEUEJX from being a ctat,akwe management 

system, but it also gjves DATATRIEVE its distinct dvaitage: use with RMS files. Fm ramal us*’ 

rrf s r i i d  databases which do not require restructuring, DATAWEtrE is a rca?sonahle choice. Data 

iln not have to  ‘ne stored multiple times. A load step is unnecessary. 

Phase U: experience showed DATATRIEVE to be ~assy to  use. It was, however, the easiest to  

miruse, especially in the hadr d a nuvice. In DATATRIFWE, operations can be expressed several 

ways. Perforrnance statistics made it quite &rur that different rxwution paths were taken when 

the  cornmand syntax was changed. hhst of the 26 operations in Phase 11 were executed a variety 

of ways. What was considered the must obvious way, and which was, therefore, tried first, was in 
alxnost d cases grossly inefficient md exhibited perforinmix out of line with the other systems. 

Alternnte syntax was sought and found, sometimes with good results, sometimes with results which 



p m m p t d  more seeking. The h a 1  recorded results were not so iifferent, from those of  the other 

products, but these w a e  caws where these final results were ten times b e W r  than initial attempts. 

DATATRR;VE riocimentation should con tab  caveats such as ”use RMS ntiEtirs,” “use FOR not 

FIYD,” “ i ise primary in&xes,” “do RMS tuning.” 

Documentation is comparable for t,b.e four products: a,deqmt<e but not excellent, There are 

omissions in the indexes of all. S1032 has too fvrw specific examples. ,4s s t , a t , d  above, DKN’lXIEVE 

docrniaeiitat~iori needs wa.ming~ and advice about w1ir.h cosnn~a.nd t80 use. 

As for vendor technical assistance, d l  have competent telephnue sapport. Oftea answers were 

not immediately avdahle,  but cans were dependably returned. 

Table 7.1 contains featims of database systems aard iiadiicatm t,he awdakiility of ea.rh in t.he 

systems of t h i s  study. It is not intended to  be a comprehensive collection. Some features included 

e l sewhe  iiil this report are not presented here. Features corximcmplace in current d a t a h e  systems 

ape also omitted. Some items in the table have appeared earlier or are self-‘-explariat,ory m d  will iiot 

be discussed; however, some deserve 5zrtJ.w explaaw..t5ioir, 

The table does not iudicake diRerences in qua8iby and irnplemeratatisn. In some cases, there are 

decided differences, such as fo rm m r l  graphics which axe much more rxtmsivp in iNGRES thau 

in the other systems which also have them. Another example is m a y s .  Arrays axe not indaaded 

in the rela,tiorial model. They are wefid in some applications and are acconmoda,ted in 

BA‘TATalE~W a d  S1032. Accessing a specific element of an array is awkward in DATATRJEVE; 

query synta:x does not include array subscripts. Array maaipula,t,ion i s  handed with facility by 

S1032; there are few restrictions. 

TNGRES does not differenttiate between missing v d i m  and zeroes in ninnieric fields and blanks 

in clinsxter fields. If missing data reguhe special treatment, such as being exciuded from statiut,ical 

functions, the user must represent, it ixi ~9me I I ~ ~ Q U . C  way. W‘ithout a cOmIi1on rlesigmtisn for missiX-rg 

valines, da.ta”oases of less gerxerwl use are crea.ted. 

Sl032 is given a check for report writer even though it has no s e p m t e  C Q ~ I I ~ I X ~ ~ I : ~  for that spc- 

cific punpose. Its procedural language ztlnd flexible forrnattt,iag provide report generatictn capability. 

An effort was made in defuibrrg the tWQ databases for this evahmtiom-r. to include all coiiiinon 

VMS dat8atqyypes. One exception w m  packed deeimaJ1, which only DPh’TATRIEVE and SI032 support. 

-4 new datatype is introduced by Rdb: seganented string. Irm early dewlopment of Rdb, this was 

referred to  its a. “blob” because of i t s  size (maximum of 65K bytes) and. its unformatted structure. 

This datatype d l o ~ s  the storage d large anronnts of text, such as abstracts or JOIWC~ code, or long 

strings of binary data. Most Rdb operations are not supported for segmented strings; however, they 

c a n  be accessed and processed by p r o g m s .  

In conchision, DATKI’IUEVE, ENGRES, Rdb, and S1032 am notJ equal in their perforrnmce, 

ctiom&ty7 and usabaty. They each have stre:n&hs and weaknesses, advantages and disadvm- 



Table 7.1. Features of datahast? s y s t e m  
- - ~  - 

INGrnS Rdb 5 6032 
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tages. N C ~ P  exhibits ammdcius behavior which would (G priori cliIrliurtte it Erom rousidrraiicm. The 

answer to  the question "which ddabaw system to use” i b  the qiic‘stion, ’*what is thp application?”. 

Ry making a rational extmpolation from the results given in this r e p r t  t o  the paramerers of the  

rcadpr’s prob1i.m. it may he possible to sdert  a beat product or eEitninate some of thr rontenders. 

h the undiarted waters of software selection, perhaps this appruaeh will hdp maintain i)+ntijtion 

evw if it does not prescribe an exact course. 
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