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1. INTRODUCTION 

The data access syste. 4escribed in this paper .as buil t .• it" the 
follo.ing constraints placed upon its construction. 

1. It had to be built in a relatively short ti.e fra.f, .e., 

2. 

three .onths. 

It ha'd to Hcess edre.ely.larg~ socio-econo.ic:-de.ogr~phic 
data· bases (.ho5.e potential SIU 'Heeded a single disk 
pac II). 

3 . The a c c e 5 S r e qu ire d ., s not to t all y de te r. ina b I ~ i .•. , the 
users coul.d not pr.dict the data requests they'.ould .ake, 

II. It had to have an interactive capability .ith a'lanQuaQe 
designed for the casual (non-progra •• er) co.puter·u'i'r. 

These goals .ere .et by utilizing the hard.He iViiilable at 
La.renre Berkeley Laboratory and by .ana,ing that hard.ar. using a 
general data base .,n'ge.ent syste •. The prOject .as staffed by a 
single proqra •• er .ho ~ad no previous kno.ledge of the D8~S soft •• re 
he utilized. With the DBI'IS and the ability to .odify Job nntrol 
strea.s on the laboratory's CDC co.put.rs a soft.ar. srst' •• a5 put 
into op.ration on February 1, 1915 after ~hree .onth~ of ~r09r ••• ing 
effort. 

The data base .anage.ent systt. used .as an in-house produc~ 
built to handle another large on-going prOJect. It is called STOFI 
<1> an acrony. for storage file and is essenti.lly a set of FORTRAII 
calfable routines to prOVld. ind'. sequential .nd hierarchical access 
to files stored on disk. 

The da·ta to b. accessed .as stored as sr,eral files 0" an on-lin. 
photo-digital .ass storage droice (chipstor.) [2], [3] ['I] capable of 
handling fifty bil.lion c~aracters of dati. The cnipstore hard.are 
allo.s ihh tnnsfers of a .ini.u. sire of 20 CDC bO-bit .ords. With 
this hard.ar. capabil ity and the STOFI syst •• , a dir.ctory of 
chi 'p 5 tor. add q 5 Sf S • as b u i I tin a 5 T OF I t Y Ii' f i Ie. K. Y 5 •• r e 
sell!Cted fro_ the data r.cord and .ultipl. acc.ss paths .er. 
incorporated into the dir.'ctory fil •. 

'""i ! , o 
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The systeM currently accesses data frOM the U.S. Census of 
Agriculture (81f Million characters), the City-County Data Book tiMe 
series (20 Million characters), the BEA Inca .. ti .. series (20 Million 
characters) the 1960 U.S. Census of Population (If 0 Million 
characters)'and the series C and E GBERS Projfc(ions of the U. 5. 
Water Resources Council (If 0 Million characters). Plans are to otend 
the SysteM to cover files no. on chipstore and in our tape libra~y 
that flcud 1 billion characters. 

, The first part of this parer describes in detail the environ.ent 
under .hich the spte • • IS bui t. Section 2 uplains the BKV 
operating systeM and the .ass storage.device. Section 3 I ists the 
feiltures of the soft.ilre borro.ed to I.pl eMent the p·rOJfC t. 

Section If describes the access SysteM ilnd details the structure 
ilnd inforMation charilcteristics of the data bases bei~~ accessed, Ind 
sections 5 through 1 list the prOJect's operational characteristics 
including costs, speed, dra.backs, and future pi ans. A SUMMary at the 
end describes tne generil1 nature of the data access systeM. 

2. HARDWARE AID OPEIATIII SYSTER EaYII~T 

THE LlL C .... TEI .E"'''' 

The hard.are environMent of the la.rehce Berkeley laboratory 
COMputer filcility consists of a net.ork of 3 co.puters4 a CDC HOO 
.ith 132K .ords of central ••• ory on. CDC 61f00 .ith • K of central 
.e.ory ilnd on. CDC 1600 .ith 6lfK ~f central .e.ory ilnd 512K of larg. 
cor •• e.ory. [Figure 1] 

Soth the 6000 series .achines serve ilS feed.rs to the CDC 1600. 
In ilddition, the CDC 6000 series Milchines operate under a local11 
~uilt ba~ch ~ultiprogra~.ing s,stu nUVl [5], [6] .hich illlo.s or an 
Interactlv' Interfilce VIii a PDP-8 syst •• call.d RECC (for Re.otf 
Equip.ent Control Co.puter). At preSfnt 160 consoles are ha"dlfd 
under this. ~yste •. Both 6000.Milchi"es ca" Multi-proc!" up to 6" Jobs 
(control pOints·) ilt any o"e tl.e. Ololy the 6600 M.chl"e has an access 
chil"nel built to the photO-digital storage d.vic. but 4ata Cln b. 
stilged to the oth.r co.put.rs. 

All data Ma"ipulatio" done by i"dividual us.~ prograMS is car~ied 
out on randoM acc.ss disk fil.s. Files ar. stag.d to th.se disks fro. 
per.an.~t storage and sav.d aft.r prograM op.r.tion at the discr.tion 
of the user. Av.ilabl. p.rMiln.nt storage consists of " IBI'I-2321 data 
c.lls, a If 0,000 r •• 1 tap. litrary, and the 181'1-1360 photo-digital 
storage df~lce. . 

A sp.cial card-iM'g' file call.d CGNTRGl (for facheDntrol point) 
contains the job controJ streaM for ,"cecuting Systf. COMMands. Th. 
s y s h. 5 t. pst h r au IJ h t his f i I • on.. C o. Man d a tat i • f , ell. n 9 r s tot II f 
job flo. occur if errors arf d'teeted or if the file is re."ttrn .ith 
iI n •• s.t of Job control cards. The data acce55 Syst'M teinq 
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described uses this feature to fetch its pHllanent files frOIl 
chipstor!! once it has been deterllined via the interactive session IIhat 
data is needed. 

THE "ASS STORAGE DEVICE 
The IB,.,-1360 photo-d i g ita I storage' Sf stu is a per i phera I storage 

device cOllposed of a storage file conhinlng 2250 boxes of silver 
halide filII chips a c.,ip recorder-developer, and a chip reader. 
Figure 2 illustrates its general hardllHe arrangellent and its 
connection to the CDC 6600 cOllputer. 

Each chip holds"L7 lIillion bits of data as .ell as error 
correction and detection and addressing codes. Up to 32 chips are 
stored in i single bOI. These.ch!ps are recorde~ .ith an electron 
bea. and read via a photo-llultlpirer tube detection schelle. The total 
s1ste. holds <.Ir to 5 I 10".10 characters of data on-:I ine. In 
addition off- ine storage requiring lIanual retrieval ertends the 
storage ~apacitr of this device infinitely. It is possible to bu.ild a 
data lIase In thiS syste. equivalent to 1000 reels of 'J-track tape. 

3. EXISTI_' SGFTWAIE PACIAGES 

THE "SS SYSTE" 
A lIass storage syste. ("'SS) has been .ritten at lBl to .anage 

chipstore. Typi~al access is by volu.e and data set requests. 
HO.evH, it is possible to retrieve data by specifying the chipstor! 
address of the data desired. Since each chip is encoded .ith 
addressing infor.ation, it i~ possible to create a sequential file of 
rt!CClrds in the non-procedural ,",SS control language and read that n.e 
sequential fi~e in a lo.er level ,",~S proce~ural language to obtain the 
add res 51 0 cat Ion S for eat h r e cor din the f" e . It 1St h e Sf add res Sf s 
that are the.n stored as the fill! directory in the STOFI S1ste •. 

THE STOF I PACINE 
The STOFI package is a series of FORTRAN callable subroutines 

that allo. a user to .ulti-key his data and build hierarchies of data 
.ithin his data base. The data access sche.e consists of directories 
and su b -d ire c tor i e s .. h i c hare in te r r 09 ate d .. i t h· a bin a r y se arch 
algorith •. Directories and data are Interleaved on the user's file 
and page buffering and 1/0 opti.ilation are .anaged by the STOFI 
syste •. 

Keys, records and data fields can all be of variable length and 
the dyna.lc .ork space used by STOFI is available to the user. ~ . 
STOFI feature used quite often is the ability to build dirrctories 
(inder filesl .ithin directories to anr depth. This feature and the' 
capability of lIulti-keying a rHord al o. a user to build.any logical 
arress paths to his data. 

o 
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The STOFI SysteM .as built to efficiently .... nage large disk-based 
data bases. Since a large directory .as expected for the chipstore 
data bases, this SysteM .as chosen over another in-house DBI'IS built 
for SMaller data bases. STOFI typically Manages 20 Million byte filps 
but is .orking effectivel1 on a 100 Mill ion byte file. Ten basic 
subroutine call s .ere needed to build the large scale data access 
systea around STOFI. 

THE QWICI IMERY PACIAIE 
QWICK QWERV [7] is a proprietarl retrieval and report generation 

systu developed by C.A.C.1.
1 

Inc. t is batch oriented anil .orks on 
fixed length records and fie ds. It is o~erational only on the 
CDC-7600 coaputer and requires a user defined dictionary to access the 
records it processes. SiM~le aggregations, statistics! sorts and 
boolean selections are available .ith the report forMatting. The 
QWICK QWERV systea operates by Making a sequential pass over the 
entire data base. 

The QWICK QWERV systea had been used to prepare reports fr~M 
several of the large data bases .• hich .ere to be accessed 
interactively .ith the systeM this paper describes. Since 
dictionaries had been created .hich described the individual fields in 
each record of these data bases, these saae dictionaries .ere stored 
as data in the STOFI syste •. Tne individual data definitions .ere 
then used to display the retrieved data during an interactive sessian. 

. ... DESCIIPTI. OF THE SYSTER 
The systeM operates in three pads as illustrated in ·Figure 3. 

Initially the file or files are stored as data sets on chipstore. 
Once stored, they are read sequentially and a directory to the reccrds 
is built based on a preprograMMed hierarchJ set up by the user. The 
QWICK QWERV dictionary, the interactive he p COMMands ;ind the Ylrious 
Job control streus are also built into the directory file at this 
tiMe. The third Jlortion of the SysteM is the interactive retrieval 
progra., called REAP [8]. REAP fetches entire records or groups nf 
records for the user and displays requested portions ~f theM on the 
user's console. 

Figure ~ is a run-tiMe scenario using REAP to access the 
City-County nata Book files. Note that data is retriewed in+o a 
teMporary file (cache) as displays are requested. The cache is 
retained until a ne. one is requested fro. the Mass storage device. 
Caches .aJ be Merged or subsets of theM used for varied dls~laJs. 
Figure 5 I ists the language COMMands needed to operate the Interactive 
prograM. 

Each data base .ay have one or Many logical structurings. These 
May be built into a sin,le 5TOFI file or into uny STOn tifes 
depending upon the user 5 needs. A Job control streaM is set u~ and 
executed frOM user requests to bring in the desired directory file. 
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The data a~cess paths defined in a given file aay b~ changed as 
needed. Controls Ire built aithin the interactive prograa to use the 
file's logical struet,!re to aonitor the'!ser's starch sucht~at the 
access to the sequential data base on chlpstore can be aodlf,ed at 
aill aith little cost to the user or prograaaer. Figure' 6 shoas the 
file structure being used to access the City-Count, Data Boo~ and 
DB E R S Pro J ec t ion s b y reg ion a I p I ann er s . The a c c e 5S pat h s ar e 
geographic in conhnt because the data base's curr"nt uHrs aish to 
aor~ althin their ge09~aphic area. Note that data describing the data 
base's conhnts is stored on the directory file. This data plus data 
describing the structure of the file can be displayed by using the 
~HELP and ~LIST coaaands in the REAP language. 

The cached data can be fetched via a batch or interactive request 
and 5 en t to a rep 0 r t gene rat i on or 9 r a ph i c s dis P I a y pit k age. T his 
larger voluae aork is routed to the CDC 1bOO and then toreaot' users. 
The Job control streaas stored aithinthe director, file .a, be use:! 
to direct this routing. See Figure 1 for a saaple report .qenerated 
fro. a c ,a c he d f i I e b u "t by. er gin g Sf. H a I d a til se t s 0 f t ~ fL'. 5 , 
Census of Agriculture data base. 

5. 'ROJECT COSTS 
Develop.ent costs include no.inal .achine debug ti., and three 

.an-aonths of prog .... 'r effort. Costs .ere kept loa by e.ploying 
eristing data .anag,.ent sof~aare and .n eristing data d,scription 
dictionHY· 

, No significant proc~ssing ti.e overhe.d resulted fro •• dding 
another softaare packag' on top of the ~5S soft •• re. Conside~able 
savings aere achi,v,d liy not Sf.rching th, entire sequenti.I fi Ie for 
displ.y data. Figure 8 presents costs for tao s.arle r'port runs, 
Run 1 ,nta i I s d i spl ayi nq • 5 •• 11 •• ount of data Sf ec ted fro. ho 
I a r g e chi pst 0 r, d a til Sf ~ s . Ru n Z pre Sf n ts Ie C e 55 t i • eon I, for • 
large volu.e of dlt. fro •• single chipstor, d.t. s,t. Th~ QWICK 
QWERY batch runs aere Clrried out by st.ging the ,ntir, chipstor, dlta 
sets to the CDC 7600 for QWICK QWERV proc'ssing. 

A suff ic i ent a.ount of p,rtor •• nc, te st 5 hlYe not b"n c Hr i ,d 
out for the cost co.pari son of both s,ste.s. There areinher,nt 
difficulties in this co.parison beclust th, interactive and batch 
progra.s run on tao different .Ichin,s ahich poss'ss different 
operating slste.s Ind I/O buff,ring characteristics. Thus a change in 
the accounting algorithas cou,Id greltll ching' Fiqure 8. It is 
h oa eve r, a p par e n t t Iq t it al J 0 r 51 v in gin run n in II liE APi 5 Q a i "e d ' fro. 
the ease of access the user hiS to hiS I"ge dah b.ni .. 

6. DRAWIACIS OF THE IEfMIID ACCESS SYSTE" 
The priaary li.i1ltion of this d.ta ICcess syste. is the 

co.putingenvironaent at the l.arence Berkele, l.boratory. Progr •• s 
to run interactively, .ust be 15-20K in silt. The REAP progrll. ' 

Q .,,11 o -t· '. p o 
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currently runs in 30K of sDal1 core DeDory. This CIUseS it to reside 
on disk for Dare than a cODfortable Dait period until I slot of DeDory 
becoDes available. Cures in the forD of segDent I inking Ind placing 
Dore of REAP's control data on the directory file are bring 
iDpleDenhd. 

Long Daintenance periods (~-8 hours per Deek at prire run-tiDe) 
for the chipstore are I second drl.back to running the interactive 
access syste •. Progra.Ding is being done nOD to Incorporate the tape 
I ibrary and the data cell into th i s sy ste. so .that data Daf be stored 
and accessed fro. a yariety of device,. Currently, filed ength 
fields and records are required on the dlta base. This is historical 
dating fro. the require.ents of the QWICK QWERV package. The package 
has no updah capabilities. Data is Dritten on chipstore in 
sequential files. If the files reguire chlnging, they Dust be 
re.ritten. It is, hODever, possible to add a,ta to the data base by 
creating additional chipstore data sets and linking these to the 
STOFI directory. 

Finally, the user is required to haye a basic knoDledge of the 
data in order to un the sIshD. Although help options are sprinkled 
liberally throughout the REAP progru a user still .ust have a basic 
concept of the logical structuring put on the data Dith his directory 
file. He also requires a printed dictionary of the data eleDents 
before hi. Dhen running since the dictionary is too large for 
interactive I isting ana no dictionary search soft.are has been built. 

•• FUTURE PlMS FOil THE SYSTDI 

The first progra •• ing planned for iDproving the systeD is the 
generalization of the directory build. CurrentlJ' a one-shot progr.D 
IS required to build the inde. file structure. nteractive editing of 
the Job control streaDS and the QWICK QWERV dictionary is already a 
real It" and plans to 31110. building and Dodifying the data access 
structure interactivel, are being Dade. 

Data is retrieved into a disk file froD "55 and discarded Dhen I 

run is cOD~leted. It is often desirable to save a current cache for a 
given .eek s or eonth's processing. This se.i-perDanent cache s1steD 
IS e.pected to be put into the data access scheDe by Job control 
streaD Dodifications. 

The ability to handle variable length records and fields .ithin a 
data set is also being planned. Report generation capabilities are 
being flpanded and a Dore general systeD involving Dodel ing and 
statistical soft.are application to the cache retrieved frOD chipstore 
are planned. "ost of these additions Dill be iDpleDented again by the 
interfacing of already available soft.are. 

The final plan of the access SySteD is to general ize the ICcess 
to Da9netic tape and data cell data sets such that a request for data 
.ill ~e transparent to the storage Dedia. It is desired that the 



., 

~ 

-7-

access lanCJuage .ill OIl so .ork on i ne., larger .-iSS· storage device to 
be purchased by tBl. 

9. SUMARV 

An access package .as developed to content address a large 
on-line .. ass storage device via in interactive session. T"e design nf 
this package involved interfacing t.o elisting sofhare pacl(ages an.d 
predefined dictionary files for the data bases. The prOject took 
three .. an-.. onths to co.plete. 

The salient features of the sys·tr .. are 

1. Data b.ases are stored in sequential nrder. 
structure is lIaintainrd independent of the 

Tt-e IJo'ral file 
actual aata. 

2. The logical structure is a hierarc"y of keys hleen frOIl tt-e 
data elellentvalufs .it"in eaet- record. ~eys lIay be . 
specified either by nue (hken fro. the data dictionary fnr 
the file) by position (location .it"in the record) or by 
user suppf ied values. 

3. Data dictionaries are stored 0;' the inde. fil. and uSfd .tn 
display individual fields in a record. 

'4. The interactive code is data driven such ·that help cO.llinds 
and prollptings .il I depend on the structure'of the user's 
file directory. 

5. Help aids, user lists and Job control 
the user's directory file. 

6. fhe data is archival in nature, i.r., 
retrieval not an update syste •. 

~ 2 ."" r'; 

" f? 0 0- ~'" ,"",_r. .' I.,./, c 

the systell is a 

f~ n , • .f 0 
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WELCO~E TO THE LBL 
- - S - E - E - 0:''- ':..' 

SOC I O-EC ON 01" I C -ENV I RO",fIlENTAL -DEMG RAPH I C 
INFOR"ATION SYSTE" ~ETRIEVAL PROGRA" 
ENTER FILE NA~E 
!HELP 

LIST OF AVAILABLE FILES 

LBL-NAIIIE QWICK QWERY NAIIIE 

CCDBIIIRG CCDB.IIIERGE 
CNAGR~9 ~9.AGR.SUB 
CNAGR59 59.AGR.SUB 
CNAGR6~ 6~.AGR.SUB 
CNAGR69 69.AG.CENCO" 
CTY60PC COUNTY.60.PC 
INCOPIER INCO"E-REV 
OBERS OBERS 
OBERSE OBERS-E 
ENTER FILE NAPIE 
CC ....... 

FILE=CCDBPlRG-CCDB.I'IERGE 
ENTER CATEGORY NUIIIBER 
1 
DEFINE STUDY AREA 
NEW OR OLD? 
lEW 
ENTER STUDY AREA NAIIIE 
FITEST 
ENTER AREA CODES 
11013

A
11013,1114'; 

DISPL Y? 

DE SC RIP T I ON 

CITY-COUNTY DATA BOOK (1952-1'112) 
19~9 U. S. CENSUS OF AGRICUL TURE 
1959 U. S. CENSUS OF AGRICUL TIJRE 
196~ U. S. CENSUS OF AGRICUL TURE 
1969+196~ U. S. CENSUS OF AGRICULTURE 
1960 CENSUS OF POPULATION 
REVISED BEA INCO"E TI"'E SERIES 1929-19b~ 
SERIES C OBERS PROJECTIONS 1910 
SERIES E OBERS PROJECTIONS 1972 

CITY-COUNTY DATA BOOK (1952-1'112) 

STATE.A •• I~COU.TY .• ARE,52.CC""I,52.CCDl04',62.CCD.G51,12.CCD.O11; 
OUTPUT LIN~ LENGTH FULL 
RETRIEVING DATA FRO" "SS, 'LEASE BE PATIENT 

STATE COUNTY 
ABBR NA"E 

ILL CALHOUN 
ILL JERSEY 
ILL PIKE 

"'ORE QUERIES ON SAI"E STUDY AREA? 
!STOP 
END-OF-JOB 

1 9~0 
DWELLING 

UNITS 
2325 
3939 
7822 

1'+086 

1950 
DWElLING 

UNITS 
23'10 
'+895 
7913 

151'+ 8 

1960 
HOUSING 

UNITS 
2531 
6003 
792& 

16'+62. 

Figure 4. A REAP Scenario 
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1'110 
HOUSING 

UNITS 
2302 
6586 
1190 

16678 

--
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I REAP GLOBAL COMMAND - .viable responses to all REAP queries 

t HELP - provide help messages 
t LIST - list user input to current task 
t DISCARD - restart current task discarding ·previous input 
t QUIT - stop current processing; begin again at start of prog. 
t STOP - end all processing (normal exit procedure) 
t ABORT - end all processing (abnormal exit procedure) 

I I REAP CONTROL LANGUAGE 

I - ENTER FILE NAME - Enter chips tore data set name. If 
unknown, ask for help. 

~ ENTER CATEGORY NUMBER - Enter search path desired for data 
access. If unknown ask for help. 

3 - DEFINE STUDY AREA - Enter 'OLD' or 'NEW' to indicate current 
c~che or new cache usage. 

4 - ENTER STUDY AREA NAME - Assign label to cache. 

5 - ENTER AREA CODES - List keys for data desired to be fetched 
from data set. A semicolon ends the entry 
process. 

6 - DISPLA~ - List the data elements desired for display. A semi
colon ends the entry process. 

7 - MORE QUERIES ON THE SAME STUDY AREA - A 'YES' will allow additional 
displays. A 'NO' will return to 
step 1. 

Figure S. REAP interactive query language 
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List 
of 

Chipstore 
Data 
Sets 

STOFI 

City County 
Data Book 

OBERS 
Economic 
Projections 

Owick 
Owery 
Record 
Dictionary 

County 

Key I MSS 
ADDR 

Help 
Messages 

Job Control 
Streams 

Owick 
Owery 
Record 
Dictionary 

EPA SMSASTATE WRSA 

Figure 6. Sample STOFI Directory file for US Economic Data 
(City-County Data Book and OBERS Projections) 

XBL 758- 3722 
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U.s. CENSUS 
OF AGRICULTURE 
DATA FOR THE YEARS 
1949,1959,1964,1969 

TOTAL NUMBER OF FARMS 
DECLINE DUE TO DEFINITION 

TOTAL LAND AREA 
. ACRES IN FARMS 

ACRES IN POULTRY FARMS 
ACRES IN DAIRY FARMS 

VALUE OF FARM PRODUCTS SOLD ** 
ALL FARM PRODUCTS SOLD 
ALL AGRICULTURAL PRODS. SOLD 
ALL CROPS SOLD 
CROPS INCL. NURSERY PRODS + l-iAY 
FIELD CROPS 

EXCLUDING VEG.,FRUITS,NUTS 
VEGETABLES 
FRUITS !\NO NUTS 

FOREST+HORTICULTURAL PRODS. 
FOREST PRODUCTS 
LIVESTOCK+LIVESTOCK PRODUCTS 
POULTRY+POULTRY PRODUCTS 

LIVESTOCK+POULm'B-THEIR PRODS 

LAND IN FARMS BY USE (ACRES) 
ACRES IN COMMERCIAL FARMS 
CROPLAND, HARVESTED * 

lISED FOR PASTURE ONLY * 
NOT HARVESTED OR PASTURED 
IN COVER CROPS * 

WOODLAND PASTURED * 
WOODLAND NOT PASTURED * 
TOTAL WOODLAND 

CO~~ERICAL FERTILIZER-ACRES * 
COMMERICAL FERTILIZER-TONS * 
USE OF LIME -ACRES * 
USE OF LIME - TONS * 
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UPPER MISSISSIPPI RIVER 
SOCIO-ECONOMIC STUDY 

MINNEAPOLIS-ST.PAUL SMSA 
LOCK/DAM 26 IMPACT STUDY 

LAWRENCE BERKELEY 
LABORATORY 
UNIV. OF CALIFORNIA 

13 AUG 75 

1949 

21,474 
-NA-

3,307,520 
2,862,110 

-NA-
-NA-

104,898 
-NA-

14,552 
-NA-

9,523 
2,011 

464 
2,647 
-NA-

90,254 
13,709 

-NA-

-NA-
1,609,597 

193,288 
72,113 

-NA-
377 ,418 

75,360 
-NA-
-NA-
-NA-· 

. ':NA
-NA-

1959 

17,042 
452 

3,307,520 
2,616,530. 

-NA-
-NA-

129,649 

-NA-
27,720 

-NA-

20,858 
2,296 

452 
4,114 
-NA-

101,929 
11,131 

-NA-

-NA-
1,482,187 

149,775 
111,455 

-NA-
286,314 
106,098 

-NA-
-NA-
-NA-

44,634 
112,517 

1964 

15,170 
o 

3,307,520 
2,515,399 

221 
7,156 

130,801 

120,770 
26,728 
26,064 

19,835 
2,270 

398 
4,222 
-NA-

103,899 
11, q48 
94,401 

1,811,708 
1,343,274 

133,834 
234,832 

-NA-
249,635 
101,211 
267,510 

-NA-
-NA-

36,779 
97,504 

1969 

11,728 
-NA- . 

2,973,440 
1,860,341 

-NA-
-NA-

-NA-

150,101 
-NA-

31,364 

-NA-
-NA-
-NA-
-NA 

93 
-NA-
-NA-

118,645 

1,557,957 
856,118 
154,058 

-NA-
47,435 

118,223 
58,018 

176,241 
390,041 
58,852 
17,715 
43,572 

*N.B. THE DATA FOR 1969 APPLIES TO COMMERCIAL FARMS ONLY 
** . IN THOUSANDS OF DOLLARS 

Figure 7. Sample Report From a Cache File 
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Interactive 

Runs Reap 

Complex retrieval of a few 
records from 2 MSS data sets $2.83 
, 

Access only of large cache 
from single MSS data set $1.56 

Figure 8. Cost Comparison - Interactive Indexed 
versus Batch-Sequential 

Batch 

Owick Owery 

$16.71 

$ 2.10 

XBL 758-3723 
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.-________ LEGAL NOTICE ------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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